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(57) Abstract: Methods and apparatus are provided for repairing vehicles.
A computing device having first and second software executables can deter-
mine vehicle identification information (VII) that identities a vehicle. The
computing device can store first and second vehicle identifiers that are based
on the VII and are respectively associated with the first and second software
executables, where the first vehicle identifier differs from the second vehi-
cle identifier. The computing device can be used to repair the vehicle by
at least: receiving a request to activate the first software executable, and ac-
tivating the first software executable at least by providing the stored first
vehicle identifier to the first software executable.
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SYSTEM AND METHOD FOR ACCESSING VEHICLE COMMUNICATION
APPLICATIONS REQUIRING VEHICLE IDENTIFICATION WITHOUT RE-
ENTERING VEHICLE IDENTIFICATION
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent App. No. 15/674,436 entitled “System
and Method for Accessing Vehicle Communication Applications Requiring Vehicle
Identification without Re-Entering Vehicle Identification”, filed August 10, 2017, the contents of

which are fully incorporated by reference herein for all purposes.

BACKGROUND
[0002] Unless otherwise indicated herein, the materials described in this section are not prior art
to the claims in this application and are not admitted to be prior art by inclusion in this section.
[0003] Vehicles, such as automobiles, light-duty trucks, and heavy-duty trucks, play an
important role in the lives of many people. To keep vehicles operational, some of those people
rely on vehicle technicians to diagnose and repair their vehicle.
[0004] Vehicle technicians use a variety of tools in order to diagnose and/or repair vehicles.
Those tools may include common hand tools, such as wrenches, hammers, pliers, screwdrivers
and socket sets, or more vehicle-specific tools, such as cylinder hones, piston-ring compressors,
and vehicle brake tools. The tools used by vehicle technicians may also include electronic tools
such as a vehicle scan tool or a digital voltage-ohm meter (DVOM), for use in diagnosing and/or
repairing a vehicle.
[0005] The vehicle scan tool and/or DVOM can be linked via wired and/or wireless link(s) to
other devices, perhaps to communicate data about the vehicle. The vehicle scan tool and/or
DVOM can provide a significant amount of data to aid diagnosis and repair of the vehicle. This
data is provided using a number of different functions of the vehicle scan tool and/or DVOM
including functions for scanning for diagnostic data and functions performing tests on the
vehicle.

SUMMARY

[0006] In one aspect, a method is provided. A computing device determines vehicle
identification information (VII) that identifies a vehicle. The computing device includes a first
software executable and a second software executable. The computing device stores a first

vehicle identifier associated with the first software executable and a second vehicle identifier
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associated with the second software executable based on the VII. The first vehicle identifier
differs from the second vehicle identifier. The computing device is used to repair the vehicle by
at least: receiving a request to activate the first software executable and activating the first
software executable at least by providing the stored first vehicle identifier to the first software
executable.
[0007] In another aspect, a computing device is provided. The computing device includes a
processor and a computer readable medium. The computer readable medium stores at least a first
software executable, a second software executable, and executable instructions. The executable
instructions, when executed by the processor, cause the computing device to perform functions.
The functions include: determining VII that identifies a vehicle; storing, at the computer readable
medium, a first vehicle identifier associated with the first software executable and a second
vehicle identifier associated with the second software executable based on the VII, where the
first vehicle identifier differs from the second vehicle identifier; and repairing the vehicle using
the computing device by at least: receiving a request to activate the first software executable, and
activating the first software executable at least by providing the stored first vehicle identifier to
the first software executable.
[0008] In another aspect, a non-transitory computer readable medium is provided. The
computer readable medium is configured to store at least executable instructions. The executable
instructions, when executed by a processor of a computing device, cause the computing device to
perform functions. The functions include: determining VII that identifies a vehicle; storing, at the
computing device, a first vehicle identifier associated with the first software executable and a
second vehicle identifier associated with the second software executable based on the VII, where
the first vehicle identifier differs from the second vehicle identifier; and repairing the vehicle by
at least: receiving a request to activate the first software executable, and activating the first
software executable at least by providing the stored first vehicle identifier to the first software
executable.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 shows a scenario using a prior art automotive diagnosis tool.
[0010] FIG. 2 is a flowchart of a method, in accordance with an embodiment.
[0011] FIG. 3 depicts a vehicle identifier file and repair data, in accordance with an

embodiment.



10

15

20

25

30

WO 2019/032330 PCT/US2018/044446

[0012] FIG. 4 shows a communication flow during repair of a vehicle, in accordance with an
embodiment.
[0013] FIG. 5 shows a communication flow during repair of a vehicle, in accordance with an
embodiment.
[0014] FIG. 6 shows a communication flow during repair of a vehicle, in accordance with an
embodiment.
[0015] FIG. 7 shows a communication flow during repair of a vehicle, in accordance with an
embodiment.
[0016] FIGS. 8,9, 10A, 10B, 10C, 11, 12, 13A, 13B, 13C, 13D, 13E, 14A, 14B, 14C, and 14D
show two related scenarios where a computing device is used to repair a vehicle, in accordance
with an embodiment.
[0017] FIG. 15 is a block diagram of an example computing network, in accordance with an
embodiment.
[0018] FIG. 16A is a block diagram of an example computing device, in accordance with an
embodiment.
[0019] FIG. 16B depicts an example network of computing centers, in accordance with an
embodiment.
[0020] FIG. 17 is a flow chart of an example method, in accordance with an embodiment.
DETAILED DESCRIPTION

Accessing Vehicle Communication Applications without Re-Entering Vehicle

Identification
[0021] A vehicle scan tool is frequently used in diagnosing and repairing faults in vehicles under
repair. The vehicle scan tool can include a computing device configured to perform multiple
repair-related functions using multiple software executables. Some of the software executables
can perform vehicle-specific functions, and so can require a vehicle identifier as an initial input.
A typical technique to provide the vehicle identifiers to the software executables of the vehicle
scan tool is to have a technician operating the vehicle scan tool provide a vehicle identifier for a
software executable each time the software executable is run.
[0022] As used herein, the term software executable includes one or more computer-readable
instructions encoded in a format that can be executed by one or more computer processors of a

computing device, such as a computing device acting as a vehicle scan tool. The software
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executable and/or other data can be resident on the device; that is, the software executable and/or
other data can be stored in memory of the device that is accessible to the one or more computer
processors of the computing device. The software executable may rely on other software, such as
an interpreter, to be executed and thereby perform one or more tasks; 7.e., a software executable
can include instructions that are executed by a computer processor by way of executing an
interpreter operating on instructions in the software executable as input. In some examples, a
software executable can rely upon special hardware, such as testing components or
communications interface hardware, to perform some or all of its tasks. As used herein, a
software module can include part or all of one or more software executables.

[0023] FIG. 1 shows scenario 100 using a prior art automotive diagnosis tool. Scenario 100 starts
with a technician powering up the prior art automotive diagnosis tool, and the prior art
automotive diagnosis tool subsequently presenting screen 110 for the technician to provide an
input to select one of three software executables while repairing a vehicle VO. Screen 110
indicates that the technician can select “1” to use a “Vehicle Scan” executable, “2” to use a
“Vehicle Test” executable, “3” to use a “Repair Info” executable, or “X” to exit and power down
the prior art automotive diagnosis tool.

[0024] Scenario 100 continues with the technician entering a “1” to use the Vehicle Scan
executable, and the prior art automotive diagnosis tool subsequently providing screen 120 to the
technician to enter data for a vehicle identifier of vehicle VO for the Vehicle Scan executable,
where this vehicle identifier is based on data input by the technician that includes a “Year”,
“Make”, “Model”, and “# of Cylinders”. After entering this data, the prior art automotive
diagnosis tool activates the Vehicle Scan executable as shown by screen 130 of FIG. 1.

[0025] Scenario 100 proceeds with the technician completing use of the Vehicle Scan executable
during the repair of vehicle VO and the prior art automotive diagnosis tool presenting screen 140,
which is the same as screen 110, for the technician to either select an executable or to power
down the prior art automotive diagnosis tool. Scenario 100 proceeds with the technician entering
a “3” to use the Repair Info executable. In response to the “3” being entered at screen 140, the
prior art automotive diagnosis tool presents screen 150 for the technician to enter data for a
vehicle identifier of vehicle VO for the Repair Info executable, where this vehicle identifier is
based on data input by the technician that includes a “Year”, “Make”, “Model”, and “Type of

Fuel”. After entering this data, the prior art automotive diagnosis tool activates the Repair Info
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executable as shown by screen 160 of FIG. 1. After screen 160 is presented, scenario 100 is
completed.

[0026] Scenario 100 illustrates that vehicle identifiers can vary between software executables,
but many (if not all) vehicle identifiers are based on similar data. For example, scenario 100
illustrates that the vehicle identifier of the prior art Vehicle Scan Module is based on the year,
make (manufacturer’s name), model, and number of cylinders for vehicle VO, and the vehicle
identifier of the prior art Repair Info executable is based on the year, make, model, and type of
fuel for vehicle VO. However, each time a technician activated a software executable of the prior
art automotive diagnosis tool in scenario 100, the technician had to enter vehicle-identifier-
related data. Further, it is typical that when the same software executable is activated multiple
times during a repair session of a vehicle, the same vehicle-identifier-related data has to be input
by the technician each time the software executable executed. Thus, the technician may have to
provide the same or similar vehicle-identifier-related data to the prior art automotive diagnosis
tool multiple times during a repair session.

[0027] Herein are described techniques to provide common vehicle identification for software
executables of a vehicle scan tool, at least to save time, reduce data entry, and ease usage of the
vehicle scan tool. The common vehicle identification techniques can obtain vehicle-identifier-
related data once and then provide specific vehicle identifiers to the software executables of the
vehicle scan tool as needed during a repair session for repairing a vehicle.

[0028] Common vehicle identification can involve obtaining vehicle identification information
(VII), obtaining specific vehicle identifiers for software executables of a vehicle scan tool, where
each of the specific vehicle identifiers that are based on the VII, and store the specific vehicle
identifiers. Then, after a technician requests activation of a particular software executable of a
vehicle scan tool (e.g., during a repair session), the vehicle scan tool can retrieve the specific
vehicle identifier for the particular software executable and provide the retrieved specific vehicle
identifier as part of activating the particular software executable without any additional
information from the technician.

[0029] In some examples, the VII can include a vehicle identification number (VIN) of a vehicle
under repair. Then, the VIN can be parsed to obtain much of the data in the specific vehicle
identifiers; e.g., make, model, and year of manufacture. For additional data that may not directly

provided by parsing the VIN, such as a type of fuel, data from the VIN can be used to obtain the
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additional data; e.g., by using data from the VIN to query one or more databases, and obtaining
the additional data from query responses from the databased. In these cases, the VII can include
data obtained from the VIN and the additional data.

[0030] Then, the VII can be used to generate the vehicle identifiers for the software executables
of the vehicle scan tool. In some cases, part or all of the VII can be formatted to generate a
particular vehicle identifier; e.g., one vehicle identifier can use a 2-digit number as a year of
manufacture, while another vehicle identifier can use a 4-digit number as the year of
manufacture; a vehicle identifier can be translated to a specific language or dialect (English,
German, Spanish, etc.). For example, a vehicle identifier that includes a type of fuel can use the
word “gas” for US English, “petrol” for UK English, “benzene” for German, and “essence” for
French.

[0031] After the vehicle identifiers for the software executables of the vehicle scan tool have
been identified, the vehicle scan tool can be used during a repair session to repair the vehicle
under repair. For example, the vehicle scan tool can be used to request one or more Diagnostic
Trouble Codes (DTCs, which are also called fault codes) from the vehicle. The vehicle can
provide the requested DTC(s), which can indicate faults perhaps observed by one or more
sensors and/or other components (e.g., control units) of the vehicle, to the vehicle scan tool. The
vehicle scan tool can display one or more selectors for each of the DTC(s). A technician
repairing the vehicle can review the DTCs and can select a first selector associated with a first
DTC to be addressed in repairing the vehicle. Upon selection of the first selector associated with
the first DTC, the vehicle scan tool can send a request for enhanced repair data, such as testing
and parameter-related data, associated with the DTC to a server computing device (or server, for
short). The server can access a global repair data database storing repair data obtained for a
plurality of vehicles to obtain the enhanced repair data based on the DTC, the VII and/or vehicle
identifiers, and perhaps additional data. After obtaining the enhanced repair data from the global
repair data database (and perhaps other sources), the server sends the enhanced repair data to the
vehicle scan tool. If the vehicle scan tool cannot communicate with the server, the vehicle scan
tool uses locally-stored or “default” data in lieu of the enhanced repair data.

[0032] After receiving the selection of the first selector and any available enhanced repair data,
the vehicle scan tool can generate and present a repair page that includes one or more displays

and controls for providing information and/or carrying out tests in order to repair the vehicle;
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e.g., the repair page can be presented using one or more output display devices. The repair page
can indicate whether or not the vehicle scan tool is connected to a server and the displays and
controls of the repair page can be based on the enhanced repair data (if available) or default data
(if enhanced repair data is unavailable). The controls of the repair page allow the technician
using the vehicle scan tool to request activation of resident software executables.

[0033] Examples of the software executables resident on the vehicle scan tool include, but are
not limited to, an executable for scanning a vehicle for information, an executable for performing
component tests on a vehicle, an executable for performing functional tests on a vehicle, and an
executable for performing vehicle information retrieval. The executable for scanning a vehicle
for information can cause resident software to communicate with an Engine Control Unit (ECU)
and/or other components of the vehicle to obtain DTCs, parameter values associated with
parameter identifiers (PIDs), and perhaps other information from the vehicle (e.g., a VIN)
according to a vehicle communication protocol, such as the On-board Diagnostics II (OBD-II)
protocol.

[0034] The executables for performing component tests and performing functional tests can
respectively perform tests on a per-component and on a per-vehicle-function basis. These
executables can use digital electronic measuring components, such as digital oscilloscopes,
ammeters, voltmeters, ohmmeters, etc., resident on the vehicle scan tool to perform the
respective component and functional tests. These component and functional tests can be tailored
on a per-test basis to provide information to the technician about how to execute the test and/or
how to interpret test results. The executable for performing vehicle information retrieval can
provide repair tips, Original Equipment Manufacturer (OEM) repair information, technical
service bulletins (TSBs); and/or other information related to the vehicle. The executable for
performing vehicle information retrieval can present one or more titles (or other information)
about respective vehicle information (such as a TSB title) — then, subsequent selection of a
particular title causes the vehicle scan tool to send a request for the respective vehicle
information associated with the title to the server. In response, the server sends the respective
vehicle information associated with the title to the vehicle scan tool, and the vehicle scan tool
can display the respective vehicle information associated with the title. In other examples, more,
fewer, and/or different software executables can be resident on the vehicle scan tool and/or

accessible via the controls of the repair page.
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[0035] Selection of a control that requests activation of a software executable can cause the
vehicle scan tool to retrieve a stored vehicle identifier for the activated software executable, and
to provide the stored vehicle identifier to the activated software executable upon activation — that
is, the technician need not provide data related to the vehicle identifier to activate the software
executable; rather the vehicle scan tool can retrieve the stored vehicle identifier rather than
requesting additional data entry by the technician as indicated in scenario 100. This saves
technician time and effort, and also reduces human error while repairing vehicles.
[0036] By obtaining VII once and using the VII to obtain one or more vehicle identifiers, the
amount of vehicle-identifier specific data provided by the technician to activate software
executables of the vehicle scan tool can be reduced or even eliminated. For example, in some
examples, the vehicle scan tool can be connected to a vehicle under repair, obtain the VIN from
the vehicle under repair, use the VIN to obtain VII, generate vehicle identifiers from the VII, and
save the vehicle identifiers for later use — all without requesting vehicle-identifier specific input
from the technician or from the vehicle more than once. Reducing the amount of data required
from the technician saves time. Also, the data provided is not subject to human error, further
saving time in correcting data entry errors. Additionally, not having to type in as much data,
particularly redundant data, into a vehicle scan tool during a repair session makes the vehicle
scan tool easier to use.

Example Common Vehicle Identification Systems and Techniques
[0037] FIG. 2 is a flowchart of method 200, in accordance with an embodiment. Part or all of
method 200 can be performed by a computing device acting as and/or embodied as a vehicle
scan tool to repair a vehicle V1, such as computing device 1600 discussed below at least in the
context of FIG. 16.
[0038] Method 200 begins at block 210, where the vehicle scan tool can determine one or more
software executables SE1, SE2 ... SEn, n > 0, resident on the vehicle scan tool. For example,
some or all of software executables SE1, SE2 ... SEn can be used in repairing vehicle V1. In
some examples, such as examples where method 200 is executed while vehicle identifiers are
obtained as needed, the procedures of block 210 can be omitted and/or deferred during execution
of method 200.
[0039] At block 220, the vehicle scan tool can obtain VII from vehicle V1 and/or a user of the

vehicle scan tool; e.g., a technician repairing vehicle V1. As one example, the vehicle scan tool
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can be connected to an OBD-II data port and/or another data port of vehicle V1 and then query
vehicle V1 for data related to the VII via the OBD-II and/or other data port(s); e.g., the VIN of
vehicle V1. As another example, the vehicle scan tool can prompt the user to provide the VII. In
other examples, the vehicle scan tool can obtain some or all of the VII from vehicle V1 and then
ask the user to verify the correctness of the obtained VII. Other examples of obtaining VII from
vehicle V1 and/or a user of the vehicle scan tool are possible as well.

[0040] At block 230, the vehicle scan tool can determine whether the vehicle scan tool is
connected to a server. If the vehicle scan tool is connected to the server, the vehicle scan tool can
proceed to block 232. Otherwise, the vehicle scan tool is not connected to the server and the
vehicle scan tool can proceed to block 242.

[0041] At block 232, the vehicle scan tool can generate a query Q1 for n vehicle identifiers
VID1, VID2 ... VIDn for the respective software executables SE1, SE2 ... SEn. The query Ql
can include some or all of the VII and/or data derived from the VII obtained at block 210.

[0042] At block 234, the vehicle scan tool can send query Q1 to the server to request the vehicle
identifiers VID1, VID2 ... VIDn. In response, the server can send a query response QR1 to the
vehicle scan tool that includes the requested vehicle identifiers VID1, VID2 ... VIDn. Upon
completion of block 234, the vehicle scan tool can proceed to block 250.

[0043] At block 242, the vehicle scan tool can generate a query Q2 for n vehicle identifiers
VIDI1, VID2 ... VIDn for the respective software executables SE1, SE2 ... SEn. The query Q2
can include some or all of the VII and/or data derived from the VII obtained at block 210.

[0044] At block 244, the vehicle scan tool can send query Q2 to a local identifier database to
request the vehicle identifiers VID1, VID2 ... VIDn, where the local identifier database is stored
on the vehicle scan tool. In response, the local identifier database can send a query response QR2
to the vehicle scan tool that includes the requested vehicle identifiers VID1, VID2 ... VIDn.
[0045] In some examples, query QI is the same as query Q2. In other examples, a query is
formatted differently or otherwise differs depending on whether a destination of the query is the
server or is the local database — in these examples, Q1 differs from Q2.

[0046] At block 250, the vehicle scan tool can store the vehicle identifiers VID1, VID2 ... VIDn
obtained via query response QR1 or query response QR2. The vehicle identifiers VID1, VID2 ...
VIDn can be stored in non-volatile memory, such as in a vehicle identifier file stored in

secondary or persistent long term storage, and/or in volatile memory, such as in repair data
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stored in one or more of: registers, processor caches, and/or random access memories. Vehicle
identifier files and repair data are discussed below in the context of at least FIG. 3.

[0047] As shown at block 260 of FIG. 2, the vehicle scan tool can receive a request to activate a
software executable SEi, where 1 <i<n.

[0048] At block 262, the vehicle scan tool can retrieve a vehicle identifier VID1 that is associated
with software executable SEi from storage, where the vehicle identifier VIDi was stored at block
250.

[0049] At block 264, the vehicle scan tool can activate software executable SEi by starting to
execute software executable SEi and by providing vehicle identifier VIDi during activation. For
example, the vehicle scan tool can pass in vehicle identifier VIDi as a parameter to software
executable SEi as part of starting to execute software executable SEi. As another example,
software executable SEi can request that the vehicle scan tool provide software executable SEi
and the vehicle scan tool can responsively provide vehicle identifier VIDi. Other techniques for
providing vehicle identifier VIDi during activation of software executable SEi are possible as
well.

[0050] At block 270, the vehicle scan tool can be used to repair vehicle V1. FIGS. 4-14C below
show example scenarios where a computing device used as a vehicle scan tool to repair vehicles.

[0051] As shown at block 280 of FIG. 2, the vehicle scan tool can determine whether to activate
another software executable while repairing vehicle V1. If the vehicle scan tool determines that
another software executable is to be activated (e.g., a repair session to repair vehicle V1
continues with the user requesting activation of a software executable), the vehicle scan tool can
proceed to block 260. If the vehicle scan tool determines that another software executable is not
to be activated (e.g., the repair session for vehicle V1 has ended and the user has requested
power down of the vehicle scan tool), method 200 can be completed.

[0052] FIG. 3 depicts vehicle identifier (VID) file 310 and enhanced repair data 330, in
accordance with an embodiment. Vehicle identifier file 310 can have n entries for n software
executables, n > 0, where each entry can include at least two fields of data: a field of data for
software executable (SE) 320 and a field of data for a VID 322. In the example shown in FIG. 3,
vehicle identifier file 310 includes data for three software executables as shown by field 320:
software executables “SE1”, “SE2”, and “SE3”. Field 322 includes the corresponding, respective

vehicle identifiers for the software executables “2012 Maker1 Pickup Modell 4.6L Gas”, “2012
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Maker1 Pickup Modell 4.6L”, and “2012 Makerl Model 1 (2WD) 4.6L. V8 SOHC SEFI”. For
example, the vehicle identifier for software executable SE3 includes data about a vehicle

including: a year of manufacture “2012”, a make “Makerl”, a model “Pickup Modell”, a

number of powered wheels “2WD” indicating two-wheel drive, and an engine of the vehicle
“4.6L V8 SOHC SEFI” which indicates that the vehicle’s engine is a 4.6 liter V8 engine having a
single over-head cam (SOHC) and sequential electronic fuel injection (SEFI). As other
examples, the vehicle identifier for software executable SE1 includes the year, make, and model
data used for the vehicle identifier of software executable SE3, some of the engine-related data
“4.6L”, and information about a fuel utilized by the vehicle “Gas” and the vehicle identifier for
software executable SE2 is a subset of the data for either software executable SE1 or software
executable SE3.

[0053] More generally, a vehicle identifier can include some or all of at least the following
information about a vehicle: a make / manufacturer name of the vehicle, year of manufacture of
the vehicle, model information for of the vehicle, information about components of the vehicle,
information related to a VIN, serial number, and/or other identifying number(s) associated with
the vehicle, information about location of manufacture or use of the vehicle, and other
information related to the vehicle (e.g., a type of fuel used by the vehicle, a number of powered
wheels). Many other examples of vehicle identifiers are possible as well.

[0054] Enhanced repair data 330 can include data about vehicle identifiers and other data related
to repairing a vehicle. FIG. 3 shows that enhanced repair data 330 can include at least two
portions: a first portion with vehicle identifier data 340 and a second portion with diagnostic data
360. Vehicle identifier data 340 can have entries including at least two fields: a software
executable field 350 and a vehicle identifier field 352. In some examples, each entry in vehicle
identifier data 340 can be the same as the entries of vehicle identifier file 310 discussed above. In
particular, software executable field 350 in vehicle identifier data 340 can be the same as
software executable field 320 of vehicle identifier file 310 and vehicle identifier 352 in vehicle
identifier data 340 can be the same as vehicle identifier 322 of vehicle identifier file 310.

[0055] Diagnostic data 360 can include vehicle data 370 and intelligent repair data 380. Vehicle
data 370 can include data obtained from a vehicle; e.g., a vehicle under repair. In particular,
vehicle data 370 can include DTCs, PIDs, and related fault code data and/or parameter data. As

shown in FIG. 3, the fault code data can include data about a “Current Fault Code” and “Other
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Fault Codes”. The current fault code can be a fault code that was most recently generated by a
vehicle under service and the other fault codes can be fault codes that are older than and perhaps
related to the current fault code.

[0056] The PIDs and related parameter data can include data on a per-PID basis. The data on a
per-PID basis can include a parameter identifier and data for the parameter identified by the
parameter identifier. In some examples, some or all of vehicle data can be or include data
obtained via an OBD-II data port of a vehicle under service, where the data can include OBD-II
DTCs, OBD-II PIDs, and data for the parameters identified by the PIDs.

[0057] Data in diagnostic data 360 can be used to update PID lists and/or suggest tests for
execution. A PID list can specify a group or list of PIDs to be observed (scanned) by the vehicle
scan tool. For example, PIDs and related parameter data of diagnostic data 360 can identify
parameters that can be selected for a new PID list. If a number of PIDs and/or PIDs provided in
diagnostic data 360 differs from a number of PIDs in one or more particular PID lists (e.g., a PID
list that has some of the PIDs provided in diagnostic data 360), then a server (or multiple servers)
in communication with the vehicle scan tool can examine the number of PIDs and/or PIDs in
diagnostic data 360 for possible inclusion, exclusion, and/or updating of the one or more
particular PID lists.

[0058] Also, related parameter data provided in diagnostic data 360 can be used by the server for
PID list generation. For example, the server can receive related parameter data for one or more
PIDs that is/are outside of a range of expected values during number of repair sessions involving
vehicles having partially or completely the same Year / Make / Model / Engine (YMME) values.
Then, the server can reorganize one or more PID lists for vehicles having partially or completely
the same YMME values to highlight the PID(s) that have been observed to be more likely to
outside of the range of expected values; e.g., put likely out-of-range PIDs at the top, bottom, or
other well-defined region of the PID list (such as in a portion of the PID list headed with a
“Likely Out of Range PIDs” header). After updating the PID list, the server can provide the
updated PID list(s) to the vehicle scan tool either via enhanced repair data 330 and/or as one or
more updates to one or more default PID lists stored on the vehicle scan tool. Other updates to
PID lists and/or suggested tests based on data in diagnostic data 360 are possible as well.

[0059] Intelligent repair data 380 can include one or more PID list identifiers and/or one or more

identified tests, as indicated in FIG. 3. A PID list identifier can be used to specify or identify a
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PID list. Then, a PID list identifier can be provided to the vehicle scan tool as part of an
instruction to obtain data about the parameters referred to in a PID list that is identified by the
PID list identifier. For example, a PID list identifier can identify parameters used to diagnose
and/or repair particular faults in the vehicle, such as faults identified by fault codes in vehicle
data 370. Some or all of the identified PID lists can be previously stored on the vehicle scan tool;
thus, the PID list identifier makes use of an already-stored (and available) PID list of the vehicle
scan tool.

[0060] The one or more identified tests can include tests to obtain data, verify functionality,
and/or get other information about the vehicle. The identified test(s) can include one or more
component tests and/or one or more functional tests. A component test is a test related to one or
more specific parts or components of the vehicle, and a functional test is a test related to one or
more specific features or functions of the vehicle. The vehicle scan tool can then be configured
to execute the one or more identified tests.

[0061] The server can enhance an existing default set of PID lists by providing a different
ordering and/or different set of lists to the PID list based on information about previous repairs of
other (e.g., similar) vehicles. In some examples, an identified PID list can be provided by the
server. Thus, the PID list identifiers can be enhanced by the server. Similarly, the identified tests
can be tests identified by the server based on information about previous repairs of other (e.g.,
similar) vehicles.

[0062] In operation, the vehicle scan tool can determine an initial instance of enhanced repair
data 330 by obtaining data for VID data 340, such as values for software executables 350 and
VII, such as VII obtained from a user of the vehicle scan tool and/or VII obtained from a vehicle
under repair. Then, after determining the initial instance of enhanced repair data 330, the vehicle
scan tool can send the initial instance of enhanced repair data 330 to the server. The server can
then update the initial instance of enhanced repair data 330 by providing VID(s) 352 in an
updated instance of enhanced repair data 330 that are related to the values for software
executables and/or VII provided in the initial instance. The server can then send the updated
instance of enhanced repair data 330 to the vehicle scan tool.

[0063] The vehicle scan tool can further update the received enhanced repair data 330 by
providing fault code and/or other data as part of diagnostic data 360 as observed from the vehicle

under repair, and send the further updated enhanced repair data 330 to the server. Diagnostic data

-13 -



10

15

20

25

30

WO 2019/032330 PCT/US2018/044446

360 can be obtained using the software executables of the vehicle scan tools and the related
vehicle identifiers in enhanced repair data 330. The server can examine the received diagnostic
data 360 and update intelligent repair data 380 of the received enhanced repair data 330 with PID
lists, PID list identifiers, and identified tests, and send the even further updated enhanced repair
data 330 to the vehicle scan tool. The vehicle scan tool can obtain newly-observed data by
scanning for the PIDs on some or all of PID lists, obtaining data from a user, and/or execute
some or all of the identified tests of the received intelligent repair data 380, update diagnostic
data 360 based on the newly-observed data, and send the updated enhanced repair data 330 to the
server. The server and vehicle scan tool can iterate on observed data (provided by the vehicle
scan tool) and PID lists / tests provided (provided by the server) throughout a repair session to
repair the vehicle under repair. Thus, the vehicle scan tool and server can communicate
increasingly updated versions of enhanced repair data 330 with each other to coordinate repair
activities during the repair session.

[0064] In the example shown in FIG. 3, intelligent repair data 380 includes three PID list
identifiers “A”, “B”, and “C” identifying respective PID lists A, B, and C stored on the vehicle
scan tool. Intelligent repair data 380 also includes two identified tests: a component test
“Component Test 17 and a functional tests “Functional Test A”. Many other PID list identifiers
identified tests, and/or intelligent repair data are possible as well.

[0065] Some or all of intelligent repair data 380 can be provided to the vehicle scan tool from
one or more servers communicatively coupled to the vehicle scan tool. The vehicle scan tool and
the server(s) can communicate some or all of intelligent repair data 380 to enable the server to
provide inputs, such as intelligent repair data 380, to the vehicle scan tool.

[0066] As one example, the vehicle scan tool can obtain data for common vehicle identification,
such as VIN or YMME data about a vehicle. Then, the scan tool can update VID data 340 to
include the data for common vehicle identification and perhaps data about resident software
executables. The vehicle scan tool can then provide the enhanced repair data 330 including
updated VID data 340 to the server(s). The server(s) can determine the vehicle identifiers for the
software executables of the vehicle scan tool, and send enhanced repair data 330 with VID data
340 that includes the vehicle identifiers for the software executables.

[0067] As another example, the vehicle scan tool can obtain diagnostic data by scanning for the

PIDs listed on one or more PID lists identified by intelligent repair data 380 and/or by running
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some or all of the identified tests specified by intelligent repair data 380. The vehicle scan tool
can use the diagnostic data to update enhanced repair data 330, e.g., update part or all of vehicle
data 370, and send updated enhanced repair data 330 to the server. The server can then receive
the scan-tool-updated enhanced repair data 330, determine additional identified tests and/or PID
lists based on updated enhanced repair data 330, and update enhanced repair data 330
accordingly, e.g., update intelligent repair data 380 to include the additional identified tests
and/or PID lists. The server-updated enhanced repair data 330 can then be sent to the scan tool,
for another iteration of updating the repair data to be scan-tool-updated enhanced repair data 330,
sending the scan-tool-updated enhanced repair data 330 to the server, and updating the scan-tool-
updated repair data at the server to obtain new server-updated enhanced repair data 330.

[0068] In some examples, vehicle identifier file 310 can be stored in non-volatile memory of a
vehicle scan tool. Then, when the vehicle scan tool has been requested to activate a software
executable, the vehicle scan tool can open vehicle identifier file 310, find a name or identifier of
the requested software executable in software executable field 320, and use the vehicle identifier
322 in the same entry as the found name / identifier. For example, if the vehicle scan tool has
been requested to activate a software executable whose name is “SE2”, the vehicle scan tool can
open vehicle identifier file 310, find an entry with the name “SE2” in the software executable
field 320 of the vehicle identifier file 310, and use the corresponding identifier “2012 Makerl
Pickup Modell 4.6L” in activating the requested software executable. In other examples, a
version of vehicle identifier file 310 can be stored in volatile memory; e.g., as a lookup table, and
similar procedures can be used to find vehicle identifiers associated with software executables in
volatile memory as used when vehicle identifier file 310 is stored in non-volatile memory.

[0069] In other examples, at least part of enhanced repair data 330 can be stored in volatile
memory of the vehicle scan tool. In other examples, a version of enhanced repair data 330 can be
stored in non-volatile memory of the vehicle scan tool; e.g., part or all of enhanced repair data
330 can be stored in a file for purposes of backing up and/or restoring a repair session that is
terminated by an inadvertent power down of the vehicle scan tool. In still other examples, as
discussed above, at least part of enhanced repair data 330 can be communicated between and

updated by both the vehicle scan tool and a server to repair the vehicle.
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[0070] FIG. 4 shows a communication flow 400 during repair of vehicle 410, in accordance with
an embodiment. During communication flow 400, technician 416 repairs vehicle 410 using
computing device 412 acting as and/or embodied as a vehicle scan tool to carry out method 200.
[0071] Communication flow 400 can begin at block 420, where computing device 412 (acting as
and/or embodied as a vehicle scan tool) can determine that computing device 412 is not
connected to either vehicle 410 or server 414. In communications flows 400, 500, 600, and 700,
computing device 412 is configured to but may or may not actually connect to vehicle 410 via a
wired connection and is configured to but may or may not actually connect to server 414 via a
wireless connection. In other communication flows, computing device 412 can be configured to
connect to vehicle 410 via wireless and/or other wired connections, and/or computing device 412
can be configured to connect to server 414 via wired and/or other wireless connections.

[0072] At block 422, computing device 412 can carry out the procedures of block 210 of method
200 to determine that three software executables “SE1”, “SE2”, and “SE3” are resident on
computing device 412. At block 430, computing device 412 can carry out the procedures of
block 220 of method 200 to obtain VII. In particular, at block 430, computing device 412 can
display a VII entry page to a user of computing device 412; e.g., technician 416, to obtain the VII
from the user. Example pages for entering VII are shown as FIGS. 10A-10C.

[0073] After displaying the VII entry page, technician 416 provides VII data to computing
device 412, as indicated in FIG. 4 as “VIN 410” of GetVIIResp message 432. That is, VIN 410 is
data provided by technician 416 that corresponds to a VIN of vehicle 410. Upon reception of
GetVIIResp message 432, computing device 412 obtains VIN 410 from message 432 and stores
VIN 410 for later use.

[0074] At block 434, computing device 412 uses the procedures of block 230 of method 200 to
determine that computing device 412 is not connected to a server. Then, computing device 412
uses the procedures of block 242 of method 200 to generate a query Q400 for software
executables SE1, SE2, SE3 on computing device 412, where query Q400 is based on VIN 410,
and where software executables SE1, SE2, SE3 were previously identified at block 422. Then,
computing device 412 carries out the procedures of block 244 of method 200 to provide query
Q400 to a local database (DB) resident on computing device 412 to obtain vehicle identifiers for
software executables SE1, SE2, SE3. The local database provides a query response to query
Q400 that includes vehicle identifiers VID1, VID2, VID3 for respective software executables
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SE1, SE2, SE3. By use of the procedures of block 434, computing device 412 obtains vehicle
identifiers for all of its software executables at one time.

[0075] The local database can be useful when determining vehicle identifiers during times
computing device 412 is not connected to a server, such as server 414. Other local repair-related
data can be stored on computing device 412, where some or all of the local repair-related data
can be used when computing device 412 is not connected to a server; e.g., repair-related data for
default content displays, default test selection data, default parameter list data, etc. In some
embodiments, the local database also stores some or all of the repair-related data.

[0076] At block 436, computing device 412 carries out the procedures of block 250 of method
200 to save vehicle identifiers VID1, VID2, VID3. In the example illustrated by communication
flow 400, computing device 412 is not connected to a server, so computing device 412 saves
vehicle identifiers VID1, VID2, VID3 to a vehicle identifier file F1 stored in non-volatile
memory of computing device 412, such as discussed above in the context of FIG 3.

[0077] FIG. 4 shows that communication flow 400 continues with technician 416 connecting
computing device 412 with vehicle 410, as illustrated by connect message 440. Then, at block
450, computing device 412 displays a home page for vehicle repairs. An example vehicle repair
home page is shown in FIG. 11 and discussed below.

[0078] After displaying the home page, technician 416 begins repair of vehicle 410 by
requesting activation of software executable SE1, illustrated in FIG. 4 by activate message 452.
Computing device 412 uses the procedures of block 260 of method 200 to receive activate
message 452 requesting activation of software executable SE1. In communication flow 400,
software executable SE1 is a software executable for scanning a vehicle, such as vehicle 410, for
information, where the information can include, but is not limited to, fault codes, PIDs, and
values of parameters associated with PIDs.

[0079] At block 454, computing device 412 uses the procedures of block 262 of method 200 to
retrieve a vehicle identifier VID1 associated with software executable SE1. Then, computing
device 412 uses the procedures of block 264 of method 200 to provide VIDI to software
executable SE1 while starting software executable SE1.

[0080] Communication flow 400 continues with technician 416 using an interface to software
executable SE1 to send GetFaultCodes message 460 to computing device 412. Computing device

412 then requests fault codes from vehicle 410 via software executable SE1 using GetFaultCodes

-17 -



10

15

20

25

WO 2019/032330 PCT/US2018/044446

message 462 that corresponds to GetFaultCodes message 460. In response to GetFaultCodes
message 462, software executable SE1 obtains fault codes FC1 and FC2 from vehicle 410, as
indicated in FIG. 4 as part of FaultCodes message 464. In other scenarios, more, fewer, and/or
different fault codes than FC1 and FC2 can be provided; e.g., in FaultCodes message 464.

[0081] At block 466, computing device 412 displays FC1 and FC2 on a repair page. The repair
page can be a display associated with software executable SE1. An example repair page
displaying fault codes is shown is shown in FIG. 12 and discussed below. An example of
carrying out the procedures of block 270 of method 200 can include the repairs to vehicle 410
associated with messages 452, 460, 462, 464, and blocks 454, 466.

[0082] After display of the repair page with fault codes FC1 and FC2, technician 416 requests
repair information about fault code FC1, as illustrated using GetRepairlnfo message 468 with
data of “FC1”. In other communications flows, technician 416 can request information about
multiple fault codes via GetRepairInfo message 468. At block 470, computing device 400
responds to GetRepairlnfo message 468 by displaying a repair page for fault code FC1. An
example repair page for a fault code is shown in FIG. 13 A discussed below.

[0083] FIG. 4 illustrates that after the repair page for fault code FC1 is displayed, technician 416
requests activation of software executable SE2 as illustrated using activate message 480 with
data of “SE2”. Computing device 412 uses the procedures of block 280 and then block 260 of
method 200 to receive activate message 480 requesting activation of software executable SE2. In
communication flow 400, software executable SE2 is a software executable for performing
component tests on a vehicle, such as vehicle 410.

[0084] At block 482, computing device 412 uses the procedures of block 262 of method 200 to
retrieve a vehicle identifier VID2 associated with software executable SE2 from file F1. Then,
computing device 412 uses the procedures of block 264 of method 200 to provide VID2 to
software executable SE2 while starting software executable SE2.

[0085] At block 484, computing device 412 displays one or more component tests C1, C2 ... Cn
that can be selected for execution. In some examples, some or all of component tests C1, C2 ...
Cn available for possible execution can themselves be selected based on fault code FC1 selected

as discussed above in the context of GetRepairlnfo message 468.
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[0086] After displaying the one or more possible component tests, technician 416 uses an
interface to software executable SE2 to send TestComponent message 486 to computing device
412 to request execution of component test “C1” of vehicle 410.

[0087] Upon reception of TestComponent message 486, communication flow 400 can be
completed. An example of carrying out the procedures of block 270 of method 200 can include
the repairs to vehicle 410 associated with block 484 and message 486.

[0088] Subsequently, computing device 412 can use the procedures of block 280 of method 200
to complete communication flow 400. In other examples, the repairs to vehicle 410 at block 270
of method 200 include carrying out one or more component tests of component C1 of vehicle
410 and determining one or more results to the component tests of component C1 as directed by
TestComponent message 486.

[0089] FIG. 5 shows a communication flow 500 during repair of vehicle 410, in accordance with
an embodiment. During communication flow 500, technician 416 repairs vehicle 410 using
computing device 412 acting as a vehicle scan tool to carry out aspects of method 200.
Communication flow 500 is related to communication flow 400 discussed immediately above. In
communication flow 400, all vehicle identifiers for software executables were determined at one
time, while in communication flow 500, vehicle identifiers for software executables are
determined as needed; that is, upon activation of a software executable.

[0090] Communication flow 500 can begin at block 520, where computing device 412 (acting as
a vehicle scan tool) can determine that computing device 412 is not connected to either vehicle
410 or server 414. At block 530, computing device 412 can carry out the procedures of block
220 of method 200 to obtain VII. In particular, at block 530, computing device 412 can display a
VII entry page to a user of computing device 412 as discussed above in the context of block 430
of communication flow 400.

[0091] After displaying the VII entry page, technician 416 provides VII data to computing
device 412, as indicated in FIG. 5 as “VIN 410” of GetVIIResp message 532. That is, VIN 410 is
data provided by technician 516 that corresponds to a VIN of vehicle 410. Upon reception of
GetVIIResp message 532, computing device 412 obtains VIN 410 from message 532 and stores
VIN 410 for later use.

[0092] FIG. 5 shows that communication flow 500 continues with technician 416 connecting

computing device 412 with vehicle 410, as illustrated in FIG. 5 by connect message 540. Then,
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at block 542, computing device 412 displays a home page for vehicle repairs as discussed above
in the context of block 450 of communication flow 400.

[0093] After displaying the home page, technician 416 begins repair of vehicle 410 by
requesting activation of software executable SE1, illustrated in FIG. 5 by activate message 550.
Computing device 412 uses the procedures of block 260 of method 200 to receive activate
message 550 requesting activation of software executable SE1. In communication flow 500,
software executable SEI1 is the same software executable for scanning a vehicle as software
executable SE1 discussed above in the context of communication flow 400.

[0094] Upon reception of activate message 550, computing device 412 carries out the procedures
of block 552 to determine that a vehicle identifier for software executable SEI is not yet
available; e.g., computing device 412 determines that a vehicle identifier file with a vehicle
identifier for software executable SE1 is not available. Then, computing device 412 carries out
the procedures of block 230 of method 200 to determine that computing device 412 is not
connected to a server. After determining that the vehicle identifier for SE1 is not available and
determining computing device 412 is not connected to a server, computing device 412 retrieves
VIN 410 from storage as indicated in the context of message 532. Then, computing device 412
uses the procedures of block 242 of method 200 to generate a query Q501 for software
executable SE1 on computing device 412, where query Q501 is based on retrieved VIN 410, and
where software executable SE1 was identified by activate message 550. In some examples,
computing device 412 verifies that software executable SE1 is resident on computing device
before generating query Q501 — in examples where software executable SE1 is not resident,
computing device 412 can generate and display an appropriate error message.

[0095] At block 554, computing device 412 carries out the procedures of block 244 of method
200 to provide query Q501 to a local database resident on computing device 412 to obtain a
vehicle identifier for software executable SE1. Then, the local database provides a query
response to query Q501 that includes vehicle identifier VID1 for software executable SEI.

[0096] At block 556, computing device 412 carries out the procedures of block 250 of method
200 to save vehicle identifier VIDI1. In the example illustrated by communication flow 400,
computing device 412 is not connected to a server, so computing device 412 saves vehicle
identifier VID1 to a vehicle identifier file F1 stored in non-volatile memory of computing device

412, such as discussed above in the context of FIGS. 3 and 4.
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[0097] At block 558, computing device 412 uses the procedures of block 264 of method 200 to
provide VID1 to software executable SE1 while starting software executable SE1.

[0098] Communication flow 500 continues with technician 416 using an interface to software
executable SE1 to send GetFaultCodes message 560 to computing device 412. Computing device
412 then requests fault codes from vehicle 410 via software executable SE1 using GetFaultCodes
message 562 that corresponds to GetFaultCodes message 560. In response to GetFaultCodes
message 562, software executable SE1 obtains fault codes FC1 and FC2 from vehicle 410, as
indicated in FIG. 4 as FaultCodes message 564. In other scenarios, more, fewer, and/or different
fault codes than FC1 and FC2 can be provided; e.g., in FaultCodes message 564.

[0099] At block 566, computing device 412 displays FC1 and FC2 on a repair page, such as
discussed above in the context of block 466 of communication flow 466. An example of carrying
out the procedures of block 270 of method 200 can include the repairs to vehicle 410 associated
with messages 550, 560, 562, 564 and blocks 552, 554, 556, 558, 566.

[0100] After display of the repair page with fault codes FC1 and FC2, technician 416 requests
repair information about fault code FC1, as illustrated using GetRepairlnfo message 568 with
data of “FC1”. At block 570, computing device 400 responds to GetRepairlnfo message 568 by
displaying a repair page for fault code FC1 as discussed above in the context of block 470 of
communication flow 400.

[0101] FIG. 5 illustrates that after the repair page for fault code FC1 is displayed, technician 416
requests activation of software executable SE2 as illustrated using activate message 572 with
data of “SE2”. In communication flow 500, software executable SE2 is the same software
executable for performing component tests as software executable SE2 discussed above in the
context of communication flow 400.

[0102] Upon reception of activate message 572, computing device 412 carries out the procedures
of block 574 to determine that a vehicle identifier for software executable SE2 is not yet
available; e.g., computing device 412 determines that a vehicle identifier file with a vehicle
identifier for software executable SE2 is not available. Then, computing device 412 carries out
the procedures of block 230 of method 200 to determine that computing device 412 is not
connected to a server. After determining that the vehicle identifier for SE2 is not available and
determining computing device 412 is not connected to a server, computing device 412 retrieves

VIN 410 from storage after receiving GetVIIResp message 532. Then, computing device 412
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uses the procedures of block 242 of method 200 to generate a query Q502 for software
executable SE2 on computing device 412, where query Q502 is based on retrieved VIN 410, and
where software executable SE2 was identified by activate message 572. In some examples,
computing device 412 verifies that software executable SE2 is resident on computing device
before generating query Q502 — in examples where software executable SE2 is not resident,
computing device 412 can generate and display an appropriate error message.

[0103] At block 576, computing device 412 carries out the procedures of block 244 of method
200 to provide query Q502 to the local database to obtain a vehicle identifier for software
executable SE2. Then, the local database provides a query response to query Q502 that includes
vehicle identifier VID2 for software executable SE2.

[0104] At block 578, computing device 412 carries out the procedures of block 250 of method
200 to save vehicle identifier VID2 to the vehicle identifier file F1 as computing device 412 is
not connected to a server, so computing device 412 saves vehicle identifier VID1 to a vehicle
identifier file F1 stored in non-volatile memory of computing device 412, such as discussed
above in the context of FIGS. 3 and 4.

[0105] At block 580, computing device 412 uses the procedures of block 264 of method 200 to
provide VID2 to software executable SE2 while starting software executable SE2.

[0106] At block 582, computing device 412 displays one or more component tests C1, C2 ... Cn
that can be selected for execution. In some examples, some or all of component tests C1, C2 ...
Cn available for possible execution can themselves be selected based on fault code FC1 selected
as discussed above in the context of GetRepairlnfo message 568. After displaying the one or
more component tests that can be selected for execution, technician 416 uses an interface to
software executable SE2 to send TestComponent message 585 to computing device 412 to
request execution of component test “C1” of vehicle 410.

[0107] Upon reception of TestComponent message 584, computing device 412 performs the
requested component test C1. An example of carrying out the procedures of block 270 of method
200 can include the repairs to vehicle 410 associated with messages 572, 584 and blocks 574,
576, 578, 580, 582.

[0108] Communication flow 500 continues with technician 416 requesting activation of software
executable SE1 as illustrated using activate message 590 with data of “SE1”. Upon reception of

activate message 590, computing device 412 carries out the procedures of block 592 to
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determine that a vehicle identifier for software executable SE1 is available in file F1, and so
retrieves vehicle identifier VID1 from file F1. Then, computing device 412 uses the procedures
of block 264 of method 200 to provide VID1 to software executable SE1 while starting software
executable SE1.

[0109] Communication flow 500 continues with technician 416 using an interface to software
executable SE1 to send GetFaultCodes message 594 to computing device 412. The repairs to
vehicle 410 at block 270 of method 200 include obtaining fault codes from vehicle 410, as
directed by message 594, and displaying any obtained fault codes.

[0110] Upon reception of GetFaultCodes message 594 and perhaps displaying any obtained fault
codes by computing device 412, computing device 412 can use the procedures of block 280 of
method 200 to complete communication flow 500.

[0111] FIG. 6 shows a communication flow 600 during repair of vehicle 410, in accordance with
an embodiment. During communication flow 600, technician 416 repairs vehicle 410 using
computing device 412 acting as and/or embodied as a vehicle scan tool to carry out method 200.
Communication flow 600 is related to communication flow 400. In communication flow 400,
computing device 412 was not connected to server 414 and was not connected to vehicle 410
initially. However, in communication flow 600, computing device 412 connects to vehicle 410
and server 414 at the onset.

[0112] In communication flows 600 and 700 (shown in FIG. 7), respective repair sessions are
begun when computing device 412 connects to vehicle 410 and server 414 and lasts throughout
respective communication flows 600 and 700. In other examples, a repair session can be
interrupted. For example, a repair session can last until computing device 412 is powered off,
until new fault codes and/or parameter values are selected and/or obtained, until computing
device 412 connects to a different vehicle than vehicle 410, until a pre-determined amount of
time after connection of computing device 412 to vehicle 410 and/or server 414 has elapsed,
and/or last until other condition(s) are met. In some particular examples, a relatively-brief
interruption (e.g., 30 seconds or less, 1 minute or less, 30 minutes or less) of a connection
between vehicle 410 and server 414 may be ignored in determining that a repair session has
ended. For example, computing device 412 can move during a repair session and lose

connectivity while moving, leading to re-establishing communication with server 414 after
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moving — such brief interruptions can be ignored when determining whether a repair session has
ended.

[0113] FIG. 6 shows that communication flow 600 begins with technician 416 connecting
computing device 412 (acting as and/or embodied as a vehicle scan tool) with vehicle 410 as
illustrated by connect message 620. Computing device 412 also connects with server 414 as
illustrated by connect message 622.

[0114] At block 630, computing device 412 can carry out the procedures of block 210 of
method 200 to determine that three software executables “SE1”, “SE2”, and “SE3” are resident
on computing device 412. Computing device 412 can then send GetVII message 632 to vehicle
410 to obtain VII-related information, such as a VIN of vehicle 410, in accord with the
procedures of block 220 of method 200. Vehicle 410 responds with GetVIIResp message 634
that includes VIN 410, which is the VIN of vehicle 410. Computing device 412 then obtains VIN
410 from GetVIIResp message 634.

[0115] At block 640, computing device 412 carries out the procedures of block 230 of method
200 to determine that computing device 412 is connected to a server; e.g., server 410. Computing
device 412 then uses the procedures of block 232 of method 200 to generate a query Q600 for
software executables SE1, SE2, SE3 on computing device 412, where query Q600 is based on
VIN 410, and where software executables SE1, SE2, SE3 were previously identified at block
630. Computing device 412 also carries out the procedures of block 234 of method 200 to
provide query Q600 to server 414 to obtain vehicle identifiers for software executables SE1,
SE2, SE3 via QueryDB message 642.

[0116] In response to query Q600 in QueryDB message 642, server 414 sends RepairlnfoResp
message 644 with enhanced repair data ERD that includes vehicle identifiers VID1, VID2, VID3
for respective software executables SE1, SE2, SE3. An example format of enhanced repair data
is shown in FIG. 3 discussed above. By use of messages 642 and 644, computing device 412
obtains vehicle identifiers for all of its software executables at one time. In communication flow
600, computing device 412 saves ERD to storage, thereby saving vehicle identifiers VIDI,
VID2, VID3 to storage.

[0117] Then, at block 650, computing device 412 displays a home page for vehicle repairs. An

example vehicle repair home page is shown in FIG. 11 and discussed below.
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[0118] After displaying the home page, technician 416 begins repair of vehicle 410 by
requesting activation of software executable SE1, illustrated in FIG. 6 by activate message 652.
In communication flow 600, software executable SE1 is the same software executable for
scanning a vehicle as software executable SE1 discussed above in the context of communication
flow 400.

[0119] Computing device 412 uses the procedures of block 260 of method 200 to receive
activate message 652 requesting activation of software executable SE1. In communication flow
600, software executable SE1 is a software executable for scanning a vehicle, such as vehicle
410, for information, where the information can include, but is not limited to, fault codes, PIDs,
and values of parameters associated with PIDs.

[0120] At block 654, computing device 412 uses the procedures of block 262 of method 200 to
retrieve a vehicle identifier VID1 associated with software executable SE1 from stored enhanced
repair data ERD. Then, computing device 612 uses the procedures of block 264 of method 200 to
provide VID1 to software executable SE1 while starting software executable SE1.

[0121] Communication flow 600 continues with technician 416 using an interface to software
executable SE1 to send GetFaultCodes message 660 to computing device 412. Computing device
412 then requests fault codes from vehicle 410 via software executable SE1 using GetFaultCodes
message 662 that corresponds to GetFaultCodes message 660. In response to GetFaultCodes
message 0662, software executable SE1 obtains fault codes FC1 and FC2 from vehicle 410 as part
of FaultCodes message 664.

[0122] At block 666, computing device 412 displays FC1 and FC2 on a repair page. The repair
page can be a display associated with software executable SE1. An example repair page
displaying fault codes is shown is shown in FIG. 12 and discussed below. Also, computing
device adds FC1 and FC2 to ERD at block 666. An example of carrying out the procedures of
block 270 of method 200 can include the repairs to vehicle 410 associated with messages 652,
660, 662, 664 and blocks 654, 666.

[0123] After display of the repair page with fault codes FC1 and FC2, technician 416 requests
repair information about fault code FC1, as illustrated using GetRepairlnfo message 670 with
data of “FC1”. At block 672, computing device 412 responds to GetRepairlnfo message 670 by
updating enhanced repair data ERD to indicate that FC1 is a current fault code (FC). In other

communications flows, technician 416 can request information about multiple fault codes via
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GetRepairlnfo message 670; in these flows, computing device 412 can update enhanced repair
data ERD to indicate that multiple fault codes are current fault codes.

[0124] Then, computing device 412 sends GetRepairlnfo message 674 with enhanced repair data
ERD as updated at block 672 to server 414. Server 414 then sends RepairInfoResp message 676
with updated enhanced repair data ERD2 that includes PID lists and tests associated with fault
code FCI1. In particular, some or all of component tests C1, C2 ... Cn can be selected by server
414 based on fault code FC1. Then, server 414 can update enhanced repair data ERD2 by adding
selected component tests C1, C2 ... Cn to ERD2 before sending RepairInfoResp message 676.
Upon reception of enhanced repair data ERD2, computing device 412 stores a copy of ERD2.
[0125] At block 678, computing device 412 displays a repair page for fault code FC1. An
example repair page for a fault code is shown in FIG. 13 A discussed below.

[0126] Communication flow 600 continues with technician 416 requesting activation of software
executable SE2 as illustrated using activate message 680 with data of “SE2”. In communication
flow 600, software executable SE2 is the same software executable for performing component
tests as software executable SE2 discussed above in the context of communication flow 400.
[0127] Computing device 412 uses the procedures of block 280 and then block 260 of method
200 to receive activate message 680 requesting activation of software executable SE2. In
communication flow 600, software executable SE2 is a software executable for performing
component tests on a vehicle, such as vehicle 410.

[0128] At block 682, computing device 412 uses the procedures of block 262 of method 200 to
retrieve a vehicle identifier VID2 associated with software executable SE2 and retrieve
component test selections C1, C2 ... Cn from the stored copy of enhanced repair data ERD2.
Then, computing device 412 uses the procedures of block 264 of method 200 to provide VID2 to
software executable SE2 while starting software executable SE2.

[0129] At block 684, computing device 412 displays one or more component tests C1, C2 ... Cn
that can be selected for execution. After displaying the one or more possible component tests,
technician 416 uses an interface to software executable SE2 to send TestComponent message
686 to computing device 412 to request execution of component test “C1” of vehicle 410.

[0130] Upon reception of TestComponent message 686, communication flow 600 can be
completed. An example of carrying out the procedures of block 270 of method 200 can include
the repairs to vehicle 410 associated with block 684 and message 686.
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[0131] Subsequently, computing device 412 can use the procedures of block 280 of method 200
to complete communication flow 600. In other examples, the repairs to vehicle 410 at block 270
of method 200 include carrying out component test C1 of vehicle 410 and determining one or
more results to component test C1 as directed by TestComponent message 686.

[0132] FIG. 7 shows a communication flow 700 during repair of vehicle 410, in accordance with
an embodiment. During communication flow 700, technician 416 repairs vehicle 410 using
computing device 412 acting as and/or embodied as a vehicle scan tool to carry out aspects of
method 200.

[0133] Communication flow 700 is related to communication flow 500. In communication flow
500, computing device 412 was not connected to server 414 and was not initially connected to
vehicle 410. However, in communication flow 700, computing device 412 connects to vehicle
410 and server 414 at the onset.

[0134] FIG. 7 shows that communication flow 700 begins with technician 416 connecting
computing device 412 (acting as and/or embodied as a vehicle scan tool) with vehicle 410 as
illustrated by connect message 710. Computing device 412 also connects with server 414 as
illustrated by connect message 712.

[0135] Computing device 412 can send GetVII message 720 to vehicle 410 to obtain VII-related
information, such as a VIN of vehicle 410, in accord with the procedures of block 220 of method
200. Vehicle 410 responds with GetVIIResp message 722 that includes VIN 410, which is the
VIN of vehicle 410. Computing device 412 then obtains VIN 410 from GetVIIResp message 722
and stores VIN 410 for later use.

[0136] At block 724, computing device 412 displays a home page for vehicle repairs as
discussed above in the context of block 450 of communication flow 400.

[0137] After displaying the home page, technician 416 begins repair of vehicle 410 by
requesting activation of software executable SE1, illustrated in FIG. 5 by activate message 730.
Computing device 412 uses the procedures of block 260 of method 200 to receive activate
message 730 requesting activation of software executable SE1. In communication flow 700,
software executable SEI1 is the same software executable for scanning a vehicle as software
executable SE1 discussed above in the context of communication flow 400.

[0138] Upon reception of activate message 730, computing device 412 carries out the procedures

of block 732 to determine that a vehicle identifier for software executable SEI is not yet
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available; e.g., computing device 412 determines that a vehicle identifier file or enhanced repair
data having a vehicle identifier for software executable SEI1 is not available. Then, computing
device 412 carries out the procedures of block 230 of method 200 to determine that computing
device 412 is connected to a server; e.g., server 410.

[0139] After determining that the vehicle identifier for SE1 is not available and that computing
device 412 is connected to a server, computing device 412 retrieves VIN 410 that was stored
after receiving GetVIIResp message 730. Still at block 732, computing device 412 uses the
procedures of block 232 of method 200 to generate a query Q701 for software executable SE1 on
computing device 412, where query Q701 is based on retrieved VIN 410, and where software
executable SE1 was identified by activate message 730. In some examples, computing device
412 verifies that software executable SE1 is resident on computing device before generating
query Q701 — in examples where software executable SE1 is not resident, computing device 412
can generate and display an appropriate error message. Computing device 412 also carries out
the procedures of block 234 of method 200 to provide query Q701 to server 414 to obtain a
vehicle identifier for software executable SE1 using QueryDB message 734.

[0140] In response to query Q701 in QueryDB message 734, server 414 sends RepairlnfoResp
message 736 with enhanced repair data ERD that includes vehicle identifier VID1 for software
executable SE1. An example format of enhanced repair data is shown in FIG. 3 discussed above.
Upon reception of enhanced repair data ERD, computing device 412 saves ERD to storage,
thereby saving vehicle identifier VID1 to storage.

[0141] At block 738, computing device 412 uses the procedures of block 262 of method 200 to
retrieve a vehicle identifier VID1 associated with software executable SE1 from stored enhanced
repair data ERD. Then, computing device 612 uses the procedures of block 264 of method 200 to
provide VID1 to software executable SE1 while starting software executable SE1.

[0142] Communication flow 700 continues with technician 416 using an interface to software
executable SE1 to send GetFaultCodes message 740 to computing device 412. Computing device
412 then requests fault codes from vehicle 410 via software executable SE1 using GetFaultCodes
message 742 that corresponds to GetFaultCodes message 740. In response to GetFaultCodes
message 742, vehicle 410 provides fault codes FC1 and FC2 as part of FaultCodes message 744.
[0143] At block 746, computing device 412 displays FC1 and FC2 on a repair page. The repair

page can be a display associated with software executable SE1. An example repair page
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displaying fault codes is shown is shown in FIG. 12 and discussed below. Also, computing
device adds FC1 and FC2 to ERD at block 746. An example of carrying out the procedures of
block 270 of method 200 can include the repairs to vehicle 410 associated with messages 730,
734,736, 740, 742, 744 and blocks 732, 738, 746.

[0144] After display of the repair page with fault codes FC1 and FC2, technician 416 requests
repair information about fault code FC1, as illustrated using GetRepairlnfo message 750 with
data of “FC1”. At block 752, computing device 412 responds to GetRepairlnfo message 750 by
updating ERD to indicate that FC1 is a current fault code (FC). In other communications flows,
technician 416 can request information about multiple fault codes via GetRepairlnfo message
750; in these flows, computing device 412 can update enhanced repair data ERD to indicate that
multiple fault codes are current fault codes.

[0145] Then, computing device 412 sends GetRepairlnfo message 754 with enhanced repair data
ERD as updated at block 752 to server 414. Server 414 then sends RepairInfoResp message 756
with updated enhanced repair data ERD2 that includes PID lists and tests associated with fault
code FCI1. In particular, some or all of component tests C1, C2 ... Cn can be selected by server
414 based on fault code FC1. Then, server 414 can update enhanced repair data ERD2 by adding
selected component tests C1, C2 ... Cn to ERD2 before sending RepairInfoResp message 756.
Upon reception of enhanced repair data ERD2, computing device 412 stores a copy of ERD2.
[0146] At block 758, computing device 412 displays a repair page for fault code FC1. An
example repair page for a fault code is shown in FIG. 13 A discussed below.

[0147] Communication flow 700 continues with technician 416 requesting activation of software
executable SE2 as illustrated using activate message 760 with data of “SE2”. In communication
flow 700, software executable SE2 is the same software executable for performing component
tests as software executable SE2 discussed above in the context of communication flow 400.
[0148] Upon reception of activate message 760, computing device 412 carries out the procedures
of block 762 to determine that a vehicle identifier for software executable SE2 is not yet
available; e.g., computing device 412 determines enhanced repair data ERD2 does not store a
vehicle identifier for software executable SE2. Then, computing device 412 carries out the
procedures of block 230 of method 200 to determine that computing device 412 is connected to a
server. After determining that the vehicle identifier for SE2 is not available and determining

computing device 412 is connected to a server, computing device 412 retrieves VIN 410 that was
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stored after receiving GetVIIResp message 730. Then, computing device 412 uses the procedures
of block 232 of method 200 to generate a query Q702 for software executable SE2 on computing
device 412, where query Q702 is based on retrieved VIN 410, and where software executable
SE2 was identified by activate message 760. In some examples, computing device 412 verifies
that software executable SE2 is resident on computing device before generating query Q702 — in
examples where software executable SE2 is not resident, computing device 412 can generate and
display an appropriate error message.

[0149] Computing device 412 then carries out the procedures of block 234 of method 200 to
provide query Q702 to server 414 to obtain a vehicle identifier for software executable SE2
using QueryDB message 764. In response to query Q702 in QueryDB message 764, server 414
sends RepairInfoResp message 766 with enhanced repair data ERD3 that includes vehicle
identifier VID2 for software executable SE2. Upon reception of enhanced repair data ERD3,
computing device 412 can save a copy of ERD3 to storage, thereby storing vehicle identifier
VID2

[0150] At block 770, computing device 412 uses the procedures of block 262 of method 200 to
retrieve a vehicle identifier VID2 associated with software executable SE2 and retrieve
component test selections C1, C2 ... Cn from the stored copy of enhanced repair data ERD3.
Then, computing device 412 uses the procedures of block 264 of method 200 to provide VID2 to
software executable SE2 while starting software executable SE2.

[0151] At block 772, computing device 412 displays one or more component tests C1, C2 ... Cn
that can be selected for execution. After displaying the one or more possible component tests,
technician 416 uses an interface to software executable SE2 to send TestComponent message
774 to computing device 412 to request execution of component test “C1” of vehicle 410.

[0152] Upon reception of TestComponent message 774, computing device 412 performs the
requested component test C1. An example of carrying out the procedures of block 270 of method
200 can include the repairs to vehicle 410 associated with messages 760, 764, 766, 774 and
blocks 762, 770, 772.

[0153] Communication flow 700 continues with technician 416 requesting activation of software
executable SEI as illustrated using activate message 780 with data of “SE1”.

[0154] Upon reception of activate message 780, computing device 412 carries out the procedures

of block 782 to determine that a vehicle identifier for software executable SE1 is available in
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enhanced repair data ERD3 and to retrieve a vehicle identifier VID1 associated with software
executable SE1 from enhanced repair data ERD3. Then, computing device 412 uses the
procedures of block 264 of method 200 to provide VID1 to software executable SE1 while
starting software executable SE1.
[0155] Communication flow 700 continues with technician 416 using an interface to software
executable SE1 to send GetFaultCodes message 784 to computing device 412. The repairs to
vehicle 410 at block 270 of method 200 include obtaining fault codes from vehicle 410, as
directed by message 784, and displaying any obtained fault codes. Upon reception of
GetFaultCodes message 784 and perhaps displaying any obtained fault codes by computing
device 412, computing device 412 can use the procedures of block 280 of method 200 to
complete communication flow 700.
[0156] In some examples, software executables stored on computing device 412 can include
more, fewer, and/or different software executables than SE1, SE2, and SE3 as described in the
context of communications flows 400, 500, 600, 700. In other examples, more, fewer, and/or
different vehicle identifiers can be associated with software executables resident on computing
device 412.

Example Common Vehicle Identification and Repair Scenarios
[0157] FIGS. 8, 9, 10A, 10B, 10C, 11, 12, 13A, 13B, 13C, 13D, 13E, 14A, 14B, 14C, and 14D
show two related scenarios 800, 800a, where computing device 412, embodied as a vehicle scan
tool, is used by a technician Techl, such as technician 416, to repair a vehicle V1, such as
vehicle 410, in accordance with an embodiment. Scenarios 800 and 800a illustrate some details
of how computing device 412 is used to repair the vehicle; e.g., by scanning for DTCs / PIDs,
executing tests, reporting test results, and making other repair-related information available to
technician Tech1 working on vehicle V1.
[0158] During scenario 800, computing device 412 is connected to one server S1, such as server
414, such as discussed above at least in the context of communication flows 600 and 700. As
such, scenario 800 is related to, and illustrates aspects of communication flows 600 and 700.
However, during scenario 800a, computing device 412 is not connected to a server and initially
is not connected to vehicle V1, such as discussed above at least in the context of communication
flows 400 and 500. As such, scenario 800a is related to, and illustrates aspects of communication

flows 400 and 500.

-31-



10

15

20

25

30

WO 2019/032330 PCT/US2018/044446

[0159] In scenario 800, server S1 provides information as requested by computing device 412,
which can involve obtaining the information on behalf of computing device 412 from one or
more other server(s). In other scenarios, computing device 412 can communicate with multiple
servers; e.g., a server for common vehicle identification, a server for generating enhanced repair
information, a server for providing items of vehicle information, etc.

[0160] For both scenarios 800 and 800a, computing device 412 has at least three resident
software executables: (1) an adaptive PID scanner executable for scanning a vehicle for
information associated with vehicle identifier V_SE, (2) a component test executable for
performing component tests on a vehicle associated with a vehicle identifier V_CTE, and (3) a
functional test executable for performing functional tests on a vehicle associated with a vehicle
identifier V_FTE. In both scenarios 800 and 800a, the only user of computing device 412 is
technician Techl.

[0161] Scenarios 800 and 800a begin with computing device 412 providing a dialog for common
vehicle identification. In scenario 800, computing device 412 communicates with vehicle V1 to
obtain VII and communicates with server S1 to obtain vehicle identifiers for software
executables resident on computing device 412; e.g., vehicle identifiers V_SE, V_CTE, and
V_FTE. In scenario 800a, technician Tech1 provides inputs related to the VII and once the VII is
obtained, computing device 412 uses a local database stored on computing device 412 to obtain
vehicle identifiers for software executables resident on computing device 412; e.g., vehicle
identifiers V_SE, V_CTE, and V_FTE.

[0162] In scenarios 800 and 800a, computing device 412 obtains vehicle identifiers V_SE,
V _CTE, and V _FTE all at once, such as discussed above in the context of respective
communication flows 400 and 600. In other scenarios, computing device 412 obtains vehicle
identifiers as needed from server S1 or from the local database, as discussed above in the context
of respective communication flow 500 or communication flow 700. In scenario 800a, after the
vehicle identifiers for software executables resident on computing device have been obtained,
computing device 412 is connected to vehicle V1. In other scenarios than scenario 800a,
computing device 412 is connected to vehicle V1 before the vehicle identifiers for software
executables resident on computing device have been obtained.

[0163] After the vehicle identifiers are obtained and vehicle V1 is connected to computing

device 412, both scenarios 800 and 800a continue with computing device 412 presenting a
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vehicle repair home page. For both scenarios 800 and 800a, technician Tech1 requests activation
of the adaptive PID scanner executable from the vehicle repair home page. In response,
computing device 412 retrieves vehicle identifier V_SE from storage, computing device 412
provides vehicle identifier V_SE to the adaptive PID scanner executable during activation, and
the adaptive PID scanner executable obtains three DTCs from vehicle V1. In other scenarios,
more, fewer, and/or different DTCs than discussed in the context of scenarios 800 and 800a are
obtained from a vehicle.

[0164] Computing device 412 subsequently displays a scanner executable page with three
controls for the respective obtained DTCs on the scanner executable page. For both scenarios
800 and 800a, a selection for DTC P0171 is selected by technician Techl from the scanner
executable page.

[0165] Scenario 800 continues with computing device 412 communicating with the server to
obtain more information related to DTC P0171 and subsequently displays a repair page based on
the information obtained from the server. From the repair page, technician Techl requests
activation of the component test executable. In response, computing device 412 displays a repair
page for the component test executable which is also based on the information related to DTC
PO171 obtained from the server. After displaying the repair page for the component test
executable, technician Techl selects a component test from the repair page. Consequently,
computing device 412 retrieves vehicle identifier V_CTE from storage and provides vehicle
identifier V_CTE to the component test executable. The component test executable then executes
a component test on vehicle V1.

[0166] Scenario 800 then proceeds with technician Techl requesting activation of the functional
test executable. Computing device 412 displays a repair page for the functional test executable
which is also based on the information related to DTC P0171 obtained from the server. After
displaying the repair page for the functional test executable, technician Tech1 selects a functional
test from the repair page. Consequently, computing device 412 retrieves vehicle identifier
V_FTE from storage and provides vehicle identifier V_FTE to the functional test executable.
The functional test executable then executes a functional test on vehicle V1.

[0167] After the functional test is completed, technician Techl selects use of the adaptive PID
scanner from the default repair page. Consequently, computing device 412 retrieves vehicle

identifier V_SE from storage and provides vehicle identifier V_SE to the adaptive PID scanner
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executable. The adaptive PID scanner executable then obtains PID data for parameters listed on a
PID list provided by server S1 and displays the obtained PID data in a repair page.

[0168] After displaying the obtained PID data, scenario 800 continues with technician Techl
requesting a repair page for DTC C0660 that is unrelated to DTC P0171 — computing device 412
attempts to obtain information from the server related to DTC C0660, but the server determines
no information is available for DTC C0660. Subsequently, computing device 412 provides a
repair page indicating information from the server is unavailable for DTC C0660. After
providing this repair page, scenario 800 is completed.

[0169] Returning to scenario 800a, the scenario continues with computing device 412 receiving
the selection for DTC P0171 and providing a first default repair page related to DTC PO171. As
indicated above, a default page is not based on information from the server (as computing device
412 1s not connected to the server during scenario 800a). From the first default repair page,
technician Techl requests activation of the component test executable and computing device 412
displays another default repair page for the component test executable. After displaying the
default repair page for the component test executable, technician Techl selects a component test
from the default repair page. Consequently, computing device 412 retrieves vehicle identifier
V_CTE from storage and provides vehicle identifier V_CTE to the component test executable.
The component test executable then executes a component test on vehicle V1.

[0170] Scenario 800a then proceeds with technician Techl requesting activation of the
functional test executable. Computing device 412 displays a default repair page for the functional
test executable. After displaying the default repair page for the functional test executable,
technician Techl selects a functional test from the repair page. Consequently, computing device
412 retrieves vehicle identifier V_FTE from storage and provides vehicle identifier V_FTE to
the functional test executable. The functional test executable then executes a functional test on
vehicle V1.

[0171] After the functional test is completed, technician Techl selects use of the PID scanner
from the default repair page. Consequently, computing device 412 retrieves vehicle identifier
V_SE from storage and provides vehicle identifier V_SE to the adaptive PID scanner executable.
The adaptive PID scanner executable then obtains PID data for parameters listed on a default
PID list and displays the obtained data in a repair page. After displaying the repair page that has
PID data for parameters listed on the default PID list, scenario 800a is completed.
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[0172] Turning to FIG. 8, scenarios 800 and 800a begin with computing device 412 presenting
dialog 810 for “common vehicle identification”, where dialog 810 includes an “OK” button 812.
Dialog 810 states that “[to] use optional automatic common vehicle identification, connect scan
tool to OBD port of vehicle before proceeding” and that technician Techl should “[press] OK
[button 812] when ready to proceed.

[0173] Scenario 800 continues with technician Techl connecting vehicle V1 to computing
device 412 prior to pressing OK button 812. Scenario 800 then proceeds with computing device
412 presenting dialog 910 as shown in FIG. 9. Dialog 910 relates to “automatic common vehicle
identification”. During automatic common vehicle identification, computing device 412 can
“[i]dentif[y] resident software executables” to find “software executables: SE1, SE2, SE3” as
indicated by dialog 910. In scenarios 800 and 800, software executable SE1 is the adaptive PID
scanner executable, software executable SE2 is the component test executable, and software
executable SE3 is the functional test executable.

[0174] Dialog 910 shows that computing device 412 can “[get] vehicle information from
connected vehicle” that includes a “VIN = XXXXXXXXXXXXXXXXX”, which is a VIN for a
“[v]ehicle identified as [a] 2008 Honda Civic, Si 4Dr Sedan, 2.0L 4 cyl”. Then, computing
device 412 can “[g]enerat[e] identifier V_SE ‘2008 Honda Civic’ for SE1”, “identifier V. CTE
2008 Honda Civic, Si, 4 cyl’ for SE2”, and “identifier V_FTE ‘2008 Honda Civic 2.0L 4 cyl’
for SE3”. Then, after generating identifiers V_SE, V_CTE, and V_FTE, computing device 412
can “[s]tor[e] V_SE, V_CTE, [and] V_FTE” as also indicted by dialog 910.

[0175] In scenario 800, computing device 412 is connected to server S1, and so computing
device 412 determines V_SE, V_CTE, and V_FTE by communicating VII, such as the obtained
VIN, in a query to server S1 and obtaining V_SE, V _CTE, and V_FTE as part of a query
response from server S1.

[0176] In other scenarios, computing device 412 performs automatic common vehicle
identification without generating part or all of the display shown as dialog 910. In still other
scenarios, computing device 412 performs automatic common vehicle identification without
generating a display shown as dialog 910, but rather generates and/or updates a log file that
includes some or all of the information shown as dialog 910. In still other scenarios, computing
device 412 performs automatic common vehicle identification by generating a display of dialog

910 and generating and/or updating a log file.
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[0177] Scenario 800a continues from FIG. 8 with technician Techl pressing OK button 812
without connecting vehicle V1 to computing device 412. Scenario 800a then proceeds with
computing device 412 presenting dialog 1010 for “Manual Common Vehicle Identification” as
shown in FIG. 10A.

[0178] FIG. 10A shows a dialog 1010 related to one technique for manual common vehicle
identification. Dialog 1010 allows a user of computing device 412, such as technician Techl
repairing vehicle V1 of scenario 800a, to enter a “Year”, “Make”, “Model”, “Style”, “Engine
Size”, and a “Number of cylinders” as VIL. In the example shown in FIG. 10, the user has
entered in a year of “2018”, a make of “AAA’, a model of “Modell”, a style of “Style 17, an
engine size of “2.2L” (2.2 liters), and a number of cylinders equal to 4. Dialog 1010 indicates
that pull down menus can be used to provide some or all of the VII — in other examples, more,
less, and/or different data can be provided as VII to computing device 412 than shown for dialog
1010.

[0179] Once the user has entered in the VII data, the user can press button 1014 indicating that
the VII is “OK” and that computing device 412 can proceed with common vehicle identification.
If the user decides to use automatic common vehicle identification rather than enter the VII via
dialog 1012, then the user can press button 1012. Automatic common vehicle identification is
discussed above at least in the context of FIGS. 5, 6, and 9.

[0180] Then, after button 1014 is pressed, computing device 412 can generate a query based on
the VII provided by dialog 1010 for a local database resident on computing device 412. In
response to the query, computing device 412 can receive a query response with one or more
vehicle identifiers for one or more corresponding software executables resident on computing
device 412.

[0181] FIG. 10B and 10C show dialogs 1020, 1022, 1030, and 1032 related to another technique
for manual common vehicle identification. In this technique, the user provides data about the
VIN of vehicle V1 on a VIN character-by-character basis until enough VII has been collected to
enable computing device 412 to query the local database for vehicle identifiers for resident
software executables as discussed above at least in the context of FIGS. 4, 5, and 10A.

[0182] In particular, an upper portion of FIG. 10B shows dialog 1020 to enter in a “10™ VIN
Character” which corresponds to the year of manufacture for vehicle V1. In the example shown

in FIG. 10B, a “C” character is selected corresponding to year “2012”. A lower portion of FIG.
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10B shows dialog 1022 which indicates that the “C” character of a VIN has been selected as the
10™ character of the VIN of vehicle V1. Dialog 1022 also includes button 1024 to use automatic
common vehicle identification rather than manual common vehicle identification and button
1026 to continue with manual common vehicle identification. In scenario 800a, button 1026 is
selected to continue with manual common vehicle identification

[0183] After button 1026 is selected, computing device 1024 displays dialog 1030, an example
of which is shown in an upper portion of FIG. 10C. Dialog 1030 can be used to enter in a “4®
VIN Character” which corresponds to a model of manufacture for vehicle V1. In the example
shown in FIG. 10B, a “Z” character is selected corresponding to a “Model 8” vehicle

[0184] A lower portion of FIG. 10C shows dialog 1032, which indicates that the “Z” character
has been selected as a 4™ character of the VIN of vehicle V1. Dialog 1032 shows that “F” has
been selected as a 5™ character of the VIN of vehicle V1 and that “3” has been selected as a 6™
character of the VIN of vehicle V1. Dialog 1032 also shows that “C” has been selected as the
10th character of the VIN of vehicle V1 as also illustrated by dialog 1022. Dialog 1032 indicates
that computing device 412 has obtained enough data about the VIN to make a suggestion of a
“2012 CarCo Model8 Coupe Engine: 2.9L 16V XXX as the YMME of vehicle under repair.
[0185] Dialog 1032 includes OK button 1034 that, if selected by a user, allows computing device
412 to proceed with common vehicle identification based on the suggested YMME. Dialog 1032
includes also includes cancel button 1034 that, if selected by a user, allows computing device
412 to stop common vehicle identification. In other examples, dialog 1032 can include additional
buttons, such as a “back” or “edit” button to allow changing of the previously-provided VIN
and/or YMME data, and a button such as button 1024 of dialog 1022 to allow use of automatic
common vehicle identification. In scenario 800a, technician Techl repairing vehicle V1 selects
OK button to accept 2012 CarCo Model8 Coupe Engine: 2.9L 16V XXX as the VII (and
YMME) for vehicle V1 being repaired, and allowing common vehicle identification to proceed
with obtaining vehicle identifiers for resident software executables based on the VIL.

[0186] In scenario 800a, computing device 412 is not connected to a server, and so computing
device 412 determines V_SE, V_CTE, and V_FTE by querying a local database and obtaining
V_SE, V_CTE, and V_FTE as part of a query response from the local database. In scenario
800a, after vehicle identifiers V_SE, V_CTE, and V_FTE have been obtained, computing device
412 is connected to vehicle V1. After vehicle identifiers V_SE, V CTE, and V_FTE are
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obtained, scenarios 800 and 800a both continue with computing device 412 storing vehicle
identifiers V_SE, V_CTE, and V_FTE.

[0187] Computing device 412 then displays home page 1100 as shown in FIG. 11. Home page
1100 can act as a vehicle repair home page that can include controls for activating various repair-
related functions. These repair-related functions can be based on resident software executables of
computing device 412.

[0188] FIG. 11 shows that home page 1100 includes adaptive PID scanner control 1110,
adaptive functional testing control 1112, adaptive component test meter control 1114, technical
bulletin control 116, diagnostic view control 1130, expert access control 1132, data manager
control 1134, vehicle history control 1136, data stream control 1150, help control 1152, settings
control 1154, and exit control 1156. In other examples, home page 1100 can include more,
fewer, and/or different controls than illustrated.

[0189] Adaptive PID scanner control 1110, when selected (i.e., pressed), can activate the
resident adaptive PID scanner executable. The adaptive PID scanner executable can cause
resident software and hardware of computing device 412 to communicate vehicle V1 to obtain
DTCs, PIDs, parameter values associated with the PIDs and perhaps other information from
vehicle V1.

[0190] Adaptive functional testing control 1112, when selected, can activate the resident
functional test executable for performing tests on a per-function basis on a vehicle; e.g., vehicle
V1. Adaptive component test meter control 1114, when selected, can activate the resident
component test executable for performing tests on a per-component basis on a vehicle; e.g.,
vehicle V1. The resident software executables can use digital scanners and electronic measuring
components, such as digital oscilloscopes, ammeters, voltmeters, ohmmeters, etc., resident on
computing device 412 to perform the respective component and functional tests. These
component and functional tests can be tailored on a per-test basis to provide information to
technician Tech1 about how to execute the test and/or how to interpret test results.

[0191] Technical bulletin control 1116, when selected, can activate a resident software
executable for performing vehicle information retrieval. The executable for performing vehicle
information retrieval can provide repair tips, OEM repair information, TSBs, and/or other
information related to vehicle V1. This executable can present one or more titles or other

information about respective items of vehicle information (such as a TSB title about a particular
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TSB). Subsequent selection of a particular title causes computing device 412 to send a request
for the respective item of vehicle information associated with the title to server S1. In response,
server S1 sends the respective vehicle information associated with the title to computing device
412, and computing device 412 can display the respective vehicle information associated with
the title. In some examples, the software executable for performing vehicle information retrieval
can be associated with a vehicle identifier; this vehicle identifier can be obtained during common
vehicle identification, stored on computing device 412, and provided to the software executable
during activation. In other examples, more, fewer, and/or different software executables can be
resident on vehicle V1 scan tool and/or accessible via the controls of the repair page.

[0192] Diagnostic view control 1130, when selected, can cause computing device 412 to provide
a repair page for diagnosing a vehicle under repair. This repair page can be customized based on
a DTC selected by a user of computing device 412; e.g., technician Techl. If computing device
412 is connected to a server; e.g., server S1, then the repair page can be further customized based
on enhanced repair data, including intelligent repair data, provided by the server. The repair page
can include controls to activate the above-mentioned software executables with inputs including
the selected DTC and inputs provided by the server as part of the enhanced repair data, as well as
other controls related to repairing vehicle V1. Examples of this repair page are discussed below
in the context of FIGS. 13A and 14A.

[0193] Expert access control 1132, when selected, can cause computing device 412 to (attempt
to) connect to one or more (off-site) experts for advice about using computing device 412 to
repair vehicle V1, for advice and/or service about computing device 412, and/or for other
information. Computing device 412 can communicate data, text, audio, video, and/or other
information with the connected expert(s); e.g., enable communications via telephone, video call,
or textual chat, send and/or receive images and/or data, etc. Data manager control 1134, when
selected, can cause computing device 412 to provide controls for reviewing, updating, inserting,
and/or deleting data stored on computing device 412; i.e., controls for local data management.
[0194] Vehicle history control 1136, when selected, can cause computing device 412 to display
information about previous repairs and other historical information about a vehicle under repair.
Data stream control 1150, when selected, can cause computing device 412 to display information
about networks and/or devices connected to computing device 412 and providing data, perhaps

as one or more data streams, to computing device 412. Help control 1152, when selected, can
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cause computing device 412 to provide additional information on how to use computing device
412; i.e., help in using computing device 412.

[0195] Settings control 1154, when selected, can cause computing device 412 to provide a
settings page that allows a user of computing device 412 to read, update, insert, and/or delete
“settings” or values that control operation of computing device 412. Example settings include,
but are not limited to, settings related to upgrading and/or installing hardware and/or software of
computing device 412, settings related to already-installed hardware and/or software of
computing device 412 (e.g., executable-specific settings) networking-related settings, settings for
audio information (e.g., volume), settings for display information (e.g., brightness, color
adjustment), settings related to storage available on and/or used by computing device 412, and
settings related to users of computing device 412 (e.g., user names, passwords, user-accessible
storage, etc.). Exit control 1156, when selected, can cause computing device 412 to exit home
page 1100. In some examples, when exit control 1156 is selected, computing device 412 is
powered down.

[0196] For both scenarios 800 and 800a, technician Techl selects adaptive PID scanner control
1110 to cause computing device 412 to activate the adaptive PID scanner executable. Upon
selection of adaptive PID scanner control 1110, computing device 412 retrieves vehicle identifier
V_SE for the adaptive PID scanner executable from storage and activates the adaptive PID
scanner executable. In scenario 800, vehicle identifiers V_SE, V_CTE, and V_FTE are stored as
part of enhanced repair data communicated between computing device 412 and the server, and
computing device 412 retrieves vehicle identifiers from stored enhanced repair data. In scenario
800a, vehicle identifiers V_SE, V_CTE, and V_FTE are stored in a vehicle identifier file stored
on computing device 412. Both scenarios 800 and 800a continue with computing device 412
providing a scanner executable page for the activated adaptive PID scanner executable.

[0197] FIG. 12 shows scanner executable page 1200 for the adaptive PID scanner executable.
Scanner executable page 1200 indicates that the adaptive PID scanner executable first “Scan[s]”
vehicle V1 for “DTCs” and receives three DTCs from vehicle V1. The three DTCs are: DTC
“P0171”, which has a title of “System Too Lean (Bank1)”, DTC “P0101”, which has a title of
“Mass Airflow Sensor ‘A’ Range/Performance”, and DTC “P0121”, which has a title of
“Throttle Position Sensor ‘A’ Circuit Performance”. In some examples, DTCs and related

controls displayed on scanner executable page 1200 are presented in order of relative importance
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for repairing vehicle V1; e.g., repairing faults in vehicle V1 related to DTC P0171 are more
important and/or may also repair faults in vehicle V1 related to DTCs P0101 and P0121, and
repairing faults in vehicle V1 related to DTC P0101 are more important and/or may also repair
faults in vehicle V1 related to DTC P0121.

[0198] Scanner executable page 1200 also includes three controls 1210, 1220, 1230. Each of
respective controls 1210, 1220, 1230, when selected, indicates to computing device 412 that a
user; e.g., technician Tech 1, intends to “repair” one or more faults in vehicle V1 associated with
respective DTCs “P01717, “P01017, and “P0121”. In both scenarios 800 and 800a, technician
Techl selects repair PO171 control 1210 with the intention of repairing one or more faults in
vehicle V1 associated with DTC PO171.

[0199] To help technician Techl repair these faults, computing device 412 can provide
information, tests, displays, and/or other materials related to a DTC associated with a selected
control to enable technician Techl to repair one or more faults in vehicle V1 related to the DTC.
The information, tests, displays, and/or other materials can differ based on information provided
by server S1; i.e., server S1 can provide computing device 412 with enhanced repair information
that modifies and/or selects different information, tests, displays, and/or other materials related to
a DTC in comparison to default information, tests, displays, and/or other materials resident on
computing device 412. Thus, the remainder of scenario 800 differs from the remainder of
scenario 800a.

[0200] Scenario 800 continues with computing device 412 obtaining enhanced repair
information related to DTC PO171 from server S1. Computing device 412 subsequently displays
repair page 1300 based on the enhanced repair information.

[0201] FIG. 13A shows that repair page 1300 includes indicator 1302 showing that the “Server”
is “Available”; i.e., server S1 is connected to computing device 412. Repair page 1300 also
includes controls 1310, 1312, 1320, 1322, 1324, 1330, 1332, 1334, 1340, 1342 and suggested
repair information 1326. Several of these controls; e.g., controls 1310, 1312, 1322, 1324, and
suggested repair information 1326 are customized based on “DTC P0171”, which is the DTC
selected from scanner executable page 1200 using repair PO171 control 1210. Additionally,
control 1320 is customized based on the enhanced repair data.

[0202] PO171 technical bulletin control 1310, when selected, can cause computing device 412 to

provide one or more technical bulletins associated with a specific DTC; in this example, DTC

-41 -



10

15

20

25

30

WO 2019/032330 PCT/US2018/044446

PO171. A technical bulletin can provide information related to diagnosing and/or repairing faults
in vehicle V1, perhaps provided by the OEM of vehicle V1 and/or other repair experts. For
example, computing device 412 can obtain the technical bulletin(s) associated with DTC P0171
from server S1. In some examples, PO171 technical bulletin control 1310 can indicate a number
of technical bulletins available and related to PO171.

[0203] Common repairs control 1312 can indicate one or more repair procedures performed by
other technicians attempting to repair vehicles that generate a specific DTC; in this example,
DTC P0171. In this example, the repair procedures are listed in order of a number of attempts
performed by other technicians; that is, the most commonly attempted repair procedure to
remedy DTC PO171 is to “Change [the] Fuel Filter”, the second most commonly attempted
repair procedure to remedy DTC PO171 is to “Replace [the] Oxygen Sensor”, and the third most
commonly attempted repair procedure to remedy DTC P0171 is “Replace Fuel Pump”. Upon
selection, common repair control 1312 can provide more information about the listed repair
procedures; e.g., parts information, related manual pages, images of faulty and/or correct parts,
audio and/or video information about performing the repair procedures.

[0204] In some examples, common repairs control 1312 indicates one or more repair procedures
performed on vehicles that are similar to or the same as vehicle V1, e.g., have some or all of the
same YMME / VII / vehicle identifier information as vehicle V1. In other examples, common
repairs control 1312 provides a graph of common repairs based on a number of repair attempts
over time; i.e., to indicate if one or more particular repair procedures have increased or decreased
in popularity over time.

[0205] Adaptive PID/DTC scanner control 1320, when selected, can cause computing device
412 to activate the adaptive PID scanner executable and/or redisplay scanner executable page
1200 with the DTCs obtained from vehicle V1. As indicated by the text of control 1320 shown in
FIG. 13A, adaptive PID/DTC scanner control 1320 can indicate whether or not “Enhanced
Repair Data” is “Available”.

[0206] Adaptive functional testing control 1322, when selected, can cause computing device 412
to display a repair page associated with the functional test executable and/or activate the
functional test executable. The enhanced repair data provided by the server can include one or

more identified functional tests that are associated with a specific DTC; e.g., DTC PO171. Then,
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when the functional test executable is activated, technician Techl can select one or more of the
identified functional tests associated with DTC P0171 for subsequent performance.

[0207] Adaptive component testing control 1324, when selected, can cause computing device
412 to display a repair page associated with the component test executable and/or activate the
component test executable. The enhanced repair data provided by the server can include one or
more identified component tests that are associated with a specific DTC; e.g., DTC P0171. Then,
when the component test executable is activated, technician Techl can select one or more of the
identified component tests associated with DTC P0171 for subsequent performance.

[0208] Suggested repair information 1326 can include one or more tips, procedures, and/or other
information suggested by technicians, experts, and/or others to repair one or more faults
associated with a specific DTC; e.g.,, DTC P0O171. Suggested repairs control 1330, when
selected, can cause computing device 412 to provide additional tips, repair procedures, and/or
other information suggested by technicians, experts, and/or others to repair one or more faults
associated with a specific DTC; e.g., DTC P0171. That is, suggested repair information 1326 can
include repair information that is most commonly read, has a highest user or other rating, the
oldest, the newest, and/or otherwise deemed to be most important and suggested repairs control
1330 can provide other repair information beyond suggested repair information 1326 that is also
associated with a specific DTC; e.g., DTC P0O171.

[0209] Chat with expert control 1332, when selected, can cause computing device 412 to initiate
communications with one or more persons that have expertise related to repairing vehicle faults;
e.g., technicians, mechanics, OEM personnel, etc. In some examples, these person(s) can have
expertise related to repairing vehicle faults related to a specific DTC; e.g., DTC P0171. These
communications can include data, text, audio, video, and/or other information communicated
between computing device 412 and the person(s) with expertise.

[0210] OEM repair information control 1334, when selected, can cause computing device 412 to
provide original equipment manufacturer information about vehicles that are similar to or the
same as vehicle V1; e.g, have some or all of the same YMME / VII / vehicle identifier
information as vehicle V1. In some examples, OEM repair information control 1334, when
selected, can cause computing device 412 to provide original equipment manufacturer
information about similar and/or the same vehicle and also about repairing vehicle faults related

to a specific DTC; e.g., DTC P0171.
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[0211] Control 1340, when selected, can cause computing device 412 to provide any other
available controls, information, options, etc. related to repairing a vehicle generating a specific
DTC,; in this example, DTC P0171. Control 1342, when selected, can cause computing device
412 to power down.

[0212] Scenario 800 continues with technician Techl selecting adaptive component testing
control 1324 to activate the component test executable. In response, computing device 412
displays repair page 1350 as shown in FIG. 13B.

[0213] Repair page 1350 is related to the component test executable. Repair page 1350 provides
a “Component Test View” with component tests and/or resets customized for a specific DTC;
e.g., “DTC PO171”. A component test can be used to obtain information about a specific
component of vehicle V1, while a component reset can be used to set data for the component to
factory-recommended and/or other initial values. In scenario 800, the customized tests and/or
resets are selected by computing device 412 from the enhanced repair information provided by
server S1.

[0214] More specifically, repair page 1350 includes controls 1352, 1354, 1356, 1358 for
selection and execution of component tests and/or resets. Respective controls 1352, 1354, 1356,
1358, when selected, can cause computing device 412 to execute a respective “Fuel Pump”,
“Oxygen Sensor”, “Mass Airflow Sensor”, or “Powertrain Control Module” test on vehicle V1
and report results of the respective fuel pump, oxygen sensor, mass airflow sensor, or powertrain
control executable test. Based on the results of one or more component tests, technician Techl
can continue to repair vehicle V1 assisted by computing device 412 for executing further tests,
scanning for additional DTCs/PIDs, replacing, removing, installing, adjusting, and/or otherwise
modifying one or more vehicle components, etc.

[0215] Control 1360, when selected, can cause computing device 412 to provide additional
component tests and/or resets for selection and execution than those already displayed on repair
page 1350. Repair page 1350 also includes suggested repairs control 1330, chat with expert
control 1332, OEM repair information control 1334, and controls 1340 and 1342 — each of these
controls can perform the same (or similar) functions for repair page 1350 as discussed above in
the context of repair page 1300 shown in FIG. 13A.

[0216] Scenario 800 continues with technician Techl selecting the test fuel pump control 1352

from repair page 1350, which causes computing device 412 to activate the component test
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executable. As part of activating the component test executable, computing device 412 retrieves
vehicle identifier V_CTE from storage and provides vehicle identifier V_CTE to the component
test executable during activation. After activating the component test executable, computing
device 412 uses the component test executable to execute the fuel pump test and presents results
of the fuel pump test. Subsequently, technician Techl directs computing device 412 to return to
repair page 1300 as shown in FIG. 13A. From repair page 1300, technician Techl selects
adaptive functional testing control 1324 to activate the functional test executable. In response,
computing device 412 displays repair page 1370, which is related to the functional test
executable.

[0217] FIG. 13C shows that repair page 1370 provides a “Functional Test View” with functional
tests and/or resets customized for a specific DTC; e.g., “DTC P0171”. A functional test can be
used to obtain information about a specific function of vehicle V1, while a component reset can
be used to set data related to the specific function to factory-recommended and/or other initial
values. In scenario 800, the customized tests and/or resets are selected by computing device 412
from the enhanced repair information provided by server S1.

[0218] More specifically, repair page 1370 includes controls 1372, 1374, 1376 for selection and
execution of the customized functional tests and/or resets. Respective controls 1372, 1374, 1376,
when selected, can cause computing device 412 to execute a respective “Engine Speed Control
Functional Test”, “Fuel Trim Enable Functional Test”, or “Fuel Trim Reset” on vehicle V1 and
report results of the respective functional test or functional reset. Based on the results of the
functional test or reset, technician Techl can continue to repair vehicle V1 by executing further
tests, scanning for additional DTCs/PIDs, replacing, removing, installing, adjusting, and/or
otherwise modifying one or more vehicle components, etc.

[0219] Control 1378, when selected, can cause computing device 412 to provide additional
functional tests and/or resets for selection and execution than those already displayed on repair
page 1370. Repair page 1370 also includes suggested repairs control 1330, chat with expert
control 1332, OEM repair information control 1334, and controls 1340 and 1342 — each of these
controls can perform the same (or similar) functions for repair page 1370 as discussed above in
the context of repair page 1300 shown in FIG. 13A.

[0220] Scenario 800 continues with computing device 412 receiving selection of control 1372 to

execute an engine speed functional test, which causes computing device 412 to activate the
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functional test executable. As part of activating the functional test executable, computing device
412 retrieves vehicle identifier V_FTE from storage and provides vehicle identifier V_FTE to
the functional test executable during activation. After activating the functional test executable,
computing device 412 uses the functional test executable to execute the engine speed functional
test and presents results of the engine speed functional test.

[0221] After the results of the engine speed functional test have been presented by computing
device 412, technician Techl directs computing device 412 to request data from vehicle V1
related to six PIDs listed on a PID list. Computing device then displays repair page 1380 for an
“Adaptive PID Scanner for DTC P0171” as shown in FIG. 13D.

[0222] Repair page 1380 includes a “PID List Adapted for DTC P0171” showing PID data 1382
for six parameters: “Engine Speed”, “MAP Sensor”, “Short Term FT Bank 1”. “Short Term FT
Bank 27, “HO2S Bank 1 Sensor 17, and “ECT Sensor” with corresponding respective data of
“515 RPM”, “45 kPa”, “-17, “17, “0.1”, and “229 °F”. A recommended range of data values and
an indication of data being in or out of range for each parameter are also provided on repair page
1380. For example, parameter 1384a, which is the “Engine Speed” parameter, has a value of
“515 RPM”. The value of 515 RPM for parameter 1384a is indicated on repair page 1380 as
being “OK?”; that is, the value of 515 RPM for parameter 1384a is within range 1386a of “500 to
720 RPM”.

[0223] As another example, parameter 1384b, which is the “ECT Sensor” parameter, has a value
of “229 °F”. The value of 229 °F for parameter 1384b is indicated on repair page 1380 as being
“Not OK”; that is, the value of 229 °F for parameter 1384b is outside of range 1386b of “190 to
221 °F”. Repair page 1380 provides additional graphical indications of parameters that are in
range or not in range. In particular, FIG. 13D illustrates repair page 1380 showing in-range
parameter values, such as the value of parameter 1384a, with black text on a white background
and showing not-of-range parameter values, such as the value of parameter 1384b, with white
text on a black background. In other scenarios, more and/or different graphical indications of
parameters that are in range and/or not in range are used.

[0224] Subsequently, technician Techl directs computing device 412 to display a repair view for
DTC C0660, which is a DTC that is unrelated to DTC PO171 discussed above. Computing
device then displays repair page 1300 for “DTC C0660” as shown in FIG. 13E. FIG. 13E
indicates that a title for DTC C0660 is “Exhaust Valve Circuit Fault” and uses indicator 1302 to
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that the server is “Available” to computing device 412. However, at this stage of scenario 800,
the server determines that no non-default information is available for DTC C0660 based on the
previous scans and tests performed on vehicle V1. Subsequently, display 1390 indicates that
“Common Repairs” and “Enhanced Repair Data” is “Unavailable” for this specific DTC; e.g.,
DTC C0660. Also, control 1392 for “Adaptive PID/DTC Scanner Control” indicates that
“Enhanced Repair Data: is “Unavailable”. Repair page 1300 also includes default controls 1394
and 1396 for respective “Functional Testing” and a “Component Test Meter”. Repair page 1300
also includes suggested repairs control 1330, chat with expert control 1332, OEM repair
information control 1334, and controls 1340 and 1342 — each of these controls can perform the
same (or similar) functions for repair page 1300 as discussed above in the context of FIG. 13A.
After repair page 1300 as shown in FIG. 13E is displayed, scenario 800 is completed.

[0225] Returning to scenario 800a, after computing device 412 receives the selection for DTC
PO171, computing device 412 subsequently displays repair page 1400 based on the enhanced
repair information.

[0226] FIG. 14A shows repair page 1400, which is a default repair page related to “DTC
PO1717; that is, a repair page related to DTC PO171 that is not been modified based on
information from the server since computing device 412 is not connected to the server. Repair
page 1400 includes indicator 1402 showing that the “Server” is “Unavailable”; i.e., server S1 is
not connected to computing device 412. Repair page 1400 also includes displays 1410, 1412 and
controls 1414, 1416, 1418, 1422, 1424, 1430, and 1432.

[0227] Display 1410 indicates that technical bulletins are unavailable; i.e., since computing
device 412 is not connected to server S1. Display 1412 instructs technician Techl to “connect to
server [S1] for common repairs data”, as a further indication that computing device 412 is not
connected to server S1.

[0228] Adaptive PID/DTC scanner control 1414, when selected, can cause computing device
412 to activate the adaptive PID scanner executable and/or redisplay scanner executable page
1200 with the DTCs obtained from vehicle V1. Adaptive functional testing control 1416, when
selected, can cause computing device 412 to display a repair page associated with the functional
test executable and/or activate the functional test executable. Adaptive component test meter
control 1418, when selected, can cause computing device 412 to display a repair page associated

with the component test executable and/or activate the component test executable.
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[0229] Chat with expert control 1422, when selected, can cause computing device 412 to initiate
communications with one or more persons that have expertise related to repairing vehicle faults,
as described above in the context of chat with expert control 1332. OEM repair information
control 1424, when selected, can cause computing device 412 to provide original equipment
manufacturer information about vehicles that are similar to or the same as vehicle V1, as
described above in the context of OEM repair information control 1334.

[0230] Control 1430, when selected, can cause computing device 412 to provide any other
available controls, information, options, etc. related to repairing a vehicle generating a specific
DTC,; in this example, DTC P0171. Control 1432, when selected, can cause computing device
412 to power down.

[0231] Scenario 800a continues with technician Techl selecting adaptive component test meter
control 1418 to activate the component test executable. In response, computing device 412
displays repair page 1450 as shown in FIG. 14B.

[0232] Repair page 1450 is related to the component test executable and is a default page
presented when a “Server” is “Unavailable” as indicated by indicator 1402. Repair page 1450
provides access to a default set of component tests and/or resets that may be related to specific
DTC; e.g., “DTC P0O171”.

[0233] More specifically, repair page 1450 includes controls 1452, 1454, 1456, 1458 for
selection and execution of component tests and/or resets. Respective controls 1452, 1454, 1456,
1458, when selected, can cause computing device 412 to execute a respective “Fuel Pressure
Regulator”, “Fuel Pump”, “Powertrain Control Module”, or “Oxygen Sensor” test on vehicle V1
and report results of the respective fuel pressure regulator, fuel pump, powertrain control
executable, or oxygen sensor test. Based on the results of one or more component tests,
technician Techl can continue to repair vehicle V1 assisted by computing device 412 for
executing further tests, scanning for additional DTCs/PIDs, replacing, removing, installing,
adjusting, and/or otherwise modifying one or more vehicle components, etc. Note that the default
set of tests and/or resets available via controls 1452, 1454, 1456, 1458 of repair page 1450
differs from the customized set of tests and/or resets available via controls 1352, 1354, 1356,
1358 of repair page 1350, that is, the customization performed by server S1 for scenario 800

changes the default set of component tests for scenario 800a.
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[0234] FIG. 14B indicates that control 1460, when selected, can cause computing device 412 to
provide additional component tests and/or resets for selection and execution than those already
displayed on repair page 1450. Repair page 1450 also includes chat with expert control 1422,
OEM repair information control 1424, and controls 1430 and 1432 — each of these controls can
perform the same (or similar) functions for repair page 1450 as discussed above in the context of
repair page 1400 shown in FIG. 14A.

[0235] Scenario 800a continues with technician Techl selecting the test fuel pressure regulator
control 1452 from repair page 1450, which causes computing device 412 to activate the
component test executable. As part of activating the component test executable, computing
device 412 retrieves vehicle identifier V_CTE from storage and provides vehicle identifier
V_CTE to the component test executable during activation. After activating the component test
executable, computing device 412 uses the component test executable to execute the fuel
pressure regulator and presents results of the fuel pressure regulator test. Subsequently,
technician Techl directs computing device 412 to return to repair page 1400 as shown in FIG.
14A. From repair page 1400, technician Techl selects adaptive functional testing control 1416 to
activate the functional test executable. In response, computing device 412 displays repair page
1470, which is related to the functional test executable.

[0236] FIG. 14C shows that repair page 1470 provides a “Functional Test View” and is a default
page presented when a “Server” is “Unavailable” as indicated by indicator 1402 Repair page
1470 provides access to a default set of functional tests and/or resets that may be related to
specific DTC; e.g., “DTC PO171”.

[0237] More specifically, repair page 1470 includes controls 1472, 1474 for selection and
execution of the default set of functional tests and/or resets. Respective controls 1372, 1374,
when selected, can cause computing device 412 to execute a respective “Fuel Trim Reset” or
“Fuel Trim Enable Functional Test” on vehicle V1 and report results of the respective functional
test or reset. Based on the results of the functional test or reset, technician Tech1 can continue to
repair vehicle V1 by executing further tests, scanning for additional DTCs/PIDs, replacing,
removing, installing, adjusting, and/or otherwise modifying one or more vehicle components,
etc. Note that the default set of tests and/or resets available via controls 1472, 1474 of repair

page 1470 differs from the customized set of tests and/or resets available via controls 1372,
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1374, 1376 of repair page 1350; that is, the customization of functional tests performed by server
S1 for scenario 800 changes the default set of functional tests used in scenario 800a.

[0238] FIG. 14C indicates that control 1476, when selected, can cause computing device 412 to
provide additional functional tests and/or resets for selection and execution than those already
displayed on repair page 1470. Repair page 1470 also includes chat with expert control 1422,
OEM repair information control 1424, and controls 1430 and 1432 — each of these controls can
perform the same (or similar) functions for repair page 1470 as discussed above in the context of
repair page 1400 shown in FIG. 14A.

[0239] Scenario 800a continues with computing device 412 receiving selection of control 1472
to execute a fuel trim enable reset, which causes computing device 412 to activate the functional
test executable. As part of activating the functional test executable, computing device 412
retrieves vehicle identifier V_FTE from storage and provides vehicle identifier V_FTE to the
functional test executable during activation. After activating the functional test executable,
computing device 412 uses the functional test executable to execute the fuel trim enable reset
and presents results related to the fuel trim enable reset.

[0240] After the results of the fuel trim enable reset have been presented by computing device
412, technician Techl directs computing device 412 to request data from vehicle V1 related to
six PIDs listed on a PID list. Computing device then displays repair page 1480 for a “Default
PID List for DTC P0171” as shown in FIG. 14D. In scenarios 800 and 800a, the adapted PID list
provided by server S1 in scenario 800 and illustrated by repair page 1380 of FIG. 13D is the
same PID list as the default PID list of scenario 800a illustrated by repair page 1480 of FIG.
14D. In other scenarios, adapted PID lists provided by server S1 may, but need not, differ from
default PID lists.

[0241] Repair page 1480 shows PID data 1482 for six parameters: “Engine Speed”, “MAP
Sensor”, “Short Term FT Bank 1”. “Short Term FT Bank 27, “HO2S Bank 1 Sensor 17, and
“ECT Sensor” with corresponding respective data of “515 RPM”, “45 kPa”, “-17, “1”, “0.1”, and
“229”. A recommended range of data values and an indication of data being in or out of range
for each parameter are also provided on repair page 1480. For example, parameter 1484a, which
is the “Engine Speed” parameter, has a value of “515 RPM”. The value of 515 RPM for
parameter 1484a is indicated on repair page 1480 as being “OK”’; that is, the value of 515 RPM
for parameter 1484a is within range 1486a of “500 to 720 RPM”.
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[0242] As another example, parameter 1484b, which is the “ECT Sensor” parameter, has a value
of “229 °F”. The value of 229 °F for parameter 1484b is indicated on repair page 1480 as being
“Not OK”; that is, the value of 229 °F for parameter 1484b is outside of range 1486b of “190 to
221 °F”. Repair page 1480 provides additional graphical indications of parameters that are in
range or not in range. In particular, FIG. 14D illustrates repair page 1480 showing in-range
parameter values, such as the value of parameter 1484a, with black text on a white background
and showing not-of-range parameter values, such as the value of parameter 1484b, with white
text on a black background. In other scenarios, more and/or different graphical indications of
parameters that are in range and/or not in range are used. After displaying repair page 1480,

scenario 800a can be completed.

Example Computing Network

[0243] FIG. 15 is a block diagram of example computing network 1500 in accordance with an
example embodiment. In FIG. 15, servers 3414, 1508, and 1510 are configured to communicate,
via a network 1506, with computing device 412 at repair facility 1520 and perhaps with
technician 416, as well as with client devices 1504a, 1504b, and 1504c. As shown in FIG. 15,
client devices can include a personal computer 1504a, a laptop computer 1504b, and a smart-
phone 1504c. More generally, client devices 1504a-1504c¢ (or any additional client devices) can
be any sort of computing device, such as a workstation, network terminal, desktop computer,
laptop computer, wireless communication device (e.g., a cell phone or smart phone), and so on.
Server 414 is discussed above in the context of at least FIGS. 4-13E. Computing device 412 at
repair facility 1520 is also discussed above in the context of at least FIGS. 4-14D. In the context
of computing network 1500, computing device 412 can act as a client device.

[0244] Network 1506 can correspond to a local area network, a wide area network, a corporate
intranet, the public Internet, combinations thereof, or any other type of network(s) configured to
provide communication between networked computing devices. In some embodiments, part or
all of the communication between networked computing devices can be secured.

[0245] Servers 414, 1508, and 1510 can share content and/or provide content at least to
computing device 412 and client devices 1504a-1504c, where the content can include images,
video, audio, computer-readable data, and/or other types of available information directly or

indirectly accessible via servers 414, 1508, and 1510. As shown in FIG. 15, servers 414, 1508,
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and 1510 are not physically at the same location. Alternatively, some or all servers 414, 1508,
and 1510 can be co-located, and/or can be accessible via one or more networks separate from
network 1506. Although FIG. 15 shows four client devices (including computing device 412)
and three servers, network 1506 can service more or fewer than four client devices and/or more
or fewer than three servers.

Example Computing Device
[0246] FIG. 16A is a block diagram of an example computing device 1600, in accordance with
an embodiment. In particular, computing device 1600 can be configured to perform one or more
functions of and/or related to herein-described VII, herein-described vehicle identifiers, a herein-
described vehicle scan tool, a herein-described server, herein-described enhanced repair data, a
herein-described software executable, vehicle identifier file 310, enhanced repair data 330,
vehicle 410, computing device 412, server 414, server S1, vehicle V1, client devices 1504a-
1504c¢, network 1506, and/or servers 1508, 1510 and/or at least a portion of one or more of:
method 200, communication flow 400, communication flow 500, communication flow 600,
communication flow 700, scenario 800, scenario 800a, and/or method 1600.
[0247] Computing device 1600 can be a desktop computer, laptop or notebook computer,
personal data assistant (PDA), mobile phone, embedded processor, touch-enabled device, or any
similar device that is equipped with at least one processing unit capable of executing machine-
language instructions that implement at least a portion of the herein-described techniques and
methods, including, but not limited to, method 200, communication flow 400, communication
flow 500, communication flow 600, communication flow 700, scenario 800, scenario 800a,
and/or method 1600.
[0248] Computing device 1600 may include a user interface executable 1601, a network
communication interface executable 1602, one or more processors 1603, and data storage 1604,
all of which may be linked together via a system bus, network, or other connection mechanism
1605. User interface module 1601 can receive input and/or provide output, perhaps to a user.
User interface module 1601 can be configured to send and/or receive data to and/or from user
input from input device(s), such as a keyboard, a keypad, a touch screen, a computer mouse, a
track ball, a joystick, and/or other similar devices configured to receive input from a user of the

computing device 1600.
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[0249] User interface module 1601 can be configured to generate and/or provide visible output
via one or more output display devices, such as cathode ray tubes (CRTs), liquid crystal displays
(LCDs), plasma devices, light emitting diodes (LEDs), displays using digital light processing
(DLP) technology, printers, light bulbs, monitors, touch screens, and/or other similar devices
capable of displaying graphical, textual, and/or numerical information to a user of computing
device 1600. User interface module 1601 can also be configured to generate and/or provide
audible output(s) via one or more audio output devices, such as speakers, speaker jacks, audio
output ports, earphones, and/or other similar devices configured to convey sound and/or audible
information to a user of computing device 1600. User interface module 1601 can further be
configured to generate and/or provide haptic output(s) via one or more haptic output devices,
such as vibration devices and/or other devices configured to convey touch-related and/or haptic
information to a user of computing device 1600.

[0250] Network communication interface module 1602 can be configured to send and receive
data over wireless interface 1607 and/or wired interface 1608 via a network, such as network
606. Wireless interface 1607 if present, can utilize an air interface, such as a Bluetooth®, Wi-
Fi®, ZigBee®, and/or WIMAX™ interface to a data network, such as a wide area network
(WAN), alocal area network (LAN), one or more public data networks (e.g., the Internet), one or
more private data networks, or any combination of public and private data networks. Wired
interface(s) 1608, if present, can comprise a wire, cable, fiber-optic link and/or similar physical
connection(s) to a data network, such as a WAN, LAN, one or more public data networks, one or
more private data networks, or any combination of such networks. Network communication
interface module 1602 can be configured to communicate with one or more vehicles, such as
vehicle 410, using one or more communications interfaces; e.g., an OBD-II protocol interface, a
Bluetooth® interface, a Wi-Fi® interface, a ZigBee® interface.

[0251] In some embodiments, network communication interface module 1602 can be configured
to provide reliable, secured, and/or authenticated communications. For each communication
described herein, information for ensuring reliable communications (i.e., guaranteed message
delivery) can be provided, perhaps as part of a message header and/or footer (e.g.,
packet/message sequencing information, encapsulation header(s) and/or footer(s), size/time
information, and transmission verification information such as CRC and/or parity check values).

Communications can be made secure (e.g., be encoded or encrypted) and/or decrypted/decoded
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using one or more cryptographic protocols and/or algorithms, such as, but not limited to, DES,
AES, RSA, Diffie-Hellman, and/or DSA. Other cryptographic protocols and/or algorithms can
be used as well as or in addition to those listed herein to secure (and then decrypt/decode)
communications. In some cases, such communications can also, or instead, be compressed
communications; in these cases, network communication interface module 1602 can be
configured to compress uncompressed communications and/or decompress compressed
communications.

[0252] Processor(s) 1603 can include one or more central processing units, computer processors,
mobile processors, digital signal processors (DSPs), graphics processing units (GPUs),
microprocessors, computer chips, and/or other processing units configured to execute machine-
language instructions and process data. Processor(s) 1603 can be configured to execute
computer-readable program instructions 1606 that are contained in data storage 1604 and/or
other instructions as described herein.

[0253] Data storage 1604 can include one or more physical and/or non-transitory storage
devices, such as read-only memory (ROM), random access memory (RAM), removable-disk-
drive memory, hard-disk memory, magnetic-tape memory, flash memory, and/or other storage
devices. Data storage 1604 can include one or more physical and/or non-transitory storage
devices with at least enough combined storage capacity to contain computer-readable program
instructions 1606 and any associated/related data and data structures.

[0254] In embodiments of the disclosure in which a computer software product is used, the
product may be non-transitory and store instructions on one or more physical media and/or
devices, such as a DVD, a solid state drive, a hard drive, or any other non-transitory computer-
readable media or storage devices disclosed herein. Alternatively, the product may be transitory
and in the form of instructions provided over a connection such as a network connection which is
linked to a network such as the Internet.

[0255] Computer-readable program instructions 1606 and any data structures contained in data
storage 1604 include computer-readable program instructions executable by processor(s) 1603
and any storage required, respectively, to perform at least part of herein-described of the herein-
described techniques and methods, including, but not limited to, method 200, communication
flow 400, communication flow 500, communication flow 600, communication flow 700,

scenario 800, scenario 800a, and/or method 1600.
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[0256] Testing/scanning components 1620 can include components for scanning, testing, and/or
repairing a vehicle. These components can include, but are not limited to, one or more OBD-II
(i.e., DTC/PID) scanners, electronic measuring components, test leads, data ports, power
supplies, digital oscilloscopes, digital ammeters, digital voltmeters, digital ohmmeters, and
digital multi-meters. In some embodiments, some or all of the herein described software
executables can be included as testing/ scanning components 1620. In other embodiments,
testing/ scanning components 1620 and/or data storage 1604 can store VII and/or one or more
vehicle identifiers, perhaps by storing one or more vehicle identifier files and/or one or more
instances of enhanced repair data.

[0257] FIG. 16B depicts a network 1506 of computing centers 1609a, 1609b, 1609¢c in
accordance with an example embodiment. Data and/or software for server 414 and/or server S1
can be stored on one or more cloud-based devices that store program logic and/or data of cloud-
based applications and/or services. In some embodiments, server 414 and/or server S1 can be a
single computing device residing in a single computing center. In other embodiments, server 414
and/or server S1 can include multiple computing devices in a single computing center, or even
multiple computing devices located in multiple computing centers located in diverse geographic
locations.

[0258] In some embodiments, data and/or software for server 414 and/or server S1 can be
encoded as computer readable information stored in computer readable media and/or non-
transitory computer readable storage media and accessible by client devices 604a, 604b, and
604c, and/or other computing devices (e.g., computing device 412). In some embodiments, data
and/or software for server 414 and/or server S1 can be stored on a single disk drive or other non-
transitory and/or tangible storage media, or can be implemented on multiple disk drives or other
non-transitory and/or tangible storage media located at one or more diverse geographic locations.
[0259] FIG. 16B depicts a cloud-based server system in accordance with an example
embodiment. In FIG. 16B, the functions of server 414 and/or server S1 can be distributed among
three computing centers 1609a, 1609b, and 1608c. Computing center 1609a can include one or
more computing devices 1600a, storage devices 1610a, and communication devices 1611a (e.g.,
router(s), hub(s), switch(es)) connected by local network 1612a. Similarly, computing center
1609b can include one or more computing devices 1600b, storage devices 1610b, and

communication devices 1611b connected by local network 1612b. Likewise, computing center
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1609¢ can include one or more computing devices 1600c, storage devices 1610¢, and
communication devices 1611c connected by local network 1612c.

[0260] In some embodiments, each of computing centers 1609a, 1609b, and 1609¢c can have
equal numbers of computing, storage, and communication devices. In other embodiments,
however, each computing center can have different numbers of computing, storage, and/or
communication devices. The number of computing, storage, and communication devices in each
computing center can depend on the computing task or tasks assigned to each computing center.
[0261] In computing center 1609a, for example, computing devices 1600a can be configured to
perform various computing tasks of server 414 and/or server S1. In one embodiment, the various
functionalities of server 414 and/or server S1 can be distributed among one or more of
computing devices 1600a, 1600b, and 1600c. Computing devices 1600b and 1600c in computing
centers 1609b and 1609¢ can be configured similarly to computing devices 1600a in computing
center 1609a. On the other hand, in some embodiments, computing devices 1600a, 1600b, and
1600c can be configured to perform different functions.

[0262] In some embodiments, computing tasks and stored data associated with server 414 and/or
server S1 can be distributed across computing devices 1600a, 1600b, and 1600c¢ based at least in
part on the processing requirements of server 414 and/or server S1, the processing capabilities of
computing devices 1600a, 1600b, and 1600c, the latency of the network links between the
computing devices in each computing center and between the computing centers themselves,
and/or other factors that can contribute to the cost, speed, fault-tolerance, resiliency, efficiency,
and/or other design goals of the overall system architecture.

[0263] The storage devices 1610a, 1610b, and 1610c of computing centers 1609a, 1609b, and
1609¢ can be data storage arrays that include disk array controllers configured to manage read
and write access to groups of hard disk drives. The disk array controllers, alone or in conjunction
with their respective computing devices, can also be configured to manage backup or redundant
copies of the data stored in the storage devices to protect against disk drive or other storage
device failures and/or network failures that prevent one or more computing devices from
accessing one or more storage devices.

[0264] Similar to the manner in which the functions of server 414 and/or server S1 can be
distributed across computing devices 1600a, 1600b, and 1600c of computing centers 1609a,

1609b, and 1609c, various active portions and/or backup portions of these components can be

-56 -



10

15

20

25

30

WO 2019/032330 PCT/US2018/044446

distributed across storage devices 1610a, 1610b, and 1610¢. For example, some storage devices
can be configured to store one portion of the data and/or software of server 414 and/or server S1,
while other storage devices can store other, separate portions of the data and/or software of
server 414 and/or server S1. Additionally, some storage devices can be configured to store
backup versions of data and/or software stored in other storage devices.
[0265] Communication devices 1611a, 1611b, and 1611c can include networking equipment
configured to provide internal and external communications for computing centers 1609a, 1609b,
1609¢. For example, communication devices 1611a in computing center 1609a can include one
or more internet switching and routing devices configured to provide (i) local area network
communications between computing devices 1600a and storage devices 1610a via local network
1612a, and (i1) wide area network communications between computing center 1609a and the
computing facilities 1609b and 1609¢ via connection 1613a to network 606. Communication
devices 1611b and 1611¢ can include network equipment similar to communication devices
1611a, and communication devices 1611b and 1611¢ can perform similar networking functions
for computing centers 1609b and 1609b that communication devices 1611a perform for
computing center 1609a.
[0266] In some embodiments, the configuration of communication devices 1611a, 1611b, and
1611c¢ can be based at least in part on the communication requirements of the computing devices
and storage devices, the communications capabilities of network equipment in the
communication devices 1611a, 1611b, and 1611c, the latency and throughput of local networks
1612a, 1612b, 1612c¢, the latency, throughput, and cost of connections 1613a, 1613b, and 1613c,
and/or other factors that can contribute to the cost, speed, throughput, fault-tolerance, resiliency,
efficiency and/or other design goals for computing centers 1609a, 1609b, 1609¢.

Example Methods of Operation
[0267] FIG. 17 is a flow chart of method 1700, in accordance with an embodiment. Method 1700
can be carried out by a computing device, such as computing device 1600 discussed above in the
context of FIG. 16. In some embodiments, the computing device can act and/or be embodied as a
vehicle scan tool while carrying out part or all of method 1600.
[0268] Method 1700 can begin at block 1710, where the computing device can determine VII
that identifies a vehicle and where the computing device includes a first software executable and

a second software executable, such as discussed above at least in the context of FIGS. 2-14D.

-57-



10

15

20

25

30

WO 2019/032330 PCT/US2018/044446

[0269] In some embodiments, the computing device can be connected to the vehicle; then,
determining the VII can include: sending a request for the VII from the computing device to the
vehicle; and receiving the VII at the computing device from the vehicle, such as discussed above
at least in the context of FIGS. 2, 3, 6, and 7.

[0270] In other embodiments, the VII can include a VIN for the vehicle, such as discussed above
at least in the context of FIGS. 2-10C.

[0271] In still other embodiments, the first software executable can be configured for one or
more functions of: a vehicle scanning function, a vehicle testing function, and a repair-
information retrieval function, such as discussed above at least in the context of FIGS. 2-14D.
[0272] At block 1720, the computing device can store, a first vehicle identifier associated with
the first software executable and a second vehicle identifier associated with the second software
executable, where both the first and second vehicle identifiers are based on the VII, and where
the first vehicle identifier differs from the second vehicle identifier, such as discussed above at
least in the context of FIGS. 2-10C.

[0273] In some embodiments, the computing device can be communicatively coupled to a server
computing device; then, storing the first vehicle identifier associated with the first software
executable and the second vehicle identifier associated with the second software executable can
include: providing a first query to the server computing device, the first query based on an
identifier of the first software executable and the VII; after providing the first query to the server
computing device, receiving a first query response to the first query from the server computing
device; determining the first vehicle identifier based on the first query response; and storing the
first vehicle identifier at the computing device, such as discussed above at least in the context of
FIGS. 2, 3, 6, and 7.

[0274] In other embodiments, the computing device can include an identifier database and the
computing devices is not communicatively coupled to a server computing device for determining
vehicle identifiers; then, storing the first vehicle identifier associated with the first software
executable and the second vehicle identifier associated with the second software executable can
include: providing a first query to the identifier database, the first query based on the identifier of
the first software executable and the VII; after providing the first query to the identifier database,

receiving a first query response to the first query from the identifier database; determining the
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first vehicle identifier based on the first query response; and storing the first vehicle identifier,
such as discussed above at least in the context of FIGS. 2-5.

[0275] In still other embodiments, storing the first vehicle identifier associated with the first
software executable and the second vehicle identifier associated with the second software
executable based on the VII can include: providing a first query based on the VII, receiving a
first query response to the first query; determining the first vehicle identifier and the second
vehicle identifier based on the first query response; and storing the first vehicle identifier and the
second vehicle identifier at the computing device, such as discussed above at least in the context
of FIGS. 2-4, 6, and 8-10C.

[0276] In even other embodiments, storing the first vehicle identifier associated with the first
software executable and the second vehicle identifier associated with the second software
executable based on the VII can include: providing a first query based on the VII and an
identifier of the first software executable; after providing the first query, receiving a first query
response to the first query; determining the first vehicle identifier based on the first query
response; storing the first vehicle identifier at the computing device; providing a second query
based on the VII and an identifier of the second software executable, where the second query
differs from the first query; after providing the second query, receiving a second query response
to the second query; determining the second vehicle identifier based on the second query
response; and storing the second vehicle identifier at the computing device, such as discussed
above at least in the context of FIGS. 5 and 7.

[0277] At block 1730, the computing device can be used in repairing the vehicle by at least:
receiving a request to activate the first software executable, and activating the first software
executable at least by providing the stored first vehicle identifier to the first software executable,
such as discussed above at least in the context of FIGS. 2, 4-7, and 12-14D.

[0278] In some embodiments, repairing the vehicle further includes: receiving a request to
activate the second software executable; and activating the second software executable at least
by providing the stored second vehicle identifier to the second software executable, such as
discussed above at least in the context of FIGS. 2, 4-7, and 12-14C.

[0279] In other embodiments, the computing device can further include a home page with a
plurality of activation controls for activating a plurality of software executables; then, activating

the first software executable can include activating the first software executable using an
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activation control for activating the first software executable of the home page, such as discussed
above in the context of at least FIGS. 11-14D.

[0280] In still other embodiments, the computing device can be connected to the vehicle; then,
repairing the vehicle can include: after activating the first software executable, sending a request
for repair-related information to the vehicle; receiving the repair-related information from the
vehicle; and generating a display of the computing device based on the repair-related
information, such as discussed above in the context of at least FIGS. 4-7 and 11-14D. In
particular of these embodiments, the repair-related information can include data associated with
one or more PIDs and/or one or more DTCs, such as discussed above in the context of FIGS. 11-
14D. In more particular of these embodiments, the repair-related information can include a
particular DTC; then, generating the display based on the repair-related information includes:
determining information about one or more tests and/or repairs related to the particular DTC; and
generating a display based on the information about one or more tests and/or repairs related to
the particular DTC), such as discussed above in the context of FIGS. 12-14D. In even more
particular of these embodiments, determining the information about one or more tests and/or
repairs related to the particular DTC can include: sending a query including the particular DTC
to a server computing device; and receiving, from the server computing device, the information
about one or more tests and/or repairs related to the particular DTC, such as discussed above in
the context of FIGS. 12-13E. In other even more particular of these embodiments, determining
the information about one or more tests and/or repairs related to the particular DTC can include:
determining the information about one or more tests and/or repairs related to the particular DTC
utilizing data stored on the computing device, such as discussed above in the context of FIGS. 12
and 14A-14D.

[0281] Unless the context clearly requires otherwise, throughout the description and the claims,
the words ‘comprise’, ‘comprising’, and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not
limited to”. Words using the singular or plural number also include the plural or singular

29 LC

number, respectively. Additionally, the words “herein,” “above” and "below" and words of
similar import, when used in this application, shall refer to this application as a whole and not to

any particular portions of this application.
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[0282] The above description provides specific details for a thorough understanding of, and
enabling description for, embodiments of the disclosure. However, one skilled in the art will
understand that the disclosure may be practiced without these details. In other instances, well-
known structures and functions have not been shown or described in detail to avoid
unnecessarily obscuring the description of the embodiments of the disclosure. The description of
embodiments of the disclosure is not intended to be exhaustive or to limit the disclosure to the
precise form disclosed. While specific embodiments of, and examples for, the disclosure are
described herein for illustrative purposes, various equivalent modifications are possible within
the scope of the disclosure, as those skilled in the relevant art will recognize.

[0283] All of the references cited herein are incorporated by reference. Aspects of the disclosure
can be modified, if necessary, to employ the systems, functions and concepts of the above
references and application to provide yet further embodiments of the disclosure. These and other
changes can be made to the disclosure in light of the detailed description.

[0284] Specific elements of any of the foregoing embodiments can be combined or substituted
for elements in other embodiments. Furthermore, while advantages associated with certain
embodiments of the disclosure have been described in the context of these embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need necessarily
exhibit such advantages to fall within the scope of the disclosure.

[0285] The above detailed description describes various features and functions of the disclosed
systems, devices, and methods with reference to the accompanying figures. In the figures, similar
symbols typically identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, figures, and claims are not meant to be
limiting. Other embodiments can be utilized, and other changes can be made, without departing
from the spirit or scope of the subject matter presented herein. It will be readily understood that
the aspects of the present disclosure, as generally described herein, and illustrated in the figures,
can be arranged, substituted, combined, separated, and designed in a wide variety of different
configurations, all of which are explicitly contemplated herein.

[0286] With respect to any or all of the ladder diagrams, scenarios, and flow charts in the figures
and as discussed herein, each block and/or communication may represent a processing of
information and/or a transmission of information in accordance with example embodiments.

Alternative embodiments are included within the scope of these example embodiments. In these
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alternative embodiments, for example, functions described as blocks, transmissions,
communications, requests, responses, and/or messages may be executed out of order from that
shown or discussed, including substantially concurrent or in reverse order, depending on the
functionality involved. Further, more or fewer blocks and/or functions may be used with any of
the ladder diagrams, scenarios, and flow charts discussed herein, and these ladder diagrams,
scenarios, and flow charts may be combined with one another, in part or in whole.

[0287] A block that represents a processing of information may correspond to circuitry that can
be configured to perform the specific logical functions of a herein-described method or
technique. Alternatively or additionally, a block that represents a processing of information may
correspond to a module, a segment, or a portion of program code (including related data). The
program code may include one or more instructions executable by a processor for implementing
specific logical functions or actions in the method or technique. The program code and/or related
data may be stored on any type of computer readable medium such as a storage device including
a disk or hard drive or other storage medium.

[0288] The computer readable medium may also include non-transitory computer readable
media such as computer-readable media that stores data for short periods of time; e.g., volatile
memory, register memory, processor cache, and/or random access memory (RAM). The
computer readable media may also include non-transitory computer readable media that stores
program code and/or data for longer periods of time; e.g., non-volatile memory, secondary or
persistent long term storage, read only memory (ROM), optical or magnetic disks, compact-disc
read only memory (CD-ROM). The computer readable media may also be any other volatile or
non-volatile storage systems. A computer readable medium may be considered a computer
readable storage medium, for example, or a tangible and/or non-transitory storage medium
and/or device.

[0289] Moreover, a block that represents one or more information transmissions may correspond
to information transmissions between software and/or hardware modules and/or executables in
the same physical device. However, other information transmissions may be between software
and/or hardware modules and/or executables in different physical devices.

[0290] Numerous modifications and variations of the present disclosure are possible in light of

the above teachings.
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[0291] Embodiments of the present disclosure may relate to one or more of the enumerated
example embodiments (EEEs) listed below.

[0292] EEE 1 is a method comprising: determining, at a computing device, vehicle identification
information (VII) that identifies a vehicle, wherein the computing device comprises a first
software executable and a second software executable; storing, at the computing device, a first
vehicle identifier associated with the first software executable and a second vehicle identifier
associated with the second software executable based on the VII, wherein the first vehicle
identifier differs from the second vehicle identifier; and repairing the vehicle using the
computing device by at least: receiving a request to activate the first software executable, and
activating the first software executable at least by providing the stored first vehicle identifier to
the first software executable.

[0293] EEE 2 is the method of EEE 1, wherein repairing the vehicle further comprises: receiving
a request to activate the second software executable; and activating the second software
executable at least by providing the stored second vehicle identifier to the second software
executable.

[0294] EEE 3 is the method of EEE 1 or EEE 2, wherein the computing device is
communicatively coupled to a server computing device, and wherein storing the first vehicle
identifier associated with the first software executable and the second vehicle identifier
associated with the second software executable comprises: providing a first query to the server
computing device, the first query based on an identifier of the first software executable and the
VII; after providing the first query to the server computing device, receiving a first query
response to the first query from the server computing device; determining the first vehicle
identifier based on the first query response; and storing the first vehicle identifier at the
computing device.

[0295] EEE 4 is the method of any one of EEEs 1-3, wherein the computing device comprises an
identifier database and is not communicatively coupled to a server computing device for
determining vehicle identifiers, and wherein storing the first vehicle identifier associated with the
first software executable and the second vehicle identifier associated with the second software
executable comprises: providing a first query to the identifier database, the first query based on
the identifier of the first software executable and the VII; after providing the first query to the

identifier database, receiving a first query response to the first query from the identifier database;
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determining the first vehicle identifier based on the first query response; and storing the first
vehicle identifier.

[0296] EEE 5 is the method of any one of EEEs 1-4, wherein storing the first vehicle identifier
associated with the first software executable and the second vehicle identifier associated with the
second software executable based on the VII comprises: providing a first query based on the VII;
receiving a first query response to the first query; determining the first vehicle identifier and the
second vehicle identifier based on the first query response; and storing the first vehicle identifier
and the second vehicle identifier at the computing device.

[0297] EEE 6 is the method of any one of EEEs 1-5, wherein storing the first vehicle identifier
associated with the first software executable and the second vehicle identifier associated with the
second software executable based on the VII comprises: providing a first query based on the VII
and an identifier of the first software executable; after providing the first query, receiving a first
query response to the first query; determining the first vehicle identifier based on the first query
response; storing the first vehicle identifier at the computing device; providing a second query
based on the VII and an identifier of the second software executable, wherein the second query
differs from the first query; after providing the second query, receiving a second query response
to the second query; determining the second vehicle identifier based on the second query
response; and storing the second vehicle identifier at the computing device.

[0298] EEE 7 is the method of any one of EEEs 1-6, wherein the computing device is connected
to the vehicle, and wherein determining the VII comprises: sending a request for the VII from the
computing device to the vehicle; and receiving the VII at the computing device from the vehicle.
[0299] EEE 8 is the method of any one of EEEs 1-7, wherein the VII comprises a vehicle
identification number (VIN) for the vehicle.

[0300] EEE 9 is the method of any one of EEEs 1-8, wherein the first software executable is
configured for one or more functions of: a vehicle scanning function, a vehicle testing function,
and a repair-information retrieval function.

[0301] EEE 10 is the method of any one of EEEs 1-9, wherein the computing device further
comprises a home page with a plurality of activation controls for activating a plurality of
software executables, and wherein activating the first software executable comprises activating
the first software executable using an activation control for activating the first software

executable of the home page.
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[0302] EEE 11 is the method of any one of EEEs 1-10, wherein the computing device is
connected to the vehicle, and wherein repairing the vehicle comprises: after activating the first
software executable, sending a request for repair-related information to the vehicle; receiving the
repair-related information from the vehicle; and generating a display of the computing device
based on the repair-related information.

[0303] EEE 12 is the method of EEE 11, wherein the repair-related information comprises data
associated with one or more parameter identifiers (PIDs) and/or one or more diagnostic trouble
codes (DTCs).

[0304] EEE 13 is the method of EEE 12, wherein the repair-related information comprises a
particular DTC, and wherein generating the display based on the repair-related information
comprises: determining information about one or more tests and/or repairs related to the
particular DTC; and generating a display based on the information about one or more tests and/or
repairs related to the particular DTC.

[0305] EEE 14 is the method of EEE 13, wherein determining the information about one or more
tests and/or repairs related to the particular DTC comprises: sending a query including the
particular DTC to a server computing device; and receiving, from the server computing device,
the information about one or more tests and/or repairs related to the particular DTC.

[0306] EEE 15 is the method of either EEE 13 or EEE 14, wherein determining the information
about one or more tests and/or repairs related to the particular DTC comprises determining the
information about one or more tests and/or repairs related to the particular DTC utilizing data
stored on the computing device.

[0307] EEE 16 is a computing device, comprising: a processor; and a computer readable medium
configured to store at least a first software executable, a second software executable, and
executable instructions, wherein the executable instructions, when executed by the processor,
cause the computing device to perform functions comprising the method of any one of EEE 1 to
EEE 15.

[0308] EEE 17 is a non-transitory computer readable medium configured to store at least
executable instructions, wherein the executable instructions, when executed by a processor of a
computing device, cause the computing device to perform functions comprising the method of

any one of EEE 1 to EEE 15.
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CLAIMS
1. A method comprising:
determining, at a computing device, vehicle identification information (VII) that
identifies a vehicle, wherein the computing device comprises a first software executable and a
second software executable;
storing, at the computing device, a first vehicle identifier associated with the first
software executable and a second vehicle identifier associated with the second software
executable based on the VII, wherein the first vehicle identifier differs from the second vehicle
identifier; and
repairing the vehicle using the computing device by at least:
receiving a request to activate the first software executable, and
activating the first software executable at least by providing the stored first

vehicle identifier to the first software executable.

2. The method of claim 1, wherein repairing the vehicle further comprises:
receiving a request to activate the second software executable; and
activating the second software executable at least by providing the stored second vehicle

identifier to the second software executable.

3. The method of claim 1, wherein the computing device is communicatively coupled to a
server computing device, and wherein storing the first vehicle identifier associated with the first
software executable and the second vehicle identifier associated with the second software
executable comprises:

providing a first query to the server computing device, the first query based on an
identifier of the first software executable and the VII;

after providing the first query to the server computing device, receiving a first query
response to the first query from the server computing device;

determining the first vehicle identifier based on the first query response; and

storing the first vehicle identifier at the computing device.
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4. The method of claim 1, wherein the computing device comprises an identifier database
and is not communicatively coupled to a server computing device for determining vehicle
identifiers, and wherein storing the first vehicle identifier associated with the first software
executable and the second vehicle identifier associated with the second software executable
comprises:

providing a first query to the identifier database, the first query based on the identifier of
the first software executable and the VII;

after providing the first query to the identifier database, receiving a first query response
to the first query from the identifier database;

determining the first vehicle identifier based on the first query response; and

storing the first vehicle identifier.

5. The method of claim 1, wherein storing the first vehicle identifier associated with the
first software executable and the second vehicle identifier associated with the second software
executable based on the VII comprises:

providing a first query based on the VII;

receiving a first query response to the first query;

determining the first vehicle identifier and the second vehicle identifier based on the first
query response; and

storing the first vehicle identifier and the second vehicle identifier at the computing

device.

6. The method of claim 1, wherein storing the first vehicle identifier associated with the
first software executable and the second vehicle identifier associated with the second software
executable based on the VII comprises:

providing a first query based on the VII and an identifier of the first software executable;

after providing the first query, receiving a first query response to the first query,;

determining the first vehicle identifier based on the first query response;

storing the first vehicle identifier at the computing device;

providing a second query based on the VII and an identifier of the second software

executable, wherein the second query differs from the first query;
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after providing the second query, receiving a second query response to the second query;
determining the second vehicle identifier based on the second query response; and

storing the second vehicle identifier at the computing device.

7. The method of claim 1, wherein the computing device is connected to the vehicle, and
wherein determining the VII comprises:
sending a request for the VII from the computing device to the vehicle; and

receiving the VII at the computing device from the vehicle.

8. The method of claim 1, wherein the VII comprises a vehicle identification number

(VIN) for the vehicle.

9. The method of claim 1, wherein the first software executable is configured for one or
more functions of: a vehicle scanning function, a vehicle testing function, and a repair-

information retrieval function.

10. The method of claim 1, wherein the computing device further comprises a home page
with a plurality of activation controls for activating a plurality of software executables, and
wherein activating the first software executable comprises activating the first software

executable using an activation control for activating the first software executable of the home

page.

11. The method of claim 1, wherein the computing device is connected to the vehicle, and
wherein repairing the vehicle comprises:

after activating the first software executable, sending a request for repair-related
information to the vehicle;

receiving the repair-related information from the vehicle; and

generating a display of the computing device based on the repair-related information.
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12. The method of claim 11, wherein the repair-related information comprises data
associated with one or more parameter identifiers (PIDs) and/or one or more diagnostic trouble

codes (DTCs).

13. The method of claim 12, wherein the repair-related information comprises a particular
DTC, and wherein generating the display based on the repair-related information comprises:

determining information about one or more tests and/or repairs related to the particular
DTC; and

generating a display based on the information about one or more tests and/or repairs

related to the particular DTC.

14. The method of claim 13, wherein determining the information about one or more tests
and/or repairs related to the particular DTC comprises:

sending a query including the particular DTC to a server computing device; and

receiving, from the server computing device, the information about one or more tests

and/or repairs related to the particular DTC.

15. The method of claim 13, wherein determining the information about one or more tests
and/or repairs related to the particular DTC comprises determining the information about one or
more tests and/or repairs related to the particular DTC utilizing data stored on the computing

device.

16. A computing device, comprising:
a processor; and
a computer readable medium configured to store at least a first software executable, a
second software executable, and executable instructions, wherein the executable instructions,
when executed by the processor, cause the computing device to perform functions comprising:
determining vehicle identification information (VII) that identifies a vehicle;
storing, at the computer readable medium, a first vehicle identifier associated with

the first software executable and a second vehicle identifier associated with the second
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software executable based on the VII, wherein the first vehicle identifier differs from the
second vehicle identifier; and
repairing the vehicle using the computing device by at least:
receiving a request to activate the first software executable, and
activating the first software executable at least by providing the stored first

vehicle identifier to the first software executable.

17. The computing device of claim 16, wherein repairing the vehicle further comprises:
receiving a request to activate the second software executable; and
activating the second software executable at least by providing the stored second vehicle

identifier to the second software executable.

18. The computing device of claim 16, wherein the computing device is communicatively
coupled to a server computing device, and wherein storing the first vehicle identifier associated
with the first software executable and the second vehicle identifier associated with the second
software executable comprises:

providing a first query to the server computing device, the first query based on the
identifier of the first software executable and the VII;

after providing the first query to the server computing device, receiving a first query
response to the first query from the server computing device;

determining the first vehicle identifier based on the first query response; and

storing the first vehicle identifier.

19. The computing device of claim 16, wherein the computing device comprises an
identifier database and is not communicatively coupled to a server computing device, and
wherein storing the first vehicle identifier associated with the first software executable and the
second vehicle identifier associated with the second software executable comprises:

providing a first query to the identifier database, the first query based on the identifier of
the first software executable and the VII;

after providing the first query to the identifier database, receiving a first query response

to the first query from the identifier database;
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determining the first vehicle identifier based on the first query response; and

storing the first vehicle identifier.

20. The computing device of claim 16, wherein the computing device is connected to the
vehicle, and wherein determining the VII comprises:
sending a request for the VII from the computing device to the vehicle; and

receiving the VII at the computing device from the vehicle.

21. The computing device of claim 16, wherein the VII comprises a vehicle identification

number (VIN) for the vehicle.

22. The computing device of claim 16, wherein the first software executable is
configured for one or more functions of: a vehicle scanning function, a vehicle testing function,

and a repair-information retrieval function.

23. A non-transitory computer readable medium configured to store at least executable
instructions, wherein the executable instructions, when executed by a processor of a computing
device, cause the computing device to perform functions comprising:

determining vehicle identification information (VII) that identifies a vehicle;

storing, at the computing device, a first vehicle identifier associated with the first
software executable and a second vehicle identifier associated with the second software
executable based on the VII, wherein the first vehicle identifier differs from the second vehicle
identifier; and

repairing the vehicle by at least:

receiving a request to activate the first software executable, and
activating the first software executable at least by providing the stored first

vehicle identifier to the first software executable.

24. The non-transitory computer readable medium of claim 23, wherein repairing the
vehicle further comprises:

receiving a request to activate the second software executable; and

271 -



WO 2019/032330 PCT/US2018/044446

activating the second software executable at least by providing the stored second vehicle

identifier to the second software executable.
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