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SYSTEM AND METHOD FOR REAL TIME WIRELESS ECU MONITORING AND
REPROGRAMMING

BACKGROUND

[0001] An engine control unit or an “ECU” is a widely used type of electronic
controller that controls a series of actuators on an internal combustion engine to ensure optimal
engine performance. It does this by reading values of a multitude of sensors in the engine bay
and interpreting the data it receives using lookup tables which adjust engine actuators
appropriately.

[0002] The ECU monitors various sensors on the automobile such as sensors for
oxygen level, coolant temperature, mass air flow, air intake temperature, crank shaft angle,
throttle position, cam shaft angle and engine knock. Lookup tables provide feedback
information for adjustment and control of ignition timing, cam shaft position, fuel injector input,
fuel pump input, fuel pump pressure, cooling fan speed, admission control systems, forced air
induction controls, traction controls and transmission gear selections. In many situations, ECUs
also send error codes to the vehicle dashboard to indicate immediate problems, such as
overheating, or maintenance requirements, like oil changes. In some cases, the error codes
activate warning lights which must be deactivated by the dealer.

[0003] Certain classes of ECUs are programmable. Modern ECUs incorporate a
microprocessor which can process inputs from engine sensors in real time. The microprocessor
stores its programming in firmware which is resident in flash memory or e-proms attached to the
CPU of the microprocessor.

[0004]  Programmable ECUs are required, for example, where significant aftermarket
performance enhancing modifications have been made. Such modifications often include the

addition of a turbo charger, intercooler or modified exhaust system. Programmable ECU’s are
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also used for several vehicle systems, such as engine control module (ECM), transmission
control module (TCM), body control module, anti-lock brake system (ABS), airbag control
module, and so on, that each receive routine updates from the manufacturer of the vehicle. Each
ECU is remapped or reprogrammed to adapt the performance of the involved system to match
the required modifications and/or to update the software and parameters of the ECU. Other
changes for high performance engines which can be remapped in an ECU include ignition
timing, maximum RPM, water temperature correction, transient fueling, low fuel pressure
modifiers and a closed loop lambda (in order to modify a target air/fuel ratio), turbo charger
waste gate control, staged fuel injection, variable cam timing, gear control and turbo charger

anti-lag,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 is a system diagram of a cloud based automotive technician system.

[0006]  Figure 2A is a sequence diagram of a method for updating parameters on an
automotive controller.

[0007] Figure 2B is a sequence diagram of a method for interaction with an
automotive controller and a client device.

[0008]  Figure 3 is a block diagram of a cloud based automotive technician system.

[0009] Figures 4A and 4B are a sequence diagrams of a method for updating an
automotive controller based on data from the automotive controller.

[0010] Figure 5A is a diagram of a user interface of a preferred embodiment for a
multiple gauge view with eight gauges.

[0011]  Figure 5B is a diagram of a user interface of a preferred embodiment for
dragging and dropping a gauge.

[0012]  Figures 6A, 6B, and 6C are diagrams of a user interface of a preferred
embodiment for a multiple gauge view with four sliding gauges.

[0013]  Figures 7A, 7B, and 7C are diagrams of a user interface of a preferred
embodiment for selecting a gauge.

[0014]  Figures 8A and 8B are diagrams of a user interface of a preferred embodiment
for selecting a first gauge style.

[0015]  Figures 9A and 9B are diagrams of a user interface of a preferred embodiment
for selecting a second gauge style.

[0016] | Figures 10A and 10B are diagrams of a user interface of a preferred

embodiment for selecting a third gauge style.
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[0017] Figures 11A and 11B are diagrams of a user interface of a preferred
embodiment for selecting a fourth gauge style.

[0018]  Figures 12A through 121 are diagrams of a user interface of a preferred
embodiment for adjusting parameters.

[0019] Figures 13A and 13B are diagrams of a user interface of a preferred
embodiment for selecting units of a gauge.

[0020]  Figures 14A through 14E are diagrams of a user interface of a preferred
embodiment for a multiple gauge view with five gauges.

[0021]  Figures 15A through 15D are diagrams of a user interface of a preferred
embodiment for selecting gauges for a multiple gauge view.

[0022]  Figures 16A through 16E are diagrams of a user interface of a preferred
embodiment for vehicle management.

[0023]  Figures 17A through 17C are diagrams of a user interface of a preferred
embodiment for displaying diagnostics.

[0024]  Figures 18A and 18B are diagrams of a user interface of a preferred
embodiment for data log management.

[0025]  Figures 19A through 19D are diagrams of a user interface of a preferred
embodiment for settings management.

[0026]  Figures 20A through 20D are diagrams of databases and records of a preferred
embodiment,

[0027] Figure 21 is a block diagram of a local device of a preferred embodiment.
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DETAILED DESCRIPTION

[0028] Referring to Figure 1, system 100 is provided. System 100 includes system
server 102 connected to Internet 108 through web server 104. The system server also includes
database 106.

[0029] Client device 110 is connected through a mobile network to Internet 108.
Client device 110 is also connected to local device 112. In a preferred embodiment the focal
device establishes a Wi-Fi or Bluetooth connection between the client device and the automobile.
Local device 112 is hardwired to the automotive controller 114. Automotive controller 114 is
connected to sensors 120 and actuators 122 resident on the vehicle. The sensors and actuators
communicate with the onboard controller through a CAN BUS (also known as a controller area
network (CAN) bus) as is known in the art.

[0030] Client device 110, acts as a client of system server 102, and as a client of local
device 112. Embodiments of client device 110 include any handheld wireless device, such as, a
smart phone, a tablet computer, a notebook computer, a netbook computer, and so on.

- [0031} Dealer server 116 is also connected to Internet 108 and communicates through
the Internet to both the system server and the local device. Similarly, calibration writer server
118 is connected through the Internet to system server 102 and client device 110.

[0032] Referring to Figure 2A, operation of a preferred embodiment 200 will be
described. In use, the device allows recording and viewing of automobile information,
diagnostics, automobile updates for onboard computers, and data logging to allow study of
driving habits to research fuel economy.

[0033] At step 201, the client device opens the application and sets up an account by

entering certain demographic information. At step 202, the application uploads the account

31849.0103.090716.2 5
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information to system server 102.

[0034] At step 203, the calibration writer server sets up an account through a form
served up through the Internet from the system server. The calibration writer server includes
account information such as name, address, email address, and submit computer Cal/Pid. At step
204, calibration writer server inputs a set of operating system parameters which include
programming information and look up tables for the onboard controller. At step 206, the
parameters are submitted to system server 102. At step 208, system server 102 stores the
parameters and the account implementation. At step 210, the database is updated by the system
server with the new parameters and associated with the calibration writer server. At step 212, the
system server uploads the parameters to client device 110 via a wireless network.

[0035] In an alternative embodiment, a technician downloads the parameters or
firmware from calibration writer server 118 via a web browser. The technician then uses system
server 102 to download the updated parameters or firmware to smart phone 110.

[0036] At step 214, a client device stores the parameters. At step 215, client device
opens an application (or “App”) which displays the parameters and certain options to the user.
At step 216, the client device receives options from the user as to which parameters to
implement. At step 218, the chosen parameters are uploaded to the local device via a Wi-Fi or
Bluetooth connection. At step 220, the local device stores the parameters and initiates certain
timing functions such as onboard recording and storage of data.

0037} At step 222, the chosen parameters are uploaded to the automotive controller.
At step 224, the automotive controller stores the new parameters and lookup tables. At step 226
the automotive controller implements the new parameters and lookup tables. At step 228, the

automotive controller generates an acknowledge signal. At step 230, the acknowledge signal is
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sent to the local device. At step 231, the local device stores the acknowledge signal. At step
232, the local device reports the acknowledge signal to client device 110 via the WiFi or
Bluetooth connection. At step 233, the client device stores the acknowledge signal and the App
displays the status of the local device and the uploaded parameters.

[0038]  Referring to Figure 2B, an alternate preferred embodiment 238 is described.
At step 243, the client device chooses a target for a feed of live data from the automotive
controller. Step 244, the client device transmits the request to the local device. At step 245, the
local device stores live data request. At step 248, the local device sends a request for live data to
automotive controller 114. At step 252, the system status is sent to the local device. At step 256,
the local device stores the system status. At step 258, the local device uploads the system status
to client device 110. At step 250, the automotive controller uploads the system status from the
automobile to the local device. At step 260, client device stores the system status. At step 262,
the App displays the system status. The display is refreshed as updated system status is received
from the local device. At step 261, the local device enters a loop to repeatedly request system
status from the automotive controller.

[0039] At step 263, client device 110 chooses an option on the application to clear
error codes. At step 264, the request is uploaded to the local device. At step 265, the request is
stored in memory on the local device. At step 266, the request is uploaded to the automotive
controller. At step 267, the automotive controller acknowledges the request and clears the error
code.

[0040] At step 268, the client device chooses an option on the application to request a
diagnostic report. At step 269, the request is uploaded to the local device. At step 270, the local

device stores the request. At step 266, the local device uploads the request to the automotive
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controller. At step 271, the automotive controller generates the diagnostic report. At step 272,
the diagnostic report is sent to the local device. At step 273, the local device stores the
diagnostic report, according to date and time, in memory. At step 274, the diagnostic report is
sent to the client device. At step 278, the diagnostic report is displayed according to the request
of the user.

[0041] At step 276, the client device, through use of the application requests a
calibration report. At step 277, the calibration request is uploaded to the local device. At step
278, the local device stores the request for calibration. At step 279, the local device forwards the
request to the automotive controller. At step 280, the automotive controller accesses the
currently stored parameters and the calibration. At step 281, the parameters are sent to the local
device. At step 282, the local device stores the current set of parameters according a date and
time stamp. At step 283, the local device sends the parameters to the client device. At step 284,
the application on the client device displays the requested calibration parameters.

[0042]  Referring to Figure 3, a schematic map 300 of the setup of system server 102
and certain functions of a preferred embodiment will be described.

[0043] System server 102 presents a set of webpages for the various users of the
system through web server 104 using a user/password interface. At 302, 304, and 306 a
schematic of the local home page is shown. Local home page provides options for a choice of a
user type for each of calibration writer server, a dealer, and a customer or “end user.” The
database includes records for each vehicle 310 and each computer profile ID number 312. Each
record 310 includes vehicle identification number, ECU serial number, make, model, engine,
fuel tank number, gear ratio, tire size and vehicle modification categories. Each record is

associated with a particular vehicle entered into the system. Computer profile ID number 312 is a
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database entry including vehicle, calibration, PID configuration, and warning type. Computer
profile ID number 312 also includes vehicle options and datalog recordings for each vehicle.

[0044] Calibration writers webpage 304 includes forms for entry of a data record for
users who input engine control parameters. Each data record includes entries for photos or
logos, name, phone, address, start date, email and computer Cal/Pid. When the form is complete,
upon entry, system server 102 enters the data from the data form into a record into the database.
The system server then copies the data record into computer profiles ID number 312. All reports
generated by the automotive controller at the request of the local device are associated with
current calibration of the vehicle when stored in memory. In a preferred embodiment, the data in
the record is then copied directly into memory at vehicles 310.

[0045] The dealers webpage 306 serves up a form for data entry including data
related to photo/logo, name, phone, address, start date and email address. The “dealers” in a
preferred embodiment are typically maintenance shops which service vehicles but do not write
calibrations,

[0046] The customers webpage 308 includes a form for entry of data regarding photo,
phone number, start date and email address. The web form also enables the customer to request
download of an application to be locally installed. The APP GUI provides access to the
functions of the local device. In a preferred embodiment, the functions include requesting a
report of a current calibration, requesting a live report of engine status, requesting a diagnosis
report, requesting that an error code be cleared and uploading a calibration update from a dealer
or manufacturer.

[0047]

31849.0103.090716.2 9
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[0048] A preferred embodiment of local device 112 includes the Freescale IMX28
Microcontroller, a UART for translation between parallel and serial data forms, Wi-Fi
connectivity employing the IEEE 802.11 standard or other wireless protocol for communication
between client device 110 and the local device 112 and provisions for a local interconnect
network LIN for communication between vehicle components and a CAN BUS for
communication between microcontrollers and other devices.

[0049] Referring to Figures 4A and 4B, method 400 updates engine parameters in
response to a check engine code (aiso referred to as a diagnostic trouble code (DTC)) being
generated by automotive controller 114. The method includes one or more messages passed
between calibration writer server 118, system server 102, client device 110, local device 112, and
automotive controller 114.

[0050] At step 411, automotive controller 114 generates a check engine code and
freezes a frame of data. The check engine code identifies a problem with the vehicle. The
frozen data indicates the status of the vehicle at the time when the problem that caused the check
engine code to be generated occurred.

[0051] At step 412, a data connection is established between local device 112 and
automotive controller 114. In one embodiment, the data connection is established by connecting
local device 112 to an onboard diagnostics port that is connected to a CAN BUS to which
automotive controller 114 is connected.

[0052] At step 413, a wireless connection is established between client device 110
and local device 112. In one embodiment, local device 112 acts as a wireless local area network

(WLAN) access point to which client device 110 can connect. In establishing the wireless

31849.0103.090716.2 10
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connection, transmission control protocol (TCP) socket is opened between client device 110 and
local device 112 so that data can be passed back and forth between client device 110 and local
device 112 using JavaScript Object Notation (JSON) messages.

[0053] At step 414, a request for gauge data is sent from client device 110 and is
received by local device 112. In one embodiment, the request is sent using JSON using the TCP
socket. For each of the one or more gauges displayed by client device 110, a gauge data request
is sent. After receiving the request from client device 110 by local device 112, client device 110
is subscribed to and receives notifications from local device 112 that include updated data to be
displayed on the gauge associated with the gauge data request.

[0054] At step 415, a data request is sent from local device 112 and is received by
automotive controller 114.

[0055] At step 416, automotive controller 114 retrieves the gauge data. In one
embodiment, automotive controller 114 retrieves parameter identifier (PID) data that is
associated with the gauge data.

[0056] At step 417, the data is sent from automotive controller 114 and is received by
local device 112.

[0057] Optionally at step 418, local device 112 records the data received from
automotive controller 114 in a log file on local device 112.

[0058] At step 419, the requested data is sent from local device 112 and is received
by client device 110. In one embodiment, client device 110 is subscribed to local device 112 so
as to receive a notification from local device 112 each time local device 112 receives updated
data from automotive controller 114.

[0059] At step 420, the data is displayed by client device 110. The layout settings

11
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that describe the look and feel of the gauge are stored on client device 110 and the data is
displayed in accordance to the layout settings.

[0060] At step 421, a request for the engine code, the frozen data, and optionally the
log data is sent from client device 110 and is received by local device 112.

[0061] At step 422, a request for the engine code and the frozen data is sent from
local device 112 and is received by automotive controller 114.

[0062] At step 423, automotive controller 114 retrieves the engine code and frozen
data that were generated in step 411.

[0063] At step 424, the engine code and frozen data are sent from automotive
controller 114 and are received by local device 112.

[0064] At step 425, the engine code, frozen data, and optional log are sent from local
device 112 and are received by client device 110.

[0065] At step 426, client device 110 stores the engine code, frozen data, and optional
log.

[0066] At step 427, client device 110 displays the engine code.

[0067] At step 428, the engine code, frozen data, and optional log is sent from client
device 110 and is received by system server 102.

[0068] At step 429, a request for updated engine parameters is sent from client device
110 and is received by system server 102.

[0069] At step 430, a request for updated engine parameters is sent from system
server 102 and is received by calibration writer server 118.

[0070] At step 431, updated parameters and/or firmware are sent from calibration

writer server 118, and are received by system server 102.

12
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[0071] At step 432, the updated parameters and firmware are sent from system server
102 and are received by client device 110.

[0072] At step 433, the updated parameters and firmware are stored on client device
110.

[0073] At step 434, the technician selects one or more parameters and firmware with
which to update the vehicle.

[0074] At step 435, the selected parameters and firmware are sent from client device
110 and are received by local device 112. One or more parameters and the firmware may be
selected to be updated and are sent.

[0075] At step 436, reprogramming instructions are sent from local device 112 and
are received by automotive controller 114. In one embodiment, the instructions cause
automotive controller 114 to be flashed with the updated firmware when the firmware is selected
to be updated. Additionally, parameters can be changed beyond what was included with the
updated firmware. The updated firmware may be the latest default firmware from the vehicle
manufacturer that does not have every parameter tuned for the specific configuration of the
vehicle. In one embodiment, the reprogramming instructions of local device 112 first reflashes
automotive controller 114 with the updated firmware and then updates specific engine tuning
parameters.

[0076] At step 437, automotive controller 114 updates the firmware and parameters
to the values received from local device 112.

[0077]  Referring to Figures 5A and 5B, user interface 502 includes menu button 504
on title bar 506, which is above multiple gauge view 508. Multiple gauge view 508 includes

eight (8) mini gauge views 510, 512, 514, 516, 518, 520, 522, and 524.

13
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User interface 502 is displayed on a client device via an app running on the

client device. The name, value, and units of each respective mini gauge 510, 512, 514, 516, 518,

520, 522, and 524 are displayed on user interface 502 on a client device. Values 542, 544, 546,

548, 550, 552, 554, and 556 respectively of each mini gauge 510, 512, 514, 516, 518, 520, 522,

and 524 are continuously updated as new PID values are received from the automotive

controller. In the embodiment of Figure 5A, ten (10) PIDs are named with the units indicated in

the table below. PID values, names, and units may be different for different vehicles and the

table below is merely one example

PID Mini Gauge View Name Units
0 510 Engine Coolant Degrees Fahrenheit
Temperature (°F)
Miles per Hour
1 512 Speed (MPH)
2 530 Revolutions per Revolutions per
Minute Minute (RPM)
3 532 Battery Voltage Voltage (V)
4 518 Transmission Degrees Fahrenheit
Temperature (°F)
Pounds per Square
5 (not shown) Boost Inch (PSI)
6 522 Calculated Load Percent of Max (%)
. Thousand Pounds per
7 524 Injector Pressure Square Inch (kPSI)
8 (not shown) Injector Pulse Width Milliseconds (ms)
9 520 Throttle Position Percent of Max (%)
Sensor
[0079] Mini gauge view 510 includes name 526, value 542, and units 558 and is

associated with a PID. Name 526 indicates that mini gauge 510 displays the engine coolant

temperature, which value 542 indicates is at 156.0, which units 558 indicates are in degrees

Fahrenheit. Mini gauge view 510 is shaded in a green color to indicate that value 542 is within a

desired range for the engine coolant temperature.

[0080]

14
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associated with a PID. Name 528 indicates that mini gauge 512 displays the speed, which value
544 indicates is at 31.0, which units 560 indicates are in miles per hour. Mini gauge view 512 is
not shaded green, which would indicate that value 544 is in a desired range, and is not shaded
red, which would indicate that value 544 is in a warning range.

[0081] Mini gauge view 514 includes name 530, value 546, and units 562 and is
associated with a PID. Name 530 indicates that mini gauge 514 displays the revolutions per
minute (RPM) of the engine, which value 546 indicates is at 31.0, which units 562 indicates are
in revolutions per minute. Mini gauge view 514 is not shaded green, which would indicate that
value 546 is in a desired range, and is not shaded red, which would indicate that value 546 isin a
warning range.

[0082]  Mini gauge view 516 includes name 532, value 548, and units 564 and is
associated with a PID. Name 532 indicates that mini gauge 516 displays the battery voltage of
the engine, which value 548 indicates is at 2.00, which units 564 indicates are in Volts (V). Mini
gauge view 516 is shaded red to indicate that value 548 is within a warning range for the battery
voltage.

[0083]  Mini gauge view 518 includes name 534, value 550, and units 566 and is
associated with a PID. Name 534 indicates that mini gauge 518 displays the transmission
temperature of the engine, which value 550 indicates is at 219.0, which units 566 indicates are in
degrees Fahrenheit. Mini gauge view 518 is shaded red to indicate that value 550 is within a
warning range for the transmission temperature.

[0084] Mini gauge view 520 includes name 536, value 552, and units 568 and is
associated with a PID. Name 536 indicates that mini gauge 520 displays the throttle position

sensor, which value 552 indicates is at 35, which units 568 indicates is a percentage value. Mini
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gauge view 520 is not shaded green, which would indicate that value 552 is in a desired range,
and is not shaded red, which would indicate that value 552 is in a warning range.

[0085]  Mini gauge view 522 includes name 538, value 554, and units 570 and is
associated with a PID. Name 538 indicates that mini gauge 522 displays the calculated load on
the engine, which value 554 indicates is at 35, which units 570 indicates is a percentage value.
Mini gauge view 522 is not shaded green, which would indicate that value 554 is in a desired
range, and is not shaded red, which would indicate that value 554 is in a warning range.

[0086] Mini gauge view 524 includes name 540, value 556, and units 572 and is
associated with a PID. Name 540 indicates that mini gauge 524 displays the injector pressure of
the engine, which value 556 indicates is at 25.0, which units 572 indicates is in thousand pounds
per square inch (kPSI). Mini gauge view 524 is shaded greén to indicate that value 556 is in a
desired range.

[0087] Figure 5B shows a drag and drop operation used to swap the location of two
mini gauges on multiple gauge view 508. The location of mini gauge 514 is swapped with the
location of mini gauge 524 within multiple gauge view 508 by dragging mini gauge 514 from its
original location towards the original location of mini gauge 524.

[0088]  Referring to Figure 6A, user interface 502 is updated to display multiple
gauge view 604. Multiple gauge view 604 includes four (4) mini gauge views (512, 530, 518,
and 520) and one selected gauge view 606. Mini gauge 530 is updated to have its display be
highlighted to indicate that gauge 530 is associated with, and has fhe same PID as, selected
gauge 606. User interface 502 transitions from multiple gauge view 508 (eight gauge view 508)
to multiple gauge view 604 (four gauge view 604) when gauge 530 is selected from multiple

gauge view 508 via a touch or click event.

16



CA 02994561 2018-02-01

WO 2017/024320 PCT/US2016/050730

[0089] Upper row 608 includes mini gauges 510 and 512. Lower row 610 includes
mini gauges 518 and 520.

[0090]  Referring to Figure 6B, upper row 608 is slid or dragged to the left to reveal
mini gauge 516. Any two adjacent mini gauge views 510, 512, 514, and 516 can be displayed in
upper row 608 by sliding or dragging upper row 608 left or right. During a drag or slide event,
up to three mini gauge views may be displayed. After the drag or slide event, two mini gauge
views are displayed, which need not include the mini gauge that has been selected (which in
Figure 6B is mini gauge 512).

[0091] Referring to Figure 6C, lower row 610 is slid or dragged to the left. Any two
adjacent mini gauge views 518, 520, 522, and 524 can be displayed in lower row 610 by sliding
or dragging lower row 610 left or right. During a drag or slide event, up to three mini gauge
views may be displayed. After the drag or slide event, two mini gauge views are displayed,
which need not include the mini gauge that has been selected.

[0092] Referring to Figure 7A, 7B, and 7C, user interface 502 is manipulated to
change the PID of mini gauge view 530.

[0093] At Figure 7A, multiple gauge view 604 is displayed on user interface 502.
Mini gauge view 530 has been selected and selected gauge view 606 is shown on user interface
502.

[0094] At Figure 7B, selected gauge view is slid or dragged up to reveal second
selected gauge view 706.

[0095] At Figure 7C, mini gauge view 512 is updated. to become mini gauge view
712. In on embodiment, mini gauge view 712 duplicates the information from mini gauge view

532 so that when mini gauge view 712 is unselected and user interface 502 transitions back to
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multiple gauge view 508, both mini gauge view 532 and mini gauge view 712 are displayed and
both show the battery voltage.

[0096] Referring to Figures 8A and 8B, circular gauge style 802 from settings view
804 is selected for selected gauge view 606. Settings view 802 of Figure 8A is displayed after
user interface element 806 is selected from selected gauge view 606 of Figure 8B.

[0097] Settings view 804 includes name 808 and units 810 that identify the name and
units of the PID that is associated with selected view 606. Settings view 804 includes user
interface element 812 that, when selected, transitions user interface 502 from displaying settings
view 804 (Figure 8A) to displaying settings view 606 (Figure 8B). With the selection of circular
gauge style 802, circular gauge view 814 will be shown on selected gauge 606.

[0098] On selected gauge view 606, name 816 and units 818 that identify the name
and units of the PID that is associated with selected view 606. Value 820 indicates the current
value of the PID associated with selected gauge view 606. Units 822 indicates the current value
of the PID associated with selected gauge view 606. User interface element 824 indicates what
gear is being reported by the automotive controller as the current gear of the vehicle.

[0099]  Circular gauge view 814 includes waming section 824. In one embodiment,
warning section 824 is shaded in red and indicates that the RPM level is too low.

[0100] Circular gauge view 814 includes desired section 826. In one embodiment,
desired section 826 is shaded in green and indicates that the RPM level is in a desired operating
range for the vehicle.

[0101]  Referring to Figures 9A and 9B, arc gauge style 902 from settings view 804 is
selected for ‘gauge view 606. When arc gauge style 902 is selected, selected gauge view 606

shows arc gauge view 904. Arc gauge view 904 includes warning section 906. In one
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embodiment, warning section 906 is shaded in red and indicates that PID values that are within
warning section 906 are too low.

[0102] Arc gauge view 904 includes desired section 908. In one embodiment,
desired section 908 is shaded in green and indicates that PID values that are within desired
section 908 are in a preferred range for one of maximum torque or horsepower.

[0103]  Referring to Figures 10A and 10B, bar gauge style 1002 from settings view
804 is selected for gauge view 606. When bar gauge style 1002 is selected, selected gauge view
606 shows bar gauge view 1004. Bar gauge view 1004 includes warning section 1006. In one
embodiment, warning section 1006 is shaded in red and indicates that PID values that are within
warning section 1006 are too low.

[0104]  Bar gauge view 1004 includes desired section 1008. In one embodiment,
desired section 1008 is shaded in green and indicates that PID values that are within desired
section 1008 are in a preferred range for one of maximum torque or horsepower.

[0105] Referring to Figures 11A and 11B, line history gauge style 1102 from settings
view 804 is selected for gauge view 606. When line history gauge style 1102 is selected,
selected gauge view 606 shows line history gauge view 1104. Line history gauge view 1104 is a
graph that shows recent values for the selected gauge as a function of time. The recent values
are stored on the client device. Line history gauge view 1104 shows the most recent data on the
right-hand-side of the chart.

[0106] Referring to Figures 12A through 121, user interface 502 comprises multiple
gauge view 604 with selected gauge view 606. Selected gauge view 606 includes warning
section 824, desired section 826, and warning section 1202 that are each adjustable. Warning

section 824 identifies when the PID value is too low and wamning section 1202 identifies when
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the PID value is too high.

[0107]  To adjust the settings for warning section 824, desired section 826, and
warning section 1202, user interface element 806 is selected to display settings view 804 (Figure
12B) and then user interface element 1204 is selected from settings view 804 to display view
1206 (Figure 12C) on user interface 502. View 1206 is also referred to as parameter adjustment
view 1206.

[0108]  Parameter adjustment view 1206 includes user interface element 1208, user
interface element 1210, name 1212, and units 1214

[0109]  User interface element 1208 is a cancel button that, when selected, undoes
changes that were made in parameter adjustment view 1206. After selecting user interface
element 1208, user interface 502 returns to multiple gauge view 604 with settings view 804, as in
Figure 12B.

[0110] User interface element 1210 is a button that, when selected, accepts changes
that were made in parameter adjustment view 1206. After selecting user interface element 1210,
user interface 502 returns to multiple gauge view 604 with settings view 804, as in Figure 12B.

[0111]  Name 1212 and units 1214 identify the type and units of the PID information
that is displayed on view 1206. In one embodiment, name 1212 is revolutions per minute (RPM)
and units 1214 are RPM.

[0112] User interface element 1216 is a checkbox that indicates whether desired
section 826 is shown on selected gauge view 606. The range of desired section 826 is controlled
by the range between minimum desired threshold 1218 and maximum desired threshold 1220.
When the PID value is between minimum desired threshold 1218 and maximum desired

threshold 1220, then the PID value is in a desired or preferred range.
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[0113] The display of warning section 824 and warning section 1202 are controlled
by user interface element 1222. The range of the gap between warning section 824 and warning
section 1202 is controlled by the range between minimum warning threshold 1224 and maximum
warning threshold 1226. When the PID value is below minimum desired threshold 1224 or
above maximum desired threshold 1226, then the PID value is in a warning range that could lead
to engine fault, damage, or failure.

[0114]  User interface element 1228 identifies whether the defuel settings are active.
When the PID value is below minimum defuel threshold 1224 or above maximum defuel
threshold 1226, then the PID value is in a defuel range where the fuel supply to the engine will
reduced in order to protect the engine.

[0115] In one embodiment, the relationships shown below are maintained by the

thresholds displayed on parameter adjustment view 1206.

minimum defuel threshold 1230 < minimum warning threshold 1224 Rel.1
minimum warning threshold 1224 < minimum desired threshold 1218 Rel.2
minimum desired threshold 1218 < maximum desired threshold 1220 Rel3
maximum desired threshold 1220 < maximum warning threshold 1226 Rel 4
maximum warning threshold 1226 < maximum defuel threshold 1232 Rel.5

[0116]  Referring to Figure 12D, when minimum desired threshold 1218 is dragged to
the left, minimum warning threshold 1224 and minimum defuel threshold 1230 may also move
to the left so that both minimum warning threshold 1224 and minimum defuel threshold 1230
remain less than or equal to minimum desired threshold 1218.

[0117]  When maximum desired threshold 1220 is dragged to the right, maximum

warning threshold 1226 and maximum defuel threshold 1232 may also move to the right so that
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both maximum warning threshold 1226 and maximum defuel threshold 1232 remain greater than
or equal to maximum desired threshold 1220.

[0118] Referring to Figure 12E, when minimum warning threshold 1224 is dragged
to the right , minimum desired threshold 1218 may also move to the right so that minimum
desired threshold 1218 remains greater than or equal to minimum warning threshold 1224.

[0119]  When maximum warning threshold 1226 is dragged to the left, maximum
desired threshold 1220 may also move to the left so that maximum desired threshold 1220
remains less than or equal to maximum warning threshold 1226.

[0120]  Referring to Figure 12F, when minimum warning threshold 1224 is dragged to
the left, minimum defuel threshold 1230 may also move to the left so that minimum defuel
threshold 1230 remains less than or equal to minimum warning threshold 1224.

[0121] When maximum warning threshold 1226 is dragged to the right, maximum
defuel threshold 1232 may also move to the right so that maximum defuel threshold 1232
remains greater than or equal to maximum warning threshold 1226.

[0122]  Referring to Figure 12G, when minimum defuel threshold 1230 is dragged to
the right, minimum warning threshold 1224 and minimum desired threshold 1218 may also move
to the right so that both minimum warning threshold 1224 and minimum desired threshold 1218
remain greater than or equal to minimum defuel threshold 1230.

[0123]  When maximum defuel threshold 1232 is dragged to the left, maximum
warning threshold 1226 and maximum desired threshold 1220 may also move to the left so that
both maximum warning threshold 1226 and maximum desired threshold 1220 remain less than
or equal to maximum defuel threshold 1232.

[0124]  Referring to Figures 12H and 12I, when user interface element (checkbox)
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1216 is unselected and user interface element (done button) 1210 is selected, then the desired
section is not displayed on the selected gauge view 606, as shown in Figure 121

[0125] Referring to Figures 13A and 13B, user interface 502 displays multiple gauge
view 604, mini gauge 518 has been selected, and settings view 804 is displayed. Settings view
804 includes user interface element 1302 and user interface element 1304.

[0126] User interface element 1302 and user interface element 1304 allow for the
selection between different units for the PID values associated with mini gauge 518. In one
embodiment, mini gauge 518 is associated with transmission temperature and can be displayed in
degrees Celsius (°C) upon the selection of user interface element 1302 or in degrees Fahrenheit
(°F) upon the selection of user interface element 1304.

[0127] Referring to Figures 14A through 14E, user interface 502 transitions from
multiple (eight) gauge view S08 to multiple gauge view 