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TITLE

AUTOMATED GAIN AND BOOST FOR A BRAKE CONTROLLER

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Provisional Patent Application No.
62/431,065 entitled “AUTOMATED GAIN AND BOOST FOR A BRAKE
CONTROLLER,” filed on December 7, 2016, which is incorporated herein by reference in its
entirety.
TECHNICAL FIELD
[0002] This disclosure relates to a brake controller device, system and method for
controlling brakes of a trailer with a brake controller device. More specifically, a brake
controller device with automated gain and boost adjustments is described herein.
BACKGROUND
[0003] A variety of brake controllers may be employed to control the brakes of a towed
vehicle. Typically, the brake controller may actuate the towed vehicle’s brakes in response to
braking by the towing vehicle. These brake controllers may often include accelerometers and
microprocessors which may measure and/or take into account a variety of conditions (e.g.,
braking signal, acceleration, etc.), whereby the brake controller may apply the towed
vehicle’s brakes in such a manner that assists in stopping the towing vehicle and towed
vehicle, and may also reduce the likelihood of an unsafe driving condition.
[0004] The brake controller is often mounted to the towing vehicle. Typically, the brake
controller may be hard-wired to the towing vehicle, such as being mounted in the cab or
passenger compartment of the towing vehicle. The brake controller may communicate with
the brake system of the towed vehicle by means of a wiring system that may provide
communication between the towing vehicle’s brake system and the towed vehicle’s brake
system.
[0005] In some instances, the brake controller may be programmed by a user to take into
account variables, such as vehicle weight, road conditions, and other parameters that may

potentially affect braking effectiveness. These brake controllers may also have gain and boost



WO 2018/106900 PCT/US2017/065085

settings. The gain and boost may be manually set by a user interacting with the brake
controller. These manual processes of setting the gain and boost may be inefficient and time
consuming. Further, some users may incorrectly set gain and boost settings. Likewise, users
may not adjust gain and boost settings when appropriate.

[0006] Therefore, there is a need in the art for a more efficient brake controller. The
brake controller may automatically set a gain. There is also a need for a brake controller that

may automatically set a boost.

SUMMARY
[0007] The present disclosure includes a system, method, and devices related to data
collection and communication of the performance of various vehicle accessories and systems.
These accessories and systems are described in detail below, and any combination of
elements and/or methods are contemplated as aspects and embodiments of the overall
invention.
[0008] A brake controller system is described herein. The brake controller system
includes a brake controller device that controls brakes of a towed vehicle. The brake
controller device is in communication with a sensor device. The sensor device determines
operating parameters of the brake controller system. In addition, the brake controller device
automatically determines a gain, a transfer function, or a boost setting.
[0009] A method for automatically determining a gain, a transfer function, or a boost
setting is described herein. The method includes determining an acceleration of a towed
vehicle or towing vehicle. The method determines the speed of the towed vehicle or towing
vehicle. And the method includes determining a gain, a transfer function, or a boost setting
based on the acceleration and the speed of the towed vehicle or towing vehicle.
[0010] The foregoing embodiments are merely exemplary of some of the aspects of the
system. Additional features and elements may be contemplated and described herein. Also,
features from one of the foregoing embodiments may be combined with features from any of

the other foregoing embodiments.

DESCRIPTION OF THE DRAWINGS
[0011] FIGURE 1 is a functional schematic diagram of a brake controller system of the
present disclosure;
[0012] FIGURE 2 is a schematic side view of an embodiment of a brake controller

system with a towing and towed vehicle in accordance with the present disclosure;
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[0013] FIGURE 3 is a user equipment device and interface that may be used with a brake
controller system in accordance with the present disclosure;
[0014] FIGURE 4 is a schematic view of an embodiment of the data collection and
communication system of the present disclosure.;
[0015] FIGURE 5 is a method of automatically determining a gain setting, a boost
setting, or a transfer function in accordance with the present disclosure; and
[0016] FIGURE 6 is another method of automatically determining a gain setting, a boost
setting, or a transfer function in accordance with the present disclosure.

DETAILED DESCRIPTION
[0017] Reference will now be made in detail to exemplary embodiments of the present
invention, examples of which are illustrated in the accompanying drawings. It is to be
understood that other embodiments may be utilized and structural and functional changes
may be made without departing from the respective scope of the invention. Moreover,
features of the various embodiments may be combined or altered without departing from the
scope of the invention. As such, the following description is presented by way of illustration
only and should not limit in any way the various alternatives and modifications that may be
made to the illustrated embodiments and still be within the spirit and scope of the invention.
[0018] As used herein, the words “example” and “exemplary” mean an instance, or
illustration. The words “example” or “exemplary” do not indicate a key or preferred aspect or
embodiment. The word “or” is intended to be inclusive rather than exclusive, unless context
suggests otherwise. As an example, the phrase “A employs B or C,” includes any inclusive
permutation (e.g., A employs B; A employs C; or A employs both B and C). As another
matter, the articles “a” and “an” are generally intended to mean “one or more” unless context
suggests otherwise.
[0019] “Logic” refers to any information and/or data that may be applied to direct the
operation of a processor. Logic may be formed from instruction signals stored in a memory
(e.g.. a non-transitory memory). Software is one example of logic. In another aspect, logic
may include hardware, alone or in combination with software. For instance, logic may
include digital and/or analog hardware circuits, such as hardware circuits comprising logical
gates (e.g., AND, OR, XOR, NAND, NOR, and other logical operations). Furthermore, logic

may be programmed and/or include aspects of various devices and is not limited to a single
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device. Furthermore, the terms “user,” “customer,” “consumer,” and the like are employed
interchangeably throughout the subject specification, unless context suggests otherwise or

warrants a particular distinction among the terms. It is noted that such terms may refer to
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human entities or automated components supported through artificial intelligence (e.g., a
capacity to make inference). As such, embodiments may describe a user action that may not

require human action.

% < 2% ¢

[0020] “User equipment,” “device,” “user equipment device,” “client,” and the like are
utilized interchangeably in the subject application, unless context warrants particular
distinction(s) among the terms. By way of example, user equipment may comprise an
electronic device capable of wirelessly sending and receiving data. A user equipment device
may have a processor, a memory, a transceiver, an input, and an output. Examples of such
devices include cellular telephones (e.g., smart phones), personal digital assistants (PDAs),
portable computers, tablet computers (tablets), hand held gaming counsels, wearables (e.g.,
smart watches), global positioning system (GPS) devices, and the like.

[0021] As used herein, a towing vehicle may include various types of automobiles (e.g.,
car, truck, recreational vehicle (“RV™), etc.). A towed vehicle may include trailers (e.g.,
agricultural trails, boat trailers, etc.), an automobile, or the like. It is noted that various
combinations of towed vehicles and towing vehicles may utilize some or all aspects of this
disclosure.

[0022] Disclosed embodiments may refer to a brake controller, brake controller device, or
the like. Such terms are used interchangeably to describe electronic devices that control the
brakes of a trailer or towed vehicle. For instance, a brake controller may comprise a unit that
is mounted in or on a towing vehicle. The towing vehicle is attached to a towed vehicle (e.g.,
via a hitch or the like). The towing vehicle may pull, push, or otherwise tow the towed
vehicle. The brake controller system may monitor acceleration and application of a brake
pedal to control the brakes of the towed vehicle to operatively apply (e.g., engage, release,
etc.) the towed vehicle brakes. Moreover, while embodiments may refer to a brake controller
system comprising various components, such components may be a single device or multiple
devices in communication with each other. For example, a brake controller may include a
display, a processing unit, and an accelerometer. These components may be comprised within
a single housing or in multiple housings. The components may include wiring, circuitry, or
the like. In at least one embodiment, a brake controller may be mounted in or on a towing or
towed vehicle. Other components may include anti-sway devices, converters, trailer
breakaway systems, tire pressure monitoring systems for trailers, vehicle speed monitoring
systems, user equipment devices, internet or network connected devices, external cameras,

and the like.
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[0023] Disclosed embodiments may include user interfaces. As used herein, a user
interface may include devices that receive input from a user and transmits the input to
electronic circuitry, such as a microprocessor, or outputs information from electronic
circuitry to a user. Such user interfaces may include buttons, switches, knobs, touch screens
(e.g., capacitive touch screens), microphones, image capturing devices, motion sensors,
pressure sensors, a display screen, a speaker, a light (e.g., LED, bulb, etc.), or the like. For
brevity, examples may be described with reference to a user interface in general rather than
any particular type of user interface. It is noted that brake controllers may include multiple
user interfaces of various types.

[0024] Networks or communication networks may include wired or wireless data
connections to a network (e.g., Ethemet, Wi-Fi, cellular network, local area connections,
etc.). Embodiments, for example, may utilize various radio access network (RAN), e.g., Wi-
Fi, Wi-Fi direct, global system for mobile communications, universal mobile
telecommunications systems, worldwide interoperability for microwave access, enhanced
general packet radio service, third generation partnership project long term evolution (3G
LTE), fourth generation long term evolution (4G LTE), third generation partnership project 2,
BLUETOOTH®), ultra mobile broadband, high speed packet access, x™ generation long term
evolution, or another IEEE 802.XX technology. BLUETOOTH (in any of its various
iterations), various wireless technologies for exchanging data over short distances (e.g.,
ZigBee, RuBee, DASH7, etc.), and other protocols and personal area networks may be
utilized. Wireless communication may also include, in whole or in part, communications
transmitted over more traditional local area networks (including such networks provided by
the vehicle and/or trailer/towed product) or cellular data networks, so as to incorporate
aspects of cloud-based computing systems, information available via world wide web and
other internet connectivity, and the like. As such, any indication of “wireless,” “Wi-Fi,” or
other similar terminology should be read expansively (at least within the context it is used)
throughout this disclosure. Moreover, embodiments may use one or more different
communications protocols or devices (whether wired or wireless) to communicate between
the various components of the system.

[0025] In some traditional brake controllers, users may manually set the gain of the brake
controller. Users, such as installers, often set the gain after initially mounting or installing a
brake controller. The gain adjusts (e.g., increases, decreases, etc.) the power applied to the
trailer’s brakes during a braking event by the brake controller. A manual process of adjusting

the gain may include the following steps performed by one or more users:
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[0026] 1. Connecting the towed vehicle to a towing vehicle.

[0027] 2. With engine running, set the gain to a known level via a user interface (e.g.,
half power, three-quarters power, etc.).

[0028] 3. Driving the towing vehicle and towed vehicle on a dry level paved surface at a
given speed (e.g., 25 mph) and then press a user interface that manually overrides braking of
the brake controller to cause the brake controller to apply trailer brakes at a maximum level
of braking or pressing the brake pedal. If a user observed the trailer brakes locking up, the
user would decrease the gain until the brakes were no longer locked. If braking did not
initially lock up the trailer brakes, the user would increase the gain until the brakes locked,
then decrease the gain until they did not lock. The user would then use this gain setting (e.g.,
the setting just below brake locking). The user may repeat this process to adjust the gain.
However, in practice the user may not adjust the gain after an initial setup even if the towing
parameters change that would necessitate making adjustments again. Further, the user may
“eye-ball” or randomly select a gain. This may result in inefficient gain.

[0029] Furthermore, users manually set boost settings in some traditional brake
controllers. The “boost” setting may adjust the sensitivity of an accelerometer. A boost may
set an initial output from a brake controller to the trailer brakes. For example, a brake
controller may include a number of boost settings of levels (e.g., which may be set with a
user interface). For simplicity, an exemplary brake controller may include three boost levels
called B1, B2, and B3. With the boost off, during a braking event, the power to the brakes
starts out at zero and increases during a braking event. With the boost on level 1, B1, during a
braking event, the power automatically starts out at a first level (e.g., 13%) of the power
setting and increases with deceleration. With the boost on level 2, B2, or with the boost on
level 3, B3, during a braking event, the power automatically starts out at a second level (e.g.,
25%) or third level (e.g., 30 %), respectively. A user would manually select the boost based
on conditions, such as whether the weight or load of the towed vehicle (e.g., whether a trailer
is empty, carrying objects, etc.), a user’s preference, brake performance, or the like. To adjust
the boost setting, the user may interact with the brake controller via a user interface. Similar
to the gain, in practice the user may not adjust the boost after an initial setup even if the
towing parameters change that would necessitate making adjustments again. Further, the user
may “eye-ball” or randomly select a boost. This may result in inefficient boost.

[0030] Braking intent is an unknown factor in traditional aftermarket brake controllers.
Thus, brake controllers may use a transfer function for gain or boost adjustments. This

transfer function may be determined by a ratio of deceleration (e.g., which may be sensed or
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determined by an accelerometer) and characteristics of the output signal sent to trailer brakes
(e.g.. change in power applied to brakes, change in current/voltage applied to brakes, etc.).
The transfer function may then be utilized to determine values of the signal sent to the trailer
brakes by a brake controller. However, this transfer function does not consider braking intent.
For instance, brakes are more efficient when a towed vehicle or towing vehicle is traveling at
low speeds. Without knowing the speed, brake controls may apply too much or too little
power to the brakes. As a result, the brakes of the towed vehicle may lock up at low speeds.
Systems and methods to measure the speed and adjust the output according to the speed are
described herein.

[0031] Embodiments described herein may determine a transfer function based on
braking intent and the signal sent to the trailer brakes by a brake controller. Braking intent
may be determined or inferred based on one or more operating parameters or conditions.
Operating parameters may include conditions associated with the towed vehicle, towing
vehicle, and/or environment. In at least one example, the operating conditions may include
conditions of the towing vehicle brake system, towed/towing vehicle speed, the towing
vehicle weight, the towed vehicle weight, the towed vehicle brake condition, road conditions
(e.g., gravel, paved, weight, dry, etc.), weather conditions (e.g., precipitation, temperature,
wind, etc.), or the like. In an aspect, embodiments may provide for a brake controller system
that may automatically (e.g., without user interaction) adjust the boost or gain settings of a
brake controller. For instance, a brake controller may determine a gain or boost level to
utilize based on one or more operating parameters or conditions. In some embodiments, the
brake controller may utilize historical operating parameters or conditions. For example, the
brake controller may store information when a user stops the vehicle’s motion or turns the car
off. The brake controller may recall this information when the user starts the car up again or
begins to travel. It is noted that described brake controllers may automatically adjust the gain
and not the boost, boost and not the gain, or both the gain and the boost.

[0032] In an embodiment a system may comprise at least one sensor operatively
determining a parameter associated with a braking event; and a brake controller comprising
an accelerometer and a processor, the processor in operative communication with the at least
one sensor and configured to receive data from the at least one sensor, and wherein the
processor determines at least one of a gain level or a boost level based on the data received
from the at least one sensor. The at least one sensor may be operatively disposed proximal to
at least one of an axel or a wheel of a vehicle or a trailer and operatively measures a change

in the vehicle speed or the trailer speed. The at least one sensor may comprises a speed
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sensor. The speed sensor may be an accelerometer. The speed sensor may be operatively
coupled to a lug nut of the vehicle or the trailer. The processor may initiate a calibration
process to determine at least one of the gain level or the boost level based on an occurrence of
a triggering event. The triggering event may comprise at least one of a passage of time,
button press, weather condition, sensed speed, or rake peddle depression. The processor may
determine the weather condition based on at least one of activation or deactivation of
windshield wipers, or input from a user device. The at least one sensor may comprise a sensor
disposed generally proximal to a brake peddle of a vehicle to measure forces applied to the
brake peddle. The processor may operatively override the determined gain level or boost
level in response to receiving a user request to override the determined gain level or boost
level.

[0033] In another aspect a brake controller may comprise a hardware processor and a
memory storing computer executable instructions; a  wireless communication device
coupled to the hardware processor and in operative communication with a speed sensor;
wherein the processor conducts a calibration process to automatically determine at least one
of a gain setting, boost setting, or transfer function as a function of information received from
the speed sensor. The hardware processor determines whether a brake peddle of a towed
vehicle is not depressed and initiates the calibration process when the brake peddle is not
depressed. In another aspect, the hardware processor determines whether the brake peddle of
a towed vehicle is not depressed and initiates the calibration process in response to
determining that the brake peddle is depressed. The hardware processor ramps an output from
the hardware processor to brakes of a trailer in response to initiating the calibration process.
The hardware processor monitors for a wheel lock-up based on an input received from the
speed sensor as the output is ramped. The hardware processor terminates the ramping in
response to detecting the wheel lock-up, reduces the output until the wheel lock-up
terminates, and sets a gain value based on a value of the output at the time when the wheel
lock-up terminates.

[0034] A method for automatically determining a gain setting for a brake controller is
described. The method comprises monitoring, by the brake controller, for a triggering event
and initiating a calibration of the gain setting in response to the triggering event; ramping
output of the brake controller to brakes of a trailer; receiving input from a sensor operatively
attached to at least one of a wheel or an axel of the trailer; determining whether the wheels
of the trailer are locked based on the input received from the sensor; terminating, in

response to determining that the wheels of the trailer are locked, the ramping of the output of
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the brake controller to the brakes of the trailer; reducing the output of the brake controller to
the brakes of the trailer to a value until the wheels are no longer locked; and determining the
gain setting based on the value. The method may further comprise determining whether a
speed of the trailer is within a predetermined range of speeds; allowing initiation of the
calibration process when the speed is determined to be within the predetermined range; and at
least one of disabling or notifying a user that the speed is determined to be not within the
predetermined range. In another aspect, the method may comprise determining the gain
setting 1s further based on at least one of a weather condition, road grade, or trailer load.
Moreover, the method may comprise generating a suggested modification of a setting of a
brake controller based a history of calibrations.

[0035] Turning now to FIG. 1, there is a functional block diagram of a brake controller
system 100 for controlling trailer brakes of a towed vehicle in accordance with various
disclosed embodiments. As described herein, the brake controller system 100 may be a
proportional or inertia based system for a towing and towed vehicle system.

[0036] Brake controller system 100 may primarily include a processor 104, a memory
106, an accelerometer 108, a communication component 110, and user interface(s). It is noted
that memory 102 may store computer executable instructions which may be executed by
processor 104. In an aspect, instructions may include control instructions that control or
instruct the various components described herein. Furthermore, while embodiments may
reference user actions, it is noted that users (e.g., humans, etc.) may not be required to
perform such actions. Exemplary, non-limiting brake controller units are disclosed in United
States Patent Nos. 6,012,780; 6,068,352; 6,282,480, 6,445993; 6,615,125, 8,746,812;
8,789,896; and 9,150,201.

[0037] The accelerometer 108 may comprise an inertia sensor, such as a single or multi-
axis accelerometer (e.g., two-axis, three-axis, etc.), gyroscope, or the like. It is noted that
various types of accelerometers may be utilized. While described as a single accelerometer,
the accelerometer 108 may comprise multiple accelerometers that may be utilized to measure
forces. The accelerometer 108 may comprise circuitry or mechanical components that are
responsive to changes in forces, such as changes in acceleration. The accelerometer 108 may
be communicated to other components of the brake controller 102 such as the processor 104.
For example, the brake controller 102 may be mounted in a cab of a towing vehicle. When
the towing vehicle changes its speed and/or travels on a different road grade, the

accelerometer 108 may generate an output that represents different values. This output may
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be received by the processor 104. The output may comprise an electric signal that varies
based on the magnitude of acceleration.

[0038] User interface(s) 112 may comprise input or output devices as described herein.
For example, the user interface(s) 112 may include push buttons, display screen, audio input
or output devices, and the like. The user interfaces(s) 112 may be coupled to the processor
104 to communicate information to or from a user. For example, the user interface(s) 112
may include a display that is controlled by the processor 104 to generate output 122 in the
form of graphical information. In another instance, the user interface(s) 112 may include push
buttons that receive input 120 from a user and transmit the input 120 to the processor 104
(e.g., manual brake application, sensitivity adjustments, etc.).

[0039] Communication component 110 may comprise one or more communication
devices that may receive input 120 and transmit output 122. The communication component
110 may comprise hardware, software, and/or a combination of hardware and software.
According to embodiments, the communication component 110 may comprise electrical
circuitry that facilitates wired or wireless communication. For example, the communication
component 110 may comprise a BLUETOOTH® transmitter/receiver. In another example,
the communication component 110 may comprise a wire jack, such as an Ethernet connector,
USB port, or the like. It is noted that the communication component 110 may include a
device that may be disposed within a housing of the brake controller 102 or may be an
external device connected to the brake controller 102.

[0040] As described in this disclosure, the processor 104 may automatically determine a
gain or boost setting based on braking intent. In at least one embodiment, the processor 104
may determine the speed or rate of travel of at least one of the towing or towed vehicle.
Examples may refer to speed of either the towing vehicle or towed vehicle for simplicity of
explanation. However, it is noted that described examples may utilize various speeds such as
the speed of the towed vehicle, towing vehicle, or both the speed of the towed and towing
vehicle. The speed may be measured by the brake controller 102 or may be received by
communication component 110 as input 120.

[0041] In a first exemplary calibration, the gain and boost may be automatically
determined based on comparison of a braking event with a trailer connected and a braking
event without a trailer connected. For instance, when the trailer is not connected, braking
intent vs. deceleration (x) at a speed will be measured. In an example, a user will drive the
vehicle at a given speed or range of speeds (e.g., 35 mph, 25-45 mph, etc.). The user then

applies the brake peddle to cause the vehicle to decelerate. The deceleration may be measured
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by an accelerometer 108. The braking intent may be measured via a sensor operatively
sensing aspects of the brake peddle, such as a transducer, accelerometer or other sensor
coupled to the brake peddle or a floor board of the vehicle. As such, braking intent may
include measuring the rate or force at which a user presses the brake peddle. The ‘x” variable
may be a function of the braking intent and the deceleration. The ‘x” value may be stored in
memory 106. For instance, the brake controller system 100 may determine a connectivity
state of the brake controller system 100 relative a trailer. If the connectivity state is “not
connected” with the brakes of the trailer, the brake controller system 100 may measure the “x’
value. As described herein, the braking intent vs. deceleration may be measured as a function
of a change in speed over time and braking power (e.g., voltage, current, etc.) determined by
the brake control system 100 for the trailer brakes.

[0042] When the trailer is connected, braking intent vs. deceleration (y) at a speed will be
measured. In an aspect, the speed may be the same or within a similar range as when
determining the ‘x’ variable. The ‘y’ value may be stored in memory 106. As described
herein, the brake controller system 100 may determine the connectivity state and may
measure the ‘y’ value when the connectivity state is “connected” with brakes of a trailer. It is
noted that in some embodiments, a user may manually provide input regarding the
connectivity state via user interface(s) 112. In an aspect, the change in speed reduction
between the not connected and the connected braking events may generally indicate the
weight of the towed vehicle.

[0043] The variables ‘x” and ‘y’ may be used to determine gain, transfer curve and boost.
It is noted that the “x” value may be stored and utilized for comparison with different trailers
or loads. The processor 104 may review the intent vs. deceleration periodically to assess
change in operating parameters and the processor 104 may determine updated gain, transfer
curve or boost settings.

[0044] As noted, the brake controller system 100 may determine the gain, transfer curve
or boost settings based on other operating parameters. Such parameters may be determined
from input 120 received from one or more sensors. This input 120 may include, for example,
conditions of the towing vehicle brake system, towed/towing vehicle speed, the towing
vehicle weight, the towed vehicle weight, the towed vehicle brake condition, road conditions
(e.g., gravel, paved, weight, dry, etc.), weather conditions (e.g., precipitation, temperature,
wind, etc.), or the like. The processor 104 may receive the operating parameters and may
determine the gain, transfer curve or boost settings based on a stored process, a lookup table,

or the like.
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[0045] It is noted that the first exemplary calibration may be performed by a user during a
controlled process where the user actively executes certain actions or steps. In some
embodiments, the calibration process may occur automatically where the ‘x” value is
obtained when a trailer is not connected, the vehicle is traveling at a given speed and a
braking event occurs. The ‘y’ value may be similarly obtained when the trailer is connected,
the vehicle is traveling at a given speed and a braking event occurs.

[0046] In some embodiments, the gain and boost may be automatically determined via a
calibration process that utilizes a speed sensor to measure changes in rotation of a vehicle
wheel or speed of the vehicle wheel during a single braking event rather than comparing a
first braking event without a trailer connected to a second braking event when the trailer is
connected.

[0047] For instance, a sensor (e.g., an accelerometer or the like) may be disposed
proximal a vehicle axle or wheel, such as in a hub cub, a lug nut, or the like. The sensor may
operatively measure rotation of the wheel. The calibration may occur during a braking event
(e.g., when the user applies the brake peddle) or a non-braking event (e.g., at a time other
than when the user applies the brake peddle) as described in more detail below.

[0048] It is noted that the calibration process may be initiated based on a triggering event.
Triggering events may include, for example, receiving user input received via the user
interface(s) 112 to instruct the brake controller 102 to begin a calibration (e.g., the user
pushes a button), passage of time (e.g., periodically, hourly, daily, etc.), weather conditions
(e.g.. which may be received via a smart phone, vehicle control panel, GPS device, activation
of windshield wipers, etc.), speed of the vehicle (e.g., speed within a range or at a certain
value), changes in inclination of a roadway, starting or stopping the vehicle, location
information, or the like.

[0049] During the calibration, the vehicle is in motion. The brake controller 102, via the
processor 104, may generate output 122 to the trailer brakes. The processor 104 may generate
a gradually increasing or ramping output that may initially start at a low value (e.g., low
voltage, current, duty cycle, etc.). This may induce a relatively small amount of braking or no
braking in the trailer brakes. The processor 104 may increase the brake output (e.g., such as
in incremental steps in amplitude, voltage, or the like) and may monitor or measure the wheel
speed received as input 120. In an aspect, the processor 104 may increase the braking output
in steps (e.g., 1 volt, 1.5 volts, etc.). While increasing the brake output, the processor 104

may operatively communicate with a speed sensor, such as a wheel speed sensor described
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herein. If the wheel speed plateaus or comes to zero, this may indicate that the current brake
output has induced the wheels to lockup.

[0050] The processor 104 may use the detected wheel lockup to automatically set the
gain value. For instance, the processor 104 may set the gain based on the last known brake
output that did not induce wheel lock up. In another aspect, the processor 104 may detect the
brake lockup and decrease the brake output until the wheel is no longer locked. The processor
104 may determine that the wheel is no longer locked by analyzing input from the speed
sensor. For example, if the speed sensor indicates a change in speed then the processor 104
may determine that the wheel is spinning and no longer locked. The decrease in brake output
may follow a gradual stepped reduction in output. The processor 104 may then determine the
gain based on the level of brake output where the wheels are no longer locked. In some
embodiments, the processor 104 may utilize the gain value applied when the brakes are no
longer locked.

[0051] In at least one example, the brake controller 102 may perform the calibration
process during a braking event without requiring the user providing any input to initiate the
calibration process. For example, if the user is traveling at a given speed, the brake controller
102 detects activation of the vehicle brakes (e.g., such as through a sensor coupled to the
brake peddle or sensing activation of brake lights of the vehicle), and a triggering event
occurs (as described herein), then the brake controller 102 may initiate the calibration
process. The calibration process increases the brake output until lock-up is detected, then
stops ramping the output and backs off the gain until the brake controller 102 detects that the
lock-up condition is removed.

[0052] In another example, the brake controller 102 may perform the calibration process
during a non-braking period at the request of a user or based on another triggering event. In
an aspect, the user may be driving at a given speed with the trailer connected to the towing
vehicle. During a non-braking period, the brake controller 102 initiates the calibration. The
calibration process may be similar to what is described above where the processor 104 ramps
the brake output and monitors for wheel lock-up. When the processor 104 detects the lock-up,
the processor 104 may back off the current gain value until the wheels are no longer locked.
The processor 104 may then select the gain value corresponding to the wheels becoming not
locked as the gain value. It is noted that the user may feel a slight pull or tug as the processor
104 applies the brakes or as the wheel locks when the calibration process is executed during a
non-braking event. When executing the calibration process during the braking event, the pull

or tug may be less noticeable or not detected by a user.
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[0053] The speed at which the vehicle is traveling may affect the calibration process. For
instance, if the vehicle is traveling at too low or too high of speeds during calibration then the
calibration may not be ideal. In another aspect, the calibration may be more noticeable at
higher or lower speeds. As such, the brake controller 102 may initiate calibration at certain
speeds and may not calibrate the gain or boost at other speeds. For example, the brake
controller 102 may initiate calibration when a speed sensor(s) measures the speed of the
vehicle at 35 mph, between 25-45 mph, or the like. It is noted that the speed or range of
speeds may vary depending on the type of vehicle, weight of a trailer, weather conditions or
other operating parameters.

[0054] Some embodiments may prevent a user from initiating calibration when speeds
are not within a desired range. For instance, a user may provide input to instruct the brake
controller 102 to initiate a calibration process. The processor 104 may determine the speed of
the vehicle (such as via a speed sensor) and may determine whether or not to execute the
calibration process based on the speed. If the speed is too high or too low, the processor 104
may instruct the interface(s) 112 to provide an error message to the user, notify the user, or
the like. It is noted that the user may override the error message in some embodiments.
Moreover, the processor 104 may provide error messages at other times. For instance, the
processor 104 may provide an error message if the user attempts to initiate calibration
without the trailer connected or otherwise attempts to initiate calibration outside of instructed
operation.

[0055] While embodiments may refer to measuring rotation of the wheel, it is noted that
the wheel is operatively connected to the axle. As such, reference to measuring rotation of a
wheel includes measuring rotation of the axle and vice versa, unless context suggests
otherwise or warrants a particular distinction for a given example.

[0056] In an aspect, the processor 102 may utilize processing techniques, such as
artificial intelligence, statistical models, or other processes and/or algorithms. These high
level-processing techniques can make suggestions, provide feedback, or provide other
aspects. In embodiments, master controls may utilize classifiers that map an attribute vector
to a confidence that the attribute belongs to a class. For instance, master controls may input
attribute vector, x = (x1, x2, x3, x4, xn) mapped to f(x) = confidence(class). Such
classification can employ a probabilistic and/or statistical based analysis (e.g., factoring into
the analysis sensed information and braking attributes) to infer suggestions and/or desired
actions. In various embodiments, processor 102 may utilize other directed and undirected

model classification approaches include, e.g., naive Bayes, Bayesian networks, decision trees,
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neural networks, fuzzy logic models, and probabilistic classification models providing
different patterns of independence. Classification may also include statistical regression that
is utilized to develop models of priority. Further still, classification may also include data
derived from another system, such as automotive systems.

[0057] In accordance with various aspects, some embodiments may employ classifiers
that are explicitly trained (e.g., via a generic training data) as well as implicitly trained (e.g.,
via observing user behavior, user interaction with components, user preferences, historical
information, receiving extrinsic information). For example, support vector machines may be
configured via a learning or training phase within a classifier constructor and feature
selection module. Thus, the classifier(s) may be used to automatically learn and perform a
number of functions, including but not limited to determining, according to historical data,
suggestions for gain and/or sensitivity settings. This learning may be on an individual basis,
i.e., based solely on a single user, or may apply across a set of or the entirety of the user base.
Information from the users may be aggregated and the classifier(s) may be used to
automatically learn and perform a number of functions based on this aggregated information.
The information may be dynamically distributed, such as through an automatic update, a
notification, or any other method or means, to the entire user base, a subset thereof or to an
individual user. Examples of this may be found in United States Patent Application Number
15/261,312, which is hereby incorporated by reference.

[0058] It is further noted that the brake controller 102 may include manual overrides that
allow a user to manually set the gain, transfer curve or boost. Moreover, embodiments may
determine one of the gain, transfer curve or boost and not the others. It is noted that brake
controller 102 may be configured to enable or disable automatically determining the gain,
transfer curve or boost based on user preferences, based on a threshold speed or acceleration,
or the like.

[0059] Turning now to FIG. 2, there is an exemplary diagram of a brake controller system
200 for a towing vehicle 202 and a towed vehicle 204. A brake controller 210 may be
mounted in the towing vehicle 202. The brake controller 210 may be operatively connected to
brakes (not shown) of the towed vehicle 204. The brake controller 210 may operatively apply
the brakes of the towed vehicle 204 according to a desired amount of stopping force. The
brake controller system 200 may comprise all or some aspects described with reference to the
brake controller system 100 of FIG. 1.

[0060] The brake controller system 200 may include one or more speed sensors 212 and

214. The speed sensors 212 or 214 may measure the speed of the towing vehicle 202 or
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towed vehicle. As described above, examples may refer to “speed” as either the towing or
towed vehicle speed. Moreover, examples may describe aspects or processes associated with
speed sensor 212 for brevity. Such processes may also be performed by speed sensor 214
unless noted otherwise.

[0061] The speed sensor 212 may comprise an accelerometer, gyroscope, or other
electronic device. The speed sensor 212 may be mounted on a wheel, axle, a lug nut, or other
portion of the towing or towed vehicle. For instance, an accelerometer may be mounted on a
tire stem, concentric with a wheel, or the like. As the wheel rotates, the accelerometer may
determine wheel speed. For instance, the accelerometer’s first axis may be used to sense the
rotation of the wheel. The first axis is the axis that is closest to being tangential to the
circumference of the tire or perpendicular to it. Note that besides the rotation, the
accelerometer is also affected by the deceleration of the vehicle. The accelerometer output
changes in a sinusoidal fashion as the wheel rotates. Thus, the rotation of the wheel angle as a
function of time can be measured. This dO/dT is measured as a function of the brake output
(e.g.. voltage, power, current, etc.) sent to or calculated for the trailer brakes and may
represent the braking intent. The lower the dO/dT for a given brake voltage, the lower the
effective pu of the road surface. In some systems, the lower the effective u and more effective
the brakes may be or the lighter the trailer may be. In other systems, the brakes may be less
effective or the lighter the trailer may be. Accordingly, the brake controller 210 may
automatically select a gain value that is lower and a less aggressive transfer function,
including lower boost level for those instances where the brakes are more effective or the
trailer may be lighter. In instances where the brakes are less effective or the trailer is heavier,
the rake controller 210 may automatically select a gain value that is higher and a more
aggressive transfer function. In other embodiments when the dO/dT is higher the higher the
effective u and the brake controller 210 may select an operative gain, boost or transfer
function. For instance, the brake controller 210 will select a higher value of gain and more
aggressive transfer function, including higher boost level or may select lower values based on
other operating parameters.

[0062] It is noted that the speed may be communicated from the speed sensor 212 to the
brake controller 210, such as via a BLUETOOTH® module, or other communication
protocol. In another aspect, the deceleration may be communicated from the speed sensor 212
to the brake controller 210. In at least one embodiment, the brake controller 210 may not

include an internal accelerometer and may rely on the speed sensor 212. In another example,
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the brake controller 210 may utilize an internal accelerometer in conjunction with the speed
sensor 212,

[0063] According to an embodiment, the brake controller 210 may store speed,
acceleration, gain, transfer function, and boost settings in a memory. The brake controller 210
may use this historical data to determine updated gain, transfer function, and boost settings.
For instance, if speed falls below a threshold value for a given braking power, the wheels
may be in a locked state. This may indicate that the current value of braking power represents
a gain value. Thus, during regular braking events, ‘gain’ can be calculated and compared with
old gain values. A lower gain compared with prior gain values can be utilized as a result of
low u road surface. However, in some embodiments the higher gain values may be utilized as
a as a result of low u road surface and other operating parameters.

[0064] It is noted that the brake controller 210 may receive input from various other
sensors or data collection/communication devices, examples of such are described in United
States Patent Application 15/261,312, and various other sensors are described herein. In an
example, sensors may include an environmental sensor 220 that may measure wind speeds,
directions, humidity, or the like. The environmental sensor 220 may communicate collected
measurements to the brake controller 210 via a communications protocol as described herein.
In at least one embodiment, the brake controller 210 may receive such information from a
network connected device (e.g., Internet connected device, cellular service connected device,
etc.), user input, or the like.

[0065] The fifth wheel hitch or gooseneck coupler and ball modules 222 may sense and
collect various data parameters related to the function of a fifth wheel hitch or gooseneck
coupler and ball and/or the conditions under which such operates. As an example, the module
222 may perform warranty or diagnostic type data collection as it relates to cycles, load, trip
data, vibration profile, misuses occurred such as loading with jaws closed or highball
attachment, age, and additional sensor information. A fifth wheel hitch and gooseneck
coupler and ball module 222 may communicate data related to the function of a fifth wheel
hitch or gooseneck coupler and ball and/or the conditions under which such operates. For
instance, the module 222 may communicate data to identify goose pop up, connection of
jaws, and second lock latch status. Further, the modules 222 may communicate diagnostic
status such as hitch pin, load, and disconnect status. Additional sensed parameters may
include usage, wear, safety chain engagement, if actuation is open or closed, proximity to

cab/trailer and connection or disconnection.
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[0066] It is noted that a pin box module (not shown) may sense and collect various data
parameters related to the function of a pin box and/or the conditions under which such
operates. By way of a non-limiting example, the pin box module may perform warranty or
diagnostic type data collection as it relates to load, cycles, auto inflate or deflate occurrences,
connection, disconnect, trip data, and vibration profile. The pin box module may
communicate various data parameters related to the function of a pin box and/or the
conditions under which such operates. By way of a non-limiting example, the pin box module
may communicate data to identify connection status, articulation proximity, and air ride.
Further, the module 110F may communicate diagnostic status such as air bag failure,
disconnection, load, high pin, and pressure. Additional sensed parameters may include,
without limitation, auto inflate/deflate, load, tire pressure monitoring system (TPMS), and
proximity. As noted herein, such sensed parameters may include other or different
parameters. Exemplary parameters are provided for purpose of illustration.

[0067] A coupler module 224 may sense and collect various data parameters related to
the function of a coupler and/or the conditions under which such operates. By way of a non-
limiting example, the module 224 may perform warranty or diagnostic type data collection as
it relates to a coupler safety pin, whether the coupler is connected or disconnected, load,
usage, vibration profile, and misuse or wear. The coupler module 224 may communicate
various data parameters related to the function of a coupler and/or the conditions under which
such operates. By way of a non-limiting example, the module 224 may communicate data to
identify connection status or the status of a second lock or catch. Further, the module 224
may communicate diagnostic status such as load, and disconnect status. Additional sensed
parameters may include usage, wear, proximity to cab/trailer, connection or disconnection,
and safety pin.

[0068] A jack assembly module 230 may sense and collect various data parameters
related to the function of a jack assembly and/or the conditions under which such operates.
By way of a non-limiting example, the module 230 may perform warranty or diagnostic type
data collection as it relates to load, cycles, position of the jack (extended or retracted), travel,
pivot, and lubrication. The jack assembly module 230 may communicate various data
parameters related to the function of a jack assembly and/or the conditions under which such
operates. By way of a non-limiting example, the module 230 may communicate data to
identify position, load, and effort. Further, the module 230 may communicate diagnostic

status such as cycles. Additional sensed parameters may include failure, wear/cycle,
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lubrication, electrical drive position or level, warnings for load or overload conditions, assist
in hookup, and proximity related to jack stow or work positions.

[0069] A sway controller module 226 may sense and collect various data parameters
related to the function of a sway controller and/or the conditions under which such operates.
By way of a non-limiting example, the module 226 may perform warranty or diagnostic type
data collection as it relates to road profile data, wheel speed, number of occurrence of sway
control, the magnitude of occurrence of sway control, trailer conditions, gain, load, pin
weight, and number of times a warning message is provided to the user. The sway controller
module 226 may communicate various data parameters related to the function of a sway
controller and/or the conditions under which such operates. By way of a non-limiting
example, the module 226 may communicate data to identify outputs. Further, the module 226
may communicate diagnostic status such as if and/or when a sway event is in progress or has
occurred. Additional sensed parameters may include when and/or if a warning/safety sway
condition exists and wheel speeds at the time of the condition.

[0070] A weight distribution module 228 may sense and collect various data parameters
related to the function of a weight distribution assembly and/or the conditions under which
such operates. By way of a non-limiting example, the module 228 may perform warranty or
diagnostic type data collection as it relates to cycles, load, usage, pads, profile, number of bar
disconnects, clips, and trip data such as turns. The weight distribution module 228 may
communicate various data parameters related to the function of a weight distribution
assembly and/or the conditions under which such operates. By way of a non-limiting
example, the module 228 may communicate data to identify a load, and a level. Further, the
module 228 may communicate diagnostic status such as load, conditions, bar disconnect
status, and friction pad wear. Additional sensed parameters may include usage, wear, load at
head/base, level, proximity, missing clips, and special relationship to other assemblies such as
motorized systems including jack assemblies.

[0071] A windshield wiper module 232 may sense, communicate, and collect various
data parameters related to the function of a windshield wiper and/or the conditions under
which such operates. By way of a non-limiting example, the module 232 may sense when
windshield wipers are operating. If the wipers are operating over a set length of time (e.g., 10
seconds), the brake controller 210 may identify the possibility of wet weather.

[0072] It is noted that brake controller 210 may receive information from some, all or

none of the described sensors or modules. Moreover, the brake controller 210 may
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communicate (wirelessly or via a wired connection) directly with the sensors or modules,
and/or may communicate via a communications bus or hub.
[0073] Moreover, the brake controller 210 may receive information from an internet or
network connected user equipment device, such as smartphone 300 shown in FIG. 3. The
smartphone 300 may include GPS capability, access to communication networks, and the
like. In an example, the brake controller 210 may communicate with the smartphone 300 via
a wireless connection. The brake controller 210 may receive information from the
smartphone 300, such as weather forecasts, information about a current load, information
regarding adjustments to braking settings and various other parameters. It is noted that the
smartphone 300 may receive user input and/or may automatically retrieve information. In
another aspect, the brake controller 210 may transmit data to the smartphone 300, such as
historical and/or current information about the brake controller system 200.
[0074] Figure 4 illustrates a network system architecture 400 that includes a
communication framework 406 for collecting, processing, and communicating data. The
communication framework 406 allows data to be sensed at a particular towing system of the
towed and towing vehicles. An interface device 402 may be in communication with a
computer/processor 404 by way of the communication framework 406 such as the internet,
network, or cloud as is generally known in the art or as may be developed in the future. The
processor 404 and communication framework 406 of the system architecture 400 may also
include on on-line web server. The interface device 402 may be a computer, smartphone,
tablet, brake controller, GPS device, laptop, or other device that is accessible by the user to
access a website application. The towing system device modules 410 may be in
communication with the computer/processor 104 by way of the communication framework
406.
[0075] The computer/processor 404 of the network system 400 may include a database
that is configured to receive the sensed data from at least one towing system device module.
Sensed data may be collected through the communication framework 406 and stored at the
database maintained within the computer/processor 404. The collection of sensed data may
then be processed to identify various data sets. The data sets may then be communicated to
the interface device 402. The network system 400 may process information and provide
instructions to perform actions. As such, the network system 400 may be an active system. It
is noted that embodiments may comprise a passive or diagnostic system. Moreover,
embodiments may include different modes (e.g., active and passive) that may be selectively
engaged.
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[0076] The data obtained from the system may permit the manufacturer to be more in
touch with the end user. It may allow the manufacturer to provide users with
recommendations as to the settings of the various towing accessory devices or uses of the
towing accessory devices. For instance, a network system 400 may receive input from one or
more users or user devices (e.g., smart phones communicatively coupled to a brake
controller). The network system 400 may determine adjustments or best fit settings for a
given user based on driving habits, load, a user’s towed or towing vehicle, or the like. The
best fit settings may be communicated to the user via an interface, such as a screen of a smart
phone or display of a brake control unit. In another aspect, the best fit settings may be utilized
to automatically adjust settings of a brake controller without requiring user action to approve
the modifications or enter the adjustments. It is noted, however, that some embodiments may
allow a user to opt-in or opt-out of automatic updates. Moreover, a user may be prompted to
provide input to approve the automatic updates.

[0077] In view of the subject matter described herein, methods that may be related to
various embodiments may be better appreciated with reference to the flowcharts of FIGs. 5-6.
While the methods are shown and described as a series of blocks, it is noted that associated
methods or processes are not limited by the order of the blocks unless context suggests
otherwise or warrants a particular order. It is further noted that some blocks and
corresponding actions may occur in different orders or concurrently with other blocks.
Moreover, different blocks or actions may be utilized to implement the methods described
hereinafter. Various actions may be completed by one or more of users, mechanical
machines, automated assembly machines (e.g., including one or more processors or
computing devices), or the like.

[0078] FIG. 5 is a flow chart of an exemplary method 500 of automatically determining a
gain setting, boost setting, or transfer function for a boost as described herein. The method
500 may be utilized to calibrate the gain, boost, or transfer function upon a triggering event as
described herein. The method 500 may calibrate the settings based on a comparison of a
braking event where a towed trailer is connected and is not connected.

[0079] At 502, a brake controller (e.g., brake controller 102 via processor 104) may
initiate a calibration process. The calibration may be initiated by a button press or another
triggering event. In an aspect, the vehicle is not connected to a trailer at reference 502.
Moreover, the vehicle is driven to a desired speed. It is noted that the brake controller may

notify the user when the speed is reached.
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[0080] At 504, the brake controller may measure braking intent and deceleration, and
calculate an “x” value based on the braking intent and deceleration. For instance, the user may
press the brake peddle of the towing vehicle and intent may be measured via a sensor coupled
to the brake peddle. The brake controller may utilize an accelerometer to measure
deceleration. The brake controller may store the ‘x’ value in a memory as described herein.
[0081] At 506, the trailer may be attached to the towing vehicle and the vehicle may be
brought to the desired speed (e.g., it is noted that the method may allow or account for some
variance or margin of error). It is noted that this may completed by an end user or an installer.
[0082] At 508, the brake controller may measure braking intent and deceleration, and
calculate a ‘y’ value based on the braking intent and deceleration. Similar to reference
number 504, the intent and deceleration may be measured when the user applies the brakes.
[0083] At 510, the brake controller may determine (e.g., calculate) at least one of a gain
setting, boost setting or transfer function. It is noted that the brake controller may determine
the gain setting and then may calculate the boost as a function of the determine gain as well
as the transfer function. Moreover, the brake controller may determine the settings based on
comparison of the ‘x’ value and the ‘y” value.

[0084] Turning now to FIG. 6, there is a method 600 that may automatically determine at
least one of a gain setting, boost setting or transfer function based on detecting trailer wheel
lock-up from input of a speed sensor, which may comprise an accelerometer mounted on a
wheel, axle, a lug nut, or other portion of the towing or towed vehicle.

[0085] At 602, a brake controller (e.g., brake controller 102) may monitor for a triggering
event as described herein. For instance, the brake controller may monitor for occurrence of
one or more operating conditions, such as the trailer operatively connected to the brake
controller and towing vehicle, the vehicle traveling at a speed or range of speeds, weather
condition, button press, or the like. It is further noted that the triggering event may include
determining whether or not a brake peddle has been depressed by a user as described herein.
[0086] At 604, the brake controller may initiate a calibration process in response to
detection of the triggering event.

[0087] At 606, the brake controller may ramp a brake output. Ramping of the brake
output may include increasing a voltage, amplitude, duty-cycle, or the like of output from the
brake controller to the towing vehicle brakes. The ramping may include increasing the brake
output in discrete steps at given time intervals.

[0088] At 608, the brake controller may monitor for wheel lock-up. For example, the

brake controller may operatively communicate with a speed sensor through a wireless
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connection, such as BLUETOOTH, or the like. The speed sensor may output measurements
of wheel rotation. If the output of the speed sensor does not indicate wheel lock-up (e.g., the
output is not zero or generally zero), then the method may continue to ramp at 606. If the
output of the speed sensor indicates that the wheels have locked, then the method may
proceed to reference number 610.

[0089] At 610, the brake controller may detect the wheel lock-up and end the ramping of
the output to the trailer brakes as described herein.

[0090] At 612, the brake controller may decrease the gain until the wheels are no longer
locked. The brake controller then sets the gain value associated with the wheels becoming
unlocked as the gain value for the brake controller. It is noted that the brake controller may
determine a boost setting or a transfer function as a function of the gain value. In some
embodiments, the brake controller may determine the boost setting or the transfer function as
a function of the gain setting and operating parameters, such as whether conditions, road
inclination, trailer load, or the like as described herein.

I

system,” “interface,”

EE RN 2 <c

[0091] As used herein, the terms “component,” “module,

RN RN

“platform,” “service,” “framework,” “connector,” “controller,” or the like are generally
intended to refer to a computer-related entity. Such terms may refer to at least one of
hardware, software, or software in execution. For example, a component may include a
computer-process running on a processor, a processor, a device, a process, a computer thread,
or the like. In another aspect, such terms may include both an application running on a
processor and a processor. Moreover, such terms may be localized to one computer and/or
may be distributed across multiple computers.

[0092] While methods may be shown and described as a series of blocks, it is noted that
associated methods or processes are not limited by the order of the blocks. It is further noted
that some blocks and corresponding actions may occur in different orders or concurrently
with other blocks. Moreover, different blocks or actions may be utilized to implement the
methods described hereinafter. Various actions may be completed by one or more users,

mechanical machines, automated assembly machines (e.g., including one or more processors

or computing devices), or the like.
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CLAIMS

What is claimed is:
1. A system comprising:

at least one sensor operatively determining a parameter associated with a braking
event; and

a brake controller comprising an accelerometer and a processor, the processor in
operative communication with the at least one sensor and configured to receive data from the
at least one sensor, and

wherein the processor determines at least one of a gain level or a boost level based on
the data received from the at least one sensor.
2. The system of claim 1, wherein the at least one sensor is operatively disposed
proximal to at least one of an axel or a wheel of a vehicle or a trailer and operatively

measures a change in the vehicle speed or the trailer speed.

3. The system of claim 2, wherein the at least one sensor comprises a speed sensor.
4. The system of claim 3, wherein the speed sensor is an accelerometer.
5. The system of claim 3, wherein the speed sensor is operatively coupled to a lug nut of

the vehicle or the trailer.
6. The system of claim 1, wherein the processor initiates a calibration process to
determine at least one of the gain level or the boost level based on an occurrence of a
triggering event.
7. The system of claim 6, wherein the triggering event comprises at least one of a
passage of time, button press, weather condition, sensed speed, or rake peddle depression.
8. The system of claim 8, wherein the processor determines the weather condition based
on at least one of activation or deactivation of windshield wipers, or input from a user device.
9. The system of claim 1, wherein the at least one sensor comprises a sensor disposed
generally proximal to a brake peddle of a vehicle to measure forces applied to the brake
peddle.
10. The system of claim 1, wherein the processor operatively overrides the determined
gain level or boost level in response to receiving a user request to override the determined
gain level or boost level.
11. A brake controller comprising:

a hardware processor and a memory storing computer executable instructions;

a wireless communication device coupled to the hardware processor and in operative

communication with a speed sensor;
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wherein the processor conducts a calibration process to automatically determine at
least one of a gain setting, boost setting, or transfer function as a function of information
received from the speed sensor.
12. The brake controller of claim 11, wherein the hardware processor determines whether
a brake peddle of a towed vehicle is not depressed and initiates the calibration process when
the brake peddle is not depressed.
13. The brake controller of claim 11, wherein the hardware processor determines whether
the brake peddle of a towed vehicle is not depressed and initiates the calibration process in
response to determining that the brake peddle is depressed.
14. The brake controller of claim 11, wherein the hardware processor ramps an output
from the hardware processor to brakes of a trailer in response to initiating the calibration
process.
15. The brake controller of claim 14, wherein the hardware processor monitors for a
wheel lock-up based on an input received from the speed sensor as the output is ramped.
16. The brake controller of claim 15, wherein the hardware processor terminates the
ramping in response to detecting the wheel lock-up, reduces the output until the wheel lock-
up terminates, and sets a gain value based on a value of the output at the time when the wheel
lock-up terminates.
17. A method for automatically determining a gain setting for a brake controller,
comprising:

monitoring, by the brake controller, for a triggering event and initiating a calibration
of the gain setting in response to the triggering event;

ramping output of the brake controller to brakes of a trailer;

receiving input from a sensor operatively attached to at least one of a wheel or an axel
of the trailer;

determining whether the wheels of the trailer are locked based on the input received
from the sensor;

terminating, in response to determining that the wheels of the trailer are locked, the
ramping of the output of the brake controller to the brakes of the trailer;

reducing the output of the brake controller to the brakes of the trailer to a value until
the wheels are no longer locked; and

determining the gain setting based on the value.
18. The method of claim 17, further comprising:

determining whether a speed of the trailer is within a predetermined range of speeds;
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allowing initiation of the calibration process when the speed is determined to be
within the predetermined range; and

at least one of disabling or notifying a user that the speed is determined to be not
within the predetermined range.
19. The method of claim 17, wherein determining the gain setting is further based on at
least one of a weather condition, road grade, or trailer load.
20. The method of claim 17, further comprising generating a suggested modification of a

setting of a brake controller based a history of calibrations.
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