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(57) Abstract: An apparatus includes a driving assessment circuit and a display circuit. The driving assessment circuit is structured
to receive vehicle data indicative of at least one attributeof a vehicle, receive vehicle operation data indicative of at least one operat -
ing characteristic of the vehicle, and determine an amount of fuel loss due to one or more driving inputs made by an operator of the
vehicle based on the vehicle data and the vehicle operation data. The display circuit is structured to provide an indication of the
amount of fuel loss on a display device to the operator of the vehicle in response to the one or more driving inputs.
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DRIVING BEHAVIOR ASSESSMENT AND CORRETION SYSTEM
BACKGROUND

[GBG1]  Vebicle operators, especially inexperienced vehicle operators, may drive vehicles in
ways that negatively impact the fuel economy of a vehicle. For example, by braking too
suddenly or with more force than required for a given situation, vehicle operators do not always
drive vehicles in the most fuel-efficient manner. Often, the vehicle operator is unaware of the
imipact such actions have on fuel econory or that driving the vehicle differently may result in
better fuel economy. As such, vehicle operators are often notmotivated to drive vehicles more
efficiently or to take actions to correct fuel-inefficient driving habits or to refrain from repeating

such fuel-inefficient maneuvers in the future.
SUMMARY

[8802] One embodiment relates to an apparatus. The apparatus includes a driving assessment
circuit and a display circuit. The driving assessment circuit is structured to receive vehicle data
indicative of at least one attributeof a vehicle, receive vehicle operation data indicative of at least
one operating characteristic of the vehicle, and determine an amount of fuel loss due to one or
more driving inputs made by an operator of the vehicle based on the vehicle data and the vehicle
operation data. The display circuit is structured to provide an indication of the amount of fuel
loss on a display device to the operator of the vehicle in response to the one or more driving

inputs.

(68831  Another embodiment relates tomethod. The method includes receiving, by a controller,
vehicle data indicative of at least one attributeof a vehicle; receiving, by the controlier, vehicle
operation data indicative of at least one operating characteristic of the vehicle; determining, by
the controller, an amount of fuel loss due to one or more driving inputs made by an operator of
the vehicle based on the vehicle data and the vehicle operation data; and providing, by the
controller on a display device to the operator of the vehicle, an indication of the amount of fuel

loss in response to the one or more driving inputs.
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[G6G4] Sl another embodiment relates to system. The system includes one or more
communication systems and an external monitoring system commnicably coupled to the one or
more communication systems. Each communication system 13 located onboard a respective
vehicle and structured to transmit an assessment of one or roore driving foputs made by a driver
of the respective vehicle. The external system is structured to receive the assessment of the one
or more driving inputs made by the driver from each of the one or more communication systems,
and receive a display request for providing a graphical user interface to a display device. The
display request includes configurable options for providing the graphical user interface in a
desired graphical format for depicting the assessment of the one or more driving inputs made by

the driver of each respective vehicle to facilitate monitoring each driver for fuel efficiency.

[BGES]  Yet another embodiment relates to a vehicle. The vehicle inchudes a display device and
a controller communicably and operatively coupled to the display device. The controller is
structured to receive vehicle data indicative of at least one attributeof the vehicle, receive vehicle
operation data indicative of at least one operating characteristic of the vehicle, determine an
amount of fuel loss due to one or more driving inputs made by an operator of the vehicle based
on the vehicle data and the vehicle operation data, and provide an indication of the amount of

fuel loss on the display device in response to the one or more driving inputs.

(08861 These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detailed description when taken in conjunction

with the accompanying drawings.

BRIEK DESCRIPTION OF THE DRAWINGS

(06071 FIG. 1 1s a schematic diagram of a vehicle with a controller, according to an exarople

emmbodiment.

(06081 FIG. 2 is a schematic diagram of the controller used with the vehicleof FIG. 1,

according to an example embodiment.
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[G609] FIG. 3 1s a schematic diagram of a fleet management system used with the vehicle of

FIG. 1, according to an example embodiment.

[6616] FIG. 4 15 a flow diagram of a method forassessing and correcting driving behavior,

according to an example embodiment.
DETAILED DESCRIPTION

[6611] Following below are more detailed descriptions of various concepts related to, and
implementations of, methods, apparatuses, and systems for assessing and correcting driving
behavior. The various concepts introduced above and discussed in greater detail below may be
implemented in any of numerous ways, as the described concepts are not limited to any
particular manner of implementation. Examples of specific implementations and applications are

provided primarily for illustrative purposes.

[6012] Referring to the Figures generally, the various embodiments disclosed herein relate to
systems, apparatuses, and methodsrelating toassessing and correcting driving behavior {e.g., to
increase fuel efficiency of a vehicle, to provide training to drivers, efc.). Driving assessment
systems, apparatuses, and methods may provide feedback to an operator of a vehicle in the form
of a rating ot scoring system. For example, based on an operator’s driving behaviorora
maneuver the operator makes, feedback may be provided 1o the form of a score on a defined
rating scale. By way of example, if an operator roakes a good maneuver or has good driving
inputs, the feedback may provide a high score {e.g., 8,9, 10, etc. of out 10, ete.). By way of
another example, if an operator makes a bad maneuver or has bad driving inputs, the feedback
may provide a low score {e.g., 1, 3, 5, etc. of out 10, etc.). While this may identify driving
behavior as bad (e.g., inefficient, causes excess fuel loss, etc.) or good {e.g., efficient, minimizes
excess fuel loss, etc.), the feedback is arbitrary and provides no motivation to an operator to take
action to make better driving decisions. According to an example embodiment, the systems,
apparatuses, and methods are further capable of providing feedback (e.g., in real-titae, etc.) to an
operator that identifies an amount of fuel loss experienced by the vehicle in response to the

driving inputs made by an operator and/or driving behavior (e.g., gear selection, gear changes,

3.
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selected speed, braking habits, acceleration habits, etc.). In some embodiments, the systems,
apparatuses, and methods of the present disclosure are structured to transmit information/data
regarding the operator’s driving inputs and/or behavior to an external system {e.g., a fleet
managerment system, a remote server, a vehicle owner’s selected device, etc.) to facilitate remote
monitoring of the driving inputs and/or behavior of the operator {e.g., an employee, a child, a

vehicle renter, etc.).

[G613] An example operation of the controller may be as follows. Upon anoperator muaking a
driving muaneuver {e.g., braking, shifting gears, accelerating, and/or selectinga speed via a
driving input, including a position or state change of any mechanism or device that modifies a
vehicle operating characteristic, etc.),the controlier receives vehicle data inclading at least one
attributeof the vehicle including, but not limuted to, an axle ratio, a tive size, a transmission ratio
at each gear, a fuel efficiency map, a coefficient of aerodynamic drag, a vehicle aerodynamic
drag area, and a vehicle weight. The controller receives vehicle operation data including at least
one of, but not limited to, an engine speed, an engine torque, a vehicle speed, a current gear
selection, a gear change, a braking intensity, and an amount of aerodynamic drag. In some
embodiments, the controller further receives environment data indicative of characteristics
around the vehicle {e.g., road grade, road curvature, speed limit, traffic conditions, traffic light
conditions, weather conditions, etc.). The controlier may then determine an amount of fuel loss
due to the one or more driving inputs made by the operator based on the vehicle data, the vehicle
operation data, and/or the environment data. The controller may provide an indication of the
amount of fuel loss to the operator of the vehicle {(e.g., via a display device, in real-time, etc.}.
The controller may additionally or alternatively transmit an assessment of the one or more
driving inputs made by the operator of the vehicle to an external system (e.g., a flesat
management system, a remote device or server, etc.). The external system may be accessed bya
third party {e.g., an owner of the vehicle,a parent of a child, a fleet manager, etc.} to facilitate
remote monitoring of the driving behavior of the operator of the vehicle. These and other

example configurations are explained more fully herein.



10

WO 2017/139913 PCT/CN2016/073790

[6614] Referring now to FIG. 1, a schematic diagram of a vehicle 100 with a controlier 150 1s
shown according to an example embodiment. The vehicle 100 may be an on-road or an off-road
vehicle including, but not limited to, line-haul trucks, mid-range trucks (e.g., pick-up truck),
sedans, coupes, cornpacts, spott utility vehicles, and any other type of vehicle. Although FIG. 1
depicts the vehicle 100 as including an internal cornbustion engine 111, the vehicle 100 may be
powered by any type of engine system. For example, the vehicle 100 may be a hybrnid vehicle, a

full eleciric vehicle, and/or an internal combustion engine powered vehicle as shown.

(08151 As shown in FIG. 1, the vehicle 100 generally includes a powertrain system 110, vehicle
subsysterns 120, an operator input/output (/0O) device 130, and sensors 140 that are all
communicably coupled to the controller 150. Communication between and among the
components of the vehicle 100 may be via any number of wired or wireless connections. For
example, a wired connection may include a serial cable, a fiber optic cable, a CATS cable, or any
other form of wired connection. In comparison, a wireless connection may include the Internet,
Wi-Fi, cellalar, radio, Bluetooth, Zighee, etc. In one embodirnent, a controller area network
(CAN) bus provides the exchange of signals, information, and/or data. The CAN bus includes
any number of wired and wireless connections. Because the controller 150 is communicably
coupled to the systems and components in the vehicle 100 of FIG. 1, the controller 150 is
structured to receive and/or interpret data from one or more of the components shown in FIG. 1.
For example, the data may include vehicle data (e.g., an axle ratio, a tire size, a transmission
ratio at each gear, a fuel efficiency map, a coefficient of aerodynamic drag, a vehicle
aerodynamic drag area, a vehicle weight, etc.) predefined or stored within the controller 150,
received by the operator /O device 130, and/or received from one or more sensors, such as
sensors 140.As another example, the data may include vehicle operation data (e.g., an engine
speed, an engine torque, a vehicle speed, a current gear selection, a gear change, a braking
intensity, an amount of aerodynamic drag, etc.) received from one or more sensors, such as
sensors 140. In yet another example, the data may include environment data (e.g., road grade,
road curvature, speed limit, traffic conditions, traffic light conditions, weather conditions, etc.)
received from one or more sensors, such as sensors 140, As described more fully herein, with

this data, the controller 150 determines an amount of fuelloss experienced by a vehicle {(e.g., in

5.
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response to a vehicle operator’s driving inputs, maneuvers, behaviors, efc.) to provide an
mdication of the amount of fuelloss to the operator to motivate and train the operator to make

better, more {uel efficient decisions.

[6816] As shown in FIG. 1, the powertrain systern 110 includes an engine 111, a transmission
112, a drive shaft 113, a differential 114, and a final drive 115, As a brief overview, the engine
111 receives a chemical energy input (e.g., a fuel such as gasohine, diesel, etc.) and combusts the
fuel to generate mechanical energy, in the form of a rotating craskshaft. The transmussion 112
receives the rotating crankshaft and manipulates the speed of the crankshaft to affect a desired
drive shaft 113 speed. The rotating drive shaft 113 is received by a differential 114, which

provides the rotation energy of the drive shaft 113 to the final drive 115. The final drive 115

then propels or moves the vehicle 100.

(6617} The engine 111 may be structured as any engine type: from an intemnal combustion
engine to a fullelectric motor and combinations/variations thereof (e.g., a hybrid drive

comprising an internal combustion engine and ag electric motor, etc.). According to an example
embodiment, the engine 111 is structured as an internal combustion engine {e.g., compression-
ignition, spark-ignition, etc.) that may be powered by any fuel type {e.g., diesel, ethanol, gasoline,
etc.). Similarly, the transmission 112 may be structured as any type of transmission, such as a
continuous variable transrmission, a roanual ransmission, an awtomatic transmission, ag
automatic-manual transmission, a dual clutch transmission, etc. Accordingly, as transmissions
vary from geared to continuous configurations {(e.g., continuous variable transmission, etc.), the
transmission can include a variety of settings {gears, for a geared transmission) that affect
different output speeds based on the engine speed. Like the engine 111 and the transmission 112,
the drive shaft 113, the differential 114, and the final drive 115 may be structured in any
configuration dependent on the application {e.g., the final drive 115 is structured as wheels in an
automotive application and a propeller in an airplane application, ete.). Further, the drive shaft
113 may be structured as any type of drive shaft including, but not limited to, a one-piece, two-

piece, and a slip-in-tube driveshaft based on the application.



10

WO 2017/139913 PCT/CN2016/073790

(G318 The vehicle 100 is also shown to include vehicle subsystems 120, The vehicle
subsystems 120 may include both electrically-powered vehicle accessories and engine driven
vehicle accessories, as well any other type of subsyster in the vehicle 100. Forexample, a
subsystem may include an exhaust aftertreatment system. The exhaust aftertreatment system
may include any component used to reduce exhaust emissions (e.g., diese] exhaust emissions,
gas exhaust emissions, etc.), such as selective catalytic reduction catalyst, a diese] oxidation
catalyst, a diesel particulate filter, a diesel exhaust fluid doser with a supply of diesel exhaust
fluid, and a plurality of sensors for monitoring the aftertreatment system {e.g., a NOX sensor,
etc.). The vehicle accessories may include, but are not limited to, air compressors {for pneumatic
devices), air conditioning systems, power steering pumps, engine coolant pumps, fans, and the

like.

(30191 The operator VO device 130 enables an operator of the vehicle 100 {or another
passenger) to communicate with the vehicle 100 and the controller 150. For example, the
operator Odevice 130 may inchude, but is not limuted, an interactive display, a touchscreen
device, one or more buttons and switches, voice command receivers, etc. In this regard, the
device 130 may be structured as solely an output device, where the signals, values, messages,
information, etc. may only be provided to an operator or passenger of the vehicle 100; solely as
input device, where an operator or passenger may provide information, signals, messages, etc. (o
the controller 150; and/or a combination therewith like shown in the example of FIG. 1. Viathe
operator 1/Odevice 130, the operator may input at least a portion of the vehicle data including,
but not limited to, an axle ratio, a tire size, a transmission ratio at each gear, a fuel efficiency
map, a coefficient of aerodynamic drag, a vehicle aerodynamic drag area, a vehicle weight, and
the like. The controller 150 may provide a command to the operator YO device 130 to display an
indication {(e.g., in real-time, etc.) to the operator of the vehicle 100 indicative of an amount of
fuel loss due to one or more driving inputs made by the operator. This is explained more fully in

regard to FIG. 2.

[GG261 The sensors 140 may include, but are not limited to, a lidar, a radar, ulirasonic sensors,

accelerometers, gyroscopes, a pitot tube and/or wind sensor, a brake sensor, a gear sensor, an
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inclinometer, a camera device {e.g., still camera, video camera, etc.), and/or a fuel flow sensor,
among other possible sensors. In one example, the hidar, radar, ultrasonic sensors, and/or camera
device may be structured to acquire environment data indicative of surrounding traffic (e.g.,
vehicles, obstacles, ete.) proximate the vehicle 100, In another exarople, the hidar, radar,
ultrasonic seusors, camera device, accelerometers, gyroscopes, and/or inchinometer may be
structured to acquire envivonrent data indicative of road grade, road curvature, and the like. In
vet another example, the pitot tube and/or wind sensor roay be structured to acquire vehicle
operation data indicative of vehicle speed and/or environment data indicative of wind speed. In
stilf another example, the brake sensor may be structure to acquire vehicle operation data
indicative of an intensity of a braking event {e.g., a normal braking event, a hard braking event,
an emergency braking event, etc.). In still another example, the gear sensor may be structured to
acquire vehicle operation data indicative of a current, selected gear (e.g., of a transmission, etc.}).
In still yet another example, the fuel flow sensor may be stnuctured to roonitor an amount of fuel
used during operation of the vehicle 100 (e.g., in response to various driving inputs such as gear

shifts, braking events, acceleration, etc.).

(63211 Asthe components of FIG. 1 are shown to be embodied in the vehicle 100, in one
embodiment the controller 150 may be embodied as an electronic control unit (ECU) or an add-
on to an ECU. In some embodiments, the controller 150 may be a stand-alone tool that performs
all required data logging, data tracking, data analysis, etc. needed to determine an amount of fuel
loss in response to various driving maneuvers and/or characteristics. In some embodiments, the
controller 150 is included in the ECU of the vehicle 100. The ECU may include a transmission
control unit and any other vehicle control unit {e.g., exhaust aftertreatment control unit,
powertrain control circuit, engine control circuit, etc.). In an alternative embodiment, the
controller 150 is web based, server based, and/or application based (e.g., a smartphone app, a
controller on the intemet, etc.). The structure and function of the controller 150 is further

described in regard to FIG. 2.

(0622} Referring now to FIG. 2, the function and structure of the controller 150 are shown

according to an example embodiment. The controller 150 is shown to include a processing

R
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circuit 131 inclading a processor 152 and a memory 154, The processor 152 may be
implemented as a general-purpose processor, an application specific jntegrated circuit (ASIC),
one or more field programmable gate arrays (FPGAS), a digital signal processor {DSP), a group
of processing cormponents, or other saitable electronic processing components. The one or more
memory devices 154 {e.g,, NVRAM, RAM, ROM, Flash Memory, hard disk storage, efc.) may
store data and/or computer code for facilitating the various processes described herein. Thus, the
one or more memory devices 154 may be comnminicably connected to the processor 152 and
provide computer code or instructions to the processor 152 for executing the processes described
in regard to the controller 150 herein. Moreover, the one or more memory devices 154 may be
or include tangible, non-transient volatile maemory or non-volatile memory. Accordingly, the
one or more memory devices 1534 may include database components, object code components,
script components, or any other type of information structure for supporting the various activities

and information structures described herein.

(66231 The memory 154 is shown to nchude various circuits for completing the activities
described herein. More particularly, the memory 154 includes driving assessment circuitry 156,
a display circuit 164, and a communications circuit 166. The circuits 1536--166 are structured to
receive and interpret various data to determine an amount of fuel loss due to one or more driving
inputs made by an operator of the vehicle 100 and provide an indication of the amount of fuel
ioss on the operator YO device 130 to the operator of the vehicle 100 in response to the one or
more driving inputs {e.g., for training purposes, to motivate the operator to drive more fuel
efficiently, etc.). While various circuits with particular functionality are shown in FIG. 2, it
should be understood that the controller 150 and memory 154 may include any number of
circuits for completing the functions described herein. For example, the activities of multiple
circuits may be combined as a single circuit, as additional circuits with additional functionality
may be included, etc. Further, it should be understood that the controller 150 may further control

other activity beyond the scope of the present disciosure.

(6624} Certain operations of the controlier 150 described herein include operations to interpret

and/or to determine one or more parameters. Interpreting or determining, as utilized herein,

9.
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includes receiving values by any method known o the art, including at least receiving values
from a datalink or network communication, receiving an electronic signal {e.g. a voltage,
freqguency, current, or PWM signal) indicative of the value, receiving a coroputer generated
parameter indicative of the value, reading the value from a memory location on a non-transient
computer readable storage medium, receiving the value as a ran-time parameter by any means
known 1n the art, and/or by receiving a value by which the interpreted parameter can be

calculated, and/or by referencing a default value that is interpreted to be the parameter value.

(08251 The driving assessment circuitry 156 may include or be operatively and communicably
coupled to the operator VO deice 130 and/or the sensors 140 to receive at least one of vehicle
data 170, vehicle operation data 172, and environment data 174. The driving assessment
circuitry 136 may be structured o interpret the at least one of the vehicle data 178, the vehicle
operation data 172, and the environment data 174 to determine an amount of fuel loss due to one
or more driving inputs made by an operator of the vehicle 100 (e.g., based on the vehicle data
170, vehicle operation data 172, and/or environment data 174, etc.). The driving assessment
circuitry 156 may be further structured to store the vehicle data 170, the vehicle operation data
172, the environment data 174, and/or the determinations made (e.g., regarding the amount of
fuel loss, etc.) for future use by other circuits {(e.g., the display circuit 164, the communications

circuit 166, etc.}.

[6626] According to one embodiment, the driving assessment circuitry 156 may include
conununication circuitry structured to facilitate the exchange of information, data, values, non-
transient signals, etc. between and among the driving assessment circuitry 156, the operator VO
device 130, the sensorsi140, the display circuit 164, and/or the commumnications circuit 166. For
example, the communication circuitry may include a channel comprising any type of
conmumunication channel (e.g., fiber optics, wired, wireless, etc.), wherein the channel may
include any additional component for signal enhancement, modulation, demodulation, filtering,
and the like.In this regard, the driving assessment circuitry 156 may include communication

circuitry including, but not limited to, wired and wireless communication protocol to facilitate
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reception of the vehicle data 170, the vehicle operation data 172, and/or the environment data

174.

(66271 In another embodiment, the driving assessment circuitry 156 may inchuide machine-
readable media stored by the memory 154 and executable by the processor 152, wherein the
machine-readable media facilitates performance of certain operations to receive the vehicle data
170, the vehicle operation data 172, and/or the environment data 174, For example, the
machine-readable media may provide an instruction {(e.g., coramand, etc.) to the sensors 140 to
acquire the vehicle data 170, the vehicle operation data 172, and/or the environment data 174, In
this regard, the machine-readable media may include programmable logic that defines the
frequency of acquisition of the vehicle data 170, the vehicle operation data 172, and/or the
environment data 174, ITn yet another embodiment, the driving assessment circunitry 156 may
mclude any combination of machine-readable content, communication circnitry, the sensor 140,

and the operator VO device 130.

(08281 According to an example embodiment, the one or roore driving inputs made by the
operator may include at least one of (i) a braking event (and subsequent acceleration), (i1) a gear
selection, (iii) a gear change {(e.g., shifting, etc.), and (iv) a pedal position {(e.g., an accelerator
pedal position, a throttle position, etc.) associated with a selected vehicle speed corresponding
with an amount of aerodynamic resistance experienced by the vehicle 100.According to an
example embodiment, the vehicle data 170 is indicative of at least one attributeof the vehicle 100
and/or components thereof. The at least one attributeof the vehicle 100 may include at least one
of an axle ratio, a tire size, a transmission ratio at each gear, a fuel efficiency map, a coefficient
of aerodynamic drag, a vehicle aerodynamic drag area, and a vehicle weight.In one embodiment,
the vehicle data 170 is received by the driving assessment circuitry 136 via an input from an
operator using the operator YO device 130. As may be discerned from the types of vehicle data
170 described above, the vehicle data 170 may be predefined in the controller 150 (e.g., vehicle
mass/weight, etc.) to take into consideration constants for the vehicle 100. As the controller 150

of the present disclosure may be used with other vehicles, an operator may simply download or

select the vehicle 100 (e.g., from a drop down menu, etc.) that will use the controller 150 to

-11-
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populate or receive the vehicle data 170 specific to that vehicle 100.In sore embodiments, at
feast a portion of the vehicle data 170 is acquired by one or more of the sensors 140. According
to an example embodiment, the vehicle operation data 172 is indicative of at least one operating
characteristic of the vehicle 100 and/or coruponents thereof. The at least one operating
characteristic of the vehicle 100 may include an engine speed, an engine torque, a vehicle speed,
a current gear selection, a gear change, a braking intensity, and an amount of aerodynamic drag.
In one embodiment, at least a portion of the vehicle operation data 172 is acquired by one or
more of the sensors 140. In some embodiments, at least a portion of the vehicle operation data
172 is determined using one of a look-up table, an algorithm, or the like. According to an
example emnbodiment, the environment data 174 1s indicative of at Jeast one environruental
characteristic around the vehicle 100. The at least one environmental characteristic may include
road grade, road curvature, speed limit, traffic conditions, traffic light conditions, and/or weather
conditions {e.g., wind speed, teroperature, snow, rain, etc.), among others. In one embodiment,
at least a portion of the environment data 174 is acquired by one or more of the sensors 140. In
some embodiments, at least a portion of the environment data 174 is received from an external
system such as a route manager, a global positioning system (GPS), an electronic horizon system,
a weather system, among other possible external systems {e.g., via the communications circuit

166, etc.).

[G6629] As shown in FIG. 2, the driving assessment circuitry 156 includes a braking circuit 158,
a gear circuit 160, and an air resistance circuit 162. The braking circuit 158 may include or be
operatively and communicably coupled to at least one of the sensors 144 for receiving the
vehicle operation data 172 and/or the environment data 174. The braking circuit 158 may be
structured to recetve and interpret the vehicle operation data 172 and/or the environment data

174 acquired by the sensors 140. For example, the sensors 140 may inchude a brake sensor that
monitors the intensity of a braking event.ln some embodiments, the intensity of the braking event
may be based on a stopping power, a pedal input {e.g., a brake pedal input, etc.), a temperature
{e.g., of a braking system from friction, etc.), and/or an amount of friction generated. The
intensity of the braking event may be categorized as a normal braking event, a hard braking

event, or an emergency braking event.
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[G6038]  According to an example embodiment, the braking circuit 158 is structured to
determuine an amount of foel loss in respounse to a braking event {and/or a subsequent
acceleration). For example, the braking circuit 158 may determine an actual type of braking
based on the one or more driving inputs. The actual type of braking may be selected from
potential types of braking including vormal braking, hard braking, and emergency braking. The
braking circuit {58 may then determine an amount of fuel loss in response to the actual type of
braking. In sore embodiments, the determination of the amount of fuel loss in response to a
braking event incorporates the impact of the subseqguent acceleration needed by the vehicle 100
to reach a specific or desired speed {e.g., a speed limit, a previous vehicle speed, etc.). In some
embodiments, the braking circuit 158 may determine an estirnated arnount of fuel loss for the
potential types of braking that did not occur. The braking circuit 158 may then provide a
command to the display circuit 164 to at least one of (i) provide an indication of the amount of
fuel loss on the operator VO device 130 in response to the actual type of braking, and (31) provide
an indication of the estimated amount of {uel loss on the operator V0O device 130 for the potential
types of braking that did not occur. The feedback may aid in teaching a vehicle operator to
perform gentler accelerations and to be predictive to traffic environments to reduce the

occurrences of hard braking events.

(30311 In another example, the sensors 148 may include a camera device, Hdar, radar, ultrasonic
sensor, or the like to monitor the surrounding environment of the vehicle 130. According to an
example embodiment, the braking circuit 158 is structured to estimate an amount of fuel loss in
response (0 a potential braking event based on the surrounding environment and vehicle speed.
For example, the braking circuit 158 may determine an appropriate intensity of braking based on
the surrounding environment and the current vehicle speed. By way of example, if the vehicle
100 is approaching a red light with no nearby cars at a reasonable speed (e.g., the vehicle 100
does not need to rapidly decelerate to avoid a collision or prevent running a red light, etc.), the
braking circuit 158 may determine that a normal braking event is acceptable. The braking circuit
158 may provide a command to the display circuit 164 to provide an indication of the suggested
braking type (e.g., inensity, etc.jand fuel loss or savings compared to if other braking intensities

were implemented. In yet another example, the braking circuit 158 is structured to determine
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whether the operator made a good or bad decision regarding braking intensity based on the
sarrounding environment and the current vehicle speed. For example, i1f the operator made a
good decision {e.g., braked the vehicle 100 at the appropriate intensity, etc.), the braking circuit
158 may determine fuel savings as compared to other possible braking intensities. If the operator
make a bad decision, the braking circuit 158 may determine the aroount of fuel loss in response
to the braking event and potential savings if the operator made a different braking decision (e.g.,
brakingwith less intensity, etc.). In some embodiments, the braking circuit 158 is stractured to
take into account various weather conditions {e.g., rain, snow, etc.) when determining a

suggested braking intensity or potential fuel losses/savings.

(66321 By way of another example, the braking circuit 158 may commumnicate via the
comruunications circuit 166 with objects, such as stop lights or other vehicles. For example, the
braking circuit 158 via the communications circuit 106 may receive information/data regarding
one or more other vehicles or stop lights. The communication between the vehicles and/or stop
ights may be vehicle-to-vehicle, vehicle-to-stop hght, vehicle-to-server-to-vehicle, or vehicle-to-
server-to-stop light. The vehicle-to-vehicle or vehicle-to-stop light communication may be
performed via any suitable short to medium range wireless communications protocol (e.g., Wi-Fi,
infrared, radio, RFID, near-field communications (NFC), Bluetooth, etc.). The vehicle-to-server-
to-vehicle or vehicle-to-server-to-stop light communication may be performed via any suitable
long range wireless communications protocol. The braking circuit 158 may determine a
suggested braking intensity to minimize fuel losses as a vehicle brakes in front of the vehicle 100
and/or stop lights change from green to red{e.g., based on the current vehicle speed, the distance

between the vehicle 10 and other vehicles or stop lights, etc.).

[6633] According to one embodiment, the braking circuit 1538 may include communication
circuitry structured to facilitate the exchange of information, data, values, non-transient signals,
etc. between and among the sensors 1440, the display circuit 164, and the commumications circait
166. For example, the communication circuitry may include a channel comprising any type of
communication channel {e.g., fiber optics, wired, wireless, etc.), wherein the channel may

include any additional component for signal enhancement, modulation, demodulation, filtering,
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and the like.In this regard, the braking circuit 158 may include communication circuitry
nchuding, but not limited to, wired and wireless commaunication protocols to facilitate reception
of the vehicle operation data 172 and/or the environment data 174, In another embodiment, the
braking circuit 158 may include machine-readable media stored by the memory 154 and
executable by the processor 152, wherein the machine-readable media facilitates performance of
certain operations to receive the vehicle operation data 172 and/or the environment data 174. For
exarple, the machine-readable media rmoay provide an instruction {e.g., command, etc.) to the
sensors 140 to acquire the vehicle operation data 172 and/or the environment data 174, In this
regard, the machine-readable media ray include programmable logic that defines the frequency
of acquisition of the vehicle operation data 172 and/or the environment data 174. In yet another
embodiment, the braking circuit 158 may include any combination of machine-readable content,

conumunication circuitry, and the sensorsi440.

[06034] The gear circuit 160 may include or be operatively and communicably coupled to at
least one of the sensors 140 for receiving the vehicle operation data 172 {e.g., engine speed,
engine torgue, vehicle speed, gear selection, a gear change, etc.) and/or the environment data 174.
The gear circuit 160 may include or be operatively and communicably coupled o the operator
1/0 device 130 for receiving the vehicle data 170 (e.g., rear axle ratio, tire size, transmission ratio
at each gear, fuel efficiency map, etc.). The gear circuit 160 may be structured to receive and
interpret the vehicle data 170, the vehicle operation data 172, and/or the environment data 174.
For exarmple, the sensors 140 may include a gear sensor that monitors the current selected gear of
the transmission 112 of the vehicle 100.The current selected gear may indicate the gear ratio of
the transmission 112, According to an example embodiment, the gear circuit 160 is structured to
determine an amount of fuel loss in response to a gear selection or gear change by the operator of
the vehicle 100 and based on the vehicle data 170, the vehicle operation data 172, and/or the
environment data 174. The gear circuit 160 may be further structured todetermine a suggested
gear selection to reduce the amount of fuel loss and determine the potential fuel savings by
changing to the suggested gear selection {e.g., based on the vehicle data 170, the vehicle
operation data 172, and/or the environment data 174, etc.). The gear circuit 160 may then provide

a command to the display circuit 164 to at least one of (i) provide an indication of the amount of
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fuel loss on the operator VO device 130 in response to the gear selection or gear change by the
operator, (it) provide an indication of the suggested gear selection on operator /O device 130,
(i11) and provide an indicationof the potential fuel savings by changing to the suggested gear
selection on operator ¥O device 130. The feedback may aid in teaching a vehicle operator when
to shift gears and/or what gear should be used in certain situations for optimal performance and

fuel efficiency (e.g., based on vehicle speed, road grade, road carvature, etc.).

[G635]  According to one embodiment, the gear circuit 160 may include communication
circuitry structured to facilitate the exchange of information, data, values, non-transient signals,
etc. between and among the operator YO device 130, the sensors 140, the display circuit 164, and
the communications circuit 166. For example, the communication circuitry may inclade a
channel comprising any type of commuunication channel {e.g., fiber optics, wired, wireless, etc.),
wherein the channel may inclade any additional component for signal eshancement, modulation,
demodulation, filtering, and the like. In this regard, the gear circuit 160 may include
communication circeitry including, but vot limited to, wired and wireless communication
protocol to facilitate reception of the vehicle data 170, the vehicle operation data 172, and/or the
environment data 174. In another embodiment, the gear circuit 160 may include machine-
readable media stored by the memory 154 and executable by the processor 152, wherein the
machine-readable media facilitates performance of certain operations to receive the vehicle data
176, the vehicle operation data 172, and/or the environment data 174. For example, the
machine-readable media may provide an instruction {(e.g., command, etc.) to the sensors 140 to
acquire the vehicle operation data 172 and/or the environment data 174. In this regard, the
machine-readable media may include programmable logic that defines the frequency of
acquisition of the vehicle operation data 172 and/or the environment data 174. In yet another
embodiment, the gear circuit 160 may include any combination of machine-readable content,

communication circuitry, and the sensors 144.

(0836} The air resistance circuit 162 may include or be operatively and communicably coupled
to at least one of the sensors 140 for receiving the vehicle operation data 172 {e.g., vehicle speed,

etc.) and/for the environment data 174 {e.g., wind speed, etc.). The air resistance circuit 162 may
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include or be operatively and communicably coupled to the operator VO device 130 for receiving
the vehicle data 170 (e.g., a coefficient of aerodynamic drag, a vehicle aerodynamic drag area,
etc.). The air resistance circuit 162 may be structared to receive and interpret the vehicle data
170, the vehicle operation data 172, and/or the environment data 174, According to an example
embodiment, the air resistance circuit 162 1s structured to determine an amount of fuel foss o
response to a pedal position {e.g., of a throttle, of an accelerator pedal, etc.) and/or a carrent gear
which may be associated with a currentvehicle speed. The cuarrent vehicle speed may correspond
with an amount of aesrodynamic resistance experienced by the vehicle 100(e.g., determined based
on the vehicle data 170, the vehicle operation data 172, and/or the environment data 174). The
air resistance circuit 162 roay then provide a command to the display circuit 164 to provide an
indication of the amount of fuel loss on the operator /O device 130 in response to the current

vehicle speed.

(66371 The air resistance circuit 162 may be further structured to determine a suggested vehicle
speed to reduce the amount of aesrodynamic resistance experienced by the vehicle 100 and the
amount of fuel loss (e.g., based on the vehicle data 170, the vehicle operation data 172, and/or
the environment data 174, etc.). The air resistance circuit 162 may then provide a command to the
display circuit 164 to provide an indication of the amount of fuel savings {(e.g., relative to the
current speed, etc.} on the operator YO device 130 in response to changing the speed of the
vehicle 100 to the suggested vehicle speed. The air resistance circuit 162 may be further
structured to determine a change in travel time based on the suggested vehicle speed. The air
resistance circuit 162 may then provide a command to the display circuit 164 © provide an
indication of the change in time {(e.g., relative to the current, estimated arrival time, etc.) on the
operator /0 device 130 that may result in response to changing the speed of the vehicle 100 to

the suggested vehicle speed.

[G038] According to one embodiment, the air resistance circait 162 may include
conununication circuitry structured to facilitate the exchange of information, data, values, non-
transient signals, etc. between and among the operator ¥O device 130, the sensors 140, the

display circuit 164, and the communications circuit 166. For example, the communication
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circuitry may include a channel comprising any type of communication channel {e.g., fiber optics,
wired, wireless, etc.}, wherein the channel may include any additional component for signal
enhancement, modulation, demodulation, filtering, and the like. In this regard, the air resistance
circuit 162 may include communication circuitry including, but not himited to, wired and

wireless communication protocols to facilitate reception of the vehicle data 170, the vehicle
operation data 172, and/or the environment data 174, In another embodiment, the air resistance
circuit 162 may include machine-readable media stored by the memory 154 and executable by
the processor 152, wherein the machine-readable media facilitates performance of certain
operations to receive the vehicle data 170, the vehicle operation data 172, and/or the environment
data 174. For example, the machine-readable media may provide an instruction {e.g., command,
etc.} to the sensors 140 to acquire the vehicle operation data 172 and/or the environment data
174. In this regard, the machine-readable media may include programmable logic that defines
the frequency of acquisition of the vehicle operation data 172 and/or the environment data

174. In yet another embodirent, the air resistance circuit 162 may inclade any combination of

machine-readable content, communication circuitry, and the sensors 140,

[883%] In some embodiments, the driving assessment circuitry 156 is structured to track the
amount of fuel loss and/or savings over a period of time and/or for a given driving event. For
example, the driving assessment circuitry 156 may track the amount of fuel loss and/or savings
over a current drive cycle, between fueling events {e.g., for a single tank of gas, etc.}, for a life of
the vehicle, over a trip, for an employee’s career, a chosen or preset time frame, a chosen or
preset distance, and/or other periods of time and/or driving events. The driving assessment
circuitry 156 may provide a command to the display circuit 164 to provide an indication of the
amount of fuel savings and/or losses for the period of time and/or for the given driving event, to
which the display circuit 164 may provide the indication of the operator /O device 130.1n some
embodiments, the driving assessment circuity 156 is configured to compare fuel losses to an

optimal fuel efficiency for the given period.

[066406] In some embodiments, the driving assessment circuitry 156 includes a route

management system. The route management system is a system structured to receive horizon
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data regarding an atiribute of a route of the vehicle 100 at a future or potential future location of
the vehicle 100. The horizon data may include data regarding a current road being traveled on
and/or possible upcoming roads. For example, an operator may input a preferred destination into
the route management system, which in turn may gather the horizon data for the planned route.
In another example, the route management systern may receive the horizon data as the vehicle
travels along a road and a vetwork of possible alternative roads {e.g., different routes,
anticipating potential route changes, etc.). The horizon data provided by the route management
system may be based on GPS-based vehicle position and a digital map database. The horizon
data {e.g., route look-ahead data, electronic horizon, etc.) may include, but is not limited {o, a
speed himit, a road grade (e.g., increase in road grade, decrease in road grade, etc.), a road
curvature (e.g., a slight curve, a substantial curve, etc.), a road type {e.g., local, collector, arterial,
highway, etc.), a number of lanes, and the like. For example, the horizon data may indicate a
decrease in grade {e.g., a downhill slope, etc.) and/or an upcoming bend in aroad. In one
embodiment, the various circuits of the driving assessment circuitry 156 (e.g., the braking circuit
158, the gear circuit 160, the air resistance circuit 162, etc.) determine a future driving inputor
maneuver (e.g., braking type, vehicle speed selection, gear selection, gear change, etc.) that
should be performed by the operator of the vehicle 100 to minimize fuel loss based on the

horizon data,

(66411 The display circuit 164 may be communicably coupled to the operator VO device 130
and is structured to receive one or more inputs from an operator, passenger, or other user in the
vehicle 100 and/or provide an indication of the amount of fuel loss on the operator YO device
130 to the operator of the vehicle 100 (e.g., due to the one or more driving inputs made by the
operator or maneuvers taken, etc.). For example, the display circuit 164 may provide at least one
of an indication of an amount of full loss based on a selected gear, a suggested gear, and an
amount of fuel savings by changing to the suggested gear on the operator Y0 device 130. In
another example, the display circuit 164 may provide at least one of an indication of an amount
of full loss based on a current vehicle speed corresponding with an amount of aerodynamic
resistance experienced by the vehicle 100, a suggested vehicle speed, an amount of fuel savings

by changing to the suggested vehicle speed, and a change in travel time by changing to the
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suggested vehicle speed on the operator /O device 130. In yet another example, the display
circuit 164 may provide at least one of an indication of an amount of fuel loss in response to a
braking event and potential losses or savings based on different braking intensities (e.g., normal,
hard, emergency, etc.). In some embodiments, the display circuit 164 is structured to display any

combination of the aforementioned indications on the operator ¥O device 130.

{88421 The communications circuit 162 is structured to communicate with at least one of
another vehicle,a stop light (e.g., via short-range to long-range wireless communication, etc.),and
an external system or server {e.g., a fleet manager, a traffic center, global positioning systems, a
route management system, a telematics system 220, etc.). The communications circuit 162 may
send and/or receive data (e.g., the vehicle data 170, the vehicle operation data 172, the
environment data 174, etc.) regarding the vehicle 100, other vehicles, traffic conditions, road
conditions, and the like. According to an example embodiment, the communications circuit 166
is structured to transmoit an assessment of the one or more driving inputs made by an operator
{e.g., based on the vehicle data 170, the vehicle operation data 172, and/or the environment data

174, tec.) to an external system {e.g., a fleet manager, via the telematics system 220, etc.).

[8843] Referring now to FI(3. 3, a schematic diagram of a driving input monitoring system20{
with a plurality of vehicular data input/outputs coupled to an external system 1s shown according
to one embodiment. The driving input monitoring system200 generally includes a vehicle fleet
10 coupled to a telematics system 220, and a user input/output (I/0) device 230. The plurality of
inputs/outputs devices are communicably coupled over a network 2180 to an external system,
shown as fleet management system 250. The fleet management system 250 1s structured to
facilitate remote monitoring of the driving inputs and/or behavior of an operator of a vehicle 100
{e.g., by an employee, a parent’s child, a vehicle renter, etc.). The fleet management system 250
may be accessed by a web interface {(e.g., a website, etc.) and/or an application interface {e.g., a
smartphone, tablet, coraputer application, etc.). In some embodiments, the fleet management
system 250 may send notifications directly to an owner of the vehicle 100 (e.g., via an email, a

push notification, a text message, e{c.).
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[¢344] The network 210 may be any type of communication protocol that facilitates the
exchange of information between and among the fleet management system 250 and the one or
more input/output devices {e.g., the telematics system 220, the user VO device 230, etc.). In this
regard, the communication protocol may include any type and number of wired and wireless
protocols {e.g., any standard under IEEE 802, etc.). For example, a wired connection may
nclude a serial cable, a fiber optic cable, a CATS cable, or any other form of wired connection.
In comparison, a wireless connection may include the Internet, Wi-Fi, Bluetooth, Zigbee, cellular,
radio, etc. In one embodiment, a controller area network (CAN) bus including any number of
wired and wireless connections that provide the exchange of signals, information, and/or data.
Farther, the network 210 may inchide a local area network (LAN) or a wide area network
{WAN), or the connection may be made to an external computer (for example, through the

Internet using an Internet Service Provider).

[G045]  As shown in FIG. 3, the vehicle fleet 10 includes a plurality of vehicles 100, In one
embodiment, the vehicle fleet 10 represent the vehicles 100 owned and/or operated by a user
{e.g.. a customer, a fleet manager, a vehicle owner, etc.) of the driving input monitoring
system200. A user of the driving input monitoring system280 may have any number of vehicles
100 in the vehicle fleet 10 {e.g., 1, 2, 3, 100, 1000, etc.). In another embodiment, the vehicle
fleet 10 represents the vehicles 100 owned and/or operated by a plurality of users of the driving
input monitoring system200 (e.g., a compilation of all vehicles 100 in all vehicles fleets 10 of the
driving input monitoring system200, etc.). The driving input monitoring system200 may be
structured to segregate data by customer, user, driver, and/or vehicle {e.g., Customer A may only
see data associated with Customer A’s fleet, etc.). The driving input monitoring system 200 may
be structured to also segregate data of an individual user based on access permissions {e.g., a
regional manager only has access to data regarding vehicles in his/her region, etc.). The driving
input monitoring system200 may also be structured to allow administrative rights to a user {e.g.,

a “super-user’, etc.) such that the user is able to see all the data for all vehicle fleets 1{.

(66461 The vehicles 100 of the vehicle fleet 10 may include one or more on-board diagnostic

(OBD) tools {e.g., the controller 130, etc.) structured to monitor the vehicles 100 (e.g., gather
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operating characteristics, etc.) during operation {e.g., while driving, etc.). The OBD tools may
gather vehicle data 170, vehicle operation data 172, and/or environment data 174 to be
transmitted o the fleet management system 250 over the network 210 via the telematics systern
220, The telematics systern 220 is structured to facilitate the transfer of an assessment of the
driving inputs made byan operator of a respective vehicle 100 to the fleet management system

250 over the network 210.

(60471 The user IO device 230 enables a user of the driving input monitoring systern2{00 to

communicate with the driving input monitoring system200, and more specifically the fleet
management system 230. In some embodiments, the user YO device 230 is communicably
coupled to the fleet management system 230 via the network 210 {e.g., remotely, wirelessly, etc.).
In some embodiments, the user VO device 230 is directly communicably coupled to the fleet
management system 250 {e.g., with a wired connection, etc.). The user VO device 230 may
include an input device and a display device. The input device muay include, but is not limited to,
a keyboard, 2 mouse, a touchscreen device, one or more buttons and switches, voice command
receivers, etc. The display device is structured to provide a graphical user interface (GUI) to the
user of the driving input monitoring system2{(0. The display device may include, but is not
limited to, a touchscreen display, a projector and projection screen, a monitor or television (e.g.,
a LCD, LED, CRT, plasma, DLP, etc.), augmented reality glasses, a portable device {e.g., a
smartphone, tablet, laptop, etc.), and/or any other known display devices that can provide a GUL
According to an example embodiment, input device enables a user to provide an input to the
driving input monitoring system2(0. The input may include a display request including various
configurable options for providing the GU! in a desired graphical format. The desired graphical
format may present the vehicle data 170, the vehicle operation data 172, the environment data
174, and/or other features (e.g., an assessment of the driving inputs made byone or more

operators of one or more vehicles 100, etc.}, which are described more fully herein.

[8848] The fleet management system 250 is shown to include a processing circuit 251
including a processor 252 and a memory 254. The processor 252 may be implemented as a

general-purpose processor, an application specific integrated circuit (ASIC), one or more field
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programmable gate arrays (FPGAs), a digital signal processor (DSP), a group of processing
components, or other suitable electronic processing components. The one or more memory
devices 154 (e.g., NVRAM, RAM, ROM, Flash Memory, hard disk storage, etc.) may store data
and/or computer code for facilitating the varions processes described herein. Thus, the one or
more memory devices 254 may be commumnicably connected to the processor 2532 and provide
computer code or instructions to the processor 232 for executing the processes described in
regard to the fleet management system 250 herein. Moreover, the one or more memory devices
254 may be or include tangible, non-transient volatile memory or non-volatile memory.
Accordingly, the oue or more memory devices 254 may include database components, object
code components, script components, or any other type of information structure for supporting

the various activities and information structures described herein.

(08491 The memory 254 is shown to nchuide various circuits for completing the activities
described herein. More particularly, the memory 254 includes an aggregation circuit 236, a
configurable circnit 258, and a data visualization circuit 260. The circuits 256-260 are
structured to provide various data and/or information (e.g., vehicle data 170, vehicle operation
data 172, environment data 174, driving assessments, etc.) to a user via a GUI that is formatted
based on user selected options. While various circuits with particular functionality are shown in
FIG. 3, it should be understood that the fleet management system 250 and memory 254 may
include any number of circuits for completing the functions described herein. For example, the
activities of multiple circuits may be combined as a single circuit, as additional circuits with
additional functionality may be included, etc. Further, it should be understood that the flest
management system 250 may further control other activity beyond the scope of the present

disclosure.

[B858]}Certain operations of the fleet management system 250 described herein include
operations to interpret and/or to determine one or more pararneters. Interpreting or determining,
as utilized herein, includes receiving values by any method known in the art, including at least
receiving values from a datalink or network communication, receiving an electronic signal (e.g. a

voltage, frequency, current, or PWM signal) indicative of the value, receiving a computer
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generated pararneter indicative of the value, reading the value frorn a memory location on a non-
transient computer readable storage roedinm, receiving the value as a run-time parameter by any
means known in the art, and/or by receiving a value by which the nterpreted parameter can be

calculated, and/or by referencing a default value that is interpreted to be the parameter value.

[6651] The aggregation circuit 256 may be communicably coupled to the one or more vehicles
100 (e.g., via the telematics system 220, etc.) over the network 210, According to an example
embodiment, the aggregation circuit 256 is structured to receive the vehicle data 170, the vehicle
operation data 172, the environment data 174, and/or an assessment of the driving mputs roade
by operators of the vehicles 100 (e.g., determined by the controllers 150 based on the vehicle
data 170, the vehicle operation data 172, and/or the environment data 174, etc.). In some
embodiments, the aggregation circuit 256 provides the vehicle data 170, the vehicle operation
data 172, the environment data 174, and/or the assessments of the driving inputs made by
operators of the vehicles 100 to the data visualization circuit 260 for display via the display
device of the user VO device 230. In other embodiments, the aggregation circuit 256 provides at
ieast a portion of the vehicle data 170, the vehicle operation data 172, and/or the environment
data 174 to an analysis circuit for further processing {(e.g., the controller 150 does not provide an
assessimnent of the driving inputs to the fleet management system 250, the fleet management

system assesses the driving inputs made by each operator of the vehicles 100, etc.).

[6452] According to one embodiment, the aggregation circuit 256 may include communication
circuitry structured to facilitate the exchange of information, data, values, non-transient signals,
etc. between and among the aggregation circuit 256, the analysis circuit, the data visualization
circuit 260, and/or the telematics system 220 (e.g., the one or more vehicles 104, etc.). For
example, the communication circuitry may include a channel comprising any type of
conmumunication channel (e.g., fiber optics, wired, wireless, etc.), wherein the channel may
include any additional comnponent for signal eshancerent, modulation, demodulation, filtering,

and the hike.

[6053]  In this regard, the aggregation circuit 256 may include communication circuitry

including, but not limited to, wired and wireless communication protocols to facilitate reception
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of the vehicle data 170, the vehicle operation data 172, the environment data 174, and/or the
assessroents of the driving inputs made by the operators of the vehicles 100. In another
embodiment, the aggregation circuit 256 may include machine-readable media stored by the
memory 234 and executable by the processor 232, wherein the machine-readable media
facilitates performance of certain operations to receive the vehicle data 170, the vehicle operation
data 172, the environment data 174, and/or the assessments. For example, the machine-readable
media may provide an instruction {e.g., command, etc.) to the network 210 operatively coupled
to the vehicles 100 to monitor and acquire the vehicle data 170, the vehicle operation data 172,
the environment data 174, and/or the assessments. In this regard, the machine-readable media
may tnchude programimable logic that defines the frequency of acquisition of the vehicle data 170,
the vehicle operation data 172, the environment data 174, and/or the assessments. In yet another
embodiment, the aggregation circuit 256 may include any combination of machine-readable

content and communication circuitry.

(68541 The configurable circuit 258 is structured to recetve user inputs from the user YO
device 230 indicative of a display request. The user input may include configurable options for
providing the GU1 in a desired graphical format including the at least one of the vehicle data 170,
the vehicle operation data 172, the environment data 174, and theassessment of the driving inputs
made by an operator for the one or more vehicles 100 of the vehicle fleet 10. In some
embodiments, the configurable circuit 258 may include or be communicably coupled to the user
YO device 230 for controlling which of the configurable options the user may select via the user
10O device 230 {e.g., based on the selected graphical format, etc.). The configurable circuit 258
may provide the display request to the data visualization circuit 260. According to one
embodiment, the configurable circuit 258 may include communication circuitry structured to
facilitate the exchange of information, data, values, non-transient signals, etc. between and
among the configurable circuit 258, the data visualization circuit 260, and/or the user Y0 device
230. For example, the communication circuitry may include a channel comprising any type of
communication channel {e.g., fiber optics, wired, wireless, etc.), wherein the channel may
include any additional component for signal enhancement, modulation, demodulation, filtering,

and the like.
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[G655] The configurable circuit 258 may include comumunication circaitry including, but not
Iimited to, wired and wireless commumnication protoco] to facilitate reception of the user

input. In another embodirnent, the configurable civcuit 238 may include machine-readable media
stored by the memory 234 and executable by the processor 252, wherein the machine-readable
media facilitates performance of certain operations to receive the user input. For example, the
machine-readable media may provide an instruction (e.g., command, etc.) to the network 210
operatively coupled to the user VO device 230 (or directly to the user VO device 230) to acquire
the user input. The machine-readable media may include programmable logic that defines the
freguency of acquisition of the user input. In yet another embodiment, the configurable circuit

258 may include any combination of machine-readable content and cormmanication circuitry.

[G6856] According to an example embodiment, the display request includes a selection of the
desired graphical forruat. The configurable options may include the various graphical formats
and various filtering options to filter data displayed in the respective graphical formats. For
example, the filtering options may include, but are not limited to, an account of the user (i.e., the
respective vehicle fleet 10), an identification number of a respective vehicle 100 {e.g., a model
number, a serial number, a VIN number, etc.}, and/or an identifier of an operator {e.g., an

operator’s name, etc.), among other possibilities.

[B857] The data visualization circuit 260 is structured to receive at least one of the vehicle data
170, the vehicle operation data 172, the environment data 174, the assessment of driving inputs
made by one or more operators of the vehicles 100 (e.g., determined by the controllers 150,
determined by the analysis circuit of the fleet management system 250, etc.), and/or the display
request and filtering options for the desired graphical format of the data. In some embodiments,
the data visualization circuit 260 may include or be communicably coupled to the user VO device
230 for controlling the user YO device 230. As such, the data visualization circuit 260 is further
structured to provide a graphical user interface including the vehicle data 170, the vehicle
operation data 172, the environment data 174, and/or assessments of the driving inputs made by
the operators of the vehicles 100 to the user YO device 230 in a visual/graphical format based on

the display request and filtering options. The data visualization circuit 260 may facilitate the
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display of the data, the assessments, or a combination thereof. The data visualization circait 260
may further control which of the filtering options are displayed on the user VO device 230 for the
user to select via user VO device 230 (e.g., based on a selected graphical format, etc.).According
to one embodiment, the data visualization circuit 260 may include coromunication circuitry
structured to facilitate the exchange of information, data, values, non-transient signals, etc.
between and among the data visualization circuit 260, the aggregation circuit 256, the analysis
circuit, the configurable circuit 238, and/or the user VO device 230. For example, the
conumnunication circuitry may include a channel comprising any type of communication channel
(e.g., fiber optics, wired, wireless, etc.), wherein the channel may include any additional

component for signal enhancernent, modulation, demodulation, filtering, and the like.

[G658] The data visualization circuit 260 may include communication circaitry including, but
not limited to, wired and wireless communication protocols to facilitate reception of the vehicle
data 170, the vehicle operation data 172, the environment data 174, the assessments of the
driving inputs, and/or the user input. In another embodiment, the data visualization circuit 260
may include machine-readable media stored by the memory 254 and executable by the processor
252, wherein the machine-readable media facilitates performance of certain operations to receive
and/or display the vehicle data 170, the vehicle operation data 172, the environment data 174, the
assessments, and/or the desired GUI (e.g., based on the user input, etc.). Forexample, the
machine-readable media may provide an instruction {e.g., command, etc.) to the network 210
operatively coupled to the user YO device 230 to display the vehicle data 170, the vehicle
operation data 172, the environment data 174, and/or the assessments, with a desired GUIL The
machine-readable media may include programmable logic that defines the frequency of
acquisition and display of the vehicle data 170, the vehicle operation data 172, the environment
data 174, the assessments. In yet another embodiment, the data visualization circuit 260 may

include any combination of machine-readable content and communication circuitry.

[0859] The display of the vehicle data 17, the vehicle operation data 172, the environment
data 174, and/or the assessments of the one or more driving inputs made by the operators of each
respective vehicle 100 facilitatesremote monitoring of each operator {e.g., for fuel efficiency,

Pee
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etc.). A user may interpret the data and/or assessments to manage drivers and identify potential
problems. In one example,the user of the driving input monitoring systern 200 may use the
assessments and/or data to identify improper, careless, and/or bad driving inputs made by
operators driving vehicles 100 within the vehicle fleet 10 (e.g., behavior that causes fuel
inefficiencies, etc.). The user roay then take action to change the driving behavior of select
operators. Such actions may include reprimanding the operator(s) (e.g., penalties, fines, leave of
absence, etc.) and/or further training the operator(s). In another example, the user of the driving
input monitoring system 200 may use the assessments and/or data to identity trends based on
vehicle, route, and/or operator. For example, certain vehicles may be less {uel efficient along
certain routes and/or an operator may driver certain vehiclesbetter (e.g., more fuel efficient, etc.)

than other vehicles.

(086061 Referring now to FIG. 4, a method 400 forassessing and correcting driving behavior is
shown according to an example embodiment. Method 400 corresponds with the controller 150
nterpretingvehicle data 170, vehicle operation data 172, and/or environmentdata 174. In one
example embodiment, method 400 may be implemented with the controller 150 of FIGS. 1-2
and/or the fleet management system 250 of FIG. 3. Accordingly, method 400 may be described

in regard to FIGS. 1-3.

(08611 At process 402, the controller 150 receives vehicle data (e.g., the vehicle data 170, etc.).
As described above, the vehicle data may be inputted via anoperator YO device (e.g., the
operator YO device 130, etc.), predefined within the memory 154 of the controller 150, and/or
recetved from one or more sensors {e.g., the sensors 140, etc.). The vehicle data may include
data indicative of characteristics of the vehicle and/or components of the vehicle such asan axle
ratio, a tire size, a transmission ratio at each gear, a fuel efficiency map, a coefficient of
aerodynamic drag, a vehicle aerodynamic drag area, and a vehicle weight. At process 404, the
controller 150 acquires vehicle operation data {e.g., the vehicle operation data 172, etc.). The
vehicle operation data may be acquired/determined via sensors, look-up tables, algorithms, or
any other suitable method. As described above, the vehicle operation data may include data

indicative of, but not limited to, an engine speed, an engine torque, a vehicle speed, a current
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gear selection, a gear change, a braking mntensity, and an amount of aerodynamic drag
experienced by the vehicle At process 406, the controller 150 receives environment data
indicative of characteristics around the vehicle (e.g., road grade, road curvatore, speed limit,
traffic conditions, traffic light conditions, weather conditions, etc.). In some embodiments,

process 406 1s omitted.

(00621 At process 408, the controller 130 determines an amount of fuel loss due to one or more
driving inputs(e.g., gear selection, a gear change, selected speed, braking habits, acceleration
habits, etc.) of an operator of the vehicle based on the vehicle data, the vehicle operation data,
and/or the environment data. At process 410, the controller 150 provides an indication of the
amount of fuel Joss to the operator of the vehicle (e.g., via the operator VO device 130, etc.) in
response to the one or more driving inputs. In some embodiments, the controller 150 is
structured to determine a suggested gear selection to reduce the amount of fuel loss and provide
an indication of the suggested gear selection to the operator (e.g., via the operator YO device 130,
etc.). In some embodiments, the controller 150 1s structured (o determine a suggested vehicle
speed to reduce an amount of aerodynamic resistance experienced by the vehicle and to reduce
the amount of fuel loss, as well as provide an indication of the suggested vehicle speed to the
operator {e.g., via the operator /O device 130, etc.). In some embodiments, the controller 150 18
further structured to provide an indication of a change in travel time based on the suggested

vehicle speed.

108631 In some embodiments, the controller 150 is structured to determine an amount of fuel
foss from a braking event. The braking event may be one of a normal braking event, a hard
braking event, and an emergency braking event. For example, the controller 150 may determine
an actual type of braking {e.g., normal braking, etc.) based on the one or more driving inputs
(e.g., pressing a brake pedal, pulling a brake lever, etc.). The actual type of braking may be
selected from potential types of braking including normal braking, hard braking, and emergency
braking. The controller 150 may determine an amount of fuel loss from the actual type of
braking. The controller 150 may then determine an estimated amount of fuel loss for the

potential types of braking that did not occur (e.g., hard braking, emergency braking, etc.). The
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controller 150 may then providean indication of the amount of fuel loss in response to the actual
type of brakingand/or provide an indication of the estimated amount of fuel loss or savings for
the potential types of braking that did not occur {e.g., via the operator VO device 130, etc.}). In an
alternative embodiment, the controller 130 is structured to provide an indication of a potential
arpount of fuel loss if an operator of a vehicle were to perform one of a normal braking eveut, a

hard braking eveunt, and/or an emergency braking event {(e.g., prior to braking occurring, etc.).

[G60864] At process 412, the controller 130 transmits an assessment of the one or more driving
nputs made by the operator to an external system {(e.g., a remote server, a remote device, the
fleet management system 250, via the telematics systern 220 over the network 210, etc.). o other
embodiments, the controller 150 additionally or alternatively transmits the vehicle data, the
vehicle operation data, and/or the environment data to the external system. In such cases, the
external system may assess and interpret the vehicle data, the vehicle operation data, and/or the
environruent data individually or in combination with the controller 150. At process 414, the
external system aggregates the assessments {and/or data) of the one or more driving inputs for
one or more operators of vehicles associated with the external system (e.g., vehicles 100 and/or
operators associated with the same vehicle fleet 10, etc.). At process 416, the extemnal system
displays the assessments of at least one of the one or more operators based on a received display
request {e.g., via the user /O device 230, etc.) to facilitate remote monitoring of the one or more

operators {e.g., for fuel efficiency purposes, etc.).

108651 It should be understoodthat no claim element herein is to be construed under the
provisions of 35 U.S.C. § H2{1), unless the element is expressly recited using the phrase “means
for.” The schematic flow chart diagrams and method schematic diagrams described above are
generally set forth as logical flow chart diagrams. As such, the depicted order and labeled steps
are indicative of representative embodiments. Other steps, orderings and methods may be
conceived that are equivalent in function, logic, or effect to one or more steps, or portions thereof,
of the methods illustrated in the schematic diagrams. Further, reference throughout this

specification to “one embodiment”, “an embodiment”, “an example embodiment”, or sinmifar

language means that a particular feature, structure, or characteristic described in connection with
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the embodiment is included in at least one embodiment of the present invention. Thas,
appearances of the phrases “in one embodiment”, “in an embodiment”, “in an example
embodiment”, and sinular Janguage throughout this specification may, but do not necessarily, all

refer to the same ernbodiment.

[06066] Additionally, the format and symbols employed are provided to explain the logical
steps of the schematic diagrams and are understood not to limit the scope of the methods
illustrated by the diagrams. Although various arrow types and line types may be employed in the
schematic diagrams, they are understood not to himit the scope of the corresponding methods.
Indeed, some arrows or other connectors may be used to indicate only the logical flow of a
method. For instance, an arrow may indicate a waiting or monitoring period of unspecified
duration between enumerated steps of a depicted method. Additionally, the order in which a
particular method occurs may or may not strictly adhere to the order of the correspouding steps
shown. It will also be noted that each block of the block diagrams and/or flowchart diagrams,
and corubinations of blocks in the block diagrams and/or flowchart diagrams, can be
implemented by special purpose hardware-based systems that perform the specified functions or

acts, or combinations of special purpose hardware and program code.

(63671 Many of the functional units described in this specification have been labeled as circuits,
1 order to more particularly emphasize their implementation independence. For example, a
circuit may be implemented as a hardware circuit comprising custom very-large-scale integration
(VLSI) circuits or gate arrays, off-the-shelf semiconductors such as logic chips, transistors, or
other discrete components. A circuit may also be implemented in programmable hardware
devices such as field programmable gate arrays, programmable array logic, programmable logic

devices or the like.

(06681 As mentioned above, circuits may also be implemented in machine-readable medium
for execution by various types of processors, such as processor 152 of FIG. 2 or processor 232 of
FIG. 3. Anidentified circnit of executable code may, for instance, comprise one or more
physical or logical blocks of computer instructions, which may, for instance, be organized as an

object, procedure, or function. Nevertheless, the executables of an identified circuit need not be
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physically located together, but may comprise disparate instractions stored in different locations
which, when joined logically together, comprise the circuit and achieve the stated purpose for the
circuit, Indeed, a circuit of computer readable program code may be a single instruction, or
many instructions, and may even be distributed over several different code segments, among
different programs, and across several memory devices. Simularly, operational data may be
identified and illustrated herein within circuits, and may be embodied in any suitable form and
organized within any suitable type of data structare. The operational data may be collected as a
single data set, or may be distributed over different locations including over different storage

devices, and may exist, at least partially, merely as electronic signals on a system or network.

(30621 The computer readable medium {(also referred to herein as machine-readable media or
machine-readable content) may be a tangtble computer readable storage medium storing the
computer readable program code. The computer readable storage medium may be, for example,
but not limited to, an electronic, magnetic, optical, electromagnetic, infrared, holographic,
micromechanical, or semiconductor system, apparatus, or device, or any suitable combination of
the foregoing. As alluded to above, examples of the computer readable storage medium may
include but are not limited to a portable computer diskette, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable programmable read-only memory (EPROM or
Flash memuory), a portable compact disc read-only memory (CBD-ROM), a digital versatile disc
(DVD), an optical storage device, a magnetic storage device, a holographic storage medium, a
micromechanical storage device, or any suitable combination of the foregoing. In the context of
this document, a computer readable storage medium may be any tangible medium that can
contain, and/or store computer readable program code for use by and/or in connection with an

instruction execution system, apparatus, or device.

{0876} The computer readable medivm may also be a computer readable signal medium. A
computer readable signal medinm may include a propagated data signal with computer readable
program code embodied therein, for example, in baseband or as part of a carrier wave. Such a
propagated signal may take any of a variety of forms, including, but not limited to, electrical,

electro-magnetic, magnetic, optical, or any suitable combination thereof. A computer readable
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signal medium may be any computer readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport computer readable program code for
use by or in connection with an instruction execution system, apparatus, or device. As also
alluded to above, computer readable program code embodied on a computer readable signal
medium may be transmitted using any appropriate mediam, including but not limited to wireless,
wireline, optical fiber cable, Radio Frequency (RF), or the hike, or any suitable combination of
the foregoing. In one embodiment, the computer readable medium mway comprise a combination
of one or more computer readable storage mediums and one or more computer readable signal
mediums. For example, computer readable program code may be both propagated as an electro-
magnetic signal through a fiber optic cable for execution by a processor and stored on RAM

storage device for execution by the processor.

(66711 Computer readable program code for carrying out operations for aspects of the present
invention roay be written in any combination of one or more programming languages, including
an object oriented programming language such as Java, Smalltalk, C++ or the like and
conventional procedural programming languages, such as the "C" programmming language or
similar programming languages. The computer readable program code may execute entirely on
the user's computer (such as via the controller 150 or fleet manager system 250 of FIGS. 1-3),
partly on the user's computer, as a stand-alone computer-readable package, partly on the user's
comptuter and partly on a remote computer or entirely on the remote computer or server. In the
iatter scenario, the remote computer may be connected to the user's computer through any type of
network, including a local area network (LAN) or a wide area network (WAN), or the

connection may be made to an external computer (for example, through the Internet using an

Internet Service Provider).

(0872} The program code may also be stored in a computer readable medium that can direct a
computer, other programable data processing apparatus, or other devices o function in a
particular manner, such that the instructions stored in the computer readable medium produce an
article of manufacture including instructions which implement the function/act specified in the

schematic flowchart diagrams and/or schematic block diagrams block or blocks.
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[G6673]  Accordingly, the present disclosure may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to be
considered m all respects only as ilhustrative and not restrictive. The scope of the disclosure i3,
therefore, indicated by the appended claims rather than by the foregoing description. All
changes which come within the meaning and range of equivalency of the claims are to be

embraced within their scope.
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WHAT IS CLAIMED IS:

I. An apparatus, comprising:
a driving assessment circuit structured to:
receive vehicle data indicative of at least one attributeof a vehicle;
receive vehicle operation data indicative of at least one operating
characteristic of the vehicle; and
determine an amount of fuel loss due to one or more driving inputs made
by an operator of the vehicle based on the vehicle data and the vehicle operation data; and
a display circuit structured to provide an indication of the amount of fuel loss on a

display device to the operator of the vehicle 1u response to the one or more driving inputs.

2. The apparatus of claim 1, wherein the one or more driving inputsinclude at least
one of (i) a braking event, (ii) a gear selection, (ii1) a gear change, and (iv) a pedal position
associated with a selected vehicle speed corresponding with an amount of aerodynamic

resistance experienced by the vehicle.

3. The apparatus of claim 2, wherein the driving assessment circuit 1s further

structared to determine a suggested gear selection to reduce the amount of fuel loss.

4. The apparatus of claim 3, wherein the display circuit is structured to provide an

indication of the suggested gear selection on the display device.

5. The apparatus of claima 2, wherein the driving assessment circuit is further
structured todetermine at least one of (i) a suggested vehicle speed to reduce the amount of
acrodynamic resistance experienced by the vehicle and the amount of fuel loss, and (i1} a change

in fravel tiroe based on the suggested vehicle speed.

6. The apparatus of claim 5, wherein the display circuit is further structured to
provide an indication of at least one of the suggested vehicle speed and thechange in travel time

on the display device.
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7. The apparatus of claim 2, wherein the driving assessment circuit 1s further
structured todetermine an actual type of braking based on the one or more driving inputs,
wherein the actual type of braking is selected from potential types of braking including normal
braking, hard braking, and emergency braking, and wherein the display circuit is structured to
provide an indication of the amount of fuel loss on the display device in response to the actual

type of braking.

8. The apparatus of claim 7, whereinthe driving assessment circuit is further
structured to determine an estimated amount of fuel loss for the potential types of braking that
did not occur, and wherein the display circuit is structured to provide an indication of the
estimated amount of fuel loss on the display device for the potential types of braking that did not

QCCUr.

9. The apparatus of claim 1, further comprising a communications circuit structared

to transmit an assessment of the one or more driving inputsto an externalsystem.

10, The apparatus of claim |, wherein the at least one attributeof the vehicle includes
at Jeast one of an axle ratio, a tire size, a transmission ratio at each gear, a fuel efficiency map, a

coefficient of aerodynamic drag, a vehicle aerodynamic drag area, and a vehicle weight.

Ii. The apparatus of claim 1, wherein theat least one operating characteristic of the
vehicle includes at least one of an engine speed, an engine forque, a vehicle speed, a current gear

selection, a gear change, a braking intensity, and an armount of aerodynamic drag.

12. The apparatus of claim |, wherein the driving assessment circuitry is further
structured to track the amount of fuel loss over at least one of a period of time and for a driving
event, and wherein thea display circuit is further structured to provide an indicationof the amount

of fuel loss for at least one of the period of tme and the driving event.
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i3. A method, comprising:

receiving, by a controller, vehicle data indicative of at least one attributeof a
vehicle;

receiving, by the controller, vehicle operation data indicative of at least one
operating characteristic of the vehicle;

determining, by the controller,an amount of fuel loss due (o one or more driving
inputs made by an operator of the vehicle based on the vehicle data and the vehicle operation
data; and

providing, by the controlleron a display device to the operator of the vehicle, an

indication of the arount of fuel loss in response to the oue or more driving nputs.

f4.  The method of claim 13, wherein the one or more driving inputs inchude at least
one of (i) a braking event, (ii) a gear selection, (ii1) a gear change, and (iv) a pedal position
associated with a selected vehicle speed corresponding with an amount of aerodynamic

resistance experienced by the vehicle.

I5.  The method of claim 14, further comprising:
determining, by the controller, a suggested gear selection to reduce the amount of
fael loss; and
providing, by the controller on the display device, an indication of the saggested

gear selection.

t6.  The method of claim 14, further comprising:
determining, by the controller, a suggested vehicle speed to reduce the amount of
aerodynamic resistance experienced by the vehicle and the amount of {fuel Joss; and
providing, by the countroller on the display device, an indication of the suggested

vehicle speed.
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I7. The method of claim 16, further comprising:
determining, by the controller, a change 1o travel timme based on the suggested
vehicle speed; and
providing, by the controller on the display device, an indication of thechange in

travel time.

18.  The method of claim 14, further comprising:
determining, by the controller, an actual type of braking based ou the one or more
driving inputs, wherein the actual type of braking is selected from potential types of braking
incleding norroal braking, hard braking, and emergency braking; and
providing, by the controller on the display device, an indication of the amount of

fuel loss in response o the actual type of braking.

19.  The method of claim 13, further comprising transmitting, by the controller to

anexternal system, an assessment of the one or more driving inputs.

20.  The method of claim 13, further comprising:
tracking, by the controller, the amount of fuel loss over at least one of a period of
time and for a driving event; and
providing, by the controller on the display device, an indication of the amount of

fuel loss for at least one of the period of time and the driving event.
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2. A systemn, comprising:
one or morecommuinication systems, each commuanication system located onboard
a respective vehicle and stractured to transmit an assessment of one or more driving inputs made
by a driver of the respective vehicle;
an external monitoring systern communicably coupled to the one or more
communication systems, the external system structured to:
receive the assessruent of the one or roore driving inputs made by the
driver from each of the one or more communication systems; and
receive a display request for providing a graphical user inter{face to a
display device, wherein the display request includes configurable options for providing the
graphical user interface in a desired graphical format for depicting the assessment of the one or
more driving inputs made by the driver of each respective vehicle to facilitate monitoring each

driver for fuel efficiency.

22. The driving input monitoring system of claim 21, wherein the one or more driving
inputs include at least one of (i) a braking event, (i1} a gear selection, {iii) a gear change, and (iv}
a pedal position associated with a selected vehicle speed corresponding with an arnount of
aerodynamic resistance experienced by the vehicle, each impacting the fuel efficiency of the

vehicle.
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23. A vehicle, comprising:
a display device; and
a controller coromunicably and operatively coupled to the display device, the
controller structured to:
receive vehicle data indicative of at least one attributeof the vehicle;
receive vehicle operation data indicative of at least one operating
characteristic of the vehicle;
determine an amount of fuel loss due to one or more driving inputs made
by an operator of the vehicle based on the vehicle data and the vehicle operation data; and
provide an indication of the amount of fuel loss on the display device in

response to the one or more driving inputs.

24. The vehicle of claim 23, further corprising at least one sensor structured to
acquire the vehicle operation data, wherein the at least one sensor is communicably coupled to
the controller, and wherein the at least one operating characteristic of the vehicle includes at least
one of an engine speed, an engine torque, a vehicle speed, a current gear selection, a braking

intensity, and an amount of aerodynamic drag.

25. The vehicle of claim 23, further comprising an input device structured to receive
at least a portion of the vehicle data, wherein the input device i1s communicably coupled to the
controller, and wherein the at least one atiributeof the vehicle includes at least one of an axle
ratio, a tire size, a transmission ratio at each gear, a fuel efficiency map, a coefficient of

aerodynamic drag, a vehicle aerodynamic drag area, and a vehicle weight.
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A. CLASSIFICATION OF SUBJECT MATTER
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According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED
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C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011205044 A1 (HONDA MOTOR CO., LTD.) 25 August 2011 (2011-08-25) 21,22
description, paragraphs [0246]-[0250]
Y US 2011205044 A1 (HONDA MOTOR CO., LTD.) 25 August 2011 (2011-08-25) 1-20,23-25
descriptio, paragraphs [0085]-[0133], [0143]-[0172], [0197]-[0250], claim 1
Y US 7233855 B1 (GM GLOBAL TECHONOLOGY OPERATIONS, INC.) 19 June 2007 1-20,23-25
(2007-06-19)
description, column 2 line 65-clomun 4 line 30, claim 1 and figures 1-2
A CN 104085398 A (ZHEJIANG GEELY HOLODING GROUP CO., LTD. ET AL.) 08 October 1-25
2014 (2014-10-08)
the whole document
A US 2012139922 A1 (KIA MOTORS CORPORATION ET AL.) 07 June 2012 (2012-06-07) 1-25
the whole document
A US 2013041621 A1 (SMITH, DAVID B. ET AL.) 14 February 2013 (2013-02-14) 1-25
the whole document

Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E» earlier application or patent but published on or after the international
filing date

“[” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“p” document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art
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