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FIG. 6
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TRAINING A DRIVER OF A VEHICLE TO
ACHIEVE IMPROVED FUEL ECONOMY

BACKGROUND

[0001] The driving habits of automobile drivers play an
important part in fuel consumption rates. Speeding, frequent
or unnecessary acceleration changes, overuse of breaks, and
erratic directional changes may decrease the overall fuel
economy of the vehicle. Furthermore, different engines and
vehicle styles respond differently to different driving styles.
Some drivers may not be aware of the effects of driving
behavior on vehicle fuel economy. Other drivers may be
aware of the consequences of driving behavior but may find it
hard to alter driving behavior. Still other drivers may engage
in some beneficial driving behaviors but do not know how to
optimize the fuel efficiency of a vehicle.

SUMMARY

[0002] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. Furthermore, the
claimed subject matter is not limited to implementations that
solve any or all disadvantages noted in any part of this dis-
closure.

[0003] A system for training a driver to achieve improved
fuel economy is disclosed. This system monitors the driving
parameters of a vehicle, analyzes the monitored driving
parameters, calculates suggested driving behavior adjust-
ments, and communicates the driving behavior adjustments
to the driver as the driver is driving.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 schematically shows a system for training a
driver of a vehicle to achieve improved fuel economy.
[0005] FIG. 2 shows an example driver interface compat-
ible with the training system of FIG. 1.

[0006] FIG. 3 shows another example driver interface com-
patible with the training system of FIG. 1.

[0007] FIG. 4 shows another example driver interface com-
patible with the training system of FIG. 1.

[0008] FIG. 5 shows the driver interface of FIG. 2 being
used to allow a driver to select a preferred driving level.
[0009] FIG. 6 shows the driver interface of FIG. 2 being
used to communicate various optional driving behavior
adjustments to the driver.

[0010] FIG. 7 shows the driver interface of FIG. 2 being
used to show a vehicle-route map color-coded to correspond
to various driving behavior adjustments suggested by the
training system.

[0011] FIG. 8 shows a process flow of a method for training
a driver of a vehicle to achieve improved fuel economy.

DETAILED DESCRIPTION

[0012] A system for training a vehicle driver to achieve
improved fuel economy is disclosed. The system monitors the
driving behavior of the driver while the driver is operating the
vehicle and suggests changes the driver can make in order to
improve the fuel economy of the vehicle. In this manner, the
driver is able to implement the suggested changes while con-
tinuing to operate the vehicle, thereby decreasing fuel usage,
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saving money, and lessening potentially harmful impacts the
vehicle may have on the environment. As used herein, “fuel”
is used to refer to all energy sources that power a vehicle,
including liquid fuels, gaseous fuels, solid fuels, stored
chemical energy that provides an electrical potential (e.g., in
a battery or a fuel cell), and the like.

[0013] FIG. 1 somewhat schematically shows a non-limit-
ing example of a training system 10 configured to help a
driver achieve improved fuel economy. Training system 10
includes a monitoring subsystem 12, an analysis subsystem
14 communicatively coupled to the monitoring subsystem,
and a driver interface 16 communicatively coupled to the
analysis subsystem. As shown in FIG. 1, a training system
may optionally include a logic subsystem 18 and/or memory
20. When included, logic subsystem 18 and/or memory 20
can serve as constituent elements of, or be used to enable, one
or more of monitoring subsystem 12, analysis subsystem 14,
and/or driver interface 16, or portions thereof.

[0014] Logic subsystem 18 may be configured to execute
one or more instructions. For example, the logic subsystem
may be configured to execute one or more instructions that are
part of one or more programs, routines, objects, components,
data structures, or other logical constructs. Such instructions
may be implemented to perform atask, implement an abstract
data type, or otherwise arrive at a desired result. The logic
subsystem may include one or more processors that are con-
figured to execute software instructions. Additionally or alter-
natively, the logic subsystem may include one or more hard-
ware or firmware logic machines configured to execute
hardware or firmware instructions. The logic subsystem may
optionally include individual components that are distributed
throughout two or more devices, which may be remotely
located in some embodiments.

[0015] Memory 20 may be a device configured to hold
instructions that, when executed by the logic subsystem,
cause the logic subsystem to implement the herein described
methods and processes including, but not limited to, the
monitoring, analyzing, and/or displaying methods associated
with the herein disclosed monitoring subsystem, analysis
subsystem, and/or driver interface. Memory 20 may include
volatile portions and/or nonvolatile portions. In some
embodiments, memory 20 may include two or more different
devices that may cooperate with one another to hold instruc-
tions for execution by the logic subsystem. In some embodi-
ments, logic subsystem 18 and memory 20 may be integrated
into one or more common devices and/or computing systems.
[0016] Monitoring subsystem 12 may be configured to
monitor one or more driving parameters of the vehicle. The
one or more driving parameters of the vehicle may include,
but are not limited to, speed, acceleration, current fuel con-
sumption rate, current location, destination, route informa-
tion, fuel level, fuel pressure, engine rotations-per-minute,
engine load, engine run-time, engine coolant temperature,
elevation, weather conditions, traffic data, grade of a road,
engine type, vehicle make and model, etc. As such, the moni-
toring subsystem may include one or more sensors or other
measurement devices configured to measure or otherwise
acquire one or more parameters of interest.

[0017] As a non-limiting example, the monitoring sub-
system may include a global positioning system (GPS)
receiver. The GPS receiver may receive one or more signals
from a system of satellites thereby allowing the GPS receiver
to monitor various driving parameters of the vehicle, includ-
ing current location, heading, elevation, speed, and accelera-



US 2009/0326753 Al

tion. The one or more signals from the system of satellites
may further be used to determine external driving parameters
present at the vehicle’s current location, including, but not
limited to, elevation, traffic, weather conditions, and grade of
the road. The GPS receiver may also include a user interface
which may allow the driver to input a desired destination. In
some embodiments, the user interface of the GPS receiver
may be combined with driver interface 16, or shared with
another interface of the vehicle.

[0018] As another non-limiting example, monitoring sub-
system 12 may include an on-board diagnostic subsystem of
the vehicle. The on-board diagnostic subsystem may be com-
municatively coupled to one or more sensors arrayed
throughout the vehicle. The one or more sensors may monitor
one or more driving parameters which may impact the per-
formance of the vehicle, including, but not limited to, fuel
level, fuel pressure, engine rotations-per-minute, engine load,
engine run-time, mass-air-flow, oxygen levels, accessory
load, and engine coolant temperature.

[0019] As a further non-limiting example, the monitoring
subsystem may include adaptive cruise control radar. The
adaptive cruise control radar may monitor the distance
between the vehicle and one or more vehicles or other objects
which may impact the vehicle’s speed and acceleration.

[0020] Monitoring subsystem 12 may include one of the
above examples, a combination of two or more of the above
examples, and/or other monitoring device(s) which can moni-
tor driving parameters which impact the fuel-economy of the
vehicle. For example, in some embodiments, the monitoring
subsystem may use only a GPS receiver or an on-board diag-
nostic subsystem for measuring the driving parameters, while
in other embodiments the monitoring subsystem may use
both a GPS receiver and an on-board diagnostic subsystem.

[0021] Analysis subsystem 14 may be configured to calcu-
late one or more suggested driving adjustments. The analysis
subsystem may calculate the one or more suggested driving
behavior adjustments by applying one or more fuel-
economy-improving principles to the one or more driving
parameters monitored by the monitoring subsystem. The
analysis subsystem may be part of a vehicle’s on-board com-
puting system, part of a GPS receiver, or another suitable
device.

[0022] The fuel-economy-improving principles may be
implemented using a variety of different strategies. Non-
limiting examples of manners in which the fuel-economy-
improving principles can be implemented include algo-
rithms, heuristics, fuzzy logic, or other methods capable of
arriving at decisions based on one or more input parameters
(e.g., driving parameters).

[0023] A non-limiting example of a fuel-economy-improv-
ing principle includes increasing the coasting of the vehicle as
the vehicle approaches a deceleration opportunity. The
increase in coasting of the vehicle may provide improved fuel
economy since the vehicle will not consume as much fuel
when it is not under power. The analysis subsystem may
calculate the best timing for the driver to release the throttle,
dependent on vehicle speed, in order to reduce fuel consump-
tion while maintaining vehicle inertia up to the deceleration
opportunity. The deceleration opportunity may exist when the
vehicle is approaching a turn, highway or freeway exit, stop
sign, or downhill stretch in the road with excess speed that is
likely to require energy-wasting braking. The analysis sub-
system can be configured to recognize when such coasting
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opportunities exist (e.g., by comparing vehicle location and
heading to current vehicle speed).

[0024] As further non-limiting examples, fuel-economy-
improving principles may include maintaining even accelera-
tion, reducing vehicle speed under high engine loads, keeping
an engine rotations-per-minute to speed ratio below a desired
threshold, avoiding vehicle routes with more anticipated
starts and stops, and reducing vehicle accessory usage. The
analysis subsystem can be configured to determine when the
above described principles may be applied to reduce fuel
consumption.

[0025] The fuel-economy-improving principles may
include one of the above examples, a combination of the
above examples, or other principles which may improve fuel
economy of the vehicle when applied to the one or more
driving parameters. The analysis subsystem may be updated
through a wired or wireless computer connection to include
more accurate and up-to-date fuel-economy-improving prin-
ciples that produce more effective calculations.

[0026] Analysis subsystem 14 may also be configured to
calculate suggested driving behavior adjustments responsive
to a type of engine in the vehicle. The type of engine may
include, but is not limited to, unleaded gasoline, diesel, elec-
tric, or a hybrid engine incorporating two or more different
engine technologies. The type of engine may have different
responses to different driving behavior adjustments. There-
fore, the analysis subsystem may calculate suggested driving
behavior adjustments based on the corresponding type of
engine to improve fuel-economy of the vehicle.

[0027] The analysis subsystem may also calculate sug-
gested driving behavior adjustments responsive to a make and
model of the vehicle in which it is installed. The make and
model of the vehicle may provide the analysis subsystem with
one or more additional fuel-economy-effecting characteris-
tics including, but not limited to, engine type, gross vehicle
weight, and aerodynamic coefficient. The analysis subsystem
may be able to provide more accurate suggested driving
behavior adjustments based on more detailed information
provided by the make and model of the vehicle.

[0028] The analysis subsystem may be selectably config-
ured with a plurality of settings to calculate driving behavior
adjustments responsive to the level of experience the driver
has with the training system. 12. The analysis subsystem can
vary levels of driving behavior adjustments suggested to a
driver based on the selected settings as chosen by the driver,
or as automatically determined by the training system based
on a driver’s past performance.

[0029] AsshowninFIG. 5, the driver may select a first level
of suggested driving behavior adjustments when learning to
use the training system. The driver may also select a second
level of suggested driving behavior adjustments for normal
driving conditions after the driver may be more familiar with
the training system. Further, the driver may select a third level
of suggested driving behavior adjustments when the driver
wishes to optimize fuel-economy. Thus, the driver may be
able to customize the analysis subsystem to calculate only the
adjustments the driver is experienced enough to complete.
The above customization scheme is provided as a non-limit-
ing example, and others can be implemented without depart-
ing from the scope of the present disclosure. In some embodi-
ments, selectable levels may correspond with a driver’s
experience level. In other embodiments, selectable levels may
correspond with the aggressiveness with which the driver
wishes the training system to make suggestions.
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[0030] Additionally, the analysis subsystem may consider
the current price of fuel when calculating suggested driving
behavior adjustments. As a non-limiting example, the analy-
sis subsystem may receive data from an Internet-connected
GPS receiver, a radio receiver, a satellite receiver, a cellular
receiver, another suitable device, or a combination of such
devices. Such data may include the current location of the
vehicle, nearby service stations, and the price of the fuel at
those service stations. Thus, the analysis subsystem may cal-
culate suggested driving behavior adjustments to optimize
fuel-economy on days when prices may be higher and calcu-
late less fuel-economy-improving suggested driving behav-
ior adjustments when fuel prices are lower and other consid-
erations, such as trip duration, are given a higher priority than
fuel savings.

[0031] Analysis subsystem 14 may also calculate multiple
fuel-economy-improving routes to a destination input by the
driver (e.g., via driver interface 16). As non-limiting
examples, the analysis subsystem may suggest a route which
has fewer starts and stops, has more coasting opportunities, or
avoids potential traffic issues. Further, driver interface 16 may
communicate the most fuel-economy-improving routes to the
driver and allow the driver to select the desired route.

[0032] Driver interface 16 may be configured to communi-
cate the one or more suggested driving behavior adjustments
calculated by analysis subsystem 14 to the driver. The driver
interface may be located in the vehicle and may communicate
the suggested driving behavior adjustments to the driver dur-
ing vehicle operation. In this way, the driver may be able to
learn which driving behaviors are desirable under various
driving conditions and thus may be trained to achieve
improved fuel economy before it is too late for such adjust-
ments to have a real effect on fuel usage during a particular
trip.

[0033] The driver interface may be configured to include a
display to visually communicate suggested driving behavior
adjustments to the driver. The display may include, but is not
limited to, one or more liquid crystal displays (LCD), one or
more light emitting diodes (LED), one or more touch-screen
displays, and/or one or more light bulbs. The display may
communicate to the driver with textual instructions, graphical
instructions, colors corresponding to a driving behavior
adjustment, range indicators that shows the maximally and
minimally acceptable speed and acceleration together with
current vehicle speed and acceleration, and/or other visual
cues which may communicate to the driver that the driver
should make a suggested driving behavior adjustment.
[0034] FIG. 2 shows a non-limiting example of'a display 22
including an LCD screen 24 which is communicating a sug-
gested driving behavior adjustment 26 to the driver. LCD
screen 24 may be positioned on a dashboard or at another
location in a driver’s field of vision. As illustrated, LCD
screen 24 is informing the driver that a stop sign is approach-
ing and that coasting could reduce fuel usage. As shown, the
display may communicate the suggested driving behavior
adjustments in short textual phrases as it may increase vehicle
safety to reduce the amount of time the driver is reading the
display.

[0035] As shown in FIG. 2, driver interface 16 may addi-
tionally or alternatively be configured to include a speaker 28
to auditorily communicate suggested driving behavior adjust-
ments to the driver. The auditory communication may include
verbal instructions or other discernable sounds that indicate
suggested adjustments. Auditory instructions may increase
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vehicle operation safety by enabling the driver to receive
suggested driving behavior adjustments without forcing the
driver to look away from the road. Auditory instructions may
also enable the training system to communicate more com-
plicated instructions to the driver then may be possible with a
visual display.

[0036] FIG. 3 shows another non-limiting example of a
display including a light 30, such as an LED, positioned in the
driver’s field of vision on an instruments panel 32 of the
vehicle. The display may be configured to use a variety of
colors to communicate to the driver the suggested driving
behavior adjustments without forcing the driver to look away
from the road for an extended period of time. The display may
be located where the driver is accustomed to looking during
vehicle operation, such as in close proximity to a vehicle
gauge 34. In other embodiments, the display may be located
on top of a dashboard, as part of a heads-up-display, or at
another location in the driver’s field of vision.

[0037] As shown in FIG. 4, in some embodiments display
22, speaker 28, or other driver interface that communicates
suggested driving behavior adjustments to the driver may be
partof a peripheral device, such as a GPS receiver, third-party
on-board computer, cellular telephone, or the like.

[0038] As shown in FIGS. 3 and 4, the display may be
configured to display three colors: green (shown at 36 with
diagonal lines), red (shown at 38 with vertical lines), and blue
(shown at 40 with horizontal lines). Green may be used to
communicate that no adjustment is currently needed. In other
words, the analysis subsystem has determined that the driver
need not make any adjustments in order to achieve better fuel
economy. Red may be used to suggest that the driver make an
adjustment to reduce throttle. Blue may be used to suggest the
driver make an adjustment to coast the vehicle.

[0039] It is to be understood that green, red, and blue are
provided as exemplary colors that can be used to communi-
cate different information to a driver. In other embodiments,
different colors, symbols, or other visual indicators may be
used. Furthermore, while the above example uses three dif-
ferent colors to indicate three different states, it is to be
understood that in other embodiments more or fewer states
can be communicated using an appropriate number of visu-
ally discernable indicators (e.g., colors, shapes, etc.).

[0040] FIG. 5 shows a non-limiting example of display 22
being used to allow the driver to select a level of driver
proficiency. The analysis subsystem may be configured to
calculate driving behavior adjustments based on a proficiency
selection 42 made by the driver. As a non-limiting example,
the analysis subsystem and the driver interface may cooperate
to provide advanced users with more aggressive driving
behavior adjustments and provide new users with less aggres-
sive and easier to follow driving behavior adjustments. As
such, the analysis subsystem and the driver interface may be
collectively configured to filter those suggested driving
behavior adjustments which do not meet the level of profi-
ciency selected. Thus, the driver may be able to customize the
suggested driving behavior adjustments which are communi-
cated by the driver interface.

[0041] FIG. 6 shows a non-limiting example of display 22
which may be configured to communicate a suggested driving
behavior adjustment 26 and an anticipated impact on trip
duration 44 if the adjustment is undertaken by the driver.
Thus, the driver may be able to determine the value of the
improvement in fuel economy in relation to the extra travel
duration.
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[0042] FIG.7 shows a non-limiting example of driver inter-
face 16 which may be configured to communicate a route 46
the vehicle is travelling which may be color-coded to match
the suggested driving behavior adjustments previously com-
municated to the driver. The color-coded vehicle route may
provide the driver with feedback as to which portions of the
route the driver fulfilled the suggested driving behavior
adjustments. Thus the driver may be able to learn to alter their
driving behavior in the future in the same or similar driving
locations. Further, the driver may learn to select a different
vehicle route to a destination in the event they cannot com-
plete the suggested driving behavior adjustments on a par-
ticular route. The color-coded route may also provide the
driver with visual evidence of how accurately the driver is
making the suggested driving behavior adjustments.

[0043] As further non-limiting examples, the driver inter-
face may be configured to communicate to the driver when
vehicle fuel level is too low to reach a desired destination, an
acceptable range of vehicle speed and/or acceleration for
certain driving parameters, the impact of external factors on
fuel-economy, and alternative suggested driving behavior
adjustments. The driver interface may be configured to com-
municate any driving parameters, suggested driving behavior
adjustments, or other factors which may impact fuel-
economy.

[0044] The driver interface may optionally be configured to
communicate suggested driving behavior adjustments to the
driver after vehicle operation has ceased. The driver may
process the suggested driving behavior adjustments in more
depth when not also operating the vehicle. Further, the driver
may transfer the suggested driving behavior adjustments and
related driving parameters to a computer. Thus the driver may
be able to review past performance and track changes in
driving behavior over time. The driver may also upload the
suggested driving behavior adjustments and driving param-
eters to a remote computer. The remote computer may be
accessed and/or reviewed by an authorized third party who
may then use the information to make improvements to the
fuel-economy-improving principles for future updating of the
analysis subsystem.

[0045] FIG. 8 shows a process flow of a method 48 for
training a driver of a vehicle to achieve improved fuel
economy. At 50, method 48 includes monitoring one or more
driving parameters of the vehicle. At 52, method 48 includes
applying one or more fuel-economy-improving principles to
the driving parameters. At 54, method 48 includes calculating
one or more suggested driving behavior adjustments. At 56,
method 48 includes communicating driving behavior adjust-
ments to the driver during vehicle operation. The fuel-
economy-improving principles may be any variation as
described above.

[0046] It should be understood that the configurations and/
or approaches described herein are exemplary in nature, and
that these specific embodiments or examples are not to be
considered in a limiting sense, because numerous variations
are possible. The specific routines or methods described
herein may represent one or more of any number of training
strategies. As such, various acts illustrated may be performed
in the sequence illustrated, in other sequences, in parallel, or
in some cases omitted. Likewise, the order of the above-
described processes may be changed.

[0047] The subject matter of the present disclosure includes
all novel and nonobvious combinations and subcombinations
of the various processes, systems and configurations, and
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other features, functions, acts, and/or properties disclosed
herein, as well as any and all equivalents thereof.

1. A system for training a driver of a vehicle to achieve
improved fuel economy, comprising:

a monitoring subsystem to monitor one or more driving

parameters of the vehicle;

an analysis subsystem communicatively coupled to the

monitoring subsystem and configured to calculate one or
more suggested driving behavior adjustments by apply-
ing one or more fuel-economy-improving principles to
the one or more driving parameters; and

a driver interface communicatively coupled to the analysis

subsystem and located in the vehicle to communicate the
one or more driving behavior adjustments to the driver
during vehicle operation.
2. The system of claim 1, where the monitoring subsystem
includes a global positioning system receiver.
3. The system of claim 1, where the monitoring subsystem
further includes an adaptive cruise control radar.
4. The system of claim 1, where the monitoring subsystem
includes an on-board diagnostic subsystem of the vehicle.
5. The system of claim 1, where the one or more driving
parameters of the vehicle include one or more of speed, accel-
eration, current location, destination, fuel level, fuel pressure,
engine rotations-per-minute, engine load, engine run-time,
engine coolant temperature, elevation, weather conditions,
traffic data, and grade of a road.
6. The system of claim 1, where the driver interface
includes a display to visually communicate driving behavior
adjustments to the driver during vehicle operation.
7.The system of claim 6, where the display uses a first color
to visually communicate a driving behavior adjustment to
reduce throttle.
8. The system of claim 7, where the display uses a second
color to visually communicate a driving behavior adjustment
to coast.
9. The system of claim 7, where the display uses a third
color to visually communicate that a driving behavior adjust-
ment is not currently needed.
10. The system of claim 1, where the driver interface
includes a speaker to auditorily communicate driving behav-
ior adjustments to the driver during vehicle operation.
11. The system of claim 10, where the driver interface
auditorily communicates using verbal instructions.
12. The system of claim 1, where the analysis subsystem is
selectably configured with a plurality of proficiency settings
to alter levels of suggested driving behavior adjustments com-
municated to a driver by the driver interface.
13. The system of claim 1, where the driver interface com-
municates an impact on trip duration of a suggested driving
behavior adjustment.
14. The system of claim 1, where the driver interface dis-
plays a route the vehicle traveled color coded to match sug-
gested driving behavior adjustments provided to the driver
throughout the route.
15. A method for training a driver of a vehicle to achieve
improved fuel economy, comprising:
monitoring one or more driving parameters of the vehicle;
calculating one or more suggested driving behavior adjust-
ments by applying one or more fuel-economy-improv-
ing principles to the one or more driving parameters; and

communicating the one or more driving behavior adjust-
ments to the driver during vehicle operation.
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16. The method of claim 15, where the communicating is
done visually during vehicle operation.

17. The method of claim 16, where a first color visually
communicates a driving behavior adjustment to reduce
throttle.

18. The method of claim 17, where a second color visually
communicates a driving behavior adjustment to coast.

19. The method of claim 17, where a third color visually
communicates a driving behavior adjustment is not needed.

20. Computer readable memory comprising instructions,
that when executed by a processing subsystem of a fuel-
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economy-training system, enable the fuel-economy-training
system to instruct a driver to improve fuel economy of a
vehicle by:
monitoring one or more driving parameters of the vehicle;
calculating one or more suggested driving behavior adjust-
ments by applying one or more fuel-economy-improv-
ing principles to the one or more driving parameters; and
communicating the one or more driving behavior adjust-
ments to the driver during vehicle.
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