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(57) Abstract: A vehicle display may convey vehicle trip information and vehicle range information graphically to assist drivers in
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is depleted. A trip gauge may include indicators corresponding to the relative locations of the vehicle, the destination, and a projec -
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tery gauge, as well as one or more of the associated indicators, may assigned various color values for display based upon energy con -
sumption, vehicle range, and target distance information.
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INFORMATION DISPLAY SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provisional Application No. 61/430,349,
filed January 6, 2011, claims priority to U.S. Application No. 13/344,288, filed January 5, 2012 and
claims priority to U.S. Application No. 13/344,293, filed January 5, 2012, the disclosures of which

are hereby incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] The present application relates to an information display system and method for a
vehicle for graphically displaying vehicle range and destination information relative to each other

and the vehicle location.

BACKGROUND

[0003] Plug-in electric vehicle, including battery electric vehicles (BEVs) and plug-in hybrid
electric vehicles (PHEVs), may be connected to an external power supply for charging a vehicle
battery. Such vehicles typically include a charge cord that extends from an external power supply
and is physically connected to a vehicle charging port to facilitate charging of the vehicle battery.
The vehicle battery provides electrical power to operate a motor, which generates wheel torque for
propelling the vehicle. When the battery charge is depleted, the vehicle may no longer be mobile,
particularly with respect to BEVs. Economical driving choices can help extend the vehicle’s range,

particularly by reducing the rate at which the vehicle expends energy stored in the battery.

[0004] Vehicles include a number of interfaces, such as gauges, indicators, and/or displays to
convey information to the driver regarding the vehicle and its surroundings. With the advent of new
technologies, these interfaces have become more sophisticated. For example, some vehicles include
battery state of charge gauges and vehicle range indicators. Also, many hybrid electric vehicles
(HEVs) incorporate gauges that attempt to provide the driver with information on the various hybrid

driving states. Some gauges will indicate to the driver when the vehicle is being propelled by an
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engine alone, a motor alone, or a combination of the two. Similarly, a display may indicate when the
motor is operating as a generator, and is recharging an energy storage device, such as the battery. As
new technologies increase in complexity, drivers rely on these interfaces to convey information that
will help them make economical driving choices, enhance their driving experience, and safely reach

their destination.

SUMMARY

[0005] A display control system for a vehicle is provided in accordance with one or more
embodiments of the present application. The display control system may include a controller and a
display in communication with the controller. The controller may be configured to receive input
indicative of an estimated vehicle range and output at least one display control signal based on the
input. The display may include a battery gauge for conveying a battery state of charge (SOC). At
least a portion of the battery gauge may be displayed in a predetermined color based upon the
estimated vehicle range in response to the display control signal. For instance, the portion of the
battery gauge may be displayed in a first color when the estimated vehicle range is above an
estimated vehicle range threshold. Further, the portion of the battery gauge may be displayed in at
least a second color when the estimated vehicle range is below the estimated vehicle range threshold.

The second color may be different from the first color.

[0006] The display may further include a trip gauge having a first end associated with a trip
start location, a second end, and a vehicle indicator associated with a vehicle location, which may be
disposed between the first end and the second end. The trip gauge may further include an empty
indicator associated with a zero battery charge location. The empty indicator may be spaced apart
from the vehicle indicator based upon the estimated vehicle range. The empty indicator may be
displayed in the first color when the estimated vehicle range is above the estimated vehicle range
threshold. Moreover, the empty indicator may be displayed in at least the second color when the

estimated vehicle range is below the estimated vehicle range threshold.

[0007] The trip gauge may further include a target indicator associated with a target location.
Moreover, the input may be further indicative of a target distance corresponding to a distance from

the vehicle location to the target location. The controller may be further configured to calculate a
2
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surplus distance based on the difference between the estimated vehicle range and the target distance.
The trip gauge may be displayed according to a first color scheme when the surplus distance is
positive. The trip gauge may be displayed according to a second color scheme when the surplus
distance is negative and the estimated vehicle range is above the estimated vehicle range threshold.
The trip gauge may be displayed according to a third color scheme when the surplus distance is

negative and the estimated vehicle range is below the estimated vehicle range threshold.

[0008] The controller may be further configured to calculate an energy budget threshold
based upon the battery SOC and the target distance. Moreover, the input may be further indicative
of an instantaneous energy consumption rate. The display may be configured to display the vehicle
indicator in one of a number of predetermined color states based upon a difference between the

instantaneous energy consumption rate and the energy budget threshold.

[0009] According to one or more embodiments, a method for displaying vehicle range and
energy consumption information may be provided. The method may include calculating an
estimated vehicle range based upon a state of charge (SOC) of a battery and displaying a battery
gauge including a SOC indicator associated with the battery SOC. At least a portion of the battery
gauge may be displayed in one of a number of predetermined colors based upon the estimated
vehicle range. For instance, the portion of the battery gauge may be displayed in a first color when
the estimated vehicle range is above an estimated vehicle range threshold. Moreover, the portion of
the battery gauge may be displayed in at least a second color when the estimated vehicle range is

below the estimated vehicle range threshold. The second color may be different from the first color.

[0010] The method may further include displaying a trip gauge including a vehicle indicator
associated with a current vehicle location and an empty indicator associated with a zero battery
charge location. The empty indicator may be spaced apart from the vehicle indicator based upon the
estimated vehicle range. The empty indicator may be displayed in the first color when the estimated
vehicle range is above the estimated vehicle range threshold and at least the second color when the
estimated vehicle range is below the estimated vehicle range threshold. The trip gauge may further
include a target indicator associated with a target destination. The target indicator may be spaced
apart from the vehicle indicator based upon a target distance between the vehicle location and the

target destination. The method may further include calculating a surplus distance based on the
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difference between the estimated vehicle range and the target distance and displaying at least the
target indicator according to one of a number of predetermined color schemes based upon the
surplus distance and the estimated vehicle range. The method may also include receiving an
instantaneous energy consumption rate, calculating an energy budget threshold based upon the
battery SOC and the target distance, and displaying the vehicle indicator in one of a number of
predetermined color states based upon the difference between the instantaneous energy consumption

rate and the energy budget threshold.

[0011] According to one or more additional embodiments, a vehicle display including a
battery gauge and a trip gauge may be provided. The battery gauge may include a state of charge
(SOC) indicator corresponding to a battery SOC. The trip gauge may include a first end associated
with a trip start location and a second end. The trip gauge may further include a vehicle indicator
associated with a vehicle location and disposed between the first end and the second end. Moreover,
the trip gauge may include an empty indicator associated with a zero battery charge location. At
least a portion of the battery gauge and the empty indicator may be displayed in one of number of
predetermined colors based upon an estimated vehicle range. Further, the trip gauge may be
displayed according to one of a number of predetermined color schemes based upon the estimated
vehicle range and a distance to a target destination. Furthermore, the vehicle indicator may be
displayed in one of a number of predetermined color states based upon the battery SOC, a distance to

a target destination, and an instantaneous energy consumption rate.

[0012] According to one or more embodiments of the present application, a battery gauge for
a vehicle may include a first end associated with a lower battery charge limit and a second end
associated with an upper battery charge limit. The battery gauge may further include a state of
charge (SOC) indicator disposed between the first end and the second end based on a battery SOC.
The battery gauge may also include a target indicator associated with a target destination. The target
indicator may be disposed between the first end and the second end based on a target distance. The
target distance may correspond to a distance between the vehicle and the target destination. The

position of the SOC indicator relative to the first end may correspond to an estimated vehicle range.

[0013] The position of the target indicator relative to the SOC indicator may indicate the
target distance from a current vehicle location to the target destination. Alternatively, the position of
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the target indicator relative to the first end may indicate the target distance from a current vehicle
location to the target destination. In general, the position of the target indicator relative to the SOC
indicator and the first end may indicate whether the vehicle is currently able to reach the target
destination based on the battery SOC. The target indicator may be disposed between the SOC
indicator and the first end when the estimated vehicle range exceeds the target distance indicating
surplus battery energy exists for the vehicle to reach the target destination under current operating
conditions. The position of the target indicator relative to the SOC indicator may be indicative of a
magnitude of the surplus battery energy. Moreover, the SOC indicator may be disposed between the
first end and the target indicator when the target distance exceeds the estimated vehicle range
indicating insufficient battery energy is available for the vehicle to reach the target destination under
current operating conditions. The insufficient battery energy may correspond to an energy deficit.
The position of the target indicator relative to the SOC indicator may be indicative of a magnitude of

the energy deficit.

[0014] According to one or more additional embodiments, a display control system for a
vehicle may include a display in communication with a controller. The display may include a
battery gauge having a first end associated with a lower battery charge limit, a second end associated
with an upper battery charge limit, and a state of charge (SOC) indicator associated with a battery
SOC. The display may further include a target indicator associated with a target destination. The
controller may be configured to calculate an estimated vehicle range based at least upon the battery
SOC and calculate a target distance based on a current vehicle location and the target destination.
The controller may be further configured to output a signal causing the display to adjust a position of
the target indicator relative to the SOC indicator based on the estimated vehicle range and the target
distance. The position of the target indicator relative to the SOC indicator may be indicative of the
target distance from the current vehicle location to the target destination. Alternatively, the position
of the target indicator relative to the first end may be indicative of the target distance from a current

vehicle location to the target destination.

[0015] The target indicator may be disposed between the SOC indicator and the first end
when the estimated vehicle range exceeds the target distance indicating surplus battery energy exists
for the vehicle to reach the target destination under current operating conditions. The position of the

target indicator relative to the SOC indicator may be indicative of a magnitude of the surplus battery
5
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energy. The SOC indicator may be disposed between the first end and the target indicator when the
target distance exceeds the estimated vehicle range indicating insufficient battery energy is available
for the vehicle to reach the target destination under current operating conditions. The insufficient
battery energy may correspond to an energy deficit. The position of the target indicator relative to

the SOC indicator may be indicative of a magnitude of the energy deficit.

[0016] In accordance with one or more embodiments of the present application, a display
method may include calculating a target distance based upon a current vehicle location and a target
destination and calculating an estimated vehicle range based upon a battery state of charge (SOC).
The method may further include displaying a battery gauge including a first end associated with a
lower battery charge limit, a second end associated with an upper battery charge limit, a state of
charge (SOC) indicator associated with a battery SOC, and a target indicator associated with the
target destination. The target indicator may be spaced apart from the SOC indicator based on the
estimated vehicle range and the target distance. Moreover, the target indicator may be disposed
between the SOC indicator and the first end when the estimated vehicle range exceeds the target
distance indicating surplus battery energy exists for the vehicle to reach the target destination under
current operating conditions. Further, the SOC indicator may be disposed between the first end and
the target indicator when the target distance exceeds the estimated vehicle range indicating
insufficient battery energy is available for the vehicle to reach the target destination under current

operating conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGURE 1 is a simplified, exemplary schematic representation of a vehicle including

a display control system in accordance with one or more embodiments of the present application;

[0018] FIGURE 2a depicts an exemplary display in accordance with one or more

embodiments of the present application;
[0019] FIGURE 2b depicts an alternate view of the display in Figure 2a;

[0020] FIGURE 3a depicts an exemplary display in accordance with one or more

embodiments of the present application;
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[0021] FIGURE 3D depicts an alternate view of the display in Figure 3a;

[0022] FIGURE 4a depicts another exemplary display in accordance with one or more

embodiments of the present application;
[0023] FIGURE 4b depicts an alternate view of the display in Figure 4a;

[0024] FIGURE 5a depicts yet another exemplary display in accordance with one or more

embodiments of the present application;

[0025] FIGURE 5Db depicts an alternate view of the display in Figure 5a;

[0026] FIGURE 6 is a simplified, exemplary flow diagram depicting a method for conveying
vehicle range information using colors in accordance with one or more embodiments of the present
application;

[0027] FIGURE 7 is a simplified, exemplary flow diagram depicting a method for conveying

vehicle range and energy surplus information using colors in accordance with one or more

embodiments of the present application;

[0028] FIGURE 8 is a simplified, exemplary flow diagram depicting a method for conveying
the instantaneous energy consumption information in accordance with one or more embodiments of

the present application;

[0029] FIGURE 9a depicts yet another exemplary display in accordance with one or more

embodiments of the present application; and

[0030] FIGURE 90b depicts an alternate view of the display in Figure 9a.
DETAILED DESCRIPTION
[0031] As required, detailed embodiments of the present application are disclosed herein;

however, it is to be understood that the disclosed embodiments are merely exemplary of an invention
that may be embodied in various and alternative forms. The figures are not necessarily to scale;

some features may be exaggerated or minimized to show details of particular components.
7
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Therefore, specific structural and functional details disclosed herein are not to be interpreted as
limiting, but merely as a representative basis for teaching one skilled in the art to variously employ

one or more embodiments the present application.

[0032] Referring now to the drawings, Figure 1 is a simplified, exemplary schematic diagram
of a vehicle 10. The illustrated embodiment depicts the vehicle 10 as a battery electric vehicle
(BEV), which is an all-electric vehicle propelled by one or more electric motors 12 without
assistance from an internal combustion engine. The motor 12 may receive electrical power and
provide mechanical rotational output power. The motor 12 may be mechanically connected to a
gearbox 14 for adjusting the output torque and speed of the motor 12 by a predetermined gear ratio.
The gearbox 14 may be connected to a set of drive wheels 16 by an output shaft 18. Other
embodiments of the vehicle 10 may include multiple motors (not shown) for propelling the vehicle.
The motor 12 may also function as a generator for converting mechanical power into electrical
power. A high voltage bus 20 electrically connects the motor 12 to an energy storage system 22

through an inverter 24.

[0033] The energy storage system 22 may include a main battery 26 and a battery energy
control module (BECM) 28. The main battery 26 may be a high voltage battery that is capable of
outputting electrical power to operate the motor 12. According to one or more embodiments, the
main battery 26 may be a battery pack made up of several battery modules. Each battery module
may contain a plurality of battery cells. The battery cells may be air cooled using existing vehicle
cabin air. The battery cells may also be heated or cooled using a battery thermal system, such as a
fluid coolant system. The BECM 28 may act as a controller for the main battery 26. The BECM 28
may also include an electronic monitoring system that manages temperature and state of charge of
cach of the battery cells. Other embodiments of the vehicle 10 may utilize different types of energy

storage systems, such as capacitors and fuel cells (not shown).

[0034] As shown in Figure 1, the motor 12, the gearbox 14, and the inverter 24 may
collectively be referred to as a transmission 30. To control the components of the transmission 30, a
vehicle control system, shown generally as a vehicle controller 32, may be provided. Although it is
shown as a single controller, the vehicle controller 32 may include multiple controllers that may be

used to control multiple vehicle systems. For example, the vehicle controller 32 may be a vehicle
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system controller/powertrain control module (VSC/PCM). In this regard, the PCM portion of the
VSC/PCM may be software embedded within the VSC/PCM, or it can be a separate hardware
device. The vehicle controller 32 generally includes any number of microprocessors, ASICs, ICs,
memory (e.g., FLASH, ROM, RAM, EPROM and/or EEPROM) and software code to co-act with
one another to perform a series of operations. The vehicle controller 32 may communicate with
other controllers (e.g., BECM 28) over a hardline vehicle connection 34 using a common bus

protocol (e.g., CAN).

[0035] Just as the main battery 26 includes a BECM, other devices controlled by the vehicle
controller 32 may have their own controllers or sub-controllers. For example, the transmission 30
may include a transmission control module (TCM) 36, configured to coordinate control of specific
components within the transmission 30, such as the motor 12 and/or the inverter 24. The TCM 36
may communicate with the vehicle controller 32 over the CAN bus 34. The TCM 36 may include a
motor controller for monitoring, among other things, the position, speed, power consumption and
temperature of the motor 12. Using this information and a throttle command by the driver, the motor
controller and the inverter 24 may convert the direct current (DC) voltage supply by the main battery
26 into signals that can be used to drive the motor 12. Some or all of these various controllers can
make up a control system, which, for reference purposes, may be the vehicle controller 32.
Although illustrated and described in the context of the vehicle 10, which is a BEV, it is understood
that embodiments of the present application may be implemented on other types of vehicles, such as
those powered by an internal combustion engine, either alone or in addition to one or more electric

machines (e.g., HEVs, PHEVs, etc.).

[0036] The vehicle 10 may also include a climate control system 38 for heating and cooling
various vehicle components. The climate control system 38 may include a high voltage positive
temperature coefficient (PTC) electric heater 40 and a high voltage electric HVAC compressor 42.
The PTC 40 may be used to heat coolant that circulates to a passenger car heater. Heat from the
PTC 40 may also be circulated to the main battery 26. Both the PTC 40 and the HVAC compressor
42 may draw electrical energy directly from the main battery 26. The climate control system 38 may
include a controller (not shown) for communicating with the vehicle controller 32 over the CAN bus

34. The on/off status of the climate control system 38 can be communicated to the vehicle controller
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32, and can be based on, for example, the status of an operator actuated switch, or the automatic

control of the climate control system 38 based on related functions such as window defrost.

[0037] In addition to the main battery 26, the vehicle 10 may include a separate, secondary
battery 44, such as a typical 12-volt battery. The secondary battery 44 may be used to power various
vehicle accessories, headlights, and the like (collectively referred to herein as accessories 46). A
DC-to-DC converter 48 may be eclectrically interposed between the main battery 26 and the
secondary battery 44. The DC-to-DC converter 48 may adjust, or “step down” the voltage level to
allow the main battery 26 to charge the secondary battery 44. A low voltage bus 50 may electrically
connect the DC-to-DC converter 48 to the secondary battery 44 and the accessories 46.

[0038] The vehicle 10 may further include an alternating current (AC) charger 52 for
charging the main battery 26. The AC charger 52 may be connected to a charging port (not shown)
for receiving AC power from an external power supply. The external power supply may include an
adapter (e.g., a plug) for connecting to the charging port at the vehicle’s exterior. The external
power supply itself may be connected to an electrical power grid. The AC charger 52 may include
power electronics used to convert, or “rectify” the AC power received from the external power
supply to DC power for charging the main battery 26. The AC charger 52 may be configured to
accommodate one or more conventional voltage sources from the external power supply (e.g., 110

volt, 220 volt, etc.).

[0039] Also shown in Figure 1 are simplified schematic representations of a braking system
54, an acceleration system 56, and a navigation system 58. The braking system 54 may include a
brake pedal, position sensors, pressure sensors, or some combination thereof, as well as a mechanical
connection to the vehicle wheels, such as the primary drive wheels 16, to effect friction braking.
The braking system 54 may also be configured for regenerative braking, wherein braking energy
may be captured and stored as electrical energy in the main battery 26. The acceleration system 56
may include an accelerator pedal having one or more sensors, which, like the sensors in the braking
system 54, may communicate information such as throttle input to the vehicle controller 32. The
navigation system 58 may include a navigation display, a global positioning system (GPS) unit, a
navigation controller and inputs for receiving destination information or other data from a driver.

These components may be unique to the navigation system 58 or shared with other systems. The
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navigation system may also communicate distance and/or location information associated with the
vehicle 10, its target destinations, charge point locations, or other relevant GPS waypoints. The
vehicle controller 32 may communicate with each individual vehicle system to monitor and control
vehicle operation according to programmed algorithms and control logic. In this regard, the vehicle
controller 32 may help manage the different energy sources available and the mechanical power

being delivered to the wheels 16 in order to maximize the vehicle’s range.

[0040] In addition to the foregoing, the vehicle 10 may include a user interface 60 to
facilitate communications with a driver. The user interface 60 may communicate with the vehicle
controller 32 and may provide relevant vehicle content to a driver of the vehicle 10. The vehicle
controller 32 may be configured to receive input signals that are indicative of current operating and
environmental conditions of the vehicle 10. For instance, the vehicle controller 32 may receive input
signals from the BECM 28, the transmission 30 (e.g., motor 12 and/or inverter 24), the climate
control system 38, the braking system 54, the acceleration system 56, the navigation system 58, or
the like. The vehicle controller 32 may provide output to the user interface 60 such that the user
interface 60 conveys energy consumption and range information, or other information relating to the
operation of the vehicle 10 to a driver. The vehicle controller 32 and the user interface 60 may form

a control system 62 providing drivers with relevant vehicle operational and environmental content.

[0041] Referring generally to Figures 2a-5b, the user interface 60 is shown in greater detail
in accordance with one or more embodiments of the present application. As seen therein, the user
interface 60 may include at least one display 64 and associated circuitry, including hardware and/or
software, necessary to communicate with the vehicle controller 32 and operate the display 64. The
display 64 may be generally used to convey relevant vehicle content to a driver of the vehicle 10
including, for example, information relating to the operation of the vehicle 10 and/or the vehicle’s
range. The display 64 may be disposed within a dashboard (not shown) of the vehicle 10, such as in
an instrument panel or center console arca. Moreover, the display 64 may be part of another user
interface system, such as the navigation system 58, or may be part of a dedicated information display
system. The display 64 may be a liquid crystal display (LCD), a plasma display, an organic light
emitting display (OLED), or any other suitable display. The display 64 may include a touch screen

for receiving driver input associated with selected areas of the display. The user interface 60 or
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display 64 may also include one or more buttons (not shown), including hard keys or soft keys, for

effectuating driver input.

[0042] As shown in Figures 2a-b, the display 64 may include a debt/surplus view 66, which
may convey range information associated with the vehicle 10. The debt/surplus view 66 may
include a battery gauge 68 having a battery state of charge (SOC) indicator 70. The SOC indicator
70 may convey the relative amount of electrical energy remaining in the main battery 26. The
battery gauge 68 may further include a SOC region 71 defined by the SOC indicator 70. BEVs may
have a limited range or distance that can be traveled before the main battery 26 is depleted.
Accordingly, the range of a vehicle may also be referred to as its distance to empty (DTE) value. To
convey the DTE value, the battery gauge 68 may also include a DTE indicator 72. As shown in
Figure 2a-b, the DTE indicator 72 may be a digital data readout of the DTE value in units of distance
(e.g., miles, kilometers, etc.) Alternatively, the DTE indicator 72 may be displayed elsewhere on the
debt/surplus view 66. As the DTE value decreases, the SOC indicator 70 may move toward the “E”
on the battery gauge 68. Correspondingly, the SOC region 71 may become smaller.

[0043] The manner in which the vehicle 10 is operated can be an important factor in
determining how long the remaining charge in the main battery 26 is expected to last. For instance,
aggressive driving behavior may deplete the main battery 26 more rapidly than relatively
conservative driving behavior. To this end, the estimated vehicle range or DTE value may be based
not only upon the amount of battery energy available in the main battery 26, but also upon an energy
consumption profile. The energy consumption profile may correspond to an anticipated rate of
energy consumption based on several factors. For example, the energy consumption profile may
correspond to a theoretical or global average rate of energy consumption for all types of drivers.
According to one or more embodiments, the energy consumption profile from which the DTE is
estimated may correspond to an average rate of energy consumption for the vehicle 10 or one of the
vehicle’s drivers. For instance, each driver of the vehicle 10 may be assigned a key ID identifying
themselves to the vehicle 10. This may allow driver preferences, settings or other profile

information, such as an energy consumption profile, to be stored and recalled for each driver.

[0044] The key ID may be input to the vehicle either actively or passively at startup. For
example, each driver may manually enter a code associated with their key ID. Alternatively, the key

12
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ID may be automatically transmitted to the vehicle 10 using radio frequency (RF) technology. In
particular, the key ID may be an RFID stored in a driver’s key or key fob that, when interrogated,
transmits the driver’s ID to the vehicle 10. Whether the energy consumption profile is associated
with the vehicle 10 in general or an individual driver of the vehicle 10, the energy consumption
profile may correspond to a lifetime average energy consumption rate or an average energy
consumption rate for a past distance traveled, period of time or some other relevant event. The
vehicle’s estimate range may also factor in weather conditions, traffic conditions, information from
the navigation system 58 (e.g., terrain, speed limits, traffic control elements, etc.), an instantaneous
energy consumption rate, or the like. The operation of the vehicle 10 may be continuously
monitored and analyzed in order to determine the impact of driving behavior on the vehicle’s range.
As described, the vehicle controller 32 may take into account past driving behavior, current driving
behavior, and/or predicted future driving behavior when assessing the vehicle’s range and constantly

updating the estimated vehicle range or DTE value.

[0045] As mentioned previously, BEVs may have limited range; they may also have limited
opportunities to recharge. In order to inform drivers whether they will be able to make it to their
next charge point, the debt/surplus view 66 may also convey information corresponding to a target.
The target may be a destination, either intermediate or final, such as a charging location. Morecover,
the target may be designated by the navigation system 58 with or without driver input.
Alternatively, the target information may correspond to a distance value input received by the
vehicle controller 32, either directly or indirectly. Whether initially entered as a destination (e.g.,
navigation waypoint) or a distance, the target information may correspond to a current distance from
the vehicle to the target, referred to as a target distance. Thus, in addition to the battery gauge 68,
the debt/surplus view 66 may include a distance to target (DTT) 74 indicator corresponding to the
current target distance. As previously mentioned, the target distance may correspond to the current
distance from the vehicle 10 to a destination, such as the next charging location. Similar to the DTE

indicator 72, the DTT indicator 74 may also be a digital data readout of the target distance value.

[0046] The user interface 60 may convey vehicle range information and target distance
information to provide drivers with reassurance that they will be able to make it to their next charge
point. If they are unable to reach their destination, the user interface 60 may also provide drivers

plenty of warning so they can either modify their driving behavior in order to reach their target or
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change their target destination. When the target distance is less than the vehicle range (e.g., DTE
value), the vehicle 10 may be considered to be operating with an energy surplus. Conversely, when
the target distance exceeds the vehicle range, then the vehicle 10 may be considered to be operating
with an energy deficit or “debt.” Accordingly, the debt/surplus view 66 may further include a status
indicator 76 to convey to a driver whether the vehicle 10 has sufficient electrical energy to reach its
intended target. The status indicator 76 may also convey the magnitude or amount of the
debt/surplus in units of distance. Like the DTE indicator 72 and the DTT indicator 74, the status
indicator 76 may also be a digital data readout. As shown in Figure 2a-b, the amount of the energy
surplus (deficit) may be obtained by subtracting the current target distance value from the DTE

value.

[0047] In addition to the DTE indicator 72 and the DTT indicator 74, the debt/surplus view
66 may include a trip distance indicator 78. The trip distance indicator 78 may correspond to a
current trip distance. For example, the current trip distance may be the distance the vehicle has
traveled since the start of a trip and may be associated with the odometer mileage between a trip start
location and the current vehicle location. According to one or more embodiments, the trip start

location may reset each time vehicle is started or may only be reset upon specific driver input.

[0048] In addition to being shown as digital data, vehicle trip information, range information
and target information may also be conveyed graphically to provide a more qualitative visualization
of the vehicle’s location relative to a target location and an estimated empty or zero charge location.
The zero charge location may correspond to an estimated location in which the energy available
from the main battery 26 to propel the vehicle 10 will be depleted. Thus, the zero charge location
may be based on the estimate of the DTE value. To this end, the debt/surplus view 66 may further
include a trip gauge 80. The trip gauge 80 may graphically display the distance needed for the
vehicle 10 to reach a designated charging location or some other target (e.g., the target distance) as
well as an overlay of the expected range of the vehicle 10 relative to the target distance. As
previously described, the difference between the target distance and the vehicle range may indicate
whether the vehicle 10 has a surplus of charge in the main battery 26 (energy surplus) to make its
destination, or rather a debt (energy deficit) indicating that the vehicle 10 is not projected to make it
to the destination at the current energy consumption level. Moreover, the surplus (debt) may be

expressed in units of distance. Accordingly, the trip gauge 80 may help inform drivers whether they
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are likely to reach their target destination or not so that driving behavior or, alternately, the target

destination, can be modified accordingly.

[0049] With reference to Figures 2a-b, the trip gauge 80 may include a line or bar 82 having
a first end 84 and a second end 86. The bar 82 may be straight, as shown, or may be variously-
shaped. For example, the bar 82 may be arc-shaped or may comprise one or more line segments.
The trip gauge 80 may convey distance as a linear scale. In this regard, the first end 84 may
correspond to the trip start location. The trip gauge 80 may further include a vehicle indicator 88
corresponding to a current location of the vehicle 10 relative to the trip start location. Thus, the
position of the vehicle indicator 88 relative to the first end 84 may correspond to the current trip
distance. The vehicle indicator 88 may be a marker or some other element identifying and indicating
the relative location of the vehicle 10 on the trip gauge 80. According to one or more embodiments,

the vehicle indicator 88 may include a vehicle icon 90.

[0050] The trip gauge 80 may also include a target indicator 92 corresponding to a target
location (e.g., charging location). The target indicator 92 relative to the first end 84 may correspond
to an overall distance between the trip start location and the target location. Moreover, the target
indicator 92 relative to the vehicle indicator 88 may correspond to the current target distance. Like
the vehicle indicator 88, the target indicator 92 may be a marker or some other element identifying
and indicating the relative location of the target destination. According to one or more
embodiments, the target indicator 92 may include a plug icon 94 depicting the target as a charge
point. Of course, alternate icons may be employed by the user interface 60 in connection with the
vehicle indicator 88 and the target indicator 92 without departing from the scope of the present
application. For instance, the target indicator 92 may include a bull’s-eye, pin, flag, or the like

suitable for indicating a target destination such as a designated charging location.

[0051] According to one or more embodiments of the present application, the target indicator
92 may be fixed at a particular position on the trip gauge 80 and the vehicle indicator 88 may move
along the trip gauge 80 relative to the target indicator 92 and the trip start location based on the
current trip distance and the current target distance. In the exemplary display 64 shown in Figures
2a-b, the current trip distance is 10 miles as conveyed by the trip distance indicator 78 and the

current target distance is 40 miles as conveyed by the DTT indicator 74. Thus, the overall distance
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between the trip start location and the target location is 50 miles. The vehicle controller 32 may
calculate the ratio of the trip distance to the overall distance when determining where to position the
vehicle indicator 88 on the trip gauge 80. Accordingly, the vehicle indicator may be displayed
approximately one-fifth (1/5™) of the way between the first end 84 and the target indicator 92 (10
miles / 50 miles = 0.20). Of course, the positions of the elements of the trip gauge 80 may not
necessarily be to scale. Instead, the vehicle indicator 88, for example, may only be displayed along
the trip gauge 80 to convey an approximate or general relation of the vehicle location to the trip start

location and/ or the target location.

[0052] The trip gauge 80 may also include a trip distance region 96 associated with the
current trip distance. Accordingly, the trip distance region 96 may correspond to the section of the
trip gauge 80 between the first end 84 and the vehicle indicator 88. According to one or more
embodiments of the present application, the trip distance region 96 may be used to convey a history
of vehicle performance, such as its energy efficiency. For example, the trip distance region 96 may
exhibit one color to convey periods of relatively efficient vehicle operation and another color to
convey periods of relatively inefficient vehicle operation. Similar to the trip distance region 96, the
trip gauge 80 may include a target distance region 98 associated with the current target distance.
Accordingly, the target distance region 98 may correspond to the section of the trip gauge 80

between the vehicle indicator 88 and the target indicator 92.

[0053] According to one or more embodiments, the trip gauge may further include an empty
indicator 100. The empty indicator 100 may be associated with the estimated empty or zero charge
location based on the range of the vehicle 10 (e.g., the DTE value). Accordingly, the position of the
empty indicator 100 relative to the vehicle indicator 88 may correspond to the DTE value and
provide a relative indication of the vehicle’s range. Moreover, the empty indicator 100 may convey
the range of the vehicle 10 relative to the target distance. Like the vehicle indicator 88 and the target
indicator 92, the empty indicator 100 may also be a marker or some other gauge element identifying
and indicating the relative location of the zero charge location. According to one or more
embodiments, the empty indicator 100 may include an “E” icon 102 symbolizing an empty energy
storage device such as the main battery 26, though other icons, images or symbols may also be

utilized.
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[0054] As shown in Figure 2a, the target indicator 92 may be disposed between the vehicle
indicator 88 and the empty indicator 100 when the estimated vehicle range exceeds the current target
distance. As a result, the exemplary display shown in Figure 2a may indicate that a surplus of
charge exists in the main battery 26 (e.g., an energy surplus) for the vehicle 10 to reach its target
destination. Conversely, with reference to Figure 2b, the empty indicator 100 may be disposed
between the vehicle indicator 88 and the target indicator 92 when the current target distance exceeds
the estimated vehicle range. Consequently, the exemplary display shown in Figure 2b may indicate
that there is insufficient energy available in the main battery 26 (e.g., an energy deficit or debt) for
the vehicle to reach its target destination. Thus, the trip gauge 80 may visually convey whether the
vehicle can successfully make it to its destination based on the position of the empty indicator 100
relative to the vehicle indicator 88 and the target indicator 92. As previously described, the energy

surplus (debt) may be conveyed in terms of distance.

[0055] The trip gauge 80 may also help convey to a driver the relative importance of the
displayed content at any given time. For example, near a start of a trip, a driver may see that the
estimated zero charge location is fairly close to the target destination, but there may be a relatively
long distance for the vehicle 10 to travel to reach the destination. Accordingly, the content of the
display 64, in particular the trip gauge 80, may encourage the driver to carefully monitor the driving
environment as well as his or her driving behavior during the trip to ensure that the target destination
is successfully reached. On the other hand, a situation may occur where the target distance is
relatively small and the battery energy available is relatively large. For example, the vehicle 10 may
only have 5 miles to go to reach the destination, but 25 miles worth of additional charge in the main
battery 26 (i.e., DTE = 25 miles). In such situations, the trip gauge 80 may convey to a driver that
there is little risk that the vehicle 10 will not make it to the target destination based on the relative

locations of the vehicle indicator 88, target indicator 92 and empty indicator 100.

[0056] As previously described, the target indicator 92 may be fixed anywhere along the trip
gauge 80. According to one or more embodiments, the target indicator 92 may be fixed on the trip
gauge 80 approximately midway between the first end 84 and the second end 86, as shown in
Figures 2a-b. In this manner, trip gauge 80 may further include a surplus region 104 corresponding
to the portion of the trip gauge 80 between the target indicator 92 and the second end 86. Moreover,

a surplus scale 106 may be associated with the surplus region 104. Accordingly, the trip gauge 80
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may convey when an energy surplus exists as well as delineate the actual or relative magnitude of
the energy surplus when the empty indicator 100 is disposed in the surplus region 104. In the
example shown in Figure 2a, the vehicle range is 62 miles and the target distance is 40 miles. Thus,
the energy surplus is 22 miles (62 — 40 = 22). As a result, the empty indicator 100 may be disposed
in the surplus region 104 adjacent a corresponding portion of the surplus scale 106 indicating the
estimated 22 miles of additional battery charge beyond the target. The surplus scale 106 may linear,
non-linear, or include portions of both. If the energy surplus exceeds the limits of the surplus scale
106, the empty indicator 100 may be displayed all the way at the second end 86, or may not be
displayed on the trip gauge 80 at all.

[0057] In the example shown in Figure 2b, the vehicle range is 35 miles and the target
distance is 40 miles. Accordingly, the energy surplus is negative five miles (35 — 40 = -5) or, stated
differently, the energy deficit is 5 miles. Consequently, the empty indicator 100 is disposed between
the vehicle indicator 88 and the target indicator 92. When this occurs, the region between the empty
indicator 100 and the target indicator 92 may correspond to a debt region 108. The relative position
of the empty indicator 100 between the vehicle indicator 88 and the target indicator 92 may indicate
the relative magnitude of the energy deficit and, in turn, the size of the debt region 108.

[0058] Variations to the trip gauge 80 can be made to emphasize different pieces of
information. For instance, as shown in Figures 3a-b, the display 64 may include a range view 111.
In the range view 111, the target indicator 92 may be fixed at the second end 86 of the trip gauge 80,
with the empty indicator 100 displayed only if the zero charge location is located before the target
destination indicating an energy deficit. In this manner, the trip gauge 80 may convey the projected

failure to reach a target destination more prominently.

[0059] According to one or more additional embodiments, the empty indicator 100 may be
fixed on the trip gauge 80 while the vehicle indicator 88 and the target indicator 92 move along the
trip gauge 80 relative to the empty indicator 100. In this manner, the trip gauge 80 may emphasize
the remaining distance to the zero charge location and/or the target destination, perhaps while
deemphasizing the distance already traveled (e.g., the current trip distance). For example, with
reference to Figures 4a-b, the empty indicator 100 may be fixed somewhere between the first end 84

and the second end 86 of the trip gauge 80. In this embodiment, rather than a surplus scale 106, the
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trip gauge 80 may include a debt scale 110 for more accurately conveying the magnitude of an
energy deficit, should it exist, as illustrated in Figure 4b in particular. As another example, with
reference to Figures 5a-b, the empty indicator 100 may be fixed at the second end 86 of the trip
gauge 80. Moreover, the target indicator 92 may only be displayed if the target destination is located
before the zero charge location indicating an energy surplus. In this manner, the trip gauge 80 may

convey the projected success in reaching a target destination more prominently.

[0060] The display 64 may be updated to reflect any ongoing changes to the vehicle or
system state. For example, if a driver takes a detour to the target from an expected or programmed
route, the vehicle 10 may communicate with the navigation system 58 to determine a new target
distance. In addition, updates to the estimated vehicle range (e.g., DTE wvalue) may be
communicated to the user interface 60, and subsequently conveyed to a driver, in real-time. In this
manner, the vehicle controller 32 may receive input from one or more of the BECM 28, transmission
30, climate system 38, breaking system 54, acceleration system 56, navigation system 58 and the
like corresponding to information associated with the content displayed by the display 64. Using
this input, the vehicle controller 32 may determine, calculate and/or estimate trip distance values,
target distance values, vehicle range values, or the like. Additionally, the vehicle controller 32 may
determine whether vehicle 10 has either an energy surplus or an energy deficit based on a
comparison of the estimated vehicle range and the current target distance. Moreover, the vehicle
controller 32 may calculate the difference between the estimated vehicle range and the current target
distance to determine the magnitude of an energy surplus or deficit. Further, the vehicle controller
32 may transmit or output signals causing the display 64 to adjust the position of the vehicle
indicator 88, target indicator 92, and/or empty indicator 100 based at least upon the current trip

distance, the current target distance, and the estimated vehicle range, respectively.

[0061] When no target information is provided, the vehicle 10 may predict a target distance
based on past driving history, such as average trip distance or some other available metric.
Alternatively, if a target distance or destination is not entered by a driver or is otherwise unavailable,
a budget distance may be generated. According to one or more embodiments, the estimated DTE
value at that time may be used as an initial substitute value for the budget distance. Moreover, the
current budget distance may be obtained by counting down from the initial DTE estimate based on

the actual distance traveled (e.g., odometer mileage) since the initial DTE estimate was established.
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When using a DTE estimate as a default substitute value when a target distance/location is not
entered or becomes unavailable, the trip gauge 80 may help coach drivers to at least obtain the
initially estimated DTE. Since the estimated vehicle range or DTE value may be based on an energy
consumption profile for a driver, the trip gauge 80 may provide an indication of the driver’s current
driving behavior against himself or herself. When no target information is available, the
debt/surplus view 66 may not be available for display by the display 64. Rather, the range view 111
may be displayed. Further, the trip gauge 80 may not include the target indicator 92 and the empty
indicator 100 may be fixed at the second end 86, as shown in the exemplary display 64 depicted in
Figure 5b.

[0062] Moreover, the labels on the DTT indicator 74 and the status indicator 76 may change
when no target information is provided to reflect the difference in the information being conveyed.
For example, the label for the DTT indicator 74 may switch from “charge point” or a similar term to
“budget” or another similar term. Thus, the value associated with the DTT indicator 74 may
correspond to the current budget distance. Similarly, the label for the status indicator 76 may switch
from “surplus” or a similar term to ““status” or another similar term. The value associated with the
status indicator 76 may correspond to the difference between the DTE value and the budget distance.
Moreover, the trip distance indicator 78 may not be displayed when target information is

unavailable.

[0063] The display 64 may also convey vehicle range and/or surplus information using color
schemes. In particular, one or more of the various display indicators and/or gauge regions may
change color based upon the DTE value, the surplus amount, or both. According to one or more
embodiments of the present application, the SOC region 71 may have a different color fill based
upon the DTE value. For instance, the SOC region 71 may be displayed in a first color (e.g., blue)
when the DTE value is above a DTE threshold (D7TE,;,). The DTE threshold may correspond to a
DTE value at which low vehicle range warnings may be triggered. In this regard, the SOC region 71
may change colors when the DTE value is below the DTE threshold to provide drivers with a
warning of the relatively low vehicle range. If the DTE value is below the DTE threshold, but is
greater than zero, the SOC region 71 may be displayed in a second color (e.g., yellow). Once the
DTE value reaches zero, indicating that the main battery 26 has insufficient charge to propel the

vehicle 10 any farther, the SOC region 71 may be displayed in a third color (e.g., red). As the SOC
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region 71 may be relatively small when the DTE value is zero, a nominal SOC region and/or the
indicator may be displayed in the third color to further convey that the zero charge point has been
reached. According to one or more embodiments of the present application, the DTE threshold may
be a customer selectable distance value (e.g., 5, 10 or 15 miles). Further, coloring associated with
the empty indicator 100 on the trip gauge 80 may also be based on the DTE value. For instance, the

empty indicator 100 may be assigned the same color as the SOC region 71.

[0064] Figure 6 depicts a simplified, exemplary flowchart 600 of a method for conveying
range information using colors in accordance with one or more embodiments of the present
application. At step 610, the system 62 may determine the DTE value (DTE). The DTE value may
correspond to the DTE value displayed by the DTE indicator 72. At step 620, the system may
compare the DTE value to the DTE threshold (DTE;,). If the DTE value is greater than the DTE
threshold, then at least the SOC region 71 and/or the empty indicator 100 may be displayed using the
first color (e.g., blue), as described above and shown at step 630. If, however, the DTE value is not
above the DTE threshold, the method may proceed to step 640. At step 640, the system may next
determine whether the DTE value is above zero. If the DTE value is below the DTE threshold but
above zero, then at least the SOC region 71 and/or the empty indicator 100 may be displayed using
the second color (e.g., yellow), as described above and shown at step 650. Otherwise, the method
may proceed to step 660. At step 660, at least the SOC region 71 and/or the empty indicator 100
may be displayed using the third color (e.g., red), as described above. Although exemplary colors
are described herein, the first, second and third colors may be any three colors that may be

distinguished from each other.

[0065] According to one or more additional embodiments, the status indicator 76 and the
target indicator 92 may also convey vehicle range and/or surplus information using color schemes.
Further, the target distance region 98, the surplus region 104 and/or the debt region 108, to the extent
they are being displayed in a given view of the display 64, may also be associated with or otherwise
displayed using different colors based on the current range and/or surplus conditions of the vehicle
10. When the surplus is positive, the select display elements may be displayed according to a first
color scheme or state. For example, if the vehicle 10 is operating with a positive surplus (or status, if
no charge point information is entered), the status indicator 76, the target indicator 92, the target

distance region 98 and/or the surplus region 104 may all be displayed using the first color. If the
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vehicle 10 is operating with a negative surplus (or debt) and the DTE value is above the DTE
threshold, then select display elements may be displayed according to a second color scheme or
state. For example, the status indicator 76, the target indicator 92, and the debt region 108 may be
displayed using the second color. The target distance region 98 may continue to be displayed
according to the first color. If the surplus is negative and the DTE value is below the DTE threshold,
then select display elements may be displayed according to a third color scheme or state. For
example, the status indicator 76, the target indicator 92, and the debt region 108 may be displayed
using the third color. The target distance region 98 may continue to be displayed according to the

first color.

[0066] Figure 7 depicts a simplified, exemplary flowchart 700 of a method for conveying
range and surplus information using colors in accordance with one or more embodiments of the
present application. At step 710, the system may determine the DTE value (DTE) and the surplus
distance (Surpaisr). As previously described, the surplus distance may be the difference between the
DTE value and the target distance. Accordingly, the surplus distance may be obtained by
subtracting the value displayed by the DTT indicator 74 from the value displayed by the DTE
indicator 72. If no charge point information is entered, the surplus distance may correspond to the
difference between the DTE value and the current budget distance. At step 720, the system may
determine whether the vehicle is operating with a positive energy surplus or a negative energy
surplus (debt). Thus, the system may determine whether the surplus distance is positive. If the
surplus distance is positive, the method may proceed to step 730. At step 730, the system may
output select display elements according to the first color scheme. For example, the status indicator
76, the target indicator 92, the target distance region 98 and/or the surplus region 104 may all be
displayed using the first color. If, on the other hand, the surplus distance is negative, the method
may proceed to step 740. At step 740, the system may determine whether the DTE value is above
the DTE threshold (DTE,). If the DTE value is above the DTE threshold, the method may proceed
to step 750. At step 750, the system may output select display elements according to the second
color scheme. For example, the status indicator 76, the target indicator 92, and the debt region 108
may be displayed using the second color. The target distance region 98 may continue to be
displayed according to the first color. If at step 740, however, the DTE value is below the DTE
threshold, the method may proceed to step 760. At step 760, the system may output select display
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elements according to the third color scheme. For example, the status indicator 76, the target
indicator 92, and the debt region 108 may be displayed using the third color. The target distance

region 98 may continue to be displayed according to the first color.

[0067] When no charge point information is available, the coloring strategy and associated
algorithm for the one or more indicators and/or regions may vary. For instance, the region on the
trip gauge 80 between the vehicle indicator 88 and the empty indicator 100 may always be displayed
using the same color. Moreover, when the status indicator value associated with the status indicator
76 is positive, the status indicator may be displayed using the first color (e.g., blue). When the status
indicator value associated with the status indicator 76 is negative, the status indicator may be

displayed using a fourth color (e.g., white).

[0068] A display of the current estimated vehicle range and the needed range to reach a
target destination, such as a charging location, which also takes into account instantaneous vehicle
efficiency, may allow a driver to monitor whether his or her current energy demand is sustainable.
As previously mentioned, drivers want to be reassured that they will be able to reach their target
before the main battery 26 is depleted. Drivers also want to receive sufficient warning if their
current vehicle operating behavior is consuming more energy than they can afford to expend in order
to reach the target. In order to alleviate this range anxiety, the trip gauge 80 may also include energy
budget information. The energy budget may incorporate information about the range of the vehicle

10 (e.g., DTE) as well as the target distance and be represented as a budget threshold.

[0069] The instantaneous efficiency may be conveyed in units of energy per unit distance
(e.g., watt-hours per mile) to reflect an instantancous energy consumption rate. The current capacity
of the main battery 26 may be provided in units of energy (e.g., watt-hours). The target distance
may, of course, be available in units of distance (e.g., miles). According to one or more
embodiments of the present application, the energy budget threshold may be calculated by dividing
the current main battery capacity by the current target distance. Any efficiency values below the
calculated budget threshold may be indicative of a sustainable energy demand. Moreover, such
efficiency values below the budget threshold may cause an increase in the energy surplus, while

values above the budget threshold may decrease the energy surplus.
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[0070] The budget threshold may increase as the ratio between the main battery capacity and
the target distance increases. Conversely, the budget threshold may decrease as the ratio between
the main battery capacity and the target distance decreases. One or more of the display indicators or
regions on the trip gauge 80 may be shown as a sequence of color changes (or as a sequence of
circular rings, arrows, etc.) consistent with gain/loss of energy surplus based on the instantancous
efficiency relative to the budget threshold. Because the instantaneous efficiency may be related to
the projected distance to empty, this display can be normalized relative the current situation. For
example, an instantancous efficiency or trip gauge could show a positive indictor when the driver
was going to increase the energy surplus and a negative indicator when the driver was decreasing the
surplus (or increasing the debt). This may tie together the current driving behavior with the long

term predictions of making or not making it to the destination.

[0071] As previously described, the effect of the instantaneous energy consumption rate on
the energy surplus may be conveyed via one or more of the display indicators or regions. For
instance, color changes may be applied to one or more of the display indicators or regions.
Additionally or alternatively, additional elements may appear on the display to convey instantancous
vehicle efficiency information. Such additional elements may be associated with the one or more
indicators or regions described above, such as halos or chevrons. The impact of the instantancous
energy consumption rate on the current debt/surplus may be expressed as an instantancous
debt/surplus value (D/S;.). The instantancous debt/surplus may be calculated based on the
instantaneous energy consumption rate and the budget threshold. As previously described, the
budget threshold may correspond to the consumption that may occur in order to still reach the target
destination. The instantaneous debt/surplus may be the difference between the instantaneous energy
consumption rate and the budget threshold. In this regard, a negative instantancous debt/surplus
value may be indicative of an increasing energy surplus. Conversely, a positive instantancous

debt/surplus value may be indicative of a decreasing energy surplus (or increasing debt).

[0072] Various indicator color states or intensities may be output by the display based on the
instantanecous debt/surplus. For example, the vehicle indicator 88 may be displayed with varying
color states and effects based on the instantancous debt/surplus value. According to one or more
embodiments, the color fill of the vehicle indicator 88 may change based upon the instantancous

debt/surplus value. Additionally or alternatively, a ring or halo may be displayed around the vehicle
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indicator 88 based upon the instantancous debt/surplus value. Moreover, the size, color and/or
intensity of the halo may vary based upon the instantaneous debt/surplus value. According to one or
more embodiments, the vehicle indicator 88 may be displayed in five different color states based

upon the instantancous debt/surplus value. Each color state may correspond to a different range of

instantaneous debt/surplus values as shown in Table 1 below:

Dy, Sinst <D/ Slstjnstithr > D/, S]Stjnstﬁthra > D/, Saniinstithr > D/, S3rd7inst7thr > D/, S4th7inst7thr
(Wh/ml) (e-g-, '40) < D/Saniinstithr < D/S3rd7inst7thr < D/S4th7inst7thr (e-g-, +40)
(e.g.,-40to -21) | (e.g., 21 to +21) | (e.g., +21 to +40)
Level Surplus Surplus Nominal Debt Debt
Increasing Increasing Increasing Increasing

Level 2 Level 1 Level 1 Level 2
Indicator 1 2nd 31 4™ 5t
Color
State

TABLE 1

[0073] Figure 8 is a simplified, exemplary flowchart 800 of a method for conveying the

instantaneous energy consumption information via the display 64 in accordance with one or more
embodiments of the present application. At step 805, the system may calculate or otherwise
determine the instantaneous energy consumption rate and the energy budget threshold. At step 810,
the system may calculate the instantaneous debt/surplus value (D/S;.) from the instantancous energy
consumption rate and the energy budget threshold. At step 815, the instantancous debt/surplus value
may be compared to a first instantancous debt/surplus threshold (D/Siy inst ). The first
instantaneous debt/surplus threshold may be a negative value (e.g., -40 Wh/mi) indicative of an
instantaneous consumption rate that is much less than the budget threshold. If the instantancous
debt/surplus value is less than the first instantaneous debt/surplus threshold, then the method may
proceed to step 820. At step 820, the vehicle indicator 88 may be displayed according to a first color
state. If, however, the instantancous debt/surplus value is not less than the first instantancous
debt/surplus threshold, the method may proceed to step 825. At step 825, the instantanecous
debt/surplus value may be compared to a second instantaneous debt/surplus threshold (D/Szu4 inst thr)-
The second instantancous debt/surplus threshold may be a negative value (e.g., -21 Wh/mi)

indicative of an instantaneous consumption rate that is less than the budget threshold, but not by as
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much as the first instantaneous debt/surplus threshold. If the instantaneous debt/surplus value is
between the first instantancous debt/surplus threshold and the second instantancous debt/surplus
threshold, the method may proceed to step 830. At step 830, the vehicle indicator 88 may be
displayed according to a second color state. If, however, the instantancous debt/surplus value is not
between the first instantancous debt/surplus threshold and the second instantancous debt/surplus

threshold, the method may proceed to step 835.

[0074] At step 835, the instantancous debt/surplus value may be compared to a third
instantaneous debt/surplus threshold (D/S3;4 inst ). The third instantaneous debt/surplus threshold
may be a positive value (e.g., +21 Wh/mi) indicative of an instantancous consumption rate that is
greater than the budget threshold. If the instantancous debt/surplus value is between the second
instantaneous debt/surplus threshold and the third instantaneous debt/surplus threshold, the method
may proceed to step 840. At step 840, the vehicle indicator 88 may be displayed according to a third
color state. If, however, the instantancous debt/surplus value is not between the second
instantaneous debt/surplus threshold and the third instantaneous debt/surplus threshold, the method
may proceed to step 845. At step 845, the instantancous debt/surplus value may be compared to a
fourth instantaneous debt/surplus threshold (D/Syu inst mr). The fourth instantaneous debt/surplus
threshold may be a positive value (e.g., +40 Wh/mi) indicative of an instantaneous consumption rate
that is greater than the budget threshold by more than the third instantaneous debt/surplus threshold.
If the instantaneous debt/surplus value is between the third instantaneous debt/surplus threshold and
the fourth instantaneous debt/surplus threshold, the method may proceed to step 850. At step 850,
the vehicle indicator 88 may be displayed according to a fourth color state. If, however, the
instantaneous debt/surplus value is not between the third instantaneous debt/surplus threshold and
the fourth instantaneous debt/surplus threshold, the method may proceed to step 855. At step 855,
the system may determine that the instantanecous debt/surplus value is greater than the fourth
instantaneous debt/surplus threshold. Accordingly, the vehicle indicator 88 may be displayed

according to a fifth color state.

[0075] As shown in Table 1, the third color state may be associated with an instantancous
debt/surplus value between the second instantancous debt/surplus threshold and the third
instantancous debt/surplus threshold. The range of values between the second instantancous

debt/surplus threshold and the third instantaneous debt/surplus threshold may only slightly affect the
26



WO 2012/094593 PCT/US2012/020480

overall surplus, positively or negatively, if at all. Accordingly, for example, the third color state may
correspond to a neutral state in which the vehicle indicator 88 is displayed. That is, the color of the
vehicle indicator 88 may remain unaltered from its ordinarily displayed color. The neutral ordinary
color associated with the vehicle indicator may be similar to the first color (e.g., blue) referenced
above. Moreover, no additional display effects (e.g., halos or arrows) may be associated with the

vehicle indicator 88 in the third color state.

[0076] As set forth above, the second color state may be associated with an instantancous
debt/surplus value between the first instantancous debt/surplus threshold and the second
instantancous debt/surplus threshold. The range of values between the first instantancous
debt/surplus threshold and the second instantaneous debt/surplus threshold may moderately increase
the overall surplus. Accordingly, the second color state may correspond to a “Surplus Increasing
Level 1.” As an example, in the second color state, the color of the vehicle indicator 88 may be
slightly intensified from its neutral state, third color state. Additionally or alternatively, an outer
border 112 of the vehicle indicator 88 may illuminate to give the vehicle indicator 88 the appearance

of a halo.

[0077] As set forth above, the first color state may be associated with an instantancous
debt/surplus value that is less than the first instantaneous debt/surplus threshold. Values below the
first instantaneous debt/surplus threshold may cause the overall surplus to increase even more than
the range of values between the first instantanecous debt/surplus threshold and the second
instantaneous debt/surplus threshold. Accordingly, the first color state may correspond to a “Surplus
Increasing Level 2,” indicative of an even more efficient instantaneous energy consumption rate
relative to the budget threshold. As an example, in the first color state, the color of the vehicle
indicator 88 may be intensified further than that of the second color state. Additionally or
alternatively, the outer border 112 of the vehicle indicator 88 may illuminate with greater intensity as

compared to the second color state.

[0078] As set forth above, the fourth color state may be associated with an instantancous
debt/surplus value between the third instantancous debt/surplus threshold and the fourth
instantancous debt/surplus threshold. The range of values between the third instantancous

debt/surplus threshold and the fourth instantancous debt/surplus threshold may moderately decrease
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the overall surplus. Accordingly, the fourth color state may correspond to a “Debt Increasing Level
1.” As an example, in the fourth color state, the outer border 112 of the vehicle indicator 88 may
begin to illuminate in a different color than that of the first and second color states to warn drivers of
the relatively inefficient instantaneous consumption rate. For instance, the border 112 may slightly
illuminate in the second color (e.g., yellow) to give the vehicle indicator 88 the appearance of a
different halo. Moreover, the color fill of the vehicle indicator 88 may remain largely in its neutral

state (e.g., blue).

[0079] As set forth above, the fifth color state may be associated with an instantancous
debt/surplus value that is greater than the fourth instantaneous debt/surplus threshold. Values above
the fourth instantaneous debt/surplus threshold may cause the overall surplus to decrease even more
than the range of values between the third instantaneous debt/surplus threshold and the fourth
instantaneous debt/surplus threshold. Accordingly, the fifth color state may correspond to a “Debt
Increasing Level 2,” indicative of an even more inefficient instantaneous energy consumption rate
relative to the budget threshold. As an example, in the fifth color state, the color fill of the vehicle
indicator 88 may change from its neutral state (e.g., blue) to the second color (e.g., yellow).
Additionally or alternatively, the outer border 112 of the vehicle indicator 88 may illuminate with

greater intensity as compared to the fourth color state.

[0080] Figures 9a-b depicts an exemplary display 64’ according to one or more alternate
embodiments of the present application. As shown, the display 64’ may include a battery gauge 68’
having a first end 84’ and a second end 86°. In the illustrated embodiment, the first end 84’ may
correspond to a lower battery charge limit for the main battery 26. The lower battery charge limit
may signify that there is insufficient charge remaining in the main battery 26 to propel the vehicle
10. Thus, the first end 84’ may correspond to a zero charge location. The second end 86’ may
correspond to an upper battery charge limit for the main battery 26 (e.g., maximum charge). Similar
to Figures 2a-5b, the battery gauge 68’ may include a SOC indicator 70’ for indicating the state of
charge of the main battery 26. The SOC indicator 70’ and the first end 84’ may define an SOC
region 71°. The display 64’ may further include a DTE indicator 72’ and a DTT indicator 74°.
Similar to Figures 2a-5b, the DTE indicator 72’ and the DTT indicator 74’ may be digital data

readouts conveying their corresponding distance values numerically. Since the DTE value is
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associated with the state of charge of the main battery 26, the SOC indicator 70’ and corresponding

SOC region 71’ may also provide a relative indication of the vehicle range.

[0081] The display 64’ may also include a target indicator 92°. Rather than being displayed
on a separate trip gauge, such as the trip gauge 80 in Figures 2a-4b, the target indicator 92” may be
disposed along the battery gauge 68°. The position of the target indicator 92’ relative to the SOC
indicator 70’ and the first end 84’ may convey whether the vehicle 10 can reach its target location
(e.g., a charge point) before the main battery 26 is depleted. For instance, if the target indicator 92°
is between the SOC indicator 70 and the first end 84’ corresponding to the zero charge location, as
shown in Figure 9a, then the main battery 26 may have sufficient energy to reach the target location
under the current and/or predicted future operating conditions. Conversely, if the SOC indicator 70’
is between the first end 84’ and the target indicator 92°, as shown in Figure 9b, then the main battery

26 may be energy deficient with respect to reaching the target location.

[0082] The target indicator 92° may be a marker, icon or some other element identifying and
indicating the target distance (e.g., the DTT wvalue) relative to the vehicle range (e.g., the DTE
value). As shown in Figure 9a, positioning the target indicator 92 within the SOC region 71° may
indicate that the target distance is less than the vehicle’s current range. Thus, Figure 9a may depict
an energy surplus condition. On the other hand, positioning the target indicator 92 outside of the
SOC region 71°, as shown in Figure 9b, may indicate that the target distance exceeds the vehicle’s
current range. Thus, Figure 9b may depict an energy deficit or debt condition. According to one or
more embodiments, the position of the target indicator relative to the first end 84’ may provide a
general indication of the amount of charge that may be required in order to reach the target location.
Thus, the position of the target indicator 92’ relative to the SOC indicator 70’ may be indicative of
the amount of surplus (or debt). Alternatively, in a surplus condition, the position of the target
indicator 92’ may generally convey a relative amount of remaining charge that may be available in
the main battery 26 when the vehicle reaches the target location. To this end, the position of the

target indicator 92’ relative to the first end 84’ may be indicative of the amount of surplus.

[0083] While exemplary embodiments are described above, it is not intended that these
embodiments describe all possible forms of the invention. Rather, the words used in the

specification are words of description rather than limitation, and it is understood that various
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changes may be made without departing from the spirit and scope of the invention. Additionally, the
features of various implementing embodiments may be combined to form further embodiments of

the invention.
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WHAT IS CLAIMED IS:

1. A display control system for a vehicle comprising:

a controller configured to receive input indicative of an estimated vehicle range and
output a display color signal based on the input; and

a display in communication with the controller and including a battery gauge for
conveying a battery state of charge (SOC), wherein at least a portion of the battery gauge is
displayed in a predetermined color based upon the estimated vehicle range in response to the display

color signal.

2. The display control system of claim 1, wherein the portion of the battery
gauge is displayed in a first color when the estimated vehicle range is above an estimated vehicle

range threshold.

3. The display control system of claim 2, wherein the portion of the battery
gauge is displayed in at least a second color when the estimated vehicle range is below the estimated

vehicle range threshold, the second color being different from the first color.

4. The display control system of claim 3, wherein the display further includes a
trip gauge having a first end associated with a trip start location, a second end, a vehicle indicator
associated with a vehicle location and disposed between the first end and the second end, and an
empty indicator associated with a zero battery charge location and spaced apart from the vehicle

indicator based upon the estimated vehicle range.

5. The display control system of claim 4, wherein the empty indicator is
displayed in the first color when the estimated vehicle range is above the estimated vehicle range
threshold and at least the second color when the estimated vehicle range is below the estimated

vehicle range threshold.

6. The display control system of claim 4, wherein the trip gauge further includes

a target indicator associated with a target location, the input being further indicative of a target
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distance corresponding to a distance from the vehicle location to the target location, the controller
being further configured to calculate a surplus distance based on the difference between the

estimated vehicle range and the target distance.

7. The display control system of claim 6, wherein the trip gauge is displayed

according to a first color scheme when the surplus distance is positive.

8. The display control system of claim 7, wherein the trip gauge is displayed
according to a second color scheme when the surplus distance is negative and the estimated vehicle

range is above the estimated vehicle range threshold.

9. The display control system of claim 8, wherein the trip gauge is displayed
according to a third color scheme when the surplus distance is negative and the estimated vehicle

range is below the estimated vehicle range threshold.

10. The display control system of claim 6, wherein the controller is further
configured to calculate an energy budget threshold based upon the battery SOC and the target

distance.

11.  The display control system of claim 10, wherein the input is further indicative
of an instantaneous energy consumption rate, the display being configured to display the vehicle
indicator in one of a number of predetermined color states based upon a difference between the

instantaneous energy consumption rate and the energy budget threshold.

12. A display method comprising:

calculating an estimated vehicle range based upon a state of charge (SOC) of a
battery; and

displaying a battery gauge including a SOC indicator associated with the battery
SOC, wherein at least a portion of the battery gauge is displayed in one of a number of

predetermined colors based upon the estimated vehicle range.
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13. The method of claim 12, wherein the portion of the battery gauge is displayed
in a first color when the estimated vehicle range is above an estimated vehicle range threshold and at
least a second color when the estimated vehicle range is below the estimated vehicle range threshold,

the second color being different from the first color.

14.  The method of claim 13, further comprising:
displaying a trip gauge including a vehicle indicator associated with a current vehicle
location and an empty indicator associated with a zero battery charge location and spaced apart from

the vehicle indicator based upon the estimated vehicle range.

15.  The method of claim 14, wherein the empty indicator is displayed in the first
color when the estimated vehicle range is above the estimated vehicle range threshold and at least

the second color when the estimated vehicle range is below the estimated vehicle range threshold.

16.  The method of claim 14, wherein the trip gauge further includes a target
indicator associated with a target destination and spaced apart from the vehicle indicator based upon
a target distance between the vehicle location and the target destination, the method further
comprising:

calculating a surplus distance based on the difference between the estimated vehicle
range and the target distance; and

displaying at least the target indicator according to one of a number of predetermined

color schemes based upon the surplus distance and the estimated vehicle range.

17. The method of claim 14, further comprising:

receiving an instantaneous energy consumption rate;

calculating an energy budget threshold based upon the battery SOC and the target
distance; and

displaying the vehicle indicator in one of a number of predetermined color states
based upon the difference between the instantaneous energy consumption rate and the energy budget

threshold.
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18. A vehicle display comprising:

a battery gauge including a state of charge (SOC) indicator corresponding to a battery
SOC; and

a trip gauge including a first end associated with a trip start location, a second end, a
vehicle indicator associated with a vehicle location and disposed between the first end and the
second end, and an empty indicator associated with a zero battery charge location;

wherein at least a portion of the battery gauge and the empty indicator are displayed

in one of number of predetermined colors based upon an estimated vehicle range.

19.  The vehicle display of claim 18, wherein the trip gauge is displayed according
to one of a number of predetermined color schemes based upon the estimated vehicle range and a

distance to a target destination.

20.  The vehicle display of claim 18, wherein the vehicle indicator is displayed in
one of a number of predetermined color states based upon the battery SOC, a distance to a target

destination, and an instantaneous energy consumption rate.

21. A battery gauge for a vehicle comprising:

a first end associated with a lower battery charge limit;

a second end associated with an upper battery charge limit;

a state of charge (SOC) indicator disposed between the first end and the second end
based on a battery SOC and; and

a target indicator, associated with a target destination, disposed between the first end

and the second end based on a target distance.

22.  The battery gauge of claim 21, wherein the target distance corresponds to a

distance between the vehicle and the target destination.

23. The battery gauge of claim 22, wherein a position of the SOC indicator

relative to the first end corresponds to an estimated vehicle range.
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24. The battery gauge of claim 23, wherein a position of the target indicator
relative to the SOC indicator indicates the target distance from a current vehicle location to the target

destination.

25. The battery gauge of claim 23, wherein a position of the target indicator
relative to the first end indicates the target distance from a current vehicle location to the target

destination.

26.  The battery gauge of claim 23, wherein a position of the target indicator
relative to the SOC indicator and the first end indicates whether the vehicle is currently able to reach

the target destination based on the battery SOC.

27.  The battery gauge of claim 26, wherein the target indicator is disposed
between the SOC indicator and the first end when the estimated vehicle range exceeds the target
distance indicating surplus battery energy exists for the vehicle to reach the target destination under

current operating conditions.

28. The battery gauge of claim 27, wherein the position of the target indicator

relative to the SOC indicator indicates a magnitude of the surplus battery energy.

29.  The battery gauge of claim 26, wherein the SOC indicator is disposed between
the first end and the target indicator when the target distance exceeds the estimated vehicle range
indicating insufficient battery energy is available for the vehicle to reach the target destination under

current operating conditions, the insufficient battery energy corresponding to an energy deficit.

30. The battery gauge of claim 29, wherein the position of the target indicator

relative to the SOC indicator indicates a magnitude of the energy deficit.

31. A display control system for a vehicle comprising:
a display including a battery gauge including a first end associated with a lower

battery charge limit, a second end associated with an upper battery charge limit, a state of charge
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(SOC) indicator associated with a battery SOC and, and a target indicator associated with a target
destination; and
a controller in communication with the display and configured to:
calculate an estimated vehicle range based at least upon the battery SOC;
calculate a target distance based on a current vehicle location and the target
destination; and
output a signal causing the display to adjust a position of the target indicator

relative to the SOC indicator based on the estimated vehicle range and the target distance.

32. The display control system of claim 31, wherein the position of the target
indicator relative to the SOC indicator indicates the target distance from the current vehicle location

to the target destination.

33.  The display control system of claim 31, wherein the position of the target
indicator relative to the first end indicates the target distance from a current vehicle location to the

target destination.

34.  The display control system of claim 31, wherein the target indicator is
disposed between the SOC indicator and the first end when the estimated vehicle range exceeds the
target distance indicating surplus battery energy exists for the vehicle to reach the target destination

under current operating conditions.

35.  The display control system of claim 34, wherein the position of the target

indicator relative to the SOC indicator indicates a magnitude of the surplus battery energy.

36.  The display control system of claim 31, wherein the SOC indicator is disposed
between the first end and the target indicator when the target distance exceeds the estimated vehicle
range indicating insufficient battery energy is available for the vehicle to reach the target destination
under current operating conditions, the insufficient battery energy corresponding to an energy

deficit.
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37.  The display control system of claim 36, wherein the position of the target

indicator relative to the SOC indicator indicates a magnitude of the energy deficit.

38. A display method comprising:

calculating a target distance based upon a current vehicle location and a target
destination;

calculating an estimated vehicle range based upon a battery state of charge (SOC);
and

displaying a battery gauge including a first end associated with a lower battery charge
limit, a second end associated with an upper battery charge limit, a state of charge (SOC) indicator
associated with a battery SOC, and a target indicator associated with the target destination and

spaced apart from the SOC indicator based on the estimated vehicle range and the target distance.

39.  The display method of claim 38, wherein the target indicator is disposed
between the SOC indicator and the first end when the estimated vehicle range exceeds the target
distance indicating surplus battery energy exists for the vehicle to reach the target destination under

current operating conditions.

40.  The display method of claim 38, wherein the SOC indicator is disposed
between the first end and the target indicator when the target distance exceeds the estimated vehicle
range indicating insufficient battery energy is available for the vehicle to reach the target destination

under current operating conditions.
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