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(57) Abstract: The present invention provides a system and method relating to the operation of plug-in hybrid electric vehicles
powered both by electricity from rechargeable batteries and by consumable fuel powered means, such as an internal combustion
engine or a fuel cell. More particularly, the system and method of the claimed invention enable optimization of the energy cost
associated with the operation of such plug-in hybrid electric vehicles, especially when the cost of recharging batteries from external
electric power sources may be less than the cost of recharging batteries from the onboard consumable fuel powered means. To this
end, the invention enables maximization of the use of electricity from external electric power sources and minimization of the use of
electricity produced by the plug-in hybrid electric vehicle’s onboard consumable fuel powered means, when the cost of recharging
== batteries from external electric power sources is less than the cost of recharging batteries from the onboard consumable fuel powered

means.
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SYSTEM AND METHOD FOR MINIMIZING
ENERGY CONSUMPTION IN HYBRID VEHICLES

DESCRIPTION
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention generally relates to the operation of hybrid
vehicles powered both by electricity from rechargeable batteries and by
consumable fuel powered means, such as an internal combustion engine or a
fuel cell, and, more particularly, to optimizing the cost of operating such a
hybrid vehicle, especially when the cost of recharging batteries from external
electric power sources may be less than the cost of recharging batteries from
the onboard consumable fuel powered means. To this end, the present
invention enables maximization of the use of electricity from external electric
power sources and minimization of the use of electricity produced by the
hybrid vehicle’s onboard consumable fuel powered means, when the cost of
recharging batteries from external electric power sources is less than the cost

of recharging batteries from the onboard consumable fuel powered means.
Background Description

Hybrid vehicles, which use a combination of consumable fuel (such as
gasoline, natural gas, hydrogen, and others) and battery-stored electricity are
becoming a major segment of the automobile market. Such hybrid vehicles

are displacing electric-only vehicles, as well as conventional vehicles powered
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solely by internal combustion engines or other consumable fuel powered
means.

The electric power system of a prior-art electric-only vehicle is open,
in the sense that such a vehicle lacks an onboard means to recharge the battery
and therefore must be recharged from an external source. By contrast, the
electrical power system of a prior-art hybrid vehicle is closed, in the sense that
such a vehicle is not recharged from external sources but is instead recharged
from an onboard consumable fuel powered means, which may be an internal
combustion engine (powered by gasoling, diesel, ethanol, natural gas,
hydrogen or another combustible fuel) or which may be a hydrogen fuel cell
or other alternative consumable-fuel-based power unit.

Prior-art electric-only vehicles thus employ an open system in which
batteries are recharged from an external electric power source, which may be
conventional house current, a publicly accessible recharging facility, or any
external source of electric power compatible with the vehicle’s recharging
system. Recharging such an electric-only vehicle from conventional house
current alone may limit the useful range of the vehicle to no more than the
distance that can be traveled on a single battery charge per round trip.
External electric power sources for recharging electric-only vehicles could be
provided at publicly accessible facilities; however, such facilities have, to
date, not become widely available.

Prior-art hybrid vehicles employ a closed system in which the vehicle
power system incorporates both a battery powered electric motor and a
consumable fuel powered means from which the battery may be recharged.
Power may be provided to the vehicle drive system by the electric motor
and/or the consumable fuel powered means. Hybrid vehicles can refuel using
consumable fuels, including but not limited to fuels which may be available

from filling stations, without regard to availability of an external electric
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power source suitable for recharging. Access to an external electric power
source is not required for recharging a hybrid vehicle, because a hybrid
vehicle’s batteries are recharged from the vehicle’s onboard consumable fuel
powered means.

A problem confronting prior-art hybrid vehicles is that recharging
from the vehicle’s onboard consumable fuel powered means makes the cost of
recharging directly proportional to the cost of consumable fuel. That problem
does not present itself with prior-art electric-only vehicles, where batteries are
recharged from an external electric power source. As noted above, however,
such electric-only vehicles may be less practical in that their range is limited
when external electric power sources are not available for recharging along
the route of travel.

The present invention thus relates to plug-in hybrid electric vehicles,
which differ from conventional hybrid vehicles in that a plug-in hybrid
electric vehicle has the ability to recharge its batteries either from a source
outside the vehicle (such as by way of an electric plug) or from an onboard
means (such as an engine or other consumable fuel powered means), whereas
a conventional hybrid vehicle can be recharged only from its onboard engine.
Plug-in hybrid electric vehicles thus combine the ability of prior-art electric-
only vehicles to recharge from an external electric power source using electric
power generated by any cost-effective means available with the ability of
prior-art hybrid vehicles to recharge from the onboard consumable fuel
powered means. The present invention accomplishes this in a manner that
takes into account the fact that there may be times when the cost of recharging
from the onboard consumable fuel powered means is not greater than the cost
of recharging from an external electric power source, at which times it may be

preferable not to recharge from an external electric power source.
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Merely adding a capability to recharge a prior-art hybrid vehicle from
an external electric power source, like an electric-only vehicle, would be
inadequate, because it would not ensure an optimally cost-effective allocation
between recharging from external electric power sources and recharging from
the onboard consumable fuel powered means. In addition, there may be
circumstances in which taking a detour in excess of a certain distance, solely
for the purpose of recharging from an external electric power source, would
be less cost-effective than relying on an onboard consumable fuel powered
means for a complete or partial charge to extend the vehicle’s range to reach
an external electric power source closer to the route.

As aresult, the present invention is directed to minimizing a plug-in
hybrid electric vehicle’s energy cost when the cost of recharging from
external electric power sources is less than the cost of recharging from the
onboard consumable fuel powered means. As noted, when energy from
external electric power sources is less costly than energy produced by
consumable fuel powered means, reliance solely on the onboard consumable
fuel powered means may sacrifice cost-effectiveness. At the same time,
reliance solely on external electric power sources may sacrifice practicality or
range when availability of external electric power sources is not adequate for
recharging en route.

The complexity of addressing such problems is increased by the fact
that, in some embodiments, solutions change as the vehicle changes its
position relative to available external electric power sources, which is
something a vehicle necessarily does when it is put to its intended use of

moving from place to place.



WO 2006/057889 PCT/US2005/041688

5.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a system
and method for minimizing consumable fuel consumption in plug-in hybrid
electric vehicles by enabling the optimal use of electric input from external
electric power sources in a manner that takes into account the location of the
vehicle relative to external electric power sources as the vehicle moves from
place to place during the ordinary course of its intended use as a transportation
device. According to the invention, there is a plug-in hybrid electric vehicle
in which the electric power system is open so that the battery may be
recharged from standard electric power sources when such sources are
available. The invention also provides a system and method for managing the
consumption ratio between electric charge and consumable fuel so that
consumption of consumable fuel may be optimized for cost-effectiveness. As
a result, an optimal mix of energy from external electric power sources and
energy from consumable fuel may be maintained, especially when energy
from external electric power sources is available to the vehicle at lower cost
than energy from the onboard consumable fuel powered means.

In the preferred embodiments, cost minimization is determined by a
computer, using as data inputs at least the following: itinerary data (including,
but not limited to, original and present location of the vehicle, as well as the
destination and/or the route to be taken); available battery charge; operational
data (including, but not limited to, performance specification data, vehicle
driving history data, and/or other operational data); availability of recharge
facilities en route or at the destination; cost of energy from available external
electric power sources; cost of energy from onboard consumable fuel powered
means; and/or other data. Said data inputs may include any or all of the

following: transmitted data; database data; operator input data; and/or data
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from other sources. Said itinerary data may include, but is not limited to,
global positioning satellite (GPS) data and/or other location identification
information.

In the preferred embodiments, the computer may receive either
operator input instructions or automated instructions. In some embodiments,
if there are no external electric power sources available for recharging
batteries at or en route to the destination, or if the cost of recharging from an
external electric power source is not less than the cost of recharging from the
vehicle’s onboard consumable fuel powered means, then the computer will
return the solution that external electric power sources should not be used. If,
however, there are external electric power sources available for recharging
batteries at or en route to the destination, and if the cost of recharging from an
external electric power source is less than the cost of recharging from the
vehicle’s onboard consumable fuel powered means, then the computer will
compute an optimal usage profile for the electric and conventional fuel to
minimize energy cost of the trip.

1

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages will be better
understood from the following detailed description of preferred embodiments
of the invention with reference to the drawings, in which:

Figure 1 is a representation of a hybrid vehicle traveling from an
original location to a destination along a route on which there is an external
power source suitable for recharging. The hybrid vehicle includes an audio

and/or visual display by which a computer can provide output to an operator.
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Figure 2 is a representation of a computer, which is connected to the
vehicle and to data sources and which may receive instructions. The data
sources in Figure 2 are described in terms of how the data is provided,
including, but not limited to, transmitted data, database data, vehicle sensor
data, operator input data, and data from other sources.

Figure 3 is a representation of a computer, which is connected to the
vehicle and to data sources and which may receive instructions. The data
sources in Figure 3 are described in terms of the kind of information contained
in the data, including, but not limited to, itinerary data, present location data,
available battery charge, operational data, availability of recharge facilities at
or en route to destination, cost of energy from available external electric
power sources, cost of energy from onboard consumable fuel powered means,
and other data.

Figure 4 is a representation of a computer, which is connected to the
vehicle and to data sources and which may receive operator input instructions
and/or automated instructions, including but not limited to instructions
relating to a determination of whether to recharge solely from onboard
consumable fuel powered means or to compute an optimal usage profile for
the electric and conventional fuel to minimize the energy cost of the trip, and
well as other automated instructions.

Figure 5 is an example of an energy consumption profile for a
hypothetical trip from some starting point to some terminus that reflects the
variation in enérgy requirements as a function of the location indicated by

distance from the start.
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DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, and more particularly to Figure 1, there
is shown a hybrid vehicle 6 traveling on an itinerary that leads from an
original location 1 along a route 2 to a destination 3. Along the route, there is
at least one external power source 4 suitable for recharging. The hybrid
vehicle 6 includes an audio and/or visual display 5 by which a computer can
provide output to an operator for additional input. The audio and/or visual
display 5 of Figure 1 is exemplary of the audio and/or visual display 500 of
Figures 2-4.

Referring now to Figure 2, there is shown a computer 100 receiving as
inputs data 200 and instructions 300. The data 200 may come from various
sources, such as transmitted data 201, database data 202, vehicle sensor
data 203, operator input data 204, and data from other sources 205. Figure 2
also shows that outputs from the computer 100 may go directly to vehicle
power system components 400 or may be presented to the operator via an
in-vehicle audio and/or visual display 500.

Referring now to Figure 3, there is shown a computer 100 receiving as
inputs data 200 and instructions 300. The data 200 is described in terms of the
type of information represented by the data, such as itinerary data 210, present
location data 220, available battery charge 230, operational data 240,
availability of recharge facilities at or en route to destination 250, cost of
energy from available external electric power sources 260, cost of energy
from onboard consumable fuel powered means 270, and other data 290. Like
Figure 2, Figure 3 shows that outputs from the computer 100 may go directly
to vehicle power system components 400 or may be presented to the operator

via an in-vehicle audio and/or visual display 500.
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In comparing Figure 2 and Figure 3, it should be observed that there is
not a one-to-one correspondence in the way data 200 is described in the two
drawings. Different embodiments of the invention may get any of various
types of information, as shown in Figure 3, from any of various types of
sources, as shown in Figure 2. For example, the original and/or present
location of vehicle 210 may be obtained from transmitted data 201, from
operator input data 204, or from other sources. As another example,
operational data 240 may be obtained from database data 202, from operator
input data 204, or from other sources. As a further example, available battery
charge 230 may be obtained from vehicle sensor data 203, from operator input
data 204, or from other sources. Similarly, operational data 240 may be
obtained from database data 202, from operator input data 204, or from other
sources. Likewise, availability of recharge facilities at or en route to
destination 250 may be obtained from transmitted data 201, from database
data 202, from operator input data 204, or from other sources. Also, the cost
of energy from available external electric power sources 260 may be obtained
from transmitted data 201, from database data 202, from operator input
data 204, or from other sources. As a final example, the cost of energy from

‘onboard consumable fuel powered means 270 may be obtained from
transmitted data 201, from database data 202, from operator input data 204, or
from other sources. The foregoing examples are for the purpose of illustration
and not limitation. There is every reason to believe that all, or nearly all,

types of information (Figure 3) could be provided by all, or nearly all, types of
data sources (Figure 2).

Referring now to Figure 4, there is shown a computer 100 receiving as
inputs data 200 and instructions 300. Figure 4 also shows that outputs from
the computer 100 may go directly to vehicle power system components 400 or

may be presented to the operator via an in-vehicle audio and/or visual
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display 500. The instructions 300 may be either operator input
instructions 310 or automated instructions 320, which are not restricted in
type. Automated instructions may take the form of software, firmware, or any
other form or combination of forms in which computer instructions may be
automated. Automated instructions 320 may or may not be subject to
reprogramming or other change. An exemplary automated instruction 321
would enable the computer 100 to determine, based on data 200 and
potentially in conjunction other automated instructions 329, whether to
recharge solely from onboard consumable fuel powered means or to compute
an optimal usage profile for the vehicle’s electric and conventional fuel in
order to minimize the energy cost of the trip. The determination of the
computer 100 could be output either directly to vehicle power system
components 400 or to the in-vehicle audio and/or visual display, where it
could be received by an operator who could then take appropriate action.
Such operator action might include, but would not be limited to, an operator
input instruction 310 to cause the computer to output the determined optimal
energy usage profile directly to the vehicle power system components 400.

In one embodiment of the present invention, the computer calculates
the point in the remaining portion of the trip at which the expected battery
level will be just sufficient (with some safety margin according to the
computer’s instructions, which may be set by default or otherwise) to reach
the destination without further consumption of conventional fuel. At the
destination, the battery may then be recharged using an external static
electrical power source.

In another embodiment of the present invention, the computer controls
the vehicle’s power system components and manages the consumption ratio
between electric charge and consumable fuel so that consumption of

consumable fuel may be optimized for cost-effectiveness.
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In still another embodiment of the invention, instructions would
address overall power consumption and overall cost optimization, in addition
to reaching the destination at the lowest safe battery level. Further
instructions according to the present invention will be readily apparent to
persons ordinarily skilled in the art of computer measuring and optimization.

In a further embodiment of the present invention, the computer
receives origin and location data and compares it, according to instructions
given to the computer, to destination data, available battery charge data,
operational data, data as to the availability of recharge facilities at or en route
to the destination, data as to the cost of energy from available external electric
power sources, data as to the cost of energy from onboard consumable fuel
powered means, and other data. Depending on instructions, the computer
could, for example, determine whether to recharge solely from onboard
consumable fuel powered means or to compute an optimal usage profile for
the electric and conventional fuel to minimize the energy cost of the trip, as
discussed above and in Figure 4. The result could be output from the
computer either directly to vehicle power system components or to an
in-vehicle audio and/or visual display device, where it could be received by an
operator who could then take appropriate action. Such operator action might
include, but would not be limited to, an operator input instruction to cause the
computer to output the determined optimal energy usage profile directly to the
vehicle power system components, as discussed above.

Use of different data sources, as in Figure 2, to provide different types
of information, as in Figure 3, may result in different embodiments of the
invention. For example, origin and location data could be provided by
operator input, by GPS transmission, or by other sources.

Available battery charge data could be provided by operator input, by

vehicle sensors, or by other sources.
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Operational data could be provided by operator input, by database, or
by other sources. A database of operational data could be compiled
automatically as data is collected in the ordinary course of operation of the
invention; alternatively, such a database could be compiled from vehicle
performance specification data or from other sources.

Data as to the availability of recharge facilities at or en route to the
destination could be provided by transmission, by database, by operator input,
or by other sources. Data as to the availability of recharge facilities at or en
route to the destination could be provided as GPS data used in conjunction
with a database of facility locations, or provided directly by recharging
facilities transmitting such location data to notify drivers en route.
Alternatively, if the computer is located away from the vehicle and connected
to the vehicle by wireless network or other means, notification of the
availability of recharge facilities at or en route to the destination could be
provided to the computer by other sources. Regardless of the data source by
which such notification is provided, some embodiments of the invention
would be capable of receiving data as to the availability of recharge facilities
at or en route to the destination and adjusting the vehicle’s optimization plan
accordingly. Such adjustments could be calculated on the fly, according to
automated instructions, with notification to the operator of the location of the
recharging facility and of the energy cost savings if a recharging stop were
made and the calculated adjustment were implemented. The operator could
then input an instruction to accept or reject the adjustment.

Data as to the cost of energy from available external electric power
sources could be provided by transmission, by database, by operator input, or
by other sources. Regarding transmitted data as to the cost of energy from
recharging facilities at or en route to the destination, such data could be

provided directly by recharging facilities transmitting the data to notify drivers
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en route. Alternatively, if the computer is located away from the vehicle and
connected to the vehicle by wireless network or other means, notification of
the cost of energy from available external electric power sources at or en route
to the destination could be provided by other sources. Regardless of the data
source by which such notification is provided, some embodiments of the
invention would be capable of receiving notification and adjusting the
vehicle’s refueling plan and the management of the consumption ratio
between electric charge and consumable fuel so that consumption of
consumable fuel may be optimized for cost-effectiveness. Such adjustments
could be calculated on the fly, according to automated instructions, with
notification to the operator of the location of the recharging facility and of the
energy cost savings if a recharging stop were made and the calculated change
in management of the consumption ratio were implemented. The operator
could then input an instruction to accept or reject the adjustment.

Data as to the cost of energy from onboard consumable fuel powered
means could be provided by database, by operator input, or by other sources.

Other data determined to be useful in any embodiment of the invention
could be provided, as appropriate, by transmission, by database, by vehicle
sensor, by operator input, or by other sources.

As noted above, some embodiments of the invention may locate the
computer onboard the hybrid vehicle, while other embodiments may provide
for the hybrid vehicle to be connected by wireless network or other means to a
computer (including, but not limited to, a server) located somewhere else.

Some embodiments of the claimed invention may locate data sources
(including, but not limited to, storage devices or databases) onboard the
hybrid vehicle, while other embodiments may provide for the hybrid vehicle
to be connected by wireless network or other means to one or more data

sources (including, but not limited to, storage devices or databases) located
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somewhere else.

The following simple example shows the principle components of the
present invention and its advantages over current state of the art. A driver
plans a trip from her home to some destination such as her office. She enters
the car and informs the system of here destination. The system accesses all
available prior information about this destination and various routes to the
destination and derives a graphic similar to that in FIG. 5 which shows the
Mechanical Energy Consumption Profile of this trip. This data may come
from historical data (previous trips the driver has taken along the same route),
GPS data, topographical or other mapping data, etc. The horizontal axis 510
on the graph is distance from start to terminus. The vertical axis 520 is
mechanical energy consumption per unit distance required at that point in the
trip. The plot 530 is a profile that shows the amount of mechanical energy per
unit distance that is required to propel the automobile at the given point in the
trip assuming the normal rate of speed (e.g., based on speed limit information
or historical data for the trip at the current time of day). The area under the
profile is the total {mechanical energy required for the trip; in this case, 200
units of mechanical energy. For exemplary purposes, we show the plot as
rectilinear, not smoothly varying as would be the case for a real example.
High region, H1 540 in the profile is that portion of the trip where more
energy will be required. We label this region as with an “H” (for Hill) to
indicate that the high energy requirements may be because of a steep uphill,
though other explanations are possible such as stop/go traffic, or perhaps a
very high rate of speed. The two lower energy required regions, R1, 550, and
R2, 560, are those portions of the trip where less energy is required. These
regions are labeled “R” (for residential). Such regions may occur because the
car travels at moderate rates of speed, or is traveling downhill, or for a number

of other reasons. The two regions, C1, 570, and C2, 580, labeled “C” (for
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cruising) are regions where moderate energy utilization is required. Such
regions may occur where the car is traveling at a moderate rate of speed on
level terrain. The different regions are called “terrain” types, for simplicity.
Such profiles are dependent on the type of car, for examples, its shape and
weight, on the terrain, and traffic patterns. All this information, and possibly
additional information, is provided to the present system and is used to
determine this Mechanical Energy Consumption Profile. Table 1 shows a
summary of the graph in FIG. X for each region of the trip requires and
includes the total distance and Table 2 shows the summary by terrain type and

the total mechanical energy required to complete the trip according to this

profile.
Table 1
Region | Terrain | ME(T) per distance | Distance
R1,550 |R 1 20
C1,570 | C 2 30
H1,540 | H 4 20
C2,580 | C 2 10
R2,560 | R 1 20
Total 100
Table 2
Terrain | ME(T) | Distance | Total ME(T)
R 1 40 40
C 2 40 80
H 4 20 80
Total 100 200
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Suppose, for exemplary purposes only, that electricity from external
power source costs $1 per unit battery energy (BE) and gasoline costs $2 per
unit gasoline energy (GE). Column 2 of Table 3 shows the Efficiency-E of
the electrical motor to convert the energy from the battery to mechanical
energy as a function of the terrain type measured in units of ME/BE. This
depends on the type of electrical motor, how that motor is connected to the
drive wheels of the car, and many other factors, including the weight and
design characteristics of the car. Column 3 of Table 3 shows the BE per unit
distance required to move the car in the given terrain. This is computed from
the formula:

ME/unit distance * (1/Eff-E) = BE/unit distance.
Column 4 of Table 3 shows the dollar Cost-E per unit distance, computed as
the cost per BE (given above) times the BE per unit distance of Column 3.
Similarly, Columns 5, 6 and 7 of Table 3 give the Efficiency-G of the gasoline
motor to convert GE into ME as a function of the terrain, the GE/unit distance
and the Cost-G per unit distance as a function of the terrain. (The inverse of

GE/unit distance may be interpreted as miles per gallon, or some similar

measure.)
Table 3
Terrain | Eff-E | BE per | Cost-E per | Eff-G GE per Cost-G per
unit dist | unit distance unit distance | unit distance
R 1 1 1 1 1 2
C 2 1 1 3/2 4/3 8/3
H 2 2 1 3 4/3 8/3

The system also takes as input the amount of BE energy stored (BES)
in the battery at the start of the trip (less any amount reserved as a safety

margin). The current level of gasoline in the fuel tank may also be considered,
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however, it is assumed for the purposes of this example only that the gasoline
can be refueled readily and conveniently on the trip (because it takes very
little time to refuel and gasoline stations are generally available, whereas the
battery recharging takes a long time and recharge facilities are not generally
available).

Let r denote the total distance the car travels under battery power in
the R regions, ¢ denote the total distance the car travels under battery power in
the C regions and h denote the total distance the car travels under battery
power in the H regions. Then 40-r, 40-c and 20-h denote the total distance
traveled under gasoline power for the regions R, C and H respectively. With
these notations and the information in Tables 2 and 3 above, the total cost of
electricity (TotalCostE) used is given by the formula

TotalCostE = 1*r + 1*c+ 2*h
And the total cost of gasoline (TotalCostG) used is given by the formula:
TotalCostG = 2*(40-r) + (8/3)*(40-c) + (8/3)*(20-h).
The total amount of BE (TotalBE) used is given by
TotalBE = 1*r + 1*c + 2*h (1)
and the total amount of GE (TotalGE) used is given by
TotalGE = 1*(40-1) + (4/3)*(40-c) +_(4/3)*(20-h).
Because we assume that refueling gasoline is available on the trip, this
expression is not needed for this example.

The present system will determine, based on the input data above and
any additional data available and applicable, an optimal profile of battery
usage versus gasoline usage in order to minimize the total cost of the trip,
which is given by TotalCost = TotalCostE + TotalCostG and is summarized
by the formula:

TotalCost =240 —r—(5/3)c—(2/3)h 2)
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According to the current state of the art, the battery will be consumed
first, and then if the terminus has not been reached convert to gasoline usage.
If the total energy required for the trip is less than the amount of energy in the
battery (less any safety margin provided as input), the present system will
determine that the optimal usage profile is to follow the simple model of the
current state of the art: that is, to use the battery until the terminus is reached.
If, on the other hand, the total energy required exceeds the BES, the present
system will determine an optimal profile of battery usage versus gasoline
usage per terrain type to minimize the TotalCost as given in formula (2), but
subject to the other constraints in the system.

Suppose, for example only, that the battery has BES = 50 and that
either there is sufficient gas to complete the journey (within the safety margin)
or that refueling stations will be available along the trip, if necessary.

The current state of the art will consume all the battery first, and then revert to
gasoline. This means that the SOBE units in the battery will be consumed by
traversing region R1, 550, completely, then traversing' all of C1, 570, at which
point the battery will be exhausted. This means that r=20, ¢=30 and h=0,
giving by formula (2) a TotalCost = $170.

The present system will examine the optimization problem of
minimizing formula (2) subject to the constraints:

0<=r<=40

0 <=c<=40

0<=h<=20

r+f+2h=50.
The first three inequalities come from the fact that the distance traveled under
battery in each terrain type (r, ¢, h) must be at least zero and cannot exceed the
total size of the regions of each terrain type. The last equality is the condition

that we consume all the battery energy by the end of the trip. More generally,
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this may be stated as an inequality, but for the purposes of this example, is
given as an equality. (The formulation as an inequality incorporates the initial
step where the total energy required is compared against the BES.) The
solution of this system occurs when =10, ¢=40, h=0 for which the total cost
of the trip is $163.34. This improves on the current state of the art. For this
simple example, it does not matter in which of the two R regions the =10
distance is traversed, or in which order (similarly for ¢ and h). In a more
complex and real environment where the profile is not as discrete and flat,
such artifacts of the solution are unlikely.

After computing this optimal solution, the system may inform the
driver of the battery/gas utilization profile or it may autonomically handle the
transition to and from battery and gas utilization.

Though the example given here is presented as a static offline problem
with all data available at the start of the trip, it exemplifies the principles of
the present invention. More generally and within the scope of the invention is
a dynamic online system that constantly takes the complete set of available
inputs and determines the optimal predictive profile for the trip. For example,
the system may determine based on real-time conditions that a detour around
the hill is possible and more cost effective and may provide that input to the
driver.

While the invention has been described in terms of a set of preferred
embodiments, those skilled in the art will recognize that the invention can be
practiced with modification within the spirit and scope of the appended

claims.
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CLAIMS

Having thus described our invention, what we claim as new and desire

to secure by Letters Patent is as follows:

1. A system for optimizing energy consumption comprising:

a plug-in hybrid electric vehicle having a battery-powered electric
motor and a consumable fuel powered means, a battery powering said electric
motor being rechargeable both from an external electric power source or and
from said consumable fuel powered means, and

a computer receiving data and instructions as inputs and providing
outputs,

said data inputs describing an itinerary of said vehicle,
operational data, available battery charge, availability and cost of energy from
external electric power sources, availability and cost of consumable fuel for
consumable fuel powered means,

said instruction inputs enabling said computer to determine an
optimal mix of energy from external electric power sources and energy from
consumable fuel in said hybrid vehicle for a given itinerary, and

said outputs describing said optimal mix of energy in said
hybrid vehicle.

2. The system according to claim 1 wherein said data inputs include global

positioning satellite data.

3. The system according to claim 1, wherein said data inputs include data

transmitted over radio frequency spectrum.
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4. The system according to claim 1, wherein said data inputs include data

from a database.

5. The system according to claim 1, wherein said data inputs include data

from said vehicle’s sensors.

6. The system according to claim 1, wherein said data inputs include data

input by an operator.

7. The system according to claim 1, wherein said instructions are input by an

operator.

8. The system according to claim 1, wherein said instructions are automated

instructions.

9. The system according to claim 1, wherein power may be provided to the
vehicle drive system by the electric motor and/or the consumable fuel

powered means.

10. The system according to claim 1, wherein said outputs are provided

directly to vehicle power system components.

11. The system according to claim 1, wherein said outputs are provided for

presentation to the operator via a display device.

12. The system according to claim 11, wherein said display device is an audio

display device.
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13. The system according to claim 11, wherein said display device is a visual

display device.

14. The system according to claim 1, wherein said outputs provide the
operator with the option of implementing said optimal mix of energy in said
hybrid vehicle.

15. The system according to claim 1, wherein the consumable fuel powered

means is an internal combustion engine.

16. The system according to claim 1, wherein the consumable fuel powered

means is a fuel cell.

17. A method for optimizing energy consumption in a plug-in hybrid electric
vehicle having a battery-powered electric motor and a consumable fuel
powered means, comprising the steps of:
reéharging the battery powering said electric motor either from an
external electric power source or from said consumable fuel powered means;
and
receiving by a computer data and instructions as inputs and providing
outputs by said computer,
said data inputs describing the itinerary of said vehicle,
operational data, available battery charge, availability and cost of energy from
external electric power sources, availability and cost of consumable fuel for
consumable fuel powered means,
said instruction inputs enabling said computer to determine an
optimal mix of energy from external electric power sources and energy from

consumable fuel in said hybrid vehicle for a given itinerary, and
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said outputs describing said optimal mix of energy in said
hybrid vehicle.

18. The method according to claim 17, wherein said data inputs include

global positioning satellite data.

19. The method according to claim 17, wherein said data inputs include data

transmitted over radio frequency spectrum.

20. The method according to claim 17, wherein said data inputs include data

from a database.

21. The method according to claim 17, wherein said data includes data from

said vehicle’s sensors.

22. The method according to claim 17, wherein said data inputs include data

input by an operator.

23. The method according to claim 17, wherein said instructions are input by

an operator.

24. The method according to claim 17, wherein said instructions are

automated instructions.

25. The method according to claim 17, wherein power may be provided to the
vehicle drive system by the electric motor and/or the consumable fuel

powered means.
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26. The method according to claim 17, wherein said outputs are provided

directly to vehicle power system components.

27. The method according to claim 17, wherein said outputs are provided for

presentation to the operator via an in-vehicle display device.

28. The system according to claim 27, wherein said display device is an audio

display device.

29. The system according to claim 27, wherein said display device is a visual

display device.

30. The method according to claim 17, further comprising the step of
providing the operator with the option of implementing said optimal mix of

energy in said hybrid vehicle.

31. The method according to claim 17, wherein the consumable fuel powered

means is an internal combustion engine.

32. The method according to claim 17, wherein the consumable fuel powered

means is a fuel cell.
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