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(57) Abstract: A method for obtaining simulated performance characteristics of a proposed vehicle design under real-life operating
scenarios is provided. The method includes defining one or more route selection criteria based on one or more desired performance
parameters of the vehicle design, determining a collection of map-based routes corresponding to the defined route selection criteria,
applying one or more driver behavior models to the one or more map-based routes to obtain one or more reference traces reflecting
a simulated driver behavior over one or more segments of the one or more map-based routes, and providing data of the one or more
reference traces to a model powertrain associated with the proposed vehicle design to obtain simulated performance characteristics of

the vehicle design over the one or more segments.
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SYSTEM AND METHOD FOR VEHICLE MODELLING AND SIMULATION

FIELD OF THE DISCLOSURE

[1] The present disclosure is related to vehicle simulation, and more
particularly to a system and methed for modelling one or more vehicle
components in order to simulate performance of the vehicle design under
various real-life operating scenarios.

BACKGROUND OF THE DISCLOSURE

[2] Today, assistive design systems are used for many applications in
almost any kind of industry. Especially the automotive industry or the aviation
industry as well as in computational industry assisting systems are commonly
used to facilitate repetitive testing of a particular design.

[3] It is an intention of modern systems to provide and/or simulate a
robust, sensitive and real-time approximation of human intention while
operating a machine in a dynamically changing environment. Such machine
may be any kind of system to be operated by a human, like e.g. an automobile,
an aircraft, a ship, a machine etc. as well as computational systems like, e.g. a
computer game, or the like. In the following, the term “system” should be
understood as any kind of these.

[4] Simulation systems generally use virtual development methods and
such methods are quickly gaining importance in the vehicle development
process to cope with important business challenges: shortening time-to-market,
optimizing product quality, performance & value, reducing production &
development costs, dealing with ever stricter emission & safety regulations. For
example, a particular challenge in the Engine and Powertrain field is the
upcoming European “Real Driving Emissions” (RDE) regulation. RDE compliance
requires control of vehicle exhaust emissions over a wide area of operating
conditions. This heavily impacts the engine calibration process which was
traditionally based on a fixed driving cycle.

[5] Virtualizing part of the calibration process allows evaluating the
vehicle & engine behavior under various real-life driving conditions by running a
physical or grey-box vehicle model over a virtual driving environment, operated
by a virtual Driver Model.
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[6] Perceptual/cognitive architectures with an artificial (i.e. implemented
on a machine, or in or as a computer or in or as a tool) memory system are
used as such assisting systems. They are particularly suited for understanding
and controlling the dynamic behaviors of a too! in response to the human
operator, especially for actual and safe interactions of operator and tool in real-
time in a dynamically variable environment.

[7] US 2015/0202990 relates to a method of managing the energy
consumed by a motor vehicle, and includes a simulation unit incorporating a
vehicle model predicting behavior of the vehicle and a driver model predicting
behavior of the driver of the vehicle, the driver model receiving a speed set
point and the speed of the vehicle measured at successive instants, and
supplying a motor torque set point to the vehicle model which is a function of
the speeds and of the modelled driver behavior; an optimization algorithm
interacting with the simulation unit; the method including trajectories composed
of the trajectory of the speed set point and the trajectory of a set point for
controlling an item of auxiliary equipment, the trajectory of a set point
describing the variation of the set point as a function of the position of the
vehicle, the trajectories being calculated with respect to given objectives
according to the optimization algorithm whose variables are formed from the
set points.

SUMMARY OF THE DISCLOSURE

[8] The present inventors have recognized that it would be beneficial to
provide systems and methods that facilitate design tasks of a vehicle based on
real world driving conditions and simulated driver behavior. In so doing, a
vehicle design may be repeatedly and inexpensively tested to determine
whether certain requirements such as, for example, power output and
emissions, can be met by any proposed design.

[9] Therefore, according to embodiments of the present disclosure, a
method for obtaining simulated performance characteristics of a proposed
vehicle design under real-life operating scenarios, is provided. The method
includes defining one or more route selection criteria based on one or more
desired performance parameters of the vehicle design, determining a collection
of map-based routes corresponding to the defined route selection criteria,
applying one or more driver behavior models to the one or more map-based
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routes to obtain one or more reference traces reflecting a simulated driver
behavior over one or more segments of the one or more map-based routes,
and providing data of the one or more reference traces to a model powertrain
associated with the proposed vehicle design to obtain simulated performance
characteristics of the vehicle design over the one or more segments.

[10] By providing such a system, various designs of a vehicle may be
tested based on various driver behaviors on any number of route configurations
to determine whether particular results are achieved by the design.

[11] Moreover, the chosen routes over which the vehicle design are to be
tested, can be targeted to, for example, a particular geographic region,
particular vehicle market, etc.

[12] The simulated performance characteristics may include at least one
of vehicle tailpipe emissions and vehicle energy consumption.
[13] The one or more route selection criteria may include at least one of

desired speed limit, desired duration, desired distance, desired altitude, and
desired maximum slope, and optionally comprises a collection of desired worst-
case driving conditions.

[14] The method may include training one or more driver behavior
models based on recorded behavior of one or more human beings, wherein the
recorded behavior includes at least one of a selected gear, an engine speed, a
vehicle speed, a clutch operation, a brake pedal position, and an accelerator
pedal position.

[15] The one or more reference traces may include at least one of a
speed trace and an acceleration trace.
[16] The model powertrain may be based on one of a diesel powertrain, a

gasoline powertrain, a hybrid powertrain, a fuel cell powertrain, and an electric
powertrain.

[17] The method may include providing to a user the one or more map-
based routes, receiving a selection of the user of one of the one or more map-
based routes, and applying one or more driver behavior models to the selected
map-based route.

[18] The one or more driver behavior models may include a gear shifting
sub-model, wherein the shifting sub-model takes as an input for any particular
segment of the one or more segments, at least one of a segment length, an
entrance angle to the segment, an exit angle from the segment, a vertical axis
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angle of the segment, a speed limit of the segment, an average speed over the
segment, a junction type, presence of a traffic signal on the segment, and
presence of a yield on the segment.

[19] The gear shifting sub-model may include a regression tree algorithm.
[20] According to further embodiments of the present disclosure, a
system for obtaining simulated performance characteristics of a proposed
vehicle design under real-life operating scenarios, is provided. The system
includes receiving means configured to receive one or more route selection
criteria based on one or more desired performance parameters of the vehicle
design, route selection means configured to determine a collection of map-
based routes corresponding to the defined route selection criteria, processing
means configured to apply one or more driver behavior models to the one or
more map-based routes to obtain one or more reference traces reflecting a
simulated driver behavior over one or more segments of the one or more map-
based routes, and output means configured to provide data of the one or more
reference traces to a model powertrain associated with the proposed vehicle
design to obtain simulated performance characteristics of the vehicle design
over the one or more segments.

[21] The simulated performance characteristics may include at least one
of vehicle tailpipe emissions and vehicle energy consumption.
[22] The one or more route selection criteria may include at least one of

desired speed limit, desired duration, desired distance, desired altitude, and
desired maximum slope, and optionally comprises a collection of desired worst-
case driving conditions.

[23] The system may include a training module configured to obtain
training information for one or more driver behavior models based on recorded
behavior of one or more human beings, wherein the recorded behavior includes
at least one of a selected gear, an engine speed, a vehicle speed, a clutch
operation, a brake pedal position, and an accelerator pedal position.

[24] The one or more reference traces may include at least one of a
speed trace and an acceleration trace.

[25] The model powertrain may be based on one of a diesel powertrain, a
gasoline powertrain, a hybrid powertrain, and an electric powertrain.

[26] The system may include display means for providing to a user the
one or more map-based routes, input means for receiving a selection of the
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user of one of the one or more map-based routes, and the processing means
may be configured to apply one or more driver behavior models to the selected
map-based route.

[27] The one or more driver behavior models may include a gear shifting
sub-model, wherein the shifting sub-model takes as an input for any particular
segment of the one or more segments, at least one of a segment length, an
entrance angle to the segment, an exit angle from the segment, a vertical axis
angle of the segment, a speed limit of the segment, an average speed over the
segment, a junction type, presence of a traffic signal on the segment, and
presence of a yield on the segment.

[28] The gear shifting sub-model may include a regression tree algorithm.
[29] According to further embodiments, a vehicle designed using the
above described systems and methods is provided.

[30] It is intended that combinations of the above-described elements

and those within the specification may be made, except where otherwise
contradictory.

[31] The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the disclosure
and together with the description, and serve to explain the principles thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[32] Fig. 1 shows a high level workflow related to a powertrain and driver
simulation method according to embodiments of the present disclosure;

[33] Fig. 2 shows an exemplary route-finder interface configured for
inputting of one or more route criteria and selection of corresponding routes;
[34] Fig. 3 shows one exemplary powertrain and exhaust treatment
simulation and modelling scenarios according to embodiments of the present
disclosure;

[35] Fig. 4A is a high level representation of a training method for a driver
behavior simulator according to embodiments of the present disclosure;

[36] Fig. 4B is a high level representation of an exemplary simulation
phase based on a simulated driver behavior over a selected route;

[37] Fig. 4C is a high level representation of exemplary processing within
the driver simulator of Fig. 4B;
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[38] Fig. 5 is an exemplary logical diagram of a system configured to
carry out methods of the present disclosure; and

[39] Fig. 6 is a flowchart depicting an exemplary method for powertrain
modelling and simulation.

DESCRIPTION OF THE EMBODIMENTS

[40] Reference will now be made in detail to exemplary embodiments of
the disclosure, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[41] Fig. 1 shows a high level workflow related to a powertrain and driver
simulation method according to embodiments of the present disclosure, while
Fig. 6 is a flowchart depicting an exemplary method for powertrain modelling
and simulation. As shown at Fig. 1, one or more maps 10 stored in a memory
(not shown), e.g., a database, of a computer system may provide various
information concerning real-world roads, such as, for example, speed limit on
road segments, slope, altitude, traffic signals, traffic signs, etc. The one or
more maps may be grouped by, for example, geographic region, or other
suitable organization. Alternatively, a third-party map provider may be
implemented such that map information is stored remotely by the third-party,
and access thereto provided by means of an API, web service, or other suitable
access method enabling criteria based selection of routes and return of data
associated therewith.

[42] Selected routes 50 and the associated parameters may be combined
with a driver model 60 to result in traces indicating a driver desired speed over
segments of the route, as will be described below. The traces may then be
provided to a powertrain simulator 300, or other desirable simulator (e.g.,
lateral/linear acceleration simulator) for determination of various design and
output characteristics of any vehicle model 425 under consideration.

[43] Fig. 5 is an exemplary logical diagram of a system 500 configured to
carry out methods of the present disclosure. Such a system may include, for
example, an input device 510, one or more sensors 520, an output device 530,
and a processing unit 1. Input device 510 may comprise a keyboard, a mouse,
a microphone, a steering wheel, one or more pedals, and any other suitable
device capable of facilitating input of information to processing unit 1.
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[44] One or more sensors 520 may be implemented to provide additional
information to processing unit 1. For example, sensors related to an operator’s
reactions during training, e.g., brake pedal operation, accelerator operation,
steering operation, gear shift operation, etc., may be provided to enable
recording of user behavior with regard to a particular chosen route 50 during a
training phase.

[45] Output device 530 may comprise, for example, a visual output, audio
output, magnetic output, optical output, and/or any other output suitable for
conveying and/or storing driver behavior information, route information, trace
information for a simulation, etc. For example, output device 530 may
comprise a plurality of devices, a display, a speaker, and a disk drive, among
others.

[46] Recording module 580 may comprise memory storage, both
persistent and volatile, as well as code modules configured to receive and store
information in the memory storage. For example, a hard drive with a database
thereon may receive information related to driver actions, vehicle, actions, etc.
from processor 5 and cause such information to be stored in the data base.
One of skill will recognize that other suitable storage methods and algorithms
may be implemented without departing from the scope of the present
disclosure.

[47] Processing unit 1 may comprise a processor 5 along with various
modules comprising instructions which when executed by the processor 5, may
cause particular tasks to be performed. Processor 5 may be any available
processor, such as a x64 processor, ASIC, i386, RISC, or of any other suitable
architecture capable of carrying out instructions compatible with the present
disclosure.

[48] Route selector module 560 may be configured to receive a number
of desired route criteria from input device 510, and to select one or more routes
50 that meet at least a portion of the input criteria. Route selector module 560
may comprise a third-party software package or may be a custom-built
solution, or a combination thereof, as desired.

[49] Fig. 2 shows an exemplary route-finder interface configured for
inputting of one or more route criteria and selection of corresponding routes.
Such an interface may be implemented by, for example, route selector module
560 for display on output device 530, among others.
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[50] As shown, criteria table 45 of route finder interface 40 may facilitate
entry of one or more criteria related to a desired test route, and on which route
selection by route finding module 20 should be performed. Such criteria can be
manually entered, selected from a list, selected from a map location, etc.

[51] One or more routes selected by route finder module 20 may be
provided as a list, or in other suitable format for selection, to a user, to enable
the user to select one or more of the routes for a testing simulation. The one
or more routes may be provided in any suitable format, for example, Google
Earth (.KML), .GPX, etc., with descriptive information enabling selection by a
user of the system.

[52] Such a listing of route information may be provided, as well as, for
example, route visualization 50 on one of the one or more maps 10, as shown
in Fig. 2. Selected routes may be highlighted or otherwise indicated, such that
a user may point and click to obtain additional information about a route and/or
to select a route for addition to the list for testing the vehicle design.

[53] Training module 570 may be configured to carry out actions related
to a training phase of system 500, for example, with regard to driver behavior
in particular route conditions, in other words training related to simulation in
the context of real world driving. Fig. 4A is a high level representation of a
training method for a driver behavior simulator according to embodiments of
the present disclosure that may be used with respect to training module 570.
[54] For example, a training module 570 of a processing unit 500 installed
in an ECU of an actual vehicle, may be configured to record various human
activities for purposes of training a driver simulation module 550 in order to
create and/or apply a driver simulation model for a particular driver type. Such
driver types may include, for example, normal, aggressive, relaxed, etc., and
such types may impact, for example, acceleration, both linear and lateral, stop
time, reaction time, etc.

[55] GPS data may be linked to human recorded data, as well as data
associated with the operation of the vehicle, and these data recorded, for
example, by recording module 580, in order to train driver behavior simulation
module 550. For example, vehicle speed, steering position, accelerator/brake
operation, shift operation and gear selection, are among some of the human
based information that may be recorded.
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[56] Further, during the training, driving context information may be
extracted over various segments of the route 50, such as, for example, a
segment length, an entrance angle to the segment, an exit angle from the
segment, a vertical axis angle of the segment, a speed limit of the segment, an
average speed over the segment, a junction type, presence of a traffic signal on
the segment, and presence of a yield on the segment. Such information is
taken into account for developing a driver model 60 with regard to actions of
the human driver.

[57] Driver behavior simulation module 550 may be configured to
simulate a driver behavior based on a driver model over one or more selected
routes provided by route selector module 560. For example, following training
using, for example, training module 570, various contextual driver behaviors
may be recorded by recording module 580 and stored in @ memory associated
with system 500. Driver simulation module 550 may then be configured to take
contextual parameters from a particular selected route and implement such
parameters to recognize and apply a trained driver behavior.

[58] Fig. 4B is a high level logical representation of an exemplary
simulation phase based on a simulated driver behavior over a selected route.
According to some embodiments of the present disclosure, the simulation phase
may be performed online, in other words, a server may be provided which
implements the functionality of simulation modules 555 and 550, and data
transmitted between a client and the server via a network. Alternatively,
simulation may be executed locally.

[59] Vehicle simulation according to a vehicle model 425 will be discussed
in greater detail below.
[60] Fig. 4C shows a high level representation of an exemplary flow

within driver behavior simulation module 550. For any particular segment 450
of a route 50 provided by route finder 40, various parameters associated with
the segment 450 may be input to driver behavior simulation module 550 to
enable behavior recognition based on the provided parameters. For example,
as shown at Fig. 4C, nine parameters may be implemented, a segment length
an entrance angle to the segment, an exit angle from the segment, a vertical
axis angle of the segment, a speed limit of the segment, an average speed over
the segment, a junction type, presence of a traffic signal on the segment, and
presence of a yield on the segment.
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[61] C-tSNE and regression tree algorithms of a two-dimensional bi-
directional map 470 may then be implemented to result in one or more
recognizable dimensional models 475 (e.g., two-dimensional) of driver
behavior, including, for example, a gear shift model, a vehicle speed model,
along with probabilities of changes in each of these models, among others.
[62] Route trace generator 590 may be configured to generate one or
more reference route traces 80 by applying one or more driver behavior models
60 to the one or more map-based routes 50 reflecting a simulated driver
behavior over one or more segments of the one or more map-based routes 50.
These route traces 80 may contain a variety of information relative to time and
position along the route and/or route segment, for example, a vehicle speed at
any point along the segment, a distance travelled, time over the segment,
vehicle gear changes, etc. Route traces 80 may contain more or fewer data
point as desired.

[63] Route traces 80 as generated above can be provided to one or more
vehicle modelling packages 300 configured to model and enable tuning of
engine, powertrain, emissions treatment, and suspension/chassis designs,
among others. For example, because route traces 80 may contain a driver
desired speed through a particular segment of a route 50, the desired vehicle
speed from any particular point on a reference trace 80 may be provided to
powertrain simulator 300 loaded with a proposed powertrain model, and a
simulated torque and engine RPM value determined based on the
engine/transmission combination currently implemented in vehicle

simulator 300.

[64] Fig. 3 shows one exemplary powertrain and exhaust treatment
modelling simulator 300 according to embodiments of the present disclosure.
For example, a diesel HV model 310 implemented in Simulink may be provided
with a speed trace resulting from the reference traces 80, and an engine speed
and output torque simulated in order for the vehicle model 425 to meet the
demands for the desired speed. One of skill will recognize that diesel HV model
310 is exemplary only, and that other models related to a gasoline engine, a
natural gas engine, hybrid powertrains, electric power trains, etc. may all be
implemented.

[65] The powertrain and, for example, an exhaust gas treatment system,
may then, as desired, be iteratively modified and re-simulated to arrive at a
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desired performance/emissions design. One of skill will recognize that such
simulations and reference traces can be applied to simulate other vehicle
characteristics, such as, for example, linear and lateral acceleration, among
others.

[66] According to some embodiments, vehicle simulation module 555 may
carry out functions related to simulation of a vehicle model 425 (e.q.,
powertrain, suspension, etc.) and may be provided with a particular vehicle
model 425 (i.e., a vehicle design under consideration) to be simulated. Vehicle
simulation module 555 may then output various parameters of the simulated
vehicle model 425 based on vehicle simulator 300 at any given point along the
route having the parameters associated with the route as determined by route
trace 80.

[67] One example of a vehicle simulator 300 is the open source solution
provided by the Alliance for Sustainable Energy LLC, and entitled Advanced
Vehicle Simulator, based on MATLAB and/or Simulink. Other suitable solutions
may include Carmaker or X-Pack4 from IPG Automotive, and/or GT Suite/GT
Power from Gamma Technologies. Output files may be generated by a
datalogger, for example, in Panel3, INCA, Racelogic, etc.).

[68] Vehicle simulation module 555 may be configured to simulate
operation of a vehicle model 425 during a simulation phase by applying vehicle
simulator 300 over the one or more routes provided by route selector module
560, based on the reference traces 80 output from route trace generator 590
based on driver behavior simulation module 550, and more particularly, the
output reference traces of the one or more recognizable models 475 over a
route segment.

[69] Vehicle simulator may further include dynamic map data 320, for
example, related to engine speed and torque output, based on training and/or
bench testing. For example, such data may be prepared in advance based on a
particular powertrain or vehicle design, and stored in map (e.g., in a database)
for access during a simulation phase by vehicle simulation module 555.

[70] According to the embodiment under consideration, exhaust gas trace
generator 330 may then simulate point-in-time exhaust emissions based on the
vehicle model 425, and torque and engine speed output by dynamic data

map 320.
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[71] Returning to Fig. 6, a flow for implementation of a method according
to embodiments of the present disclosure is described. A user may input one
or more criteria by which it is desired to find one or more routes over which a
vehicle model 425 is to be tested (step 605). For example, an engineer may
wish to test a vehicle model 425 over a city road where congestion is heavy and
stops frequent, with a maximum speed limit of 50 km/h. As another example, a
mountain road, having many hills and valleys, with, for example, a 90 km/h
speed limit may be desired. Or still further, an autoroute with a speed limit of
130 km/h and generally flat without traffic lights may be desired.

[72] One or more maps 10 may be accessed by route finder module 20 to
identify routes that meet the one or more input criteria for route selection (step
610). According to some embodiments, an iterative route finder module may
be implemented such that the desired criteria may be entered by a user and
used for iterative selection of one or more proposed routes for selection.
Therefore, it may be possible to predetermine criteria for route selection based
on a desired level of testing for a simulation. The route selection criteria may
be selected from among a desired speed limit, a desired duration, a desired
distance, a desired altitude, desired maximum slope, desired minimum slope,
and turn curvature, among others. Notably, a collection of desired “worst-case”
driving conditions may be selected that may test the vehicle design at or near
its presupposed limits, so as to obtain a worst-case indication of performance.
[73] Following selection of one or more routes (step 610), one or more
driver behavior models 60 may be applied to the one or more map-based
routes, or over segments of the selected one or more map-based routes 50 and
driver operations simulated based on the (step 615).

[74] Following simulation of the vehicle model 425 with a particular driver
model 60, a list 81 of one or more reference traces 80 may be generated to
indicate behavior of the vehicle model 425 over the route 50 with the driver
behavior (step 620).

[75] The resulting reference traces 80 may then be fed to a powertrain
modelling simulator 300 in order to obtain instantaneous values at any point
along the route, of exhaust emissions, power output, fuel consumption, engine
rotational speed, etc. (step 625).

[76] One of skill in the art will recognize that the presently described
systems and methods may have applications in addition to the
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powertrain/emissions example provided herein. For example, lateral and linear
accelerations and performance characteristics of a vehicle may be modelled and
optimized in a similar manner for any particular route segment. Such may
involve tuning of a suspension system, vehicle chassis/body, etc.

[77] For example, embodiments could be applied to many development
purposes, such as, turbocharger development. In certain circumstances it could
be desirable to know “worst case” thermal profiles to estimate durability of a
turbocharger. In such embodiments, route criteria can be selected with
maximum slope up and down and altitude variations in order to maximise
thermal cycles. These “worst case” routes can then be virtually driven and
thermal response of the turbocharger simulated in order to estimates its
durability.

[78] Further, vehicle stability control can act on powertrain hybrid control
in curves. “Worst case” with maximum slopes, maximum number of slopes and
narrowest curves (for example, near Turin, IT, in the Alps) can be identified for
evaluation. These routes can be virtually driven for confirmation by
measurement that implemented control strategies are or are not effective, while
maintaining desired drivability and performance.

[79] In yet another example, exhaust after treatment development can be
improved via simulation. Again, worst-case routes may be selected by, for
example, defining criteria where temperature of exhaust is at a minimum during
a Real Driving Emission regulation test. Typically urban and country driving
phase downhill and low speed succeeded by a highway. These routes can be
virtually driven and various temperatures simulated to obtain performance
information related to the exhaust after treatment design.

[80] Still further examples may related to braking conditions (e.g., with
high levels of downhill driving) and/or roundabout handling (e.g., lateral
acceleration).

[81] Throughout the description, including the claims, the term
"comprising a" should be understood as being synonymous with "comprising at
least one" unless otherwise stated. In addition, any range set forth in the
description, including the claims should be understood as including its end
value(s) unless otherwise stated. Specific values for described elements should
be understood to be within accepted manufacturing or industry tolerances
known to one of skill in the art, and any use of the terms "substantially" and/or
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"approximately” and/or “generally” should be understood to mean falling within
such accepted tolerances.

[82] Although the present disclosure herein has been described with
reference to particular embodiments, it is to be understood that these
embodiments are merely illustrative of the principles and applications of the
present disclosure.

[83] Importantly, while processing unit 1 is shown as a single unit at
Fig. 5, one of skill in the art will recognize that the functions described herein
relative to processing unit 1 may be carried out at more than one location by
more than one processing unit 1. In other words, training functionality may
occur at one location and on a first processing unit 1, while simulation
functionality may be carried out at another location on a second processing
unit 1. Any such configuration is intended to fall within the scope of the
present disclosure.

[84] It is intended that the specification and examples be considered as
exemplary only, with a true scope of the disclosure being indicated by the
following claims.
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CLAIMS

1. A method for obtaining simulated performance characteristics of a
proposed vehicle design under real-life operating scenarios, comprising:

defining one or more route selection criteria based on one or more
desired performance parameters of the vehicle design;

determining a collection of map-based routes corresponding to the
defined route selection criteria;

applying one or more driver behavior models to the one or more
map-based routes to obtain one or more reference traces reflecting a simulated
driver behavior over one or more segments of the one or more map-based
routes; and

providing data of the one or more reference traces to a model
powertrain associated with the proposed vehicle design to obtain simulated
performance characteristics of the vehicle design over the one or more
segments.

2. The method according to claim 1, wherein the simulated
performance characteristics include at least one of vehicle tailpipe emissions
and vehicle energy consumption.

3. The method according to any of claims 1-2, wherein the one or more
route selection criteria comprise at least one of desired speed limit, desired
duration, desired distance, desired altitude, and desired maximum slope, and
optionally comprises a collection of desired worst-case driving conditions.

4. The method according to any of claims 1-3, comprising training one
or more driver behavior models based on recorded behavior of one or more
human beings, wherein the recorded behavior includes at least one of a
selected gear, an engine speed, a vehicle speed, a clutch operation, a brake
pedal position, and an accelerator pedal position.

5. The method according to any of claims 1-4, wherein the one or more
reference traces comprise at least one of a speed trace and an acceleration
trace.
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6. The method according to any of claims 1-5, wherein the model
powertrain is based on one of a diesel powertrain, a gasoline powertrain, a
hybrid powertrain, a fuel cell powertrain, and an electric powertrain.

7. The method according to any of claims 1-6, comprising:

providing to a user the one or more map-based routes;

receiving a selection of the user of one of the one or more map-
based routes; and

applying one or more driver behavior models to the selected map-
based route.

8. The method according to any of claims 1-7, wherein the one or more
driver behavior models comprise a gear shifting sub-model, wherein the shifting
sub-model takes as an input for any particular segment of the one or more
segments, at least one of a segment length, an entrance angle to the segment,
an exit angle from the segment, a vertical axis angle of the segment, a speed
limit of the segment, an average speed over the segment, a junction type,
presence of a traffic signal on the segment, and presence of a yield on the
segment.

9. The method according to claim 8, wherein the gear shifting sub-
model comprises a regression tree algorithm.

10. A system for obtaining simulated performance characteristics of a
proposed vehicle design under real-life operating scenarios, comprising:

receiving means configured to receive one or more route selection
criteria based on one or more desired performance parameters of the vehicle
design;

route selection means configured to determine a collection of map-
based routes corresponding to the defined route selection criteria;

processing means configured to apply one or more driver behavior
models to the one or more map-based routes to obtain one or more reference
traces reflecting a simulated driver behavior over one or more segments of the
one or more map-based routes; and
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output means configured to provide data of the one or more
reference traces to a model powertrain associated with the proposed vehicle
design to obtain simulated performance characteristics of the vehicle design
over the one or more segments.

11. The system according to claim 10, wherein the simulated
performance characteristics include at least one of vehicle tailpipe emissions
and vehicle energy consumption.

12. The system according to any of claims 10-11, wherein the one or
more route selection criteria comprise at least one of desired speed limit,
desired duration, desired distance, desired aititude, and desired maximum
slope, and optionally comprises a collection of desired worst-case driving
conditions.

13. The system according to any of claims 10-12, comprising a training
module configured to obtain training information for one or more driver
behavior models based on recorded behavior of one or more human beings,
wherein the recorded behavior includes at least one of a selected gear, an
engine speed, a vehicle speed, a clutch operation, a brake pedal position, and
an accelerator pedal position.

14. The system according to any of claims 10-13, wherein the one or
more reference traces comprise at least one of a speed trace and an
acceleration trace.

15. The system according to any of claims 10-14, wherein the model
powertrain is based on one of a diesel powertrain, a gasoline powertrain, a
hybrid powertrain, a fuel cell powertrain, and an electric powertrain.

16. The system according to any of claims 10-15, comprising: display
means for providing to a user the one or more map based routes;

input means for receiving a selection of the user of one of the one or
more map-based routes; and
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wherein the processing means is configured to apply one or more
driver behavior models to the selected map-based route.

17. The system according to any of claims 10-16, wherein the one or
more driver behavior models comprise a gear shifting sub-model, wherein the
shifting sub-model takes as an input for any particular segment of the one or
more segments, at least one of a segment length, an entrance angle to the
segment, an exit angle from the segment, a vertical axis angle of the segment,
a speed limit of the segment, an average speed over the segment, a junction
type, presence of a traffic signal on the segment, and presence of a yield on
the segment.

18. The system according to claim 17, wherein the gear shifting sub-
model comprises a regression tree algorithm.

19. A vehicle designed using the method according to any of claims 1-9.
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