DEVELOPMENT SIMULATION AND TESTING

Development of a Driving Range Function
Based on E-Horizon Information

© IPG Automotive

Accurately predicting the range of an electric passenger car is a major challenge
in vehicle development. Here, IPG Automotive demonstrates a suitable setup for
a development environment in order to achieve accurate range forecast based

on predictive function algorithms.

N Determining the range of electric
passenger cars is currently one of the
major development topics in automotive
industry. The objective is to avoid the
widespread feeling of range anxiety by
accurately predicting the driving range
[1]. The interconnectivity of on-board
systems as well as with the environment
plays a crucial role in this context. For
range predictions, predictive function
algorithms in various expansion stages
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are used. They are supported, for exam-
ple, by data from the electronic horizon
(E-Horizon in short) that is based on
navigation information, maps and live
data (traffic, weather conditions, etc.).
Due to current development require-
ments, it is necessary to create a suitable
development environment for range pre-
diction. As a result, the algorithm can be
optimized at an early stage of the devel-
opment process and limit the use of
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costly real-world prototypes to the tests
required for validation. This opens up
major savings potential. IPG Automotive
describes here how the development,
optimization and validation of range
functions can be achieved based on a
full-vehicle simulation in consideration
of environmental influences in the vari-
ous development stages. The full-vehicle
simulation in this example is achieved
by means of the open integration and
test platform CarMaker of IPG Automo-
tive - both as a pure computational sim-
ulation and in combination with a Hard-
ware-in-the-Loop (HiL) system, or rather
a test bench.

DRIVING RANGE
PREDICTION

For range prediction and for smart en-
ergy management in battery-electric
vehicles, functional algorithms are used.
They are based on real-world driving
data, (semi-)empirical models or, in-
creasingly, on physical model-based
approaches. Several publications docu-
ment that the last ones enable a more
precise remaining range forecast com-
pared with real-world driving data [1, 2].
Derived (semi-)empirical model
approaches for range prediction are
based on existing data. For range pre-
diction, it is necessary to generate a
sufficiently large database by driving
close-to-production car prototypes and to
define relevant influencing factors such
as incline of the road, ambient tempera-
ture or traffic density. To take the aspect
of functional validation into account at
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this point, a large number of tests must
be performed. In this way, an empirical
model, for instance of several maps of
influencing factors, can be created and
used for range prediction.

For (semi-)empirical model ap-
proaches, individual influencing vari-
ables such as traffic density are consid-
ered, using physically based approaches
so that, by way of example, the density
of traffic as the flow speed of traffic has
an energetic impact on range prediction.
At the same time, the extensive data-
base for empirical model approaches
constitutes a limitation regarding the
development environment of the calcu-
lation algorithm because, up to now,
real-world vehicle prototypes have fre-
quently been used in the course of gen-
erating the database.

Physical model-based approaches con-
sider an energetic view of the relevant
physical phenomena that occur. For in-
stance, tractive resistances (air, rolling
and gradient resistance) are taken into
account as speed-dependent factors, or
the thermal behavior of the individual
components and their interlinking with
the environment are examined. For this
purpose, it is necessary to define a solu-
tion space for the speed profile along the
route based on the departure and desti-
nation point. This speed profile - de-
pending on the driver profile - is in the
range between the maximum speed (de-
fined by the speed limit on the roads)
and the minimal speed, FIGURE 1 [3].
This approach enables an energetic
examination for which relevant route
data providing information about the
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FIGURE 1 Consideration of various environmental information in the speed profile v
(S = departure point, Z = destination point; s = distance) (© IPG Automotive)
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elevation profile, speed limits or road
types must be available. Additional in-
fluencing factors can be considered by
including other data services delivering
environmental information such as
weather data, temperature profiles or
traffic jam data.

In modern vehicles, map infor-
mation along the planned route is
already being used by other functions
such as adaptive cruise control and
highway pilot in the form of an E-Hori-
zon. A function for range prediction can
benefit from the available information
of the digital map as well. A standard-
ized and frequently used protocol for-
mat with interface information is the
protocol of the Advanced Driver Assis-
tance Interface Specifications (ADASIS)
forum. Many OEMs, suppliers, navigation
and map data providers as well as soft-
ware companies in the automotive sec-
tor are already using this protocol for-
mat either in native or customized
formats.

The provision of route data based on
this protocol that can be used for a range
prediction function requires the E-Hori-
zon (EH) Provider, ADASIS Message and
Reconstructor subsystems, FIGURE 2. The
EH Provider makes the route data (map
data) available in the specific protocol
format based on the vehicle’s current
GNSS position. The data (Messages)
transferred in the ADASIS protocol for-
mat are subsequently transmitted to
the Reconstructor, which interprets the
necessary information and edits it for
the actual function in the control unit.
In this way, the range prediction func-
tion algorithm can process information
about inclines and declines in the road,
intersections as well as traffic signs,
for example.

To develop, optimize and validate
such a range prediction function, it
makes sense to use a full-vehicle simu-
lation in combination with an environ-
mental simulation. The open integra-
tion and test platform CarMaker from
IPG Automotive offers a suitable devel-
opment environment for predictive
algorithms for range calculations.

Both empirical and physically based
model approaches can be addressed
here in various development stages.
This is done irrespective of whether
synthetic map material or real material
is used which is supplied by map data
providers.
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FIGURE 2 Provision of route data based on the ADASIS protocol (© IPG Automotive)

DEVELOPMENT ENVIRONMENTS

For the development and validation of a
range prediction function, various devel-
opment environments in different expan-
sion stages - from pure simulation to HiL
- as well as real-world road tests can be
used. In early development stages, the
purely virtual approach is advisable
especially for basic development pur-
poses. In this case, the virtual prototype
is created of a full vehicle with an ade-
quate level of detail in subsystem model-
ing, which must consider dependencies
of the individual subsystems of relevance
to the actual predictive function algo-
rithm. For battery-electric vehicles, the
thermal correlation plays a particularly
significant role in this context, so that
thermal mapping and interlinking of the
individual models in the powertrain
(such as the electric motor, battery and
inverter) are a viable method.

As in the real world, a correspondingly
created prototype is intended for testing
in its wide range of applications. For this

purpose, various real-world driving sce-
narios covering a realistic spread of
potential uses are simulated in the vir-
tual world, such as scenarios in cold
regions like Finland, in hot urban envi-
ronments like those in California (USA)
or with a demanding load level on a
highway, FIGURE 3. Ambient conditions
such as humidity, temperature and traf-
fic situation are adjusted and varied
according to realistic specifications.

Next, the actual function algorithm
is integrated at control-unit level. The
predictive route data - such as E-Hori-
zon data - from the information along
the upcoming route can be read out
directly either from the virtual scenario
in CarMaker or from map data providers
via respective cloud services, depend-
ing on the application. Subsequently,
the data can be provided to the algo-
rithm for calculation in the ADASIS
protocol format. In this way, the actual
function algorithm can be developed
and validated in a wide variety of real-
istic scenarios.

The development environment is suit-
able for use with both physical mod-
el-based and (semi-)empirical model
approaches. Using existing high-perfor-
mance computing solutions with Car-
Maker, a large number of scenarios can
be calculated over a short period of time
and utilized as a database for further
development phases. This approach can
achieve enormous time and cost benefits
compared to real-world tests. In addition,
influencing factors for the predictive
function algorithm such as driver char-
acteristics, ambient conditions and traf-
fic situations can be varied in a defined
manner, which would hardly be feasible
in the real world.

As an extension of the purely virtual
validation of the predictive function
algorithm for range prediction, a real
control unit can be used for testing in
the HiL environment as well. For this
purpose, CarMaker provides the real-
world CAN bus messages, which are also
present in the vehicle, to the real-world
control unit. In this way, a validation of
the predictive function can be achieved.
Such an implementation requires a resid-
ual bus simulation. Due to the use of
appropriate automation tools (such as
the IPG Automotive Test Manager), test
sequences can be verified in an auto-
mated process. Preferably, the test drives
having emerged from the pure software
development environment as particu-
larly critical ones are subjected to these
verifications.

To achieve a validation on the full-
vehicle level, the utilization of a highly
integrative full-vehicle test bed is re-
commended. This test bed can be set
up either as a roller dynamometer or a
powertrain test rig. In these tests, the
full vehicle is integrated into the devel-
opment environment so that the entire
sensor system is operated by the simula-
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FIGURE 3 Mapping of three real driving scenarios in the virtual world under various environment conditions like winter (left), summer in the city (center),

and highway (right) (© IPG Automotive)
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FIGURE 4 Driving range testing on an integration test bed, combined around the CarMaker (CM) platform

(© IPG Automotive)

tion and the vehicle behaves as if it were
moving in a real-world scenario. For this
purpose, corresponding signals such as
the GNSS, camera or radar signal are
simulated in the virtual world, FIGURE 4,
and provided to the vehicle. Additionally,
depending on the test bed setup, wheel
speeds and torques or contact forces are
exchanged with the real-world object
under test so that the vehicle in the
closed-loop approach moves within the
virtual world and is subjected to corre-
sponding influences [4]. As a result, the
predictive function algorithm can be
tested in a real-world environment with
a real-world vehicle prototype especially
by simulating the GNSS signal (signals
from all regions over the world can be
implemented). Here again, it is advisable
to validate the critical scenarios that
have resulted from the purely virtual test
environment.

In this setting, close-to-production
prototypes without road approval can
also be tested. The cross-domain valida-
tion of the functional algorithm rep-
resents another advantage. For instance,
the influence of ADAS functions used
such as adaptive cruise control or lane
change assist on the actual range func-
tion can be evaluated.

Complemented by final validation on
real roads, the mentioned settings repre-
sent the entire possible chain for the
development environments of a predic-
tive range function algorithm. In early
development phases as well as for vali-
dating the function algorithm, the utili-
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zation of the virtual development
environments offers an enormous
advantage in terms of efficiency
gain and cost reduction.

SUMMARY

In view of the heavily growing testing
requirements for range prediction func-
tions, virtual development environments
offer the opportunity to perform valida-
tion and optimization in nearly any
desired number of scenarios in a non-
hazardous, reproducible and automated
manner.

By means of the predictive function
algorithm that is based on E-Horizon
information the range of electric passen-
ger cars can be calculated more pre-
cisely. This helps to allay the range anxi-
ety of users and to support the expan-
sion of electric mobility significantly.
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