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MAP BUILDING IN A VEHICLE

TECHNICAL FIELD OF THE INVENTION

This document describes the methods and a calculating unit in a vehicle. More specifically,
it specifies a method and a calculating unit for building and using a database to enable
prediction of a route of travel for a vehicle, based on the map built, and a method and a

calculating unit for predicting a route of travel for the vehicle.

BACKGROUND

When driving a vehicle there are a plurality of advantages in being able to predict what the
route of travel looks like, e.g. if a better choice of gear could be made if the vehicle has an
automatic transmission or an automated manual transmission (AMT). For example, fuel

can be saved and drivability improved in this way.

"Vehicle" refers in this context to, for example, a goods vehicle, long-haul semi, pick-up
truck, van, wheel loader, bus, motorcycle, terrain vehicle, tracked vehicle, snowmobile,
tank, ATV, tractor, passenger car or other similar motorized manned or unmanned mode of

transport adapted for land-based geographic movement.

When shifting gears in a vehicle, the vehicle driveline is in a torque-less state during the
shift. The vehicle is thus not being propelled by the engine during the time when the shift is
being completed, but rather rolls further in the direction of travel as a result of inertia. In, for
example, an AMT transmission, there are often three parts, i.e. split gear, main transmis-
sion and range gear, which interwork with one another. During shifting the main gear is put
into neutral, then the split and/or range gear is/are shifted from high to low or vice versa.
The new gear in the main transmission can then be engaged. This causes the shifting pro-
cess to take time, and the vehicle velocity consequently decreases during the shifting pro-

Cess.

This can make it difficult for the vehicle and its driver, e.g. when the transmission is shifting
up to a higher gear as the vehicle is driving on a straight section just before a steep uphill
stretch begins. If the transmission tries to upshift, the rpm of the new higher gear may be
tool low, due to the reduced vehicle velocity, which in turn causes the engine to generate
such low torque that the vehicle cannot cope and the engine then stalls; alternatively, the
transmission immediately downshifts, which leads to another torque-less state and thus to

a further reduction in vehicle velocity.
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One way to avoid this is to use cartographic data comprising slope information, determine
the vehicle position and direction of travel by means of, e.g. GPS, predict the route of travel
and future slope conditions and, for example, suppress an upshift to a higher gear if an
uphill stretch is predicted; or perform a downshift immediately before the uphill section be-

gins.

One problem with this is that cartographic data with slope information is not always availa-
ble, e.g. away from major highways or in terrain off the road system. Difficult driving condi-
tions often prevail here, such as when driving in a mine, where heavy loads and uphill
stretches often occur in combination with substandard roads that limit velocity, or no given
road at all. The conditions can be similar in connection with, for example, a building, con-
struction site or when driving a timber truck on clear-cut or rutted gravel roads in the forest,

or when driving across terrain in a terrain vehicle.

It may also be that the surroundings are constantly changing, e.g. in an open-pit mine, with
the result that stored cartographic data quickly become outdated, even if they are available.
A prediction that is wrong and leads to an erroneous shifting of gears is often worse than
no prediction at all, with the result that the driver in such situations often chooses to drive

using a manual transmission, if such a changeover is possible in vehicle.

Sometimes there is no given route of travel between two points, or a plurality of alternative
routes of travel. One example of this can be that there may be one short and straight but
steep road up a rise, and one long, winding but less steep road. In such cases the gear-
shifting conditions are completely different. Even if one has access to cartographic data
with slope information, it is of very little help from a gear-shifting standpoint if one does not

know which alternative road the vehicle and its driver will be taking.

US6847887 describes a system for gathering navigation data, wherein the load on the en-
gine is used as a parameter. Pressure measurements made by means of a barometer are
used in the system to determine altitude and slope. This system pertains only to driving on
roads, and does not pertain to changes in them. Nor does it make any prediction as to a

route of travel if multiple alternatives are present.

W02010147730 describes a method for generating navigation data in a transport network.
The method is based on measuring and statistically analyzing which routes of travel differ-
ent vehicles take, based on a plurality of different vehicle parameters. There is no mention

of how a database for a landscape is built.
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EP921509 describes a method for updating and refining cartographic and geographic data
by equipping a plurality of vehicles with sensors and analyzing the results statistically. The
sensors can read a plurality of relevant parameters, and a program can then analyze and
compare the results against current geographic data and update them. Cartographic data
can thereby gradually be updated as the road changes. This method does not address how
a map could be built in a road-free landscape, or the prediction of routes of travel to facili-

tate appropriate gear choices.

W02009133185 describes a system for the iterative generation of a digital map by means
of sensors that read the topography and store data in a memory. This system does not
address the issue of determining a direction of travel or predicting a route of travel for a
vehicle. Nor does it discuss the issue of how the built map can be used to control functions

in the vehicle, such as gear shifting.

GB2428852 describes, among other things, a method for map building for distribution vehi-
cles, wherein a map of the differences between different routes of travel is drawn up. The
document contains nothing about topographic differences between different routes of trav-
el, and even less how the stored map could be used to control functions in the vehicle,

such as gear shifting.

It is clear that a great deal remains to be done to improve route-of-travel prediction for a
vehicle, particularly in areas where roads are lacking, where the landscape is changing
rapidly, where cartographic data are lacking, or where cartographic data quickly become

outdated.

SUMMARY
It is consequently an object of this invention to solve at least one of the foregoing problems

and achieve improved route-of-travel prediction for a vehicle.

According to a first aspect of the invention, this object is achieved by means of a method
for building a database to enable route-of-travel prediction for a vehicle. The method com-
prises determining the geographic position of the vehicle by means of a positioning unit.
The method further comprises determining the direction of travel of the vehicle at the de-
termined geographic position. The method also comprises measuring at least one location-

dependent parameter at the determined geographic position. The method also comprises
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storing, in the database, the measured location-dependent parameter in association with

the determined direction of travel and the determined geographic position of the vehicle.

According to another aspect of the invention, this object is achieved by means of a calcu-
lating unit arranged so as to build a database to enable prediction of a route of travel for a
vehicle. The calculating unit comprises a processor circuit arranged so as to determine the
geographic position of the vehicle via a positioning unit. The processor circuit is also ar-
ranged so as to determine the direction of vehicle travel at the determined geographic posi-
tion. The processor circuit is further arranged so as to measure at least one location-
dependent parameter at the determined geographic position via a sensor. The processor
circuit is also arranged so as to store, in the database, the measured location-dependent
parameter in association with the determined direction of travel and the determined geo-

graphic position of the vehicle.

According to another aspect of the invention, this object is achieved by means of a method
for predicting a route of travel for a vehicle. The method comprises the determination of the
geographic position of the vehicle by means of a positioning unit. The method further com-
prises the determination of the direction of vehicle travel at the determined geographic po-
sition. The method also comprises the determination of a stored position in a database that
agrees with the determined geographic position of the vehicle. The method also comprises
the prediction of a route of travel based on the estimated likelihood of stored directions of
travel at the determined position. The method also comprises the extraction of information
comprising a stored location-dependent parameter associated with the predicted route of

travel.

Measuring and storing location-related data and associating them with a respective geo-
graphic position and building up statistics regarding various incoming directions and out-
going directions to and from each respective position makes it possible, knowing the direc-
tion from which one is coming and the current position, to predict which route of travel is
the most likely one for the vehicle in question to take, based on the frequency of previously
made route-of-travel choices. This makes it possible to predict a route of travel for a vehi-
cle, even in an area where road data are lacking and/or where roads are even absent. Fur-
thermore, certain embodiments make it possible to predict a route of travel even in an envi-
ronment that is changing rapidly or in an unpredictable way, such as an open-pit mine, a
construction site or a logging area. Improved route-of-travel prediction for a vehicle is here-

by achieved.



10

15

20

25

30

35

WO 2015/126309 PCT/SE2015/050125

Other advantages and additional novel features will be presented in the detailed descrip-

tion below.

LIST OF FIGURES
Embodiments of the invention will now be described in greater detail with reference to the

accompanying figures, which illustrate different exemplary embodiments:

Figure 1 illustrates a vehicle according to one embodiment.
Figure 2A  llustrates a representation of a landscape according to one embodiment.
Figure 2B illustrates an example of directional statistics for a position in the represen-

tation of the landscape according to one embodiment.

Figure 2C clarifies an example of topographic differences at various locations in the
landscape.

Figure 2D shows an example of data stored in association with a given position.

Figure 2E shows an example of a route-of-travel prediction.

Figure 3A illustrates an example of a driver environment in a vehicle arranged accord-
ing to one embodiment of the method.

Figure 3B illustrates an example of a clarification of the predicted driving conditions

according to one embodiment.

Figure 4 is a flow diagram that illustrates one embodiment of the invention.

Figure 5 is an illustration of a calculating unit according to one embodiment of the
invention.

Figure 6 is a flow diagram that illustrates one embodiment of the invention.

DETAILED DESCRIPTION

Embodiments of the invention comprise the methods and a calculating unit, which can be
realized in accordance with any of the examples described below. This invention can, how-
ever, be realized in many different forms, and is not to be viewed as being limited by the
embodiments described herein, which are intended rather to elucidate and clarify various

aspects.

Additional aspects and features of the invention can be gleaned from the following detailed
description when it is considered in conjunction with the accompanying figures. However,
the figures are to be viewed only as examples of various embodiments of the invention,
and are not to be seen a limitative for the invention, which is limited solely by the accom-
panying claims. Furthermore, the figures are not necessarily drawn to scale and are, un-
less otherwise specifically indicated, intended to illustrate aspects of the invention concep-

tually.
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Figure 1 shows a vehicle 100 adapted for motorized propulsion in, among others, a first
direction of travel 105. The vehicle 100 can, for example, but not necessarily, be a goods
vehicle, a bus or consist of any of the vehicles types enumerated above, or a similar land-
based means of conveyance. The vehicle 100 can also, for example, but not necessarily,
be specially adapted for all-terrain operation, or arranged for mobility under severe driving
conditions comprising major topographic variations, irregular underlying surfaces and/or

underlying surfaces of varying friction.

According to one embodiment, the vehicle 100 can be arranged so as to gather location-
dependent data such as position, elevation and/or slope from transmitters in the vehicle,
such as a GPS, accelerometer and/or pressure sensor. The gathered data are then used to
generate an elevation and/or slope map of the terrain. Sometimes there are no given roads
through the terrain. According to one embodiment, a stretch of road can be estimated and
predicted by building a statistical database. To predict the road slope or elevation differ-
ence ahead on the road, the most likely road forward can be predicted, and a road slope or
elevation difference associated with a point along the most likely road forward can be used

as a basis for, for example, shifting gears.

In certain embodiments, additional parameters such as vehicle weight, vehicle type, vehi-
cle, time, season, precipitation conditions, temperature etc can also be included in the sta-

tistical database to further enable the provision of a good prediction for driveline control.

It can thereby become possible to predict, for example, whether the vehicle 100 often turns

left at a certain point when it is fully loaded, and turns right when it has no load.

Figure 2A shows an example of a representation of a landscape. In certain embodiments
the vehicle 10 can initially have a blank two-dimensional working map 200 in a memory, for
example, containing longitude and latitude. Each point on said working map 200 can corre-
spond to a section of the landscape in which the vehicle 100 is located. Such a section can
measure, for example 10 x 10 meters, or an alternative multiple fraction of this size. Ac-
cording to certain embodiments, the working map 200 can be matrix-based, wherein each
matrix element corresponds to a two-dimensional section of the landscape. In certain em-
bodiments, the working map 200 can be vector-based, or comprise a mixture of vectors
and matrix elements. For example, vector elements can be used in sections where there is
only one conceivable, or most likely, route of travel. Such a route of travel can consist of a

proper route of travel that is used as a transport route of travel to the work area, for exam-
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ple, or in a landscape where the natural conditions enable travel only along one feasible
route of travel through a given portion of the landscape that corresponds to the working
map 200.

In the example shown in Figure 2A, the vehicle 100 is in a section of terrain corresponding
to position C2 on the working map 200 in the memory. The incoming direction is indicated
by a solid arrow, in this case from position D2. The various conceivable outgoing directions
from position C2 are indicated by broken arrows and comprise D1, D2, D3, C1, C3, B1, B2

and/or B3 in the illustrated example.

Statistics for each section can then be read for various location-dependent variables, such
as elevation, from a GPS, pressure sensor, barometer, altimeter or other type of elevation
meter, or obtained via a combination of values read from a plurality of such topological in-
struments. Statistics pertaining to the slope in each section can also, or alternatively, be
obtained. Such a slope can be detected by means of an accelerometer, leveling instrument
or another slope sensor, e.g. based on a spirit level. Rolling resistance can also be meas-
ured and stored in certain alternative embodiments. This makes it possible to detect the
type of underlying surface, such as gravel or asphalt. Furthermore, in some forms the time
for data storage or updating, so that data can, for example, be culled after a given period of

time. In certain embodiments the stored time can be used to filter a selection of statistics.

Furthermore, said statistics can include an outgoing direction from a given section as a
function of the incoming direction to the position plus, optionally, the vehicle weight, vehicle
type, vehicle identification, vehicle driver, vehicle owner or any other similar vehicle-related
parameter. An outgoing direction can also pertain to the next or a later section of the route

of travel.

Figure 2B shows an example of statistics pertaining to the directional frequency for a vehi-
cle 100 that is driving through C2. Knowing the direction from which the vehicle 100 is com-
ing, it is possible to predict, based on frequency, which future route of travel is most likely;
in this case when the vehicle 100 is coming from D2, the most likely result is that the vehi-
cle 100 will continue in the direction of position B2. A route-of-travel prediction can then be
made based on this assumption. Furthermore, this most likely result, position B2, is as-
sumed to be the subsequent position of the vehicle 100, with the current position C2 as the
incoming direction. Based on a frequency calculation for position B2 using C2 as an input

value, the ensuing direction can then be predicted, and so on; see also Figure 2E.
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In the prediction, the position is estimated by taking the most likely outgoing direction (the
column with the highest value for the current row) for the current position and the incoming
direction. In certain embodiments, the statistical algorithm can also have a forgetting factor
to enable new roads to be learned and irrelevant roads to be forgotten. The statistics can
also be made dependent upon other parameters, such as vehicle weight; a statistical table
is then created for each selected weight range, e.g. 0 — 10 tonnes, 10 — 20 tonnes, 20 — 30
tonnes and 30 — 40 tonnes. For example, it may be that the vehicle 100 usually makes a
choice of a given road when it is fully laden (to transport and unload its cargo) and another

choice of road when it is empty (and driving to pick up more cargo).

Additional parameters can also, or alternatively, be stored and used in a selection, such as
the vehicle type. It is conceivable that different types of vehicles in an open-pit mine would,
for example, have different functions and consequently move based on individual driving

schedules.

Parameters having to do with the underlying surface can also be used as a selection in
corresponding fashion. It may be found that vehicles often choose a short but steep road
when the underlying surface is dry, but opt for a long and flat road when the roadbed is
slippery or soft. The condition of the roadbed can be estimated by means of, for example, a

rain sensor and/or thermometer in the vehicle 100.

Each entry made in the table can also include a time marking, which makes it possible to
dump values that are older than a given configurable limit age and can consequently be

suspected of being out-of-date.

Figure 2C shows examples of topographic differences between various positions D2, C2,

B2 in the terrain where the vehicle 100 is located.

Figure 2D shows examples of data that are stored in association with respective positions
D2, C2 and B2. In this example, elevation, slope and rolling resistance have been stored,
but this is just one example. According to certain embodiments, the location-dependent
data could alternatively be associated with the aforementioned respective driving direction
and/or the time, season, weather, temperature or similar data. Furthermore, said data can
also be stored together with, or in association with, the vehicle weight, vehicle type, vehicle

identification, vehicle driver, vehicle owner or any other similar vehicle-related parameter.
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In certain embodiments, elevation and/or slope can be low-pass filtered against old values
in the working map 200. In this way the effects of noise can be reduced, and the vehicle
100 can learn that the terrain is changing over time, to the extent that this is occurring in
the relevant area. Gathered and stored directional statistics can then be used to predict

which road the vehicle 100 will take next time.

Figure 2E illustrates how the predicted route of travel for the vehicle across the working

map 200 can look in an example.

Once a database has been built up as shown in Figure 2B for a plurality of positions on the
working map 200, it can be used to predict a route of travel for the vehicle 100. The direc-
tion of travel and most likely route of travel, in this example B2, can be predicted from the
current position C2 and the previous position D2, based on a frequency analysis. A new
map position B2 is reached by following this new calculated direction, and the next most
likely direction for said new position B2 can then be calculated using the direction from C2
as an input value, and so on. In this way it is possible, using the current vehicle position C2
and its earlier known position D2 as input values, to predict not only the subsequent posi-
tion B2 but also which future route of travel through a plurality of positions, here B2, B3,
A4, is most likely for the vehicle 100 to take on the two-dimensional working map 200, e.g.

500 meters ahead.

Once the future route of travel has been predicted for the vehicle 100, the stored location-
dependent parameter comprising, for example, topographic data such as elevation or slope
data for corresponding positions B2, B3, A4, can be used to predict the upcoming road

slope.

In certain embodiments, the vehicle 100 can continue to continuously update the database
the entire time while driving, even as the future road and slope are being predicted. This

makes it possible to update the database with current data the entire time.

Once the vehicle 100 reaches the edge of the current working map 200, the next subse-
guent working map in the predicted direction of travel can be read in, e.g. from a database,
if such data are available, i.e. if the vehicle 100 has been there previously or if data from

other vehicles are used.

Furthermore, when the vehicle 100 approaches the edge of the current working map 200,

updated data in relevant sections can be saved in a database. Relevant sections can com-
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prise positions with slope changes or elevation changes that exceed a given calibratable
threshold value. The directional statistics for these relevant sections are also saved so as
to enable prediction the next time the vehicle 100 returns there. Statistics on how other
location-dependent operating parameters affect the choice of road/direction, such as tem-
perature and thus any ice formation or precipitation and the potentially more slippery road
that may result from this can also optionally be saved. These saved data can then, for ex-
ample, be sent to a central database and/or server so as to subsequently be sent out to

other vehicles.

Furthermore, by predicting elevation and/or slope, the curvature of the route of travel for-
ward can be included, according to certain embodiments. The curvature of the road can be
used to estimate the rolling resistance; if the road curves, dramatically the rolling resistance
will increase, and a lower gear may need to be used if the predicated rolling resistance

exceeds a given limit value.

According to certain embodiments, data from vehicles other than the host vehicle 100 can
be used in different ways and to different extents. These alternatives can also be combined
and weighted in different ways; here are some examples of this: 1) The vehicle 100 uses
only data that the vehicle itself has previously entered in the database. 2) The vehicle 100
uses data from itself according to alternative 1 plus data obtained from a database or serv-
er to which vehicles made by the same maker have sent data. 3) The vehicle uses data
from itself according to alternative 1 and from other vehicles having the same owner, e.g. a
hauling company, mining company or the like. 4) The vehicle uses more parameters than
just direction to predict the road selection. In certain embodiments it is also possible for a
user to configure this in the vehicle 100, and to turn this prediction function off or limit the

selection if it is perceived to be erroneous.

According to certain embodiments, when predicting the most likely route of travel, a poten-
tial known final destination, which can be obtained from the vehicle navigation equipment,
is used to improve the estimate of the most likely route of travel. For example, a check can
thus be made as to whether the predicted route of travel is consistent with the final destina-
tion, and greater confidence in the predicted route of travel can be generated if they are

consistent.

Furthermore, according to certain embodiments, a follow-up can be performed as to
whether the current vehicle position is consistent with the predicted route of travel. If the

vehicle 100 proves to be outside of previously predicted route of travel, this prediction can

10
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be discarded as erroneous, and a new prediction can be made using the current position of
the vehicle as a starting point. One thus avoids, or reduces the risk of, a decision concern-
ing, for example, shifting gears in the vehicle on the basis of an erroneous predicted route

of travel.

Reliable and current information is obtained by letting the vehicle 100 itself build a map of
the terrain, including for landscape types where information or even roads are lacking. The
map 200 adapts itself automatically to changes in the landscape resulting from mining op-
erations, excavation, blasting, construction, materiel storage, logging, bridge-building, land-
raising or the like. The predicated road selection and road slope can, in certain embodi-
ments, be predicted with particular consideration given to various parameters, such as ve-

hicle type, vehicle weight etc, which further enhances the reliability.

Figure 3A shows an example of a vehicle interior in the vehicle 100, which comprises a
system 300 arranged so as to build a database 350 in order to enable prediction of a route
of travel for a vehicle 100. Said database 350 can be disposed in the vehicle 100 or outside

the vehicle 100 according to different embodiments.

The vehicle 100 comprises a calculating unit 310, arranged so as to build the database
350, and so as to predict a route of travel for the vehicle 100. In one embodiment, the vehi-
cle 100 comprises a display screen 320 that can, for example, display the currently select-
ed gear, gear options and the estimated future slope of the route of travel, as illustrated in

Figure 3B.

The vehicle 100 comprises a positioning unit 330. Said positioning unit 330 can be ar-
ranged so as to determine the geographic position of the vehicle based on a system for
satellite navigation such as, e.g. Navigation Signal Timing and Ranging (Navstar), Global
Positioning System (GPS), Differential GPS (DGPS), Galileo, GLONASS or the like.

The positioning unit 330 in the vehicle 100 determines the geographic position of the vehi-
cle. This position determination can be made continuously at a given predetermined or
configurable time interval, according to different embodiments. Furthermore, the driver
himself, or a passenger, can alternatively record or mark his position, e.g. via a keyboard, a

touchscreen or a similar input device.

Positioning based on satellite navigation is based on ranging via triangulation from a num-
ber of satellites 360-1, 360-2, 360-3, 360-4. The satellites 360-1, 360-2, 360-3, 360-4 con-

11
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tinuously transmit date and time information (e.g. in coded form), identity (which satellite
360-1, 360-2, 360-3, 360-4 is transmitting), status and information as to where the satellite
360-1, 360-2, 360-3, 360-4 is located at any given time. The GPS satellites 360-1, 360-2,
360-3, 360-4 transmit information coded using code division, e.g. based on Code Division
Multiple Access (CDMA). This makes it possible to distinguish information from each indi-
vidual satellite 360-1, 360-2, 360-3, 360-4 from the information from the others, based on a
unique code for each respective satellite 360-1, 360-2, 360-3, 360-4. This transmitted in-
formation can then be received by a suitably adapted GPS receiver, such as the position-
ing unit 330.

According to certain embodiments, ranging can occur in that the positioning unit 330
measures the differences in the time it takes for each respective satellite signal to receive
the positioning unit 330. Because these signals travel at the speed of light, it is possible to
calculate how far it is to each respective satellite 360-1, 360-2, 360-3, 360-4. Because the
positions of the satellites are known, since they are continuously monitored by roughly 15-
30 ground stations located essentially along and in proximity to the equator of the earth, it
is then possible to calculate, by triangulation, where one is located in latitude and longitude
once the distances to at least three satellites 360-1, 360-2, 360-3, 360-4 have been deter-
mined. According to certain embodiments, signals from at least four satellites 360-1, 360-2,
360-3, 360-4 can be used to determine altitude.

Furthermore, the vehicle 100 can comprise a communication device 340 arranged for wire-
less communication. According to various embodiments, such wireless communication can
be based on, for example, any of the following technologies: Global System for Mobile
Communications (GSM), Enhanced Data Rates for GSM Evolution (EDGE), Universal Mo-
bile Telecommunications System (UMTS), Code Division Access (CDMA), (CDMA 2000),
Time Division Synchronous CDMA (TD-SCDMA), Long Term Evolution (LTE), LTE-
Advanced; Wireless Fidelity (Wi-Fi), as defined by the Institute of Electrical and Electronics
Engineers (IEEE) standards 802.11 a, ac, b, g and/or n, Internet Protocol (IP), Bluetooth
and/or Near Field Communication, (NFC), or a similar communication technology. This
enables the transmission of gathered location-dependent data, such as position, elevation
data, slope data etc to the database 350 while traveling, and the retrieval, from the data-
base 350, of data for predicting the route of travel, potentially via a base station or the like.
As noted above, this applies when the database is disposed outside the vehicle 100. In

certain embodiment, the database 350 may be disposed in the vehicle 100.
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Furthermore, the vehicle 100 can comprise one or more sensors for sensing, e.g. topo-
graphic data such as elevation and/or slope. The instantaneous elevation of the vehicle
can, as noted above, be read by means of the positioning unit 330. However, the elevation
of the vehicle can also, or alternatively, be detected by means of a pressure sensor, ba-
rometer, altimeter or other type of elevation meter. Alternatively, the elevation of the vehicle
can be determined by combining the values read from a plurality of such topological in-
struments, or in that the driver makes measurements or estimates of the elevation and en-

ters them via an input device.

In certain embodiments, the slope at the position can also, or alternatively, be determined
by means of a sensor. For example, the slope at the position can be estimated by means
of an accelerometer, leveling instrument or other slope sensor, e.g. based on a spirit level

or plumb line.

In certain embodiments, rolling resistance can be measured and stored by detectors ar-
ranged for this purpose. The type of underlying surface can thus be detected, such as

gravel, soft clay or asphalt.

In one embodiment, the calculating unit 310 can communicate with the positioning unit 330
in the vehicle 100, and with various sensors and detectors in the vehicle 100, e.g. via the
vehicle communication bus, which can consist of one or more of a cable, a database, such
as a CAN bus (Controller Area Network bus), a MOST bus (Media Oriented Systems

Transport), or any other bus configuration.

According to certain embodiments, the calculating unit 310 can also, or alternatively, be
arranged for wireless communication over a wireless interface, such as any of the wireless

interfaces enumerated above.

Figure 4 illustrates an exemplary embodiment of the invention. The flow diagram in Figure
4 clarifies a method 400 for building a database 350 to enable prediction of a route of travel
for a vehicle 100. The database 350 contains a representation of a landscape. In certain
embodiments said representation of the landscape in the database 350 can be matrix-
based, wherein each matrix element corresponds to a two-dimensional section of the land-

scape.

During the building of the database 350, the method 400 can comprise a number of steps

401-404. Furthermore, the described steps 401-404 can be performed in a chronological
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order other than that indicated by their numerical order. Certain of the described steps 401-
404 can also be performed in parallel with one another. The method 400 comprises the

following steps:

Step 401
The vehicle position is determined by means of a positioning unit 330, e.g. by means of

satellite positioning.

Such satellite-based positioning can comprise or be based on, e.g. GPS, Navstar, DGPS,
Galileo, GLONASS or the like. However, other forms of positioning may be included ac-
cording to certain embodiments, e.g. the driver himself can indicate his current position,

e.g. on a touchscreen, a keyboard or other input device for the positioning unit 330.

In certain embodiments in which the representation of the landscape in the database 350 is

matrix-based, the section in which the vehicle 100 is located can be determined.

Step 402

The direction of vehicle travel at the determined 401 geographic position is determined.

In certain embodiments, the direction of vehicle travel is determined by determining the
direction from which the vehicle 100 arrived at the geographic position and the direction in

which the vehicle 100 departed from the geographic position.

In certain embodiments, the direction of vehicle travel is determined by determining the
geographic position from which the vehicle 100 arrived at the geographic position and the

geographic position to which the vehicle 100 departed from the geographic position.

Step 403
At least one location-dependent parameter is measured at the determined 401 geographic

position.

Such location-dependent parameters can comprise, for example, an elevation-related pa-
rameter that can be measured by means of, e.g. GSM, a pressure sensor, barometer, al-
timeter or the like. Furthermore, the elevation measurement can be made via a combina-
tion of measurements by a plurality of different sensors, e.g. any of the aforementioned.
Improved precision in the elevation measurement can be obtained thereby in certain em-

bodiments.
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The location-dependent parameter can comprise, e.g. the elevation, slope, rolling re-
sistance of the underlying surface, planetary curvature, average travel velocity, time, date

weather, temperature, velocity, engaged gear, vehicle type and/or vehicle weight.

Step 404
The measured 403 location-dependent parameter is stored, in the database 350, in asso-
ciation with the determined 402 direction of travel and the determined 401 geographic posi-

tion of the vehicle.

The storage of the measured 403 location-dependent parameter can also include the crea-
tion of various statistical tables for various vehicle weight ranges, such as 0 — 10 tonnes,
10 — 20 tonnes, 20 — 30 tonnes and 30 — 40 tonnes, and storage occurs in the statistical

table that corresponds to the vehicle weight range for the vehicle.

In certain embodiments, the storage also comprises a count kept by a counter for the direc-

tion of vehicle travel at the determined 401 geographic position of the vehicle 100.

Such a counter for the direction of vehicle travel can be incremented to a ceiling value; and
when the ceiling value for a given direction of travel is reached, the counters for the other

directions of vehicle travel at the determined 401 geographic position can be decremented.

Figure 5 illustrates an embodiment of a calculating unit 310 for building a database 350 to

enable prediction of a route of travel for a vehicle 100.

Said calculating unit 310 is configured so as to perform at least certain of the
aforedescribed method steps 401-404 comprised in the method 400 for building a data-
base 350 to enable prediction of a route of travel for a vehicle 100. In certain embodiments
the calculating unit 310 can also, or alternatively, be configured so as to predict a route of

travel for a vehicle 100.

In order to be able to build the database 350 in a proper manner and thereby enable pre-
diction of a route of travel, the calculating unit 310 comprises a number of components,
which will be described in detail in the text below. Certain of the described secondary com-
ponents occur in some, but not necessarily all, embodiments. Additional electronics may

also be present in the calculating unit 310 that are not necessary to understand the func-
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tion of the calculating unit 310 according to the invention, and have consequently been

omitted in Figure 5, and in this description.

The calculating unit 310 comprises a processor circuit 520, which is arranged so as to de-
termine the geographic position of the vehicle via a positioning unit 330. The processor
circuit 520 is also arranged so as to determine the direction of vehicle travel at the deter-
mined geographic position. The processor circuit 520 is also arranged so as to measure at
least one location-dependent parameter at the determined geographic position by means
of a sensor 330. The processor circuit 520 is further arranged so as to store, in the data-
base 350, the measured location-dependent parameter in association with the determined

direction of travel and the determined geographic position of the vehicle.

In certain embodiments, the processor circuit 520 can also be arranged so as to determine
the geographic position of the vehicle via a positioning unit 330. Furthermore, the proces-
sor circuit 520 can be arranged so as to determine the direction of vehicle travel at the de-
termined geographic position. The processor circuit 520 can also be arranged so as to de-
termine a stored position in a database 350 that agrees with the determined geographic
position of the vehicle. The processor circuit 520 can also be arranged so as to predict a
route of travel based on the estimated likelihood of stored directions of travel at the deter-
mined position. The process circuit 520 can also be arranged so as to extract information
containing a stored location-dependent parameter associated with the predicted route of

travel.

In certain embodiments, the processor circuit 520 can also be arranged so as to increment
a counter for the direction of vehicle travel at the determined geographic position. Further-
more, the processor circuit 520 can also increment the counter for the direction of vehicle
travel up to a ceiling value; and when the ceiling value for a given direction of travel is
reached, the processor circuit 520 can decrement the counters for the other directions of

vehicle travel at the determined geographic position.

The processor circuit 520 can consist, for example, of one or more of a Central Processing
Unit (CPU), microprocessor or other logic designed so as to interpret and carry out instruc-
tions and/or to read and write data. The processor circuit 520 can manage data for the in-
flow, outflow or data-processing of data that also includes the buffering of data, control

functions and the like.
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The calculating unit 310 can also comprise a signal receiver 510 arranged so as to receive
a position determination for the vehicle 100 from a positioning unit 330 contained in the
vehicle 100, according to certain embodiments. Furthermore, the signal receiver 510 can
also be arranged so as to receive the values from other sensors or meters in or associated
with the vehicle 100, such as an elevation meter, speedometer, thermometer, clock etc.
Such measurement data can pertain to, for example, the elevation, slope, rolling resistance
of the underlying surface, planetary curvature, average velocity, time, date, weather, tem-
perature, velocity, engaged gear, vehicle type and/or vehicle weight. Furthermore, the sig-
nal receiver 510 can also be arranged so as to receive data from the database 350, ac-

cording to certain embodiments.

According to certain embodiments, the calculating unit 310 can also comprise a memory
525 arranged so as to store cartographic data, e.g. in the form of a working map 200. In
certain embodiments, the working map 200 can be matrix-based, wherein each matrix el-
ement corresponds to a two-dimensional section of the landscape. Furthermore, the
memory 525 can also be arranged so as to store measured location-related data associat-

ed with a position.

The memory unit 525 can consist, for example, of a memory card, flash memory, USB
memory, hard disk or other similar non-volatile data-storage unit of a permanent nature,
such as any of the group comprising ROM (Read-Only Memory), PROM (Programmable
Read-Only Memory), EPROM (Erasable PROM), Flash memory, EEPROM (Electrically

Erasable PROM), etc in various embodiments.

According to certain embodiments, the calculating unit 310 can also comprise a transmit-
ting circuit 530 arranged so as to send measurement data or detected location-related data
to the database 350 over a wireless or wire-bound interface. In certain embodiments, the
transmitting circuit 530 can be contained in the calculating unit 310, so that they form a
single entity. Furthermore, the calculating unit 310 can be arranged so as to send data to a

display screen 320 in certain embodiment.

The invention further comprises a computer program for building a database 350 to enable
prediction of a route of travel for a vehicle 100 by performing a method 400 according to at
least one of the aforedescribed steps 401-404 when the computer program is executed in a

processor circuit 520 in a calculating unit 310.
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The method 400 according to the steps 401-404 for building the database 350 to enable
prediction of a route of travel can be implemented via one or more processor circuits 520 in
the calculating unit 310, together with computer program code in a non-volatile data carrier
in order to perform any, some, certain or all of the method steps 401-404 described above.
A computer program can thus contain instructions for performing the steps 401-404 when

the computer program is loaded into the processor circuit 520 in the calculating unit 310.

Figure 6 illustrates an exemplary embodiment of the invention. The flow diagram in Figure

6 clarifies a method 600 for predicting a route of travel for a vehicle 100.

To be able to predict the route of travel successfully, the method 600 can comprise a num-
ber of steps 601-606. However, it should be noted that certain of the steps described here
are included only in certain alternative embodiments of the invention, such as step 606.
Furthermore, the described steps 601-606 can be performed in a chronological order other
than that indicated by their numerical order. Certain of the described steps 601-606 can
also be performed in parallel with one another. The method 600 comprises the following

steps:

Step 601

The geographic position of the vehicle is determined by means of a positioning unit 330.

Such satellite-based positioning can comprise or be based on, e.g. GPS, Navstar, DGPS,
Galileo, GLONASS or the like. However, other forms of positioning can be comprised ac-
cording to certain embodiments; for example, the driver himself can determine and mark
his current position, e.g. on a display screen, a keyboard or other input device for the posi-

tioning unit 330.

In certain embodiments in which the representation of the landscape in the database 350 is

matrix-based, the section in which the vehicle 100 is located can be determined.

Step 602

The direction of vehicle travel at the determined geographic position is determined.

This determination can include a determination of the direction from which, or the position

from which, the vehicle 100 arrived at its current position.

Step 603
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A stored position in a database 350 is determined that agrees with the determined 610

geographic position of the vehicle.

According to certain embodiments, the representation of the landscape in the database
350 can be matrix-based, wherein a matrix element corresponds to a two-dimensional sec-

tion of the landscape.

According to certain embodiments, the determination of a stored position in a database 350
can include a determination of the matrix element in the database 350 to which the geo-

graphic position of the vehicle corresponds.

Step 604
The route of travel for the vehicle 100 is predicted, based on the estimated likelihood of the

stored directions of travel at the determined 603 position.

According to certain embodiments, the prediction of a route of travel can include a determi-
nation of the most likely ensuing direction of travel to an ensuing position, using the current
position as the incoming direction to the ensuing position and the next ensuing direction of

travel and position.

Furthermore, the prediction of a route of travel for the vehicle 100 can be used to select a
gear in a transmission in the vehicle, and/or as a basis for deciding to control the engage-

ment of another function in the vehicle 100.

Step 605
Information containing the stored location-dependent parameter associated with the pre-

dicted 604 route of travel is extracted.

The extracted information can comprise a stored location-dependent parameter such as an
elevation-related parameter such as the elevation and/or slope, a stored estimated rolling
resistance, rolling resistance of the underlying surface, planetary curvature, average travel
velocity, time, date, weather, temperature, vehicle type and/or vehicle weight associated

with the predicted 604 route of travel.

In certain embodiments, the extraction of information can be done from a statistical table
for various vehicle weight ranges, e.g. 0 — 10 tonnes, 10 — 20 tonnes, 20 — 30 tonnes and

30 — 40 tonnes that correspond to the vehicle weight range for the vehicle.
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Step 606
This method step is included in some, but not all embodiments. A gear choice and/or
change in a location-dependent parameter as a result of the predicted 604 route of travel

can be represented.

For example, this gear choice, change in the location-dependent parameter such as the
elevation, road slope or the like, and/or the predicted 604 route of travel can be fully or
partly represented on a display screen 320 or the like. The representation can also, or al-
ternatively, be achieved by means of audio signals, voice messages, diodes, tactile signals

that notify the driver, or the like.

The invention further comprises a computer program for predicting a route of travel for a
vehicle 100 by performing a method 600 according to at least one of the aforedescribed
steps 601-606 when the computer program is executed in a processor circuit 520 in a cal-

culating unit 310.

The method 600 according to the steps 601-606 for predicting a route of travel for a vehicle
100 can be implemented via one or more processor circuits 520 in the calculating unit 310,
together with computer program code in a non-volatile data carrier, in order to perform any,
some, certain or all of the method steps 601-606 described above. A computer program
can thus contain instructions for performing the steps 601-606 when the computer program

is loaded into the processor circuit 520 in the calculating unit 310.

Certain embodiments further comprise a system 300 for building a database 350 for ena-
bling prediction of a route of travel for a vehicle 100. Said system 300 comprises a data-
base 350, a positioning unit 330 in the vehicle 100, a sensor 330 for measuring at least one

location-dependent parameter, and a calculating unit 310.
Some embodiments of the invention also comprise a vehicle 100 that contains a system

500 for building a database 350 to enable prediction of a route of travel for a vehicle 100

and/or for predicting a route of travel for a vehicle 100.
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CLAIMS

1. A method (400) for building a database (350) to enable prediction of a route of
travel for a vehicle (100), wherein the method (400) is characterized by:

determination (401) of the geographic position of the vehicle by means of a posi-
tioning unit (330);

determination (402) of the direction of vehicle travel at the determined (401) geo-
graphic position;

measurement (403) of at least one location-dependent parameter at the deter-
mined (401) geographic position; and

storage (404), in the database (350), of the measured (403) location-dependent
parameter in association with the determined (402) direction of travel and the determined

(401) geographic position of the vehicle.

2. The method (400) according to claim 1, wherein the determination (402) of the
direction of vehicle travel is made by determining the direction from which the vehicle (100)
arrived at the geographic position and the direction in which the vehicle (100) departed

from the geographic position.

3. The method (400) according to claim 1 or 2, wherein the determination (402) of
the direction of vehicle travel is made by determining the geographic position from which
the vehicle (100) arrived at the geographic position and the geographic position toward

which the vehicle (100) departed from the geographic position.

4. The method (400) according to any of claims 1-3, wherein the location-dependent
parameter comprises the elevation, slope, rolling resistance of the underlying surface,
planetary curvature, average travel velocity, time, date, weather, temperature, vehicle type

and/or vehicle weight.

5. The method (400) according to any of claims 1-4, wherein the representation of
the landscape in the database (350) is matrix-based, and wherein each matrix element
corresponds to a two-dimensional section of the landscape, and wherein the determination
(401) of the geographic position of the vehicle includes a determination of the section in
which the vehicle (100) is located.

6. The method (400) according to any of claims 1-5, wherein the storage (404) of the
measured (403) location-dependent parameter also includes the creation of various statis-
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tical tables for various vehicle weight ranges, e.g. 0 — 10 tonnes, 10 — 20 tonnes, 20 — 30
tonnes and 30 — 40 tonnes and storage (404) in the statistical table that agree with the ve-

hicle weight range for the vehicle.

7. The method (400) according to any of claims 1-6, where the storage (404) also
includes incrementing a counter for the direction of vehicle travel at the determined (401)

geographic position.

8. The method (400) according to claim 7, wherein the counter for the direction of
vehicle travel is incremented up to a ceiling value; and when the ceiling value for a given
direction of travel is reached, the counters for the other directions of travel at the deter-

mined (401) geographic position are decremented.

9. A calculating unit (310) for building a database (350) to enable prediction of a
route of travel for a vehicle (100), wherein the calculating unit (310) is characterized by:

a processor circuit (520) arranged so as to determine the geographic position of
the vehicle via a positioning unit (330); and also arranged so as to determine the direction
of vehicle travel at the determined geographic position; and also arranged so as to meas-
ure at least one location-dependent parameter at the determined geographic position via a
sensor (330); and further arranged so as to store, in the database (350), the measured
location-dependent parameter in association with the determined direction of travel and the

determined geographic position of the vehicle.

10. A computer program for building a database (350) to enable prediction of a route
of travel for a vehicle (100) by performing a method (400) according to any of claims 1-8
when the computer program is executed in a processor circuit (520) in a calculating unit

(310) according to claim 9.

11. A method (600) for predicting a route of travel for a vehicle (100), wherein the
method (600) is characterized by:

determination (601) of the geographic position of the vehicle by means of a posi-
tioning unit (330);

determination (602) of the direction of vehicle travel at the determined (601) geo-
graphic position;

determination (603) of a stored position in a database (350), which stored position

agrees with the determined (601) geographic position of the vehicle;
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prediction (604) of a route of travel, based on the estimated likelihood of stored
directions of travel at the determined (603) position; and
extraction (605) of information comprising a stored location-dependent parameter

associated with the predicted (604) route of travel.

12. The method (600) according to claim 11, wherein the extraction (605) of infor-
mation comprising a stored location-dependent parameter includes an elevation-related
parameter such as the elevation and/or slope, a stored estimated rolling resistance, rolling
resistance of the underlying surface, planetary curvature, average travel velocity, time,
date, weather, temperature, vehicle type and/or vehicle weight associated with the predict-
ed (604) route of travel.

13. The method (600) according to any of claims 11-12, wherein the extraction (605)
of information is done from a statistical table for various vehicle weight ranges, e.g. 0 — 10
tonnes, 10 — 20 tonnes, 20 — 30 tonnes and 30 — 40 tonnes, which agrees with the vehicle
weight range for the vehicle, and wherein the prediction (604) of a route of travel is based

on said statistical table.

14. The method (600) according to any of claims 11-13, wherein the representation of
the landscape in the database (350) is matrix-based, and wherein each matrix element
corresponds to a two-dimensional section of the landscape, and wherein the determination
(603) of a stored position in a database (350) comprises a determination of the matrix ele-

ment in the database (350) to which the geographic position of the vehicle corresponds.

15. The method (600) according to any of claims 11-14, wherein the prediction (604)
of a route of travel comprises a determination of the most likely ensuing direction of travel
toward an ensuing position, using the current position as the incoming direction to the en-

suing position and the next ensuing direction of travel and the position.

16. The method (600) according to any of claims 11-15, wherein the prediction (604)
of the route of travel of the vehicle (100) is used to choose the gear setting of a transmis-
sion in the vehicle (100) and/or as a decision-making basis for controlling the engagement

of another function in the vehicle (100).

17. The method (600) according to any of claims 16, further comprising:
representation (606) of a gear choice and/or change in a location-dependent pa-

rameter as a result of the predicted (604) route of travel.
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18. A calculating unit (310) for predicting a route of travel for a vehicle (100), wherein
the calculating unit (310) is characterized by:

a processor circuit (520) arranged so as to determine the geographic position of
the vehicle via a positioning unit (330); and also arranged so as to determine the direction
of vehicle travel at the determined geographic position; and arranged so as to determine a
stored position in a database (350) that agrees with the determined geographic position of
the vehicle; and also arranged so as to predict a route of travel based on the estimated
likelihood of stored directions of travel at the determined position; and also arranged so as
to extract information comprising a stored location-dependent parameter associated with

the predicted route of travel.

19. A computer program for predicting a route of travel for a vehicle (100) by perform-
ing a method (600) according to any of claims 11-17 when the computer program is exe-

cuted in a processor circuit (520) in a calculating unit (310) according to claim 9.

20. A system (300) for building a database (350) to enable prediction of a route of
travel for a vehicle (100) and comprising:

a database (350);

a positioning unit (330) in the vehicle (100);

a sensor (330) for measuring at least one location-dependent parameter;

a calculating unit (310) according to any of claims 9 and 18.

21. A vehicle (100) comprising a system (300) according to claim 20.
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