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Tiivistelmd - Sammandrag - Abstract

According to an aspect, there is provided a computer-implemented method for condition
monitoring of a vehicle. The method comprises applying (800) a dynamic model (106)
associated with a vehicle, the dynamic model (106) having been determined by obtaining
status information (100) from at least one information bus of the vehicle, the status
information (100) providing real-time status information about the vehicle, obtaining
(202), based on vehicle identity information, vehicle dynamics information (102),
obtaining (204) map data (104) representing road characteristics of roads of a
geographical area, the map data (104) comprising two-dimensional road map data, three-
dimensional road map data associated with the roads, and road characteristics data,
analyzing (206) behavior of the vehicle based on the status information (100) and the
vehicle dynamics information (102), and computing (208) a dynamic model (106) for the
vehicle by comparing the behavior of the vehicle to the map data (104), the dynamic
model (106) providing a presumed behavior of the vehicle in various driving conditions;
analyzing (802) historical changes in at least one calibration parameter associated with
the dynamic model (106) of the vehicle; analyzing (804) effects of the three-dimensional
road map data associated with the roads and the road characteristics data in at least one
position on the behavior of the vehicle; and determining (806), based on the analyzed
historical changes and the effects, at least one change in at least one vehicle condition

characteristic.



Erdin ndkékohdan mukaan esitetddn tietokoneclla toteutettu menetelméd ajoneuvon
kunnonvalvonta. Menetelmi kisittdd sen, ettd sovelletaan (800) ajoneuvoon liittyvid
dynaamista mallia (106), joka on maéiritetty hankkimalla tilatietoa (100) ajoneuvon
vihintddn yhdesti tietoviylasti, joka tilatieto (100) tarjoaa kiyttoon reaaliaikaista
tilatietoa ajoneuvosta; hankkimalla (202) ajoneuvon identitecttitiedon perusteella
ajoneuvodynamiikkatietoa (102); hankkimalla (204) karttadataa (104), joka esittdd
maantieteellisen alueen teiden tieominaispiirteitd, joka karttadata (104) kisittdd
kaksiulotteista tiekarttadataa, teihin liittyvdd kolmiulotteista tiekarttadataa ja
tieominaispiirredataa; analysoimalla (206) ajoneuvon kayttaytymistd tilatiedon (100) ja
ajoneuvodynamiikkatiedon (102) perusteella, ja laskemalla (208) dynaaminen malli
ajoneuvolle vertaamalla ajoneuvon kéyttdytymistd karttadataan (104), joka dynaaminen
malli (106) esittdd ajoneuvon oletetun kéyttiytymisen eri ajo-olosuhteissa; analysoidaan
(802) historiallisia muutoksia ajoneuvon dynaamiseen malliin (106) liittyvéssd vahintidn
vhdessd kalibrointiparametrissa; analysoidaan (804) teihin liittyvin kolmiulotteisen
tiedatan ja tieominaispiirteiden vaikutuksia vihintdén yhdessd sijainnissa ajoneuvon
kéyttdytymiseen; ja mééritetiin (806) analysoitujen historiallisten muutosten ja
vaikutusten perusteclla vahintadn vyksi muutos vihintddn yhdessdi ajoneuvo-

ominaispiirteessi.

APPLYING A DYNAMIC MODEL ASSOCIATED WITH THE VEHICLE |/v 800

¥

ANALYZING HISTORICAL CHANGES IN AT LEAST ONE
CALIBRATION COEFFICIENT ASSOCIATED WITH THE DYNAMIC [~ 802

MODEL OF THE VEHICLE

ANALYZING EFFECTS OF THE THREE-DIMENSIONAL ROAD MAP
ASSQCIATED WITH THE ROADS AND THE ROAD L~ 804
CHARACTERISTICS DATA IN AT LEAST ONE POSITION ON THE
BEHAVIOR OF THE VEHICLE

v

AND THE EFFECTS, AT LEAST ONE CHANGE IN AT LEAST ONE

DETERMINING, BASED ON THE ANALYZED HISTORICAL CHANGES) 806
VEHICLE CHARACTERISTIC
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CONDITION MONITORING OF A VEHICLE
TECHNICAL FIELD
The present application relates to the field of computer systems, and more particularly to

a computer-implemented method and an apparatus for condition monitoring of a vehicle.

BACKGROUND

Each vehicle, for example, a car or a truck, has certain characteristics associated with the
vehicle, for example, power, weight, wheelbase, track etc. Each of characteristics has an
effect on how the vehicle behaves while it is used. Further, for example, in different

weather conditions the vehicle may behave differently.

When the vehicle is used, it may experience various defects or faults, for example, brake
and tyre problems. Something these defects or faults may be registered immediately, for
example, in a case of a flat tyre. However, many of the defects or faults associated with
the vehicle may be difficult to register, for example, a slightly reduced tyre pressure, a

shock absorber fault or a fault in a chassis of the vehicle.

US 2019079539 Al discloses systems and methods for determining the location of a

vehicle.

WO 2017080471 Al discloses a comprehensive method and system for data

measurement, surveillance, monitoring, and processing for a vehicle.

US 2017146362 Al discloses a system and method for providing navigation routing

options to a vehicle driver, including estimated fuel consumption and fuel cost.

US 2018154723 Al discloses a self-driving vehicle with an integrated fully-active
suspension system. The fully-active suspension utilizes data from one or more sensors
used for autonomous driving (e.g. vision, LIDAR, GPS) in order to anticipate road

conditions in advance.

US 2018231389 A1 discloses a method of determining at least one area (ZON) of a road

network reachable by a vehicle driving on the road network.
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There is a need for a solution that would enable an accurate condition monitoring of a

vehicle.

SUMMARY

This summary is provided to introduce a selection of concepts in a simplified form that
are further described below in the detailed description. This summary is not intended to
identify key features or essential features of the claimed subject matter, nor is it intended

to be used to limit the scope of the claimed subject matter.

It is an object of the invention to provide a solution that would enable an accurate

condition monitoring of a vehicle.

This objective is achieved by the features of the independent claims. Further embodiments
and examples of the invention are apparent from the dependent claims, the description

and the figures.

According to a first aspect, there is provided a computer-implemented method for
condition monitoring of a vehicle. The method comprises applying a dynamic model
associated with a vehicle, the dynamic model having been determined by obtaining status
information from at least one information bus of the vehicle, the status information
providing real-time status information about the vehicle, obtaining, based on vehicle
identity information, vehicle dynamics information, obtaining map data representing road
characteristics of roads of a geographical area, the map data comprising two-dimensional
road map data, three-dimensional road map data associated with the roads, and road
characteristics data, analyzing behavior of the vehicle based on the status information and
the vehicle dynamics information, and computing the dynamic model for the vehicle by
comparing the behavior of the vehicle to the map data, the dynamic model providing a
presumed behavior of the vehicle in various driving conditions; analyzing historical
changes in at least one calibration parameter associated with the dynamic model of the
vehicle; analyzing effects of the three-dimensional road map data associated with the
roads and the road characteristics data in at least one position on the behavior of the
vehicle; and determining, based on the analyzed historical changes and the effects, at least

one change in at least one vehicle condition characteristic.
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In a further implementation form of the first aspect, the status information comprises at
least one of a motor power, tyre speeds, a steering wheel position, vehicle system
information, traction control information, vehicle stabilization system information and

anti-lock braking system information.

In a further implementation form of the first aspect, obtaining, based on vehicle identity
information, vehicle dynamics information comprises obtaining initial vehicle dynamics
information associated with a model or type of the vehicle from at least one external data

source.

In a further implementation form of the first aspect, obtaining, based on vehicle identity
information, vehicle dynamics information comprises obtaining supplemental vehicle
dynamics information based on real-time vehicle dynamics data obtained from the

vehicle.

In a further implementation form of the first aspect, the road characteristics data
comprises at least one of road quality data, road irregularity data and data about local

deviations associated with the road.

In a further implementation form of the first aspect, the method further comprises
combining the dynamic model with the road characteristics data to enhance the

calculation of the position of the vehicle.

In a further implementation form of the first aspect, the three-dimensional road map data
comprises road inclination data, and the method further comprises combining the
dynamic model with the road inclination data to enhance the calculation of the position

of the vehicle.

In a further implementation form of the first aspect, the at least one calibration parameter
comprises calibration parameters associated with elasticity of a tyre and a dynamic track
width, and determining, based on the analyzed historical changes and the effects, at least
one change in at least one vehicle characteristic comprises determining at least one change

in a tyre characteristic.
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In a further implementation form of the first aspect, the at least one calibration parameter
comprises a tyre-specific speed and/or distance calibration parameter, and determining,
based on the analyzed historical changes and the effects, at least one change in at least
one vehicle characteristic comprises determining at least one change in a tyre

characteristic.

In a further implementation form of the first aspect, the at least one change in the tyre
characteristic comprises at least one of the following: a reduced tyre pressure, a tyre
imbalance, a shock absorber fault, a fault in a chassis of the vehicle, deformation of a

tyre, a wear of a tyre, an uneven wear of a tyre, and a tyre body damage.

In a further implementation form of the first aspect, the at least one calibration parameter
comprises a speed and/or distance calibration parameter of at least one tyre of the vehicle,
and determining, based on the analyzed historical changes and the effects, at least one
change in at least one vehicle characteristic comprises determining a dragging brake

associated with at least one tyre.

According to a second aspect, there is provided an apparatus for condition monitoring of
a vehicle. The apparatus comprises at least one processor and at least one memory
connected to the at least one processor. The at least one memory stores program
instructions that, when executed by the at least one processor, cause the apparatus to apply
a dynamic model associated with a vehicle, the dynamic model having been determined
by obtaining status information from at least one information bus of the vehicle, the status
information providing real-time status information about the vehicle, obtaining, based on
vehicle identity information, vehicle dynamics information, obtaining map data
representing road characteristics of roads of a geographical area, the map data comprising
two-dimensional road map data, three-dimensional road map data associated with the
roads, and road characteristics data, analyzing behavior of the vehicle based on the status
information and the vehicle dynamics information, and computing the dynamic model for
the vehicle by comparing the behavior of the vehicle to the map data, the dynamic model
providing a presumed behavior of the vehicle in various driving conditions; analyze
historical changes in at least one calibration parameter associated with the dynamic model
of the vehicle; analyze effects of the three-dimensional road map data associated with the

roads and the road characteristics data in at least one position on the behavior of the
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vehicle; and determine, based on the analyzed historical changes and the effects, at least

one change in at least one vehicle condition characteristic.

In a further implementation form of the second aspect, the status information comprises
at least one of a motor power, tyre speeds, a steering wheel position, vehicle system
information, traction control information, vehicle stabilization system information and

anti-lock braking system information.

In a further implementation form of the second aspect, obtaining, based on vehicle
identity information, vehicle dynamics information comprises obtaining initial vehicle
dynamics information associated with a model or type of the vehicle from at least one

external data source.

In a further implementation form of the second aspect, obtaining, based on vehicle
identity information, vehicle dynamics information comprises obtaining supplemental
vehicle dynamics information based on real-time vehicle dynamics data obtained from

the vehicle.

In a further implementation form of the second aspect, the road characteristics data
comprises at least one of road quality data, road irregularity data and data about local

deviations associated with the road.

In a further implementation form of the second aspect, the at least one memory stores
program instructions that, when executed by the at least one processor, cause the
apparatus to combine the dynamic model with the road characteristics data to enhance the

calculation of the position of the vehicle.

In a further implementation form of the second aspect, the three-dimensional road map
data comprises road inclination data, and the at least one memory stores program
instructions that, when executed by the at least one processor, cause the apparatus to
combine the dynamic model with the road inclination data to enhance the calculation of

the position of the vehicle.
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In a further implementation form of the second aspect, the at least one calibration
parameter comprises calibration parameters associated with elasticity of a tyre and a
dynamic track width, and determining, based on the analyzed historical changes and the
effects, at least one change in at least one vehicle characteristic comprises determining at

least one change in a tyre characteristic.

In a further implementation form of the second aspect, the at least one calibration
parameter comprises a tyre-specific speed and/or distance calibration parameter, and
determining, based on the analyzed historical changes and the effects, at least one change
in at least one vehicle characteristic comprises determining at least one change in a tyre

characteristic.

In a further implementation form of the second aspect, the at least one change in the tyre
characteristic comprises at least one of the following: a reduced tyre pressure, a tyre
imbalance, a shock absorber fault, a fault in a chassis of the vehicle, deformation of a

tyre, a wear of a tyre, an uneven wear of a tyre, and a tyre body damage.

In a further implementation form of the second aspect, the at least one calibration
parameter comprises a speed and/or distance calibration parameter of at least one tyre of
the vehicle, and determining, based on the analyzed historical changes and the effects, at
least one change in at least one vehicle characteristic comprises determining a dragging

brake associated with at least one tyre.

According to a third aspect, a computer program is provided. The computer program
comprises instructions which, when the program is executed by a computer, cause the

computer to carry out the method of the first aspect.

According to a fourth aspect, a computer-readable medium is provided. The computer-
readable medium comprises instructions which when, executed by a computer, cause the

computer to carry out the method of the first aspect.

According to a fifth aspect, there is provided an apparatus for condition monitoring of a
vehicle. The apparatus comprises at least one processor configured to apply a dynamic

model associated with a vehicle, the dynamic model having been determined by obtaining
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status information from at least one information bus of the vehicle, the status information
providing real-time status information about the vehicle, obtaining, based on vehicle
identity information, vehicle dynamics information, obtaining map data representing road
characteristics of roads of a geographical area, the map data comprising two-dimensional
road map data, three-dimensional road map data associated with the roads, and road
characteristics data, analyzing behavior of the vehicle based on the status information and
the vehicle dynamics information, and computing the dynamic model for the vehicle by
comparing the behavior of the vehicle to the map data, the dynamic model providing a
presumed behavior of the vehicle in various driving conditions; analyze historical
changes in at least one calibration parameter associated with the dynamic model of the
vehicle; analyze effects of the three-dimensional road map data associated with the roads
and the road characteristics data in at least one position on the behavior of the vehicle;
and determine, based on the analyzed historical changes and the effects, at least one

change in at least one vehicle condition characteristic.

According to a sixth aspect, there is provided an apparatus for condition monitoring of a
vehicle. The apparatus comprises means for applying a dynamic model associated with a
vehicle, the dynamic model having been determined by obtaining status information from
at least one information bus of the vehicle, the status information providing real-time
status information about the vehicle, obtaining, based on vehicle identity information,
vehicle dynamics information, obtaining map data representing road characteristics of
roads of a geographical area, the map data comprising two-dimensional road map data,
three-dimensional road map data associated with the roads, and road characteristics data,
analyzing behavior of the vehicle based on the status information and the vehicle
dynamics information, and computing the dynamic model for the vehicle by comparing
the behavior of the vehicle to the map data, the dynamic model providing a presumed
behavior of the vehicle in various driving conditions; means for analyzing historical
changes in at least one calibration parameter associated with the dynamic model of the
vehicle; means for analyzing effects of the three-dimensional road map data associated
with the roads and the road characteristics data in at least one position on the behavior of
the vehicle; and means for determining, based on the analyzed historical changes and the

effects, at least one change in at least one vehicle condition characteristic.
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BRIEF DESCRIPTION OF THE DRAWINGS
In the following examples are described in more detail with reference to the attached

figures and drawings, in which:

FIG. 1 illustrates a block diagram representing information based on which it is possible

to determine and model behavior of a vehicle.

FIG. 2 illustrates a flow diagram of a method for modelling dynamics of a vehicle.

FIG. 3 illustrates calculation of the change of wheel normal load caused by the road

longitudinal inclination in front and rear axles.

FIG. 4 illustrates a computer-implemented method for positioning a vehicle.

FIGS. 5A and 5B illustrate graphs associated with a turning vehicle.

FIG. 6 illustrates a computer-implemented method for enhancing map data.

FIG. 7 illustrates examples of possible irregularities associated with a road.

FIG. 8 illustrates a computer-implemented method for condition monitoring of a vehicle.

FIG. 9 illustrates a system diagram depicting an exemplary apparatus according to an

aspect.

In the following identical reference signs refer to identical or at least functionally

equivalent features.

DETAILED DESCRIPTION

In the following description, reference is made to the accompanying drawings, which
form part of the disclosure, and in which are shown, by way of illustration, specific
aspects and examples in which the present invention may be placed. It is understood that
other aspects may be utilized and structural or logical changes may be made without

departing from the scope of the present invention. The following detailed description,



20195224 prH 11 -08- 2022

10

15

20

25

30

therefore, is not to be taken in a limiting sense, as the scope of the present invention is

defined be the appended claims.

For instance, it is understood that a disclosure in connection with a described method may
also hold true for a corresponding device or system configured to perform the method and
vice versa. For example, if a specific method step is described, a corresponding device
may include a unit or other means to perform the described method step, even if such unit
is not explicitly described or illustrated in the figures. On the other hand, for example, if
a specific apparatus is described based on functional units, a corresponding method may
include a step performing the described functionality, even if such step is not explicitly
described or illustrated in the figures. Further, it is understood that the features of the
various exemplary aspects described herein may be combined with each other, unless

specifically noted otherwise.

FIG. 1 illustrates a block diagram representing information based on which it is possible
to determine and model behavior of a vehicle. Vehicle status information 100 refers to
information that can be obtained from the vehicle itself, for example, via one or more
information buses of the vehicle while the vehicle is in use. The vehicle status information
comprises, for example, at least one of motor power, tyre speeds, a steering wheel
position, vehicle system information, traction control information, vehicle stabilization

system information and anti-lock braking system information.

Vehicle dynamics information 102 may be obtained based on vehicle identity
information, for example, from one or more external data sources. If no vehicle specific
dynamics information is not available, it is possible to use vehicle dynamics information
that is common for this vehicle type. When the vehicle is used, the vehicle dynamics
information may be updated based on analysis of the behavior of the vehicle. Further,
vehicle dynamics information determined for a specific vehicle may be used as

preliminary knowledge for other similar vehicles.

Map data 104 may represent road characteristics of roads of a geographical area, and the
map data 104 may comprise two-dimensional road map data, three-dimensional road map
data associated with the roads, and road characteristics data. The three-dimensional road

map data may comprise information about road height data and road inclination data. The
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road characteristics data may comprise at least one of road quality data, road irregularity

data and data about local deviations associated with the road.

Based on the vehicle status information 100, vehicle dynamics information 102 and the
map data 104 it is possible to determine a dynamic model for the vehicle. The dynamic
model may then enable an estimation of the performance of the vehicle, observation of
changes associated with the vehicle and observation of changes in driving conditions of

the vehicle.

FIG. 2 illustrates a computer-implemented method for modelling dynamics of a vehicle.
The vehicle may be any vehicle travelling on aroad, for example, an autonomous vehicle,

a passenger car, a truck, a motorcycle etc.

At 200, status information is obtained from at least one information bus of the vehicle,
the status information providing status information or real-time status information about

the vehicle.

At 202, vehicle dynamics information representing vehicle dynamics is obtained based

on vehicle identity information.

At 204, map data representing road characteristics of roads of a geographical area, the
map data comprising two-dimensional road map data, three-dimensional road map data

associated with the roads, and road characteristics data is obtained.

At 206, behavior of the vehicle is analyzed based on the status information and the vehicle

dynamics information.

At 208, a dynamic model for the vehicle is calculated by comparing the behavior of the

vehicle to the map data.
The dynamic model of the vehicle can be used in application in which an accurate vehicle

representation is needed. For example, based on the dynamic model, it is possible to

calculate a presumed behavior of the vehicle in various driving conditions. If an actual

10
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behavior of the vehicle deviates from the presumed behavior of the vehicle, this is caused

either by changes in driving conditions or changes in the vehicle.

The dynamic model of the vehicle may define a set of vehicle-specific calibration
parameters. These calibration parameters may represent how the vehicle behaves in

various driving situations.

The dynamics model of the vehicle may involve a set of various parameters or calibration
parameters, for example, one or more of the following: 1) a mass of the vehicle, 2)
powertrain efficiency coefficient or map, 3) a track width, 4) a wheelbase, 5) location of
the center of gravity, 6) the moment of inertia along different axes of the vehicle and the
moment of inertia associated with rotating masses, 7) effective rolling circumferences of
the wheels, 8) an effect of the circumferential force of a wheel to the rolling
circumferences, and 9) overall flexibility in longitudinal and lateral directions in weight
of the transition situations caused, for example, by the wheels, the car chassis structure

and the car body.

The mass of the vehicle may be obtained from an external data source, it can be manually
input or a mass estimation may be used based on the vehicle type. When calculating the
dynamic model of the vehicle, the mass of the vehicle can be made more accurate by
comparing the effect of the energy produced by a motor of the vehicle to state of motion
of the vehicle, taking into account also, for example, at least one of changes in vehicle
speed, altitude changes, the amount of work performed by the motor of the vehicle,

efficiencies, driving resistances and road quality factors.

In the equations below, the following parameters are used:

m = mass
PE = engine power

up = powertrain coefficient
t =time

A = frontal area

Cw = airdrag coefficient

v = speed

11
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s = distance

v = speed at point 2
v1 = speed at point 1
g = gravity

h, = altitude at point 2
h; = altitude at point 1
ur = rolling resistance

IJ.A - PACW
The mass of the vehicle may be estimated as follows:

WW:WAW+WAh.+WR +WA

Pg + upt = m(v; — vy)? +mg(h, — hy) + mgugS +

1av*S *%
2, 11 2
Pel,ppiav=$ * 5= Em(vz —vy)* + mg(h; — hy) + mgugS
1
=m (E (v; —v1)* + g(h; —
hi) + guRS)
PE#pF#AUZS%
5(”2‘”1)2+9(h2—h1)+9#R5
= PEUprPACY V2S5

N ;(vz—v1)2+g(h2—h1)+g,uRS

Powertrain efficiency information may be obtained from one or more external data

sources, manually or based on the vehicle type. Later, the information may be made more

accurate by multivariate analysis or statistical analysis.

Track width information may be obtained from one or more external data sources,

manually or based on the vehicle type. Later, the information may be made more accurate

by multivariate analysis or statistical analysis.

12
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Wheelbase information may be obtained from one or more external data sources,
manually or based on the vehicle type. Later, the information may be made more accurate

by multivariate analysis or statistical analysis.

Information about the location of the center of gravity may be obtained from one or more
external data sources, manually or based on the vehicle type. Later, the information may

be made more accurate by multivariate analysis or statistical analysis.

Information about the moment of inertia along different axes of the vehicle and the
moment of inertia associated with rotating masses may be obtained from one or more
external data sources, manually or based on the vehicle type. Later, the information may

be made more accurate by multivariate analysis or statistical analysis.

Effective rolling circumferences of the wheels may be calculated for each wheel by
comparing the travelled distance to each other to map data in chosen periods. For each
wheel a computational dependency tied to the normal force of the wheel is generated. A
momentary normal force of the wheel takes into account a dynamic mass shift of the
vehicle, also taking into account road characteristics, for example, road inclinations to

different directions. The effect of speed may also be taken into account.

The effect of the circumferential force of a wheel to the rolling circumferences of the
wheels is estimated by comparing speed of rotation differences with each other with
different tractive forces. The estimation may also take into account road quality

characteristics and friction.

Flexibility of the wheels and the chassis in longitudinal and lateral directions in weight
transition situations may be determined for each and for each wheel type by using initial
values or by searching the values from a library for a similar vehicle and wheel type. The
effects of the weight transition in longitudinal and lateral directions are estimated
separately because a wheel of the vehicle and chassis structures act differently with forces
having different directions. Coefficients representing the dynamics indicate both the
change caused by the weight shift to the effective travelling device of each wheel and
changes caused by the flexibility to the effective travelling distance of the wheel. The

location of the effective contact point affects, for example, to the track width and

13
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wheelbase. When computing dynamic coefficients, the map data is utilized, for example,
by comparing a turning degree of the vehicle according to the dynamic model in a curve

to an expected turning degree based on the map data.

FIG. 3 illustrates calculation of the change of wheel normal load caused by the road
longitudinal inclination in front and rear axles. Based on FIG. 3, the following equations

can be formed:

Fr * WB =mg = (CF + S¢)

__ mg=(CF+5¢)

F
R WB

Sc = h xtan(y)

mg#+(CR — S¢)
Frp = WB -
__ mg*(CF+h=+tan(y))
Fr = WB
FF _ mg*(CR — hxtan(y))

WB
Fyg = cos(y) * Fy
Fyr = cos(y) * Fg
Cr = Sce-r

Cr = Scc-r

FIG. 4 illustrates a computer-implemented method for positioning a vehicle. The vehicle
may be any vehicle travelling on a road, for example, an autonomous vehicle, a passenger

car, a truck, a motorcycle etc.

At 400, a dynamic model associated with a vehicle discussed above is applied. As already
discussed, the dynamic model has been determined by obtaining status information from
at least one information bus of the vehicle, the status information providing real-time
status information about the vehicle, obtaining, based on vehicle identity information,
vehicle dynamics information, obtaining map data representing road characteristics of
roads of a geographical area, the map data comprising two-dimensional road map data,
three-dimensional road map data associated with the roads, and road characteristics data,

analyzing behavior of the vehicle based on the status information and the vehicle
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dynamics information, and computing a dynamic model for the vehicle by comparing the

behavior of the vehicle to the map data.

At 402, an effective travel distance of a wheel of the vehicle is calculated based on the

dynamic model of the vehicle.

At 404, a momentary track width is calculated based on the dynamic model of the vehicle.

At 406, a momentary direction of the vehicle is calculated based on the effective travel

distance of a wheel of the vehicle and the momentary track width.

At 408, a position of the vehicle is calculated based on the effective travel distance of the

wheel and the momentary direction of the vehicle.

When using the dynamical model of the vehicle, it is possible to calculate an effective
travel distance of the wheel of the vehicle is various changing driving conditions. If the
dynamical model is not used, wheel transformations and changes in measurements used
in the position determination are not taken into account, resulting in an inaccurate position

determination.

The three-dimensional road map data may comprise also road inclination. When the
dynamic model and the road inclination data are combined, the position determination
can be made more accurate. For example, an effect of the road inclination to a projection

of the track width can be taken into account.

In the following, exemplary equations are presented for the rear axle. Equations for the

front axle may be formed similarly.

A starting value for a wheel speed difference between left and right sides by a wheel

travel is

SLTSR _ gAQ
Savg

Vicor = Uy — U * SA%

Vgreor = Vg — Vg * SA%
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A starting value for wheel speed change per speed can be represented as follows:

Vrcor2 = Vicor — Vicor * Speedcor%

VReor2 = VRcor — VReor * Speedcor%

The mass detection may be performed using the previously presented equations for the

mass of the vehicle.

The following parameters may be obtained from a library to be used as starting values:

TW = track width

h = mass center height

WB = wheelbase

mass center location in x/y directions

turning inertia over x/y/z axles

TF = tyre and suspension flex in x direction (side flex)

TFC = type and suspension flex in z direction (compression flex)

The following equations can be formed, when reviewed together with FIGS. 5A and 5B:

TWayn = TW + ATWyyn
ATWayn = Frirae * TE — Frprae * TF

T™W
mg(%ﬂlsin(oc))

F = * cos(y) *
NRLSTAT TW gym €08 () )

Scc—p+htan(y)
WB

TWdyn .
mg( 2 —hsm(oc)) . Sce—p+htan(y)

F =
NRLSTAT TW gyn*C0s () WB
_ —Fpar*cos(x)+h=Scc—r |, FLong*h
Engrpyn = +
TW dyn*WB WB
F _ tFpar*cos()*h«Scc—r | Frong*h
NRLDYN = +

TW gyn*WB wB
Vrayn = VLcorRzpYN — (Fyre * Trc * Vicor2)

Vrayn = VRcOR2DYN — (Fyre * Tre * Vreorz)

Vd

Re = ————% TWyy,, * cos ()

YRdyn—VLdyn

__ VLdyntVRdyn
vdyn - 2

R -

— dyn

FLAT - Rc
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Avdyn

Frong = e Tm
S = vdyn*t
’B_s

= e

Sa = +/2R* — 2R%cos (B)
6=2Xp
Xpos = X sin(8) * s cos(y)

Ypos = X, cos(0) * sycos(y)

In the above equations, the following parameters were used:

The illustrated solution for determining the position accurately may be used in vehicle
navigation and especially in real-time navigation and in real-time three-dimensional

navigation. The illustrated solution can also be utilized in locations where a satellite

y = road longitudinal inclination

Rc = turning circle

« = road side inclination

Sccr =Y distance from axle to mass center
Frat = lateral force

Frong = longitudinal force

s = driving distance

B = turning/direction change

sa = position change distance between A and B
6 = direction

Xpos = position on X axis

Yros = position on Y axis

TWayn = dynamic track width

Fxristat = tyre normal force without speed (rear left)

FxrrstaT = tyre normal force without speed (rear right)
Fxripyn = tyre normal force with dynamic weight transfer (rear left)

Fxrroyn = tyre normal force with dynamic weight transfer (rear right)

vLdyn = left wheel speed after dynamic corrections

VRrdyn = right wheel speed after dynamic corrections

17



20195224 prH 11 -08- 2022

10

15

20

25

30

position based signal, for example, a GPS signal, is weak on non-existent. These locations
may include, for example, closed parking lots, blind spots due to buildings, tunnels and
quarries. Further, the illustrated solution may provide a location service in applications in
which a single location signal is not sufficient, for example, in autonomous vehicles,

metros and trains.

FIG. 6 illustrates a computer-implemented method for enhancing map data.

At 600, a dynamic model associated with a vehicle discussed above is applied. The
vehicle may be any vehicle travelling on a road, for example, an autonomous vehicle, a
passenger car, a truck, a motorcycle etc. As already discussed, the dynamic model has
been determined by obtaining status information from at least one information bus of the
vehicle, the status information providing real-time status information about the vehicle,
obtaining, based on vehicle identity information, vehicle dynamics information, obtaining
map data representing road characteristics of roads of a geographical area, the map data
comprising two-dimensional road map data, three-dimensional road map data associated
with the roads, and road characteristics data, analyzing behavior of the vehicle based on
the status information and the vehicle dynamics information, and computing a dynamic

model for the vehicle by comparing the behavior of the vehicle to the map data.

At 602, an effective travel distance of a wheel of the vehicle is calculated based on the

dynamic model of the vehicle.

At 604, a momentary track width is calculated based on the dynamic model of the vehicle.

At 606, a momentary direction of the vehicle is calculated based on the effective travel

distance of a wheel of the vehicle and the momentary track width.

At 608, a position of the vehicle is calculated based on the effective travel distance of the

wheel and the momentary direction of the vehicle.

At 610, the behavior of the vehicle at the position is associated to the map data at the

position.
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At 612, the map data at the position is updated based on the behavior of the vehicle at the

position.

When the dynamic model of the vehicle and an accurate position of the vehicle has been
determined, various observations about the behavior of the vehicle can be accurately
linked to the map, for example, to exact map coordinates. Further, a geometry of a road
or road segment may be supplemented with information about road inclinations, road
grooves and other errors and/or deviations. Further, the updated map data may be used as

an enhanced map with all other vehicles travelling the same road or road segment later.

In one embodiment, an expected behavior based on the dynamic model of the vehicle at
the calculated position may be compared to the actual behavior of the vehicle at the
position. When the vehicle travels on a straight road, road inclination causes a weight
shift for the vehicle. This, in turn, has an effect for the effective travel distance of a wheel.
Road inclination at the position of the vehicle can be calculated based on the comparison.
Further, now that the accurate position of the vehicle is known and the road inclination at
the position of the vehicle are known, road inclination at the position in the map data can

be updated based on the calculated road inclination.

In an embodiment, a road or a road section of the map data may be divided into road
segments. The division may be based on, for example, the fact how a dynamic state of
the vehicle changes. As one possible example, the road or road sections may be divided
into bends, straight parts, inclination changes etc. An expected behavior of the vehicle at
positions within a road segment may be compared to the behavior of the vehicle at the
positions within the road segment, and an average inclination may be calculated for the
road segment based on the comparison. Now that the average inclination for the road
segment is known, the average road inclination for the road segment may be updated in

the map data.
Within a specific road segment, momentary road inclinations may be calculated similarly.

Due to this, accurate inclination data can be calculated for the road section at all travelled

positions.
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In an embodiment, several vehicles may provide their behavior data about the same road
or road segment. As different vehicles may travel a slightly different path along a specific
road or road section, the map data may be enhanced even more to over a more complete
part of the road or road section. Further, as different vehicles travel similar paths along
the road or road section, road inclination data provided by different vehicles is verified.
In one embodiment, the map data may be enhanced with the calculated road inclination
data after a predetermined number of vehicles have travelled the road or road section and

the analysis results have been verified.

Further, in one embodiment, an average roughness for a road segment may be determined
based on an amplitude of momentary speed changes of wheels of the vehicle obtained
based on analyzing the behavior of the vehicle when it has travelled along the road
segment. The map data for the road segment may then be updated with the average
roughness of the road segment. The average roughness may give, for example, valuable

information about the overall condition of the road segment.

In one embodiment, the behavior of the vehicle and/or the dynamic model of the vehicle
can also be used in determining quality attributes associated with a road or road segment.
Amplitude changes of momentary speed changes of wheels of the vehicle in a road
segment may be detected. Based on the amplitude changes, degree of at least one road
surface irregularity associated with the road segment may be determined. The map data
may then be updated based on the degree of at least one irregularity associated with the
road segment. In other words, potholes and bumps and their degree and/or severity may

be determined based on the amplitude changes.

Further, in one embodiment, a sensitivity dependency maybe calculated for the vehicle,
the sensitivity dependency being dependent on speed and mass of the vehicle. Different
vehicles can then act as “road sensors”, where each sensor may provide a different speed
change response for a same pothole or bump of a specific road position. Thus, by
comparing the sensitivity dependency of the vehicle to a sensitivity dependency of at least
one other vehicle, the sensitivity dependencies of the vehicles may be calibrated based on
the comparison. After the calibration, results of different vehicles can be compared

against each other.
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In one embodiment, vehicle behavior analysis may be performed by wheel basis of a
single vehicle. By analyzing each wheel separately, it is possible to determine which
wheels of the vehicle, i.e. which side of the vehicle, travelled over an irregularity
associated with the road segment. This also enables determination of an accurate position

of the irregularity in the road segment.

FIG. 7 illustrates examples of possible irregularities associated with a road. The y axis
represents wheel speed percentual impulse. The x axis represents a wheel speed message

count.

References 700 and 704 identify specific holes or potholes in an analyzed position in a
road or road segment. A higher reading in the y axis indicated a more severe hole or
pothole. References 702 and 712 identifies a more general section of the road or road
segment, for example, gravel. A reference 706 identifies a normal asphalt section of the
road or road segment. As can be seen from FIG. 7, values in the y axis are the lowest in
the asphalt section. This means that the asphalt section is the smoothest surface in this
example. A reference 708 identifies a wide turn out of the road. A reference 710 identifies
a minor bump in a repaired asphalt on the right side of the vehicle. Finally, a reference

714 identifies a bumpy home road section.

FIG. 8 illustrates a computer-implemented method for condition monitoring of a vehicle.

At 800, a dynamic model associated with a vehicle discussed above is applied. The
vehicle may be any vehicle travelling on a road, for example, an autonomous vehicle, a
passenger car, a truck, a motorcycle etc. As already discussed, the dynamic model has
been determined by obtaining status information from at least one information bus of the
vehicle, the status information providing real-time status information about the vehicle,
obtaining, based on vehicle identity information, vehicle dynamics information, obtaining
map data representing road characteristics of roads of a geographical area, the map data
comprising two-dimensional road map data, three-dimensional road map data associated
with the roads, and road characteristics data, analyzing behavior of the vehicle based on
the status information and the vehicle dynamics information, and computing a dynamic
model for the vehicle by comparing the behavior of the vehicle to the map data. The map

data may comprise map data that has been enhanced using the solution discussed in more

21



20195224 prH 11 -08- 2022

10

15

20

25

30

detail in relation to FIG. 6. In other words, the map data may comprise accurate

information about roads, for example, road inclination data, road irregularity data etc.

At 802, historical changes in at least one calibration parameter associated with the

dynamic model of the vehicle are analyzed.

At 804, effects of the three-dimensional road map data associated with the roads and the
road characteristics data in at least one position on the behavior of the vehicle are

analyzed.

At 806, at least one change in at least one vehicle characteristic is determined based on

the analyzed historical changes and the effects.

The dynamic model of the vehicle defines a set of vehicle-specific calibration parameters
discussed in more detail in relation to FIG. 2. These calibration parameters represent how

the vehicle behaves in various driving situations.

In one embodiment, the at least one calibration parameter comprises calibration
parameters associated with elasticity of a tyre and a dynamic track width, and
determining, based on the analyzed historical changes and the effects, at least one change
in at least one vehicle characteristic comprises determining at least one change in a tyre
characteristic. For example, when the vehicle travels in a curve, a behavior of a tyre is
dependent on a structural rigidity in both longitudinal and lateral directions and on tyre
pressure. Thus, by analyzing the elasticity of the tyre and the dynamic track width, it is
possible to detect a development as the tyre wears, for example, a reduction in tyre

pressure or a tyre body damage.

Further, it may also be possible to detect track width and tyre alignment changes caused
by changes in the chassis of the vehicle by analyzing changes in one or more calibration
parameters, for example, in a track width calibration parameter. The track width
calibration parameter calibrates, for example, when comparing a calculated turning angle

of the vehicle to a turning angle identified by map data.
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In one embodiment, the at least one calibration parameter comprises a tyre-specific speed
and/or distance calibration parameter, and determining, based on the analyzed historical
changes and the effects, at least one change in at least one vehicle characteristic comprises
determining at least one change in a tyre characteristic. In an embodiment, the at least one
change in the tyre characteristic comprises at least one of the following: a reduced tyre
pressure, a tyre imbalance, a shock absorber fault, a fault in a chassis of the vehicle,
deformation of a tyre, a wear of a tyre, an uneven wear of a tyre, and a tyre body damage.
Compared, for example, to existing automatic tyre pressure detection solutions, the
disclosed solution using the dynamic model of the vehicle and enhanced map data enables

a more accurate and sensitive detection of reduced tyre pressure.

Further, faults associated with tyre balancing and/or tyre shape may cause to a momentary
speed of rotation of a tyre or tyres recurring changes that occur at a frequency
corresponding to the speed of rotation. These changes may be used as observations stored
in a back-end system. The back-end system may then compare these observations with
historical data stored relating to the vehicle while taking into account the dynamical
model of the vehicle and map data comprising three-dimensional road map data
associated with roads and road characteristics data. The comparison then enables to

determine possible changes, for example, in tyre balancing and tyre body.

In one embodiment, changes in the momentary speed of rotation of a tyre or tyres that do
not occur at a frequency corresponding to the speed of rotation may be regarded as “other
faults” or “other defects”. These faults or defects may comprise, for example, various
chassis associated faults that may cause different outcomes in different driving
conditions. It is possible to store the changes in the in the momentary speed of rotation of
a tyre or tyres, occurring frequency of the changes and also the location and situation of
the vehicle when the changes occur. The system providing the analysis may be taught to
deduce the most probable faults caused by various changes. For example, a fault in a
shock absorber can be seen in the change of the speed of rotation of a tyre, while the
frequency associated with the change is not directly bound to the speed of rotation.
Instead, it is bound to the characteristic frequency of the spring/mass combinations.
Further, system may use confirmed observations as teaching material in an artificial
intelligence tool. The tool may then later be used to determine fault assessments to various

users experiencing similar situations.
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In one embodiment, it may be possible to detect a dragging brake with the disclosed
dynamic model of the vehicle. When a brake drags, the dynamic model of the vehicle
shows a situation in which the speed and/or distance calibration parameter of one or more
tyres changes with respect to historical data associated with the vehicle. The dragging
brake may show as a reduction in the speed of rotation due to the transformation of the
tyre and the slide of the tyre. The dragging brake may also be determined based on an
increase in a driving resistance coefficient. In some embodiments, due to the dragging of
the brake, it may also cause a decelerating speed change occurring at a frequency
corresponding with the speed of rotation of the tyre, caused by a twisted brake disc or
brake drum. When the driving resistance coefficient increases, it can be seen that the
vehicle needs more power to move. Generally speaking, the driving resistance can be
divided into a rolling resistance and an air drag, and the dragging brake can be determined

based on an increase in the rolling resistance.

In one embodiment, multiples of the frequency of the speed of rotation of the tyre may be
caused by stuck pistons of a brake caliper which bends the brake disc or other drive shaft

or powertrain faults.

Any of the above illustrated observations may be used as teaching material for the

artificial intelligence tool.

FIG. 9 illustrates a system diagram depicting an exemplary apparatus 900 including a
variety of optional hardware and software components, shown generally at 912. Any
components 912 in the apparatus can communicate with any other component, although
not all connections are shown, for ease of illustration. The apparatus 900 can be any of a
variety of computing devices (for example, a computer, a cloud based server etc.) and can
allow two-way communications with one or more communications networks, such as the

Internet.

The illustrated apparatus 900 can include one or more controllers or processors 902 (e.g.,
signal processor, microprocessor, ASIC, or other control and processing logic circuitry)
for performing such tasks as signal coding, data processing, input/output processing,

power control, and/or other functions. An operating system 908 can control the allocation
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and usage of the components 912 and support for one or more application programs 910.
The application programs can include common computing applications (e.g., server

software), or any other computing application.

The illustrated apparatus 900 can include a memory 904. The memory 904 can include
non-removable memory and/or removable memory. The non-removable memory can
include RAM, ROM, flash memory, a hard disk, or other well-known memory storage
technologies. The removable memory can include flash memory or other well-known
memory storage technologies. The memory 904 can be used for storing data and/or code
for running the operating system 908 and the applications 910. Example data can include
web pages, text, images, sound files, video data, or other data sets to be sent to and/or
received from one or more network servers or other devices via one or more wired or

wireless networks.

The apparatus 900 can further include at least one physical connector, which can be a

USB port, IEEE 1394 (FireWire) port, and/or RS-232 port etc.

The illustrated components 912 are not required or all-inclusive, as any components can

deleted and other components can be added.

The apparatus 900 may be configured to implement the various features, examples and
embodiments illustrated in FIGS. 1-8 partially or completely. The functionality described
herein can be performed, at least in part, by one or more computer program product
components such as software components. According to an example, the processor 902
may be configured by the program code which when executed performs the examples and
embodiments of the operations and functionality described. Alternatively, or in addition,
the functionality described herein can be performed, at least in part, by one or more
hardware logic components. For example, and without limitation, illustrative types of
hardware logic components that can be used include Field-programmable Gate Arrays
(FPGAs), Program-specific Integrated Circuits (ASICs), Program-specific Standard
Products (ASSPs), System-on-a-chip systems (SOCs), Complex Programmable Logic
Devices (CPLDs), Graphics Processing Units (GPUs).
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Further, one or more of the disclosed elements or components of the apparatus 900 may
constitute means for applying a dynamic model associated with the vehicle, the dynamic
model having been determined by obtaining status information from at least one
information bus of the wvehicle, the status information providing real-time status
information about the vehicle, obtaining, based on vehicle identity information, vehicle
dynamics information, obtain map data representing road characteristics of roads of a
geographical area, the map data comprising two-dimensional road map data, three-
dimensional road map data associated with the roads, and road characteristics data,
analyzing behavior of the vehicle based on the status information and the vehicle
dynamics information, and computing a dynamic model for the vehicle by comparing the
behavior of the vehicle to the map data; means for analyzing historical changes in at least
one calibration parameter associated with the dynamic model of the vehicle; means for
analyzing effects of the three-dimensional road map data associated with the roads and
the road characteristics data in at least one position on the behavior of the vehicle; and
means for determining, based on the analyzed historical changes and the effects, at least

one change in at least one vehicle characteristic.

The functionality of the apparatus 900 may be implemented by program instructions
stored on a computer readable medium. The program instructions, when executed, cause
the computer, processor or the like, to perform the disclosed steps or functionality. The
computer readable medium can be any medium, including non-transitory storage media,
on which the program is stored such as a Blu-Ray disc, DVD, CD, USB (flash) drive,
hard disc, server storage available via a network, a ROM, a PROM, an EPROM, an
EEPROM or a Flash memory having electronically readable control signals stored
thereon which cooperate or are capable of cooperating with a programmable computer
system such that an embodiment of at least one of the inventive methods is performed.
An embodiment of the invention comprises or is a computer program comprising program
code for performing any of the methods described herein, when executed on a computer.
Another example of the invention comprises or is a computer readable medium
comprising a program code that, when executed by a processor, causes an apparatus to

perform any of the methods described herein.

In one embodiment, the apparatus 900 comprises a vehicle navigator apparatus. The

vehicle navigator device may receive the status information from at least one information
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bus of the vehicle. Then, the vehicle navigator device may comprise the dynamical model
of the vehicle, and the dynamical model may calculate the actual direction and speed of
the vehicle based on the vehicle dynamics information and the map data. By applying the
illustrated solution, the vehicle navigator apparatus always stays on a correct driving lane.
Further, the illustrated solution also removes the problem of determining of a correct
direction, for example, when driving in cities. In another embodiment, the apparatus 900
may be a computer, a computer system or a back-end system that collects information
about one or more vehicles and analyzes the collected information to determine at least

one change in at least one vehicle characteristic.

Although the subject matter has been described in language specific to structural features
and/or acts, it is to be understood that the subject matter defined in the appended claims
is not necessarily limited to the specific features or acts described above. Rather, the
specific features and acts described above are disclosed as examples of implementing the
claims and other equivalent features and acts are intended to be within the scope of the

claims.

It will be understood that the benefits and advantages described above may relate to one
example or may relate to several examples. The examples are not limited to those that
solve any or all of the stated problems or those that have any or all of the stated benefits
and advantages. It will further be understood that reference to 'an' item may refer to one

or more of those items.

The steps of the methods described herein may be carried out in any suitable order, or
simultaneously where appropriate. Additionally, individual blocks may be deleted from
any of the methods without departing from the spirit and scope of the subject matter
described herein. Aspects of any of the examples described above may be combined with
aspects of any of the other examples described to form further examples without losing

the effect sought.
The term 'comprising' is used herein to mean including the method, blocks or elements

identified, but that such blocks or elements do not comprise an exclusive list and a method

or apparatus may contain additional blocks or elements.
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Although the invention and its advantages have been described in detail with reference to
specific features and embodiments thereof, it is evident that various changes,
modifications, substitutions, combinations and alterations can be made thereto without
departing from the spirit and scope of the invention as defined by the appended claims.
The specification and drawings are, accordingly, to be regarded simply as an illustration
of the invention as defined by the appended claims, and are contemplated to cover any
and all modifications, variations, combinations or equivalents that fall within the scope

of the present invention.
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CLAIMS

1. A computer-implemented method for condition monitoring of a vehicle,
characterized inthat the method comprises:

applying (800) a dynamic model (106) associated with a vehicle, the dynamic
model (106) having been determined by obtaining (200) status information (100) from at
least one information bus of the vehicle, the status information (100) providing real-time
status information about the vehicle, obtaining (202), based on vehicle identity
information, vehicle dynamics information (102), obtaining (204) map data (104)
representing road characteristics of roads of a geographical area, the map data (104)
comprising two-dimensional road map data, three-dimensional road map data associated
with the roads, and road characteristics data, analyzing (206) behavior of the vehicle
based on the status information (100) and the vehicle dynamics information (102), and
computing (208) the dynamic model (106) for the vehicle by comparing the behavior of
the vehicle to the map data (104), the dynamic model (106) providing a presumed
behavior of the vehicle in various driving conditions;

analyzing (802) historical changes in at least one calibration parameter associated
with the dynamic model (106) of the vehicle;

analyzing (804) effects of the three-dimensional road map data associated with
the roads and the road characteristics data in at least one position on the behavior of the
vehicle; and

determining (806), based on the analyzed historical changes and the effects, at

least one change in at least one vehicle condition characteristic.

2. A method of claim 1, wherein the status information comprises at least one
of a motor power, tyre speeds, a steering wheel position, vehicle system information,
traction control information, vehicle stabilization system information and anti-lock

braking system information.

3. A method of claim 1 or 2, wherein obtaining, based on vehicle identity
information, vehicle dynamics information (102) comprises obtaining initial vehicle
dynamics information associated with a model or type of the vehicle from at least one

external data source.
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4. A method of claim 1 or 3, wherein obtaining, based on vehicle identity
information, vehicle dynamics information (102) comprises obtaining supplemental
vehicle dynamics information based on real-time vehicle dynamics data obtained from

the vehicle.

5. A method of any of claims 1 - 4, wherein the road characteristics data
comprises at least one of road quality data, road irregularity data and data about local

deviations associated with the road.

6. A method of any of claim 5, wherein the method further comprises
combining the dynamic model with the road characteristics data to enhance the

calculation of the position of the vehicle.

7. A method of any of claims 1 - 6, wherein the three-dimensional road map
data comprises road inclination data, and the method further comprises combining the
dynamic model with the road inclination data to enhance the calculation of the position

of the vehicle.

8. A method of any of claims 1 - 7, wherein the at least one calibration
parameter comprises calibration parameters associated with elasticity of a tyre and a
dynamic track width, and determining, based on the analyzed historical changes and the
effects, at least one change in at least one vehicle characteristic comprises determining at

least one change in a tyre characteristic.

9. A method of any of claims 1 - 8, wherein the at least one calibration
parameter comprises a tyre-specific speed and/or distance calibration parameter, and
determining, based on the analyzed historical changes and the effects, at least one change
in at least one vehicle characteristic comprises determining at least one change in a tyre

characteristic.

10. A method of any of claims 8 or 9, wherein the at least one change in the tyre

characteristic comprises at least one of the following a reduced tyre pressure, a tyre
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imbalance, a shock absorber fault, a fault in a chassis of the vehicle, deformation of a

tyre, a wear of a tyre, an uneven wear of a tyre, and a tyre body damage.

11. A method of any of claims 1 - 10, wherein the at least one calibration
parameter comprises a speed and/or distance calibration parameter of at least one tyre of
the vehicle, and determining, based on the analyzed historical changes and the effects, at
least one change in at least one vehicle characteristic comprises determining a dragging

brake associated with at least one tyre.

12.  An apparatus (900) for condition monitoring of a vehicle, the apparatus
(900) comprising:

at least one processor (902);

at least one memory (904) connected to the at least one processor (902);,

characterized in that the at least one memory (904) stores program
instructions that, when executed by the at least one processor (902), cause the apparatus
(900) to:

apply (800) a dynamic model (106) associated with a vehicle, the dynamic model
(106) having been determined by obtaining status information (100) from at least one
information bus of the vehicle, the status information (100) providing real-time status
information about the vehicle, obtaining (202), based on vehicle identity information,
vehicle dynamics information (106), obtaining (204) map data (104) representing road
characteristics of roads of a geographical area, the map data (104) comprising two-
dimensional road map data, three-dimensional road map data associated with the roads,
and road characteristics data, analyzing behavior (206) of the vehicle based on the status
information (100) and the vehicle dynamics information (102), and computing (208) the
dynamic model (106) for the vehicle by comparing the behavior of the vehicle to the map
data (104), the dynamic model (106) providing a presumed behavior of the vehicle in
various driving conditions;

analyze (802) historical changes in at least one calibration parameter associated
with the dynamic model of the vehicle;

analyze (804) effects of the three-dimensional road map data associated with the
roads and the road characteristics data in at least one position on the behavior of the

vehicle; and
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determine (800), based on the analyzed historical changes and the effects, at least

one change in at least one vehicle condition characteristic.

13.  An apparatus (900) of claim 12, wherein the status information (100)
comprises at least one of a motor power, tyre speeds, a steering wheel position, vehicle
system information, traction control information, vehicle stabilization system information

and anti-lock braking system information.

14.  An apparatus (900) of claim 12 or 13, wherein obtaining, based on vehicle
identity information, vehicle dynamics information (102) comprises obtaining initial
vehicle dynamics information associated with a model or type of the vehicle from at least

one external data source.

15.  An apparatus (900) of claim 12 or 14, wherein obtaining, based on vehicle
identity information, vehicle dynamics information (102) comprises obtaining
supplemental vehicle dynamics information based on real-time vehicle dynamics data

obtained from the vehicle.

16.  Anapparatus (900) of any of claims 12 - 15, wherein the road characteristics
data comprises at least one of road quality data, road irregularity data and data about local

deviations associated with the road.

17.  An apparatus (900) of claim 16, wherein the at least one memory (904)
stores program instructions that, when executed by the at least one processor (902), cause
the apparatus (900) to combine the dynamic model with the road characteristics data to

enhance the calculation of the position of the vehicle.

18.  An apparatus (900) of any of claims 12 - 17, wherein the three-dimensional
road map data comprises road inclination data, and wherein the at least one memory (904)
stores program instructions that, when executed by the at least one processor (902), cause
the apparatus (900) to combine the dynamic model with the road inclination data to

enhance the calculation of the position of the vehicle.

32



20195224 prH 11 -08- 2022

10

15

20

25

30

19.  An apparatus (900) of any of claims 12 - 18, wherein the at least one
calibration parameter comprises calibration parameters associated with elasticity of a tyre
and a dynamic track width, and determining, based on the analyzed historical changes
and the effects, at least one change in at least one vehicle characteristic comprises

determining at least one change in a tyre characteristic.

20. An apparatus (900) of any of claims 12 - 19, wherein the at least one
calibration parameter comprises a tyre-specific speed and/or distance calibration
parameter, and determining, based on the analyzed historical changes and the effects, at
least one change in at least one vehicle characteristic comprises determining at least one

change in a tyre characteristic.

21. An apparatus (900) of any of claims 19 or 20, wherein the at least one
change in the tyre characteristic comprises at least one of the following: a reduced tyre
pressure, a tyre imbalance, a shock absorber fault, a fault in a chassis of the vehicle,

deformation of a tyre, a wear of a tyre, an uneven wear of a tyre, and a tyre body damage.

22.  An apparatus (900) of any of claims 12 - 21, wherein the at least one
calibration parameter comprises a speed and/or distance calibration parameter of at least
one tyre of the vehicle, and determining, based on the analyzed historical changes and the
effects, at least one change in at least one vehicle characteristic comprises determining a

dragging brake associated with at least one tyre.

23. A computer program comprising program code which, when the program is
executed by a computer, causes the computer to carry out the method of any of claims 1

- 11.

24. A computer-readable medium comprising instructions which when,
executed by a computer, cause the computer to carry out the method of any of claims 1 —

11.
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PATENTTIVAATIMUKSET

1.  Tietokoneella toteutettu menetelmd ajoneuvon kunnon tarkkailemista
varten,tunnettu siitd, ettd menetelma kasittaa, ettd

sovelletaan (800) ajoneuvoon liittyvad dynaamista mallia (106), joka dynaaminen
malli (106) on méaéritetty hankkimalla (200) tilatietoa (100) ajoneuvon vahintddn yhdesta
tietovaylastd, joka tilatieto (100) tarjoaa kayttoon reaaliaikaista tilatietoa ajoneuvosta,
hankkimalla (202) ajoneuvon identiteettitiedon perusteella ajoneuvodynamiikkatietoa
(102), hankkimalla (204) karttadataa (104), joka esittdd maantieteellisen alueen teiden
tieominaispiirteitd, joka karttadata (104) kasittdad kaksiulotteista tiekarttadataa, teihin
liittyvad kolmiulotteista tiekarttadataa ja tieominaispiirredataa, analysoimalla (206)
ajoneuvon kayttaytymistd tilatiedon (100) ja ajoneuvodynamiikkatiedon (102)
perusteella, ja laskemalla (208) dynaaminen malli (106) ajoneuvolle vertaamalla
ajoneuvon kayttaytymistd karttadataan (104), joka dynaaminen malli (106) esittdd
ajoneuvon oletetun kayttdytymisen eri ajo-olosuhteissa;

analysoidaan (802) historiallisia muutoksia ajoneuvon dynaamiseen malliin (106)
liittyvéssa vahintddan yhdessa kalibrointiparametrissa;

analysoidaan (804) teihin liittyvdn kolmiulotteisen tiekarttadatan ja
tieominaispiirredatan  vaikutuksia  véhintddn  yhdessd  sijainnissa  ajoneuvon
kayttaytymiseen; ja

maédritetddn (806) analysoitujen historiallisten muutosten ja vaikutusten

perusteella vahintddn yksi muutos vahintddn yhdessd ajoneuvo-ominaispiirteessa.

2. Patenttivaatimuksen 1 mukainen menetelma, missd tilatieto késittaa
vahintdan yhden seuraavista: moottorin teho, rengasnopeudet, ratin asento, ajoneuvon
jarjestelmatiedot,  luistonestotiedot,  ajoneuvon  vakautusjédrjestelmitiedot  ja

lukkiutumattomien jarrujen jarjestelmétiedot.

3.  Patenttivaatimuksen 1 tai 2  mukainen menetelmd,  missi
ajoneuvodynamiikkatiedon (102) hankkiminen ajoneuvon identiteettitiedon perusteella
késittdad sen, ettd hankitaan alkuperiista ajoneuvodynamiikkatietoa, joka liittyy ajoneuvon

malliin tai tyyppiin, véhintddn yhdesti ulkopuolisesta datalahteesta.
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4. Patenttivaatimuksen 1 tai 3 mukainen menetelma, missd
ajoneuvodynamiikkatiedon (102) hankkiminen ajoneuvon identiteettitiedon perusteella
kasittdd sen, ettd hankitaan tidydentdvdd ajoneuvodynamiikkatietoa, joka perustuu

ajoneuvosta saatavaan reaaliaikaiseen ajoneuvodynamiikkadataan.

5. Jonkin patenttivaatimuksista 1 - 4 mukainen menetelméd, missd
tieominaispiirredata késittdd vahintddn yhden seuraavista: tien laatua koskeva data, tien

epasddnnollisyyksid koskeva data ja tien paikallisia poikkeavuuksia koskeva data.

6. Patenttivaatimuksen 5 mukainen menetelmi, missd menetelméd edelleen
kasittdad, ettd yhdistetdan dynaaminen malli tieominaispiirredataan ajoneuvon sijainnin

laskemisen tehostamiseksi.

7. Jonkin patenttivaatimuksista 1 — 6 mukainen menetelmd, missé
kolmiulotteinen tiekarttadata késittdaa tien kallistusta koskevaa dataa, ja menetelmé
kasittdd lisdksi, ettd yhdistetddn dynaaminen malli tien kallistusta koskevaan dataan

ajoneuvon sijainnin laskemisen tehostamiseksi.

8.  Jonkin patenttivaatimuksista 1 — 7 mukainen menetelma, missd mainittu
vahintdén yksi kalibrointiparametri késittda kalibrointiparametreja, jotka liittyvét renkaan
elastisuuteen ja dynaamiseen raideleveyteen, ja véhintddn yhden muutoksen
madrittdiminen mainitussa véhintddn yhdessid ajoneuvo-ominaispiirteessd analysoitujen
historiallisten muutosten ja vaikutusten perusteella késittdd sen, ettd madritetddn

vahintddn yksi muutos rengasominaispiirteessa.

9. Jonkin patenttivaatimuksista 1 — 8 mukainen menetelmé, missd mainittu
vahintddn yksi kalibrointiparametri  késittdd rengaskohtaisen nopeus- ja/tai
matkakalibrointiparametrin, ja véhintdan yhden muutoksen maéérittdminen mainitussa
vahintddn yhdessd ajoneuvo-ominaispiirteessd analysoitujen historiallisten muutosten ja

vaikutusten perusteella késittdd sen, ettd madritetddn vahintddn yksi muutos

2

rengasominaispiirteessa.
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10.  Jonkin patenttivaatimuksista 8 tai 9 mukainen menetelmé, missd mainittu
vahintddn yksi muutos rengasominaispiirteessd kasittdd vahintdan yhden seuraavista:
alentunut rengaspaine, rengasepétasapaino, iskunvaimenninvika, vika ajoneuvon
rungossa, renkaan muodon muuttuminen, renkaan kuluminen, renkaan epitasainen

kuluminen ja renkaan runkovaurio.

11. Jonkin patenttivaatimuksista 1 — 10 mukainen menetelma, missd mainittu
vahintadn yksi kalibrointiparametri kasittdd ajoneuvon véhintddn yhden renkaan nopeus-
ja/tai matkakalibrointiparametrin, ja véhintddn yhden muutoksen maéarittdiminen
mainitussa véhintddn yhdessd ajoneuvo-ominaispiirteessd analysoitujen historiallisten
muutosten ja vaikutusten perusteella kasittdd sen, ettd midritetddn vahintddn yhteen

renkaaseen liittyvé laahaava jarru.

12.  Laite (900) ajoneuvon kunnon tarkkailemista varten, joka laite (900)
késittaa:

ainakin yhden prosessorin (902);

vahintddn yhden muistin (904), joka on liitetty mainittuun véhintdan yhteen
prosessoriin (902);

tunnettu siitd, ettd mainittuun vahintdin yhteen muistiin (904) on tallennettu
ohjelmakéskyjd, jotka mainitulla véhintdén yhdelld prosessorilla (902) suoritettuina
saavat laitteen (900):

soveltamaan (800) ajoneuvoon liittyvdd dynaamista mallia (106), joka
dynaaminen malli (106) on maééritetty hankkimalla (200) tilatietoa (100) ajoneuvon
vahintdadn yhdestd tietovaylédstd, joka tilatieto (100) tarjoaa kéyttoon reaaliaikaista
tilatietoa ajoneuvosta, hankkimalla (202) ajoneuvon identiteettitiedon perusteella
ajoneuvodynamiikkatietoa (102), hankkimalla (204) karttadataa (104), joka esittdd
maantieteellisen alueen teiden tieominaispiirteitd, joka karttadata (104) kasittdaa
kaksiulotteista tiekarttadataa, teihin liittyvdd kolmiulotteista tiekarttadataa ja
tieominaispiirredataa, analysoimalla (206) ajoneuvon kayttaytymista tilatiedon (100) ja
ajoneuvodynamiikkatiedon (102) perusteella, ja laskemalla (208) dynaaminen malli (106)
ajoneuvolle vertaamalla ajoneuvon kayttaytymistd karttadataan (104), joka dynaaminen

malli (106) esittdd ajoneuvon oletetun kdyttdytymisen eri ajo-olosuhteissa;
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analysoimaan (802) historiallisia muutoksia ajoneuvon dynaamiseen malliin
(106) liittyvasséd vahintdan yhdessa kalibrointiparametrissa,

analysoimaan (804) teithin liittyvdn kolmiulotteisen tiekarttadatan ja
tieominaispiirredatan  vaikutuksia  véhintddn  yhdessid  sijainnissa  ajoneuvon
kayttdytymiseen; ja

médrittdmadn (806) analysoitujen historiallisten muutosten ja vaikutusten

perusteella vahintddn yksi muutos vahintddn yhdessd ajoneuvo-ominaispiirteessa.

13.  Patenttivaatimuksen 12 mukainen laite (900), missa tilatieto (100) kasittaa
vahintdan yhden seuraavista: moottorin teho, rengasnopeudet, ratin asento, ajoneuvon
jarjestelmatiedot,  luistonestotiedot,  ajoneuvon  vakautusjédrjestelmitiedot  ja

lukkiutumattomien jarrujen jarjestelmétiedot.

14. Patenttivaatimuksen 12 tai 13 mukainen laite (900), missé
ajoneuvodynamiikkatiedon (102) hankkiminen ajoneuvon identiteettitiedon perusteella
késittdad sen, ettd hankitaan alkuperiista ajoneuvodynamiikkatietoa, joka liittyy ajoneuvon

malliin tai tyyppiin, véhintddn yhdesti ulkopuolisesta datalahteesta.

15. Patenttivaatimuksen 12 tai 14 mukainen laite (900), missd
ajoneuvodynamiikkatiedon (102) hankkiminen ajoneuvon identiteettitiedon perusteella
kasittdad, ettd hankitaan tdydentdvdd ajoneuvodynamiikkatietoa, joka perustuu

ajoneuvosta saatavaan reaaliaikaiseen ajoneuvodynamiikkadataan.

16. Jonkin patenttivaatimuksista 12 — 15 mukainen laite (900), missd
tieominaispiirredata kéasittdd vahintadn yhden seuraavista: tien laatua koskeva data, tien

epasddnnollisyyksid koskeva data ja tien paikallisia poikkeavuuksia koskeva data.

17. Patenttivaatimuksen 16 mukainen laite (900), missd mainittuun véhintdin
yhteen muistiin (904) on tallennettu ohjelmakéskyjé, jotka mainitulla vahintdén yhdella
prosessorilla (902) suoritettuina saavat laitteen (900) yhdistaimédn dynaamisen mallin

tieominaispiirredataan ajoneuvon sijainnin laskemisen tehostamiseksi.
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18. Jonkin patenttivaatimuksista 12 — 17 mukainen laite (900), missd
kolmiulotteinen tiekarttadata kasittda tien kallistusta koskevaa dataa, ja missd mainittuun
vahintdédn yhteen muistiin (904) on tallennettu ohjelmakéskyjé, jotka mainitulla vahintdan
yhdelld prosessorilla (902) suoritettuina saavat laitteen (900) dynaamisen mallin
yhdistamisen tien kallistusta koskevaan dataan tien kallistusta koskevaan dataan

ajoneuvon sijainnin laskemisen tehostamiseksi.

19.  Jonkin patenttivaatimuksista 12 — 18 mukainen laite (900), missd mainittu
vahintdédn yksi kalibrointiparametri késittaa kalibrointiparametreja, jotka liittyvét renkaan
elastisuuteen ja dynaamiseen raideleveyteen, ja véhintddn yhden muutoksen
madrittdiminen  védhintddn  yhdessd  ajoneuvo-ominaispiirteessd  analysoitujen
historiallisten muutosten ja vaikutusten perusteella késittdd sen, ettd madritetddn

vahintddn yksi muutos rengasominaispiirteessa.

20. Jonkin patenttivaatimuksista 12 — 19 mukainen laite (900), missd mainittu
vahintddn yksi kalibrointiparametri  késittdd rengaskohtaisen nopeus- ja/tai
matkakalibrointiparametrin, ja vahintddn yhden muutoksen mairittiminen vahintdin
yhdessd ajoneuvo-ominaispiirteessd analysoitujen historiallisten muutosten ja

vaikutusten perusteella késittdd sen, ettd madritetddn védhintddn yksi muutos

2

rengasominaispiirteessa.

21. Jonkin patenttivaatimuksista 19 tai 20 mukainen menetelmé&, missé mainittu
vahintddn yksi muutos rengasominaispiirteessd kasittdd vahintdan yhden seuraavista:
alentunut rengaspaine, rengasepitasapaino, iskunvaimenninvika, vika ajoneuvon
rungossa, renkaan muodon muuttuminen, renkaan kuluminen, renkaan epitasainen

kuluminen ja renkaan runkovaurio.

22.  Jonkin patenttivaatimuksista 12 — 21 mukainen laite (900), missd mainittu
vahintadn yksi kalibrointiparametri kasittdd ajoneuvon véhintddn yhden renkaan nopeus-
ja/tai matkakalibrointiparametrin, ja véhintddn yhden muutoksen maéarittdiminen

vahintddn yhdessd ajoneuvo-ominaispiirteessd analysoitujen historiallisten muutosten ja
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vaikutusten perusteella kasittdd sen, ettd madritetddn vahintdan yhteen renkaaseen liittyva

laahaava jarru.

23. Tietokoneohjelma, joka késittdd ohjelmakoodia, joka tietokoneen
suorittamana saa tietokoneen toteuttamaan jonkin patenttivaatimuksista 1 - 11 mukaisen

menetelméin.

24. Tietokoneella luettava viline, joka kasittdd kaskyja, jotka tietokoneen
suorittamana saavat tietokoneen toteuttamaan jonkin patenttivaatimuksista 1 - 11

mukaisen menetelmén.

39



20195224 rrH 25 -03- 2019

104 100 102

VEHICLE STATUS VEHICLE DYNAMICS
MAP DATA INFORMATION INFORMATION

106—_ DYNAMIC MODEL
FOR VEHICLE

FIG. 1

OBTAINING STATUS INFORMATION FROM AT LEAST ONE
INFORMATION BUS OF THE VEHICLE, THE STATUS
INFORMATION PROVIDING REAL-TIME STATUS INFORMATION

L~ 200
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OF ROADS OF A GEOGRAPHICAL AREA, THE MAP DATA
COMPRISING TWO-DIMENSIONAL ROAD MAP DATA,
THREE-DIMENSIONAL ROAD MAP ASSOCIATED WITH THE ROADS,
AND ROAD CHARACTERISTICS DATA

L~ 204

v

ANALYZING BEHAVIOR OF THE VEHICLE BASED ON THE STATUS
INFORMATION AND THE VEHICLE DYNAMICS INFORMATION
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COMPUTING ADYNAMIC MODEL FOR THE VEHICLE BY
COMPARING THE BEHAVIOR OF THE VEHICLE TO THE MAP DATA

L~ 208

FIG. 2



20195224 rrH 25 -03- 2019

FIG. 3
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L~ 400

v
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v
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v
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v
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APPLYING A DYNAMIC MODEL ASSOCIATED WITH THE VEHICLE

L~ 800

v

ANALYZING HISTORICAL CHANGES IN AT LEAST ONE
CALIBRATION COEFFICIENT ASSOCIATED WITH THE DYNAMIC

L~ 802

MODEL OF THE VEHICLE

ANALYZING EFFECTS OF THE THREE-DIMENSIONAL ROAD MAP
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CHARACTERISTICS DATA IN AT LEAST ONE POSITION ON THE

L~ 804

BEHAVIOR OF THE VEHICLE

DETERMINING, BASED ON THE ANALYZED HISTORICAL CHANGES
AND THE EFFECTS, AT LEAST ONE CHANGE IN AT LEAST ONE
VEHICLE CHARACTERISTIC

L~ 806

FIG. 8
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