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DESCRIPTION

INTRODUCTION AND BACKGROUND

[0001] This invention relates to a method and system for monitoring road condition, including
road roughness.

[0002] The need to measure road roughness has led to the advent of various measuring
devices varying from Response-Type Road Roughness Measurement Systems (RTRRMS) to
more sophisticated and dedicated profilometers.

[0003] Road roughness is characterised by undulations along the longitudinal axis of the road.
Road roughness can be expressed in different measuring standards or roughness indexes, of
which the International Roughness Index (IRl) is the international standard. The IRl is a
mathematical representation of the accumulated suspension stroke of a vehicle divided by the
distance travelled. Consequently, the IRl has a unit of slope. When calculating the IRI, a
longitudinal road profile is measured, using a quarter-car simulation. The IRl is a roughness
index that is reproducible, portable and constant over time. Another roughness index often
used is the Half-Car Roughness Index (HRI) which involves averaging left-hand and right-hand
profiles of the vehicle prior to processing the data.

[0004] Currently, road roughness measurements are divided into four broad generic classes
based on devices and methods of operation, the reproducibility of the measurements and
degree of accuracy and precision of the measurements. The main classes of roughness
measurements are:

Class 1
which is measured by profilometers configured to measure a road profile with the
highest degree of accuracy and precision. Maximum longitudinal sampling interval < 25
mm. Precision of the vertical elevation measures < 0.1 mm;

Class 2
which is measured by profilometers that can measure a road profile accurately.
Maximum longitudinal sampling interval > 25 mm and < 150 mm. Precision of the vertical
elevation measures > 0.1 mm and < 0.2 mm.

Class 3
which is measured by response-type devices which are calibrated by relating the
measurements obtained to known IRI figures on particular road sections. Maximum
longitudinal sampling interval > 150 mm and < 300 mm. Precision of the vertical
elevation measures > 0.2 mm and < 0.5 mm.

Class 4
which is measured by devices that are not calibrated and include subjective ratings of
road roughness. The measurements are not suitable for network level surveillance.
Maximum longitudinal sampling interval > 300 mm. Precision of the vertical elevation
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measures > 0.5 mm.

[0005] Class 1 and Class 2 roughness measurements are obtained from very expensive
profilometers which provide a detailed indication of road condition. In practice it is not possible
or practical to use these profilometers throughout the extended road network on a regular
basis to provide accurate measurements of the condition of all the roads in the network.

[0006] As an alternative to using profilometers to measure the roughness of all roads within an
extended road network, the use of Class 3 type devices to monitor roads, including unpaved
roads, on a continuous, real-time basis, by means of devices permanently installed on vehicles
using the extended road network has been proposed (in the form of RTRRMS).

[0007] The calibration of these devices, and the correlation of the data received through the
use thereof to a common scale of interest remain two of the most pressing challenges when
using the RTRRMS devices. More specifically, factors that affect the results obtained by these
systems, and that continue to pose challenges when calibrating these devices include the
suspension system of the host vehicle, vehicle dimensions, a load on the vehicle, type, size
and inflation pressure of the tyres used on the vehicle, and the speed at which the vehicle
travels during the time of measurement.

[0008] CN104 792 937A (Univ Tongji), discloses a bridge head bump detection evaluation
method based on a vehicle-mounted gravitational acceleration sensor.

[0009] US6, 484, 089B1 (Millington), discloses a system which identifies problem road
conditions such as potholes, and stores the location of the condition.

[0010] Yuchuan Du ET AL: "Measurement of International Roughness Index by using Z-axis
accelerometers and GPS", Mathematical Problems in Engineering, 30 June 2014 (2014-06-30)
discloses measurement of IRl using Z-axis accelerometers and GPS and a model for
calculating the IRI from road induced power spectral density values and a speed correction
coefficient for the effect of speed on the model.

OBJECT OF THE INVENTION

[0011] It is an object of the present invention to provide a method of and system for providing
an indication of the roughness of a portion of a road with which the applicant believes the
aforementioned disadvantages may at least be alleviated or which may provide a useful
alternative for the known systems and methods.

SUMMARY OF THE INVENTION
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[0012] According to a first aspect of the invention there is provided a method for providing, for
a portion of a road, an approximation of a roughness figure in accordance with a roughness
index as specified in the claims.

[0013] According to a second aspect of the invention there is provided a system which may be
used for providing, for a portion of a road, an approximation of a roughness figure in
accordance with a roughness index as specified in the claims.

[0014] According to a third aspect of the invention there is provided a computer readable
medium with a computer program having a program code for performing the method of claim 1
when the program runs on a processor.

BRIEF DESCRIPTION OF THE ACCOMPANYING DIAGRAMS

[0015] The invention will now further be described, by way of example only, with reference to
the accompanying diagrams wherein:

figure 1
is a diagrammatic representation of a system for monitoring the condition of roads;

figure 2(a)
is a block diagram illustrating a method for providing, for a portion of a road, an
approximation of a roughness figure in accordance with a roughness index such as HRI
or IRI;

figure 2(b)
is a block diagram illustrating a method of deriving a number of sets of speed-based
conversion equations;

figure 3
is a diagrammatic representation of a reference road section comprising a plurality of
reference portions, used in the derivation according to the method illustrated in figure
2(b);

figure 4
is an actual roughness profile of the reference road section of figure 3, obtained by a
Class 1 profilometer;

figure 5
shows CoV values obtained by a reference vehicle having been driven over the
reference road section of figure 3 at three different predetermined speeds; and

figure 6
is a first set of conversion equations, derived from a regression analysis of the data of
the figures 4 and 5.

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
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[0016] An example embodiment of a system for monitoring the condition of roads is generally
designated by the reference numeral 10 in figure 1.

[0017] Aroad 12 to be monitored may be any road within a larger road network and is divided
into a plurality of adjacent portions (14.1 to 14.m), each portion being of equal length, such as
100m or 10m for example. The system 10 is utilised to provide, for each of portions 14.1 to
14.m of the road 12, an approximation of a roughness figure in accordance with a roughness
index. A first vehicle 16, with which x-, y- and z- axes are associated, travels along the road 12.
The z-axis is perpendicular to the road surface. While the first vehicle 16 is travelling along the
road 12, a first measuring device 18, which is carried by the first vehicle 16, measures and
records data in the form of z-axis acceleration of the first device 18. Data relating to the speed
at which the first vehicle 16 is travelling along the road 12 is also obtained.

[0018] The system 10 is utilised in performing a method for providing, for each of the portions
14.1 to 14.m of the road 12, an approximation of a roughness figure in accordance with a
roughness index. The method is generally designated by the reference numeral 20 in figure
2(a).

[0019] As the vehicle 16 travels along the road 12, and over the portions 14.1 to 14.m, the
measuring device 18 measures z-axis acceleration data of the device 18. As stated above,
speed data of the vehicle 16 is also obtained. The z-axis acceleration measurement is sampled
at a predetermined frequency, so that a plurality of measurements are made in each of the
portions 14.1 to 14.m. The z-axis acceleration data of each portion is processed to provide a
parameter value relating to the z-axis acceleration data measured by the first measuring
device 18 while the vehicle was travelling over each respective one of the portions 14.1 to
14.m of the road 12.

[0020] By utilising the speed data, a first speed-based conversion equation is utilised to
convert the parameter value into an approximation of a roughness figure in accordance with
the roughness index.

[0021] In the example embodiment, the first measuring device 18 is a vehicle telematics device
of a known kind which is used for the recovery of stolen/hijacked vehicles, insurance purposes
including monitoring driver behaviour and vehicle fleet monitoring and management. The
telematics device 18 is mounted fast to the first vehicle 16 and is concealed by the body of the
vehicle 16. The telematics device 18 thus moves in sympathy with the vehicle, which enables it
to measure z-axis vibrations and accelerations experienced by the vehicle 16, caused by the
roughness of the road. In other embodiments the device may be removable but rigidly
connectable to the body or chassis in a cradle or the like. The vehicle telematics device 18
comprises a three-axis accelerometer 22, a three-axis gyroscope 24, a Global Positioning
System (GPS) 26, a local controller 28 comprising a processor and an associated memory
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arrangement 30, a radio frequency (RF) transceiver 32 enabling wireless data communication
between the telematics device 18 and a central backend 34 and a local power supply for the
device comprising a battery 36.

[0022] The location of each portion (14.1 to 14.m) of the road 12 is determined by means of
the GPS providing longitude and latitude data of the vehicle to an accuracy of approximately
2.5 Circular Error Probability (CEP).

[0023] The transceiver 32 periodically transmits data to the backend 34. The frequency at
which z-axis acceleration data is measured (the sampling rate) and the capacity of the memory
arrangement 30 and processor 28 of the telematics device 18 influence the rate of transmitting
data to the backend 34.

[0024] In the example embodiment, the backend 34 comprises a computer system 37
comprising processing means 38 and a memory arrangement 39; and a receiver 40 enabling
wireless communication between the telematics device 18 and the backend 34. The wireless
communication between the telematics device 18 and the backend 34 may be by way of a
Global System for Mobile Communication (GSM) network 42. The GPS 26 of the telematics
device communicates extra-terrestrially with a satellite 44 in a known manner.

[0025] The roughness index in accordance with which the acceleration data is approximated
may be one of the International Roughness Index (IRl) and the Half Car Roughness Index
(HR).

[0026] In the example embodiment, and referring also to figure 2(a), the parameter value is a
statistical parameter value and may be obtained by processing the acceleration data of each of
the portions 14.1 to 14.m of the road 12 statistically, to obtain a Coefficient of Variation (CoV)
for the particular portion, relating to z-axis acceleration of the device 18. In determining the
CoV, the standard deviation (o) (shown at 200 in fig 2(a)) and the mean (u) (shown at 202 in
fig 2(a)) of the acceleration data received (shown at 204 in fig 2(a)) for the portion of the road
12 is calculated. The CoV is then obtained at 206 in figure 2(a) according to the following
equation:

Oz—Acceleration

CoV = ———x 100

Hz—Aceeleration

[0027] The CoV is a dimensionless quantity of dispersion. It is often used to measure the
variability or dispersion of data in relation to the mean of a distribution. It is more simply
defined as the ratio of the standard deviation to the mean of the data. The dimensionless
property of the CoV allows data from different vehicles or vehicles travelling at different speeds
to be compared more readily.

[0028] In cases where the available memory arrangement 30 is insufficient, the CoV value may

be approximated by making use of a Naive Coefficient of Variation (NCoV), which is defined as:
Running Standard Deviation,_sccereration (07 Naive Deviation)

LY VAN P S
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Loy = X 1Uv
Meanz—acceleration

[0029] When using the NCoV, the standard deviation as used in the CoV calculation is thus
supplanted by a running standard deviation (or naive deviation) of the z-acceleration data.

[0030] Throughout this specification, reference to the CoV is to be interpreted as including as
an alternative the use of the NCoV.

[0031] As will be explained in more detail below, correlation between the trends of different
CoV data plots and an actually measured HRI profile is noticeable when comparing figures 4
and 5. Areas of high CoV values can be associated with areas of high road roughness.

[0032] Despite this, the CoV in itself is not suitable to provide a realistic approximation of a
roughness figure and requires further processing. This is evident from vertical scatter obtained
when plotting CoV graphs of different vehicles driving over a road at different speeds. The data
output shown in figure 5 can be viewed as a standard first order data set that can be obtained
from a cloud of data collected from all the vehicles in a population of vehicles fitted with
telematics devices 18.

[0033] It is important to note that, when calculating the CoV values, the standard deviation and
mean of the z-axis acceleration should always be positive and should not fluctuate around the
zero axis. For this reason, the gravity component of the z-axis acceleration is retained during
the calculations.

[0034] Preferably, the sampling rate of the data is 100 Hz while the length of each of the
portions 14.1 to 14.m of the road 12 is 100 m. At this frequency, and at an example speed of
100 km/h, z-axis acceleration data is sampled every 278 mm along each of the portions 14.1 to
14.m of the road 12, which corresponds well to Class 3 roughness measurements. As data
storage, processing and transmitting capabilities of the system 10 is improved, the length of
the portion can be reduced to 10 m, to improve the accuracy of results obtained thereby. Other
sampling rates, such as 80 Hz, are feasible. However, the higher the sampling rate, the more
accurate the approximation will be. New generation telematics devices are capable of sampling
rates of up to 400 Hz.

[0035] A single CoV value, based on all the sampled acceleration data points is therefore
determined for each of the portions 14.1 to 14.m of the road 12.

[0036] Instead of determining the CoV value as mentioned above, a Root Mean Square (RMS)
value may alternatively be determined for each portion 14.1 to 14.m. It has however been
found that, particularly at sampling frequencies of about 100 Hz, utilising CoV instead of the
RMS results in a stronger correlation to actually measured roughness according to the
roughness index (IRl or HRI).
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[0037] An advantage of the current system relates to the use of easily obtainable z-axis
acceleration data, instead of actually measured displacement data (as used by known
profilometers), without the need to transform the acceleration data into displacement data.
However, should the need arise, the acceleration data could be transformed into displacement
data by means of a double integral. Thus, mathematical processing, where the acceleration
data is converted to displacement data, may be utilised instead of statistical processing as
mentioned above. This inevitably has a negative impact on processing requirements.

[0038] The relatively low rate of change of the speed of travel of the vehicle 16, compared to
the rate of change of the z-axis acceleration, means that the speed of the vehicle 16 data
sampling rate may differ from the z-axis acceleration sampling rate. Typically, speed data (as
shown at 208 on figure 2(a)) is measured at a frequency of 1 Hz, while using linear
interpolation to ascribe speed data values for each z-axis acceleration value. The speed data
is processed so that a single speed data value is ascribed to each of portions 14.1 to 14.m
respectively and thus to each CoV value.

[0039] The speed data 208 is used to convert the CoV value 206 into an approximation of
roughness figure in accordance with the roughness index (IRl or HRI) for each of portions 14.1
to 14.m. The conversion of the CoV value 206 into the approximation of the roughness figure is
shown at 210 in figure 2(a). This is done by utilising a speed-based conversion equation,
depending on the measured speed of the vehicle. A suitable speed-based conversion equation
is selected (as shown at 212 in figure 2(a)) from a first set of pre-derived speed-based
conversion equations 80.1 (as shown in figure 6). Each conversion equation of the first set
80.1 relates to one of a plurality of different, predetermined speeds. In the example
embodiment, the first set of conversion equations 46.1 is stored on the memory arrangement
39 at the back end 34.

[0040] The method of deriving the speed-based conversion equations is generally indicated by
reference numeral 250 in figure 2(b). To derive the conversion equations, a reference road
section 60 shown in figure 3, is selected (shown at 252 in figure 2(b)) and divided into a
plurality of reference portions 62. The reference road section 60 has a known length | and
varying roughness along its length I. The length | of the reference road section 60 must be
adequate to provide a wide range of different surface roughnesses. A known profilometer is
utilised to measure the actual roughness profile (preferably in accordance with Class 1) of the
reference road section 60 in terms of the known roughness index (IRl or HRI) (shown at 254 in
figure 2(b)). Figure 4 shows an example of an actual roughness profile 64 in terms of the HRI
roughness index that was determined by the profilometer for the reference road section 60.
From figure 4, the actual roughness figure, in terms of the HRI, for each portion 62 of the
reference road 60 is thus determinable (shown at 256 in figure 2(b)).

[0041] A first reference vehicle (not shown), which is fitted with a first reference measuring
device comprising at least an accelerometer, is driven over the reference road section 60. To
derive the speed-based conversion equations for each of the predetermined speeds, the first
reference vehicle is driven over the reference road section 60 at each of the speeds.
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[0042] The z-axis acceleration data obtained from the reference measuring device is
processed to obtain the CoV value for each portion 62 of the reference road section 60
(calculation of the CoV for each portion 62 is performed as described above, and is shown at
258 in figure 2(b)).

[0043] Figure 5 shows three different profiles in terms of the reference statistical parameter (in
this case CoV) obtained from the reference measuring device. By way of example, profiles 52,
54 and 56 refer to instances where the first reference vehicle was travelling along the
reference road section 60 at speeds of 40 km/h, 50 km/h and 60 km/h respectively. It will be
understood that in practice, many different predetermined speeds will be utilised to derive the
conversion equations.

[0044] From a comparison of the actual profile 64 of figure 4 and the profiles (52, 54 and 56)
of figure 5, it is clear that all of the profiles have corresponding shapes. This indicates the
strong correlation between the reference CoV values and the actual roughness in accordance
with the roughness index. However, the differences in the values of the profiles (52, 54 and 56)
of figure 5 clearly show the need to correlate the data to a scale of common interest.

[0045] For each speed, a relationship is derived by comparing the reference CoV values and
the actual roughness figures for each of the reference portions 62 of the reference road 60
(shown at 260 in figure 2(b)). The derivation of the aforementioned relationship is shown at
262 in figure 2(b) and the resulting conversion equations are illustrated in figure 6. The
conversion equations 82, 84 and 86 as shown in figure 6 comprise a regression analysis of the
reference statistical parameter values and the actual roughness figures for each of the
reference portions 62 of the reference road 60. The conversion equations 82, 84 and 86
correspond to the CoV profiles 52, 54 and 56 respectively. Thus each of the conversion
equations (82, 84 and 86) corresponds to a specific speed.

[0046] Figure 6 therefore represents an example embodiment of a first set of conversion
equations 46.1. Based on the vehicle speed and as shown at 212 in figure 2(a), a suitable
equation is selected from the first set of equations 80.1 and used to convert the parameter
relating to acceleration data obtained by any vehicle for any road portion 14.1 to 14.m of a
road 12 in a road network to an approximation of a roughness figure in relation to the HRI, as
shown at 210 in figure 2(a).

[0047] By way of example only, and referring again to figure 1, a vehicle 16 travelling on a road
12 (which does not have to be the reference road 60) at a speed of 50 km/h records
acceleration data and speed data over a specific portion 14.2 of the road 12. Processing of the
acceleration data statistically for the portion 14.2 results in a CoV value equal to x1. When
combining this value with conversion equation 84 (which is selected based on the speed of 50
km/h) an HRI approximation figure y1 is obtained. This procedure is repeated for the
acceleration data and speed data of each portion 14.1 to 14.m of the road 12, so that a
roughness profile (typically Class 3), approximating a profile measured by a profilometer in
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terms of the HRI, may be obtained for the road section 12.

[0048] No further calibration or normalisation of the approximated data is required as it is
already a statistical representation of the road profile. Thus, the converted CoV of the
acceleration (z-direction) data may be compared directly to the HRI for the portions of the road
sections.

[0049] To account for the variations brought about by the suspension type, size, payload etc.
of different classes of vehicles, a plurality of reference vehicles are used, to derive a plurality of
sets of speed-based conversion equations. The reference vehicles are classified into a number
(k) of classes. At least one reference vehicle per class is utilised to derive a set of speed-
based-equations relating to that class. There is derived a set of conversion equations for each
of the k classes of vehicles, so that there will be k sets of conversion equations, of which set
46.1 is an example.

[0050] The classes include, but are not limited to, small hatchbacks, medium hatchbacks,
small sedans, medium sedans, small sport utility vehicles (SUVs), large SUVs, small pickup
trucks, large pickup trucks etc. Classes may also be defined for commercial vehicles and may
specifically be based on the payload of a vehicle. Classification of the vehicles results in more
accurate approximations of the roughness figures. The classes may therefore make provision
for different makes and models of vehicles.

[0051] Thus, when the data is received from the vehicle 16 travelling on the road 12, the class
of the vehicle (shown at 214 in figure 2(a)) will determine which set of conversion equations is
utilised, while the speed of the vehicle will determine which specific conversion equation within
that set is utilised. The selected equation is then used to convert the CoV value into a
roughness index figure (as shown at 210 in figure 2(a)) as explained above.

[0052] If the speed does not correspond directly to one of the equations in the set, either an
interpolation or an extrapolation technique may be adopted or used to approximate the figure
based on the actual speed.

[0053] By utilising the above method, an approximated roughness figure is therefore obtained
for each of portions 14.1 to 14.m of the road 12. By combining the approximated roughness
figures of all adjacent portions 14.1 to 14.m, an approximated roughness profile of the road 12
is generated (shown at 216 in figure 2(a)). When more vehicles of different classes travel along
a specific road 12, approximated roughness figures for the sections may be averaged to obtain
a more accurate roughness profile for the road section 12. Furthermore, by utilising vehicle
telematics devices that are already installed in a large fleet of vehicles, a large portion of roads
within a road network can be measured in a cost efficient manner.

[0054] The roughness profile can be used to inform road maintenance service providers of
areas in need of maintenance. The roughness profiles can also be used to analyse surface
deterioration of the roads in the road network so that a preventative maintenance scheme may
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be implemented. The profiles may further be presented visually (shown at 218 in figure 2(a))
and distributed to users. This may be particularly useful to persons travelling along roads they
are not familiar with, or at night. Road transport service providers may utilise the roughness
profiles to select a route that will minimise damage to their vehicles, especially their tyres, and
that will minimise maintenance requirements. The information can be displayed on Portable
Navigation Devices (PND) as well as on smartphones in terms of a unique application.

[0055] The visual representation of the roughness profiles may be in the form of a map
showing the extent of road roughness according to a key, typically a colour based key.
Alternatively, the roughness profiles may be communicated to a client in the form of a
roughness report.

[0056] It will be understood that the step of processing the z-axis accelerometer data into a
statistical or mathematical parameter value may be performed either by the controller 28 of the
telematics device 18, in which case CoV, RMS or displacement data together with speed data
will periodically or intermittently be transmitted to the backend 34, or may be undertaken at the
backend 34 itself, in which case raw z-axis acceleration data and speed data will periodically or
intermittently be transmitted from the telematics device 18 to the backend 34 as specified
above. It may also be possible to load onto the memory arrangement 30 of the telematics
device 18, the relevant set of conversion equations, so that the steps of processing at 206 the
data into a CoV value, selecting at 212 an appropriate conversion equation and converting at
210 the CoV values into an approximated roughness figure in accordance with the roughness
index may be undertaken at the telematics device 18. In this instance, only approximated
roughness figures for each of the portions 14.1 to 14.m will periodically or intermittently be
transmitted to the backend 34.

[0057] The system 10 therefore provides a cost effective means to monitor the condition of a
vast network of roads. Even though the data obtained from the system 10 may be classified as
Class 3 roughness measurements, the applicant has found that the correlation between the
approximated roughness profiles produced by the system, and an actually measured
roughness profile in accordance with the IRl or HRI indexes is strong enough to draw
inferences from. The system 10 may be used to provide a first level analysis to prioritise the
use of actual profilometers. This may assist in ensuring that agencies without direct access to
funding for Class 1 road condition data may be able to obtain an indication of their road
network conditions. The system 10 and method 20 herein described and/or defined may also
contribute towards the safety and comfort of road users in that the determined estimated road
roughness data may be plotted in a mapping application which can be distributed to road
users. By utilising the CoV values of z-axis acceleration data and converting the CoV value
based on speed and the class of vehicle to obtain an approximation of the roughness of the
road, the above disadvantages of current RTRRMS may be overcome or at least alleviated.

[0058] For the purpose of calibration, the reference road section 60 must include varying
roughness and must be long enough to produce accurate correlations. Furthermore, the
variety of classes of vehicles used to derive the different sets of conversion equations must be
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representative of a large fleet of vehicles generally using the road network. To further improve
the accuracy of the conversion equations, more than one reference road may be used (for
instance, different reference roads may be used when converting data relating to paved and
unpaved roads).

[0059] Figure 1 shows a diagrammatic representation of machines in the exemplary form of a
computer system 37 and a vehicle telematics device 18 within which a program code or set of
instructions, for causing the machine to perform any one or more of the methodologies
discussed herein, may be executed. The machines operate and is capable of executing the set
of instructions (sequential or otherwise) that specify actions to be taken by that machine.
Further, while only a single machine is illustrated in each case, the term "machine" shall also
be taken to include any collection of machines that individually or jointly execute a set (or
multiple sets) of instructions to perform any one or more of the methodologies discussed
herein.

[0060] The exemplary machines 37 and 18 comprise a respective processor (e.g., a central
processing unit (CPU) and an associated computer or machine-readable medium in the form
of a respective memory arrangement 39 and 30 on which is stored software in the form of one
or more sets of instructions 41 and data structures, equations or algorithms 46.1 to 46.k
embodying or utilized by any one or more of the methodologies or functions described herein.
The software may also reside, completely or at least partially, within the memory and/or within
the processor during execution thereof so that the memory and the processor also constituting
machine-readable media.

[0061] While the machine-readable media 39 and 30 are shown in an exemplary embodiment
to be a single medium, the term "machine-readable medium" should be taken to include a
single medium or multiple media (e.g., a centralized or distributed database, and/or associated
caches and servers) that store the one or more sets of instructions. The term "machine-
readable medium” shall also be taken to include any medium that is capable of storing,
encoding or carrying a set of instructions for execution by the machine and that cause the
machine to perform any one or more of the methodologies of the present invention, or that is
capable of storing, encoding or carrying data structures, equations or algorithms utilized by or
associated with such a set of instructions. The term "machine-readable medium" shall
accordingly be taken to include, but not be limited to, solid-state memories, optical and
magnetic media, and carrier wave signals.

[0062] It will be understood that many variations to the disclosures provided herein for the
purpose of illustrating or exemplifying the invention are possible. For instance, the sampling
rates, reporting frequencies, speeds at which conversion equations are derived, classes of
vehicles, lengths of any section or portion etc. are not limited to the examples provided herein.
The lengths of the portions may further be changed depending on the client requirements,
whereas the sampling rates may increase as telematics technology improves.
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FREMGANGSMADE OG SYSTEM TIL VEJOVERVAGNING
PATENTKRAV

1. Fremgangsmade til tilvejebringelse, for en del af en vej (12), af en tilnermelse af et ruhedstal i
overensstemmelse med et ruhedsindeks, hvilken fremgangsmade omfatter:

- modtagelse af hastighedsdata (208) fra et forste keoretoj, der korer langs med delen af vejen,
og modtagelse (204), fra en maleanordning (18), der bares pa det forste koretoj, af malte accelerationsdata
fra anordningen vinkelret pa vejfladen, hvor det forste koretej, falder ind under en forste klasse af en flerhed
af klasser af koretojer, hvor et tilsvarende st af hastighedsbaserede konverteringsligninger forhandsudledes
for hver af flerheden af klasser af keretgjer, hvor et forste szt af de tilsvarende sat af hastighedsbaserede
konverteringsligninger (46.1) er relateret til den forste klasse af koretejer, hvor det forste szt af
hastighedsbaserede konverteringsligninger omfatter en flerhed af konverteringsligninger, hvor hver af
konverteringsligningerne fra det forste s&t er relateret til en forskellig forudbestemt hastighed;

- behandling (200, 202) af accelerationsdata for at tilvejebringe (206) en parametervardi
(x1), der er relateret til accelerationsdata for delen af vejen;

- kendetegnet ved, at baseret pa hastighedsdatacne en forste hastighedsbaseret
konverteringsligning vaelges fra det forste st af hastighedsbaserede konverteringsligninger, ved, at den forste
hastighedsbaserede konverteringsligning anvendes til at konvertere (210) parametervaerdien (x1) til en
tilnermelse (v1) af et ruhedstal for delen af vejen i overensstemmelse med ruhedsindekset, og ved, at

parametervaerdien er en variationskoefficient (CoV) for delen i form af et forhold mellem en
__ Oz_Acceleration % 100

. . . . Co
standardafvigelse, ¢, og en middelveardi, p, af accelerationsdataene, der er Bz—Acceleration
hvorved det gores muligt at sammenligne accelerationsdata fra keretojer fra forskellige klasser, og som korer

ved forskellige hastigheder.

2. Fremgangsmade ifelge krav 1, hvor hver hastighedsbaseret konverteringsligning fra det forste sat
forhandsudledes ved:

- anvendelse af en malt ruhedsprofil i overensstemmelse med ruhedsindekset for en
referencevejsektion (60) med varierende ruhed, og som omfatter en flerhed af tilstedende referencedele (62),

for at opna et tilsvarende aktuelt ruhedstal (64) for hver referencedel;

- opnaclse af tilsvarende accelerationsdata vinkelret pa en overflade af referencevejsektionen
fra en forste referencemaleanordning (18), der er monteret pa et forste referencekoretoj i den forste klasse af
koretojer, der har kert langs med referencevejsektionen (60) ved en tilsvarende én af de forskellige
forudbestemte hastigheder, og bestemmelse af en tilsvarende referenceparametervardi (x1), der er relateret
til de tilsvarende accelerationsdata for hver tilstedende referencedel (62) af referencevejsektionen (60); og

- udledning af et forhold mellem de tilsvarende referenceparametervardier og de tilsvarende
aktuelle ruhedstal for samtlige referencedele (62).

3. Fremgangsmade ifelge et hvilket som helst af kravene 1 og 2, hvor accelerationsdata og
hastighedsdata transmitteres periodisk fra anordningen (18) til en central back-end (34) for at blive behandlet.
4, Fremgangsmade ifelge et hvilket som helst af kravene 1 og 2, hvor en lokalt styreenhed (28) for

maleanordningen anvendes til at behandle accelerationsdatacne for at tilvejebringe parameterveardien (x1),

og hvor parametervardierne af tilstodende dele (14.1 til 14.m) transmitteres periodisk til en central back-end
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(34) for at blive konverteret til tilnermelsen (y1) af ruhedstallet for hver af de tilstedende dele i
overensstemmelse med ruhedsindekset.

5. Fremgangsmade ifolge et hvilket som helst af kravene 1 og 2, hvor det forste szt af
konverteringsligninger indleses i en hukommelsesanordning for maleanordningen, og hvor en lokal
styreenhed for maleanordningen vaelger den forste hastighedsbaserede konverteringsligning fra det forste sat
af konverteringsligninger og konverterer parametervardien (x1) til tilnzrmelsen (y1) af ruhedstallet i
overensstemmelse med ruhedsindekset.

6. Fremgangsmade ifolge et hvilket som helst af de foregaende krav, hvor ruhedsindekset er et af
International Roughness Index (IRI) og Half Car Roughness Index (HRI).

7. Fremgangsmade ifolge et hvilket som helst af de foregaende krav, hvor de tilnzermede ruhedstal for
tilstadende dele (14.1 til 14.m) af vejen kombineres for at generere en tilnzermet ruhedsprofil for vejsektionen
1 overensstemmelse med ruhedsindekset.

8. Fremgangsmade ifolge et hvilket som helst af de foregiende krav, hvor en l&ngde af hver del (14.1
til 14.m) af vejen er fra 1 m til 100 m.

9. System (10) til tilvejebringelse, for en del (14.1 til 14.m) af en vej (12), af en tilnermelse af et
ruhedstal i overensstemmelse med et ruhedsindeks ved konvertering ved hjelp af en hastighedsbaseret
konverteringsligning af en parametervaerdi (x1), der er relateret til accelerationsdata vinkelret pa delen, til en
tilnermelse (y1) af ruhedstallet, hvilket system omfatter:

- en central back-end (34);

- en flade af keretojer (16), der er klassificeret i en flerhed af klasser af koretojer, hvor hver
koretojsklasse er forbundet med et tilsvarende szt af hastighedsbaserede konverteringsligninger, der er
forhandsudledt for hver af flerheden af klasser af koretgjer, hvor et forste s@t af de tilsvarende sat af
hastighedsbaserede konverteringsligninger (46.1) er relateret til en forste klasse af koretojer, hvor det forste
szt af hastighedsbaserede konverteringsligninger omfatter en flerhed af konverteringsligninger, hvor hver af
konverteringsligningerne fra det forste st er relateret til en forskellig forudbestemt hastighed, hvor hvert
koretoj falder ind under en klasse af flerheden af klasser og omfatter: en maleanordning (18) til maling af
accelerationsdata vinkelret pa delen af vejen og til tilvejebringelse af hastighedsdata for keretojet langs med
delen af vejen; og som har en radiofrekvens- (RF-) transmitterende anordning (32) til kommunikation med
den centrale back-end;

- en processor (28, 38) til behandling af accelerationsdataene malt af maleanordningen for et
koretej fra fladen af keretojer, der kerer langs delen, til parameterveardien;

- kendetegnet ved, at systemet omfatter en hukommelsesanordning (30, 39) omfattende det
tilsvarende s&t af hastighedsbaserede konverteringsligninger for den keretejsklasse, som keretojet falder ind
under, ved, at processoren er konfigureret til at anvende hastighedsdatacne til at bestemme en
hastighedsbaseret konverteringsligning i sattet af hastighedsbaserede konverteringsligninger til anvendelse i
konvertering, for delen af vejen, af parametervardien til tilnzermelsen af ruhedstallet i overensstemmelse med
ruhedsindekset og ved, at parametervardien er en variationskoefficient (CoV) for delen i form af et forhold

mellem en standardafvigelse, o, og en middelvaerdi, p, af accelerationsdatacne, der er
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CoV = Oz—Acceleration x 100
Hz-Acceleration hvorved det gores muligt at sammenligne accelerationsdata fra keretojer fra

forskellige klasser, og som korer ved forskellige hastigheder.
10. System ifolge krav 9, hvor maleanordningen er et koretojs telematikanordning.
11. Computerlasbart medium med et computerprogram, der har en programkode til udferclse af

fremgangsmaden ifelge krav 1, nar programmet korer pa en processor.
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