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(54) METHOD AND ARRANGEMENT FOR SOURCING OF LOCATION INFORMATION, 
GENERATING AND UPDATING MAPS REPRESENTING THE LOCATION

(57) Described herein is a method and arrangement
(11) for sourcing of location information, generating and
updating maps (16) representing the location. From at
least two road vehicle (12) passages at the location is
obtained (1, 2) vehicle registered data on the surrounding
environment from environment sensors and positioning
data from consumer-grade satellite positioning arrange-
ments and from at least one of an inertial measurement
unit and a wheel speed sensor. The positioning data is
smoothed (3) to establish continuous trajectories for the
respective vehicles (12). Individual surrounding environ-
ment maps are created using the data from each respec-
tive vehicle (12) passage at the location. From the indi-
vidual surrounding environment maps are identified sub-
maps (15) sharing area segments. Pairs of submaps (15)
sharing area segments are cross-correlated (6). The in-
formation from the pairwise cross-correlation (6) of sub-
maps (15) is used for optimizing each submaps (15) off-
set relative a full map (16) of the surrounding environment
and the submaps (15) are merged into the full map (16).
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Description

Technical field

[0001] The present disclosure relates generally to au-
tonomous vehicle localization technologies, and partic-
ularly to a method for sourcing of location information,
generating and updating maps representing the location.
It also relates to an arrangement for sourcing of location
information, generating and updating maps representing
the location.

Background

[0002] Autonomous driving (AD) is currently one of the
largest engineering challenges in the automotive indus-
try. With the help of digitized solutions road safety can
be greatly improved, significantly reducing casualties.
Furthermore, traffic efficiency, driving comfort and most
notably environmental impact can be improved with the
help of AD by reducing traffic jams, potentially causing
increased emissions of carbon dioxide compared to nor-
mal driving scenarios
[0003] In order to safely guide autonomous vehicles
on the road, it is paramount to have access to precise
positioning information. Previously, precise positioning
maps have hitherto mainly been created by survey vehi-
cles using high-precision equipment, particularly expen-
sive high-precision global positioning system (GPS) sen-
sors with centimeter-accuracy, such as so-called real
time kinematic (RTK) GPS sensors. However, this is a
costly process which does not scale well with the in-
creased need for continuous up-to-date maps of the en-
vironment for AD purposes as road networks are con-
stantly changing. Thus, when maps need to be quickly
and continuously updated, this approach is no longer vi-
able.
[0004] In order to address this issue, it has been sug-
gested to crowd-source maps through a fleet of vehicles
using consumer-grade satellite positioning arrange-
ments, such as consumer-grade GPS arrangements
available in most cars. Using consumer-grade satellite
positioning arrangements will however introduce uncer-
tainty with regards to the actual position of each vehicle.
[0005] One attempt at addressing this issue is present-
ed by US2013103298 A1, which discloses a method for
determining a location of a vehicle. The method includes
steps of acquiring a plurality of sensor data from a radar
sensor associated with the vehicle; obtaining an approx-
imate location of the vehicle using a GPS unit; comparing
the sensor data to a database of geo-referenced sensor
data; and based on the comparison, determining a loca-
tion of the vehicle.
[0006] US2013103298 A1 also discloses a method of
assembling a high-resolution database for precise vehi-
cle localization. The method includes steps of obtaining
a plurality of radar sensor readings from at least one ve-
hicle; obtaining a plurality of GPS unit readings from the

at least one vehicle, where the GPS readings are corre-
lated with the radar sensor readings; and processing the
radar sensor readings and the GPS unit readings to gen-
erate a geo-referenced database of radar data. As an
alternative to using a high-resolution/augmented GPS
system to build the database, or to supplement and up-
date the database, data can be obtained from a number
of vehicles traveling the various roadways, where these
vehicles are equipped with typical low-resolution GPS
units and low- or high-resolution radar systems. High-
resolution GPS is relatively expensive, and the systems
used to augment GPS information in order to provide
higher resolution may not be available in all locations.
[0007] Furthermore, according to US2013103298 A1,
as road conditions change (e.g. due to factors such as
construction, weather, traffic accidents, etc.) there is a
need to keep the database accurate and up-to-date. Ac-
cordingly, in one embodiment, the database is developed
and/or updated by incorporating data obtained from nu-
merous vehicles traveling the various roadways
equipped with typical low-resolution GPS units and low-
or high-resolution radar systems. The radar data gath-
ered by such systems, along with accompanying GPS
data, is transmitted from the vehicles (e.g., in real-time
using wireless data communications) to a central location
where it is averaged and incorporated into the database.
[0008] Although measurements from a single vehicle
with low-resolution GPS will be relatively inaccurate,
US2013103298 A1 suggest that the average of many
such measurements will provide measurements with
higher resolution. Averaging low-resolution data collect-
ed from vehicles traveling the particular routes can be
used to build the database in the first place and can also
be used to keep the database up to date, regardless of
how it is initially developed. In addition, an IMU system
collects data about the measurement vehicle’s velocity
and orientation which can be used, along with information
from the GPS unit and rotary encoders on the wheels, to
track the position of the measurement vehicle. Data from
other sensors can be combined with radar sensor data
to enhance the information that is available. For example,
under suitable conditions video image data can be ana-
lyzed to identify particular structures (e.g. buildings) and
their dimensions with better accuracy than radar sensor
data, since image data provides better angular resolution
than radar.
[0009] Other attempts at addressing this issue, e.g.
such as described by US2014379254 A1 discloses a po-
sitioning method for use in a vehicle navigation or map-
ping system, and a system implementing such a method.
The method comprises obtaining one or more sets of
sensor measurement data from at least one sensor lo-
cated on or in a vehicle, each set of sensor measurement
being indicative of the distance of objects in an environ-
ment around the vehicle from the sensor, and each set
of sensor measurement data comprising data obtained
from a range of positions in a time or distance window
along the direction of travel of the vehicle.
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[0010] According to US2014379254 A1 a correlation
procedure is performed correlating the one or more sets
of sensor measurement data with stored reference sen-
sor measurement data, and a relative position of the ve-
hicle against stored location data associated with the
stored reference sensor measurement data is deter-
mined in dependence on the correlation procedure. The
navigation system may further comprise a positioning
sensor subsystem, which includes a mix of one or more
absolute positioning modules or other logics and relative
positioning modules or other logics.
[0011] The absolute positioning module according to
US2014379254 A1 obtains data from absolute position-
ing sensors, including or example GPS or Galileo receiv-
ers. This data can be used to obtain an initial estimate
as to the absolute position of the vehicle. A relative po-
sitioning module obtains data from relative positioning
sensors, in this case laser sensors (any other suitable
type of sensor can be used, for example radar, laser,
optical (visible) or radio sensors). This data can be used
to obtain the relative position or bearing of the vehicle
compared to one or more landmarks or other features
for which a digital map includes sets of landmark sensor
measurement data.
[0012] The digital map database of US2014379254 A1
may store sensor measurement data obtained from pre-
vious sensor measurements. Additional relative position-
ing sensors can also be provided, for performance of
further relative position measurements. The measure-
ment data obtained from each of the sensors is compared
to stored sensor measurement data to determine wheth-
er the sensor measurement signals match the stored ref-
erence measurement data, also referred to as landmark
data, in a positioning process.
[0013] The goal of the positioning according to
US2014379254 A1 is to find a correlation between the
continuously acquired set of measurement data from the
vehicle sensors and landmark measurement data stored
in the database and then compute the relative position
of vehicle against the landmark from position data for the
landmark stored in the database.

Summary

[0014] An object of the present invention is to provide
an improved method and arrangement for sourcing of
location information, generating and updating maps rep-
resenting the location.
[0015] According to a first aspect there is provided a
method for sourcing of location information, generating
and updating maps representing the location, which com-
prises: obtaining, from at least two road vehicle passages
at the location, vehicle registered data on the surrounding
environment from environment sensors and positioning
data from consumer-grade satellite positioning arrange-
ments and from at least one of an inertial measurement
unit and a wheel speed sensor; smoothing the positioning
data to establish continuous trajectories for the respec-

tive vehicles; creating individual surrounding environ-
ment maps using the data on the surrounding environ-
ment and the smoothed positioning data from each re-
spective vehicle passage at the location; identifying, from
the individual surrounding environment maps, submaps
sharing area segments; cross-correlating pairs of sub-
maps sharing area segments; using the information from
the pairwise cross-correlation of submaps for optimizing
each submaps offset relative a full map of the surrounding
environment; merging the submaps into the full map of
the surrounding environment.
[0016] In a further embodiment the method further
comprises using as environment sensors one or more
of: radar-sensors; lidar-sensors; ultrasound-sensors;
camera-sensors; IR-sensors.
[0017] In a yet further embodiment the method further
comprises transforming vehicle registered data on the
surrounding environment into two-dimensional grids
when creating the individual surrounding environment
maps and performing the cross-correlation of the pairs
of submaps sharing area segments based on those two-
dimensional grids.
[0018] In a still further embodiment the cross-correla-
tion of the pairs of submaps sharing area segments fur-
ther comprises identifying an intensity peak correspond-
ing to a maximum overlap of submaps, indicative of the
greatest correlation between the submaps and the posi-
tion of the intensity peak.
[0019] In an additional embodiment the method further
comprises determining a relative importance of a submap
pair by analyzing the cross-correlation peak shape.
[0020] In yet an additional embodiment the method fur-
ther comprises performing additional aligning of the ro-
tation of the respective submaps.
[0021] In a still further embodiment the method further
comprises identifying submaps containing information
representative of an extension in the surrounding envi-
ronment of up to 60360 meters.
[0022] In a yet further embodiment the method further
comprises identifying submaps containing information
representative of an extension in the surrounding envi-
ronment of at least 10x10 meters.
[0023] In yet an additional embodiment the method fur-
ther comprises optimizing each submaps offset relative
a full map of the surrounding environment using a Graph-
SLAM approach, simultaneous localization and map-
ping, to find a configuration of the submap o sets that is
maximally consistent with observations and moving the
submaps into new offset positions corresponding thereto
for merging thereof into the full map of the surrounding
environment.
[0024] According to a second aspect there is provided
an arrangement for sourcing of location information, gen-
erating and updating maps representing the location that
comprises: a communication interface for receiving, from
at least two road vehicle passages at the location, vehicle
registered data on the surrounding environment from en-
vironment sensors and positioning data from consumer-
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grade satellite positioning arrangements and from at
least one of an inertial measurement unit and a wheel
speed sensor; and processing means including software
for, when executed by the processing means, performing
the following: smoothing of the positioning data to estab-
lish continuous trajectories for the respective vehicles;
creating individual surrounding environment maps using
the data on the surrounding environment and the
smoothed positioning data from each respective vehicle
passage at the location; identifying, from the individual
surrounding environment maps, submaps sharing area
segments; cross-correlating pairs of submaps sharing ar-
ea segments; using the information from the pairwise
cross-correlation of submaps to optimize each submaps
offset relative a full map of the surrounding environment;
merging the submaps into the full map of the surrounding
environment.
[0025] The above embodiments have the beneficial ef-
fects of yielding up-to-date maps for autonomous road
vehicles, in which maps localization is possible, maps
that by performance are comparable to maps created
from high-precision probing.

Brief description of drawings

[0026] In the following, embodiments herein will be de-
scribed in greater detail by way of example only with ref-
erence to attached drawings, in which:

Fig. 1 illustrates schematically a method for sourcing
of location information, generating and updating
maps representing the location according to embod-
iments herein.

Fig. 2 illustrates schematically an arrangement for
sourcing of location information, generating and up-
dating maps representing the location according to
embodiments herein.

Description of embodiments

[0027] In the following will be described some example
embodiments of a method and arrangement 10 for sourc-
ing of location information, generating and updating
maps 16 representing the location.
[0028] The proposed method and arrangement 10 re-
late to crowd sourcing of environment sensor maps 16
using consumer-grade sensors which maps 16 are ade-
quate for enabling high precision localization, especially
for autonomous road vehicles.
[0029] Crowd sourcing is a concept mainly referring to
problem solving through workload distribution, where
several users each contribute to solving a small part of
the problem, thus collaboratively reaching a total solu-
tion.
[0030] Embodiments herein are based on a fleet of ve-
hicles 12 collectively creating/updating a map 16 based
on inaccurate observations from each vehicle 12, the in-

accuracy of which will be compensated for as more in-
formation is added. It is further based on the realization
that we are better off not trying to associate environment
sensor detections to identified landmarks, or even sets
of discrete landmarks, but instead aggregate several
submap 15 registrations by environment sensors into a
map which is quantized in space, e.g. as a grid map.
Then we can view these small submaps 15 as measure-
ments in the mapping process and get a considerably
easier problem to solve.
[0031] Grid maps, or occupancy grid maps represents
the world as divided into grids where each grid consists
of a block of cells, each cell either occupied by an object
with a certain likelihood or unoccupied. This likelihood
can be approximated by using the amount of detections
returned from an object divided by the maximum amount
of possible detection returns. After postprocessing raw
data collected from sensors, features of interest can be
mapped into corresponding grids, where each grid can
be checked independently from others.
[0032] By using consumer-grade satellite positioning
arrangements, such as global positioning systems
(GPS), and Inertial Measurement Units (IMU) and wheel
speed sensors available in road vehicles 12, we get
enough precision in angle and relative precision in posi-
tion in the plane to accurately map areas up to about 60
meters in length. Since it is possible to obtain a good
estimate of angle from a combination of GPS+IMU, the
angle can be considered as known, and it is then only
necessary to find the relative x and y offset of a local
submap 15 in relation to submaps 15 of the same location
from other passes by the same or other mapping road
vehicles 12. This can be solved by pairwise cross-corre-
lation of submaps 15 from the same area, and then set-
ting up a linear equation system to solve for the unknown
offsets in position for each pass.
[0033] The Global Positioning System (GPS) is a
space-based radio navigation system that provides ge-
olocation (latitude, longitude and height) and time infor-
mation to a GPS receiver anywhere on or near Earth.
Most GPS systems operate using three of more satellites
in orbit around Earth, using timed signals to calculate the
distance to each and thus triangulate the receiver’s po-
sition on the surface. Other similar satellite positioning
arrangements include the European global navigation
satellite system (GNSS) also known as Galileo, or the
Russian space-based satellite navigation system known
as GLONASS.
[0034] Thus, provided herein is a method for sourcing
of location information, generating and updating maps
16 representing the location. The proposed method com-
prises obtaining 1 vehicle registered data 13 on the sur-
rounding environment from environment sensors and ob-
taining 2 positioning data from consumer-grade satellite
positioning arrangements and from at least one of an
inertial measurement unit and a wheel speed sensor. Da-
ta on the surrounding environment as well as positioning
data is obtained from at least two road vehicle 12 pas-
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sages at the location.
[0035] Consumer-grade GPS satellite positioning ar-
rangements are currently available in most modern cars
with the purpose of navigation. The positional accuracy
that is available di ers depending on manufacturer, but
most literature describes the typical error as around 10
meters. This error is acceptable for navigation, however
not for lane-positioning of autonomous road vehicles.
[0036] Sensors are devices that can sense their sur-
roundings and handle various input signals. Those inputs
could be light, colors, distance, angles or any other en-
vironmental phenomena. The usual outputs of sensors
are generally signals that can be understood by comput-
ers, with the potential of visualization for human compre-
hension. As environment sensors in the proposed meth-
od may be used one or more of: radar-sensors; lidar-
sensors; ultrasound-sensors; camera-sensors; IR-sen-
sors.
[0037] A radar operates through a fairly simple concept
whereby a radar transmitter emits waveform-signals of
electromagnetic radiation with known frequency towards
an area, and a receiver detects echoes of the signal being
reflected back from objects. By analyzing the time be-
tween transmitting and receiving the signal, the range to
the object can be determined. The angle to the object
can also be determined by detecting the return angle of
the signal. Based on the range and angle, the position
of a detection relative to the radar device can thus be
obtained. By also analyzing the shift in frequency of the
returned signal, caused by the Doppler-e ect, a relative
velocity of the detected object can be determined, thus
allowing the distinction of stationary objects from moving
targets.
[0038] Lidar, light detection and ranging, is a surveying
method that measures distance to a target by illuminating
the target with pulsed laser light and measuring the re-
flected pulses with a sensor. Differences in laser return
times and wavelengths can then be used to make digital
representations of targets in the surroundings.
[0039] In a similar way to radar and lidar, ultrasonic
sensors are often used in systems which evaluate targets
by interpreting the reflected signals. For example, by
measuring the time between sending a signal and receiv-
ing an echo the distance of an object can be calculated.
[0040] Camera-sensors may include forward looking
cameras (FLC), which are image sensors using visible
light as input and aims to identify objects in front of the
road vehicle, especially lanes. Using well-known compu-
ter vision concepts, such as Hugh-transform and thresh-
olding, the left and right markings of a current lane can
be detected as seen from a camera, and by transforming
the detected lanes from the projection frame to bird’s eye
vision using a top-view transformation, the lanes can
thereafter be expressed with positions relative a local
vehicle coordinate system.
[0041] An IR-sensor is a device that forms a heat zone
image using infrared radiation, similar to a common cam-
era that forms an image using visible light.

[0042] An inertial measurement unit (IMU) is a sensor
mass that contain precision gyroscopes, accelerome-
ters, and magnetometer sensors. Thus, these inertial
sensors can measure not only angular velocity and linear
acceleration, but also magnetic field strength. A common
IMU has six degrees of freedom, three orthogonal gyro-
scope axes and three orthogonal accelerometer axes.
Using a low cost IMU in conjunction with a consumer
grade GPS and/or other low-cost sensors such as e.g.
wheel speed sensors, the localization and mapping per-
formance can be improved with increased accuracy.
[0043] Smoothing 3 of the positioning data is per-
formed to establish continuous trajectories for the re-
spective road vehicles 12, which trajectories can then be
used to describe the relative motion of a respective road
vehicle 12. Smoothing 3 is a term of methods that can
generate a set of smooth data or estimate a state vector
at some time of interest. Since filters can only estimate
the current state given previous data, smoothing 3 can
improve the accuracy of current state by using data from
both previous and later times. Rauch-Tung-Striebel
(RTS) smoothing is one of generally used smoothing
methods. In the herein described method for sourcing of
location information, generating and updating maps rep-
resenting the location, it is suggested to use Rauch-
Tung-Striebel (RTS) smoothing or, square-root unscent-
ed Rauch-Tung-Striebel smoothing, or to use a square-
root Unscented Kalman Filter (UKF) smoothing algo-
rithm.
[0044] The method for sourcing of location information,
generating and updating maps 16 representing the loca-
tion, further comprises creating, using a map-creation
algorithm, individual surrounding environment maps us-
ing the data on the surrounding environment and, as
ground truth, the smoothed positioning data from each
respective road vehicle 12 passage at the location. The
map-creation algorithm may e.g. be arranged to calculate
detection intensity in a histogram like grid.
[0045] Some embodiments further comprise trans-
forming road vehicle 12 registered data on the surround-
ing environment into two-dimensional grids when creat-
ing the individual surrounding environment maps. Such
transformation is a simple coordinate transform from a
coordinate system that an environment sensor report de-
tection in, to a global coordinate system.
[0046] The method for sourcing of location information,
generating and updating maps 16 representing the loca-
tion, furthermore comprises identifying 5, from the indi-
vidual surrounding environment maps, submaps 15 shar-
ing area segments. This is done using the approximate
location that a consumer-grade satellite positioning ar-
rangement provides. Since the error in heading caused
by the smoothing 3 is assumed to be very low, all sub-
maps 15 can be regarded as approximately aligned with
each other in terms of rotation.
[0047] The method for sourcing of location information,
generating and updating maps 16 representing the loca-
tion, also comprises cross-correlating 6 pairs of submaps
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15 sharing area segments. Cross-correlation is widely
used as a similarity measurement in signal processing.
Similarly, 2D cross-correlation is used for image pattern
matching, where one image serve as a template to be
matched in the other, and is a way to find the positions
where two images (or matrices) most resemble each oth-
er. This is done by choosing one of the images as the
template, and iteratively shift this image over the other
and calculate the overlapping sum for each element in
the cross-correlation matrix.
[0048] In embodiments where road vehicle 12 regis-
tered data on the surrounding environment has been
transformed into two-dimensional grids when creating
the individual surrounding environment maps, the cross-
correlation 6 of the pairs of submaps 15 sharing area
segments is based on those two-dimensional grids.
[0049] However, after the previously mentioned cross-
correlation 6 process, the submaps 15 are normally not
sufficiently positioned in respect to each other. Should a
map-merge be attempted at this stage, the resulting map
would be very blurry and unable to provide satisfying lo-
calization results.
[0050] Thus, the method also comprises using the in-
formation from the pairwise cross-correlation of submaps
for optimizing 7 each submaps 15 offset relative a full
map 16 of the surrounding environment and merging the
submaps 15 into the full map 16 of the surrounding en-
vironment.
[0051] In order to correctly align the submaps 15, a
Graph-SLAM, simultaneous localization and mapping,
approach is implemented to find the configuration of the
submap 15 o sets that is maximally consistent with ob-
servations, i.e. a node configuration that minimizes the
sum of all errors squared, also known as the log-likeli-
hood of all observations. Since the submaps 15 can be
regarded as approximately aligned with each other in
terms of rotation the least-squares Graph-SLAM formu-
lation can be solved as a weighted linear system. After
the submaps 15 have been moved into their new posi-
tions, the submaps 15 are merged to yield the final crowd-
sourced full map 16.
[0052] In robotic navigation, simultaneous localization
and mapping (SLAM) is the process of iteratively con-
structing a map of the robot’s unknown surroundings
while simultaneously finding the robot’s unknown posi-
tion in said map, hence the name. For this method o ine
SLAM will be considered, i.e. data will have already been
collected by road vehicles 12 passing the location of in-
terest and the total map 16 will be built a posteriori.
[0053] One representation of the SLAM-problem for o
ine mapping can take the form of a graph, with nodes
corresponding to the robot’s poses and edges represent-
ing spatial constraints between each node-pair from
measurements. This representation of the SLAM-prob-
lem is called Graph-based SLAM. The solution to the
Graph-SLAM problem is the node configuration that min-
imizes the sum of all errors squared, also known as the
log-likelihood of all observations, alternatively meaning

the configuration that maximizes the consistency of
measurements.
[0054] Thus, in a general embodiment, as illustrated
schematically in figure 1, the method comprises:

from at least two road vehicle passages at the loca-
tion, obtaining vehicle registered data on the sur-
rounding environment 1 from environment sensors
and
obtaining positioning data 2 from consumer-grade
satellite positioning arrangements and from at least
one of an inertial measurement unit and a wheel
speed sensor;
smoothing the positioning data 3 to establish contin-
uous trajectories for the respective vehicles;
creating individual surrounding environment maps 4
using the data on the surrounding environment and
the smoothed positioning data from each respective
vehicle 12 passage at the location;
identifying 5, from the individual surrounding envi-
ronment maps, submaps 15 sharing area segments;
cross-correlating 6 pairs of submaps 15 sharing area
segments;
using the information from the pairwise cross-corre-
lation of submaps 15 for optimizing 7 each submaps
15 offset relative a full map 16 of the surrounding
environment;
merging 8 the submaps into the full map 16 of the
surrounding environment.

[0055] The cross-correlation 6 of the pairs of submaps
15 sharing area segments may in further embodiments
comprise identifying an intensity peak corresponding to
a maximum overlap of submaps 15, indicative of the
greatest correlation between the submaps 16 and the
position of the intensity peak. The cross-correlation 6 rep-
resents the degree of similarity between two submap 15
histograms, where a maximum intensity peak of the
cross-correlation 6 would refer to maximal overlap of the
histograms.
[0056] A relative importance of a submap 15 pair may
in additional embodiments be determined by analyzing
the cross-correlation peak shape. We assume that the
cross-correlation 6 of the two submaps 15 is proportional
to the log likelihood of the two submaps 15 having a par-
ticular offset. The peak value is found at the maximally
likely offset, and the curvature at the peak can be inter-
preted as a measure of certainty, and be used to calculate
a covariance matrix, which later can be used to represent
the uncertainty of the found offsets for each submap 15
pair. This is useful information in the optimization process
7.
[0057] Should the directional information from the
smoothing 3 be insufficient, according to yet an additional
embodiment of the method, it is suggested to perform
additional aligning of the rotation of the respective sub-
maps 15.
[0058] The method, in a still further embodiment, com-
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prises identifying submaps 15 containing information
representative of an extension in the surrounding envi-
ronment, i.e. environment surrounding a mapping road
vehicle 12, of up to 60360 meters. The maximum sub-
map 15 size is related to an error in the smoothed trajec-
tory, and the desired precision in the full map 16. Thus,
if better quality IMU or wheel speed sensors are used,
or one can accept lower precision maps, the submap 15
size can be bigger. The 60 meters here assumes auto-
motive grade sensors and a precision of a few decimeters
in the full map 16.
[0059] In a yet further embodiment the method com-
prises identifying submaps 15 containing information
representative of an extension in the surrounding envi-
ronment of at least 10310 meters. The minimum submap
15 size relates to the information content in each submap
15, i.e. how many different sources one can expect to
detect in each submap 15. If the environment sensors
detect lane markers, traffic signs and other road side
poles, it would be hard to use smaller submaps 15 than
10 meters.
[0060] Each submaps 15 offset relative a full map 16
of the surrounding environment may, in yet an additional
embodiment of the method, be optimized using a Graph-
SLAM approach, simultaneous localization and map-
ping, to find a configuration of the submap 15 o sets that
is maximally consistent with observations and moving
the submaps 15 into new offset positions corresponding
thereto for merging thereof into the full map 16 of the
surrounding environment.
[0061] Thus, provided hereby is a method that enables
yielding of up-to-date maps 16 for autonomous road ve-
hicles that by performance are comparable to maps cre-
ated from high-precision probing, in which localization is
possible.
[0062] Through continuously adding information from
road vehicles 12 passing different locations of interest
and repeating the method of merging aligned and opti-
mized submaps 15 into a full map 16, high-quality up-to
date full maps 16 of a surrounding environment can be
generated and maintained.
[0063] According to a second aspect there is provided
an arrangement 10, as illustrated schematically in figure
2, for sourcing of location information, generating and
updating maps 16 representing the location. The ar-
rangement 10 comprises a communication interface 11
for receiving, from at least two road vehicle 12 passages
at the location (indicated in figure 2 by the notation "32"
by the road vehicle 12), vehicle registered data 13 on the
surrounding environment from environment sensors and
positioning data from consumer-grade satellite position-
ing arrangements and from at least one of an inertial
measurement unit and a wheel speed sensor. The com-
munication interface 11 is preferably arranged to receive
road vehicle data using wireless data communication,
e.g. over a cellular-radio network or similar.
[0064] The arrangement 10 further comprises
processing means 14 including software for, when exe-

cuted by the processing means, performing the following:
smoothing 3 of the positioning data to establish continu-
ous trajectories for the respective vehicles 12; creating
4 individual surrounding environment maps using the da-
ta on the surrounding environment and the smoothed
positioning data from each respective vehicle 12 passage
at the location; identifying 5, from the individual surround-
ing environment maps, submaps 15 sharing area seg-
ments; cross-correlating 6 pairs of submaps 15 sharing
area segments; using the information from the pairwise
cross-correlation 6 of submaps 15 to optimize 7 each
submaps 15 offset relative a full map 16 of the surround-
ing environment; and merging 8 the submaps 15 into the
full map 16 of the surrounding environment.
[0065] The processing means 11 could be arranged in
a road vehicle 12, at a remote server or in the so-called
cloud or distributed therebetween.
[0066] Thus, provided hereby is an arrangement that
has the beneficial effects of enabling the yielding of up-
to-date maps for autonomous road vehicles that by per-
formance are comparable to maps created from high-
precision probing, in which localization is possible.
[0067] The arrangement 10 allows for continuously
adding information from road vehicles 12 passing differ-
ent locations of interest and for repeating a process of
merging aligned and optimized submaps 15 into a full
map 16, thus allowing high-quality up-to date full maps
16 of a surrounding environment to be generated and
maintained.
[0068] Many modifications and other embodiments of
the inventions set forth herein will come to mind to one
skilled in the art to which these inventions pertain having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it
is to be understood that the inventions are not to be limited
to the specific embodiments disclosed and that modifi-
cations and other embodiments are intended to be in-
cluded within the scope of the appended claims. More-
over, although the foregoing descriptions and the asso-
ciated drawings describe exemplary embodiments in the
context of certain exemplary combinations of elements
and/or functions, it should be appreciated that different
combinations of elements and/or functions may be pro-
vided by alternative embodiments without departing from
the scope of the appended claims. In this regard, for ex-
ample, different combinations of elements and/or func-
tions than those explicitly described above are also con-
templated as may be set forth in some of the appended
claims. In cases where advantages, benefits or solutions
to problems are described herein, it should be appreci-
ated that such advantages, benefits and/or solutions may
be applicable to some example embodiments, but not
necessarily all example embodiments. Thus, any advan-
tages, benefits or solutions described herein should not
be thought of as being critical, required or essential to all
embodiments or to that which is claimed herein. Although
specific terms are employed herein, they are used in a
generic and descriptive sense only and not for purposes
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of limitation.

Claims

1. A method for sourcing of location information, gen-
erating and updating maps (16) representing the lo-
cation, characterized in that it comprises:

obtaining (1, 2), from at least two road vehicle
(12) passages at the location, vehicle (12) reg-
istered data (13) on the surrounding environ-
ment from environment sensors and positioning
data from consumer-grade satellite positioning
arrangements and from at least one of an inertial
measurement unit and a wheel speed sensor;
smoothing (3) the positioning data to establish
continuous trajectories for the respective vehi-
cles (12);
creating (4) individual surrounding environment
maps using the data (13) on the surrounding en-
vironment and the smoothed positioning data
from each respective vehicle (12) passage at
the location;
identifying (5), from the individual surrounding
environment maps, submaps (15) sharing area
segments;
cross-correlating (6) pairs of submaps (15) shar-
ing area segments;
using the information from the pairwise cross-
correlation (6) of submaps (15) for optimizing (7)
each submaps (15) offset relative a full map (16)
of the surrounding environment;
merging (8) the submaps (15) into the full map
(16) of the surrounding environment.

2. A method according to claim 1, wherein it further
comprises using as environment sensors one or
more of: radar-sensors; lidar-sensors; ultrasound-
sensors; camera-sensors; IR-sensors.

3. A method according to any one of claims 1 or 2,
wherein it further comprises transforming vehicle
(12) registered data on the surrounding environment
into two-dimensional grids when creating the individ-
ual surrounding environment maps and performing
the cross-correlation (6) of the pairs of submaps (15)
sharing area segments based on those two-dimen-
sional grids.

4. A method according to any one of claims 1 to 3,
wherein the cross-correlation (6) of the pairs of sub-
maps (15) sharing area segments further comprises
identifying an intensity peak corresponding to a max-
imum overlap of submaps (15), indicative of the
greatest correlation between the submaps (15) and
the position of the intensity peak.

5. A method according to claim 4, wherein it further
comprises determining a relative importance of a
submap (15) pair by analyzing the cross-correlation
peak shape.

6. A method according any one of claims 1 to 5, wherein
it further comprises performing additional aligning of
the rotation of the respective submaps (15).

7. A method according to any one of claims 1 to 6,
wherein it further comprises identifying submaps
(15) containing information representative of an ex-
tension in the surrounding environment of up to
60360 meters.

8. A method according to claim 7, wherein it further
comprises identifying submaps (15) containing infor-
mation representative of an extension in the sur-
rounding environment of at least 10310 meters.

9. A method according to any one of claims 1 to 8,
wherein it further comprises optimizing each sub-
maps (15) offset relative a full map (16) of the sur-
rounding environment using a Graph-SLAM ap-
proach, simultaneous localization and mapping, to
find a configuration of the submap (15) o sets that is
maximally consistent with observations and moving
the submaps (15) into new offset positions corre-
sponding thereto for merging thereof into the full map
(16) of the surrounding environment.

10. Arrangement (10) for sourcing of location informa-
tion, generating and updating maps (16) represent-
ing the location,
characterized in that it comprises:

a communication interface (11) for receiving,
from at least two road vehicle (12) passages at
the location, vehicle (12) registered data on the
surrounding environment from environment
sensors and positioning data from consumer-
grade satellite positioning arrangements and
from at least one of an inertial measurement unit
and a wheel speed sensor; and
processing means (14) including software for,
when executed by the processing means (14),
performing the following:

smoothing of the positioning data to estab-
lish continuous trajectories for the respec-
tive vehicles (12);
creating individual surrounding environ-
ment maps using the data on the surround-
ing environment and the smoothed position-
ing data from each respective vehicle (12)
passage at the location;
identifying, from the individual surrounding
environment maps, submaps (15) sharing
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area segments;
cross-correlating pairs of submaps (15)
sharing area segments;
using the information from the pairwise
cross-correlation of submaps (15) to opti-
mize each submaps (15) offset relative a
full map (16) of the surrounding environ-
ment;
merging the submaps (15) into the full map
(16) of the surrounding environment.
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