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1
METHOD FOR POSITIONING A VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to German Patent Appli-
cation No. 102015009650.8, filed Jul. 25, 2015, which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure pertains to a method for position-
ing a vehicle.

BACKGROUND

Methods, in which the geographical position of a vehicle
is determined with the help of the signals of navigation
satellites, in particular of the GPS satellites, are generally
known and form the basis of modern vehicle navigation
systems. The positioning accuracies that are conventionally
achievable with these signals of the order of magnitude of a
few meters are adequate in order to correctly identify in the
very most cases a road, on which a vehicle using the
navigation system is located, and in order to be able to issue
navigation instructions to the driver of the vehicle on that
basis. For further automation applications, however, in par-
ticular for fully automatic travelling, the accuracy of the
popular methods is not yet adequate.

A reason for inaccuracies during the GPS positioning are
fluctuating signal propagation delays between the transmit-
ting satellite and the receiving vehicle due to atmospheric
interferences. A further cause of measurement inaccuracies
can be an unfavorable position of a satellite in which the
propagation delay of its signal to the vehicle does not
adequately vary with its geographical position or propaga-
tion delay distortions, which can occur in particular in
heavily built-up cities, when the direct visual connection
between satellite and vehicle is blocked by a building and
the signal of the satellite cannot reach the vehicle by direct
route, but only after a reflection.

In order to improve the positioning accuracy it has been
proposed to install stationary receiver units along the roads
which in turn receive the satellite signals, carry out an
estimate of their own position by way of the satellite signals
and calculate the deviation between this estimated and a true
position, passing it on to the passing vehicles. When the
causes of errors, to which the stationary station and the
passing vehicle are exposed are identical, then the error
between estimated and true position for vehicle and station-
ary station should also be the same and a true position of the
vehicle can be determined by vectorially adding the devia-
tion that is determined by the stationary station to the
estimated position of the vehicle.

The problem with this approach however lies in that the
causes of errors in turn are position-dependent and conse-
quently the deviation between the position that was esti-
mated by way of the satellite signals and the true position at
the place of the stationary receiver unit need not be the same
as at the place of the vehicle. The greater the distance
between the two is, the less suitable is the deviation mea-
sured by the stationary unit for improving the accuracy of
the positioning of the vehicle or the more numerous must the
stationary stations arranged along a road in order to make
possible a precise positioning of the vehicles everywhere.

SUMMARY

In accordance with the present disclosure a method is
provided for a precise positioning of a vehicle which man-
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2

ages to get by without a close network of stationary stations.
This vehicle, for distinction from other vehicles with which
this vehicle communicates, is also referred to herein as the
Ego vehicle. An estimated position of the Ego vehicle is
determined by way of a satellite signal received from the
Ego vehicle. A correction signal is received from a second
vehicle. The estimated position is corrected by way of the
correction signal. In this way, the Ego vehicle can offset any
poor own reception conditions which only allow a faulty
positioning in that it utilizes data of other vehicles which if
appropriate have better reception conditions or for other
reasons have more accurate positioning information.

If appropriate, correction signals of multiple vehicles can
also be utilized in order to offset accidental errors of the
position estimate by averaging many measurements that are
independent of one another. A correction by way of the
positioning information of multiple vehicles can automati-
cally be obtained in that the second vehicle, from which the
Ego vehicle obtains the correction signal, also has corrected
its position by way of the correction signal of a third vehicle
beforehand. The Ego vehicle can, however, obtain further
correction signals in addition to the correction signal of the
second vehicle and perform the correction by way of all
correction signals received.

The information content of the correction signal can be
different depending on configuration of the method. Accord-
ing to a first configuration, the correction signal can include
extent and direction of a deviation between a position that
was—ypossibly erroneously—estimated by way of a satellite
signal received from the second vehicle and a position of the
second vehicle considered true. Thus, the correction can take
place in that the (possibly weighted) deviation is vectorially
added to the estimated position initially derived.

When a dimension for the reliability of the deviation is
additionally encoded in the correction signal, this can be
extracted on the part of the Ego vehicle and taken into
account during the correction of the estimated position. In
particular, a weighting factor can be derived from the
dimension for the reliability with which the transmitted
deviation is multiplied before it is vectorially added to the
estimated position.

The longer the reception of a correction signal lies in the
past, the lower is its expressiveness. When, therefore, fol-
lowing the receiving of a correction signal the steps are
repeated multiple times, the influence of the correction
signal on the corrected estimated position should decrease
from one repetition to the other. The speed of this decrease
can be coupled to the speed of the vehicle. This means that
the faster the vehicle moves the faster the expressiveness of
the correction signal for the position of the vehicle also
decreases.

The position of the second vehicle assumed to be true can
be obtained in ways that are analogous to the method
described above in that an estimated position of the second
vehicle is derived by way of a satellite signal received from
this second vehicle, a correction signal is received from a
third vehicle and the estimated position of the second
vehicle is corrected by way of the correction signal. Alter-
natively, the correction signal however can also be received
from a stationary reference station. In this way, the second
vehicle, when it passes closely enough to a reference station
and in the process receives the correction signal from the
reference station, determine its own position with high
accuracy. By measuring the distance covered following the
passing of the reference station the second vehicle can retain
an accurate knowledge of its true position even for an
extended period of time following the passing of the refer-
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ence station and at a possibly greater distance from the same
and supply a correction signal which has a maximum of
reliability.

According to a second configuration of the method the
correction signal can also include, instead or in addition to
the deviation, the absolute geographical position of the
second vehicle. In order to be able to utilize this position for
correcting the estimated position of the Ego vehicle, the
distance vector between Ego vehicle and second vehicle
should be measured. Practically, this measurement should be
performed by the Ego vehicle. It is, however, also conceiv-
able that the distance vector is measured by the second
vehicle and made available to the Ego vehicle in the cor-
rection signal.

Here, too, the correction signal should additionally
include a dimension for the reliability of the position of the
second vehicle.

The distance vector can be determined in particular opti-
cally, for example by analyzing an image taken by a camera
of the first vehicle or by way of triangulation or by way of
an echo reflected from the second vehicle, for example with
the help of a radar or ultrasound distance measuring device.

A computer program product with program code, which
enable a computer, in particular of the first vehicle, to carry
out the method described above, or a computer-legible data
carrier, on which the program instructions are recorded,
which enable the computer to carry out the method is also
subject of the present disclosure.

A further subject of the present disclosure is a device for
installation in a first vehicle, having a processor or other
means configured to derive an estimated position of the first
vehicle by way of a satellite signal received from the
vehicle, receive a correction signal from a second vehicle,
and correct the estimated position by way of the correction
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will hereinafter be described in
conjunction with the following drawing figures, wherein like
numerals denote like elements.

FIG. 1 shows a first traffic situation with multiple vehicles
applying the method according to the present disclosure;

FIG. 2 shows a second traffic situation with multiple
vehicles applying the method according to the present
disclosure;

FIG. 3 shows a third traffic situation with multiple
vehicles applying the method according to the present
disclosure; and

FIG. 4 shows a fourth traffic situation with multiple
vehicles applying the method according to the present
disclosure.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit the invention or the
application and uses of the invention. Furthermore, there is
no intention to be bound by any theory presented in the
preceding background of the invention or the following
detailed description.

In FIG. 1, vehicles 1, 2 are located on a first road 4 and
a vehicle 3 on a road 5 transversely enters the road 4. The
roads 4, 5 are partly flanked by high buildings 6 which
impair the reception of satellite navigation signals by the
vehicles 1, 2. The vehicles 1, 2, 3 are each equipped with a
satellite navigation system known per se, which is capable
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of estimating, based on received satellite navigation signals,
the position P1, P2 and P3 respectively of the vehicle
concerned. The reliability of this estimate is different
depending on the strength of the received signals, number of
receivable satellites and their position on the sky and is also
shown in FIG. 1 by the ellipses S1, S2, S3 surrounding the
estimated positions P1, P2, P3. Each of these ellipses Si
(whereiis 1,2,3...) surrounds those points for which the
sojourn probability of the vehicle estimated by way of the
satellite signal of the vehicle i at this point exceeds a limit
value, wherein the limit value for each ellipse is determined
so that the sojourn probability integrated over the entire
ellipse Si reaches a value just under 1 that is the same for all
ellipses. The dimensions of the ellipses S1, S2, S3 are thus
inversely proportional to the quality of the position is
estimate.

In the case of vehicle 1, the ellipse S1 does not overlap
with the vehicle 1. The estimate position P1 is thus clearly
detective which can be attributable to deflection of the
satellite signal on a wall of the building 6.

Adjacent to the vehicle 1 a reference station 7 is located
on the shoulder of the road which like the navigation system
of the vehicle 1 receives and evaluates the satellite signals,
obtaining as result a position P7 and as dimension for its
reliability an ellipse S7. The ellipse S7 will generally be
smaller than the ellipse S1 since the reference station 7 is
unmoved and therefore through long measurement times or
means via repeated measurements can achieve a more
reliable estimate than the navigation system of the vehicle 1.

The reference station 7 knows its exact geographical
position and can compare the same with the position P7 that
was estimated by way of the satellite system. The offset
between estimated and true position of the reference station
7 is a vector D7.

The reference station 7 emits a correction signal in which
the vector D7, the quality of its estimate and the true
geographical position P7 of the reference station 7 are
encoded. On the part of the vehicle 1, the estimate of the own
position is corrected to Pcl, in that it is shifted correspond-
ing to the offset D7. The systematic error attributable to
reflection on the building front is now rectified and as to be
expected, the corrected ellipse C1 overlaps with the vehicle.
Since accidental measurement errors of the vehicle naviga-
tion system and of the reference station 7 are superimposed
on one another with the corrected position estimate, the
accuracy of the corrected position estimate Pcl cannot be
better than the estimates of vehicle 1 and reference station 7
on which it is based; hence the ellipse C1 is drawn slightly
larger than S1.

In the case of the vehicle 2, the quality of the satellite
signal is poor for example because of an unfavorable posi-
tion or low number of the received satellites so that the
ellipse S2 about P2, within which the vehicle 2 is located
with predetermined probability, is large. Here, too, a refer-
ence station 8 is located on the shoulder of the road which
likewise carries out a position estimate and in the process
obtains as result the position P8 with the ellipse S8 that is
representative for the measurement accuracy or an offset D8
between the estimated position P8 and the true position.

When the vehicle 2 receives the correction signal of the
reference station 8 and corrects its own estimated position
P2 by the offset D8, the result Pc2 is still located within the
ellipse S2. Other than in the case of the vehicle 1 there is thus
no reason for assuming a systematic error of the position
estimate. Although the corrected estimate cannot be more
reliable than that of the reference station 8 however it is
definitely more reliable than the original estimate, which is
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why the ellipse C2 about Pc2, of which it is now assumed
that the position of the vehicle with high probability is
within it, is at least as large as S8, but smaller than S2.

On the road 5 flanks on both sides by buildings 6, the
vehicle 3 has particularly poor reception conditions with
weak signals which is why the position estimate in this case
is afflicted by particular uncertainty and the ellipse S3 about
the estimated position P3 accordingly is particularly large.

The vehicle 1 is equipped with a camera or a radar device
which allows it to detect objects of its surroundings such as
for example the reference station 7 and to vectorially mea-
sure the distance to them. The result of such a measurement
is the vector V1 drawn into FIG. 2 and connection vehicle
1 and the reference station 7. Based on this vector V1 and the
true position of the reference station 7 which is encoded in
the correction signal of the reference station 7, the naviga-
tion system of the vehicle 1 is able to determine its position
with a high degree of accuracy and reliability so that the
result can be assumed as true position of the vehicle 1. When
the vehicle 1 moves on the road 4 it uses odometric
information of distance counters and steering in order to
continuously update its true position. Inevitable odometric
measurement inaccuracies result in that the reliability of the
position information decreases to the extent in which the
vehicle 1 distances itself from the reference station 7, as
illustrated in FIG. 2 by ellipses C1', C1" that gradually
become larger along the route of the vehicle 1 via positions
1, 1"

From time to time, in the case under consideration here at
position 1" shortly after turning into the road 5, the vehicle
1 again carries out a position estimate by way of the satellite
signal. The result of the estimate is the ellipse S1", its center
point compared to the true position of the vehicle in the
center of the ellipse C1" is offset by the vector D1". It can
therefore be assumed that the measurements at the position
1" have a systematic deviation D1". The vehicle 1 therefore
emits a correction signal in the same manner as the reference
stations 7, 8 which contains the position of the vehicle 1 to
be assumed true in the center of C1", the offset vector D1"
and the dimensions of the ellipse S1".

Based on the reception of this correction signal, the
vehicle 3 corrects its own position estimate, in this case by
D1", and can assign it a degree of reliability that is substan-
tially improved compared with S3, as symbolized in FIG. 2
by the ellipse C3, the dimensions of which are between those
of the ellipses S3 and C1". In other words, the vehicle 3
profits from the highly-accurate position that the vehicle 1
has been able to carry out on the reference station 7 without
it having to enter into communication with the reference
station 7 itself or having to get near it.

Alternatively, the vehicle 3 could also correct its own
position estimate by a vector cD1", wherein ¢ is a scaler
quantity between 0 and 1. The precise numerical value of ¢
depends on the reliability of the positions of the vehicles 2
and 3, i.e. the smaller the ellipses S1", C1" are, the more
reliable the offset vector D1" consequently is, and the greater
S3 is, the nearer to 1 is c.

When the vehicle 3, as described above for the vehicle 1,
is equipped with a camera or radar device, which is capable
of identifying the passing vehicle 1, a distance vector V3
between the vehicles 1 and 3 can also be determined with the
help of this camera or radar device, and the vehicle 3 is able
to utilize the true position of the vehicle 1 contained in the
correction signal in that it calculates its own position by
adding the vector V3 to the position of the vehicle 1.

When the vehicle 3 later on turns into the road 4, it will
soon come towards the vehicle 2, as shown in FIG. 3. Since
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the exchange of information with the vehicle 1 or with the
reference station 8, both vehicles have updated their own
true position, in each case in the center of the ellipses C2',
C3', by way of odometric data and are thus able to determine
a current offset D3' or D2' between the updated true position
and the position estimated by way of satellite signals in each
case in the center of the ellipses S2', S3' and to transmit the
same within the scope of a correction signal to the respective
other vehicle. Since the offset vectors D2', D3' have mate-
rialized in different ways, the probability that they are
correct is high in the case of agreement. In the case of FIG.
3 there is a useful agreement both in the amount and also in
the direction of the vectors D2', D3', so that both vehicles
can assign their true positions a higher degree of reliability,
illustrated in FIG. 3 by a reduction in size of the ellipses C2',
C3' to C'2' respectively C'3'.

In the version shown in FIG. 4, the two vehicles each form
a weighted mean value D of the two offset vectors D2', D3".
The weight, with which each offset vector D2', D3' is
included in the averaging is proportion to its reliability, for
example inversely proportional to the area of the ellipses S2'
and C2' or S3' and C3'. The positions which are obtained by
vectorially adding the offset vector D to the positions in the
center of the ellipses S2', S3' estimated by way of the
satellite signals are now assumed as true positions of the
vehicles 2, 3.

By many vehicles in dense traffic interchange correction
signals among one another in the described manner, a high
degree of consensus regarding the offset between the posi-
tion estimated by way of the satellite signal and the true
position is achievable on a given road section, which advan-
tageously enables the vehicles especially with high traffic
density to automatically navigate with high accuracy relative
to one another.

While at least one exemplary embodiment has been
presented in the foregoing detailed description, it should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing detailed
description will provide those skilled in the art with a
convenient road map for implementing an exemplary
embodiment, it being understood that various changes may
be made in the function and arrangement of elements
described in an exemplary embodiment without departing
from the scope of the invention as set forth in the appended
claims and their legal equivalents.

What is claimed is:

1. A method for positioning a first vehicle comprising:

a) deriving, by a processor of the first vehicle, an esti-
mated position of the first vehicle by way of a satellite
signal received by the first vehicle;

b) receiving, by the processor of the first vehicle, a
correction signal from a second vehicle that includes a
position of the second vehicle;

¢) correcting, by the processor of the first vehicle, the
estimated position by way of the correction signal
received from the second vehicle to determine a cor-
rected estimated position;

d) measuring, by the processor of the first vehicle, a
distance vector between the first vehicle and the second
vehicle based on an optical image taken by a camera of
the first vehicle that identifies the second vehicle;

correcting, by the processor of the first vehicle, the
corrected estimated position of the first vehicle based
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on the distance vector to determine an assumed true
position of the first vehicle; and

outputting, by the processor of the first vehicle, a correc-

tion signal from the first vehicle that includes the
assumed true position of the first vehicle to a third
vehicle.

2. The method according to claim 1, wherein the correc-
tion signal received from the second vehicle comprises
extent and direction of a deviation between a position of the
second vehicle and a position estimated by way of a satellite
signal received by the second vehicle.

3. The method according to claim 2, further comprising
deriving, by the processor of the first vehicle, a dimension
for the reliability of the deviation from the correction signal
received from the second vehicle and correcting, by the
processor of the first vehicle, the estimated position by way
of'the correction signal received from the second vehicle and
the dimension.

4. The method according to claim 3, wherein a) and c) are
repeated multiple repetitions following b) such that an
influence of the correction signal received from the second
vehicle on the corrected estimated position decreases from
one repetition to the next repetition.

5. The method according to claim 2, wherein the position
of the second vehicle assumed to be true is obtained by:

deriving an estimated position of the second vehicle by

way of a satellite signal received by the second vehicle;
receiving a second correction signal from one of a third
vehicle or a stationary reference station; and
correcting the estimated position of the second vehicle by
way of the second correction signal.
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6. The method according to claim 1, wherein the correc-
tion signal received from the second vehicle comprises a
dimension for the reliability of the position of the second
vehicle.
7. A non-transitory computer readable medium compris-
ing program code which enable a computer to carry out the
method according to claim 1.
8. A device for installation in a first vehicle comprising a
processor configured to:
derive an estimated position of the first vehicle by way of
a satellite signal received by the first vehicle;

receive a correction signal from a second vehicle that
includes an assumed position of the second vehicle, and
an extent and direction of a deviation between the
assumed position of the second vehicle and an esti-
mated position of the second vehicle derived by way of
a satellite signal received by the second vehicle;

correct the estimated position by way of the correction
signal received from the second vehicle to determine a
corrected estimated position;

measure a distance vector between the first vehicle and

the second vehicle based on an optical image taken by
a camera of the first vehicle that identifies the second
vehicle;

correct the corrected estimated position of the first vehicle

based on the distance vector to determine an assumed
true position of the first vehicle; and

output a correction signal from the first vehicle that

includes the assumed true position of the first vehicle
and an extent and direction of a deviation between the
assumed true position of the first vehicle and the
estimated position of the first vehicle to a third vehicle.
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