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A system and method for localizing a movable object that includes a first transmitter and a second transmitter which are arranged
at a geometric distance relative to one another, wherein the first transmitter and the second transmitter each transmit a first signal
and a second signal, wherein the first and second signal are in temporal synchrony relative to one another and furthermore a
receiver is provided, which receives the first signal via receiving device and determines a first direction, from which the first signal is
received, and receives the second signal and determines a second direction, from which the second signal is received, and a
runtime difference between the first signal and the second signal, and where the position of the movable object is determined from
the runtime difference, the distance, the first direction and the second direction by an evaluator.
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ABSTRACT

A system and method for localizing a movable object that includes
a first transmitter and a second transmitter which are arranged
at a geometric distance relative to one another, wherein the
first transmitter and the second transmitter each transmit a
first signal and a second signal, wherein the first and second
signal are 1in temporal synchrony relative to one another and
furthermore a receiver is provided, which receives the first
signal via receiving device and determines a first direction,
from which the first signal is received, and receives the second
signal and determines a second direction, from which the second
signal is received, and a runtime difference between the first
signal and the second signal, and where the position of the
movable object is determined from the runtime difference, the
distance, the first direction and the second direction by an

evaluator.
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METHOD AND SYSTEM FOR LOCALIZING A MOVABLE OBJECT

FIELD OF THE INVENTION

The invention relates to a method and a system for localizing a

movable object.

BACKGROUND OF THE INVENTION

In many applications, the precise localization of objects, such
as vehicles, robots or containers, is required to fulfill tasks
from the field such as navigation, industrial processes or

logistics.

The high-precision localization can be technically very complex
or a system can, for instance, restrict the availability of an
adequate power supply or limit radio communication in terms of
range, transmission direction or bandwidth, as a result of
which a localization can be undesirably restricted.

It may be necessary, for instance, for an ultra-wide band radio
communication, that only movable units are permitted to
transmit in frequency ranges provided especially for traffic
applications, where the frequency ranges have a bandwidth

required for a precise localization.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a
method or a device for precise localization of an object, where
a stationary unit receives corresponding high-frequency signals

and does not emit high-frequency signals, i.e., does not
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transmit data but, instead, only one mobile unit incorporated
in the object to be localized sends high-frequency signals or

data.

This and other objects and advantages of localizing a movable
object are achieved in accordance with the invention by a
method in which the movable object comprises a first
transmitter and a second transmitter, where the first and the
second transmitter are arranged at a geometric distance
relative to one another, and the first transmitter and the
second transmitter each transmit a first signal and a second
signal, where the first and second signal are in temporal
synchrony with one another, and moreover a receiver is provided
which, via a receiving device, receives the first signal and
determines a first direction from which the first signal is
received, and receives the second signal and determines a
second direction from which the second signal is received, and
determines a runtime difference between the first signal and
the second signal, and where the position of the movable object
is determined from the runtime difference, the distance, the

first direction and the second direction by an evaluator.

This ensures that a method is created easily, which permits
high-precision localization and dispenses with operating a
transmitter in order to determine the position remote from the

object.

In a preferred embodiment, the receiver is arranged remote from
the movable object. In other words, there is no physical

connection between the receiver and the movable object.
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In another embodiment of the invention, the position of the
movable object is transmitted from the evaluator to a control
device via a communication means. This ensures that a device
arranged on the movable object can receive and further process

the position of the movable object.

It is also an object of the invention to provide a system for
localizing a movable object in which the movable object
comprises a first transmitter and a second transmitter arranged
at a geometric distance relative to one another, where the
first transmitter is configured to transmit a first signal and
the second transmitter is configured to transmit a second
signal, wherein the first and second signal are in temporal
synchrony relative to one another, and further a receiver is
provided which is configured to, via a receiving device, (i)
receive the first signal and determine a first direction from
which the first signal is received, (ii) receive the second
signal and to determine a second direction from which the
second signal is received and (iii) determine a runtime
difference between the first signal and the second signal, and
where the receiver incorporates/includes an evaluator that is
configured to determine the position of the movable object from
the runtime difference, the distance, the first direction and

the second direction.

In an embodiment of the invention, the movable object is a
vehicle, particularly preferably a bus, and the movable object

is located on a traffic route, for instance.

By applying the method with a movable vehicle that has a

corresponding transmit device, a position determination of the
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vehicle relative to the receiver is permitted. As a result, the
position of a vehicle, such as a passenger car, truck or bus on
a traffic route or a traffic area, such as a street or a
crossing, can be easily determined with very high precision,

such as in the cm range.

It is advantageous if the vehicle-side transmit apparatus has a
small design, a simple system architecture and is cost-
effective, such as is permitted by simple transmit devices

without complex signal processing.

In another embodiment of the invention, the receiver is
arranged in stationary manner, preferably on or in a traffic

route.

Moreover, it is advantageous if the street-side receiving
apparatus has a signal evaluation device, because compared with
vehicle-side devices there are frequently fewer requirements on
the street side with respect to installation size, current

consumption, system complexity or costs.

The phrase “on or in a traffic route” means that a geometric
proximity between the two transmitters and the receiver is
achieved in order to configure the range of the system
favorably and to be able to receive and evaluate receive
signals with an adequate quality. The transmit power is

frequently regulated by radio regulations.

This ensures that the receiver can be attached at a position,
for instance on a traffic sign, traffic lights or another
apparatus on or adjacent to a street. The position of the

receiver can be determined using conventional geodetic methods,
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as a result of which an absolute position determination of the

vehicle can take place.

In a further embodiment of the invention, the first and second
receivers each comprise ultra-wideband (UWB) transmitters,
which preferably operate in a frequency range at 4 GHz or at
6.5 GHz and particularly preferably with a bandwidth of

500 MHz.

This means that a large bandwidth can advantageously be used

for high-precision position determination.

In yet another embodiment of the invention, a control device
and a communication device are also included, where the
communication device is configured to establish a communication
channel between the evaluator and the control device and the
system is configured to transfer the position of the movable
object from the evaluator to the control device via the
communication channel. This ensures that a control device
connected via radio communication can receive and further
process the determined position of the movable object or of the

vehicle.

In another embodiment of the invention, the movable object
includes the control device, which is preferably a driver
assistance system, particularly preferably a navigation system.
This ensures that the control device is arranged on the
vehicle, for instance, as a result of which the determined

position information can be further processed on the vehicle.
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In a further embodiment of the invention, the communication
device comprises a radio communication system that operates in
accordance with the Intelligent Transport Systems (ITS-Gb5)
Standard or the Institute of Electrical and Electronics
Engineers (IEEE) 802.11p standard. This ensures that a
communication channel, which can already be integrated in the
vehicle for other applications, is likewise used by the
inventive method and a synergy to other systems in a vehicle

can thus develop.

Other objects and features of the present invention will become
apparent from the following detailed description considered in
conjunction with the accompanying drawings. It is to be
understood, however, that the drawings are designed solely for
purposes of illustration and not as a definition of the limits
of the invention, for which reference should be made to the
appended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that, unless
otherwise indicated, they are merely intended to conceptually

illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in more detail below with the aid of

an exemplary embodiment shown in the appended drawings, in
which:
Fig. 1 is an exemplary schematic illustration of a scenario

for a localization of a vehicle in accordance with the method

in accordance with the invention;
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Fig. 2 is a schematic block diagram of the arrangement

illustrated in Fig. 1.

Fig. 3 a simplified representation of the schematic block

diagram of Fig. 2;

Fig. 4 is a flowchart of the method in accordance with the

invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

It is clear that not all parts of the inventive system or for
performing the inventive method are shown, such as electronic
control components, power supplies and fastening components. It
should be understood these parts are not shown and described

merely for purposes of clarity and improved understanding.

Fig. 1 shows a schematic representation of an exemplary
embodiment for a system in accordance with the invention with a
scenario for localizing a vehicle 100, such as a bus, which is
located on a traffic area, in this example a crossing. The
vehiclie 100 has a first transmitter 110 and a second
transmitter 120 arranged at a geometric distance 105 relative

to one another.

The geometric distance 105 between two transmitters 110 and 120
should be as large as possible, for instance 2 to 5 meters, and
is generally restricted by the dimensions of the vehicle 100.

If the vehicle is a bus, for instance, a greater distance, such

as 5 to 15 meters, can thus be realized.
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The first transmitter 110 is configured to transmit a first
signal 111. The second transmitter 120 is configured to
transmit a second signal 121, where the first and second
signals 111, 121 are in temporal synchrony relative to one

another.

The first and second transmitters 111, 121 are each ultra-
wideband (UWB) transmitters, which operate in a frequency range
at 4 GHz or at 6.5 GHz and with a bandwidth of 500 MHz, for

instance.

A receiver 10, 11, 12 is provided in a stationary position,
adjacent to or adjoining the traffic area or traffic route,
where the receiver 10, 11, 12 is configured to, via a receiving
device 20, (i) receive the first signal 111 and determine a
first direction 112 from which the first signal 111 is
received, (ii) receive the second signal 121 and (iii)
determine a second direction 122 from which the second signal

121 is received.

The receiving angle 112, 122 with respect to the respective
transmitter 110, 120 can be determined via a corresponding
receiving device, such as an antenna group, an IQ receiver and

an evaluation unit, as known in the prior art.

Fig. 2 shows the scenario of Fig. 1 in detail. Here, the
receiver 10-12 is also configured to determine a runtime
difference 115 between the first signal 111 and the second
signal 121 by way of the receiving device 20. This can be
performed, for instance, by phase measurement between the first

and second signals 111 and 121.
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The receiver 10, 11, 12 also has an evaluator 21, which is
configured to determine the position of the movable object 100
from the runtime difference 115, the distance 105, the first

direction 112 and the second direction 122.

In order to improve the signal quality of the first and second
signals 111 and 121, a Kalman filter can be used, for instance,
as a result of which errors in real measured values can be

reduced or estimations for non-measurable system variables can

be supplied.

Fig. 3 shows a representation of triangles, which represent the

scenario in Fig. 2 in a simplified manner.

A first triangle is formed by points A, B, and C.

Point A corresponds to the position of the second transmitter

120.

Point B corresponds to the position 107 according to Fig. 2.

Point C corresponds to the position of the first transmitter

110.

Furthermore, for simplified representation an edge also means
its edge length. An edge a connects points B and C, where the
edge length of the edge a can be calculated from the runtime
difference 115 as an eqguivalent geometric distance:

s=c-'t

Date Regue/Date Received 2020-04-23
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The route s can therefore be determined approximately from the
light speed ¢ and the measured time t£. In other words, the
runtime difference 115 can be determined by the temporal offset
between the first signal 111 and the second signal 121 by means

of the receiving device 20.

In the first triangle, an angle a opposes the edge a.

An edge b connects points A and C and corresponds to the
distance 105 between the first transmitter 110 and the second

transmitter 120.

In the first triangle, an angle [ opposes the edge b.

An edge c¢ connects the points A and B.

In the first triangle, an angle y opposes the edge c.

A second isosceles triangle is formed by the points A, B and D,
where the points A and B, and the edge c¢ are identical to the

first triangle.

Point D corresponds to the position of the receiving device 20,
in other words, for instance, a receiving antenna of the

receiving device 20.

Two limbs d of the second triangle which are the same length

each cover an angle 6, where the angle 6 is formed by the angle
difference between the first receiving angle 112 relative to

the transmitter and the second receiving angle 122 relative to

Date Regue/Date Received 2020-04-23



10

15

20

25

86129385
11

the transmitter. A reference coordinate system for the
receiving angle measurement is compensated by the determination

of the angle difference.
The angle 6 opposes the edge c.

The second triangle can be easily divided into two symmetrical

third triangles, which enclose a first angle with 6/2, a second

angle & and a third, right angle.

According to the interior angle set of a triangle

0/, + & +90° = 180°

and the association between the first and the second triangle,

B + & = 180°

the angle B can be determined:

B =90/,+90°

The angle o can be determined from the sine set

a b
sin(a) ~ sin(B)

The angle y can therefore be determined.

y=180°—a - p

The edge length ¢ can now be determined via the cosine set.

c? =a%+b%+ cos(y)
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Moreover, the sought distance d can be determined via the

association

()

and thus the position of the vehicle 100.

In a further embodiment, the system comprises a control device
30 and a communication device 22, where the communication
device 22 is configured to establish a communication channel 25
between the evaluator 21 and the control device 30, and the
system is configured to transfer the position of the movable
object 100 from the evaluator 21 via the communication channel

25 to the control device 30.

The control device 30 can be incorporated in the vehicle 100
and can be a driver assistance system or a navigation system,

for instance.

The communication device 22 can be a radio communication system
in accordance with the Intelligent Transport Systems (ITS-Gb5)
Standard or the Institute of Electrical and Electronics

Engineers (IEEE) 802.11p standard.

Fig. 3 is a method for localizing a movable object 100
comprising a first transmitter 110 and a second transmitter
120 arranged at a geometric distance 105 relative to one
another, where the first transmitter 110 and the second
transmitter 120 each transmit a first signal 111 and a second
signal 121, and where the first and second signal 111, 121 are
in temporal synchrony relative to one another. The method

comprises receiving, by a receiving device 20 within a receiver
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10, 11, 12, the first signal 111 and determining a first
direction 112 from which the first signal 111 is received, as

indicated in step 310.

Next, the second signal 121 is received by the receiving device
20 within the receiver 10, 11, 12 and a second direction 122
from which the second signal 121 is received is determined, as

indicated in step 320.

Next, a runtime difference 115 between the first signal 111 and
the second signal 121 is determined by an evaluator 21 within

the receiver 10, 11, 12, as indicated in step 330.

Next, the position of the movable object 100 is determined from
the runtime difference 115, the geometric distance 105, the
first direction 112 and the second direction 122 by the
evaluator 21 within the receiver 10, 11, 12, as indicated in

step 340.

Thus, while there have been shown, described and pointed out
fundamental novel features of the invention as applied to a
preferred embodiment thereof, it will be understood that
various omissions and substitutions and changes in the form and
details of the devices illustrated, and in their operation, may
be made by those skilled in the art without departing from the
spirit of the invention. For example, it is expressly intended
that all combinations of those elements which perform
substantially the same function in substantially the same way
to achieve the same results are within the scope of the
invention. Moreover, it should be recognized that structures

and/or elements shown and/or described in connection with any
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disclosed form or embodiment of the invention may be
incorporated in any other disclosed or described or suggested
form or embodiment as a general matter of design choice. It is
the intention, therefore, to be limited only as indicated by

the scope of the claims appended hereto.
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CLAIMS:

1. A method for localizing a movable object comprising a
first transmitter and a second transmitter arranged at a
geometric distance relative to one another, the first
transmitter and the second transmitter each transmitting a
first signal and a second signal, the first and second signal
being in temporal synchrony relative to one another, the method
comprising:

receiving, by a receiving device within a receiver,
the first signal and determining a first direction from which
the first signal is received;

receiving, by the receiving device within the
receiver, the second signal and determining a second direction
from which the second signal is received;

determining, by an evaluator within the receiver, a
runtime difference between the first signal and the second
signal; and

determining, by the evaluator within the receiver, a
position of the movable object, from the runtime difference,
the geometric distance, the first direction and the second

direction.

2. The method as claimed in the claim 1, further
comprising:
transferring the position of the movable object from

the evaluator to a control device via a communication device.
3. A system for localizing a movable object comprising a

first transmitter and a second transmitter arranged at a

geometric distance relative to one another, the first

Date Regue/Date Received 2020-04-23
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transmitter being configured to transmit a first signal and the
second transmitter is designed to transmit a second signal,
wherein the first and second signal are in temporal synchrony
relative to one another, the system comprising:

a receiver comprising:

a receiving device; and

an evaluator;

where the receiver is configured to, via the
receiving device, (i) receive the first signal and determine a
first direction from which the first signal is received, (ii)
receive the second signal and determine a second direction from
which the second signal is received and (iii) determine a
runtime difference between the first signal and the second
signal; wherein the receiver is configured to, via the
evaluator, determine a position of the movable object from the
runtime difference, the geometric distance, the first direction

and the second direction.

4. The system as claimed in claim 3, wherein the movable
object is a vehicle, preferably a bus.

5. The system as claimed in claim 3, wherein the vehicle
is a bus.

0. The system as claimed in claim 3, wherein the

receiver is arranged in a stationary manner.

7. The system as claimed in claim 4, wherein the

receiver is arranged in a stationary manner.
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10

15

20

25

30

86129385
17

8. The system as claimed in claim 6, wherein the

receiver is arranged in a stationary manner on a traffic route.

9. The system as claimed in claim 7, wherein the

receiver is arranged in a stationary manner on a traffic route.

10. The system as claimed in claim 3, wherein the first and

second transmitters each comprise a ultra-wideband (UWB)

transmitter, which operate in a frequency range at 4 GHz or at

6.5 GHz and with a bandwidth of 500 MHz.

11. The system as claimed in claim 3, further comprising:
a control device; and

a communication device configured to establish a
communication channel between the evaluator and the control
device;

wherein the system is configured to transmit the
position of the movable object from the evaluator via the

communication channel to the control device.

12. The system as claimed in claim 11, wherein the

movable object includes the control device.

13. The system as claimed in claim 12, wherein the

control device comprises a driver assistance system.

14. The system as claimed in claim 13, wherein the driver

assistance system comprises a navigation system.

15. The system as claimed in claim 11, wherein the

communication means is a radio communication system in
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accordance with Intelligent Transport Systems (ITS-G5) Standard
or Institute of Electrical and Electronics Engineers (IEEE)

802.11p standard.

le. The system as claimed in claim 12, wherein the
communication means is a radio communication system in
accordance with Intelligent Transport Systems (ITS-G5) Standard
or Institute of Electrical and Electronics Engineers (IEEE)

802.11p standard.
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