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(57) ABSTRACT

The object of the invention relates to a method for measuring
distance using wave signals (11, 12, v), the essence of which
1s a first and a second transceiver device (E, M) suitable for
emitting and receiving wave signals (11, 12, v) are provided,
a first sensing device (O') suitable for receiving wave signals
(11, 12, v) 1s arranged at a distance D' from one of the first
and second transceiver devices (E, M), wave signals (11, 12,
v) are sent and received by the first and second transceiver
devices (E, M), which are also received by the first sensing

device (O'), then on the basis of the distance D', the time
intervals (AE1E2, AM1IM2, AO1'0O2', AE2E3, AM2M3,
AO2'0O3") passing between the emitting and receipt of the
wave signals (11, 12, v) and the speed of propagation of the
wave signals (11, 12, v) the distance of the second transceiver
device (M) from the first transceiver device (E), and the
distance of the first sensing device (O') from the first and
second transceiver devices (E, M) are determined. The
object of the invention also relates to a system (100) for
measuring distance using wave signals (11, 12, v), which
contains a first and second transceiver device (E, M) suitable
for emitting and receiving wave signals (11, 12, v), as well as
sensing devices (O, 0", O") suitable for receiving wave
signals (11, 12, v) arranged at a distance D', D", D' from one
of the first and second ftransceiver devices (E, M), the
essence of which 1s that the first and second transceiver
devices (E, M), and the sensing devices (O, 0", O™) are
configured 1n a way suitable for implementing the method
according to the nvention.
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METHOD AND SYSTEM FOR MEASURING
DISTANCE USING WAVE SIGNALS

[0001] The object of the invention relates to a method for
measuring distance using wave signals.

[0002] The object of the invention also relates to a system
for measuring distance using wave signals, which contains
a first and second transceiver device suitable for emitting
and receiving wave signals, as well as a sensing device
suitable for receiving wave signals arranged at a distance
from one of the first and second transceiver devices.
[0003] As a result of the development of communications
technology numerous systems have been developed that are
able to determine the position of an object (e.g. mobile
device) using some sort of method.

[0004] Today one of the most widespread positioning
systems 1s the Global Positioning System (GPS), which 1s a
satellite navigation system operating anywhere on the Earth,
24 hours a day. 3-dimensional positioning 1s possible using
GPS. The precision of positioning 1s characteristically of the
order of a few metres, but using special methods precision
of even a few millimetres can be achieved. The essence of
the operation of GPS 1s that a receiver device measures the
propagation time of the microwave signals emitted by the
satellites orbiting the Earth, and so the position of the
receiver device 1s determined 1n a given coordinate system.
[0005] The greatest disadvantage of GPS-based positing
systems 1s that they can only be used in open, uncovered
areas, and not indoors. A further disadvantage is that the
receipt of the necessary data, and the detecting of the
satellites may, 1n a given case, take a long time, furthermore
signals reflected from buildings may corrupt the precision of
positioning.

[0006] The above problems are also valid for the other
satellite positioning systems (GLONASS, BeiDou).

[0007] In order to realise indoor positioning, solutions are
known of from the state of the art that determine the relative
position of an object by measuring the propagation time of
electromagnetic waves, preferably radio waves.

[0008] One of the known methods of measuring distance
based on signal propagation time using radio waves 1s the
there-and-back sending of messages (two-way ranging). A
first and a second transceiver device are required for the
distance measuring method also appearing 1n the IEEE
802.15.4a standard. The first transceiver device sends an
enquiry data packet to the second transceiver device, which
it responds to with a response data packet. The time differ-
ence between the sending of the response data packet and the
receipt of the enquiry data packet 1s optionally contained in
the response data packet or, preferably, in a signal packet
sent after the sending of the response data packet. The time
difference between the sending of the enquiry data packet
and the arrival of the response data packet 1s measured by
the first transceiver device. On the basis of this the first
transceiver device calculates the joint propagation time of
the two packets. The distance between the two transceivers
may be determined from the joint propagation time of the
packages 1n the knowledge of the propagation speed of radio
waves.

[0009] In order to successiully use the method 1t 1s nec-
essary to be able to measure time with great precision. As the
speed of propagation of radio waves 1s the same as the speed
of light, time must be measured with nanosecond or sub-
nanosecond precision in the interest of obtaiming suitable
positioning precision. The precision of the there-and-back

Oct. 31, 2019

message-sending method 1s fundamentally determined by
the error in the measurement of the time difference between
the receipt of the enquiry signal packet and the sending of
the response signal packet, which 1s usually high. It 1s
precisely because of this that the above method only makes
low-precision distance measuring possible, and so 1t 1s rarely
used 1n practice.

[0010] The error originating from the imprecision of time
measurement may be reduced by not determinming the dis-
tance between the transceiver devices with a single there-
and-back exchange of packets, instead 1t 1s determined using
smaller time intervals, 1n this way the error 1n measuring
time causes a smaller error 1n the final result. The essence of
this method 1s that after the first exchange of messages the
first transceiver device sends a response signal packet to the
second transceiver device, so both devices measure two time
intervals each (three message exchange method). In the case
of this method the precision of measurement will be funda-
mentally determined by the time difference between the
response time of the first transceiver device and the response
time of the second transceiver device, which results 1n an
error that 1s orders of magnitude smaller than the error of the
there-and-back message sending method. This method
makes 1t possible to measure distances that can be used in
practice. Its disadvantage, however, 1s that the sending of
one more signal packet 1s necessary, which slows down the
enquiry speed during positioning, therefore the possible
number of positions that may be determined over a given
unit of time drops.

[0011] In the interest of dearly being able to determine the
2-dimensional position of an object from the measured
distances, the distance of the object as compared to three
transceivers needs to be known. If the 3-dimensional (spa-
tial) position of an object must be determined, the distance
of the object as compared to at least four transceiver devices
must be determined. It may be seen then that for 2-dimen-
sional positioning, in the case of the there-and-back message
sending method it 1s necessary to exchange 6 signal packets,
and 1n the case of the three message exchange method, 1t 1s
necessary to exchange 9 signal packets.

[0012] Regularly emission of signals 1s energy demand-
ing, therefore continuously ensuring the power supply to the
transceiver devices, especially in the case of transceiver
devices containing a built-in power source, may represent a
problem. In the case of a system consisting of many trans-
ceiver devices periodically replacing the batteries may be
laborious and costly.

[0013] It has been realized that 11 during the three-message
exchange method the signal packets sent by the first and
second transceiver devices are intercepted using further
transceiver devices, then with just three message exchanges
the distance of the second transceiver device from the first
transceiver device, and the distance of the further transceiver
devices from the first and second transceiver devices may be
determined with great precision, in other words more precise
planar and/or spatial positioning may be realised with fewer
message exchanges than the previous solutions.

[0014] It has been also realized that receiver devices are
suflicient to monitor the signal packets sent by the first and
second transceiver devices, which are simpler and cheaper
that transceiver devices, therefore the positioning system
according to the method may be constructed at a relatively
low cost.
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[0015] The objective of the invention 1s to provide a
method and system for measuring distance that 1s free of the
disadvantages of the solutions according to the state of the
art. The aim of the invention 1s especially to create a method
and system for measuring distance with which planar and/or
spatial positioning may be realised with greater precision
than the solutions according to the state of the art with fewer
message exchanges.

[0016] The invention 1s based on the recognition that
during the three message exchange method the signal pack-
ets sent by the first and second transceiver devices are
monitored using further transceiver devices, then with just
three message exchanges, not only can the distance of the
second transceiver device from the first transceiver device
bet determined with great precision, but also the distance of
the further transceiver devices from the first and second
transceiver devices can be determined with great precision.
[0017] The task in accordance with the invention was
solved with the method according to claim 1, and with the
system according to claim 15.

[0018] Further advantageous embodiments of the inven-
tion are defined 1n the attached dependent claims.

[0019] Further details of the invention will be explained
by way of exemplary embodiments with reference to the
figures, wherein

[0020] FIG. 1 1s a schematic view of the main elements
participating 1n a possible embodiment of the method
according to the mnvention, a

[0021] FIG. 2a 1s a flowchart of a possible embodiment of
the method according to the imvention,

[0022] FIG. 25 1s a flowchart of another possible embodi-

ment of the method according to the mvention,

[0023] FIG. 3a 1s a section view taken in the plane P
presenting the 2-dimensional case of positioning based on
distance measurement,

[0024] FIG. 35 1s a plane section presenting the 3-dimen-
sional case of positioning based on distance measurement.
[0025] FIG. 1 shows a schematic view of the main ele-
ments participating 1n a possible embodiment of the method
for measuring distance according to the invention. In the
case of the method according to the invention a first trans-
ceiver device E and a second transceiver device M are
provided that are suitable for transmitting and receiving
wave signals. In the context of the present invention trans-
mitting and generating wave signals means the creation of
the wave signal and the transmission of the wave signal
simultaneous with 1ts creation. In other words, 1n the context
of the present invention, generation and transmission of the
wave signal are used as synonyms. Wave signal 1s primarily
understood to mean an electromagnetic wave (or wave
packet), but the concept of wave signal also includes trans-
verse and longitudinal waves propagated in various media
(such as sound waves). The transceivers E, M may be any
communication devices capable of receiving and generating
wave signals (such as UWB transceiver, ultrasound trans-
celver, microcontroller supplied with a transceiver, or other
dedicated hardware) that are capable of measuring the time
passing between the receipt of the wave signals and the
generation of the wave signals, processing the wave signals
and of forwarding the measured time data 1n a wired or
wireless manner.

[0026] A first sensing device O' suitable for receiving
wave signals 1s arranged at a distance D' from one of the first
and second transceiver devices E, M. The first sensing
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device O' 1s a combination of hardware and software ele-
ments that 1s suitable for measuring the time passing
between the receipt of consecutive wave signals, and for
forwarding the measured data 1n a wired or wireless manner.
Optionally, an embodiment 1s conceivable 1n the case of
which the first sensing device O' 1s not only suitable for
rece1ving wave signals, but also for generating them. In this
case the first sensing device O' may be established as a
device 1dentical to the transceiver devices E, M.

[0027] The arrangement of the first sensing device O' at
the distance D' 1s understood to mean that the first sensing
device O' 1s located at a known, and preferably fixed

distance D' from the one of the first and second transceiver
devices E, M.

[0028] Preferably a central information technology unit 10
connected to the transceiver devices E, M and the first
sensing device O' via an electronic communication channel
20 also participates in the method according to the invention.
The electronic communication channel may be created, for
example, within the framework of an electronic communi-
cation network, which may be, for example, a wired or
wireless local information technology network (local area
network, LAN), or a global information technology net-
work, especially the Internet, also a 3G or 4G standard-
based mobile telecommunication network, GSM network,
satellite communication network, etc., or a combination of
these. The connection of the transceiver devices E, M and
the first sensing device O' to the central information tech-
nology unit 10 1s naturally not only understood as a direct
connection, but also as an indirect connection, for example
when the transceiver device E, M 1s connected to the central
information technology unit 10 via another transceiver
device E, M or via the sensing device O'.

[0029] The wired data transmission connection may be
realised, for example, with the RS485 electronic standard,
and the wireless connection may be ensured, for example,
with the use of the Bluetooth and ZigBee protocols, as 1s
obvious for a person skilled 1n the art. In the case of the
present invention the concept of the central information
technology unit 10 has a wide interpretation, which includes
any hardware and software device suitable for receiving,
storing and sending data, such as a desktop computer, laptop,
system on chip (SoC), microcontroller, mobile communica-
tion devices (smartphone, tablet), dedicated hardware, etc.,
as 1s known to a person skilled in the art.

[0030] In the first step of the method according to the
invention a first enquiry wave signal I1 1s generated using
the first transceiver device E at the time E1. The time of
generation 1s preferably understood to mean the starting
moment of generation or the completion moment of gen-
eration. The wave signal I1 1s preferably an electromagnetic
wave, even more preferably an ultra-wideband radio signal,
the centre frequency and bandwidth of which fall in the
gigahertz range. During the use of the ultra-wideband radio
signal short duration signals (impulses) are generated, which
are different to traditional carrier modulated technologies.

[0031] In the second step of the method according to the
invention the first enquiry wave signal 11 generated by the
first transceiver device E 1s received by the second trans-
ceiver device M at the time M1 following the time E1, and
by the first sensing device O' at the time O1' following the
time E1. If the time of the generation of the wave signal 1s
understood as meaning the starting moment of generation,
then preferably the time of the receipt of the wave signal 1s
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understood as meaning the starting moment 1 time of
receipt. If the time of the generation of the wave signal 1s
understood as meaning the completion moment of genera-
tion, then preferably the time of the receipt of the wave
signal 1s understood as meaning the completion moment of
receipt.

[0032] In the next step of the method a response wave
signal v 1s generated with the second transceiver device M
in the time M2 following the time M1 by the time interval
AM1IM?2, and the time interval AM1M2 1s determined. The
determination of the time interval AM1M2 i1s understood to
mean its direct measurement, or, for example, its subsequent
calculation based on the moments 1n time M1 and M2.
Optionally, an embodiment 1s conceivable in the case of
which the transceiver device 1s set up in such a way that
when receiving an enquiry wave signal 1t sends a response
wave signal after a determined and known period of time has
passed. In the case of this embodiment the time interval
between the receipt of the enquiry wave signal and the
generation of the response wave signal 1s a predetermined,
known value, therefore 1t 1s not necessary to separately
measure this.

[0033] In the next step of the method the response wave
signal v generated by the second transceiver M at the time
M2 1s received by the first transceiver device at the time E2
following the time E1 by the time interval AE1E2, and the
time interval AE1E2 1s determined by the first transceiver
device E.

[0034] The response wave signal v generated by the
second transceiver device M at the time M2 1s also received
by the first sensing device O' at the time O2' following the
time O1' by the time 1nterval AO1'0O2', then the time 1nterval
AO1'0O2' 1s determined with the first sensing device O'.

[0035] In the next step a second enquiry wave signal 12 1s
generated using the first transceiver device E at the time E3
following the time E2 by the time interval AE2E3, and the
time interval AE2E3 1s determined. The determination of the
time interval AE2E3 may take place, for example, according
to that described in the case of the determination of the time
interval AM1M2. The enquiry wave signal 12 1s received by
the second transceiver device M at the time M3 following
the time M2 by the time interval AM2M3. The time 1nterval
AM2M3 1s determined by measuring the time elapsed
between the time M2 of the emission of the response wave
signal v and the receipt of the second enquiry wave signal 12.

[0036] The wave signal 12 generated by the first trans-
ceiver device E at the time E3 1s also received by the first
sensing device O' at the time O3' following the time O2' by
the time 1nterval AO2'0O3’, then the time interval AO2'0O3' 1s
determined using the first sensing device O'.

[0037] On the basis of the knowledge of the distance D',
the time intervals AF1E2, AM1IM2, AO1'O2', AE2E3,
AM2M3, AO2'03' and the speed of propagation of the wave
signals I1, 12, and v, the distance dEM of the second
transceiver device M from the first transceiver device E, and
the distance dEQO' of the first sensing device O' from the first
transceiver device E and the distance dMQO' of the first
sensing device O' from the second transceiver device M are

determined. The details of the determination of the distances
dEM, dEO', and dMO' are explained 1n the following.

[0038] FIG. 2a depicts a tlow chart of a possible embodi-

ment of the method according to the invention. The vertical
axes 1llustrate the passing of time. In the case of this
embodiment the second transceiver device M 1s arranged at
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a known and preferably fixed distance D' from the first
sensing device O'. In the case of an especially preferable
embodiment the positions of the second transceiver device
M and the first sensing device O' 1in an absolute reference
system are also known. Such a reference system may be
fixed to buildings or to outdoor areas, etc., for example.

[0039] Using the method according to the invention the
distance of the first transceiver device E, which can freely
move as compared to the second transceiver device M and
the first sensing device O', from the second transceiver
device M and the first sensing device O' 1s determined.
Theretore 1n the case of this embodiment the second trans-
ceiver device M will operate as a positioning device, while
the first transceiver device E will operate as a positioned
device. The determination of the distances takes place in the
following way.

[0040] The values of the time mtervals AE1E2, AM1M2,
AO1'0O2', AE2E3, AM2M3, and AO2'O3' and/or the data
required to determine them (e.g. the time values FE1, E2, E3,
M1, M2, M3, O1', O2', O3') are sent to the central infor-
mation technology 10 device using the first transceiver
device E, the second transceiver device M and the first
sensing device O'. In addition to the time 1ntervals AE1E2,
AMIM?2, AO1'0O2', AE2E3, AM2M3, and AO2'O3', identi-
fication data are also sent to the central information tech-
nology device 10, with which 1t may be clearly determined

which device E, M, O' the time intervals AE1E2, AM1M2,
AO1'02', AE2E3, AM2M3, and AO2'O3' originate from.

[0041] Using the central information technology unit 10
the distance dEM of the first transceiver device E from the
second transceiver device M 1s preferably determined using
the following formula

AF1E2 —AMIM2 + AM2M3 - AE2E3
dEM = 1 C

[0042] In the above formula c 1s the speed of propagation
of the wave signals 11, 12, v, which 1n the case of the use of
ultra-wideband radio signals 1s equal to the speed of light. It
should be noted that as the first transceiver device E may
move as compared to the second transceiver device M and
the first sensing device O', the distances dEM, dEQO' are
always understood as being momentary distances. As, how-
ever, the speed of propagation of the wave signals I1, 12, v
1s greater by many orders of magnitude than the speed of the
first transceiver device E as compared to the second trans-
ceiver device M and the first sensing device O', therefore any
possible displacement of the first transceiver device E does
not significantly influence the precision of the method
according to the mnvention.

[0043] The distance of the first transceiver device E from
the first sensing device O' 1s determined using the central
information technology unit 10 preferably with the formula

AO1'02 —A02'03  AELE2 - AEQE?)]
— C

dEQO =dEM+D+( 5 5

[0044] making use of the known distance D' of the second
transceiver device M and of the first sensing device O'.

[0045] Optionally, an embodiment 1s conceivable 1n which
the values of the time intervals AF1E2, AM1I1M2, AO1'0O2',
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AEBE2E3, AM2M3, AO2'O3' and/or the data required to deter-
mine them are not sent to the central information technology
unit 10, but to the first transceiver device E instead, and the
distances dEM and dEO' are calculated by the first trans-
cerver device E itself. So 1n the case of this embodiment, the
central information technology unit 10 may be left out.

[0046] On the basis of simple geometric considerations 1n
the case of positioning based on distance measurement it 1s
necessary to know the distance of the object from 3 objects
with known positions 1 order to dearly determine any
2-dimensional position of an object. And 1n order to clearly
determine any 3-dimensional position of the object it 1s
necessary to know its distance from 4 objects with known
positions. In the context of the present invention the 2-di-
mensional position of an object 1s understood to mean its
position within a determined plane, and 3-dimensional posi-
tion 1s understood to mean the object’s spatial position.

[0047] In the following a possible practical example of
2-dimensional positioning performed with the method

according to the imnvention 1s presented with the help of FIG.
3a.

[0048] In addition to the first sensing device O' arranged at
a distance D' from the second transceiver device M with
known position, a second sensing device O" with known
position arranged at a distance D" from the second trans-
ceiver device M 1s provided. It should be noted that FIG. 3a
1s a schematic view, serving only for illustration, and the
second transceiver device M and the sensing devices O', O"
are not necessarily in the plane of FIG. 3a.

[0049] The known positions of the second transceiver
device M and of the sensing devices O', O" 1s understood to
mean that at least their positions as compared to each other
are known. In the case of this embodiment the first trans-
ceiver device E 1s capable of moving in the first plane P with
known and fixed position as compared to the second trans-
ceiver device M and the sensing devices O', O". The first
plane P may be, for example, the plane of a floor of a
building, or a plane parallel with this, in which the first
transceiver device E moves. The fixed position of the first
plane P 1s understood to mean that the second transceiver
device M and the sensing devices O', O" are arranged at a
constant and known distance from the first plane P (such as
from the floor plane of a building), or are arranged 1n the first
plane P.

[0050] In the following step the distance dEM of the first
transceiver device E from the second transceiver device M,
the distance dEO' of the first transceiver device E from the
first sensing device O', and the distance dEO" of the first
transceiver device E from the second sensing device O" are
determined.

[0051] On the basis of the distances dEM, dEO', and dEO"
the 2-dimensional first planar position in the fixed-position
first plane P of the first transceiver device from the second
transceiver device M and the sensing devices O', O" 1s
determined as follows. By determining the distance dEM the
position of the first transceiver device E may be located
anywhere along the circumierence of a circle created by
intersecting a sphere with radius dEM and with the second
transceiver device M at 1ts centre-point with the first plane
P. It 1s to be noted that in the first special case when the
second transceiver device M 1s not 1n the first plane P, and
the first transceiver device E may be found at the point of the
first plane P closest to the second transceiver device M, the
first plane P and the sphere with radius dEM come into
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contact at one point, and 1n this case knowledge of the
distance dEM 1s suflicient 1n 1itself to clearly determine the
2-dimensional position of the first transceiver device E.

[0052] After the distance of the first transceiver device E
from the sensing device O' has been determined, the position
of the first transceiver device E becomes partly known 1n
respect of the two points created through the intersection of
the circle mentioned above and a sphere with radius dEO'
with the sensing device O' at its centre-point under the
assumption that the second transceiver device M and the
sensing device O' are not arranged on a single straight line
normal to the first plane P.

[0053] In order to clearly determine the position of the first
transceiver device E on the first plane P knowledge of at
least the distance dEO" 1s also required. Disregarding the
special arrangement when the first plane P 1s normal to the
plane determined by the second transceiver device M and
the sensing devices O', O", the sphere with radius dEO" only
goes through the one of the two points determined by the
intersection of the spheres with radi1 dEM, dEO' and the first
plane P, due to this the position of the first transceiver device
E on the first plane P 1s clearly designated.

[0054] In the case of the embodiment illustrated in FIG.
3b, 1n order to determine any 3-dimensional spatial position
of the first transceiver device E a third sensing device (O')
with known position arranged at a distance D™ from the
second transceiver device M 1s provided in addition to the
first and second sensing devices O', O". It should be noted
that 1n the special case when the first transceiver device E 1s
located on a straight line passing through any two of the
second transceiver device M, the first sensing device O' and
the second sensing device O", then the position of the first
transceiver device E may be clearly determined in the
knowledge of any appropriate two distances dEM, dEO', and
dEQO". Furthermore, 1n the special case when the first trans-
ceiver device E 1s located on the plane passing through the
second transceiver device M and the sensing devices O', O",
then 1n the knowledge of the distances dEM, dEO', dEO" the
spatial position of the first transceiver device E may be
clearly determined.

[0055] With the exception of the above special cases, 1t 1s
necessary to know the distance dEO'" in order to dearly
determine the 3-dimensional spatial position of the first
transceiver device E. The sphere with radius dEO™ only
passes through one of the two points determined by the
intersection of the spheres with radu dEM, dEO', dEO",
thereby clearly determining the real spatial position of the
first transceiver device E.

[0056] Inthe case of an especially preferable embodiment,
the sensing devices O', O", O™ are not only suitable for
receiving wave signals, they are also suitable for emitting
wave signals. The advantage of this 1s that 1f as a result of
displacement the first transceiver device E and the second
transceiver device M 1all out of each other’s range, in other
words because of their distance they are unable to send and
receive the wave signals 11, 12, v between each other, or the
signal strength falls under a certain level, then that sensing
device O', O", O™ that has got into the vicinity of the first
transceiver device E (in other words, within its range) 1s able
to function as a second transceiver device M. This may be
realised, for example, 1n such a way that the central infor-
mation technology unit 10 continuously or intermittently
monitors the second transceiver device M and the sensing
devices O', O", O™, and on the basis of the time of the arrival
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of the wave signals 11, 12 sent by the first transceiver device
E 1t allocates which of the second transceiver device M and
the sensing devices O', O", O" will function as the second
transceiver device M, 1n other words which will send the
response signal v to the first transceiver device E.

[0057] Inthe case of the embodiments presented above the
distance and position of the first transceiver device E emit-
ting the first enquiry wave signal 11 were determined. The
embodiment of the method according to the invention vis-
ible 1n FIG. 2b deviates from the embodiments presented
above 1n that it 1s not the second transceiver device M but the
first transceiver device E that 1s arranged at known distances
D', D", D" from the sensing devices O', O", O", and during
the method, the distances of the second transceiver device
M, 1.e. distance dEM from the first transceiver device, dMQO'
from the first sensing device O', distance dMO" from the
sensing device O", and distance dMO™ from the sensing
device O™ are determined 1n a way analogous to that
presented above. Finally using the distances dEM, dMO',
dMO", and dMO"™ the 2-dimensional position on the first
plane P and the 3-dimensional spatial position of the second
transceiver device M are determined in accordance with that
presented previously.

[0058] The object of the invention also relates to a dis-
tance measuring system 100 serving for implementing the
method for measuring distance according to the mnvention,
which contains first and second transceiver devices E, M
suitable for emitting and receiving the wave signals 11, 12,
v, and sensing devices O', O", O™ suitable for receiving the
wave signals I1, 12, v and arranged at a distance D', D", D™
from one of the first or second transceiver devices E, M.
[0059] Preferably the system 100 comprises a central
information technology unit 10 1n wired and/or wireless
connection with the first transceiver device E, the second
transceiver device M and the sensing devices O', O", O™,
[0060] Various modification to the embodiments disclosed
above will be apparent to a person skilled 1n the art without
departing from the scope of protection determined by the
attached claims.

1: Method for measuring distance using wave signals (11,
12, v), characterised by that

providing a first and a second transceiver device (E, M)
suitable for emitting and receiving wave signals (11, 12,
V)?

arranging a first sensing device (O') suitable for receiving
wave signals (11, 12, v) at a distance D' from one of the
first and second transceiver devices (E, M),

generating a first enquiry wave signal (11) using the first
transceiver device (E) at time El,

receiving the first enquiry wave signal (11) generated by
the first transceiver device (E) by the second trans-
ceiver device (M) at time M1 following the time El,

receiving the first enquiry wave signal (11) generated by
the first transceiver device (E) by the first sensing
device (O') at time O1' following the time E1,

generating a response wave signal (v) by the second
transceiver device (M) at time M2 following the time

M1 by a time interval AM1M2,

receiving the response wave signal (v) generated by the
second transceiver device (M) at time M2 by the first

transceiver device (E) at time E2 following the time E1
by the time interval AE1E2,

receiving the response wave signal (v) generated by the
second transceiver device (M) at time M2 by the first
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sensing device (O') at time O2' following the time O1'
by the time interval AO1'O2',

generating a second enquiry wave signal (12) by the first

transceiver device (E) at time E3 following the time E2
by the time interval AE2E3,

recerving the second enquiry wave signal (12) generated
by the first transceiver device (E) at time E3 by the

second transceiver device (M) at time M3 following the
time M2 by the time interval AM2M3,

receiving the second enquiry wave signal (12) generated
by the first transceiver device (E) at time E3 by the first
sensing device (O') at time O3' following the time O2'
by the time interval AO2'O3', and

using the distance D', and the time intervals AE1E2,
AMIM?2, AO1'O2', AE2E3, AM2M3, AO2'0O3' and the
speed of propagation of the wave signals (11, 12, v)
determining the distance of the second transceiver
device (M) from the first transceiver device (E), and the
distance of the first sensing device (O') from the first
and second transceiver device (E, M).

2: Method according to claim 1, characterised by that
providing a central information technology unit (10) con-
nected to the first transceiver device (E), the second trans-
ceiver device (M) and the first sensing device (O') via an
electronic communication channel (20), and using the first
transceiver device (E), the second transceiver device (M)
and the first sensing device (O') sending the values of the
time intervals AE1E2, AM1M2, AO1'0O2', AE2E3, AM2M3,
AQO2'0O3' and/or the data required to determine them through
the electronic communication channel to the central infor-
mation technology unit (10), and determining the distance of
the second transceiver device (M) from the first transceiver
device (E), and the distance of the sensing device from the
first and second transceiver devices (E, M) using the central
information technology unit (10) on the basis of the distance

D', and the time intervals AE1E2, AMIM2, AO1'0O2',
AE2E3, AM2M3, AO2'03".

3: Method according to claim 1, characterised by that the
distance dEM of the first transceiver device (E) from the
second transceiver device (M) 1s determined using the
following formula

AFLE2 —AMIM?2 + AM2M3 — AE2E3
dEM = 7

C

where ¢ 1s the speed of propagation of the wave signals
(11, 12, v).

4: Method according to claim 3, characterised by that the
first sensing device (O') 1s arranged at the distance D' from
the second transceiver device (M).

5: Method according to claim 4, characterised by that the
distance dEO' of the first transceiver device (E) from the first
sensing device (O') 1s determined using the following for-
mula

AO1'02 —AO02’'03 AFE1E2 —AE2E3R
dEO" = dEM + D’ +( - ]c

2 2
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6: Method according to claim 4, characterised by that

arranging a second sensing device (O") suitable for
receiving wave signals (11, 12, v) at a distance D" from
the second transceiver device (M),

receiving the first enquiry signal (11) generated by the first
transceiver device (E) by the second sensing device
(O") at time O1" following the time F1,

receiving the response wave signal (v) generated by the
second transceiver device (M) at time M2 by the
second sensing device (O") at time O2" following the

time O1" by the time interval AO1"0O2",

receiving the second enquiry wave signal (12) generated
by the first transceiver device (E) at time E3 by the

second sensing device (O") at time O3" following the
time O2" by the time interval AO2"0O3", and

determining the distance dEO" of the first transceiver
device (E) from the second sensing device (O") using
the following formula

AO1" 02" —A02" 03" AFELE2 - AE2E3]
— C
2 2

AdEO” = dEM + D” +(

and

determining the position of the first transceiver device (E)
in a first plane (P) with constant and known position

from the second transceiver device (M) and the sensing
devices (O', O") using the distances dEM, dEO', and
dEO".

7. Method according to claim 4, characterised by that

arranging a second sensing device (O") suitable for
receiving wave signals (11, 12, v) at a distance D" from
the second transceiver device (M),

arranging a third sensing device (O'') suitable for receiv-
ing wave signals (11, 12, v) at a distance D™ from the
second transceiver device (M),

receiving the first enquiry wave signal (11) generated by
the first transceiver device (E) by the second sensing
device (O") at time O1" following the time F1,

receiving the first enquiry wave signal (11) generated by
the first transceiver device (E) by the third sensing
device (O") at time O1™ following the time E1,

receiving the response wave signal (v) generated by the
second transceiver device (M) at time M2 by the
second sensing device (O") at time O2" following the

time O1" by the time interval AO1"O2",

receiving the response wave signal (v) generated by the
second transceiver device (M) at time M2 by the third

sensing device (O") at time O2' following the time
O1™ by the time interval AO1™O2'™,

receiving the second enquiry wave signal (12) generated
by the first transceiver device (E) at time E3 by the

second sensing device (O") at time O3" following the
time O2" by the time interval AO2"0O3", and

receiving the second enquiry wave signal (12) generated
by the first transceiver device (E) at time E3 by the third
sensing device (O'") at time O3 following the time

O2" by the time 1nterval AO2™0O3™, and

determining the distance dEO" of the first transceiver
device (E) from the second sensing device (O") using
the following formula
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2 2

AO1” 02" —= AO2"03" AELE2 - AE2E3
dEQ" = dEM + D” +( - ]c

and

determining the distance dEO™ of the first transceiver
device (E) from the third sensing device (O"') using the
following formula

AO1” 02" —A02" 03" AE1E2 - AE2E3
dEO" = dEM + D" + ( — ]c

2 2

and

and determining the 3-dimensional spatial position of the
first transceiver device (E) using the distances dEM,
dEO', dEO" and dEO™.

8: Method according to claim 3, characterised by arrang-
ing the first sensing device (O') at a distance D' from the first
transceiver device (E).

9: Method according to claim 8, characterised by deter-
mining the distance dMO' of the second transceiver device
(M) from the first sensing device (O") using the following
formula

AO1'0O2" —=A02' 03  AFE1E2 -AE2E3
dMO =dEM + D/ +( — ]c

2 2

10: Method according to claim 8, characterised by that

arranging a second sensing device (O") suitable for
receiving wave signals (11, 12, v) at a distance D" from
the first transceiver device (E),

recerving the first enquiry signal (11) generated by the first
transceiver device (E) by the second sensing device
(O") at time O1" following the time E1,

recerving the response wave signal (v) generated by the
second transceiver device (M) at time M2 by the
second sensing device (O") at time O2" following the
time O1" by the time interval AO1"O2",

recerving the second enquiry wave signal (12) generated
by the first transceiver device (E) at time E3 by the
second sensing device (O") at time O3" following the
time O2" by the time interval AO2"0O3", and

determining the distance dMO" of the second transceiver
device (M) from the second sensing device (O") using
the following formula

AOL1"02" —AO2"03" AFE1E2 -AE2E3
dMO” = dEM + D” +( — ]c

2 2

and

determining the position of the second transceiver device
(M) 1n the first plane (P) with constant and known
position from the first transceiver device (E) and the
sensing devices (O', O") using the distances dEM,
dMO', and dMO".

11: Method according to claim 8, characterised by that

arranging a second sensing device (O") suitable for
receiving wave signals (11, 12, v) at a distance D" from
the first transceiver device (E),
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arranging a third sensing device (O'') suitable for receiv-
ing wave signals (11, 12, v) at a distance D™ from the
first transceiver device (E),

receiving the first enquiry wave signal (11) generated by
the first transceiver device (E) by the second sensing
device (O") at time O1" following the time E1,

receiving the first enquiry wave signal (11) generated by
the first transceiver device (E) by the third sensing
device (O") at time O1™ following the time E1,

receiving the response wave signal (v) generated by the
second transceiver device (M) at time M2 the second

sensing device (O") at time O2" following the time O1"
by the time interval AO1"O2",

receiving the response wave signal (v) generated by the
second transceiver device (M) at time M2 by the third

sensing device (O™) at time O2' following the time
O1™ by the time interval AO1™O2'™,

receiving the second enquiry wave signal (12) generated
by the first transceiver device (E) at time E3 by the

second sensing device (O") at time O3" following the
time O2" by the time interval AO2"0O3", and

receiving the second enquiry wave signal (12) generated
by the first transceiver device (E) at time E3 by the third

sensing device (O") at time O3 following the time
O2" by the time interval AO2™0O3"™, and

determining the distance dMO" of the second transceiver
device (M) from the second sensing device (O") using
the following formula

AO1702" —=AO2"03" AFE1E2 - AE2E3
dMO” = dEM + D" + ( — ]c

2 2
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and

determining the distance dAMO™ of the second transceiver
device (M) from the third sensing device (O™) using the
following formula

AO1” 02" —AO2" 03" AE1E2 — AE2E3 ]
— C

dMO” = dEM + D"’
+ + ( 5 5

and

determining the 3-dimensional spatial position of the
second transceiver device (M) using the distances
dEM, dMO', dMO" and dMO™.

12: Method according to claim 1, characterised by that the
wave signals (11, 12, v) are electromagnetic signals, prefer-
ably ultra-wideband radio signals.

13: Method according to claim 12, characterised by that
the centre frequency and bandwidth of the ultra-wideband
radio signals 1s 1n the gigahertz range.

14: Method according to claim 1, characterised by that the
first or second transceiver device (E, M) 1s a mobile com-
munication device.

15: System for measuring distance using wave signals (11,
12, v), which contains a first and second transceiver device
(E, M) suitable for emitting and receiving wave signals (11,
12, v), as well as sensing devices (O', O", O'") suitable for
recerving wave signals (11, 12, v) arranged at a distance D',
D", D" from one of the first and second transceiver devices
(E, M), characterised by configuring the first and second
transceiver devices (E, M), and the sensing devices (O', O",
O'"") 1n a way suitable for implementing the method accord-
ing to claim 1.

16: System according to claim 15, characterised by that 1t
contains a central information technology unit (10) which 1s
in a wired and/or wireless data connection with the first
transceiver device (E), the second transceiver device (M)
and the sensing devices (O', O", O™).

e e e e e



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Description
	Page 8 - Description
	Page 9 - Description
	Page 10 - Description
	Page 11 - Description/Claims
	Page 12 - Claims
	Page 13 - Claims

