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A method and a system for positioning a transmitter

The object of the invention is a method and a system for positioning a
transmitter, wherein the receiving delay of the timing signals transmitted by one
or more transmitters, the locations of which are known, is measured with
receivers, the locations of which are known, with respect to the timing signal
transmitted by the transmitter to be positioned, and by making use of these
measurements numerically the place of the transmitter, the location of which is

unknown, is determined.

The location information of the transmitter can be used for many different
purposes. One range of use concerns Bluetooth™ radio sets. These are
advantageous short-range radio sets typically integrated in other products, with
the help of which different devices can communicate with each other. Preferably
the available location information of Bluetooth™ transmitters would enable
various applications when intelligent devices, conscious of their environment and
interacting with it, would be aware of their location with respect to other devices
and their operating environment. Location information could also be utilised when
making decisions on establishing data transmission connections with other
devices, as well as in determining distances between devices. Another range of
use is the positioning of mobile stations, which enables, for example, the
positioning of a person making an emergency call, as well as provides the user of
a mobile station with information on his own location. The location information of

a transmitter can also be utilised in different control and access control

applications.

Many different methods are known for positioning a transmitter, which as a rule
are based on the measurement of the propagation delay of a signal, the time
difference or the bearing or their variations. The same principles can generally be
applied to the positioning of a transmitter as to the positioning of a receiver, with
the one difference that, typically, for positioning a transmitter several receivers
are used and for positioning a receiver several transmitters are used, the

locations of which are known.
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In methods based on a propagation delay, the propagation time of a signal is
measured from a transmitter to a receiver with several transmitter-receiver
combinations so that the location of the device to be positioned can be
determined. When simplified, the method is the following kind. A transmitter
transmits a given, known data sequence, for example, a so-called PRN, i.e.
Pseudo Random Noise code. A receiver generates the same code sequence and
synchronises its timing so that the received and generated codes are in the same
phase. Now, if the timing of the code sequence of the transmitter is known and
the clocks of the transmitter and the receiver have been synchronised with each
other, the distance travelled by the signal can be calculated from the length of the
synchronising delay of the generated code sequence. It is also possible to use in
the method two or more transmitters, the locations of which are known and the
clocks of which have been synchronised with each other. In this case, the clock
of the receiver does not have to be synchronised with the clocks of the
transmitters, but the range difference of the transmitters from the receiver can be
calculated from the synchronising delay difference of different code sequences,
whereupon a location co-ordinate of the receiver is also obtained when the
locations of the transmitters are known. This positioning method is used, for
example, in the well-known GPS (Global Positioning System). The patent
US3789409 presents a positioning system based on a propagation delay. A
problem with methods based on a propagation delay is that in positioning a
receiver the transmitters must be extremely accurately synchronised with each
other so that the code sequences of the different transmitters can be transmitted
in known phases. Correspondingly, when positioning a transmitter the receivers
must also be accurately synchronised with each other or with respect to the
transmitter so that the reference sequences of the different receivers can be
generated in the same phase for determining the synchronising delay. Errors in
the absolute timing accuracy of transmitters and receivers also cause errors in
positioning. Typically, the system clocks are kept synchronised by using in them

extremely accurate atom clocks.

In methods based on the time difference of a signal, the signals are transmitted
at known moments of time with a plurality of transmitters and the difference

between the receiving times of the signals is measured with a receiver. In a case,
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where the signals are transmitted simultaneously from two transmitters, the range
difference of the transmitters with respect to the receiver can be directly
calculated from the difference of the transmitting times. When the locations of the
transmitters are known, it is now possible to see from the range difference on
which hyperbola the receiver is located with respect to the transmitters. In
principle, the method could also be applied to the positioning of a transmitter, in
which case two receivers would be used the locations of which are known and
the clocks of which would be synchronised with each other. In this case, the
absolute moment of time of the receiving of a signal would be measured with
both receivers, whereupon the range difference of the receivers with respect to
the transmitter would be obtained from their difference. A disadvantage of a
method, based on a time difference, is that in the positioning of a receiver, the
transmitters must be synchronised with each other because the transmitting
delay of signals must be known. In the positioning of a transmitter, the receivers
must be synchronised with each other so that the difference of the receiving
times of signals could be calculated. The patent FI101445 describes a

positioning method based on a time difference.

In methods based on a bearing, the location of a transmitter is determined by
measuring at a plurality of known points the propagation direction of a signal. A
disadvantage of the method is inaccuracy and the changes caused by reflections

in the propagation direction of the signal.

The US patents US5327145 and US5008679 describe positioning methods partly
based on the measurement of a receiving delay. In the method described by the
patent US5327145, the locations of two transmitters are determined by
measuring with one receiver the difference of the moments of receiving the
signals coming from the transmitter, i.e. the receiving delay, as well as the angles
of incidence of these signals. The method is based on the fact that a signal of
one transmitter travels to a receiver along two routes. A first signal is obtained
directly from the transmitter, while a second signal travels around a transceiver or
a reflector that operates as a link. On the basis of the measured receiving delays
and the angles of incidence of the signals, the distance of the receiver to both

transmitters can be determined, when the delay caused by the link in the signal
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path is assumed to be known. A disadvantage of the method is that it does not
allow for a variation in the transmitting delay and so the transmitters are
interdependent and the moments of transmitting signals must be determined
accurately. The method assumes that the moment of transmitting the latter signal
and thus also the transmitting delay of the signals only depends on the distance
between the transmitters, as well as on the link-transmitter's internal delay of
standard length. In this case, even small changes in the internal delay of the link-
transmitter directly affect the positioning accuracy. One disadvantage is also that

the method requires the measurement of the bearing of transmissions.

In the method described by the patent US5008679, the determination of the
location of a transmitter to be positioned takes place by taking a signal along
different routes through known links to receivers and by measuring the receiving
delay between the signals that travelled along different routes. From the receiving
delay, it is possible to determine the difference of the distances travelled by the
signals and because the locations of the links and the receivers are known, the
location of the transmitter to be positioned can be calculated. A disadvantage of
the method is that it does not allow for a variation in the transmitting delay and so
the transmitters are interdependent and the moments of transmitting signals from
link stations must be determined accurately. The method assumes that the
moment of transmitting a link signal and thus also the transmitting delay of
signals only depends on the distance between the transmitter and the link, as
well as on link transmitters’ internal delays of standard length. Even slight
changes in the internal delays of link transmitters directly affect the positioning

accuracy.

The purpose of the invention is to create a method with which the location of a
transmitter can be determined without the transmitters or receivers being
interdependent with respect to timing or the measurement performance. in other
words, the purpose of the invention is to create a method, wherein receivers
passively and independently monitor signals coming from transmitters that are
independent of each other, from which signals the location of an unknown
transmitter can be determined on the basis of receiving delays measured by the

receivers.
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In order to achieve the objectives presented above and those to be discussed
later, a method according to the invention is mainly characterised in that, in the
method, transmitters and receivers are substantially independent of each other:
that, in the method, at least two receivers are used to measure the receiving
delays between said timing signals; that the measurement of the receiving delays
is carried out with all receivers substantially at the same time; that on the basis of
the receiving delays one or more of the location co-ordinates of the transmitter to

be positioned are calculated.

The object of the invention is also a system for positioning a transmitter, which
system is charactetised in that transmitters and receivers are substantially
independent of each other; that the system has at least two receivers arranged to
measure the receiving delays between said timing signals; that all the receivers
measure the receiving delays substantially at the same time; that a calculating
unit calculates, on the basis of the receiving delays, one or more of the location

co-ordinates of the transmitter to be positioned.

In the method according to the invention, positioning takes place by measuring
simultaneously with a plurality of receivers the receiving delay of timing signals
coming from two transmitters. When the locations of the receivers and one
transmitter are known, the place of the transmitter to be positioned can be
calculated on the basis of the receiving delays without knowing the absolute
moments of transmitting or receiving the timing signals. Because the absolute
moments of time in question are of no significance to the method, it is possible to
use in the method transmitters and receivers that are independent of each other
and thus, they do not have to be temporally synchronised with each other either.
The receivers do not have to determine the moment of receiving the timing
signals with respect to the other receivers and so they can be independent units
without temporal synchronisation or common fixing of the time. The transmitters
do not have to time the transmission for a given absolute moment of time or with
respect to the other transmitter and so they too can be independent units without
temporal synchronisation or common fixing of the time. The propagation delay of

a signal does not have to be measured and so the measurement can be based,
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instead of the determination of the phase shift of a code sequence, on the
measurement of the time between the receiving of individual pulses. In this case,
it is possible to achieve, in the measurement, a higher timing resolution and a
signal’'s multipath propagation does not cause problems because the signal
measured does not have to be continuous. The measurement takes place
passively, whereupon positioning does not load the transmitter to be positioned.
Likewise, the method does not place any restrictions on the transmitter to be
positioned other than that it is possible to determine from its signal
unambiguously some timing signal on which the measurement of all the receivers

can be based.

In the following, the invention will be explained in detail by referring to the

enclosed drawings, in which

Figure 1 is a diagram showing the measurement arrangement of a method

according to the invention; and

Figure 2 is a diagram showing the transmitting delay between timing signals; and

Figure 3 is a diagram showing the receiving delay between timing signals,

measured by receivers; and

Figure 4 is a block diagram showing one positioning system according to the

invention.

By referring to Figures 1, 2, and 3, position fixing takes place in a simplified

manner as follows:

In a method according to the invention, a transmitter M to be positioned forms a
geometric dependency with each transmitter R and receiver A, B, C, the locations
of which are known. The location of the transmitter to be positioned is determined
with respect to the transmitter, the location of which is known, and to the
receivers, the locations of which are known, by measuring with a plurality of

receivers the receiving delay between the timing signals of different transmitters.
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By measuring with one receiver A the receiving delay between the timing signals
transmitted by these transmitters, M and R, an equation can be formed which
has two unknown variables: the transmitters’ range difference with respect to the
receiver in question 10-11 and an unknown delay 22 between the moments of
transmitting the timing signals. When the receiving delay between the same
timing signals is measured substantially at the same time, a second equation is
also obtained with the second receiver B, the location of which is known, which
also has two unknown variables, a range difference 12-13 and a transmitting
delay 22. Since the receiving delay measurement of both receivers is based on
the same timing signals, the transmitting delay 22 is common in both

measurements.

Because the locations of the receivers and that of the transmitters other than the
transmitter to be positioned are known with respect to a system of co-ordinates
16, the range differences of the transmitters with respect to each receiver can be
expressed by using the location co-ordinates x, y and z of the transmitter to be
positioned. In this case, both equations have four common unknowns, i.e. the
unknown delay 22 between the moments of transmitting the timing signals, as

well as the location co-ordinates of the transmitter M to be positioned.

Thus, with the help of one transmitter R, the location of which is known, and two
receivers, A and B, the locations of which are known, we have now got two
equations, which have a total of four unknowns: the transmitting delay 22, as well
as the co-ordinates x, y and z of the transmitter M to be positioned. If the system
of co-ordinates 16 used can be determined so that two of the location co-
ordinates of the transmitter to be positioned are known, it is now possible to solve
with the arrangement of the two receivers and the one known transmitter in

question in addition to the transmitting delay also one location co-ordinate.

If the number of receivers, the locations of which are known, is increased by one,
it is possible to form from the new receiving delay measurement a third new
equation, which has the same unknowns as the previous equations. Thus, three

variables can be solved when one is assumed to be known.
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If the number of transmitters, the locations of which are known, is added by one,
it is now possible to make two receiving delay measurements with each receiver,
one with respect to the first transmitter and the transmitter to be positioned and
one with respect to the second transmitter and the transmitter to be positioned. In
this case, the number of equations is the number of receivers multiplied by the
number of transmitters the locations of which are known. However, in this case,
the number of unknown quantities is also increased by one, while the transmitting
delay between the second transmitter and the transmitter to be positioned is

unknown.

Hence, with the method according to the invention, it is possible to solve two
unknown location co-ordinates of the transmitter to be positioned by using either
three receivers, the locations of which are known, and one known transmitter or
by using two receivers, the locations of which are known, and two known
transmitters. From the previous arrangement, we get three equations with which,
in addition to the unknown transmitting delay, two location co-ordinates can be
solved. From the latter arrangement, we get four equations but now there are
also two unknown transmitting delays, one with respect to both known
transmitters and the transmitter to be positioned. Thus, in addition to the
unknown transmitting delays, two location co-ordinates can be solved also in this
case. This commutativeness can be generalised by saying that by using a total of
at least four transmitters or receivers, the locations of which are known, the
location co-ordinates x and y of the transmitter to be positioned can be
determined irrespective of whether the moment of transmitting, the propagation
delay of the timing signals of the different transmitters, the length of the
transmitting delay between the timing signals or the moment of receiving the

timing signals with respect to the other receivers is known.

By increasing the number of transmitters and receivers, the locations of which
are known, more location co-ordinates of the transmitter to be positioned can be
solved or the positioning accuracy can be improved by forming many different
systems of equations for solving the location co-ordinates of the transmitter to be
positioned. If the number of transmitters, the locations of which are known, is

denoted by L and the number of receivers by V, as well as the number of location
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co-ordinates to be solved by K, the number of different combinations of the

systems of equations S can be expressed as the formula:

o (L-V)!
C(K+L)L-V—(K+L))!

This shows that the positioning accuracy can be increased substantially by
increasing the number of transmitters the locations of which are known. If, for
example, there is a desire to solve the co-ordinates x and y of the transmitter to
be positioned and a method according to the invention is used for this, which
method has four receivers and two transmitters, the locations of which
transmitters are known, the co-ordinates x and y can be solved with 70 different
systems of equations. This arrangement would reduce the effect of a random
measurement error compared to a corresponding arrangement, wherein one

transmitter, the location of which is known, and three receivers are used.

In the following, the method according to the invention will be presented with the
help of an example. The method uses two or more receivers and one or more
transmitters, the locations of which are known. In this example, there are three
receivers and one transmitter, the location of which is known. In the example, the
location co-ordinates x and y of the transmitter to be positioned, as well as the
transmitting delay between the timing signals of the transmitters are determined
on the basis of the measurement results of these receivers. In the example, the
location co-ordinate z and the order of transmitting the timing signals are
assumed to be known or when the order of transmitting the timing signals is
unknown, that the receivers are able to distinguish between the timing signals of
the transmitters at any given time. In the example, it is assumed for the sake of
clarity that the co-ordinate z is known but, according to the same principle, the
location co-ordinates x, y and z of the transmitter to be positioned could be
determined with four receivers and one known transmitter or even with three
receivers and two known transmitters provided that the order of transmitting the
timing signals is known or it is possible to distinguish between the timing signals
of the transmitters. If there were less unknown quantities than the number of

receivers and transmitters, the locations of which are known, would provide for,
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the positioning accuracy could be increased by solving the unknown quantities by
forming more systems of equations from the measurement results of the
transmitter-receiver combinations as was described above, and by combining the

obtained results.

According to Figure 1, the receivers A, B, and C are located at known points with
respect to the system of co-ordinates 16, the axes x, y and z of which have been
determined in this example so that the transmitters and the receivers are located
on the plane x-y indicated by it. R is a transmitter, the location of which is known,

and M is the transmitter to be positioned.

Let the following symbols be determined for illustrating the method:

Let the location co-ordinates x of the receivers A, B and C, as well as of the

transmitters R and M be X,, X,, X., X, and X, respectively and let the co-
ordinatesy be Y,, Y,, Y., Y, and Y,, respectively. Let the value of the location

co-ordinates be expressed as a distance from the origin of the system of co-

ordinates 16 used.

Let distances 10, 12 and 14 of the transmitter R from the receivers A, B and C be

Le s, Ly p, Ly - respectively.

Let distances 11, 13 and 15 of the transmitter M from the receivers A, B and C

be L, ., L, 5, L, - respectively.

The distance 11 can now be expressed with the help the co-ordinates x and y in

the form

Ly_, =\/(XA —XM)2+(YA _YM)Z’

and the distances 13 and 15 respectively in the form
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Ly, =y(X,—X,) +(¥,-Y,)* and

Ly c=(Xe=X,) + (=Y,

In the method according to the invention, the transmitters R and M both transmit
a timing signal independent of each other with some random delay, which is
illustrated in Figure 2. In the method, neither the moments of transmitting the
timing signals nor the transmitting delay need to be known or pre-determined and
so the transmitters need to be synchronised neither with each other nor with
respect to the receivers. Of course, the transmitters may have some kind of
dependency, such as, e.g. that they communicate with each other and thus, send
signals in turn. However, this type of timing dependency is so rough that it is of
no significance to positioning. Hence, the transmitters are substantially
independent of each other. However, a transmitter must not send the same
timing signals more frequently than at a sequence determined from the
relationship between the maximum possible receiver distance and the
propagation rate of a signal. In this case, one can be certain that, in all receivers,

the measurement of the receiving delay is based on the same timing signals.

Timing signals 20 and 21 can be either pulse-shaped, step-like or similar. It
should be noted, that the timing signals used in determining time difference need
not necessarily be physical signals themselves, but can be mathematically
derived reference points from a larger set of physical signal transitions. A simple
example of this could be a reference point calculated from the average timings of
all baseband signal phase transitions during one packet transmission. Using a
mathematically derived timing signal the whole received information can be better
utilised and the accuracy of the positioning can thus be increased. However, it is
essential that all receivers are able to unambiguously determine in both timing
signals the point on which the measurement of the receiving delay should be
based. Let us assume that the order of transmitting is known, whereupon it can
be agreed that the signal 20 represents the timing signal of the transmitter R and

the signal 21 represents the timing signal of the transmitter M. The length 22 of
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the transmitting delay of the timing signals is unknown. Let the unknown

transmitting delay 22 be denoted by the symbol 7.

Now, let us assume to be known that R is the first to transmit a timing signal, but
just as well M could be the first to transmit a timing signal. This being the case,
the sign of one term in the timing equations would change in the manner
described below or the signs of the measurement values of the receiving delays
should be inverted. If the order of transmitting the signals was unknown and the
receivers were unable to distinguish between the timing signals of the different
transmitters, the order of transmitting could be solved in the system of equations
along with the rest of the variables so long as the number of receivers and

transmitters and thus, also the number of available equations would be sufficient.

Each receiver detects the same timing signals 20 and 21. In the method
according to the invention, it does not make any difference at which moment of
time the timing signals arrive at a given receiver with respect to the other
receivers or with respect to the moment of transmitting and so the clocks of the
receivers need to be synchronised neither with each other nor with the
transmitters, and no common system time is required in the method. Each
receiver operates independently passively monitoring the signals coming from
the transmitters. Thus, the receivers are substantially independent of each other.
However, it is essential that the receiving delay measurement made by each
receiver is based on timing signals that originate from the same transmission and
that the measurements are made with all the receivers substantially at the same
time so that, after the transmission of the timing signals, the measurement values
of the receiving delays of the timing signals in question are obtained from each
receiver. In other words, not so that in one transmission the delays are measured
with the receiver A, in a second transmission the delays are measured with the
receiver B, and in a third transmission with a receiver C, but so that in one
transmission the delays are measured with all the receivers A, B and C. If more
transmitters, the locations of which are known, were used, each receiver would
make more measurements and would measure the receiving delay of the timing
signal of each transmitter, the locations of which are known, with respect to the

timing signal of the transmitter to be positioned. Figure 3 shows the receiving
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delay of timing signals detected by a receiver. Timing figure 30 represents a
situation, where the transmitter that was the first to transmit a timing signal is
located closer to the receiver than the transmitter that was the second to transmit
a timing signal. In this case, a timing signal 31 of the first transmitter is detected
first and, after a receiving delay 33, a timing signal 32 of the second transmitter
will be detected. In this case, the length of the receiving delay detected by the
receiver is 7, added by the time which is proportional to the range difference of
the transmitters with respect to the receiver in question, as well as to the
propagation rate of the signal, which hereinafter will be denoted by the symbol

C.

Timing figure 34 represents a situation, where the transmitter that was the first to
transmit a timing signal is located further away from the receiver than the
transmitter that was the second to transmit a timing signal. In this case, a length
37 of the receiving delay detected by the receiver is the transmitting delay 7, less
the time which is proportional to the range difference of the transmitters with
respect to the receiver in question, as well as to the propagation rate of the
signal. This being the case, the order of detecting the timing signals also
depends on the length of the transmitting delay in proportion to the range
difference of the transmitters with respect to the receiver. In a normal case,
where the transmitting delay zis longer than the time it takes for a signal to travel
the distance of the length of the difference between the distances of the
transmitters and the receiver (e.g. L,,_, —L,_,), a timing signal 35 detected first is
also the one that was transmitted first and a timing signal 36 detected second is
the one that was transmitted second. In a special case, where the transmitting
delay 7is shorter than the time it takes for a signal to travel the distance of the
length of the difference between the transmitters and the receiver (e.g.

Ly, — Lg_4), the signal that was transmitted later will be detected first and only

after this, the timing signal that was transmitter earlier. In this case, according to
the rule of signs, the receiving delay becomes negative. This can be solved in the
receiver, for example, so that the receiver identifies which transmitter's timing
signal is in question in the signals 35 and 36, and determines the sign of the

receiving delay according to the agreed practice. If, for some reason, the timing
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signals cannot be distinguished or there is a desire not to distinguish them from
each other, it can also be agreed that the transmitting delay 7 is long enough in
which case the special situation in question will not occur. This can be
implemented within the method, for example, so that the transmitter R, the
location of which is known, also contains a receiver and detects the timing signal
of the transmitter to be positioned. In this case, the transmitter R, the location of
which is known, can wait for at least a given time after the transmission of the

timing signal of M before transmitting its own timing signal.

Irrespective of which transmitter is located closer to a receiver, the receiving
delays measured by receivers comply with the following dependency: Let the

receiving delays measured by the receivers A, B and C be T,, T, and T,

respectively. In this case when, due to the rule of signs, it is agreed that the

transmitter R is the first to transmit a timing signal, we get:

T =1+ Ly_, _LR—A
4 C
T. =7+ Ly _p —Lp g
8 C
Ly c=Lic . , ,
T. =7+————=, where cis the propagation rate of a signal.

c

In the example, it is assumed that the signals of both transmitters have the same
propagation rate but, as for the method according to the invention, this is of no
significance. Just as well the signals could have different propagation rates, e.g.
the signal of M could have the rate ¢ and the signal of R, the rate v, whereupon

in this case, e.g. 7. would be expressed in the form

LM—C _ LR~C

IT. =1+
C Vv
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If it had been agreed as the rule of signs that the transmitter M transmits a timing

signal first, the equations would be respectively

T :T_LM—A_LR-A
A c
5 T :,Z._LM—B LR—B
8 c
T. =7— LM—C "LR—C
c=

which, in fact, is the same as if equations according to the transmission order R-

10 Mare used and the sign of the measured receiving delays is inverted.

15

20

If there were more known transmitters than one, according to the principle
described above, equations would be formed with respect to the other pairs of

transmitter and their receiving delays.

In this example, the order of transmitting the timing signals was agreed above to

be R-M, whereupon the system of equations to be solved is:

Ly ,=cT,—c7+L,,
Lyg=cTy—cT+Ly s
Ly —Lq.

T=T, - ML _RC
C

This can be expressed in three unknown variables using co-ordinates Xy and Yy

as follows:

VX, =X,V +(¥,-Y,) =cT,~c1+L,

VX, =X, + (-, =c-T,—c1+L,,

\/XC_XA1)2+(YC_YM )Z_LR—C

C

T=T, -
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which is reduced to the system of equations

X2=2-X, =X, +Xy+¥,~Y,) ~(cT,~c-T+Lg,)" =0
Ygz -2-Y,-Y, +YA§ '*‘(XB—XM)Z_(C'TB —C'T+LR—B)2 =0
¢ T=cTp—Lec+y(Xe=X,) +¥~Y,)? =0

Because the receiving delays 7,, T, and T, have been measured and are

known, this non-linear system of equations can now be solved with respect to the

unknown variables X, and Y,, and 7, whereupon the location of the transmitter

to be positioned has thus been determined.

In the following, we have described the steps of performance of one exemplary

case for applying the method according to the invention:

1.
2.

Determining the system of co-ordinates 16 used.

Determining the location co-ordinates of the receivers A, B, C and the known
transmitter R in the system of co-ordinates 16.

Determining the timing signals 20 and 21 used, on which the measurement of
the receiving delays 33 or 37 is based, and agreeing on the assumed
transmission order for determining the sign of the receiving delay.

Setting the transmitter R to transmit the agreed timing signals at given
intervals or, if R is a transceiver, to transmit a timing signal after the timing
signal transmitted by M.

Following with each receiver the transmissions of the transmitters. When a
receiver detects the timing signal of the transmitter R or M, it starts the
measurement of time.

When a receiver detects the timing signal of the other transmitter, it stops the
measurement of time. The sign of the measured receiving delay is
determined according to the order of receiving the timing signals in
accordance with the agreed rule of signs.

Transferring the values of the measured receiving delays for carrying out the

calculation from the receivers to the calculating unit.
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8. Forming a system of equations or systems of equations in the manner
presented above with the help of the measured receiving delays, the known
co-ordinates and the known propagation rates of the signals.

9. Solving the formed systems of equations with respect to the unknown location

co-ordinates and the transmitting delay or delays.

The positioning method according to the invention can be applied to the
positioning of various types of transmitters. In particular, the method is preferably
suitable for use in the positioning of radio transmitters of digital data transmission

h™ systems. In a Bluetooth™ system, radio sets form

systems, such as Bluetoot
with each other ad-hoc networks, wherein the network’s master unit and slave
units transmit in turn data packets on a common data transmission channel. In a
system like this, the positioning of a transmitter can preferably be implemented
by passively monitoring with each receiver the data traffic used on the data
transmission channel in question. In this case, the transmitter of each data
packet can be identified from the header part and transmission sequence of a
packet. A jointly agreed bit included in a packet's header part, such as for
example the first signal 0-1 transition detected after the address field can also be
used as the timing signal for the receiving delay measurement. Although the
moments of transmitting data packets of Bluetooth™ devices do have a certain
temporal dependency with each other, the variation in the transmitting delay is
however so great that it cannot be utilised in conventional positioning methods
based on the measurement of a time difference. In the method according to the
invention, the transmitting delay of timing signals need not, however, be known
and so the location of a transmitter can be determined accurately from a pulse-
like timing signal regardless of the absolute moments of transmitting the timing

signals.

Figure 4 shows the operating principle of the positioning system of a Bluetooth™
transmitter according to the invention. The system comprises transmitters 41 and
42, receivers 45, 46, 47, the locations of which are known, as well as a
calculating unit 49. The receivers, which the system has at least two, include
means for receiving timing signals and for measuring the receiving delay. The

calculating unit 49 can be either a separate unit or integrated in connection with
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some receiver. The transmitter 41 is the Bluetooth™

transmitter to be positioned
and 42 is the transmitter the location of which is known. The transmitter 42 can
operate as an independent unit, which transmits at regular intervals timing
signals on its own data transmission channel or it can form with the transmitter
41 a common data transmission channel, a piconetwork, whereupon they
transmit data packets 43 and 44 to each other. As for the operation of the
positioning system, however, the transmitters 41 and 42 are independent of each
other, because the relative timing of the moments of transmitting the signals is in
any case so inaccurate that it cannot be utilised in position fixing. The receivers
45, 46 and 47, which are independent of each other, monitor passively the data
traffic of the data transmission channel or channels and make receiving delay
measurements in the timing signals, which are included in the data packets 43
and 44. This can take place, for example, so that the receivers monitor the
content of the header of the transmitted data packets and when detecting a
transmission from the transmitter 41 or 42, they start or stop the measurement of
time, for example, by the first 0-1 signal transition after the address field. The
receivers do not have to be synchronised with each other, because the absolute
moments of receiving the timing signals are of no significance to the operation of
the positioning system. The receiving delays’ measurement results 48 are
transferred from the receivers to the calculating unit which, on the basis of them,
determines the location co-ordinates of the transmitter 41 to be positioned. If so
desired, location co-ordinates 50 can be transferred from the calculating unit over

the radio path further to the Bluetooth™ transmitter to be positioned.
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Claims

1.

A method for positioning a transmitter, wherein the receiving delay of the
timing signals of one or more transmitters, the locations of which are known,
is measured with receivers, the locations of which are known, with respect to
the timing signal transmitted by a transmitter to be positioned and by making
use of these measurements numerically the place of the transmitter, the
location of which is unknown, is determined, characterisedinthat, in
the method, the transmitters and the receivers are substantially independent
of each other, that, in the method, at least two receivers are used to measure
the receiving delays between said timing signals, that the measurement of the
receiving delays is made with all the receivers substantially at the same time,
that, on the basis of the receiving delays, one or more location co-ordinates of

the transmitter to be positioned is calculated.

A method according to claim 1, characterisedin that, on the basis of
the receiving delays, the transmitting delays between the timing signals of the
transmitter to be positioned and a transmitter or transmitters, the locations of

which are known, is determined.

A method according to claim 2, characterisedin that the method
comprises receiving the timing signals with two or more receivers from both
the transmitter to be positioned and the transmitter the location of which is
known, measuring, with each receiver, the receiving delay between these
timing signals, calculating, on the basis of the measured receiving delays, the
unknown location co-ordinates of the transmitter to be positioned, as well as

the transmitting delay between the timing signals of the transmitters.

A method according any one of the preceding claims,characterisedin
that as the timing signal there is a pulse, a step-like change or similar, or a
mathematically derived reference point from a set of physical signal
transitions, that the determination of the location takes place passively with
respect to the transmitter to be positioned, that by using a total of at least four

transmitters or receivers, the locations of which are known, the location co-
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ordinates x and y of the transmitter to be positioned can be determined
irrespective of whether the moment of transmitting, the propagation delay of
the timing signals of the different transmitters, the length of the transmitting
delay between the timing signals or the moment of receiving the timing

signals with respect to the other receivers is known.

. A method according to any one of the preceding claims,characterised

in that, in the method, more transmitters and receivers, the locations of which
are known, are used than would be necessary for positioning, whereupon the
positioning accuracy can be increased by solving the unknown location co-

ordinates with the help of more systems of equations.

. A system for positioning a transmitter, wherein with receivers, the locations of

which are known, the receiving delay of timing signals transmitted by one or
more transmitters, the locations of which are known, is measured with respect
to the timing signal transmitted by the transmitter to be positioned and by
making use of these measurements numerically the place of the transmitter,
the location of which is unknown, is determined, characterisedin that
the transmitters and the receivers are substantially independent of each
other, that the system has at least two receivers arranged to measure the
receiving delays between said timing signals, that all the receivers measure
the receiving delays substantially at the same time, that a calculating unit
calculates, on the basis of the receiving delays, one or more of the location

co-ordinates of the transmitter to be positioned.

. A system according to claim 6, characterised in that the calculating

unit calculates, on the basis of the receiving delays, the transmitting delays
between the timing signals of the transmitter to be positioned and the

transmitter or transmitters, the locations of which are known.

. A system accordingto claim 7, characterise din that each receiver

receives the timing signal transmitted by each transmitter, each receiver
measures the receiving delay between the timing signals, each receiver

transfers the value of the receiving delay to the calculating unit, the
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calculating unit calculates, on the basis of known parameters and the
measured receiving delays, the location co-ordinates of the transmitter to be

positioned.

5 9. A system accordingtoclaim8,characterisedinthat the transmitter to

be positioned is a radio transmitter.

10.A system according to claim 9, characteris e din that the transmitter,
the location of which is known, and the transmitter to be positioned form a
10 piconetwork, that the positioning takes place by passively monitoring with the

receivers the data traffic of the piconetwork in question.
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