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(54) A method and a system for determining the geographic coordinates within mobile
communications networks and related terminal

(57) An orbiting satellite (S) has associated a first
(1) and a second (2) radiation source performing by
means of respective first and a second radiation the
scanning of a portion (E) of the Earth surface. Said first
and a second radiation have each at least one respec-
tive characteristic that varies as a function of the position

reached during said scanning motion. Each point of the
Earth surface covered by the scanning is illuminated by
said first and second radiation by means of the respec-
tive pair of values (f1(x), f2(y)) of said at least one char-
acteristic, that univocally identifies the position of said
point within said portion (E) of the Earth surface.
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Description

Technical Field

[0001] The present invention faces the problem of de-
termining the geographical coordinates within mobile
communications networks.
[0002] The determination of absolute and/or relative
geographical coordinates of a mobile terminal within a
communications network can be advantageous being
applicable to a wide range of services, such as for in-
stance the so-called location billing (i.e. billing as a func-
tion of position), emergency calls, indication of distanc-
es or paths between the current position of a mobile ter-
minal and the places or points of destination, etc.

Background Art

[0003] At present, for location systems, use is made
of techniques based on the triangulation of several base
stations (BTS) received by the mobile terminal and/or
GPS systems.
[0004] These well-known solutions have drawbacks
owing for instance to the inadequate accuracy of the lo-
cation action (triangulation systems usually allows ac-
curacy levels of no better than 100 meters) or to the fact
that they cannot operate inside a building.
[0005] Moreover, the ever increasing attention to pri-
vacy issues makes desirable the availability of tech-
niques whereby the location action as such can be
bound to an indication of consent by the user of the mo-
bile receiver. All that, consequently, with no possibility
for the network operator to accomplish, in an independ-
ent way, the location action in the absence of said con-
sent.
[0006] In this regard, a solution has been proposed
whereby a first and a second radiation source are used,
located at two points of a given space. These sources
perform the angular scanning of the space by means of
a first and a second radiation, respectively. The first and
the second radiation have a respective characteristic
(for instance the frequency or a coding) that varies as a
function of the position reached during the scanning mo-
tion. The first and the second radiation exhibit therefore,
by each point of the space, a respective pair of values
of said characteristic that univocally identify the position
of said point within said space. The position of the point
within said space is therefore identified starting from
said pair of values, available at first only at the mobile
terminal, situated at that point. The terminal has there-
fore the possibility of controlling the location action in
such a way that the same action can be carried out only
upon its consent.

Disclosure of the Invention

[0007] The aim of this invention is to provide a solution
that may be regarded as an alternative or as an improve-

ment with respect to such previous proposal.
[0008] According to the invention, said aim is attained
by virtue of a method and a location system having the
characteristics specifically recalled in the following
claims. The invention also concerns, in an autonomous
manner, the terminal adequately equipped to perform
the required actions.

Brief Description of Drawings

[0009] The invention will now be described by way of
a nonlimiting example, making reference to the attached
drawings, wherein:

- Figure 1 schematically describes the organisation
of a system according to the invention;

- Figure 2 schematically depicts the theoretical crite-
ria on which the invention is based;

- Figure 3 is a functional block diagram illustrating the
architecture of a system according to the invention;

- Figure 4 depicts in the form of a flow chart the exe-
cution criteria of the geographical location operation
in a mobile receiver operating according to the in-
vention; and

- Figures 5 and 6 are two explanatory diagrams
showing the way of execution of some of the steps
appearing on the flow chart of Figure 4.

Best mode for Carrying Out the Invention

[0010] In the drawing of figure 1, S denotes a satellite
observing a portion E of the Earth surface T.
[0011] The satellite, S, can be any communications
satellite of a known type. The term "satellite" is used
here in its broadest meaning, identifying any body (for
instance - in addition to conventional satellites - a bal-
loon, a shuttle, or a pilotless aircraft) that can be placed
in an overlooking position with respect to the Earth sur-
face so as to control the portion within which the location
action occurs. In the embodiment of the invention being
at present preferred, satellite S is a satellite orbiting
around the Earth at a height of about 1000 kilometres.
In this way the satellite S can observe the portion E of
the Earth surface under a solid angle sufficiently wide
as to ensure a high level of accuracy and resolution in
carrying out the location operation.
[0012] As to the definition of the portion E of the Earth
surface, it must still be noted that:

- the system according to the invention makes it pos-
sible to locate with respect to the Earth surface a
generic terminal U, situated at ground level or in its
proximity, and can therefore be used also for the
location of a mobile terminal U situated, for exam-
ple, onboard a flying aircraft, and

- in the sequel of this description the portion of sur-
face E being considered will be ideally regarded as
a plane surface; as a matter of fact, the surface E
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has a given degree of more or less marked and ap-
preciable curvature as a function of its size; in any
case, any possible effects of distortion (or of paral-
lax) owing to the fact that the surface E is not a per-
fectly level surface, can be immediately compensat-
ed for by means of cartographic mapping tech-
niques of known types, and currently used for sur-
veys through a satellite.

[0013] Furthermore, even if this description makes
reference to the possible use of a single satellite S, it is
obvious that the solution according to the invention can
be extended - according to criteria evident to those
skilled in the art - to systems using more satellites S. All
the above, together with the additional possibility of add-
ing to the function of geographical location based on two
co-ordinates (location in a plane), a location function
based on three dimensions, implying the possibility of
detecting also the altitude from the ground of the termi-
nal U being subjected to location action.
[0014] In the sequel of this description it will be as-
sumed that the portion E of the Earth surface within
which the location function is performed may make ref-
erence to two axes x and y of an orthogonal Cartesian
system having a point of origin O. Obviously the solution
according to the invention can also be easily implement-
ed through coordinate systems different from an orthog-
onal Cartesian coordinate system, such as for instance
a polar coordinate system. The extension of the inven-
tion to such other coordinate systems can be readily car-
ried out by those skilled in the art starting from the de-
scription relating to an orthogonal Cartesian coordinate
system, a system that additionally corresponds to the
form of embodiment of the invention providing a straight-
forward explanation at description level.
[0015] In the following the assumption will be made
therefore that the position of any terminal U, situated at
any point U(x, y) of the surface E may be considered as
known once the coordinates x,y are known that identify
the point U within the above-defined reference Carte-
sian system Oxy.
[0016] References 1 and 2 shown in Figure 1 identify
two radiation sources (here represented for the sake of
simplicity making reference to two different antennas,
capable of being incorporated - according to well-known
criteria - into an individual transmitting unit) that can
transmit toward the Earth surface T, i.e. toward the por-
tion of surface E within which the location action takes
place, two signals formed by electromagnetic waves
that perform a scanning of the space and therefore of
the surface portion E, according to coordinates x and y
of the Oxy reference system.
[0017] All the above takes place by appropriately var-
ying at least one characteristic of the emitted radiation,
as a function of the angle formed at a given instant by
the main radiation direction with regard to a reference
direction. For explanatory purposes, said reference di-
rection may be seen as the direction identified by the

line joining the point of the position of the satellite S at
the instant when the location is performed, and any ref-
erence point (assuming again for simplicity sake the
central point) of portion E of the Earth surface.
[0018] The above-mentioned space scanning (and
therefore of the Earth surface portion E) can be accom-
plished through mechanical means, using for instance
respective antennas having a high directivity, which are
subjected to traverse, or - according to the solution be-
ing at present preferred - using antennas working ac-
cording to techniques of the kind currently called "syn-
thetic aperture" or "phased array" antennas. In this man-
ner, during the cyclic scanning motion the radiation emit-
ted by the antenna is at each instant concentrated into
a major radiation lobe having for instance, at -3 dB, an
aperture value of the order of 5°.
[0019] The radiations emitted by the transmitters 1
and 2 perform a space scanning according to two direc-
tions x and y, which are orthogonal to one another and
identifying the family of planes comprising the plane of
Earth surface portion E where the location action is per-
formed. It will be appreciated that this holds generally
true also if the satellite S is not situated in the zenith
position with respect to the surface portion E.
[0020] The radiations emitted by the transmitters 1
and 2 are subjected to a modulation or coding in order
that at least one characteristic of the radiation varies as
a function of the position instantaneously reached by the
above-cited scanning motion.
[0021] In a first example of embodiment, the above
result can be achieved by subjecting the frequency emit-
ted by the transmitters 1 and 2 to a modulation law such
as

for transmitter 1, which performs its scanning
along axis x

and of the kind

for transmitter 2, which performs its scanning
along axis y.
[0022] It is therefore a frequency modulation with re-
spect to a fixed reference value f10, f20 with the respec-
tive value of coordinates α, β, that is identified and iden-
tifiable starting from the deviation of the frequency f1, f2
with respect to the reference value f10, f20.
[0023] Assuming that at a given instant the radiations
emitted by the transmitters 1 and 2 illuminate a generic
point U (x,y) within the surface portion E, values α and
β are representative of the corresponding values shown
in Figure 1, i.e. of the angles formed by the major radi-
ation lobes emitted by the transmitters 1 and 2, respec-

f1 = f10 + α∆f1 (I)

f2 = f20 + β∆f2 (II)

3 4



EP 1 300 689 A2

4

5

10

15

20

25

30

35

40

45

50

55

tively, with respect to a reference direction of the straight
line z connecting the point at which the satellite S is sit-
uated and the ground point 0 identifying the origin of the
Cartesian system used to reference the portion of the
Earth surface denoted by E. As will be better seen later,
the actual position of point 0 is actually insignificant for
the implementation of the invention.
[0024] To simplify the description, one may assume
that the angle α as well as the angle β are between value
0 and a value of some degree units. The amplitude of
the scanning motion or traverse may however be great-
er or smaller, depending upon the size of the Earth por-
tion E where the location is performed and/or upon the
height of the orbit of the satellite S.
[0025] Once again it must be stressed that, even if the
representation of Figure 1 does refer for simplicity sake
to a satellite S placed in a practically zenith position with
respect to the surface E, all the previous considerations
apply in exactly the same way also to a situation in which
the straight line z is generically tilted or slanting, and not
orthogonal with respect to the surface E.
[0026] By adequately choosing the values of f10 and
f20 (as well as the value of the maximum deviations ∆f1
and ∆f2) for instance so as to prevent the overlapping of
frequency values emitted by the transmitters 1 and 2,
one can set a bijection between the geographical coor-
dinates of each point U(x,y) of the surface E and the two
frequency values of the radiation received at that point
starting from the transmitter 1 and transmitter 2, respec-
tively.
[0027] Thus, the surface of the ground portion E is
"mapped" into a matrix of frequency pairs that can be
univocally associated to each individual point or position
comprised in that surface. The degree of accuracy at-
tainable when defining said bijection correspondence is
a function of the frequency deviation ∆f utilised (in the
sequel it will be assumed for simplicity that ∆f1 = ∆f2 =
∆f) and of the size of the territory to which the same is
associated.
[0028] Functionally equivalent solutions may be ob-
tained by varying other characteristics of the emitted ra-
diation as a function of the angle attained instantane-
ously by the scanning motion.
[0029] As an example, it is possible to use for the
transmitters 1 and 2 an emission at a fixed carrier fre-
quency, subjected to a modulation of digital type, for in-
stance, through words including a predefined number of
bits.
[0030] Using for instance 17 bits makes it therefore
possible to obtain 217 combinations of different codings,
each capable of being associated to a respective angu-
lar value of the scanning motion (along axis x and along
axis y, respectively) of the portion of Earth surface E be-
ing at that moment illuminated by the transmitters 1 and
2.
[0031] This variation is particularly suitable for the ad-
vantageous application in conjunction with the UWB (Ul-
tra Wide Band) transmission technique, in place of the

CDMA technique, commonly used in conventional loca-
tion systems. As is well known, the UWB technique has
the advantage of using extremely low power values and
exhibiting a high immunity to echoes.
[0032] As already highlighted in the introduction to
this description, the solution according to the invention
is meant preferably for applications resorting to satel-
lites S placed at an altitude of the order of 1000 kilome-
tres with respect to the Earth surface. These satellites
do not have geostationary characteristics and move in-
stead at a considerable speed with respect to the Earth
surface T.
[0033] This means that once a given portion E of the
Earth surface is identified, the geometry shown in Figure
1 changes continuously just for the reason that the sat-
ellite continuously moves along its orbit.
[0034] Still making reference - for a more immediate
understanding - to a solution in which the characteristic
of radiations emitted by the transmitters 1 and 2 that var-
ies as a function of the position reached during the scan-
ning motion is represented by the frequency, the values
describing the mapping of the ground surface E through
a matrix of pairs of frequencies univocally associated to
each individual point or position, continuously evolve
with time.
[0035] The embodiment example of the invention il-
lustrated here requires therefore that the scanning mo-
tion of the Earth surface by the transmitters 1 and 2 be
swift enough so as to prevent from being affected by the
satellite motion along its orbit. This result may be ob-
tained by performing the above scanning motion follow-
ing methodologies fully similar to those adopted for the
scanning motion of tracking and navigation radars of
modern battle-planes.
[0036] In an alternative embodiment of the invention
(not depicted here, for a better understanding of the gen-
eral principle) it is also possible to act on the mechanism
of scanning and/or detection on the ground of radiations
emitted by the sources 1 and 2 so as to take into account
the fact that the satellite or satellites S carrying such
sources are in motion, thus compensating for the effects
of such a motion.
[0037] In particular the block diagram of Figure 2 re-
fers to the situation which may be detected on a given
portion of surface E, as a "photograph" taken at a given
time instant.
[0038] Under these conditions one may therefore as-
sume that the point of origin O of the reference system
(O, x, y) on the ground is the one illuminated instanta-
neously by frequency values f10 and f20 (refer to previ-
ous relations (I) and (II)), emitted by the transmitter 1
and transmitter 2 onboard the satellite, respectively.
This is actually a hypothesis made for simplifying the
description, being - as will be seen later - insignificant
for the implementation of the invention.
[0039] The point U, whose location coordinates cor-
respond to the generic values x and y - it is to be recalled
that the scanning motion must be swift enough to allow
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that the surface E can be swept by the transmitters 1
and 2 in a time interval so small that the satellite S is
actually considered as stationary with respect to the
ground - receives instead from the transmitters 1 and 2
of satellite S two signals of frequencies equal to f1(x)
and f2(y) respectively, generally defined according to the
relations (I) and (II) described before.
[0040] A generic other point A, included in the portion
of ground E and having coordinates x0 and y0 will be
illuminated by the transmitters 1 and 2 by means of ra-
diations having frequency values equal to f1(x0), f2(y),
respectively, also these values being identified on the
basis of relations (I) and (II).
[0041] The representation of the frequency plan
which has been adapted in Figure 2, allows one to im-
mediately realise that the differences ∆f1=f1(x)-f1(x0) as
well as the difference ∆f2=f2(y)-f2(y0) univocally identify
the coordinate difference between point U and point A,
along the axis x (∆x) and along the axis y (∆y) of the
reference system Oxy.
[0042] Once the coordinates (x0, y0) of the point A,
designed as reference point, are known, it is then im-
mediately possible to go back to the generic coordinates
(x, y) of point U, by performing their localisation.
[0043] The described criteria enable therefore the im-
plementation of a geographic location system on the ba-
sis of the diagram shown in Figure 3.
[0044] In such a figure, the reference S obviously in-
dicates the satellite equipped with the transmitters 1 and
2 emitting respective radiations such that the scanning
motion along the directions x and y is performed by ac-
companying said space scanning motion with a corre-
sponding modulation criterion (frequency or in general
- of any other characteristic of the radiation, for instance
through coding of the signal itself) of the respective ra-
diation.
[0045] In Figure 3, there is denoted by U a generic
mobile terminal (for instance, a standard cellular phone)
that will be assumed as situated at the point U(x,y) des-
ignated to be the object of location.
[0046] It is assumed that, at the moment being con-
sidered, the mobile terminal U is connected to a corre-
sponding base station (BTS), denoted by 4, over the mo-
bile communications network to which the terminal U is
linked.
[0047] The reference A indicates instead a geograph-
ic reference station located at a point A having the co-
ordinates - already known - x0 and y0. In this respect,
reference must still be made to the diagram of Figure 2.
[0048] The base station 4 (thus, terminal U), as well
as the reference station A are therefore capable of con-
necting over a generic telecommunications network IP.
Said network may be formed by the mobile network to
which the terminal U is linked as well as by a set of fixed/
mobile networks that are interconnected to one another.
[0049] Eventually, notation 5 indicates a location unit
connected over the network IP. The unit 5 is capable of
performing the geographic location function of the ter-

minal U as a function of the data provided by the terminal
U and the reference station A.
[0050] In this respect it will be appreciated that the unit
5 is capable of carrying out the above-mentioned loca-
tion function only if the unit 5 under question has avail-
able the data provided (according to the procedures to
be better described in the sequel) by the terminal U. This
means that the location action may be accomplished on-
ly if explicitly requested/authorised by the mobile termi-
nal U.
[0051] Even if the architecture depicted in Figure 3
corresponds to the form of embodiment of the invention
being preferred at the moment, it must be noted that the
same elements/modules described therein could be ac-
tually situated in a different way, for example placing the
unit 5 at the reference station A.
[0052] Furthermore, the unit 5 could be incorporated
in every respect into the mobile terminal U or the satellite
S.
[0053] These two alternative solutions, though feasi-
ble and definitely falling within the scope of the inven-
tion, are not preferred at the moment. The first one, be-
cause it requires that the terminal U has available the
necessary processing power. The second solution for
the reason that it produces as such an information in-
terchange towards the satellite S, i.e. an additional traf-
fic over channels conventionally regarded as high-val-
ue, such as the communication channels via satellite.
[0054] Furthermore, the location mechanism based
on the differential frequency deviation described with
reference to Figure 2 could be exploited under the pro-
vision that the reference station A re-transmits in a sub-
stantially continuous way toward the satellite S data
identifying the pair of frequency values (or of coded val-
ues) being received instant by instant by the same sta-
tion A starting from the satellite S. All the above is to be
carried out in order to allow the satellite S itself to ade-
quately "re-calibrate" the mechanism of modulation/
coding of the radiations transmitted by transmitters 1
and 2, correcting or integrating the radiations emitted by
the transmitters 1 and 2 through such data as to allow
the terminal U to be located to immediately determine
instant by instant its position by simply starting from the
pair of frequencies or coded words received instant by
instant from the satellite S.
[0055] With reference to the diagram of Figure 2 this
way of operation corresponds in principle to the solution
of recording instant by instant the point of origin O of the
Cartesian reference x, y by the reference station A. Also
this possible variation of embodiment of the invention is
not considered at the moment as preferred, for it pro-
duces a considerable implementation burden both at
communications level between satellite and reference
stations and at the level of processing power onboard
the satellite S. All the above, additionally, does not bring
any contribution to any substantial simplification of the
characteristics of the mobile terminal U.
[0056] For this reason, the flow chart in Figure 4 illus-
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trating the possibility for the receiver U to start the loca-
tion action (thus the identification of the position where
the same terminal U is situated at that very moment)
refers to the general architecture depicted in Figure 3.
[0057] The flow chart of Figure 4 shows a possible
way of configuring the terminal U in order to exploit the
variation of the characteristics of radiations emitted by
the transmitters 1 and 2 to allow the determination of the
geographical coordinates of the place where the mobile
terminal U is situated within the ground portion E.
[0058] Starting from an initial step 100, in a step de-
noted by 101 the user of the terminal U introduces into
the system the command (thus the consent) to start the
location action. This may take place - in a known manner
-by simply pressing a button on the terminal U.
[0059] In the steps 102 and 103 (represented here as
performed sequentially to one another, but executable
in parallel in order to achieve a higher processing speed
of the information) the terminal U "reads" the signals re-
ceived from the transmitter 1 and transmitter 2, respec-
tively.
[0060] In this respect it will be appreciated that the
mobile terminal U can be a standard cellular phone
equipped with a communication interface that allows the
reception of signals from a satellite, such as the satellite
S. The relating technology is commonly available, being
adopted for instance for the so called satellite cellular
phones.
[0061] Making reference for simplicity sake to the sit-
uation wherein the radiations emitted by the transmitters
1 and 2 are subjected to frequency modulation as a func-
tion of the angle of the scanning motion (that can be
cyclic in terms of "to-and-from"), the terminal U is gen-
erally able to distinguish the two emissions as a function
of the two different frequency ranges being used.
[0062] Each of the values f1 and f2 is preferably ob-
tained as the mean (or central) value of a possible var-
iation range according to criteria better illustrated in Fig-
ures 5 and 6 (with reference to transmitter 1).
[0063] However directional the relating antennas may
be, the radiation diagrams of the transmitters 1 and 2
exhibit as a matter of fact a certain angular aperture.
Therefore the mobile terminal U - assumed to be for sim-
plicity sake in a fixed position - is in any case illuminated
by each transmitter 1 or 2, not only at an instant (tx in
Figure 6) but also during a certain time interval (t'x; t"x).
[0064] During such a time interval, owing to the scan-
ning motion in progress, the frequency emitted by the
transmitter (and received by the terminal U) varies for
instance between f'x and a value f"x. This typically oc-
curs according to a ramp behaviour of the type illustrat-
ed in Figure 6.
[0065] The value f1 (or f2) actually used is therefore
identified as a mean or central value of the above-men-
tioned ramp (for instance by choosing the frequency val-
ue fx = (f'x + f"x)/2. That means choosing a frequency
value f1 or f2 corresponding to the bisecting line (or cen-
tral axis) of the envelope of all the lobes that have illu-

minated the mobile receiver.
[0066] The same considerations obviously apply to
the case in which the characteristic exploited for the lo-
cation action is formed by a different characteristic with
respect to the radiation frequency illuminating the mo-
bile receiver.
[0067] For instance, in the case in which such char-
acteristic is a coding applied to the signal emitted by the
transmitters 1 or 2, the corresponding value used to per-
form the location may be formed for instance by the
mean or central value taken by the code during the time
interval in which the mobile terminal U is illuminated by
the transmitter 1 or 2.
[0068] The set of operations corresponds in practice
to detecting the values f1 and f2 of the formulas (I) and
(II) seen previously, and corresponding to the point at
which at that moment the mobile terminal U is situated.
[0069] In parallel, it will be assumed that steps 202
and 203, substantially similar to steps 102 and 103 are
carried out cyclically, with a periodic wait phase 204, at
the reference station A. All the above occurs in such a
way that the same reference station A makes constantly
available, in a step 205, the updated values of the fre-
quency pair (or of the pair of coded words) that identify
its position, i.e. its geographical coordinates (x0, y0) on
the surface E.
[0070] At this point, the operation of the system
evolves towards a step 104 in which the location unit 5
as such comes into play.
[0071] The latter reads, upon their reception over the
IP network from the terminal U and the station A, respec-
tively, the frequency values f(x), f(y) instantaneously re-
ceived by terminal U and the corresponding values f(x0)
and f(y0) sent by the base station A.
[0072] In a step denoted by 105, unit 5 determines,
starting from the differences ∆f1=f1(x)-f1(x0) and ∆f2=f2
(y)-f2(y0), the position deviation respectively according
to coordinate x, i.e. (∆x), and with respect to coordinate
x, i.e. (∆y), existing between the point where terminal U
is located and the base station A.
[0073] Given the differential character of the location
mechanism just described, the operation of the unit 5
does not necessarily require a processing of algorithmic
type. In fact, at the unit 5 a comparison table (look up
table) can be established wherein for each pair of differ-
ential values or frequency deviation values ∆f1, ∆f2 the
geographical coordinates are recorded (referred to the
point x0, y0 where the reference station is situated) of
the point where the mobile terminal U is located.
[0074] Once again it must be noted that the location
action performed by the unit 5 can be carried out only
following the transmission, starting from the terminal U,
of the information relating to the pair of frequency values
or of coded words received at that moment by the ter-
minal U starting from the satellite S.
[0075] This may take place according to modalities
commonly used within the mobile radiocomunications
systems, for instance owing to the routing of said data
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from the terminal U toward the unit 5 through messages
in the SMS format. The same mechanism may be nat-
urally adopted for transmitting the location information
toward the terminal U starting from the unit 5. As stated
before, such operation has been assumed to be per-
formed in step 106 of the flow chart shown in Figure 4.
[0076] It is also possible, in a step or a set of steps
schematically denoted by 107, to carry out one or more
operations (transactions) bound to the performed loca-
tion action (which has been here assumed as carried
out in the step denoted by 105).
[0077] As already stated in the introduction to the
present description, said operations may concern for in-
stance billing orders as a function of the position (loca-
tion billing), emergency calls, indications of distance
and/or paths between the position at a given moment of
the mobile receiver and places of various destinations,
etc.
[0078] Once said operation is completed, the opera-
tion of determination of the geographical coordinates of
the system evolves toward a final step, denoted by 108.
[0079] In a possible alternative configuration (not ex-
pressly illustrated in the diagram of Figure 4) the location
may be carried out directly by the terminal U, the same
having available - for instance as received by the system
starting from station A - the information concerning the
frequencies/codes received by the same station A start-
ing from the satellite.
[0080] The configuration of the terminal U for the op-
eration mode schematically represented by the flow
chart of Figure 4, may take place through both set-up
within terminal U of specific hardware components and
an appropriate program of programmable elements al-
ready available at the same terminal U. Such a set-up
at a software level may be advantageously achieved for
instance through programming codes (means of pro-
gram codes) inserted at the level of the so called SIM
card, or through codes remotely loaded into the mobile
terminal starting from the mobile communications sys-
tem to which the same is linked.
[0081] From what has been previously said, it be-
comes evident that the location mechanism herein de-
scribed can be applied in an identical manner to termi-
nals U that are situated in proximity of the ground, for
instance located onboard an airplane. All that applies at
least to the location of the plane of surface E.
[0082] By making resort to two satellites S it is possi-
ble to obtain according to an extension - evident for
those skilled in the art - of the described mechanism also
a location of the mobile terminal U in vertical direction,
i.e. orthogonally with respect to the plane identified by
the axes X and Y.
[0083] It will be appreciated that many transmission
mechanisms among the mobile terminal U, the base sta-
tion A and the unit 5 exploit, over the network indicated
by IP, the standard communications criteria of the mo-
bile telephone networks.
[0084] As far as the transmission from the satellite S

towards the mobile terminal U is concerned, if use is
made of the sweeping mechanism through scanning
that requires the use of coded words, the transmission
of such a word can be effected over a dedicated channel
(in the event in which the terminal U operates according
to the GPRS or UMTS standard). All that may also occur
by envisaging multi-standard operation criteria.
[0085] Furthermore it will be appreciated that the lo-
cation mechanism previously described in relation to the
Cartesian reference system (Oxy) can be implemented
also by providing that the radiation sources 1 and 2 on-
board the satellite S perform a scanning of the portion
of the Earth surface denoted by E on the basis of a ref-
erence system of different type, for instance a polar co-
ordinate system: scanning mechanisms of this kind
(providing the scanning of a surface for example accord-
ing to a spiral path) are well-known in the technique, for
instance in applications of characters recognition.
[0086] Eventually, it will be again reminded that the
solution according to the invention, designed for deter-
mining the position of a mobile receiver within a given
portion of the Earth surface may also be applied to the
location of mobile receivers that are not precisely locat-
ed on the Earth surface, being for instance placed on-
board a flying aeroplane.
Obviously, while the principle of the invention remains
unchanged, the particulars of implementation and the
forms of embodiment could be widely varied with re-
spect to what has been described and illustrated, with-
out leaving the scope and the spirit of the present inven-
tion.

Claims

1. Method for determining the position of a point to be
located (U) within a given portion (E) of the Earth
surface (E), characterised in that it comprises the
steps of:

- providing at least one satellite (S) with associ-
ated a first (1) and a second (2) radiation source
performing with a first and a second radiation,
respectively, the scanning of said portion (E) of
the Earth surface according to two coordinates
(x, y) of a space reference system relating to
said portion (E); said first and second radiation
exhibiting at least one respective characteristic
(f1, f2) that varies as a function of the position
(α, β) reached during said scanning, so that
each point comprised within said portion (E) of
the Earth surface is illuminated by a respective
pair of values (f1(x), f2(y)) of said at least one
characteristic univocally identifying the position
of said point within said portion (E) of the Earth
surface,

- receiving said first and second radiation at said
point to be located (U(x,y)) within said portion

11 12



EP 1 300 689 A2

8

5

10

15

20

25

30

35

40

45

50

55

(E) of the Earth surface,
- detecting (102, 103) said respective pair of val-

ues (f1(x), f2(y)) of said at least one character-
istic corresponding to said point to be located,
and

- identifying (105, 106) the position of said point
to be located (U(x,y)) within said portion (E) of
the Earth surface starting from said received
pair of values (f1(x), f2(y)).

2. Method according to claim 1, characterised in that
it includes the steps of:

- receiving said first and second radiation at least
at one reference point whose coordinates (x0,
y0) are known within said space reference sys-
tem, detecting (202, 203) a pair of reference
values (f1(x0), f2(y0)) of said at least one char-
acteristic corresponding to said at least one ref-
erence point (A(x0, y0)), and

- identifying (105, 106) the position of said point
to be located (U(x, y)) within said portion (E) of
the Earth surface through comparison (∆f1, ∆f2)
between said respective pair of values (f1(x),f2
(y)) of said at least one characteristic corre-
sponding to said point (U(x, y)) and said pair of
reference values (f1(x0)),f2(y0)) of said at least
one characteristic corresponding to said at
least one reference point (A(x0, y0)).

3. Method according to claim 1 or 2, characterised in
that said respective pair of values (f1(x), f2(y)) or
said pair of reference values (f1(x0), f2(y0)) are iden-
tified as mean or central value (fx) of said at least
one respective characteristic within a time interval
(t'x, t"x) during which the respective point (U(x,y));
A(x0,y0)) is illuminated by said radiation.

4. Method according to any of the previous claims,
characterised in that said at least one character-
istic consists of the frequency (f1, f2) of said radia-
tion.

5. Method according to any of the claims 1 to 3, char-
acterised in that said at least one characteristic
consists of a code carried by said radiation.

6. Method according to claim 2 or 3, characterised in
that at least one between said first and second ra-
diation is subjected to frequency modulation (α∆f1,
β∆f2) with respect to a fixed reference value (f10, f20)
and by the fact that said respective pair of values
(f1(x); f2(y)) or said pair of reference values (f1(x0),
f2(y0)) are identified by the deviation of said fre-
quency with respect to said fixed reference value.

7. Method according to claim 2, characterised in that
it comprises the steps of:

- placing at said point to be located (U(x,y)) a mo-
bile terminal (U) sensitive to the radiation emit-
ted by said first (1) and second (2) source of
radiation and capable of connecting (4) to a tel-
ecommunications network (IP),

- providing at said reference point (A(x0, y0)) a
reference station (A), said reference station al-
so being sensitive to the radiation of said first
(1) and second (2) source of radiation, said ref-
erence station (A) also being capable of con-
necting to said telecommunications network
(IP), and

- providing a location unit (5) capable of connect-
ing to said mobile terminal (U) and to said ref-
erence station (A) in order to receive said re-
spective pair of values (f1(x), f2(y)) of said at
least one characteristic starting from said mo-
bile terminal (U), as well as said pair of refer-
ence values (f1(x0), f2(y0)) from said reference
station (A) so as to determine the position of
said mobile terminal (U) with respect to said ref-
erence station (A) through a comparison (∆f1,
∆f2) between said respective pair of values(f1
(x), f2(y)) and said pair of reference values (f1
(x0), f2(y0)).

8. Method according to claim 7, characterised in that
it includes the step of providing in said location unit
(5) a database which collects as a function of value
of the deviation (∆f1, ∆f2) between said respective
pair of values (f1(x), f2(y)) of said characteristic and
said pair of reference values (f(x0), f(y0), corre-
sponding deviation values (∆x, ∆y) of the position
of said mobile terminal (U) with respect to said ref-
erence station (A).

9. System for determining the position of a terminal (U)
within a given portion (E) of the Earth surface (T),
characterised in that it comprises:

- at least one satellite (S) with associated a first
(1) and a second (2) radiation source perform-
ing with a first and a second radiation, respec-
tively, the scanning of said portion (E) of the
Earth surface according to two coordinates (x,
y) of a space reference system relating to said
portion (E) of the Earth surface; said first and
second radiation exhibiting at least one respec-
tive characteristic (f1, f2) that varies as a func-
tion of the position (α, β) that has been reached
during that scanning, so that each point includ-
ed within said portion (E) of the Earth surface
is illuminated by a respective pair of values (f1
(x), f2(y)) of said at least one characteristic uni-
vocally identifying the position of said point
within said portion (E) of the Earth surface,

- said terminal (U), capable of receiving said first
and second radiation at said point of said por-
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tion (E) of the Earth surface and of detecting
(102, 103) the respective pair of values (f1(x),
f2(y)) of said at least one characteristic, and

- a location unit (U, 5) for identifying (105, 106)
the position of said mobile terminal (U) within
said portion (E) of the Earth surface starting
from said respective pair of values (f1(x), f2(y)).

10. System according to claim 9, characterised in that
it comprises a reference station (A) for receiving
said first and second radiation at least at one refer-
ence point whose coordinates (x0, y0) are known
within said space reference system and for detect-
ing (202, 203) a pair of reference values (f1(x0), f2
(y0)) of said at least one characteristic correspond-
ing to said at least one reference point (A(x0, y0)),
and in that said location unit (U, 5) is configured for
identifying (105, 106) the position of said mobile ter-
minal (U) within said portion (E) of the Earth surface
through comparison between said respective pair
of values (f1(x), f2(y)) of said at least one character-
istic corresponding to said point (U(x, y)) where said
mobile terminal (U) is situated and said pair of ref-
erence values (f1(x0), f2(y0)) of said at least one
characteristic corresponding to said at least one ref-
erence point (A(x0, y0)) where said reference station
is located.

11. System according to any of the previous claims 9
to 10, characterised in that said first (1) and sec-
ond (2) radiation sources are so configured that said
at least one characteristic is formed by the frequen-
cy (f1, f2) of said radiation.

12. System according to any of the claims 9 to 11, char-
acterised in that said first (1) and second (2) radi-
ation sources are so configured that said at least
one characteristic is formed by a code carried by
said radiation.

13. System according to claim 10 or 11, characterised
in that at least one between said first and second
radiation is subjected to frequency modulation
(α∆f1, β∆f2) with respect to a fixed reference value
(f10, f20) and in that said respective pair of values
(f1(x), f2(y)) or said pair of reference values (f1(x0),
f2(y0)) are identified by the deviation of said fre-
quency with respect to said fixed reference value.

14. System according to claim 10, characterised in
that

- said location unit (5) is capable of connecting
to said mobile terminal (U) and to said refer-
ence station (A) through said telecommunica-
tions network, for the purpose of receiving said
respective pair of values (f1(x), f2(y)) of said at
least one characteristic starting from said mo-

bile terminal (U), as well as said pair of refer-
ence values (f1(x0), f2(y0)) from said reference
station (A) so as to determine the position of
said mobile terminal (U) with respect to said ref-
erence station (A) through said comparison
(∆f1, ∆f2).

15. Mobile terminal (U), capable of being located within
a given portion (E) of the Earth surface (T), char-
acterised in that the terminal (U) is configured:

- for receiving from at least one satellite (S) a first
(1) and a second (2) radiation, that perform the
scanning of said portion (E) of the Earth surface
according to two coordinates (x, y) of a space
reference system relating to said portion (E) of
the Earth surface; said first and second radia-
tion exhibiting at least one respective charac-
teristic (f1, f2) varying as a function of the posi-
tion (α, β) reached during said scanning, so that
each point comprised within said portion (E) of
the Earth surface is illuminated by said first and
second radiation exhibiting, at each point, a re-
spective pair of values (f1(x), f2(y)) of said at
least one characteristic univocally identifying
said position of said point within said portion (E)
of the Earth surface, and

- for detecting (102, 103) said respective pair of
values (f1(x), f2(y)) of said at least one charac-
teristic corresponding to the point of said por-
tion (E) of the Earth surface where said terminal
(U) is situated; the position of said point within
said portion (E) of the Earth surface being iden-
tifiable (105, 106) starting from said respective
pair of values (f1(x), f2(y)).

16. Terminal according to claim 15, characterised in
that the terminal (U) is configured for selectively
transmitting toward a location unit (5) said respec-
tive pair of values (f1(x), f2(y)) from said at least one
point (U).

17. Terminal according to claim 15 or 16, character-
ised in that the terminal (U) is so configured as to
co-operate with:

- a reference station (A), configured for receiving
said first and second radiation at least at one
reference point whose coordinates (x0, y0) are
known, within said space reference system and
detecting (202, 203) a pair of reference values
(f1(x0), f2(y0)) of said at least one characteristic
corresponding to said at least one reference
point (A(x0, y0)), and

- a location unit (5) configured for identifying
(105, 106) the position of said mobile terminal
(U) within said portion (E) of the Earth surface
through comparison (∆f1, ∆f2) between said re-
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spective pair of values (f1(x), f2(y)) of said at
least one characteristic corresponding to said
at least one point (U(x, y)) where said mobile
terminal (U) is situated, and said pair of refer-
ence values (f1(x0), f2(y0)) of said at least one
characteristic corresponding to said at least
one reference point (A(x0, y0)) where said ref-
erence station is located.

18. Terminal according to claim 15 or 16, character-
ised in that the terminal (U) is configured for receiv-
ing the location information from said location unit
(5).

19. Terminal according to any of the previous claims 15
to 18, characterised in that said at least one char-
acteristic is formed by the frequency (f1, f2) of said
radiation.

20. Terminal according to any of the claims 15 to 18,
characterised in that said at least one character-
istic is formed by a code carried by said radiation.

21. Terminal according to any of the claims 17 to 20,
characterised in that said respective pair of values
(f1(x), f2(y)) are identified by the deviation of said at
least one characteristic with respect to said refer-
ence values.

22. Terminal according to any of the claims 15 to 21,
characterised in that it comprises means for read-
ing program code and in that the terminal (U) is
configured, at least in part, on the basis of the pro-
gram code read by said terminal (U) .
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