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The invention also concerns a use of the device for evaluating meteorological

conditions.
The altimeter can be calibrated owing to the data supplied by the GPS receiver
15 in accordance with a known geographical point stored, for example, in a memory that
can be associated therewith.

Once calibrated, the pressure sensor is capable of supplying pressure variation
measurements to be able to give the altitude precisely over a period of time also
determined as a function of the meteorological conditions, for example, if the device is

20 used for a hike.

Currently, knowledge of one’s precise geographical position in all types of
activities, whether they be, for example professional or during leisure time, has
become a need for the majority of people. This need has been especially felt since the
development of GPS type positioning devices, which have been made available to the

25 public. These public devices used to provide positioning data to the user within a
tolerance range that was + 150m in altitude and £ 100m on the horizontal, even if, in
military applications, much better accuracy has been obtained. However, this
tolerance range has currently been reduced by removing selective jamming.

It should be noted that these X, Y and Z inaccuracies were due, amongst other

30 things, in part to SA (Selective Availability) jamming, i.e. to deliberate degradation
generated by the GPS system supplier, and by the passage of radio waves
transmitted by the satellites through the ionosphere generating flickering. This
passage through the ionosphere gives an altitude error of + 50m.

By way of information, it should be known that each satellite transmits a

35 specific code (Gold code) at regular intervals precisely defining its position. All the
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pressure .
waves 2a transmitted by several satellites, a pressure sensor altimeter 4 calculating

an altitude value as a function of a pressure measurement, a processing unit 5
receiving position data from GPS receiver 3 and altimeter 4 in order to process the
received data so as to be able to display a position in X, Y and Z on a display means

25 9, and storage means 6 including cartographical data. A calibrator 7 is provided in
processing unit 5 so as to be able to calibrate the aititude provided by the altimeter in
order to be able to use this reference value for subsequent position determination. In
such case, the GPS receiver calculates only the data corresponding to the X and Y
positions, and thus passes from a three-dimensional mode to a two-dimensional

30 mode.

One drawback of such a device which is intended to be fitted to a vehicle for
the purpose of giving navigation information essentially lies in the fact that it
consumes a great deal of electric energy. Nonetheless, this device can perfectly well
be powered by the vehicle's battery without thereby adversely affecting the energy

35 supply to the other electric parts of the vehicle. However, this device cannot be used
in low power consuming apparatus, such as a portable telephone or a wristwatch.
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32-bit type ‘o{;| atlg\ﬁ power consuming battery or accumulator. Consequently, this portable device
cannot be fitted to a timepiece or a portable telephone. Moreover, it is only the
accuracy of the position data which is significant in this device, but not the fact of
25  reducing the calculating time or avoiding having to carry out multiple iterations in the
case of a problem of "limit cycles".
One object of the present invention is to provide a device for determining
horizontal and vertical positions wherein a pressure sensor altimeter calibrated to a
predetermined initial altitude for measuring altitude is used to facilitate the calculating
30 operations of the GPS receiver in order to overcome the drawbacks of the devices of
the prior art. The altitude of the calibrated aitimeter thus allows a precise altitude value
to be provided to the GPS receiver, to reduce the calculating time of the receiver and
consequently, the power consumption of the device.
Another object of the invention also consists of a method for determining
35 horizontal and vertical positions for operating said device.
Another object of the invention also consists of the use of the device in order to

be able to evaluate meteorological forecasts.
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in particular, to the reduction in calculating time in the GPS receiver with the aid of the

25 precise altitude data provided, in a feedback loop, by the processing unit on the basis

of the precise altitude value originating from the calibrated altimeter, and to the use of
low power consuming microprocessors, such as 8-bit microprocessors.

If a precise altitude value is brought to the receiver by the feedback loop
originating from the processing unit, the receiver will thus make fewer iterations in the

30 calculating operations to converge more quickly on the position data to be provided to
the processing unit.

Given the use of such 8-bit microprocessors, it may happen that in the
absence of the provision of the precise altitude value originating from the altimeter,
the multiple iterations of the calculating operations lead to imprecise determination of

35 the horizontal and vertical positions. This imprecision arises from the “limit cycle”
phenomenon where the device converges on a false value for example in the case in
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The objects, advantages and features of the device and the method for
determining horizontal and vertical positions will appear more clearly in the following
description of embodiments illustrated by the drawings, in which:
25 - Figure 1 shows a device for determining horizontal and vertical positions
according to the prior art which has been already described hereinbefore;
- Figure 2 shows schematically a portable device for determining horizontal
and vertical positions according to the invention;,
- Figure 3 shows in more detail the GPS receiver and the memory associated
30 therewith of the device of Figure 2; and
- Figure 4 shows in more detail the processing unit of the device of Figure 2.
The following description will not describe in detail all the electronic
components or units, included in the various parts of said device, which are known to
those skilled in the art in the electronics field, but, conversely, will mention
35 schematically said components necessary to elaborate a preferred embodiment of the
device according to the invention, as well as these necessary to implement the
method for operating said device.
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is powered by a bafi? §assinaidivAfvicedO if Bicormarpted it @haralggue eridigh fisplay

t el ephone or wppasrhUsl of the afbeaditee compbrishes afe i3 dnes & icueimohZupbbrt vhich is
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at least one aperture towards the exterior for measuring pressure with the aid of the
altimeter sensor.
Three satellites are sufficient for precisely determining the horizontal and
vertical positions of the device provided that the clock of receiver 12 is synchronised
25 with that of the atomic clocks of said satellites. If not, the receiver has to be linked to
at least four satellites, the fourth allowing the receiver’s time base to be updated, i.e.
its inner clock to be synchronised.
This leads to a resolution of, for example, four equations at four unknowns (X,
Y, Z; t) with the signals received from the four satellites.
30 Position determination is relative to determination of the time intervals between
the radio signals received by the receiver of each of the four satellites questioned
which have each transmitted at the same time their specific message with their
ephemerides (Gold code). The reception time of each radio signal thus determines the
distance from the point of reception to the corresponding satellite since the code
35 received from each of the satellites contains the data as to its position in orbit.
By way of indication, the time taken by the signal from the satellite to the
receiver multiplied by the speed of light gives the distance which separates the



~ receiving data to be processed fromthe receiver and altineter, and display
nmeans 16 -for .displaying at |east the horizontal and vertical positions
processed by the 15 processing unit. In the case in which device 10 is

i ncorporated in an anal ogue or digital dlﬁﬂnay wristwatch, all of the
aforecited conponents are fixed onto a co n support which is a printed
circuit board with netal paths connecting each conponent fornmed on one or
two faces of an insulating substrate and connecting the battery for the
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A comparison is normally made between the position data calculated by the
GPS receiver and the precise data of several points of reference on a geographical
map stored in said memory. If the horizontal position (X, Y) or the horizontal and
vertical positions (X, Y, Z) correspond to a precise stored item of data, then at least
25 the precise altitude value extracted from the memory is transmitted to the unit to
calibrate the altimeter.
Memory 13 used in association with GPS receiver 12 is, for example, an
EEPROM memory. In this memory, it is possible to programme into said memory, via
electric means, cartographic data of a determined region in order to have the precise
30 X, Y, Zvalues of a starting location or during a trip, or also level curves. Usually, it is
the Z data of a precise location which is sent to processing unit 14 by receiver 12,
Instead of having the memory fixed onto the support common to all the other
components of the device, one may envisage providing a memory in modular form
dedicated to a specific region. A change of region would thus involve changing

35 memory module.



+ 10 of which is exposed to anbient pressure and the other face of which
carries resistors arranged in a Weatstone bridge. Any pressure variation
creates an inbalance in the bridge giving a voltage variation between the
output terminals of said bridge. The sengor may be of the AM/61 type,
which is marketed by the Intersema Sensoric Conpany in Bevai X,
Switzerland. 15 At the nonent of |eaving for a hike, the pressure sensor
altimeter is thus calibrated to a predeterm ned altitude, which usually
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originating from GPS receiver 12 and from altimeter 15 also include quality
parameters or a quality factor of the transmitted data.
From receiver 12, quality parameters called DOPG defining a generalised
25 reduction in precision are transmitted at the same time as the position data (X, Y, Z).
These parameters are also extracted from the signals received from satellites 20
where they can be broken down for example into HDOP for the horizontal position and
VDOP for the vertical position. These parameters enable the processing unit to know
the precision of the position data calculated by the receiver. If this factor has a vaiue
30 of 20, this means that precision is poor, however if the factor is close to 1, this means
that precision is good. The processing unit transmits this additional data to be
displayed onto display means 16 to inform the user of the device as to the quality of
the measurement carried out.
From altimeter 15, the quality factor QUAL is transmitted at the same time as
35 altitude value h to the processing unit. This factor may be, for example, representative
of the altitude precision provided by the altimeter as a function of the time that passes
since the preceding calibration of the pressure sensor of said altimeter 15. It has a



- difference in altitude of 100m 10 The precise altitude value h of

calibrated altineter 15 is transmtted to processing unit 14 which sends a
si gnal corresponding to this precise altitude value to GPS receiver 12 in
order to facilitate its horizontal and vergical data calculating

operations as expl ai ned herei nbefore. Taking account of the altitude of
altinmeter 15 allows thus to reduce the receiver's iterations for
calculating X, Y (longitude and 15 latitude) and Z position values. After
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e value is posmve th|s means tendency

If the variation in the altlmeter s altitu
towards low pressure. If the variation in the altimeter’s altitude value is negative, this
means tendency towards high pressure.

This information processed by the processing unit can be displayed by the

25 device to give an indication as to the meteorological conditions to its user before
setting off for a hike and before having to calibrate the altimeter again to a precise
stored altitude. By way of information, reference can be made to European Patent
Application No. 0 670 532 by the Applicant disclosing a "weather watch".

A climatic variation is measured between 0.6 and 1.6 mbar/h between a low

30 and strong climatic disturbance, whereas the measurement of a variation in altitude is
of the order of 30 mbar/h for an altitude of 300 m which may be much greater than the
climatic variation during a hike. Once calibrated and for a long part of the day, the
altitude given by the altimeter can be considered to be precise even with a slight
influence of the climatic variation. However, after one day and before another hike,

35 climatic variations can be checked by the unit for the weather forecast for the coming

day.



necessary to recalibrate the sensor so that it can provide thereafter an
altitude value based on a new predetermned altitude to the GPS receiver
for all the subsequent position calculating operations. It should be noted
that the horizontal precision will also regain at 100meven 10 if the
altitude is very precise. Nonetheless, owing to the feedback Ioop of the
altitude value fromthe sensor, the duration of the receiver's calculating
operations is greatly reduced, hence a limted power consunption for the
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previously"with re
energy than the other components of said receiver, it is only switched on for the

reception of each radio signal and transmission to the second conversion circuit.

Each specific satellite code modulated on the carrier frequency of

1,57542 GHz is called a Gold code. This code is a code at a frequency of 1,023 MHz
25 (1023 bits) which is repeated every millisecond (1 ms).

Upon reception of the GPS signal, in addition to the useful signal, a much
greater amplitude noise (+20dB) surpasses the signal which one wishes to extract
from the GPS signals. It is thus necessary to know what the shape of the signal has to
be upon reception to be able to correlate the received signal with a known useful

30 signal in correlator 23 and as soon as equivalence appears, one knows which is the
clear satellite signal having removed or filtered the noise. The known signal is stored
in microcontroller 24, which sends it to correlator 23 to find such equivalence.

Microcontroller 24 also controls correlator 23 to instruct it to link itself to such
and such a satellite according to.s'uch a channel insofar as communication can take

35 place. If, upon the microcontroller's demand, a satellite cannot be reached within an
interval of time, microcontroller 24 gives another order to correlator 23 in order to be
able to be linked to another of the available satellites. The higher the number of



Sai d receiver includes an antenna 11 for receiving the radi o signals having
a 5 carrier frequency of 1,57542 GHz originating fromseveral satellites
20, a first radio- frequency conversion circuit 21 receiving signals 31
fromantenna 11 to carry out a frequencydemultiplication of signals 31 to
provide signals 32 at a frequency of the order of 180 MHz, a second
conversion circuit 22 receiving signals 32 to carry out a frequency

dermul tiplication of signals 32 to provide signhals 33 at a frequency of the
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satellites. The hi ghef add'8utBU TR 410k ceivdslposition data (X, Y, Z) from the GPS receiver,
position data quality parameters DOPG, altimeter altitude value h, and altimeter
quality factor QUAL. In this unit controlled by microprocessor 42, a comparison circuit,
25 particularly between quality parameters DOPG and quality factor QUAL as described
hereinbefore can be provided.

There may be stored in RAM memory 46 for example altitude values received
from the calibrated altimeter or from the receiver, in order also to be able to be used
for meteorological forecasts to be displayed.

30 The microprocessor is advantageously an 8-bit PUNCH microprocessor
provided by EM Microelectronic-Marin SA in Switzerland.

If the device is incorporated in a timepiece, oscillator unit 43 with crystal 44 is
also used as a time base for the horological functions.

From the description which has just been given, multiple variants can be

35 conceived without departing from the scope of the invention, in the light of the
knowledge of those skilled in the art. For example, instead of connecting the memory,
which includes the cartographic data, to the receiver, one may envisage connecting it



satellites interrogated, the higher the precision, but it is indispensable
to have at |least four satellites. Mcontroller 24 receives the precise
altitude value Z=h fromthe processing unit in order to facilitate the
receiver's cal cul ating operations and thus,converge nmore 5 quickly on the
solution. After determ nation of the horizontal and vertical positions, a
conparison is carried out with the data stored in the nenory in order to
detect whether the precise data stored correspond to those cal cul ated by

the receiver. o-{m@pro@é@lﬁd Q. fdhasd X@nd\fﬂong) Gon@é‘éﬁsbﬁ%tﬁlﬂl@é pééi’tlcﬁﬁda&\émt ers DPOG

are transnltted the "processin i n_order 0 n

di spl ayed on QQ’%’%?%BYKV "REQIVRS. wnigcepﬁ@ e processipg HHF ?B?’F‘ pnilac?]re&glvghat

mar ket ed under the name of Cool RISC-816 by EM M croel ectronic-Marin SA in
Switzerland. Wth reference to Figure 4, the processing unit for
controlling the data received fromthe receiver and the altineter, which
~includes an 8-bit mcrocontroller, is presented in nore detail. It

i ncl udes an input and output unit 41 receiving the data 15 fromthe
receiver and fromthe altinmeter and supplying at output data on the one
hand h=Z for the altimeter and on the other hand Z=h for the receiver, a

m croprocessor 42 clocked at a frequency of 32 kHz by a quartz 44
oscillator unit 43 and in conmmunication, via lines 50, with unit 41, a ROM
programe nmenory 45 connected, via lines 53, to mcroprocessor 42, a RAM
data storage nenory 46 in comrunication, 20 via lines 52, with

m croprocessor 42, a drive circuit 47 for display nmeans, such as a liquid
crystal display, receiving data, via lines 51, from m croprocessor 42.

| nput and out put unit 41 receives position data (X, Y, Z) fromthe GPS
receiver, position data quality paranmeters DOPG, altineter altitude val ue
h, and altinmeter quality factor QUAL. In this unit controlled by

m croprocessor 42, a conparison circuit, 25 particularly between quality
paranmeters DOPG and quality factor QUAL as descri bed hereinbefore can be
provi ded. There may be stored in RAM nenory 46 for exanple altitude val ues
received fromthe calibrated altineter or fromthe receiver, in order also
to be able to be used for neteorol ogical forecasts to be displayed. 30 The
m croprocessor i s advantageously an 8-bit PUNCH m croprocessor provided by
EM M croel ectronic-Marin SAin Swtzerland. If the device is incorporated
in a tinepiece, oscillator unit 43 with crystal 44 is also used as a tine
base for the horol ogical functions. Fromthe description which has just
been given, multiple variants can be 35 conceived w thout departing from

t he scope of the invention, in the light of the



know edge of those skilled in the art. For exanple, instead of connecting
the nmenory, which includes the cartographic data, to the receiver, one nay
envi sage connecting it -12 to the processing unit. In these conditions,
conparison wth the position data calculigted by the receiver will occur in
the processing unit and not in the receiver. -13 CLAIMS 1. Portable device
for determ ning horizontal and vertical positions incorporated, in
particular, in a tinmepiece or a portable tel ephone, said device including
a pressure sgpgpgal timeter (15) calibrated to a predetermned initial
altitude, a P%—srgnal receiver (12) arranged to receive signals
originating fromseveral 5 satellites (20) in order to calculate position

data of the devicey (19)ranf MERAEESSHAGHRAIN ho('liéﬁtalrdi‘ﬁiaje\ftidégpéé’tﬁanBOSi tion
. data fromthe receiver (12) and an altitude vlgbge fromthe gltlrreter (15)

based on pr e8sUPRahdLPAHENR'S NG ITRRICHT RS APER ORFt$79 E8¥Ect  to the
~ predeterm nelﬁclébhgfalbi@ssﬁ@gerﬁboﬁ Qltlﬁ%téf&ﬁﬁ&:a(lﬂ@)edtora mrbeethnmnzdmutadl attihde,

it “oai o GRGFEL TR BiaNE bOeraads o aur SOk DuRety Mol Do onS! 1O
accunul at r , satblitea¢2®rin setdr tancaltuiate pphleorpd@t@aéémm@em 10§, %roé@ﬁd‘@ L’t”He GPS
recei ver (12{ 43 r R ti‘éi% Bion GAGITRRP ﬁﬁ@%@&vér%é%daéﬁélhﬂt!%véﬂ@blﬁ%npﬂhet he

calibrated a mate calculating tinme of E p'p
consum ng ni @Itl@@tﬂﬁtﬁ@maéﬁd @Q&)eséﬂfetfﬁ@aﬁ%%@ﬁ g of iheyressyire BeNSOE MIFR EEFPEAL or der

to determ ne tHé'pF&eft&ﬁm?édtélﬁtue'@ a\h@lwaynﬁéaﬁs (qa) gatre ifrizbhel geyveracal 15 2.
Device according to claim1, characterise Bat stora&d_I He Hjsdegﬂ];g)

i ncl udi ng caPeBngithe davice prasessed age BFPVégreé’rlgst DIy M ¢

b ool e post T noPafERe s 4 ﬁé‘ﬁ“?f??ﬁm'“@ea“ﬁmbeas“m'““‘“’ e vor

corr esponds fr@?g"eg‘g%‘?séml% %)oﬁer[?fisgl oéaéggnea\ssegﬂdg ans. 20 3.
Devi ce accordmnr@pbodmbam mealtntohmwaae efhhs@dllbrﬁteﬂraiitmethe(1§g brenpdlaibans (13)
are an EEPROVL Ly, NiRe ¥PL ) bSudRImRLymfrAcubafbiibhe8f Rabantirrgaba |s

electrical ly Tntr vi ce accord tg ga El or 3,
characteri sedelredttcﬁdﬂn @W@r tox datergane, Wsiedhe alf quﬁ’@lli?dpﬂﬂ ITheata g {r@gqﬁé{ﬁﬁl c

data for @ region arep Oi%Qrae&Fréﬂh@% ERin® 1 NEbdhReristd IM\/fHaQBto@@g"b heane(moyed
fromsaid device in order to be le to change ?%43 ng‘dué[gsas avef %on of
a det er ni ned'%@@ga?ﬁﬂoééﬁphifé@t@)@r@freagé a6t axspCpleitiL e BeSA''C <5 cordi ng
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means.
20 3. Device according to claim 2, characterised in that the storage means (13)

are an EEPROM type non-volatile memory into which the cartographic data is

electrically introduced and deleted.
4. Device according to claims 2 or 3, characterised in that the storage

means (13) including the cartographic data for a region are incorporated in a module
o5  which can be removed from said device in order to be able to change said module as

a function of a determined geographical region of use of said device.
5. Device according to claim 1, characterised in that the receiver (12) and

the processing unit (14) each include a low power consuming microcontroller (24, 42),

in particular an 8-bit microcontroller.
30 6. Device according to claim 1, characterised in that the operations in the

receiver are clocked at clock frequencies higher than one MHz, whereas the

operations in the processing unit are clocked at clock frequencies lower than 100 kHz.
7. Device according to claims 1 or 2, characterised in that the receiver (12),

the altimeter (15), the processing unit (14) and the storage means (13) are fixed onto

35 the same support.



in particular an 8-bit mcrocontroller. 30 6. Device according to claim1,
characterised in that the operations in the receiver are clocked at clock
f'requenci es hi gher than one MHz, whereas the operations in the processing
unit are clocked at clock frequencies |oygr than 100 kHz. 7. Device
according to clains 1 or 2, characterised in that the receiver (12), the
altinmeter (15), the processing unit (14) and the storage neans (13) are
fixed onto 35 the sane support. -14 8. Device according to any of the

precedi ng cl ai s, §haiﬁé\ﬁ<%]eeédc%ﬁﬁndﬁér@%f tthd prebédlh@ﬁlgfnﬁ)@rcﬁér%‘éte'n@e@lrithﬁﬁp' ece,
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" determ ning har vertical A vice
according to® %{ﬁg}éﬁ;&@ﬁ@atﬁ?tetl?%af%ﬁsﬁn 142E rpé%{egﬁ%ﬂge@é F% LomeOf tI%el ncl udes

the 10 steppogitian dataaéaebneatfnongthehecqw@ssure sensor altinmeter (15) to a

predet erm ned ini i@ al Meﬂ'{otd'fzyr“&q?r'rﬁhﬂé’ hgﬁ‘io?ﬂta[?%ﬂg%ﬁl‘égl @gﬁloﬁg faflo@eaauhg tiiehe

processing unit (14 ansmtting an altitude val ue l,i br at ed
altimeter ( 159VI@Q)a<tq¢édlrp@ trcanysaf e pr@ﬁeqmq ¢laims, pharacigrised mjhat 'gif‘ﬁﬁg?s {"2
correspongi ngigh@of:he al titude value of the calibrated altimeter (15) from
the processing unit & 0 the GPS rece

cal cul ating tinme ofd r?t@@tb%ﬁ@lss%rﬁﬁ?ﬂﬁ?rr?&"ﬁ?tsé é%imew{ngferr(n@f)%efm @l he

receiver to bmtud'éQQU@QIbta BroReskeyd drel pletidsdbnthe pnscesgmghmntaM ) t ude val ue,
the position data

catel 1 tes (20), - aRangnthcrLanee vaig of R iR rhERE M bR ERTE

recei ver (12unit¢id)he processing unit (14) so that they are processed and

di spl ayed,on di Spl gy, {RARS ik Pz=n) ddrr sygﬁm&t@%%rtﬁuawvm 6 b Baiated

characterlsedlnt% ratin he altineter (
pr edet er ni nealtiprasesi (38) fa¢m|tmml@ce%sl@<wﬂa(é€fb@ th?@rﬁ iRsRiyey(1 ﬁé%@%@%
i ncl udi ng Cafcéfa&%ﬁﬁ’@hﬁe%%%w Bbwér do@\gummgaﬁdro@aamlea(m oMHelretdieer taBeGPS
receiver (12) for transm ssion to
accor di ng t o "edUseriN BrdeE ifeieiming. é@h’l‘glt e?ﬁﬁfd% g‘gdg] tqo%ﬁ g‘dagehas oS ?h I on
data, the regeinatdioldvet redeEdtient saldralsasiteng@Oprand( DOPG) extracted from
20 - transmitting the position data calculated by the receiver (12) to the
processing unit (14) so that they are processed and displayed on display means (16).
11. Method according to claim 10, characterised in that the data for
calibrating the altimeter (15) to a predetermined precise altitude is extracted from
memory means (13) including cartographic data for a region and associated with the
25 GPS receiver (12) for transmission to the processing unit (14).
12.  Method according to claim 10, characterised in that in addition to the
position data, the receiver (12) transmits quality parameters (DOPG) extracted from
the radio waves received from the satellites (20) so that the processing unit (14) can
determine the precision of the position data received from the receiver.
30 13.  Method according to claim 12, characterised in that, in addition to the
altitude value, the altimeter (15) transmits to the processing unit (14) a quality factor
(QUAL) of said altitude value, and in that a comparison between the quality
parameters (DOPG) of the receiver and the quality factor (QUAL) of the altimeter is
carried out in the unit in order to determine the precise horizontal and vertical
35 positions to be displayed.
14. Method according to claim 13, characterised in that the altimeter (15) is
again calibrated to a predetermined altitude if the result of the comparison shows that



~ the radio waves received fromthe satellites (20) so that the processing

unit (14) -can determne the precision of the position data received from
the receiver. 30 13. Method according to claim 12, characterised in that,
in addition to the altitude value, the alikinmeter (15) transmts to the
processing unit (14) a quality factor (QUAL) of said altitude value, and
in that a conparison between the quality paraneters (DOPG of the receiver
and the quality factor (QUAL) of the altineter is carried out in the unit
in order to [ o]
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