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The present invention generally. concerns an el ectronic
watch with an altinmeter function. The invention nore
specifically concerns a watch conprising a pressure

sensor for nmeasuring the external pressure, an

altinmeter nodule for calculating altitude values as a
function of the measured pressure val ues and analoggg 2499
means for displaying the calculated altitude val ue
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altlmeterr] mode is actlvated the pressure values measured by the sensor vary greatly
each time the medium changes between the air and water. Given that the pressure
variation observed when one plunges 10 centimetres into water corresponds
approximately to an altitude variation of 100 metres in the air, this type of swimming
activity where the swimmer's arm plunges several tens of centimetres into the water
with each movement;-means that the altitude indication varies by several tens of
metres with each of such movements. The analogue display means, although
generally attractive and easy to read for the person wearing the watch, in this case
have the drawback of having to follow significant altitude variations which resduilts in
large movements of the indicator means, such as for example a hand, between a first
position corresponding to the real altitude at the water surface and a second position
corresponding to an emoneous much lower altitude when the swimmers arm is




position corresponding to the real altitude at the ‘
wat er surface and a second position corresponding to
an erroneous nmuch lower altitude when the swimer's
armis -2- underwater. Taking as an exanple a sw nmer
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detector of the altimeter module;
e) automatic exit from the altimeter mode when the result of the comparison is

higher than the determined pressure or altitude variation threshold and stopping the
display of altitude values by the analogue display means.

According to a preferred implementation of this method, the pressure value - -

measurements and altitude value calculations of steps b) and c) are repeated at a
determined sampling frequency, step d) consists of the following two sub-steps:

a1) comparing the difference between a previously calculated altitude value to
the penultimate altitude value and comparing the latter to a determined altitude
variation threshold; and




determ ned sanpling frequency, step d) consists of the
follow ng two sub-steps: dl) conparing the difference
between a previously calculated altitude value to the

penul timate altitude value and conparing the latter to

a determned altitude variation threshold; and - 3-
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Figure 1 is a face view of the altlrreter wat ch
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clearly upon reading the following detailed description of embodiments of the invention
given solely by way of non-limiting example and illustrated by the annexed drawings,
in which:

- Figure 1 is a face view of the altimeter watch atcording to a preferred
embodiment of the invention; o

- Figure 2 shows a diagralﬁ'ibf the operating state of the time and altimeter
modes by means of the control member(s) of the watch;

- Figure 3 is a block diagram of an electronic circuit of the watch;

- Figure 4 Is a diagram showing the steps of a first method of exiting the
altimeter mode;




Figure 2 shows a diagram..of the operating state of
~the tinme and altineter nodes by neans of the control
menber (s) of the watch; - Figure 3 is a bl ock diagram
of an electronic circuit of the watch; - Figure 4 is a
di agram showi ng the steps of a first method of exiting
the altinmeter node; -4- Figure$-5a-5d show a first
exanpl e of exiting the altineter node according to a
second preferred nethod of exiting the altineter node;
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The watch further comprises a control member 7 for switching between the
time and altimeter modes. This control member 7 can be implemented in multiple
ways, of which there will be mentioned in particular, a stem-crown as shown, a push-
button, a touch type crystal or even shock detection on the case by means of an
accelerometer.



| arger than that provided by the mnute hand as is the
case when they display the current tine. The watch
further conprises a control nenber 7 for switching
between the tinme and altineter nodes. This contro
menber 7 can be inplenented in nmultiple ways, of
which there will be nentioned-Pn particular, a

stem crown as shown, a push- button, a touch type
crystal or even shock detection on the case by neans
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" pulled out position T2 from the intermittent (state E3) and continuous (state £4)
altimeter modes causes entry into an altimeter calibrating mode (state E6) in which it
is possible to adjust the altitude displayed by rotating the stem-crown. It should also
be noted that a very long application of pressure (PTL) on the stem-crown from the
time mode (state E1) is preferably recognised as entry into a hand reset mode (state

E7) for resetting the hands by positioning the stem-crown in its pulled out position T2



time node will be fixed at 12 hours. A short
application of pressure (PC) on the stem crown from
state E4 activates an intermttent tine node (state
E5) in which the watch provides a tinme indication for
a short period of tinme, for exanple 5 seconds, or
until another short applicatidh of pressure (PC or 5
seconds) on the stemcrown before returning to the
conti nuous altltude node (state E4). Positioning the
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The operation of the altimeter mode will now be described in detail in relation
to a first method of automatic exit from the altimeter mode with reference to Figure 4
and a second method of automatic exit from the altimeter mode will be described in
relation to Figures 5a-5d and 6a-6c¢.




val ues (path B) followed by a conmparator with a

-pressure variation threshold (path A) , or

respectively an altitude variation threshold (path B).

More generally, the variation detector 20 can be

i mpl emented in the formof a logic circuit or a logic
equation progranmred in a mcrogontroller conparing

the evol ution of one function of the pressure

measur enents taken between two determned tine

intervals wwth a determ ned variation threshold
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altimeter mode (step e). In both alternatives, it is advantageous to choose a variation
threshold (Syp ,Svy) that Is higher than the threshold value of a man in freefall. Thus,
for example, on path B, it is advantageous to select Sy = 100 meters for a sampling
frequency of 1 Hertz, i.e. a threshold corresponding to a fall of 100m per second,
which is higher than the speed of a man in free fall. For the case in which the pressure

variation (P2-P1), or respectively the altitude variation (H1-H2) is less than pressure



~_taken, the neasured pressure value P2 is provided to
-pressure-altitude converter 19, which calcul ates a

second altitude value H2. According to the alternative
represented by path Ain Figure 3, the two neasured
pressure values Pl and P2 are suppl ied to the

vari ation detector 20, which npares (step d) the

di fference of these two val ues P2-P1) with- a

determ ned pressure variation threshold (Sw) beyond

which (P2-P1 z Sw) it is deened that the altinmeter is
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|ve with the.last t
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According to another variant, is advantageous to use a
"pressure filter", the pressure sensor containing a

ci rcul ar PRI &M +(Pr@ N Ast three measured pressur@

val ues to define a nean pressure value. Alternatively,

a circular buffer of the last three calcul ated

altitude val ues coul d be used.

On the biSis of formula'(n, fherpressure-altitude converter then calculates a

fitered altitude dependent on the mean value of the last three pressure
measurements according to formula (2). The use of this pressure filter has the
advantage, as will be described in detall hereinafter, of not automatic exit from
altimeter mode as soon as the first measured pressure value is beyond a certain




_ Figures 5a to 5d show a second preferred nmethod of . . _
-automatic exit fromthe altineter node, for exit in a
maxi mum of three seconds in the event of altitude
variations that are deenmed excessive or unrealistic.

Fi gure 5a shows the pressure neasurenent sanples and
the corresponding altitudes calgcul ated by the

pressure- altitude converter. In this exanple, the
sanpling frequency is also chosen to be equal to 1
Hertz. According to this second nethod, a "pressure
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a signal to automatically exit the altinmeter node. In
order t Gy S ,aﬁm&ﬁg)ﬂhgl ons are advant ageousfgf)
checked for each sanp e, I.e. every second in this
exanpl e. The use of a " dual condition proves very
advant agieusecond rvordiiidn, pepresamtesi by dhenaperh rectangle ¢2, consists in
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Hn-1 < (hn-4 - “altitude criterion’) {c2)

Given that in accordance with this second method, one wishes to exit the
altimeter mode in three seconds maximum from detection of an excessive altitude
variation, the altitude criterion is selected to be greater than the possible altitude
variation of a man in freefall, for example during a parachute jump prior to opening the
parachute, during this three second period. This criterion is preferably chosen to be




or puts his or her hand out of the w ndow of a fast

-moving car. The first condition, represented by the

open rectangle cl, consists in checking whether the

| ast cal cul ated altitude value hn is | ower than the
altitude value hn-4 calculated four seconds earlier,
fromwhich a defined altitude-dbi-terion is

subt ract ed. Thus, t he first condition can be expressed
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out si de Flgbrerfgshows e sampledorwhielbpth genditions atedfildgvhich causes
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a”.‘?.oaé‘ gt signal in order to prevent the hands displaying improbable variations which o
would mislead the user. 3 Seconds have thus passed between the first ="

unrealistic/excessive pressure measurement and exiting the altimeter mode.

Figures 6a to 6c again show, in accordance with the second automatic exit
method, an anticipated exit example due to a very abrupt pressure or altitude
variation. Figure 6a shows the profile of the altitude calculated as a function of the
pressure samples taken. The zone framed in dotted lines shows the moment at which



the first condition is fulfilled, however, this sane

altitude value hn-4 is outside rectangle c2 and thus

the second condition is not fulfilled. Consequently,
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whi ch causes the watch to exitq@ltinmeter node. In
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conditions cl1 and c2 are fulfilled, the variation
detector sends an autonmatic altineter node exit
signal only two seconds after unrealistic altitude
val ues have been calculated. It will be understood
that various alterations and/or inprovenents evident
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altimeter node exit nmethod of the invention, and to
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i nvention defined by the annexed clains. In
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c) using the pressure sensor to measure at least two second pressure values

defining a second mean pressure value (P2moy) used for calculatlng a second

= 16 altitude value (H2).

5, Method according to claim 1, characterized in that the pressure value
measurements and altitude value calculations of steps b} and ¢) are repeated at a
determined sampling frequency, in that step d) consists in the following two sub-steps:



di splay of altitude values by the anal ogue display
-means. 2. Method according to claim1, characterized
in that the determned variation threshold (Svw) is
hi gher than the altitude variation of a man in
freefall. 3. Method according to claim 2,
characterized in that the two-dPritude values 5
consi dered are separated by 3 seconds and in that the
altitude variation threshold (SvH) selected is 300
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t tude variation threshold and stopping the display
of altitude values by the anal ogue di splay neans. 6.
Met hod a8coMdihod ateordihgitonany of thegrreretingiclairus, ichanabtgtizad e that
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Valsasired BRs&d pRidstird@eddor bR&Ghalége display means (3, 4) for displaying
the calculated altitude values, characterized in that said altimeter module includes a
20 variation detector (20) which includes a subtracter receiving two pressure or,
respectlvely aitltude values, and a comparator between the result prowded af the
'output of the subtracter and a pressure or, respectively élf'tude variation threshold,
and further including mode selection means (21) controlled by the variation detector
output for automatically exiting the altimeter mode when the value of the difference
25 between the two pressure or, respectively altitude, values is higher than the pressure
or, respectively altitude, variation threshold and stopping the display of altitude values
by the analogue display means.




previ ously neasured pressure values (n, n-1, n2),
-defining a nean pressure value 10 (pn). 8. iMethod
according to any of the preceding clains,

characterized in that during step e) stopping the
altitude val ue display consists in switching the

anal ogue display neans into tine node. 15 9.

El ectronic watch (1) including- 8 pressure sensor (14),
an altimeter nodule (15) calculating, in altinmeter
node, altitude values from pressure val ues neasured by
sai d pressure sensor and anal ogue di splay neans (3, 4)
for displaying i the calculated altitude val ues,

char act efl9.z eBlecinortidradicts atodrdinig torclsire 8, chadadtarized il thaldhe altimeter
20 \idchuirer G it AlordsShi iMbH SoBpiing iR Predsindibias tothe
receli yi ressure or, respectively altitude,
valdﬁgﬂmgﬁamﬁtgonparator bet ween the result provided

& the output of the e-subtracter and a pressure or,

respectiygl YElgc:trJn'ic.t \kada?aocpﬁﬁﬂg% of2in b hé reed malﬁéi the altimeter

further inclu ect’l on nea
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exi vardgion betedfot.i net er node when the val ue of the

di fference 25 between the two pressure or,
respectively altitude, values is higher than the
pressure or, respectively altitude, variation
threshol d and stopping the display of altitude val ues
by the anal ogue display neans. -14- 10. Electronic
wat ch according to claim9, characterized in that the
altimeter nodule further includes a pressure filter
suppl yi ng nean pressure values to the variation
detector. 5 11. Electronic watch according to claim?9,
characterized in that the altinmeter nodule further

i ncludes an attitude filter supplying nean altitude
values to the variation detector.




