
1  WATER RESISTANT PORTABLE OBJECT INCLUDING A SOUND 5
GENERATOR  The present invention concerns a water
resistant portable object that  can be in the air or
in water and includes a sound generator. In
particular, the  present invention concerns a diving
watch including a sound generator device  10 such as
an electro-acoustic transducer. Human beings do not
perceive sounds in the same way in the air and in
water. However for obvious reasons of safety, the
wearer of the watch must be  able to be warned in an
optimum manner whatever medium (air or water) he is
in. This is particularly true when the wearer of the
watch makes a submarine 15 dive. It is vital that the
diver is warned in sufficient time that his dive time
is  running out or that he has reached his maximum
dive depth. Diving watches are known from Japanese
Patent Nos. JP 60-001588  and JP 07-333359 in the name
of Seiko and JP 57-101786 in the name of  Casio. 20
The electronic watch disclosed in JP Patent No.
60-001588 is capable of  generating an acoustic time
alarm and an acoustic depth alarm. The audible  signal
frequency is the same for both alarms. However, the
features of the  alarm (repetition frequency, sound
length) are different depending upon  whether it is
the time alarm or the depth alarm. 25 The electronic
watch disclosed in JP Patent No. 5-101786 includes a
device that indicates the depth reached and generates
an acoustic signal when  this depth reaches a
predetermined value. The electronic watch disclosed in
JP Patent No. 07-333359 includes  means that detect
whether the depth measurement has reached a  30
predetermined value. An acoustic alarm is then
produced and a hand is  



actuated. The three aforecited documents all provide
the possibility of producing -2- an acoustic alarm
when the wearer is making a submarine dive. However,
none of these three documents discloses or suggests
adapting the frequency  of the alarm as a function of
the medium (air or water) in which the user is
located. It has been observed that the medium (air or
water) in which the 5 acoustic signal propagates and
the auditory apparatus (external/internal ear or  the
bones of the cranial cavity in the case of submarine
perception) act like  filters as regards the signal.
They form what is currently called a perception
filter. An empirical curve can be obtained, which,
depending upon the medium  in which one is situated,
indicates, for a given frequency, the difference 10
between the acoustic power emitted and the acoustic
power as it is perceived  by the user. It will thus be
noted that in the air, the sound perceived by the user
is only very slightly attenuated by the perception
filter in a broad frequency  range comprised between 1
and 10 kHz. In water, sound transmission seems
optimal at a frequency of the order of 800-1000 Hz
with attenuation of the 15 order of 40 dB. However, at
a frequency two times higher, attenuation is  greater
than 60dB. It is thus an object of the present
invention to provide a portable object  such as a
diving watch including a sound generator device which
provides the  user thereof with optimum sound
perception whatever the medium in which the  20 user
is situated. The present invention therefore concerns
a water resistant portable  object such as a diving
watch characterized in that it is capable of emitting
acoustic signals at two different frequencies
depending upon the medium, air  or water, in which the
user is situated. 



25 Owing to these features, the present invention
provides a portable  object such as a diving watch,
which is able to warn: the user thereof in an  optimum
manner, in whatever medium the user is situated. In
particular, the  sound frequency emitted when the user
makes a submarine dive is selected to  ensure that
said user has the best auditory comfort possible. The
same is true  30 when the user is in the air. It will
be noted that the frequencies that ensure optimum
sound  perception depending upon whether the user is
in the air or underwater are -3- substantially
different in that the propagation properties of a
sound in these two  mediums are obviously not the
same, but also because the organs used by the  user in
the hearing process are not the same when the user is
in the air or  underwater. In the air, a person
perceives sounds essentially via his external 5 ear,
whereas in water sounds are perceived more by means of
the internal ear  and the bones of the cranial cavity.
According to a first variant of the invention, the
portable object includes  a manual switch actuated by
the user to indicat to a microprocessor that the
watch is in the air or underwater. According to a
second variant of the 10 invention, the portable
object includes means for detecting the medium in
which it is located and which provide a signal for
indicating to a microprocessor  that said portable
object is located in the air or respectively
underwater. These  detection means may be a humidity
sensor or a pressure sensor, which,  depending upon
the pressure measured, indicates to the microprocessor
that 15 the portable object, for example the watch, is
in the air or respectively  underwater. Other features
and advantages of the present invention will appear
more  clearly in the following detailed description of
an example embodiment of a  



diving watch according to the present invention, this
example being given 20 purely by way of non-limiting
illustration, with reference to the annexed  drawing,
in which: - Figure 1 is a graph that illustrates human
acoustic perception in the air  and underwater, and -
Figure 2 is a flow chart of the electronic circuit of
the watch. 25 The present invention proceeds from the
general inventive idea that  consists in providing a
portable object such as a diving watch able to emit an
alarm signal at two different frequencies depending
upon whether the user is in  the air, or respectively
underwater, these two frequencies being selected to
ensure that, whatever the medium in which the user is
situated, he will be 30 warned in an optimum manner.
The watch according to the invention thus
considerably increases the user's safety. -4- Figure 1
is a graph that illustrates the differences in human
acoustic perception in the air and underwater. This
graph indicates, for a given hertz  frequency placed
on the x axis, the attenuation, expressed in decibels
and  placed on the y axis, between the acoustic power
emitted and the acoustic 5 power perceived by the
user. Curve A illustrates the attenuation of sound
when  it propagates in the air. It will thus be noted
that in the air, the sound perceived  by a human being
is only very slightly attenuated in a broad frequency
range  comprised between 1 and 10 kHz. This is
explained by the fact that the  medium, in this case
the air, in which the sound is propagating and the
auditory 10 apparatus of the human being only slightly
attenuate emitted sounds. In the  water (see curve B),
sound transmission is optimum at a frequency of the
order  of 800-1000 Hz, with attenuation of the order
of 40 dB. The offset between the  two curves A and B
is partly explained by the fact that the reference
acoustic  



pressure Po used for establishing these two curves is
not the same for air as 15 for water. In the air, Po =
20 Pa, whereas in water Po = 1 Pa. This offset is
also explained by the fact that sound transmission
phenomena are different  depending upon whether one is
in the air or underwater. Finally, the organs of  a
human being used in the hearing process are not the
same depending upon  whether the latter is in the air
or underwater. In the air a person essentially 20
perceives sounds by means of the external ear, whereas
underwater sounds  are perceived mainly by the
internal ear and the bones of the cranial cavity.
Figure 2 is a flow chart showing the various
electronic circuits of the watch used by the present
invention. The watch essentially includes a
microprocessor I one input of which is connected
either to a manual switch 2,  25 or to means for
detecting the medium in which the watch is located,
such as a pressure sensor 4. Thus, according to the
simplified variant of the invention,  the wearer of
the watch actuates manual switch 2 between two stable
states to  indicate to the watch microprocessor 1 that
he is in the air or respectively  underwater.
According to the preferred embodiment of the
invention, it is 30 pressure sensor 4, which detects
pressure variations linked to the change of  medium
that detects the medium. Actuation of manual switch 2
or the pressure change detected by -5- pressure sensor
4 generates an electric signal which is applied to the
input of a  state controller circuit 6. This electric
signal will either take a high level, or a low  level,
depending upon whether the watch is in the air, or
respectively  underwater. As a function of the high or
low level of the electric signal 5 produced by manual
switch 2 or by pressure sensor 4, state controller
circuit 6  will apply a control signal to the input of
a frequency selector circuit 8. Via the  effect of
this control signal, frequency selector circuit 8 will
select which of the  



two available frequencies f1 or f2 at the output of a
frequency generator circuit  10 is applied to an
acoustic transducer 12, such as a piezoelectric
element. 10 It goes without saying that the present
invention is not limited to the  embodiment that has
just been described and that those skilled in the art
could  envisage various simple alterations and
variants without departing from the  scope of the
present invention defined by the annexed claims. In
particular, it  will be noted that although the
present invention was described in relation to a 15
diving watch, it could apply to other types of
portable objects such as  amphibious game, a water
resistant camera, a depth meter or even a beeper.  By
way of example, the amphibious game could emit a
melody which would be  as easily perceived by the user
in the air as underwater. In the case of a water
resistant camera, the latter could emit two different
sounds depending upon 20 whether it is in the air or
underwater, for example to indicate to the user that
focussing has been carried out. The depth meter could
indicate to the diver  that he has reached the maximum
dive threshold and have another function in  the air.
Finally, the beeper could warn a person on duty, just
as efficiently,  whatever the medium, air or water, in
which the person is situated. 6  CLAIMS 1. Portable
water resistant object including a sound generator
device  (12) and a microprocessor (1), characterized
in that it is arranged for emitting a  5 first
acoustic signal having a first frequency (fl) when it
is in the air and a second acoustic signal having a
different frequency (f2) from said first  frequency
(fi) when it is in water. 2. Portable object according
to claim 1, characterized in that the  frequency (fi)
is comprised between 1 kHz and 10 kHz, and in that the
10 frequency (f2) is comprised between 800 Hz and 1000
Hz. 



3. Portable object according to any of claims 1 or 2,
characterized in  that it includes a manual switch (2)
actuated by the wearer to indicate to the
microprocessor (1) that the object is in the air or
respectively in water. 4. Portable object according to
any of claims 1 or 2, characterized in  15 that it
includes means for detecting the medium, air or water,
in which the  portable object is located. 5. Portable
object according to claim 4, characterized in that the
detection means include a humidity sensor. 6. Portable
object according to claim 4, characterized in that the
20 detection means include a pressure sensor (4)
which, as a function of the  pressure measured,
provides a signal to indicate to the microprocessor
(1) that  the object is in the air, or respectively in
water. 7. Portable object according to claim 3,
characterized in that actuation  of the manual switch
(2) or the change in medium detected by the detection
25 means generates an electric signal which is applied
to an input of a state  controller circuit (6), the
state controller circuit (6) applying, in response to
the 7  electric signal, a control signal to the
frequency selector circuit (8), via the  effect of
which the frequency selector circuit (8) selects one
or other of two  available frequencies (fi) and (f2)
at the output of a frequency generator circuit  (10),
the selected signal of frequency (fi) or (f2) being
finally applied to the 5 sound generator device (12).
8. Portable object according to claim 1, characterized
in that the  sound generator device (7) includes a
piezoelectric transducer. 9. Portable object according
to claim 1, characterized in that the  portable object
is a diving watch. 10 


