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(57) Abrége/Abstract:

An apparatus for monitoring the presence of secretions In an artificial respiratory system comprises at least one sensing element
(20) to detect waves generated by said secretions and output a main signal (50), representative of at least one main parameter
characteristic of the waves; a first processing block (30) connected downstream of said first sensing element (20), Is set to Input

the main signal (50) and to generate a corresponding main output alarm signal (51), in the case In which the main parameter has
a greater value than a predetermined threshold value.
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o8, (57) Abstract: An apparatus for monitoring the presence of secretions in an artificial respiratory system comprises at least one
sensing element (20) to detect waves generated by said secretions and output a main signal (50), representative of at least one main
o parameter characteristic of the waves; a first processing block (30) connected downstream of said first sensing element (20), is set
to input the main signal (50) and to generate a corresponding main output alarm signal (51), in the case in which the main parameter

=

has a greater value than a predetermined threshold value.
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AN APPARATUS FOR MONITORING THE PRESENCE OF SECRETIONS
IN THE RESPIRATORY SYSTEM OF A PATIENT

The present invention relates

monitoring the

=~
=t

N

TO

an apparatus for

presence of secretions 1n the respiratory

system of a patient.

More particularly, the apparatus in

present invention is adapted -

artificially ventilated

T—

-

CO be used

following known

ccordance with the

for patients that

are provided: with respiratory prostheses and/or are

ventilation

modalities, or assisted in ventilation by oxygen-enriched

devices for spontaneous ventilea

therapy) find it di:

particular those patients. that

—
—

the respiratory tract.

tion.

AXre

:;t'is known that artificially—ventilated patients (in

under 1ntensive

ficult to eliminate secretions from

It is therefore necessary that the medical assistance

and/or nursing

pr-

staff should carry out removal of said

secretions through a procedure called tracheobronchial

aspiration. This procedure consists in inserting a pipe

(aspiration tube) into the patient’s respiratory tract

and in aspirating the secretions therein present, thereby

g

~only if it is really necessary; in fact, tracheobronchial

occurrence of

It is very important

aspiratlion also represents a

complications

_

such as

atelectasis, cardiac arrhythmias,

respiratory tre

the intracraniez

ct, bronchial spasm,

Consequently,

attention SO

1l pressure and 1in:

the medical—-nursing

that procedures

O

e

allowing the patient to carry out a correct ventilation.

for salid procedure to be executed

factor of risk do to the

- hypoxemila,

Traumas of the

cough,

"ections.

’ﬂ'

increase in

start

f must pay

tracheobronchial
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frequency and the respiratory fatigue, appearance of
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aspiration are not executed in the absence of important

secretion volumes.

On the other hand, it is not possible to neglect patients

whose respiratory tract is partly obstructed since the

pr—

persistence of an excessive amount of secretions at the

respiratory tract «can involve alterations 1in the

patient’s respiratory, cardiovascular and metabolic

functions, that reveal themselves by reduction 1n the

arterial oxygen saturation, increase i1n the respiratory

pr—

=

episodes of arterial hypertension, tachycardia, trouble

with the acid-base balance, increase 1in the basal
metabolism and still other complications known to

specialists.

In the 1light of the above, i1t 1s apparent that

identifying the right  moment for executing &

-

tracheobronchial aspiration is very critical, téking into

consideration the fact that serious complications can be

caused either neglecting patients needing treatment, or

executing the procedure too often.

p—

The known art provides devices capable of detecting and

processing signals relating to Jlung flows, volumes,

pressures, 1in order to study possible alterations in the

lung mechanics and the —respiratory work through

construction of diagrams. The identification of the

F

presence of secretions in said diagrams however, cannot

be easily interpretéd and interpretation 1is not at all

specific. Therefore such devices are not able to

correctly and univocally assocliate the alterations of the

pr—

flow-volume curve with the sure presence of stagnant

secretions; in addition said devices cannot be applied in

combination with particular auxiliary ventilation

r—

apparatus and, above all, in the case of patients that

PCT/EP02/12612
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rtificial

(1)

are obliged to make exclusive use of an

respiratory tract.

Also known 1is use of apparatus utilising microphonic

transducers to formulate diagnoses relative to lung

diseases, mainly as regards pneumology and/or lung

physiopathology. For instance, magnitudes relating to the

respiratory cycle and spectral components of the lung

sounds are employed to monitor and possibly classify lung

diseases in a patient.

These milcrophones are occasionally appllied to pre-

established areas of the patient’s body, such as the

thorax for example, and generate signals that, once

acquired, are submitted to an analog-digital conversion

and a software processing through computerized stations

and medical validation. Generally therefore, a vVery

complicated electronics is required for these devices and

signals must be processed following particular algorithms

to be able to supply useful information concerning a

patient.

At all eirents they are not able to communicate the

presence of excessive secretion volumes in the patient’s

e p—

and

respiratory track to the medical assistance sta

consequently are not able to identify the correct moment

ét which a tracheobronchial aspiration procedure is to be

executed.

Therefore, it is an aim of the present inventlon to

p—
p——

provide an apparatus for monitoring the presence of

F
oy

a patient that 1is

secretions in the respiratory system O:

artificially ventilated or is provided with respiratory

prothesis, which apparatus is able to signal to the

P

nursing staff, the moment at which execution of a

tracheobronchial aspiration is really necessary.
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i

't is another aim of the present invention to provide an

apparatus for monitoring the presence of secretions in a

respiratory system which 1is characterized by a simple and

cheap circuit structure.

Tt is a further aim of the present invention to provide

an apparatus for monitoring the presence of secretions in

=

ferent

a respiratory system, capable of detecting di:

magnitudes indicative of the presence of secretions, so

as- to compare saild magnitudes with each other and carry

out a very precise and reliable monitoring.

F

The foregoing and further aims are substantially achieved

by an apparatus for monitoring the presence of secretions

in the respiratory system.of a patient that is provided

with a respiratory prothesis or 1is artificially

ventilated in accordance with the features described in

the appended claims.

Further features and advantages will become more apparent

o

from the detailed description of a preferred but not

limiting embodiment of an apparatus for moniroring the

-

presence of secretions in the respiratory system of a

patient, shown in tH¢ accompanying drawings, in which:

- F:Lg 1 =show:s the apparatus of the present invention

P

applied to the oro*zr‘acheaxl cavity of an arti':w'ciahlly—

ventilated'patient:_-°

- Fig. 2 shows a detail of Fig. 1, together with a block

diagram of the'ciréuitry:of the apparatus;

~
p—

- Fig. 3 is a block diagrém.o; an auxiliary monitoring

circuit of the apparatus.

The apparatus for monitoring the presence of secretions

in an artificial-ventilation system in accordance with

the ‘present invention is generally didentified in the

figures by reference numeral 1.
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As can be viewed from Figs. 1 and 2, apparatus 1 can be

associated with an artificial-ventilation  system,

employed to enable patients with a  pulmonary

insufficiency to correctly Dbreathe. This system

essentially consists of a tubular duct 10 having a first

portion 10a insertable 1n the patieﬁt's tracheal cavity,

_
—

a second portion 10b that is maintained at the outsilde of

the tracheal cavity, and a union element 10c interposed

?bétween the :irst and second portions 10a, 10b.

10

.15

20

29

30

35

THréugh this structure) in combination with appropriate

P

artificial ventilation devices, a patent suffering from

respiratory pathologies is allowed a correct respiration.

The apparatus in accordance with the present invention 1is

employed for monitoring the presence of secretions in the

| patiént’s:respiratory tract; practically, by means of the

| Structure to be described in the following, apparatus 1

is capable of monitoring when the accumulated secretions

reach a predetermined volume and of communicating 1t to

the medical and nursing staff.

Referring particularly=to Fig. 2, apparatus 1 comprises

a first sensing element 20 that is mounted on.the,tubular
duct 10. :

The first sensing element 20 is arranged to detect waves

ge_nerated by the secretions accumuléted in the

ventilation system and to generate a main output signal

H

50, representative of at least one main parameter

—

characteristic of these waves. In other words, the main

signal 50 incorporates a main parameter, which 1s

selected depending on the processing operations that are

to be executed downstream, capable of describing one or

more of the physical features of the waves generated by

secretilions.
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These waves may for example comprise acoustic vibrations,

propagating into the gasses present in the respilratory

system and/or mechanical vibrations, propagating through

the patient’s natural respiratory tract and the structure

5 of

p—
anad

the ventilation circuit, through a side wall 10d of

the tubular duct 10 for example.

F‘

For reception of vibrations of the acoustic type, the

first sensing element 20 comprises an appropriate sound

'e10f detector 21, conveniently embodied by a microphone of the

electret type.

In order to limit noises from other sound or ‘nolse

_sources, the first séensing element 20 can be positloned

15 1in a housing 11 defined in a sound-proofing wall 12 o

'-

the tubular duct 10 assoeiaz‘:ed, in the example herein

shown, with the union element 10c. Alternatively, the

sound detector 21 can be mounted on the second portion

10b of the tubular duct 10, or at all events close to the

20 second portion 10b itself.

F
—

Alternatively, the first Sensihg element 20 can be set

secretions and.propagating through the side wall 10d of

for detection of mechanical vibrations, generated by

P

=

25 the duct. In this caee,‘ the first sens:Lng element 20

comprises an electromechanical transducer, pre‘erably a

plezocercmic b.ifmorph transducer, at least partly 1in
=,engagement by contact Wlth the wall 10d of the tubular

duct 10, close to the union element 10c, along elther the

30 first portion 10a or the second portion 10b. In this way,

the mechanical v1bratlons generated by secretions can be

detec_.ed by the first sensing element 20 that also

generates the main signal 50 incorporating information

relating to said mechanical vibrations.

35
A

first processing block 50 is positioned for connection

PCT/EP02/12612
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—

downstream of said first sensing element 20; it is set to

o

input the main signal 50 and generate a corresponding

main output alarm signal 51, should the main parameter

have a greater value than a predetermined threshold

value.

The main parameter can be advantageously represented by

the amplitude of the waves generated by secretions; thus,

_

it is the amplitude of said acoustic and/or mechanical

vibrations to be monitored and processed.

- pr—

Tn the case of acoustic vibrations, this means that, at

the moment the intensity of the sounds geﬁérated by the

secretions impinged on by —respiratory gas flows

overcomes a predetermined threshold, the main alarm

signal 51 is generated, due to the fact that audio

frequencies of some intensity can be only generated by

the presence of secretion accumulations of an important

volume; consequently at said acoustic vibrations the

—

medical staff is informed about the necessity to carry

[t

out removal of the secretions accumulated within the

respiratory tract.

On the other hand, in the case of mechanical vibrations,

at the moment the oscillation intensity of the secretions

is greater than a given limit,nthe main alarm signal 51

is generated due to the fact that secretion accumulations

generate particularly strong mechanical vibrations; it 1is

therefore apparent that 1f oscillations become strong,

tracheobronchial aspiratién is required, and the medical

0

nursing staff is immediately warned. The. information

relating to the main parameter, as above mentioned, 1s

transmitted by the main signal 50, generated by the first

sensing element 20.

'

In a preferred embodiment, it is the amplitude of the
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main signal 50 that 1is wused to represent the main

p—_

parameter; in other words, the amplitude of the main

gr—
—

signal 50 is a function of said main parameter and,

consequently, of the amplitude of the waves generated by

secretions.

In particular, the main signal 50 is generated in such a

manner that its amplitude is proportional to the main

parameter, i.e. to the amplitude of the waves generated

by secretions.

A choice of this:type is particularly advantageous in

order to make the structure of the first processing block

30 as simple as possible, as pointed out 1in the

following.

n fact, generally a comparison between the values taken

by the main parameter and the threshold value can be

carried out by a circuit structure comprising a memory,

set to store said threshold wvalue, and a CPU, capable of

comparing the values incorporated in the main signal 50

and the threshold value and generating, i1f required, the

malin alarm signal 51.

—
i

Tf the amplitude of the main signal 50, as in thé case of

the present invention, is proportional to the amplitude

of the waves generated by secretlons, it;is possible to

replace the above described circuitry with a filtering

element 130 capable of amplitude-—filtering the main

signal 50 and outputting the main alarm signal 51, should

at least one of the spectral components defining the mailn

signal 50 have a greater amplitude than the threshold

value.

In other words, this filtering elemeﬁt 130 is able to

eliminate all spectral components of the main signal 50
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of an amplitude less than the threshold wvalue, whereas

the spectral components with an amplitude greater than

the threshold value are allowed to pass and are placed at

t+he entrance of the downstream—connected circuit blocks.

In particular, the filtering element 130 may comprise a

diode 131, preferably an emitting diode of the LED type.
In this case, the main alarm signal 51 can be obtained

thrdugh the light signal' generated by this emitting

diode. Consequently, further circuit elements set to

generate the main alarm signal 51 are notrrequired to be

connected to the filtering element 130.

P
—
—

fact, the mere visual warning obtained by means of the

iy

ficient to inform the medical or nursing

LED can be su:

staff about the fact that a tracheobronchial aspiration

L]

1s necessary.

To make monitoring carried out by apparatus 1 more

reliable, said apparatus can have a combination of the

two above described monitoring techniques.

For the purpose, aplﬁoaratus: 1 may be provided with a

second sensing element 60 that i1s associated with the

tubular duct 10 and performs the task of detecting the

waves generated by the secretions accumulated within the

respiratory system.

—

In particular, by way of example, the second sensing

element 60 can be arranged for detection of the

mechanical vibrations and operate in combination with the

first sensing element 20 of the acoustic type.

Sy

In order to detect the mechanical vibrations from

secretions, the second sensing element 60 comprises an

electromechanical transducer, preferably a piezoceramilc



WO 03/0452350

- 10

15

20

29

30

39

CA 02463385 2004-04-23
PCT/EP02/12612

10

bimorph sensor, at least partly positioned in contact
wlth the side wall 10d of the tubular duct 10. The

bimorph sensor can be mounted either on the first portion

F

10a of duct 10, or on the second portion 10b thereof, or

also on the union element 10c.

The second sensor 60 1s capable of generating an

auxiliary output signal 70 incorporating at least one

auxiliary parameter characteristic of said waves.

The second sensing element 60 1s mounted at the union

element 10c of the tubular element 10 and 1s preferably

gr—
p—

housed within 'the union element lOc itself.

A second processing block 80 is positioned for connection

downstream of said second sensing element and is set to

input the auxi liary 'signal 70 and generate a

corresponding auxiliary output alarm signal 71, should

the auxiliary parameter have a greater value than a

predetermined threshold wvalue.

Generally the auxililiary parameter zrepﬁresents a phyeical

magnitude characteristic of the waves from secretions;

g—
—

advantageously, the auxililiary parameter may consist of

gr—
—

the wave amplitude; thus, ,it: will be the amplitude of

sald mechanical vibrations to be monitored and processed

by the circuitry connected downstream.

In the same manner as above described in relation to the

‘main signal 50, the amplitude of the secondary signal 70

too can be a function of the auxilliary parameter. In

.

‘particular, the amplitude of the auxiliary signal 70 can

be proportional to the auxiliary parameter.

By a signal structured in this way a direct link is

created Dbetween the amplitude of the mechanical
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11

pr—:

vibrations from the secretions and the amplitude of the

auxiliary signal 70 generated by the second sensing

element o60.

p—

5 Since the parameter to be evaluated is the amplitude of

the auxiliary signal 70, the second processing block 80

p— I a2
v—

preferably comprises a filtering element 130 capable of

amplitude-filtering the auxiliary signal 70; in this

manner the spectral components of the auxiliary signal 70

10 having an amplitude less than the threshold wvalue are

eliminated, whereas those with a greater amplitude can be

subsequently processed and help 1n creating the auxiliary

alarm signal 71.

15 In order to make the circuit structure of the second

pir:ocessing block 80 simple and cheap, said filtering

element" 130 may comprise a diode 131, preferably an

’emitting diode of the LED type; i1in this way, the

auxiliary alarm.signal 71 is directly obtained through

20 theflightfemission of the LED, so that the responsible

staff can be visually warned about the necessity of a

tracheobronchial aspiration.

F

In the light of the above 1t 1s apparent that each of the

25 two ‘iechniques hitherto described can Dbe also used

‘individually; in other words, apparatus 1 can be pioVided

gh—"

with a single acoustic sensor or a single detector of

mechanical vibrations.

30 Alternatively, as above mentioned, 1n order to make

signalling more reliable, apparatus 1 may comprise both

I

a first sensor 20 of the acoustic type and a second

sensor 60 for detection of mechanical vibrations. In the
last-mentioned case, apparatus 1 can be further provided

35 with a combination circuit 90, to receive the main alarm

signal 51 and auxiliary alarm signal 71 and generate a
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35

received by a logic circuit 93, preferably embodied by a

12

corresponding overall alarm signal 100, should said alarm

signals 51, 71 be substantially received at the same

instant. In this manner, the overall alarm.signalnloo 18

only generated when both the first and second processing

blocks 30, 80 signal the presence of an excessive volume

of secretions within the respiratory tract; it is

apparent that by combining the two monitoring operations

in this manner, there 1is a great increase in the

gr—

reliability of the final signalling from apparatus 1.

The combination circuit 90 has a first input 90a,

assoclated with the first processing block 30, to receive

the main alarm signal 51; in a preferred embodiment, a

first photodetector 91 is positioned at the first input

90a, so as to be optically coupled with the emitting

diode 131 of the first processing block 30. Upon

g
aad

reception. of the main alarm signal 51, the first

photodetector 91 outputs a corresponding  first

transmission signal 101, destined to the downstream-

connected circuiltry.

The combination circuit 90 further has a second input 90b

associated with the second processing block 80, to

receive the auxiliary alarm signal 71; in a preferred

embodiment, a second photodetector 92 is positioned at

the second input 90b so as to be optically coupled with

the emitting diode 131 of the second processing. block 80.

g
—

Upon reception of the auxiliary alarm signal 71, the

second photodetector 92 outputs a corresponding second

transmission signal 102.

The first and second transmission signals 101, 102 are

gate of the AND type, which 1s set to generate said

!

overall alarm signal 100, in the case o:

a substantially

simultaneous reception of said first and second
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transmission signals 101, 102.

Practically, the logic circuit 93 per:

recognlzling the moment at which both the

detecting systems signal the

secretions in the respiratory

presence

Ttract

-

-

PCT/EP02/12612

"orms The task of

O

I

first and second

f excessive

nd ultimately

generating the overall alarm signal destined to the

p——

nursing stuff.

This overall alarm signal 100 can be a

=

the acoustic or of the visual

used simultaneously.

In order to make monitoring

alternative embodiment, both signe

Lypey

sti1ll

signe

Sd

reliable, apparatus 1 can also use an

fer
IR

e

1 either of

N
—

according to an

11ling methods can be

and more

(in:

"rared)

radiatlion detecting method carried out by an auxiliary

monitoring circuit 110, diagrammatice

The last-mentioned technigue

can be

1ly shown in Fig. 3.

employed 1in

combination with the first one (acoustic detection), the

g~

second one {(detection of mechanical vibre

of them.

In this case, the emitting diode

131 of

tions)

or both

the first and/or

=

second processing block 30, 80 is an emitter of IR

radiation 140 at a predetermined wavelength, preferably
of about 4.2 m.
The first and/or second processing block 30, 80

therefore, instead of generating

visible alarm signals, when an excessive volume of

(main &

nd/or secondary)

secretions is detected, emit an :

=

‘R radiation 140 passing

through the respiratory gases present within the tubular

duct 10.

The auxililliary monitoring circuit 110 1is provided with a
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14

detecting element 111, preferably a photodiode 113 which

is coupled with the emitting diode 131 for reception of
the IR ra

diation 140 passed through the gases present in

the tubular duct 10.

A signalling circult 112, connected downstream of the

i

detecting element 111, outputs a warning signal 120 if a

140 is

1s a great

reduction in the intensity of the received IR radiation =

detected.

P

In fact, in the presence of volumes of secretions there

—

increase 1n the c¢oncentration of carbon

dioxide within the respiratory gases, since secretions

e

give off

g
p——

amounts of CO,. This gives rise to a greater

f—

absorption of the IR radiation 140 by the CO, therein

present and,

P

as a result, the'intensity of the radiation

p—

received by the detecting element 111 is smaller if there

P

is a high concentration of CO, in the respiratory gases

l

and, consequently, if the volume of the accumulated

Secretions is of such an amount that a tracheobronchial

aspiration is made necessary.

can be adve

Tt is apparent that the auxiliary monitoring circuit 110

.htag'eously' associated with both the first

processing block 30 and the second processing block 80,

by associating the detecting element 111 with the logic

circuit 93 of the combination circuit 90.

In fact,

downstream o:

all

IR radiétion—emitting diode can be connected

F
pr—
—

said logic circuit 93 so that the radiation

passes through the respiratory gases and is at least

partly

gases.

enables

af—

-

bsorbed by the carbon dioxide present in these

Therefore the detecting element 111 is such

The

positioned that it picks up said infrared radiation and

signalling circuit 112 to generate the

pr—

warning signal 120, should the intensity of the received
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IR radilation decrease to a great extent.

advantages.

First of all, the apparatus in accordance with the

P

present invention enables the presence of secretions

within the patient’s respiratory tract to be monitored

with great reliability.

—

In particular, by virtue of the use of one or more of the

above describéd,detection techniques it is possible:té

avoid the patient being submitted to bronchial aspiration

procedures when it is not necessary and, on the other

—F
—

hand, the responsible sta:

f can be timely warned when

this procedure 1is to be really executed.

In addition, . the circuit elements herein employed are

simple and cheap, since the generated signals are not

digitized and therefore no microprocessor is reqguired to

be used.

A further advantage is found in the fact that, should

visible light-emitting diodes beée utilised in the first

and/or seCond‘processing block, the amplitude of the main

signal and/or the auxiliary signe

_

1 is monitored and the

gr—
iy

corresponding alarm signal is generated by means of a

single circuit element, so that the manu:

and the hardware complexity

minimized.

O

s
—

acturing costs -

f the apparatus are
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CLAIMS

1. An apparatus

g

in the respiratory system of a

respiratory prothesis, having at least one tubulez

p—
—
—

(10)

insertable in the pa

consisting o:

for monitoring the presence o:

a first portion (10a) a

PCT/EP02/12612

- secretions

patient provided with a

r duct

- least partly

=

tient’s orotracheal cavity and of a

second portion (10b) to be positioned externally of the
tracheal cavity, characterized 1in that it comprises:
— at least one sensing element (20) to be associated with

the tubular duct (10) to detect waves Jgenere

secretions and output a main signal

of

(50) beiling de:

(20)

waves, sald maln signal

ted by said

representative

at least one maln parameter characteristic of

i
p—

sald

“ined by one or more

spectral components, each having a respective amplitude;

— a

sald

(50) and generate a
(21),

main signal

alarm signal

parameter has a
threshold wvalue.

2. An apparatus as claimed in claim
that sald first sensing element
acoustic detector (21),

value greater the

in the case 1in which

L,
(20)

capable of detecting sc

cha

comprises

first processing block (30), connected downstream of

=

first sensing element (20) and set to input said
corresponding main output
sald malin

n a predetermined

racterized in

all

1d waves,

which waves comprise acoustic vibrations generated by

sald secretions and propagating through the ge

in said duct (10).

ses present

3. An apparatus as claimed in claim 2, characterized in

tha
electret type.

. sald acoustic detector (21) is

4. An apparatus as claimed in anyone of

claims characterized 1n that said

(20) is positioned in a housing (11)

defined in a.

a microphone o:

- the

the preceding

first sensing element

sound-
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proofing wall (12) of the tubular duct (10).

5. An apparatus as claimed in claim 2, characterized in

that 1t further comprises:

— a second sensing element (60) to be associated with

said tubular duct to detect the waves generated by said

secretions and output an auxililiary signal (70),

-

representative of at least one auxiliary parameter

characteristic of said waves, said auxiliary signal (70)

being defined by one or more spectral components, each

having a respective amplitude;

i
—

a second'processing block (80), connected downstream of

said second sensing element (60) and set to input said

auxiliary signal (70) and generate a corresponding

auxiliary output alarm signal (71), in the case in which

said auxiliary parameter has a greater wvalue than a

'predetermined'threshold value.

6. An apparatus as claimed in claim 1 or 5, characterized

in that :the first or second sensing element (20, 60)

comprises an electromechanical transducer capable of

detecting said waves, which waves comprise mechanical

vibrations generated by said secretions and propagating
through at least one side wall (10d) of the tubular duct
(10) . o

7. An apparatus as claimed in claim 6, characterized in

that said electromechanical transducer is a piezoceramic

bimorph sensor positioned at least partly in contact with

said side wall (104d).

8. An apparatus as claimed in claim 1 or 5, characterized

in that said main parameter and/or auxiliary parameter

'

consists of the amplitude of said waves.

9. An apparatus as claimed 1n claim 8, characterized in
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that the amplitude of said main signal (50) and/or said

auxiliary signal (70) 1is a function of salid main

parameter.

10. An apparatus as claimed in claim 9, characterized in

that the amplitude of said maln signal (50) 18

—

proportional to said main parameter, the amplitude of the

auxiliary signal (70) Dbeing proportional to said

auxiliary parameter.

- 11. An apparatus as claimed in claim 10 characterized in

that said first and/or second processing block (30, 80)

_

comprises a filtering element (130) capable of amplitude-

filtering said main signal (50) or said auxililiary signal

(70) and generating the main (51) and/or auxiliary (71)

output alarm signal in the case in which at least one of

the spectral components of the main signal (50) or the

auxiliary signal (70):has a greater amplitude than said
threshold value. :

12. An apparatus as claimed in claim 11, characterized in

that said filtering element (130) comprises a diode
(131).

13. An apparatus as claimed in claim 12, characterized in

P
—

that said diode (131) is an emitting diode, preferably o:

the LED type, said main alarm signal (51) or auxiliary

alarm signal (71) being obtained by a 1light signal

generated by said emitting diode.

14. An apparatus as claimed in. claim 1 or 5,

characterized in that said tubular duct (10) further

comprises a union element (10c) interposed between said

first and second portions (10a, 10b).

15. An apparatus as claimed in claim 14, characterized in
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that said first sensing element (20) is positioned close

to the second portion (10b) of the duct (10), preferably

on said union element (10c).

16. An apparatus as claimed in claims 5 and 14,

"characterized in that said second sensing element (60) 1is

mounted close to the union element (10c) of saild duct

(10), and is preferably housed within said union element
(10c) . ' :

17. An apparatus as claimed in claim 5 or 13,

characterized in that it further comprises a combination

:circuit (90) having a first input (90a) associated with

said first processing block (30), and a second input

(90b) associated with said second processing block (80) ,

said combination circuit (90) being set to receive said

main‘_ (51) and auxiliary (71) alarm signals and To

generate a corresponding overall alarm signal (100) in

the case in which a substantially simultaneous feception

I 1}

O

said main (51) and auxiliary (71) alarm.signals takes

place.

18. An appa'r‘atu,s: as 'claimed in claims 13 and 17,

4

characterized in that said combination circuit (90)

comprises:

- a first pho*codetector (91), positioned at said ::*:'irs:t

input (90a) and optically:coupled with the emitting diode

(131) of the first processing block (30), said first

\

photodEtector (91) being capable of picking up an

emission of the main alarm signal (51) and outputting a

corresponding first transmission signal (101);

- a second photodetector (92), positioned at said second

input (90b) and optically coupled with the emitting diocde

(131) ‘of the second processing block (80), said second

photodetector (92) being capable of picking up an
nd

emission of the auxiliary alarm signal (71)

)
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- that said emitting ‘diode (131) is an Ii'n:’:'rared (IR)

detecting element (111) and capable of ou*:putting a

20

outputting a corresponding second transmission signal
(102) ;
- a logic circuit (93), preferably of the AND gate type,

set to input said first and second transmission signals

(101, 102) and to generate said overall alarm signal

(100), in the case in which a substantially simultaneous

=

reception of said first and second transmission signals
(101, 102) takes place.

19. An apparatus as claimed in claim 18, characterized in

that said overall alarmfsignal (100) is a signal of the

optical and/or acoustic type.

20. An apparatus as claimed in claim 13, characterized in

comprising an auxiliary monitoring circuit (11 provided

radiation emitter (140), said apparatus (1) further
0)

with: : ) o

- a detecting ellemen':;: (111) coupled with the, e'm,itting

diode (131) and set to receive the IR radiation (140)

from said emitting diode;

- a signalling circuit (112) connected downstream_of:said

=

_

‘warning signal: (120) on the occurrence of a reduction in

P

the intensity of the IR radiation received.

21. An apparatus as claimed in claim 20, characterized in
that saild detecting element is a photodiode (113) coupled
with said emitting diode (131).
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