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level of noise associated with a measureable signal attributed to the changes in circumierence. Signals generated in the apparatus
may be processed and communicated through various means for analysis of respiratory effort. A method 1s disclosed for measur-
Ing respiratory effort with a gapless conducting wire energised with current.
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Respiratory inductive Plethysmography Band

Field of the Invention

The present invention relates to the field of respiration monitoring. In particular, the present

invention is directed to a respiratory inductive plethysmography band for determining the lung
volume and rate of respiration of animals.

Background

There are many uses for information related to the breathing cycles and volumes of animals.
Measurement of breathing cycles and volumes may be done in a number of ways. The field of
plethysmography uses changes in chest and/or abdominal volume to estimate breathing or
respiratory parameters. The field of respiratory plethysmography (RP) has developed around the
methods of elastomeric plethysmography, impedance plethysmography, and inductive
plethysmography. Respiratory inductive plethysmaography (RIP) uses an inductive band encircling
the chest or abdomen as means to measure changes in chest or abdominal volume. Respiratory
inductive plesthysmaography exploits the principle that a current applied through a loop of wire
generates a magnetic field normal to the orientation of the loop and that a change in the area
enclosed by the loop creates an opposing current within the loop directly proportional to the
change in the area. The movement during breathing changes the cross-sectional area of the

portion of the body encircled by an RIP band, and thus changes the shape of the magnetic field
generated by the band to induce an opposing current signal that can be processed and measured
with an associated signal-processing unit.

In some types of RIP bands known in the art the interface between the signal-processing unit and
the RIP band may be part of a LC osciliator in which the signal frequency is modulated by changes
in the band inductance due to cross section area changes caused by respiratory effort. By FM
demodulating the oscillator signal, it is possible to obtain a signal proportional to respiratory effort.
Inductive vests and other transducers for acquiring signals representative of breathing patterns and
volume and converting the signals to quantifiable forms are also known. Some bands are designed
to fully encircle a subject around the thorax and/or abdomen, and others partially encircle the
subject.
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A need exists for a more sensitive RIP band than current bands that is readily adjustable and
compact for comfort and ease of use. Such an RIP band would enable more accurate readings
Irrespective of subject size, particularly for paediatric applications. In this document, a reference to

a "band” is a reference to a respiratory inductive plethysmography band.

Brief Description of the Figures

Figure 1 shows a common use of a prior art RIP band as used for estimation of respiration volume

and rate.

Figure 2 shows a diagram describing the planar area defined by an RIP band.

Figure 3 shows an embodiment of RIP band prior art.

Figure 4 shows an embodiment of an extensible RIP band incorporating intermeshed conducting

wire.

Figure 5 shows an embodiment of an RIP band and buckle assembly in engaged position.

Figure 6 shows an embodiment the male connector side of a buckle for an RIP band.

Figure 7 shows an embodiment of the female side of a buckle for an RIP band.

Figure 8 shows the embodiment of an RIP buckle assembly of Figure 5 in disengaged state.

Figure 9 shows an embodiment of an RIP band and a hook and eyelet assembly in disengaged

position.

Figure 10 shows an embodiment of an RIP band and a snap assembly in disengaged position.

Summary of the Invention

It Is an object of the invention to provide improved apparatus and methods for indirectly measuring
the expansion and contraction of a subject. It is a further object of the invention to provide

methods and apparatus for determining the volume and rate of respiration of a subject.
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The invention operates to provide improved breathing movement monitoring sensitivity of a subject
by incorporating an active measurement function corresponding to the full circumference of a band.
The invention avoids the use of band extensions of the prior art which do not generate active
iInductive changes as these regions of the bands tend to de-sensitise the overall subject breathing

detection capability for the bands.

In one aspect, the invention provides apparatus for measuring changes in the circumference of a
subject comprising of an energisable conducting wire having two ends, engagement means for
engaging said ends to form a gapless conducting loop, the engagement means being in electrical
communication with the conducting wire. Preferably, the engagement means comprises of male
and female members. More preferably, the engagement means is a buckle. However, the
engagement means may be any other suitable structure used for fastening. Preferably, the
engagement means comprises of metallic material. Preferably, the engagement means includes a
resilient connector. Preferably an embodiment of the invention further comprises of any one or a
combination of means for signal preparation, amplification, digitising, processing, transferring or
wirelessly transmitting, which Is preferably incorporated into the engagement means. The

iInvention includes embodiments which may further comprise of a wireless interface for transmitting

signals.

In another aspect, the invention provides a method of measuring the respiratory effort of an animal
comprising of the steps of. encircling the thorax and/or abdomen of the animal with a gapless
conducting wire; energising the wire with current; acquiring signals according to the movement of
the encircling wire; and converting the signals to a measurement of respiratory effort. The animal
IS preferably a human. The human may be an adult or a child. Alternatively, the method may be

practised on other species such as horses or dogs.

Detailed Description of the Figures and Most Preferred Embodiment

The figures illustrate embodiments of the invention. It will be understood that there are many other
possible embodiments of the invention and that the invention is limited only by the scope of the

claims appended hereto.

Figure 1 shows a common use of known RIP bands as used for estimation of respiration volume
and rate. Two bands are usually used and placed on the abdomen (17) and thoracic region (10) of
a subject. The bands are connected to a front-end unit (15), which may include impedance

matching circuits, and which may communicate via replaceable or rechargeable battery-powered
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wireless or wired means to a processing unit, the processing unit analysing/processing the signals

and obtaining a signal proportional to the respiratory effort.

Figure 2 shows a diagram describing the generally rounded variable planar area (11), (12) defined
by an RIP band (9), the band becoming the main part of a magnetic loop when energised with
electrical current. The relevant total area defined by the magnetic loop includes the following
sections: the main loop encircling the subject (11), the variable planar area (12) between the wires
connected to the band (32 and 33) and the point the wires are moulded together (13), the small
constant area between the wires in the portion of cable where the wires are moulded together (13)
up to the connector (14) that may also comprise of the front end. Further, the variable planar area
(12) may be disposed in the same plane or another plane from the generally rounded variable
planar area (11). In this document the subject may be a human or any other animal. It will be
understood that the invention will be advantageous for the monitoring of respiration in horses ana

other veterinary applications.

The movement during breathing changes the planar area defined by an RIP band, and thus
changes the properties of the magnetic field generated by the energised band, which induces a
current opposing that in the energised band, the opposing current being measureable. The
movement may also affect the orientation of variable planar area and the relationship between the
two planar areas (11 and 12). The variable measured current is processed to give a signal
proportional to the respiratory effort causing the variations in current. Any changes in the planar
area and consequent changes Iin the properties of the magnetic loop that are a result of the
subject’'s breathing movements contribute to the relevant portion of the signal of interest, whereas
any changes In the planar area and resultant magnetic properties changes that result from other
movements contribute to inaccuracy or noise to the signal of interest. The present invention most
advantageously seeks to minimise the portion of the variable planar area not contributing to the
signal that is proportional to the respiration effort relative to variable planar area that contributes to
the signal by fully encircling the subject, thereby reducing the noise from the variable area (12) and

consequently improving the signal-to-noise ratio for the signal of interest.

The advantage of the present invention is more easily seen by reference to Figure 3, which shows
a further characteristic example of RIP band prior art. In this characteristic example, the band
cross-sectional area does not fully encircle the subject because the buckle introduces a gap (19) in
the complete loop. |n this example, the variable planar area comprises of the cross-sectional area
defined by the cable connection points to the band (20 and 21) and the point where the two wires

are moulded together (31). The remainder of the magnetic loop is within the moulded cable, up to
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the connector (18). The variable planar area of this example in comparison with that of that of the
invention illustrated in Figure 2 (12) results in relatively large extraneous signals being introduced

into the respiratory signal and a resultant undesirable small ratio of signal-to-noise.

Figure 4 shows an embodiment of the invention as an RIP band (1) with an intermeshed
conducting wire (10). The material of the band may be any suitable extensible material, such as a
cloth incorporating elastic threads. This band is used in conjunction with an engagement means
for creating a RIP band when operatively engaged. The band must fit snugly around the
circumference of the subject when fitted for use. Preferably, the engagement means is a buckle as
shown in Figures 5 to 8. However, other engagement means known in the art may be used. The
conducting wire may or may not be intermeshed with the band. Other embodiments of the
conducting wire may incorporate the wire through attachment to the band with suitable attachment
means known in the art, such as loops of the mesh, pins, or the like. Also, the Figure shows the
conducting wire In a “zig-zag” pattern but other patterns may be used. The invention includes any
type of band and associated conducting wire which are extensible. The choice of pattern of
arrangement of the conducting wire (10) depends on the signal-to-noise ratio that is produced by
the pattern chosen. The pattern should allow the band to be extensible and to stretch and the wire
to stretch with it. The engagement means may take other forms, such as hooks or snaps, as

llustrated in Figures 9 and 10.

Figure 5 shows a preferred embodiment of the RIP band (1) and buckle, the band (1) forming a full
circumference circuit when the buckle is engaged as shown. The end portions of the intermeshed
wire (shown as 10 in Figure 4) is Iin electrical communication inside both the male portion of the
engagement means (4) and the female portion of the engagement means (2) as described below.
Preferably, the engagement means (4) incorporates a disengagement release mechanism (3) In

the male portion (4) as shown in Figures 5 and 6

Figure 6 shows an embodiment of the male portion (4) of the engagement means. The band (1)
iIntermeshed wire (see 10, Figure 4) Is In electrical communication with the first pin of an electrical
connector (95) to allow transferring the signals to a circuit, which may digitise the signals and
transfer them to an analysis processing unit for calculating the volume and rate of respiration.
Preferably, the connector comprises of metal material. However, any suitable conducting material,
such as conducting polymers, may be used. The female portion of the buckle (2) is in electrical
communication with the front end via the second pin of the electrical connector (5), and via

conducting connector (7), when engaged with the male portion of the buckle (4). Preferably, the
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connector comprises of metal material. The disengagement release mechanism (3) embodiment is

preferably part of the male engagement means (4), but other arrangements are possible.

Figure 7 shows an embodiment of the female portion of the engagement means (2). The band (1)
intermeshed wire (see 10, figure 4) is in electrical communication with the male portion of the
engagement means (4) when engaged, via an electrical connection (6). Preferably, the electrical

connection comprises of a resilient material such as in a spring.

Figure 8 shows the most preferred embodiment having both male portion and female portions of
the engagement means. The spring based connection (6) on the receptacle side of the buckle (2),
interfaces with the metal connection interface (/) on the male end of the engagement means (4), to
complete the full circumference of the circuit around the subject wearing the band. Both
connections are then, in this embodiment, connected to a connector (5), transferring the signals to
a circuit, which may digitise the signals and transfer them to an analysis processing unit for
calculating the volume and rate of respiration. Other, less preferred, embodiments may include
engagement means not having male and female portions, but which engage a connector.

However such engagement means may be less effective at maintaining the circuit connection.

The invention includes multiple bands similar to those shown in Figure 1. Embodiments may
iIncorporate impedance matching circuits, band interconnections, and which may communicate via
replaceable or rechargeable battery-powered wireless or wired means to a processing unit,
analysing/processing the signals and obtaining a signal proportional to respiratory effort.
Embodiments having multiple bands comprise of intercommunication means for communication
between bands and between bands and front-end units. A front-end unit may comprise of a
connector means, a signal-acquisition means or a signal analysis means, or a combination thereof.
The intercommunication means may comprise of a cable incorporating multiple wires. In such an
embodiment, there may be a single electrical connector (5) such as shown in Figure 7. Other
embodiments may incorporate an analysis unit within the buckle, or a replaceable or rechargeable
battery-based wireless interface. Further embodiments may incorporate an impedance matching

coll into the band buckle for signal improvement.

Figure 9 shows an embodiment of an RIP band and a hook and eyelet assembly Iin disengaged
position. The band (22) serves to optimally encircle the subject. The intermeshed wire (23) serves
to enable a magnetic loop area. The hook and eyelet (25) serve two means — the first to secure

the band (22) around the subject and the second to enable an electric connection between both
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sides of the band, thus minimizing the unwanted variable cross-section area. The signals are

communicated to a front-end unit via a connector (24).

Figure 10 shows an embodiment of an RIP band and a snap assembly in disengaged position.
Similar to figure 9, the band (26) optimally encircles the subject. The intermeshed wire (27)
enables the magnetic loop. The snap plug (29) and receptacle (30) enable an electric connection

between both ends of the band and the signals are communicated onward via the connector (23).
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CLAIMS

We Claim:

1. Apparatus for measuring changes in the circumference of a subject comprising:
an energisable conducting wire having two ends;

engagement means for engaging said ends to form a gapless conducﬁng loop between the

two ends;

a connector for sending signals provided so as not to interpose an engage part of the two ends

of the conducting wire,

wherein said engagement means is in electrical communication with the two ends of said

conducting wire.

2. The apparatus of claim 1 wherein said engagement means comprises male and female

members.
3. The apparatus of claim 1 wherein said engagement means is a buckle.
4. The apparatus of any of claims 1 or 2 wherein said wire comprises metal material.
5. The apparatus of claim 2 wherein said engagement means comprises a restlient connector.

6. The apparatus of any of claims 1 to 5 further comprising signal digitising means.

7. The apparatus of claim 6 wherein the signal digitising means i1s incorporated mto the

engagement means.



10.

11.

12.

13.

14.
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The apparatus of claim 1 further comprising a wireless interface for transmitting the signals.
The apparatus of any one of claims 1 to 8 further comprising a battery for providing current.
The apparatus of claim 9 wherein said battery 1s rechargeable.

A method of measuring the respiratory effort of an animal comprising the steps of:

engaging two ends of a conducting wire, and encircling the thorax and/or abdomen of the

animal with the conducting wire while there i1s no gap between the two ends,
energising the wire with current;

acquiring signals according to the movement of the encircling wire via a connector for
sending the signals provided so as not to interpose an engage part of the two ends ot the

conducting wire; and

converting the signals to a measurement of respiratory effort.

The method of claim 11 wherein said animal 1s a human being.

The method of any one of claims 11 or 12 further comprising the step of transmitting the

signals wirelessly.

The method of claim 13 wherein the comprising the step of transmitting 1s powered with a

battery.
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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Figure 10
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