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Description

Field of the Invention

[0001] This invention relates generally to apparatus and methods for providing accurate measurement of human body
composition using a plethysmographic measurement chamber. More specifically, the present inventions relate to appa-
ratus and methods for plethysmographic measurement of human subjects in which air within a plethysmographic meas-
urement chamber is circulated and renewed with air from outside the chamber.

Background of the Invention

[0002] The assessment of body composition, including measurement of fat and fat-free mass, provides physicians
with important information regarding physical status. Excess body fat has been associated with a variety of disease
processes, such as cardiovascular disease, diabetes, hypertension, hyperlipidemia, kidney disease, and musculoskeletal
disorders. Low levels of fat free mass have been found to be critically adverse to the health of certain at-risk populations,
such as infants, the obese, and the elderly.

[0003] Similarly, body composition has been shown to be useful as a diagnostic measurement for the assessment of
physical status. Disturbances in health and growth, regardless of origin, almost always affect body composition in
newborns and infants. For example, for very low birth weight infants, body composition and variation in body composition
are relevant both in determining infant energy needs and in evaluation of health progression and physical development.
[0004] A variety of methods are currently used in the assessment of body composition. One common method is a skin
fold measurement, typically performed using calipers that compress the skin at certain points on the body. While non-
invasive, this method suffers from poor accuracy on account of variations in fat patterning, misapplication of population
specific prediction equations, improper site identification for compressing the skin, poor fold grasping, and the necessity
for significant technician training to administer the test properly.

[0005] Another method employed is bioelectricimpedance analysis ("BIA"). Bioelectricimpedance measurements rely
on the fact that the body contains intracellular and extracellular fluids that conduct electricity. In particular, BIA involves
passing a high frequency electric current through the subject’s body, determining the subjects’ measured impedance
value, and calculating body composition based on the subject’'s measured impedance and known impedance values for
human muscle tissue. However, this method can be greatly affected by the state of hydration of the subject, and variations
in temperature of both the subject and the surrounding environment. Moreover, BIA has not been successfully applied
with infant subjects.

[0006] The most common method used when precision body composition measurements are required is hydrostatic
weighing. This method is based upon the application of Archimedes principle, and requires weighing the subject on land,
repeated weighing under water, and an estimation of air present in the lungs of the subject using gas dilution techniques.
However, hydrodensitometry is time consuming, typically unpleasant for the subjects, requires both significant subject
participation and considerable technician training and, due to the necessary facilities for implementation, is unsuitable
for clinical practice. Further, the application of hydrodensitometry to infant, elderly, and disabled populations is precluded
by the above concerns.

[0007] One technique offering particular promise in performing body mass measurement is the use of air displacement
plethysmography. Air displacement plethysmography determines the volume of a subject to be measured by measuring
the volume of air displaced by the subject in an enclosed chamber. Volume of air in the chamber is calculated through
application of Boyle’s Law and/or Poisson’s Law to conditions within the chamber. More particularly, in the most prevalent
method of air displacement plethysmography used for measuring human body composition (such as disclosed in U.S.
Patent No. 4,369,652, issued to Gundlach, and U.S. Patent No. 5,105,825, issued to Dempster), volume perturbations
of a fixed frequency of oscillation are induced within a measurement chamber, which perturbations lead to pressure
fluctuations within the chamber. The amplitude of the pressure fluctuations is determined, and used to calculate the
volume of air within the chamber using Boyle’s Law (defining the relationship of pressure and volume under isothermal
conditions) or Poisson’s law (defining the relationship of pressure and volume under adiabatic conditions). Body volume
is then calculated indirectly by subtracting the volume of air remaining inside the chamber when the subject is inside
from the volume of air in the chamber when it is empty.

[0008] Once the volume of the subject is known, body composition can be calculated based on the measured subject
volume, weight of the subject, and subject surface area (which, for human subjects, is a function of subject weight and
subject height), using known formulas defining the relationship between density and human fat mass. For example, Siri's
equation defines fat mass as
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Percent Fat Mass = ((4.95 / Density) - 4.5) * 100)

where Density is defined as

subject weight / subject volume.

Similarly, Brozek’s equation defines fat mass as

Percent Fat mass = ((4.57 / Density) - 4.142) * 100)

where Density is defined as

subject weight / subject volume.

[0009] In contrast to hydrodensitometry, air displacement plethysmographic methods generally do not cause anxiety
or discomfort in the subject, and due to the ease and non-invasiveness of the technique, can be applied to subjects for
whom hydrodensitometry is impractical. For example, co-pending U.S. Patent Application No. 10/036,139, entitled Ap-
paratus And Methods For Plethysmographic Measurement of Infant Body Composition, applied for by Philip Dempster,
and filed on December 31, 2001, describes apparatus and methods for plethysmographic measurement of body com-
position of infant subjects.

[0010] However, plethysmographic systems require very accurate measurements of volume to yield valid body com-
position results. In particular, plethysmographic measurement of infant body composition requires even more accurate
measurement of volume given the higher metabolic activity of infant subjects as a proportion of body size, and the longer
measurement periods required for infants on account of larger breathing artifacts. Due to this required accuracy of
volume measurement, current plethysmographic measurement systems, while effective at measuring the volume of
inanimate objects, have suffered from secondary effects that limit the accuracy of those systems with human subjects.
For example, accumulation of water vapor and CO, in the measurement chamber can significantly affect results on
account of the differing adiabatic compression properties of triatomic gasses (such as CO, and H,0) and diatomic
gasses (such as O, and N,). Similarly, variations in chamber temperature due to body heat produced by a test subject
may also affect the accuracy of volume measurement.

[0011] Further, the composition of air within the measurement chamber has an effect on the comfort and safety of the
test subject. Specifically, accumulation of CO, beyond certain levels may adversely affect the infant subject. Thus,
current plethysmographic systems that do not account for accumulation of triatomic gasses tend to be less suitable for
determining infant body composition.

[0012] US 3769 834 A relates to a system for measuring the volume and volume variations of the human body under
zero gravity conditions. An enclosed chamber having a defined volume and arranged for receiving a human body is
provided with means for infrasonically varying the volume of the chamber. A snorkel breathing device is used that allows
a person to breathe in the closed chamber. The changes in volume produce resultant changes in pressure, and under
substantially isentropic conditions, an isentropic relationship permits a determination of gas volume which, in turn, when
related to total chamber volume permits a determination of the body volume. By comparison techniques, volume changes
of a human independent of gravity conditions can be determined.

[0013] In view of the foregoing, it would be desirable to provide a plethysmographic measurement chamber that
prevented the accumulation of water vapor and CO, in the chamber, resulting in improved accuracy of body composition
measurement.

[0014] It would further be desirable to provide a plethysmographic measurement chamber and air circulation system
that addressed variations in chamber temperature on account of body heat produced by the test subject.

[0015] It would further be desirable to provide a plethysmographic measurement chamber and air circulation system
that maintained a safe and comfortable air composition for infant test subjects.

Summary of the Invention

[0016] In view of the foregoing, it is an object of the present invention to provide a plethysmographic measurement
chamber that prevents the accumulation of water vapor and CO, in the chamber.

[0017] Itisanotherobject of the presentinvention to provide a plethysmographic measurement chamber thataddressed
variations in chamber temperature on account of body heat produced by the test subject.

[0018] It is another object of the present invention to provide a plethysmographic measurement chamber and air
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circulation system that maintains a safe and comfortable air composition for infant test subjects.

[0019] These and other objects of the present invention are accomplished by providing systems and methods for
circulating and renewing air within a plethysmographic measurement chamber, while maintaining the acoustic properties
of the measurement chamber at the perturbation frequency used to conduct volume measurements.

[0020] The present invention generally consists of a plethysmographic measurement system that includes an air
circulation system. The air circulation system comprises a pump assembly of one or more pumps coupled to the meas-
urement chamber via one or more inlet tubes and one or more exhaust tubes. The lengths of the inlet tube(s) and exhaust
tube(s) are selected such that the acoustic properties of the measurement chamber are not affected by the air circulation
system.

[0021] In one embodiment of the present invention, the source of air for the air circulation system is a controlled
temperature environment, such that chamber temperature can be maintained relatively constant in spite of body heat
produced by the test subject.

[0022] In another embodiment of the present invention, the inlet tube and exhaust tube further comprise multiple
parallel tubes to provide for quieter, laminar flow within the tubes.

[0023] In another embodiment of the present invention, a single inlet tube and a single exhaust tube are coupled
between the pump assembly and an inlet manifold and exhaust manifold, respectively. The inlet manifold and exhaust
manifold are then coupled to the chamber via multiple parallel tubes, providing for less flow resistance than full lengths
of multiple parallel tubes, while still attenuating noise generated by turbulent flow.

Brief Description of the Drawings

[0024] The foregoing and other objects of the present invention will be apparent upon consideration of the following
detailed description, taken in conjunction with the accompanying drawings, in which like reference characters refer to
like parts throughout, and in which:

FIG. 1 is a representation of an infant sized plethysmographic chamber and air circulation system of the present
invention.

FIG. 2 is a representation of an adult sized plethysmographic chamber and air circulation system of the present
invention.

FIG. 3 is a detailed view of one embodiment the air circulation components of the present invention.

FIG. 4 is a detailed view of another embodiment of the air circulation components of the present invention.

Detailed Description of the Invention

[0025] Referring to FIG. 1, a representational view of the infant sized plethysmographic measurement chamber and
air circulation system is shown. Plethysmographic system 20 is composed of plethysmographic measurement chamber
22, chamber door assembly 24, plethysmographic measurement components 26 (including volume perturbation element
28, and air circulation component chamber 30. Air circulation component chamber 30 houses air circulation components
31, which provide the mechanism for air circulation within chamber 22.

[0026] Plethysmographic measurement components 26 are coupled to computer 32, which includes software 34 for
controlling the operation of plethysmographic measurement components 26.

[0027] Air circulation component chamber 30 is coupled to measurement chamber 22 via inlet tube 36 and exhaust
tube 38. Inlet tube 36 and exhaust tube 38 allow for air to be continuously circulated and renewed within measurement
chamber 22 through the operation of air circulation components 31. As described in more detail in connection with
preferred embodiments of the invention, inlet tube 36 and exhaust tube 38 could comprise multiple parallel tubes in
accordance with the present invention. Such an arrangement would result in quieter, laminar flow within the tubes,
thereby generating less acoustic noise, at the expense of increased flow resistance.

[0028] Referring to FIG. 2, a representational view of an adult sized plethysmographic measurement chamber and air
circulation system is shown. Plethysmographic system 50 is composed of plethysmographic measurement chamber 52,
chamber door 54, plethysmographic measurement components 56 (including volume perturbation element 58), and air
circulation component chamber 60, which houses air circulation components 62. Plethysmographic measurement com-
ponents 56 are coupled to computer 64, which includes software 66 for controlling the operation of plethysmographic
measurement components 56.

[0029] Air circulation component chamber 60 is coupled to measurement chamber 52 via inlet tube 68 and exhaust
tube 70. Inlet tube 68 and exhaust tube 70 allow for air to be continuously renewed and circulated within measurement
chamber 52 by air circulation components 62. As described in more detail in connection with preferred embodiments of
the invention, inlet tube 68 and exhaust tube 70 could comprise multiple parallel tubes in accordance with the present
invention.
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[0030] One of ordinary skill in the art would understand that air circulation component chamber 60 could alternatively
be housed within measurement chamber 52, so long as air circulation components 62 had access to ambient air outside
of measurement chamber 52.

[0031] Referring now to FIG. 3, a view of one embodiment of the air circulation components of the present invention
is described. Pump assembly 80 (shown housed within air circulation component chamber 82) is coupled to measurement
chamber 84 via inlet tube 86 and exhaust tube 88. Pump assembly 80 both pumps ambient air through inlet tube 86 into
measurement chamber 84, and pumps air contaminated with triatomic gasses (such as water vapor and CO,) out of
measurement chamber 84 through exhausttube 88. Thus, air is continuously circulated and renewed within measurement
chamber 84, preventing buildup of triatomic gasses that could affect the accuracy of plethysmographic measurement.
[0032] While in a preferred embodiment pump assembly 80 is housed within air circulation component chamber 82,
one of ordinary skill in the art would recognize that pump assembly 80 could be physically located anywhere in relation
to measurement chamber 84, so long as pump assembly 80 provided for circulation and renewal of air within chamber 84.
[0033] Pump assembly 80 is further comprised of one or more pumps for pumping air into and out of measurement
chamber 84. In a preferred embodiment, pump assembly 80 further comprises inlet 89, inlet pump 90, exhaust 91 and
exhaust pump 92. Inlet pump 90 pumps ambient air from inlet 89 through inlet tube 86 into measurement chamber 84,
and exhaust pump 92 pumps contaminated air out of measurement chamber 84 through exhaust tube 88 and out exhaust
91.

[0034] Inlet pump 90 and exhaust pump 92 are preferably turbine or centrifugal pumps. However, one of ordinary skill
in the art would recognize that other types of pumps suitable for pumping gasses could be used in accordance with the
present invention, including fan pumps, diaphragm pumps, peristaltic pumps, and piston pumps.

[0035] Preferably, inlet pump 90 and exhaust pump 92 are placed at the ends of inlet tube 86 and exhaust tube 88
distal from measurement chamber 84, respectively. This placement allows for maximum attenuation of noise generated
by inlet pump 90 and exhaust pump 92. However, inlet pump 90 and exhaust pump 92 may be placed at any point in
the airflow between measurement chamber 84 and atmosphere in accordance with the present invention.

[0036] As one of ordinary skill in the art would understand, pump assembly 80 could also be comprised of a single
pump, as opposed to a combination of input and exhaust pumps. While such a pump assembly would result in chamber
pressure somewhat different from ambient, this may well be acceptable in some plethysmographic measurement sys-
tems. One of ordinary skill in the art would further recognize that inlet pump 90 and exhaust pump 92 do not have to be
placed within a single pump assembly. For example, inlet pump 90 and exhaust pump 92 could be mounted separately
within air circulation component chamber 82. Further, one or both of inlet pump 90 and exhaust pump 92 could be
mounted outside of air circulation component chamber 82.

[0037] Itis also preferable that inlet 89 and exhaust 91 be kept separate from one another. Such a placement of inlet
89 and exhaust 91 ensures that contaminated air pumped out of measurement chamber 84 is exhausted away from
inlet 89, in order to prevent contamination of incoming air by excess CO, and water vapor being discharged from exhaust
91.

[0038] The physical properties of inlet tube 86 and exhaust tube 88 are important to maintain the acoustic properties
of measurement chamber 84, such that accurate measurement of chamber volume can be attained in spite of the coupling
of measurement chamber 84 to the external environment. More particularly, by coupling measurement chamber 84 to
the environment, acoustic noise could pass through inlet tube 86 and exhaust tube 88 into measurement chamber 84,
thereby affecting the accuracy of the body composition measurement. Further, acoustic energy at the frequency of
perturbation could also leak outside measurement chamber 84, again affecting the accuracy of measurement.

[0039] However, the air within inlet tube 86 and exhaust tube 88 possesses inertia, which acts to resist movement of
air within the tubes in response to pressure fluctuations (such as acoustic noise from outside measurement chamber
84, or the periodic perturbations generated during plethysmographic measurement). This property can be maximized
through selection of the length of inlet tube 86 and exhaust tube 88.

[0040] As a first approximation, measurement chamber 84 and inlet tube 86 (or exhaust tube 88) can be modeled in
a combined manner as a Helmholtz resonator. The Helmholtz resonator realized by the combination of measurement
chamber 84 and inlet tube 86/exhaust tube 88 acts as a low-pass filter, attenuating acoustic noise above the resonant
frequency of the system (which is inversely proportional to the square root of the length of the tube). Thus, the length
of inlet tube 86 and exhaust tube 88 can be selected such that the acoustic low-pass filter properties of the chamber/tube
system attenuate frequencies at or above the perturbation frequency. In a preferred embodiment of the invention, the
lengths of the inlet tubes and exhaust tubes were selected such that the resonant frequency of the chamber/tube system
was an order of magnitude below the perturbation frequency.

[0041] As a second approximation, the acoustic properties of inlet tube 86 and exhaust tube 88 can be looked at
independently from measurement chamber 84. In so doing, the length of the tube would preferably be set at one-quarter
the wavelength corresponding to the perturbation frequency in order to minimize transmission of pressure fluctuations
through inlet tube 86 and exhaust tube 88 at the perturbation frequency. While adopting this model has been found to
yield some benefit, in practice it has been found that simply ensuring that inlet tube 86 and exhaust tube 88 are of
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sufficient length to attenuate periodic signals at or above the frequency of perturbation (typically, between 3 Hz and 20
Hz, depending on the type of plethysmographic measurement system used) produces satisfactory results.

[0042] In a preferred embodiment, air circulation component chamber 82 further includes heater element 98, temper-
ature monitoring circuitry 100, and controlled temperature inlet 102. In this embodiment, temperature monitoring circuitry
100 monitors the temperature of controlled temperature inlet 102, and varies the operation of heater element 98 to
maintain a constant temperature within controlled temperature inlet 102. Controlled temperature inlet 102 acts as the
source of air for inlet pump 90; thus, air is pumped from temperature controlled inlet 102 through inlet tube 86 into
measurement chamber 84 by means of inlet pump 90. By providing for a controlled temperature environment within
measurement chamber 84, the potential effects of temperature fluctuation in measurement chamber 84 due to body
heat generated by the test subject are minimized.

[0043] Alternatively, heater element 98 can be used to heat the air within inlet tube 86 via conduction. In this embod-
iment, inlet pump 90 draws air through inlet 89 from the environment outside air circulation component chamber 82.
Temperature monitoring circuitry 100 monitors the temperature of air within inlet tube 86, and varies the operation of
heater element 98 to maintain a constant temperature of incoming air within inlet tube 86.

[0044] As another alternative, heater element 98 could be coupled to inlet pump 90, and used to directly heat the air
within inlet tube 86.

[0045] It has also been found in practice that the flow rate of the air circulation system of the present invention can
have an effect on the calibration of the plethysmographic measurement system. Systems and methods for calibrating
plethysmographic measurement chambers are described in co-pending U.S. Patent Application No. 10/036,161, entitled
"Calibration Methods and Apparatus for Plethysmographic Measurement Chambers," applied for by Philip Dempster,
and filed on December 31, 2001 (attorney internal docket no. LM-003).

[0046] More particularly, as flow rate varies, dynamic resistance to pressure fluctuations also varies (under turbulent
conditions). Stability of the system therefore can be improved by controlling flow rate. Thus, in a preferred embodiment,
coupled to inlet tube 86 and/or exhaust tube 88 are one or more pressure transducers 104, which monitor the pressure
drop across the inlet and/or exhaust tube. Pressure transducers 104 are further coupled to pump assembly 80 via
feedback circuit 106. Feedback circuit 106, based on the input from pressure transducers 104, controls the operation
of pump assembly 80 to provide for constant flow rate in the air circulation system. In a preferred embodiment, feedback
circuit 106 varies the electrical power to pump assembly 80 to control flow rate.

[0047] One of ordinary skill in the art would recognize that other methods of maintaining flow rate may be used. For
example, if pump assembly 80 comprises one or more rotary pumps, constant flow rate may be achieved by controlling
the angular velocity of the rotary pump(s). One of ordinary skill in the art would also recognize that pressure drop may
be measured across part or all of the tubing system comprised of inlet tube 86 and exhaust tube 88.

[0048] Further, while the particular flow rate selected must be sufficient to maintain acceptable levels of CO, and water
vapor in measurement chamber 84, lower flow rates result in less acoustic noise being generated by the air circulation
system. Thus, the particular flow rate selected should balance these two competing considerations. In practice, a wide
range of flow rates were found to work successfully.

[0049] Referring now to FIG. 4, a detailed view of a second embodiment of the air circulation components of the
present invention is described. Pump assembly 120 includes inlet pump 122 and exhaust pump 124. Inlet pump 122 is
coupled via inlet manifold tube 126 to inlet manifold 128. Inlet manifold 128 is coupled via parallel inlet chamber tubes
130, 132, 134, and 136 to measurement chamber 138. Similarly, exhaust pump 124 is coupled via exhaust manifold
tube 140 to exhaust manifold 142. Exhaust manifold 142 is coupled via parallel exhaust chamber tubes 144, 146, 148,
and 150 to measurement chamber 138.

[0050] As with the previously described embodiments, pump assembly 120 both pumps ambient air through inlet
manifold tube 126, inlet manifold 128, and inlet chamber tubes 130, 132, 134, and 136 into measurement chamber 138,
and pumps air contaminated with triatomic gasses (such as water vapor and CO,) out of measurement chamber 138
through exhaust chamber tubes 144, 146, 148, and 150, exhaust manifold 142, and exhaust manifold tube 140. By
coupling both inlet manifold 128 and exhaust manifold 142 with measurement chamber 138 via multiple, parallel tubes,
this embodiment both provides for reduced flow resistance in comparison to full lengths of multiple parallel tubes between
the manifolds and measurement chamber 138, while at the same time providing quieter, laminar flow at the entry of
measurement chamber 138 compared to the single inlet and exhaust tube embodiment described in connection with
FIG. 3.

[0051] While preferred illustrative embodiments of the invention are described above, it will be apparent to one skilled
in the artthat various changes and modifications may be made therein without departing from the invention. The appended
claims are intended to cover all such changes and modifications that fall within the scope of the invention.
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Claims

1.

10.

11.

12.

13.

14.

A plethysmographic measurement system, comprising:

a plethysmographic measurement chamber (22; 52; 84; 138); and

plethysmographic measurement components (26; 56) coupled to the measurement chamber,

an air circulation system coupled between the measurement chamber and the environment outside the meas-
urement chamber,

wherein the measurement components comprise:

a volume perturbation element (28; 58) configured to change the volume of the measurement chamber and
means (104; 106) for determining pressure within the chamber; and
wherein the air circulation system is configured to renew air within the measurement chamber using air
from the environment outside the chamber during plethysmographic measurement.

The system of claim 1, wherein the measurement components are housed within the measurement chamber.

The system of claim 1, further comprising a chamber door (24; 54) coupled to the measurement chamber.

The system of claim 1, wherein the means for determining pressure comprises one or more pressure transducers
(104).

The system of claim 1, wherein the volume perturbation element is an oscillating diaphragm.

The system of claim 1, wherein the volume perturbation element generates pressure oscillations within the meas-
urement chamber at a first frequency.

The system of claim 1, wherein the frequency is between 3 and 20 Hz.
The system of claim 1, wherein the air circulation system comprises:

a pump assembly (80; 120);
an inlet tub (36; 68; 86) coupled between the measurement chamber and the pump assembly, and
an exhaust tube (38; 70; 88) coupled between the measurement chamber and pump assembly.

The system of claim 8, wherein the pump assembly comprises an inlet pump (90; 122) and an exhaust pump (92; 124).

The system of claim 8, wherein the pump assembly comprises one or more rotary pumps, and/or one or more turbine
pumps and/or one or more centrifugal pumps, and/or one or more fan pumps, and/or one or more diaphragm pumps,
and/or one or more piston pumps, and/or one or more peristaltic pumps.

The system of claim 8, further comprising: a plurality of parallel inlet tubes (36; 38), and/or a plurality of parallel
exhaust tubes (38; 70).

The system of claim 9, wherein the inlet pump is placed at the end of the inlet tube (86) distal from the measurement
chamber (84).

The system of claim 9, wherein the exhaust pump is placed at the end of the exhaust tube (88) distal from the
measurement chamber (84).

The system of claim 1, wherein the air circulation system (31) comprises:

a pump assembly (80; 120);

an inlet manifold tube (126) coupled between the pump assembly (120) and an inlet manifold (128),

an inlet chamber tube coupled between the inlet manifold (128) and the measurement chamber (138),

an exhaust manifold tube (140) coupled between an exhaust manifold (142) and the pump assembly (122), and
an exhaust chamber tube coupled between the exhaust manifold (142) and the measurement chamber (138).
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The system of claim 14, further comprising: a plurality of parallel tubes (144; 146; 148; 150) coupled between the
inlet manifold and the measurement chamber.

The system of claim 14 further comprising: a plurality of parallel tubes (130; 132; 134; 136) coupled between the
exhaust manifold and the measurement chamber.

The system of claim 14, wherein the measurement components (26; 56) comprise:

a volume perturbation element (28; 58); and
a pressure transducer (104).

The system of claim 17, wherein the volume perturbation element generates volume perturbations at a first pertur-
bation frequency.

The system of claim 18, wherein the inlet tube and exhaust tube attenuate noise at the perturbation frequency.

The system of claim 19, wherein the length of the inlet tube is one quarter of a wavelength corresponding to the
perturbation frequency.

The system of claim 19, wherein the length of the exhaust tube is one quarter of a wavelength corresponding to the
perturbation frequency.

The system of claim 8, further comprising:
a pressure transducer (104); and
a feedback circuit (106) coupled between the pump assembly (80) and the pressure transducer (104), wherein
the pressure transducer measures a flow rate of the air circulation system, and wherein the feedback circuit
maintains a constant flow rate in the air circulation system.

The system of claim 22, wherein the pressure transducer is coupled to the inlet tube or to the exhaust tube.

The system of claim 22 or 23, wherein the feedback circuit varies the operation of the pump assembly.

The system of claim 24, wherein the pump assembly comprises one or more rotary pumps, and wherein the feedback
circuit varies the angular velocity of the one or more rotary pumps.

The system of claim 1, further comprising:

a controlled temperature environment, wherein the air circulation system pumps air from the controlled temper-
ature environment into the chamber.

The system of claim 26, wherein the air circulation system comprises:
a pump assembly coupled to the controlled temperature environment;
an inlet tube coupled between the measurement chamber and the pump assembly, and
an exhaust tube coupled between the measurement chamber and pump assembly.

The system of claim 26 or 27, wherein the controlled temperature environment comprises:

a heater element (98); and
temperature monitoring circuitry (100) coupled to the heater element.

The system of claim 28, wherein the temperature monitoring circuitry maintains a constant temperature within the
controlled temperature environment.

The system of claim 28 or 29, wherein the temperature monitoring circuit controls the operation of the heater element.

The system of claim 1, further comprising:
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a pump assembly (80) coupled to the controlled temperature environment;
an inlet tube (86) coupled between the measurement chamber and the pump assembly, and
an exhaust tube (88) coupled between the measurement chamber and the pump assembly;
a heater element (98); and
temperature monitoring circuitry (100) coupled to the heater element.

The system of claim 31, wherein the temperature monitoring circuitry maintains a constant air temperature within
the inlet tube.

The system of claim 31 or 32, wherein the temperature monitoring circuit controls the operation of the heater element.
A method of conducting plethysmographic measurement of a test subject, comprising:
placing the subject to be measured in a plethysmographic measurement chamber (22; 52; 84; 138), sealing
said chamber; and conducting plethysmographic measurement of the subject, renewing air within the chamber
using air from the environment outside the chamber, wherein conducting plethysmographic measurement com-
prises:
generating pressure oscillations within the chamber;
measuring the amplitude of the pressure oscillations;
calculating a volume of air within the chamber based on the measured pressure oscillations; and
determining a body composition of the test subject based on the calculated volume of air within the chamber.
The method of claim 34, wherein generating pressure oscillations comprises:
oscillating a diaphragm at a fixed frequency.

The method of claim 34 or 35, wherein renewing air through the chamber comprises:

pumping air though an inlet tube (86) into the chamber; and
pumping air through an exhaust tube (88) out of the measurement chamber.

The method of claim 36, wherein pumping air through an inlet tube comprises:

establishing a controlled temperature environment; and
pumping air from the controlled temperature environment through the inlet tube.

The method of claim 37, wherein establishing a controlled temperature environment comprises:
measuring the temperature of an enclosed environment;
comparing the measured temperature to a desired control temperature;
varying the operation of a heater element (98) in response to the comparison of the measured temperature to
the desired temperature.

The method of claim 37 or 38, further comprising:
heating the air with the inlet tube to a controlled temperature.

The method of claim 39, wherein heating the air with the inlet tube to a controlled temperature comprises:
measuring the temperature of air within the inlet tube;
comparing the measured temperature to a desired control temperature; and
varying the operation of a heater element (98) in response to the comparison of the measured temperature to
the desired temperature.

The method of any one of claims 34 to 40, further comprising:

maintaining a constant flow rate of air being circulated through the chamber.
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42. The method of claim 41, wherein maintaining a constant flow rate comprises:
measuring a flow rate;
comparing the measured flow rate to a desired flow rate, and
varying the operation of an air pump in response to comparing the measured flow rate to the control flow rate.
Patentanspriiche
1. Plethysmographisches Messsystem, das aufweist:
eine plethysmographische Messkammer (22; 52; 84; 138); und
plethysmographische Messkomponenten (26; 56), die mit der Messkammer gekoppelt sind,
ein Luftumwalzungssystem, das zwischen die Messkammer und die Umgebung auRerhalb der Messkammer
gekoppelt ist,
wobei die Messkomponenten aufweisen:
ein Volumenstdérungselement (28; 58), das konfiguriert ist, das Volumen der Messkammer zu andern; und
Mittel (104; 106) zum Bestimmen des Drucks in der Kammer; und
wobei das Luftumwalzungssystem konfiguriert ist, die Luft innerhalb der Messkammer mittels Luft aus der
Umgebung auBerhalb der Kammer wahrend einer plethysmographischen Messung zu erneuern.

2. System nach Anspruch 1, wobei die Messkomponenten innerhalb der Messkammer untergebracht sind.

3. System nach Anspruch 1, das ferner eine Kammertilr (24; 54) aufweist, die mit der Messkammer gekoppelt ist.

4. System nach Anspruch 1, wobei das Mittel zum Bestimmen des Drucks einen oder mehrere Druckaufnehmer (104)
aufweist.

5. System nach Anspruch 1, wobei das Volumenstérungselement eine oszillierende Membran ist.

6. System nach Anspruch 1, wobei das Volumenstérungselement Druckoszillationen innerhalb der Messkammer mit
einer ersten Frequenz erzeugt.

7. System nach Anspruch 1, wobei die Frequenz zwischen 3 und 20 Hz liegt.

8. System nach Anspruch 1, wobei das Luftumwalzungssystem aufweist:

eine Pumpenanordnung (80; 120);
eine Ansaugrohre (36; 68; 86), die zwischen die Messkammer und die Pumpenanordnung gekoppelt ist, und
eine Absaugrdhre (38; 70; 88), die zwischen die Messkammer und die Pumpenanordnung gekoppelt ist.

9. System nach Anspruch 8, wobei die Pumpenanordnung eine Ansaugpumpe (90; 122) und eine Absaugpumpe (92;
124) aufweist.

10. System nach Anspruch 8, wobei die Pumpenanordnung eine oder mehrere Rotationspumpen und/oder eine oder
mehrere Kreiselpumpen und/oder eine oder mehrere Zentrifugalpumpen und/oder- eine oder mehrere Fliigelpumpen
und/oder eine oder mehrere Membranpumpen und/oder eine oder mehrere Kolbenpumpen und/oder eine oder
mehrere Schlauchpumpen aufweist.

11. System nach Anspruch 8, das ferner aufweist: eine Vielzahl von parallelen Ansaugréhren (36; 38), und/oder eine
Vielzahl von parallel Absaugréhren (38; 70).

12. System nach Anspruch 9, wobei die Ansaugpumpe am Ende der Ansaugrdhre (86) distal von der Messkammer
(84) angeordnet ist.

13. System nach Anspruch 9, wobei die Absaugpumpe am Ende der Absaugrohre (88) distal von der Messkammer

(84) angeordnet ist.
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System nach Anspruch 1, wobei das Luftumwalzungssystem (31) aufweist:
eine Pumpenanordnung (80; 120);
eine Ansaugverteilerrohre (126), die zwischen die Pumpenanordnung (120) und einem Ansaugverteiler (128)
gekoppelt ist,
eine Ansaugkammerréhre, die zwischen den Ansaugverteiler (128) und die Messkammer (138) gekoppelt ist,
eine Absaugverteilerrohre (140), die zwischen einen Absaugverteiler (142) und die Pumpenanordnung (122)
gekoppelt ist, und
eine Absaugkammerréhre, die zwischen den Absaugverteiler (142) und die Messkammer (138) gekoppelt ist.

System nach Anspruch 14, das ferner aufweist: eine Vielzahl von parallelen Réhren (144; 146; 148; 150), die
zwischen den Ansaugverteiler und die Messkammer gekoppelt sind.

System nach Anspruch 14 das ferner aufweist: eine Vielzahl von parallelen Réhren (130; 132; 134; 136), die zwischen
den Absaugverteiler und die Messkammer gekoppelt sind.

System nach Anspruch 14, wobei die Messkomponenten (26; 56) aufweisen:

einen Volumenstdrungselement (28; 58); und
einen Druckaufnehmer (104).

System nach Anspruch 17, wobei das Volumenstérungselement Volumenstérungen mit einer ersten Stérungsfre-
quenz erzeugt.

System nach Anspruch 18, wobei die Ansaugréhre und Absaugréhre Schall bei der Stérungsfrequenz dampfen.

System nach Anspruch 19, wobei die Lange der Ansaugrohre ein Viertel einer Wellenlange ist, die der Stérungs-
frequenz entspricht.

System nach Anspruch 19, wobei die Lange der Absaugrohre ein Viertel einer Wellenlange ist, die der Stérungs-
frequenz entspricht.

System nach Anspruch 8, das ferner aufweist:
einen Druckaufnehmer (104); und
einen Rickkopplungskreis (106), der zwischen die Pumpenanordnung (80) und den Druckaufnehmer (104)
gekoppeltist, wobei der Druckaufnehmer eine Durchflussmenge des Luftumwalzungssystems misst, und wobei
die Rickkopplungskreis eine konstante Durchflussmenge im Luftumwalzungssystem aufrechterhalt.

System nach Anspruch 22, wobei der Druckaufnehmer mit der Ansaugréhre oder mit der Absaugréhre gekoppelt ist.

System nach Anspruch 22 oder 23, wobei der Riickkopplungskreis den Betrieb der Pumpenanordnung variiert.

System nach Anspruch 24, wobei die Pumpenanordnung eine oder mehrere Rotationspumpen aufweist, und wobei
der Rickkopplungskreis die Winkelgeschwindigkeit der einen oder der mehreren Rotationspumpen variiert.

System nach Anspruch 1, das ferner aufweist:

eine temperaturgesteuerte Umgebung, wobei das Luftumwalzungssystem Luft aus der temperaturgesteuerten
Umgebung in die Kammer pumpt.

System nach Anspruch 26, wobei das Luftumwalzungssystem aufweist:
eine Pumpenanordnung, die mit der temperaturgesteuerten Umgebung gekoppelt ist;
eine Ansaugrohre, die zwischen die Messkammer und die Pumpenanordnung gekoppelt ist, und

eine Absaugrohre, die zwischen die Messkammer und die Pumpenanordnung gekoppelt ist.

System nach Anspruch 26 oder 27, wobei die temperaturgesteuerte Umgebung aufweist:
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ein Heizelement (98); und
eine Temperaturliberwachungsschaltung (100), die mit dem Heizelement gekoppelt ist.

System nach Anspruch 28, wobei die Temperaturiiberwachungsschaltung eine konstante Temperatur in der tem-
peraturgesteuerten Umgebung aufrechterhalt.

System nach Anspruch 28 oder 29, wobei die Temperaturiberwachungsschaltung den Betrieb des Heizelements
steuert.

System nach Anspruch 1, das ferner aufweist:

eine Pumpenanordnung (80), die mit der temperaturgesteuerten Umgebung gekoppelt ist;

eine Ansaugrdhre (86), die zwischen die Messkammer und die Pumpenanordnung gekoppelt ist, und
eine Absaugrohre (88), die zwischen die Messkammer und die Pumpenanordnung gekoppelt ist;

ein Heizelement (98); und

eine Temperaturiiberwachungsschaltung (100), die mit dem Heizelement gekoppelt ist.

System nach Anspruch 31, wobei die Temperaturiiberwachungsschaltung eine konstante Lufttemperatur in der
Ansaugréhre aufrechterhalt.

System nach Anspruch 31 oder 32, wobei die Temperaturiberwachungsschaltung den Betrieb des Heizelements
steuert.

Verfahren zum Durchfiihren einer plethysmographischen Messung eines Versuchsperson, das aufweist:

Anordnen der zu messenden Person in einer plethysmographischen Messkammer (22; 52; 84; 138),
Versiegeln der Kammer; und

Durchfiihren der plethysmographischen Messung der Person,

Erneuern der Luftin der Kammer mittels Luft aus der Umgebung aufRerhalb der Kammer, wobei das Durchfiihren
der plethysmographischen Messung aufweist:

Erzeugen von Druckoszillationen innerhalb der Kammer;
Messen der Amplitude der Druckoszillationen;
Berechnen eine Luftvolumens in der Kammer beruhend auf den gemessenen Druckoszillationen; und
Bestimmen einer Kérperzusammensetzung der Versuchsperson beruhend auf dem berechneten Luftvolu-
men in der Kammer.
Verfahren nach Anspruch 34, wobei das Erzeugen der Druckoszillationen aufweist:
Ostzillieren einer Membran mit einer festen Frequenz.

Verfahren nach Anspruch 34 oder 35, wobei das Erneuern der Luft in der Kammer aufweist:

Pumpen von Luft durch eine Ansaugrohre (86) in die Kammer; und
Pumpen von Luft durch eine Absaugrdhre (88) aus der Messkammer.

Verfahren nach Anspruch 36, wobei das Pumpen von Luft durch eine Ansaugréhre aufweist:

Herstellen einer temperaturgesteuerten Umgebung; und
Pumpen von Luft aus der temperaturgesteuerten Umgebung durch die Ansaugréhre.

Verfahren nach Anspruch 37, wobei das Herstellen einer temperaturgesteuerten Umgebung aufweist:
Messen der Temperatur einer abgeschlossenen Umgebung;
Vergleichen der gemessenen Temperatur mit einer Sollsteuertemperatur;

Variieren des Betriebs eines Heizelements (98) als Reaktion auf den Vergleich der gemessenen Temperatur
mit der Solltemperatur.
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Verfahren nach Anspruch 37 oder 38, das ferner aufweist:
Erwarmen der Luft mit der Ansaugréhre auf eine gesteuerte Temperatur.

Verfahren nach Anspruch 39, wobei das Erwdrmen der Luft mit der Ansaugréhre auf eine gesteuerte Temperatur
aufweist:

Messen der Temperatur der Luft in der Ansaugréhre;

Vergleichen der gemessenen Temperatur mit einer Sollsteuertemperatur; und

Variieren des Betriebs eines Heizelements (98) als Reaktion auf den Vergleich der gemessenen Temperatur
mit der Solltemperatur.

Verfahren nach einem der Anspriiche 34 bis 40, das ferner aufweist:
Aufrechterhalten einer konstanten Durchflussmenge der Luft, die in der Kammer umgewalzt wird.
Verfahren nach Anspruch 41, wobei das Aufrechterhalten einer konstanten Durchflussmenge aufweist:
Messen einer Durchflussmenge;
Vergleichen der gemessenen Durchflussmenge mit einer Solldurchflussmenge, und

Variieren des Betriebs einer Luftpumpe als Reaktion auf einen Vergleich der gemessenen Durchflussmenge
mit der Steuerdurchflussmenge.

Revendications

1.

Systeme de mesure pléthysmographique, comprenant :

un compartiment de mesure pléthysmographique (22 ; 52 ; 84 ; 138) ; et

des composants de mesure pléthysmographique (26 ; 56) reliés au compartiment de mesure,

un systéme de circulation d’air reliant le compartiment de mesure a I'environnement extérieur au compartiment

de mesure,

ou les composants de mesure comprennent :
un élément de variation de volume (28 ; 58) prévu pour varier le volume du compartiment de mesure et
un moyen (104 ; 106) de détermination de la pression a I'intérieur du compartiment ; et
ou le systeme de circulation d’air est prévu pour renouveler I'air a l'intérieur du compartiment de mesure
avec de l'air de I'environnement extérieur au compartiment pendant la mesure pléthysmographique.

Systeme selon la revendication 1, ou les composants de mesure sontlogés a l'intérieur du compartiment de mesure.

Systeme selon la revendication 1, comprenant en outre une porte de compartiment (24 ; 54) reliée au compartiment
de mesure.

Systeme selon la revendication 1, ou le moyen de détermination de la pression comprend un ou plusieurs capteurs
de pression (104).

Systeme selon la revendication 1, ou I'élément de variation de volume est une membrane oscillante.

Systeme selon larevendication 1, ou I'élément de variation de volume génére des oscillations de pression a l'intérieur
du compartiment de mesure a une premiére fréquence.

Systeme selon la revendication 1, ou la fréquence est comprise entre 3 et 20 Hz.
Systeme selon la revendication 1, ou le systéme de circulation d’air comprend :

un dispositif de pompe (80 ; 120) ;
un tuyau d’admission (36 ; 68 ; 86) reliant le compartiment de mesure au dispositif de pompe, et

13



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

EP 1 610 680 B1
un tuyau d’évacuation (38 ; 70 ; 88) reliant le compartiment de mesure au dispositif de pompe.

Systeme selon la revendication 8, ou le dispositif de pompe comprend une pompe d’admission (90 ; 122) et une
pompe d’évacuation (92 ; 124).

Systeme selon la revendication 8, ou le dispositif de pompe comprend une ou plusieurs pompes rotatives, et/ou
une ou plusieurs pompes a turbine et/ou une ou plusieurs pompes centrifuges, et/ou une ou plusieurs pompes a
ventilateur, et/ou une ou plusieurs pompes a membrane, et/ou une ou plusieurs pompes a piston, et/ou une ou
plusieurs pompes péristaltiques.

Systeme selon la revendication 8, comprenant en outre : une pluralité de tuyaux d’admission (36 ; 38) paralléles,
et/ou une pluralité de tuyaux d’évacuations (38 ; 70) paralleles.

Systeme selon la revendication 9, ou la pompe d’admission est disposée a I'extrémité du tuyau d’admission (86)
distale par rapport au compartiment de mesure (84).

Systeme selon la revendication 9, ou la pompe d’évacuation est disposée a I'extrémité du tuyau d’évacuation (88)
distale par rapport au compartiment de mesure (84).

Systeme selon la revendication 1, ou le systéme de circulation d’air (31) comprend :
un dispositif de pompe (80 ; 120) ;
un tuyau (126) de collecteur d’admission reliant le dispositif de pompe (120) a un collecteur d’admission (128),
un tuyau de compartiment d’admission reliant le collecteur d’admission (128) au compartiment de mesure (138),
un tuyau (140) de collecteur d’évacuation reliant un collecteur d’évacuation (142) au dispositif de pompe (122), et

untuyau de compartimentd’évacuationreliantle collecteur d’évacuation (142) au compartiment de mesure (138).

Systeme selon la revendication 14, comprenant en outre : une pluralité de tuyaux paralléles (144 ; 146 ; 148 ; 150)
reliant le collecteur d’admission au compartiment de mesure.

Systeme selon la revendication 14, comprenant en outre : une pluralité de tuyaux paralléles (130 ; 132 ; 134 ; 136)
reliant le collecteur d’évacuation au compartiment de mesure.

Systeme selon la revendication 14, ou les composants de mesure (26 ; 56) comprennent :

un élément de variation de volume (28 ; 58) ; et
un capteur de pression (104).

Systeme selon la revendication 17, ou I'élément de variation de volume génére des variations de volume a une
premiére fréquence de variation.

Systeme selon la revendication 18, ou le tuyau d’admission et le tuyau d’évacuation amortissentle bruitalafréquence
de variation.

Systeme selon la revendication 19, ou la longueur du tuyau d’admission est égale au quart d’'une longueur d’onde
correspondant a la fréquence de variation.

Systeme selon la revendication 19, ou la longueur du tuyau d’évacuation est égale au quart d’'une longueur d’'onde
correspondant a la fréquence de variation.

Systeme selon la revendication 8, comprenant en outre :
un capteur de pression (104) ; et
un circuit de retour (106) reliant le dispositif de pompe (80) au capteur de pression (104), ledit capteur de
pression mesurant un débit du systéme de circulation d’air, et le circuit de retour maintenant un débit constant

dans le systéme de circulation d’air.

Systeme selon larevendication 22, ou le capteur de pression est relié au tuyau d’admission ou au tuyau d’évacuation.
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Systeme selon la revendication 22 ou la revendication 23, ou le circuit de commute le fonctionnement du dispositif
de pompe.

Systeme selon la revendication 24, ou le dispositif de pompe comprend une ou plusieurs pompes rotatives, et ou
le circuit de retour commute la vitesse angulaire de la ou des pompes rotatives.

Systeme selon la revendication 1, comprenant en outre :

un environnement a température controlée, le systeme de circulation d’air pompant 'air de I'environnement a
température controlée vers le compartiment.

Systeme selon la revendication 26, ou le systéme de circulation d’air comprend :

un dispositif de pompe relié a I'environnement a température controlée ;
un tuyau d’admission reliant le compartiment de mesure au dispositif de pompe, et un tuyau d’évacuation reliant
le compartiment de mesure au dispositif de pompe.

Systeme selon la revendication 26 ou la revendication 27, ou I'’environnement a température contrélée comprend :

un élément chauffant (98) ; et
un circuit de contrdle de température (100) relié a I'élément chauffant.

Systeme selon la revendication 28, ou le circuit de controle de température maintient une température constante a
l'intérieur de I'environnement a température controlée.

Systeme selon la revendication 28 ou la revendication 29, ou le circuit de contréle de température commande le
fonctionnement de I'élément chauffant.

Systeme selon la revendication 1, comprenant en outre :

un dispositif de pompe (80) relié a I'environnement a température controlée ;

un tuyau d’admission (86) reliant le compartiment de mesure au dispositif de pompe, et
un tuyau d’évacuation (88) reliant le compartiment de mesure au dispositif de pompe ;
un élément chauffant (98) ; et

un circuit de contrdle de température (100) relié a I'élément chauffant.

Systeme selon larevendication 31, ou le circuit de contrdle de température maintient une température d’air constante
a l'intérieur du tuyau d’admission.

Systeme selon la revendication 31 ou la revendication 32, ou le circuit de contréle de température commande le
fonctionnement de I'élément chauffant.

Procédé de mesure pléthysmographique d’un sujet de test, comprenant :

le positionnement du sujet ayant a subir la mesure dans un compartiment de mesure pléthysmographique (22 ;
52 ;84 ; 138),

la fermeture dudit compartiment ; et

I'exécution de la mesure pléthysmographique du sujet,

le renouvellement de l'air a I'intérieur du compartiment avec de I'air de I'environnement extérieur au comparti-
ment, 'exécution de la mesure pléthysmographique comprenant :

la génération d’oscillations de pression a l'intérieur du compartiment ;

la mesure de I'amplitude des oscillations de pression ;

le calcul d’'un volume d’air a l'intérieur du compartiment surlabase des oscillations de pressionmesurées ; et
la détermination d’'une composition corporelle du sujet de test sur la base de du volume d’air calculé a
lintérieur du compartiment.

Procédé selon la revendication 34, ou la génération d’oscillations de pression comprend :
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I'oscillation d’'une membrane a une fréquence fixe.

36. Procédé selon la revendication 34 ou la revendication 35, ou le renouvellement de l'air dans le compartiment
comprend :

I'aspiration d’air dans le compartiment par un tuyau d’admission (86) ; et
le refoulement d’air hors du compartiment de mesure par un tuyau d’évacuation (88).

37. Procédé selon la revendication 36, ou I'aspiration d’air par un tuyau d’admission comprend :

la réalisation d’'un environnement a température controlée ; et
I'aspiration d’air de I'environnement a température contrélée par le tuyau d’admission.

38. Procédé selon la revendication 37, ou la réalisation d’un environnement a température contrélée comprend :
la mesure de la température d’un environnement clos ;
la comparaison de la température mesurée avec une température de consigne souhaitée ;
la commutation de fonctionnement d’'un élément chauffant (98) en réaction ala comparaison entre latempérature
mesurée et la température souhaitée.
39. Procédé selon la revendication 37 ou la revendication 38, comprenant en outre :

le chauffage de I'air avec le tuyau d’admission a une température de consigne.

40. Procédé selon la revendication 39, ou le chauffage de I'air avec le tuyau d’admission a une température de consigne
comprend :

la mesure de la température de I'air a l'intérieur du tuyau d’admission ;
la comparaison de la température mesurée avec une température de consigne souhaitée ; et
la commutation de fonctionnement d’'un élément chauffant (98) en réaction ala comparaison entre latempérature
mesurée et la température souhaitée.
41. Procédé selon I'une des revendications 34 a 40, comprenant en outre :
le maintien d’un débit constant d’air circulant dans le compartiment.
42. Procédé selon la revendication 41, ou le maintien d’'un débit constant comprend :
la mesure d’un débit ;
la comparaison du débit mesuré avec un débit souhaité, et

la commutation de fonctionnement d’'une pompe a air en réaction a la comparaison entre le débit mesuré et le
débit de consigne.
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