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Description

BACKGROUND

1. Field

[0001] The present disclosure pertains to a system and
method for coupling and controlling a gas analyzer and
a (divertive) gas sampling component.

2. Description of the Related Art

[0002] It is well known to analyze gas (i.e. constituent
gas components in a gas mixture, and/or concentrations
of constituent gas components in a gas mixture) in either
diverting configurations or non-diverting configurations,
in particular for respiratory gas. Both configurations offer
benefits, but for economic reasons both configurations
may not be available in such clinical environments as an
intensive care unit, emergency department, or pre-hos-
pital environment. A gas sampling system according to
the preamble of claim 1 is known from WO-2008005907
SUMMARY
[0003] Accordingly, it is an object of one or more em-
bodiments to provide a gas sampling system including a
first housing and a second housing, configured to remov-
ably couple with each other. The first housing includes a
sensor assembly configured to measure a gaseous mo-
lecular species in a gas mixture and removably engages
an airway adapter configured for insertion into a breath-
ing circuit, wherein the breathing circuit is in fluid com-
munication with a subject. The second housing includes
a pump. The first and second housing are further config-
ured to engage a sampling cell such that gas within the
sampling cell is measured by the sensor assembly, and
such that operation of the pump moves gas through the
sampling cell.
[0004] It is yet another aspect of one or more embod-
iments to provide a method of analyzing gas. The method
includes removably coupling a first housing including a
sensor assembly and a second housing including a
pump, wherein the sensor assembly is configured to
measure a gaseous molecular species in a gas mixture,
wherein the first housing is further configured to remov-
ably engage an airway adapter, and wherein the airway
adapter is configured for insertion into a breathing circuit
configured to provide a pressurized flow of breathable
gas to a subject; removably engaging a sampling cell
such that gas within the sampling cell can be measured
by the sensor assembly of the first housing, and such
that operation of the pump moves gas through the sam-
pling cell; and measuring by the sensor assembly a gas-
eous molecular species in a gas mixture within the sam-
pling cell
[0005] It is yet another aspect of one or more embod-
iments to provide a system configured to analyze gas.
The system includes means for measuring a gaseous
molecular species in a gas mixture; means for housing

the means for measuring a gaseous molecular species
in a gas mixture, further configured to removably engage
an airway adapter, wherein the airway adapter is config-
ured for insertion into a breathing circuit configured to
communicate with an airway of a subject; means for
housing a pump; means for removably coupling the
means for housing a sensor assembly and the means
for housing a pump; and means for removably engaging
a sampling cell such that gas within the sampling cell is
analyzed by the means for measuring a gaseous molec-
ular species in a gas mixture, and such that operation of
the pump moves gas through the sampling cell..
[0006] These and other objects, features, and charac-
teristics of the present disclosure, as well as the methods
of operation and functions of the related elements of
structure and the combination of parts and economies of
manufacture, will become more apparent upon consid-
eration of the following description and the appended
claims with reference to the accompanying drawings, all
of which form a part of this specification, wherein like
reference numerals designate corresponding parts in the
various figures. It is to be expressly understood, however,
that the drawings are for the purpose of illustration and
description only and are not intended as a definition of
the any limitations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 schematically illustrates the combined use of
an airway adapter and a gas analyzer housing;
FIG. 2 schematically illustrates a constituent com-
ponent of a gas sampling system in accordance with
one or more embodiments;
FIG. 3 schematically illustrates a gas sampling sys-
tem in accordance with one or more embodiments;
FIG. 4 schematically illustrates a constituent com-
ponent of a gas sampling system in accordance with
one or more embodiments;
FIG. 5 schematically illustrates a sampling cell in ac-
cordance with one or more embodiments;
FIG. 6 schematically illustrates a gas sampling sys-
tem according to one or more embodiments.
FIG. 7A-7B illustrate embodiments of a gas sampling
system.
FIG. 8A-8B illustrate methods for analyzing a gas.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0008] As used herein, the singular form of "a", "an",
and "the" include plural references unless the context
clearly dictates otherwise. As used herein, the statement
that two or more parts or components are "coupled" shall
mean that the parts are joined or operate together either
directly or indirectly, i.e., through one or more intermedi-
ate parts or components, so long as a link occurs. As
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used herein, "directly coupled" means that two elements
are directly in contact with each other. As used herein,
"fixedly coupled" or "fixed" means that two components
are coupled so as to move as one while maintaining a
constant orientation relative to each other.
[0009] As used herein, the word "unitary" means a
component is created as a single piece or unit. That is,
a component that includes pieces that are created sep-
arately and then coupled together as a unit is not a "uni-
tary" component or body. As employed herein, the state-
ment that two or more parts or components "engage" one
another shall mean that the parts exert a force against
one another either directly or through one or more inter-
mediate parts or components. As employed herein, the
term "number" shall mean one or an integer greater than
one (i.e., a plurality).
[0010] Directional phrases used herein, such as, for
example and without limitation, top, bottom, left, right,
upper, lower, front, back, and derivatives thereof, relate
to the orientation of the elements shown in the drawings
and are not limiting upon the claims unless expressly
recited therein.
[0011] Gas analyzers may be available in diverting
configurations and non-diverting configurations, com-
monly referred to as sidestream and mainstream. Gas
analyzers may have medical applications, for example
when being used to measure constituent components of
respiratory gas, and/or concentrations of such compo-
nents in a gas mixture. Typical medical applications may
analyze e.g. the oxygen or carbon dioxide concentration
in breathable and/or breathed gas/air. In non-diverting
configurations a so-called airway adapter may be insert-
ed in the breathing circuit. An airway adapter may include
an input segment, and output segment, and an adapter
body - coupling the input and output segments - config-
ured to provide an optical path through the airway adapt-
er. A housing including a sensor assembly may be re-
movably coupled with the airway adapter such that the
optical path is available for measurements by the sensor
assembly. A sensor assembly may include one or more
of a source assembly, windows, a detector assembly,
and a processing component. The sensor assembly is
configured to pass a beam of radiation from the source
assembly along the optical path to the detector assembly.
The detector assembly, in cooperation with a processing
component, may be configured to ascertain the attenu-
ation of energy in the beam of radiation impinging upon
a detector in the detector assembly. This attenuation may
be proportional to the absorption through the gas by a
particular gaseous molecular species in a particular band
of wavelengths. This attenuation may thus be suitable
for measurements by the sensor assembly of a gaseous
molecular species in a gas mixture.
[0012] Non-diverting configurations may be used when
a subject is using, for example, an endotracheal tube or
a mask, whereas diverting configurations may be used,
for example, for spontaneously breathing subjects using
a nasal/oral cannula. With diverting configurations, a

pump may be used to move the gas, via a sampling line,
through a sampling cell. The principles of operation of a
sensor assembly (using e.g. a source assembly and a
detector assembly) may be similar between diverting and
non-diverting configurations. Accordingly, a modular ap-
proach designed to combine both configurations and thus
serve subjects using either breathing interface may be
economical.
[0013] FIG. 1 schematically illustrates the combined
use, through gas sampling system 10, of an airway adapt-
er 11 and a gas analyzer housing 12. System 10 may be
used for insertion directly into a breathing circuit in a non-
diverting configuration. The breathing circuit may be con-
figured to communicate with an airway of a subject and
may include, but is not limited to, an endotracheal tube,
a tracheotomy portal, a tracheotomy tube, a full face
mask, a total face mask, a partial rebreathing mask, a
nasal cannula and/or other interface appliances that
communicate a flow of breathable gas with the airway of
a subject. The breathing circuit may be configured to pro-
vide a pressurized flow of breathable gas to the airway
of the subject (e.g., for mechanical ventilation and/or
pressure support therapy), to provide additional oxygen
to the airway of the subject, and/or to server other ther-
apeutic purposes. Airway adapter 11 may include input
segment 15, output segment 16, an adapter body con-
figured to provide an optical path through airway adapter
11 via window 18, and/or other constituent components.
[0014] Airway adapter 11 may be inserted into a
breathing circuit, which includes hose 19 and hose 17,
by coupling input segment 15 with hose 19 and output
segment with hose 17. Gas analyzer housing 12 may
include a sensor assembly and may be configured to be
removably coupled with airway adapter 11 through
adapter interface 20. Adapter interface 20 may allow gas
analyzer housing 12 to be snapped on airway adapter
11. Alternatively, and/or simultaneously, operation of
adapter interface 20 may be based on matching physical
and/or mechanical components including, but not limited
to, hooks, clasps, grooves, latches, clamps, clips, buck-
les, buttons, bolts, screws, fasteners, adhesives, mag-
nets, Velcro, or any combination thereof.
[0015] Gas analyzer housing 12 may be coupled, e.g.
via coupling 13, to monitor system 14. Monitor system
14 may be configured to display output signals from a
sensor assembly included in gas analyzer housing 12,
parameters derived from those output signals, and/or in-
formation based on those output signals or derived pa-
rameters. Coupling 13 may be wired, wireless, and/or a
combination of both. Coupling 13 may include a retract-
able cable. Power, sensor output data, control input,
and/or other information may be exchanged between gas
analyzer housing 12 and monitor system 14 over cou-
pling 13. By way of illustration, FIG. 7A illustrates an em-
bodiment of a gas sampling system including an input
segment 15, an output segment 16, a coupling 13, and
a gas analyzer housing 12 removably coupled with an
airway adapter.
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[0016] FIG. 2 schematically illustrates a constituent
component of a gas sampling system in accordance with
one or more embodiments. As shown in FIG. 2, gas an-
alyzer housing 12 may include one or more of a sensor
assembly 27, a source assembly 21, a detector assembly
22, processing component 24, windows 26, coupling 13,
physical interface components 25a and 25b, and/or other
constituent components. Sensor assembly 27 may in-
clude one or more of source assembly 21, detector as-
sembly 22, processing component 24, windows 26,
and/or other constituent components. Source assembly
21 may be configured to pass a beam of radiation23
through windows 26 to detector assembly 22. Detector
assembly 22, in cooperation with processing component
24, may be configured to ascertain the attenuation of the
energy in the beam of radiation 23 impinging upon a de-
tector (or sensor) in detector assembly 22. This attenu-
ation may be proportional to the absorption through the
gas, by a particular gaseous molecular species, in a par-
ticular band of wavelengths. Radiation 23 is intended to
pass through a window of an airway adapter, such as
window 18 of airway adapter 11, after gas analyzer hous-
ing 12 is removably coupled with an airway adapter. Cou-
pling 13 may perform the same function as described in
relation to FIG. 1.
[0017] In FIG. 2, the illustration of two physical inter-
face components, 25a and 25b, is not meant to be limit-
ing. In certain embodiments, gas analyzer housing 12
may have one physical interface component, or three or
more physical interface components. Operation of phys-
ical interface components 25a and 25b may be based on
matching physical and/or mechanical components in-
cluding, but not limited to, hooks, clasps, grooves, latch-
es, clamps, clips, buckles, buttons, bolts, screws, fasten-
ers, adhesives, magnets, Velcro, or any combination
thereof. Gas analyzer housing 12 may be configured to
be used for non-diverting configurations in a manner con-
sistent with the description provided in relation to FIG. 1.
Gas analyzer housing 12 may be configured to be used
for diverting configurations in a manner described below
in relation to FIG. 3.
[0018] FIG. 3 schematically illustrates a gas sampling
system in accordance with one or more embodiments.
As shown in FIG. 3, gas sampling system 30 may include
a gas analyzer housing 12, removably coupled with side-
stream component 31, to operate in combination. As de-
scribed in relation to FIG. 2, gas analyzer housing 12
may include one or more of sensor assembly 27 (not
explicitly shown in FIG. 3), source assembly 21, detector
assembly 22, coupling 13, processing component 24,
windows 26, physical interface components 25a and 25b,
and/or other constituent components. In FIG. 3, side-
stream component 31 may include one or more of pump
33, pump inlet line 34, processing component 36, sam-
pling cell interface 38, pump interface 39, physical inter-
face components 32a and 32b, and/or other constituent
components. For example, for diverting configurations a
sampling cell 37 may be removably coupled with gas

analyzer housing 12 via sampling cell interface 38. Sam-
pling cell 37 may include a window configured to provide
an optical path through sampling cell 37 in alignment with
source assembly 21 and detector assembly 22 of gas
analyzer housing 12, once coupled. Sampling cell 37 in-
cludes a downstream end flange 35 configured to match
pump inlet line 34 such that operation of pump 33 moves
gas through sampling cell 37. Physical interface compo-
nents 32a and 32b may be configured to match physical
interface components 25a and 25b. Processing compo-
nent 36 may be configured to control operation of pump
33. Pump interface 39 may be configured to discharge
gas from pump 33.
[0019] By way of illustration, FIG. 7B illustrates a gas
sampling system including a sampling cell 37 - having a
window 18 and a downstream end flange 35-as well as
a gas analyzer housing 12 and a sidestream component
31. Gas analyzer housing 12 in Fig. 7B illustrates sam-
pling cell interface 38 and physical interface component
25. Sidestream component 31 in FIG. 7B illustrates dis-
play 43 and physical interface component 32.
[0020] In FIG. 3, the physical interface between side-
stream component 31 and gas analyzer housing 12 may
be operable to allow control and/or communication be-
tween processing component 24 and processing com-
ponent 36. For example, processing component 24 may
control pump 33 via processing component 36, or
processing component 36 may control operation of
source assembly 21 and/or detector assembly 22 via
processing component 24. The physical interface may
be operable to allow the supply of electrical power from
sidestream component 31 to gas analyzer housing 12,
and/or vice versa. Transmission of control, communica-
tion, and/or electrical power may be accomplished wire-
lessly, for example through induction, Bluetooth, near
field communication, and/or other wireless power and/or
information transmission mechanisms or protocols. In
certain embodiments, sidestream component 31 and gas
analyzer housing 12 may be powered individually.
[0021] Power, sensor output data, control input, and/or
other information may be exchanged over coupling 13
between gas analyzer housing 12, sidestream compo-
nent 31, and/or monitor system 14. For example, monitor
system 14 may provide electrical power to gas analyzer
housing 12, as well as to sidestream component 31
through its physical interface components. Similarly, in-
formation originating within sidestream component 31
may be exchanged with monitor system 14 (via gas an-
alyzer housing 12 and/or processed by processing com-
ponent 24) for presentation to a user of monitor system
14.
[0022] FIG. 4 schematically illustrates a constituent
component of a gas sampling system in accordance with
one or more embodiments. In particular, FIG. 4 illustrates
a sidestream component 31 that may include one or more
of a sensor assembly 47, a source assembly 41, a de-
tector assembly 42, a display 43, and/or other constituent
components, in addition to the components listed in the
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description of sidestream component 31 related to FIG.
3. In FIG. 4, sensor assembly 47 may include one or
more of source assembly 41, detector assembly 42, win-
dows 46, processing component 36, and/or other con-
stituent components. Source assembly 41 and detector
assembly 42, in cooperation with processing component
36, may be configured to use the same principles of op-
eration as source assembly 21 and detector assembly
22 of FIG. 2 and FIG. 3, though possibly for a different
gaseous molecular species. For example, gas analyzer
housing 12 may be used to measure a first set of one or
more gaseous molecular species in breathable air,
whereas sidestream component 31 - in FIG. 4, using sen-
sor assembly 47 - may be used to measure one or more
other gaseous molecular species or concentrations
thereof (e.g., a second set of one or more gaseous mo-
lecular species). The illustration in FIG. 4 of sensor as-
sembly 47 as including an optical sensor is not intended
to be limiting. Sensor assembly may include, for example,
one or more of an infrared gas sensor, a luminescence
quenching sensor, a surface acoustic wave sensor,
and/or other sensors. The gaseous molecular species
may include one or more of oxygen, carbon dioxide, ni-
trous oxide, propofol and/or other anesthetic agents,
and/or other gaseous molecular species or concentra-
tions thereof
[0023] Processing component 36 may be configured
to accomplish one or more of the hollowing: control pump
33, cooperate with detector assembly 42, derive param-
eters from output signals from detector assembly 42,
process said parameters and/or output signals to gener-
ate presentable information, and/or control display 43 to
present one or more of output signals measured/detected
by detector assembly 42, derived parameters based on
said output signals, and/or generated presentable infor-
mation. Display 43 may be configured to provide one or
more of a representation of output signals from detector
assembly 22, a representation of parameters derived
from said output signals, and/or information based there-
upon, e.g. by communicating through the matching phys-
ical interface components of gas analyzer housing 12
and sidestream component 31.
[0024] Depending on expected usage, as well as tar-
geted application, a variety of different (mainstream) gas
analyzer housings may be removably coupled with a va-
riety of different sidestream components for practical flex-
ibility. The modular approach described herein is de-
signed to combine divertive and non-divertive configura-
tions economically. For example, different sidestream
components may include pumps of different quality
and/or costs, based on expected levels of use.
[0025] Sidestream component 31 may be integrated,
embedded, and/or combined with a host monitor, such
as monitor system 14, to provide the combined function-
ality of a sidestream component and a monitor system.
Such a system may be configured to provide electrical
power to a gas analyzer housing, once coupled.
[0026] FIG. 5 schematically illustrates a sampling cell

in accordance with one or more embodiments. As used
herein, "sampling cell" may refer to a component config-
ured to receive gas for sampling in a diverting configu-
ration. It will be appreciated that in some embodiments,
an airway adapter configured for insertion into a breath-
ing circuit in a non-diverting configuration may serve as
a sampling cell in a diverting configuration. In other em-
bodiments, such as the embodiment illustrated in FIGS.
5 and 7, the sampling cell is adapted specifically for use
in a diverting configuration and a separate airway adapter
is used in non-diverting configurations.
[0027] Gas sampling system 50 includes one or more
of a sampling cell 37, gas analyzer housing 54, coupling
13, and/or monitor system 14. Coupling 13 and monitor
system 14 may be configured to provide the same func-
tionality as described in relation to FIG. 1. Gas analyzer
housing 54 may be configured to removably couple with
sampling cell 37 through adapter 20 of gas analyzer
housing 54 and (matching) sampling cell interface 51 of
sampling cell 37. Adapter interface 20, together with
matching sampling cell interface 51 of sampling cell 37,
may allow gas analyzer housing 54 to be snapped on
sampling cell 37. Alternatively, and/or simultaneously,
the combined operation of adapter interface 20 and sam-
pling cell interface 51 may be based on matching physical
and/or mechanical components including, but not limited
to, hooks, clasps, grooves, latches, clamps, clips, buck-
les, buttons, bolts, screws, fasteners, adhesives, mag-
nets, Velcro, or any combination thereof.
[0028] Gas analyzer housing 54 may include a sensor
assembly, a source assembly, a detector assembly, and
a processing component that operate substantially the
same as the respective components in gas analyzer
housing 12 (in FIG. 2). Sampling cell 37 may include a
window 18 configured to provide an optical path through
sampling cell 37, such that the optical path is available
for use by a sensor assembly of gas analyzer housing
54, once coupled. Sampling cell 37 may include a sam-
pling cell interface 38 configured to removably couple
with a sampling line 53. Sampling cell 37 may include an
exhaust/pump interface 55 configured to removably cou-
ple with a pump in a first mode of operation such that
operation of the pump moves gas through sampling cell
37, and furthermore configured to discharge gas from
sampling cell 37 in a second mode of operation. The first
mode and second mode of operation may correspond to
diverting and non-diverting configurations, respectively.
[0029] Referring back to FIG. 7B, sampling cell 37 is
depicted as being separate from sampling cell interface
38. It will be appreciated that this is not intended to be
limiting. In some embodiments, sampling cell interface
38 and sampling cell 37 are formed as an individual com-
ponent, and the sampling line may removably interface
with sampling cell 37.
[0030] FIG. 6 schematically illustrates a gas sampling
system 60 according to one or more embodiments. Gas
sampling system 60 may include a sensor assembly 27,
processor 110, user interface 120, electronic storage
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130, a power supply/power interface 140, and/or other
components. Gas sampling system 60 may interact with
subject 106, user 108, and/or other subjects.
[0031] Gas sampling system 60 may include power
supply/power interface 140 configured to supply electri-
cal power to constituent components of gas sampling
system 60, as well as external components coupled with
gas sampling system 60 through physical interface com-
ponents akin to physical interface component 25a and
25b as described in relation to FIG. 3. Power supply/pow-
er interface 140 may include one or more of a battery, a
power plug, a power cable, and/or other ways to transfer
electrical power into gas sampling system 60.
[0032] Gas sampling system 60 may include electronic
storage 130 comprising electronic storage media that
electronically stores information. The electronic storage
media of electronic storage 130 includes one or both of
system storage that is provided integrally (i.e., substan-
tially non-removable) with gas sampling system 60
and/or removable storage that is removably connectable
to gas sampling system 60 via, for example, a port (e.g.,
a USB port, a FireWire port, etc.) or a drive (e.g., a disk
drive, etc.). Electronic storage 130 may include one or
more of optically readable storage media (e.g., optical
disks, etc.), magnetically readable storage media (e.g.,
magnetic tape, magnetic hard drive, floppy drive, etc.),
electrical charge-based storage media (e.g., EEPROM,
RAM, etc.), solid-state storage media (e.g., flash drive,
etc.), and/or other electronically readable storage media.
Electronic storage 130 stores software algorithms, infor-
mation determined by processor 110, information re-
ceived via user interface 120, and/or other information
that enables gas sampling system 60 to function properly.
For example, electronic storage 130 may record or store
one or more parameters derived from output signals
measured by a sensor assembly (as discussed else-
where herein), and/or other information. Electronic stor-
age 130 may be a separate component within gas sam-
pling system 60, or electronic storage 130 may be pro-
vided integrally with one or more other components of
gas sampling system 60 (e.g., processor 110).
[0033] Gas sampling system 60 may include user in-
terface 120 configured to provide an interface between
gas sampling system 60 and a user (e.g., user 108, sub-
ject 106, a caregiver, a therapy decision-maker, etc.)
through which the user can provide information to and
receive information from gas sampling system 60. This
enables data, results, and/or instructions and any other
communicable items, collectively referred to as "informa-
tion," to be communicated between the user and gas
sampling system 60. Examples of interface devices suit-
able for inclusion in user interface 120 include a keypad,
buttons, switches, a keyboard, knobs, levers, a display
screen, a touch screen, speakers, a microphone, an in-
dicator light, an audible alarm, and a printer. Information
is e.g. provided to subject 106 by user interface 120 in
the form of auditory signals, visual signals, tactile signals,
and/or other sensory signals.

[0034] By way of non-limiting example, in certain em-
bodiments, user interface 120 includes a radiation source
capable of emitting light. The radiation source includes
one or more of an LED, a light bulb, a display screen,
and/or other sources. User interface 120 may control the
radiation source to emit light in a manner that conveys
to subject 106 information related to, e.g., the operation
of the sensor assembly. Note that the subject and the
user of gas sampling system 60 may be the same person.
[0035] It is to be understood that other communication
techniques, either hardwired or wireless, are also con-
templated herein as user interface 120. For example, in
one embodiment, user interface 120 is integrated with a
removable storage interface provided by electronic stor-
age 130. In this example, information is loaded into gas
sampling system 60 from removable storage (e.g., a
smart card, a flash drive, a removable disk, etc.) that
enables the user(s) to customize the implementation of
gas sampling system 60. Other exemplary input devices
and techniques adapted for use with gas sampling sys-
tem 60 as user interface 120 include, but are not limited
to, an RS-232 port, RF link, an IR link, modem (telephone,
cable, Ethernet, internet or other). In short, any technique
for communicating information with gas sampling system
60 is contemplated as user interface 120.
[0036] Processor 110 is configured to provide informa-
tion processing capabilities in gas sampling system 60.
As such, processor 110 includes one or more of a digital
processor, an analog processor, a digital circuit designed
to process information, an analog circuit designed to
process information, a state machine, and/or other mech-
anisms for electronically processing information. Al-
though processor 110 is shown in FIG. 6 as a single entity,
this is for illustrative purposes only. In some implemen-
tations, processor 110 includes a plurality of processing
units.
[0037] As is shown in FIG. 6, processor 110 is config-
ured to execute one or more computer program modules.
The one or more computer program modules include one
or more of a source assembly control module 111, a de-
tector assembly control module 112, an interface control
module 113, a pump control module 114, and/or other
modules. Processor 110 may be configured to execute
modules 111, 112, 113, and/or 114 by software; hard-
ware; firmware; some combination of software, hard-
ware, and/or firmware; and/or other mechanisms for con-
figuring processing capabilities on processor 110.
[0038] It should be appreciated that although modules
111, 112, 113, and 114 are illustrated in FIG. 1 as being
co-located within a single processing unit, in implemen-
tations in which processor 110 includes multiple process-
ing units, one or more of modules 111, 112, 113, and/or
114 may be located remotely from the other modules.
The description of the functionality provided by the dif-
ferent modules 111, 112, 113, and/or 114 described be-
low is for illustrative purposes, and is not intended to be
limiting, as any of modules 111, 112, 113, and/or 114
may provide more or less functionality than is described.
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For example, one or more of modules 111, 112, 113,
and/or 114 may be eliminated, and some or all of its func-
tionality may be provided by other ones of modules
111,112, 113, and/or 114. Note that processor 110 may
be configured to execute one or more additional modules
that may perform some or all of the functionality attributed
below to one of modules 111, 112, 113, and/or 114.
[0039] Source assembly control module 111 may be
configured to control source assembly 21 and/or control
emission of radiation from source assembly 21, e.g.
beam of radiation 23 as described in relation to FIG. 2.
Source assembly control module 111 may control the
level of energy in radiation 23, and/or any characteristics
pertaining to the shape, intensity, duration, pulse-length,
frequency, wavelength, or other characteristics of radia-
tion 23.
[0040] Detector assembly control module 112 may be
configured to control detector assembly 22. Detector as-
sembly 22, in cooperation with a detector assembly con-
trol module 112, may be configured to ascertain the at-
tenuation of the energy in a beam of radiation originating
from source assembly 21 and impinging upon a detector
(or sensor) in detector assembly 22. This attenuation may
be proportional to the absorption through a gas, by a
particular gaseous molecular species, in a particular
band of wavelengths. Output signals from detector as-
sembly 22 may be used to derive parameters and/or in-
formation based on said output signals and/or on derived
parameters.
[0041] Interface control module 113 may be configured
to control the transfer of communication signals, control
signals, and/or power across physical interface compo-
nents. For example, if a sidestream component is cou-
pled with gas sampling system 60, interface control mod-
ule 113 may control the supply of electrical power via the
power supply/power interface 140.
[0042] Pump control module 114 may be configured
to control the operation of a pump, either in a coupled
sidestream component or in gas sampling system 60. In
the former case, pump control signals may transfer
across a physical interface component to the pump of a
sidestream component. Some or all of the functionality
of any computer program module described herein may
be incorporated or integrated into other computer pro-
gram modules of processor 110.
[0043] FIGs. 8A and 8B illustrate methods 800 and 850
for operating a gas sampling system. The operations of
methods 800 and 850 presented below are intended to
be illustrative. In certain embodiments, methods 800 and
850 may be accomplished with one or more additional
operations not described, and/or without one or more of
the operations discussed. Additionally, the order in which
the operations of methods 800 and 850 are illustrated in
FIG. 3 and described below is not intended to be limiting.
[0044] In certain embodiments, methods 800 and 850
may be implemented in one or more processing devices
(e.g., a digital processor, an analog processor, a digital
circuit designed to process information, an analog circuit

designed to process information, a state machine, and/or
other mechanisms for electronically processing informa-
tion). The one or more processing devices may include
one or more devices executing some or all of the oper-
ations of methods 800 and 850 in response to instructions
stored electronically on an electronic storage medium.
The one or more processing devices may include one or
more devices configured through hardware, firmware,
and/or software to be specifically designed for execution
of one or more of the operations of methods 800 and 850.
[0045] At an operation 802, a first housing is removably
coupled with a second housing, wherein the first housing
can removably engage an airway adapter. In one em-
bodiment, operation 802 is performed using a gas ana-
lyzer housing and a pump housing similar to or substan-
tially the same as gas analyzer housing 12 and side-
stream component 31 (shown in FIG. 3 and described
above).
[0046] At an operation 804, a sampling cell is remov-
ably engaged such that gas within the sampling cell is
measured by a sensor assembly, and operation of a
pump in the second housing moves gas through the sam-
pling cell. In one embodiment, operation 804 is performed
using a sampling cell interface similar to or substantially
the same as sampling cell interface 38 (shown in FIG. 3
and described above).
[0047] At an operation 806, a gaseous molecular spe-
cies is by measured in a gas mixture by a sensor assem-
bly in the first housing. In one embodiment operation 806
is performed by a sensor assembly similar to or substan-
tially the same as sensor assembly 27 (shown in FIG. 2
and described above).
[0048] Regarding method 850, at an operation 852, an
external housing including a sensor assembly is remov-
ably engaged. In one embodiment, operation 852 is per-
formed by a sampling cell similar to or substantially the
same as sampling cell 37 (shown in FIG. 5 and described
above).
[0049] At an operation 854, an optical path is provided
through the sampling cell such that the optical path is
available for use by a sensor assembly, once coupled
with a gas analyzer housing. In one embodiment, oper-
ation 854 is performed by a window similar to or substan-
tially the same as window 18 (shown in FIG. 5 and de-
scribed above).
[0050] At an operation 856, gas is supplied by remov-
ably coupling with a sampling line configured to supply
gas for sampling via the sampling cell. In one embodi-
ment, operation 856 is performed by a sampling line sim-
ilar to or substantially the same as sampling line 53
(shown in FIG. 5 and described above).
[0051] At an operation 858, a pump is removably cou-
pled such that operation of the pump moves gas through
the sampling cell. In one embodiment, operation 858 is
performed by an exhaust/pump interface similar to or
substantially the same as exhaust/pump interface 55
(shown in FIG. 5 and described above).
[0052] In the claims, any reference signs placed be-
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tween parentheses shall not be construed as limiting the
claim. The word "comprising" or "including" does not ex-
clude the presence of elements or steps other than those
listed in a claim. In a device claim enumerating several
means, several of these means may be embodied by one
and the same item of hardware. The word "a" or "an"
preceding an element does not exclude the presence of
a plurality of such elements. In any device claim enumer-
ating several means, several of these means may be
embodied by one and the same item of hardware. The
mere fact that certain elements are recited in mutually
different dependent claims does not indicate that these
elements cannot be used in combination.
[0053] Although the embodiments have been de-
scribed in detail for the purpose of illustration based on
what is currently considered to be most practical and pre-
ferred, it is to be understood that such detail is solely for
that purpose and that no limitations to the disclosed em-
bodiments are intended.

Claims

1. A gas sampling system comprising:

a first housing (12, 54) including a sensor as-
sembly (27), wherein the sensor assembly is
configured to measure a gaseous molecular
species in a gas mixture, and wherein the first
housing is configured to removably engage an
airway adapter configured for insertion into a
breathing circuit in fluid communication with a
subject; and
a second housing (31) including a pump (33),
wherein the first housing and the second hous-
ing are further configured to removably couple
with each other, and engage a sampling cell
such that gas within the sampling cell is meas-
ured by the sensor assembly, and such that op-
eration of the pump moves gas through the sam-
pling cell, and characterized in that the first
housing and the second housing are coupled
through matching physical interface compo-
nents (25a, 25b, 32a,32b) such that a process-
ing component (24) in the first housing is con-
figured to control operation of the pump in the
second housing.

2. The gas sampling system of claim 1, wherein the
second housing further includes one or both of a sec-
ond sensor assembly (47) and/or a display (43).

3. The gas sampling system of claim 1, wherein the
physical interface components are configured such
that the first housing provides an electrical power
interface to the second housing.

4. A method of analyzing a gas, the method comprising;

removably coupling a first housing including a sensor
assembly and a second housing including a pump,
wherein the sensor assembly is configured to meas-
ure a gaseous molecular species in a gas mixture,
wherein the first housing is further configured to re-
movably engage an airway adapter, and wherein the
airway adapter is configured for insertion into a
breathing circuit in fluid communication with a sub-
ject;
removably engaging a sampling cell such that gas
within the sampling cell can be measured by the sen-
sor assembly of the first housing, and such that op-
eration of the pump moves gas through the sampling
cell; and
measuring by the sensor assembly a gaseous mo-
lecular species in a gas mixture within the sampling
cell, wherein removably coupling the first housing
including the sensor assembly and the second hous-
ing including the pump is accomplished through
matching physical interface components included in
the first housing and included in the second housing,
wherein the first housing further includes a process-
ing component configured to control operation of the
pump in the second housing, and further comprising:

controlling operation of the pump by the
processing component in the first housing.

5. The method of claim 4, wherein the second housing
further includes a display, further comprising provid-
ing a representation of a measurement by the sensor
assembly via the display.

6. The method of claim 4, further wherein removably
coupling the first housing including the sensor as-
sembly and the second housing including the pump
is accomplished through matching physical interface
components included in the first housing and includ-
ed in the second housing, such that the first housing
provides an electrical power interface to the second
housing.

7. A method of analyzing a gas, the method comprising:

removably engaging an external housing with a
sampling cell via matching physical interface
components included in the external housing
and included in the sampling cell, the external
housing including a sensor assembly, wherein
the sensor assembly is configured to measure
a gaseous molecular species in a gas mixture;
providing an optical path through the sampling
cell such that the optical path is available for
measurements by the sensor assembly; and
removably coupling the sampling cell with a
sampling line, wherein the sampling line is con-
figured to supply gas for measurements by the
sensor assembly, and further comprising:
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removably coupling the external housing
with a second housing via matching physi-
cal interface components included in the ex-
ternal housing and included in the second
housing, the external housing further includ-
ing a processing component and the sec-
ond housing including a pump such that op-
eration of the pump, controlled by the
processing component in the external hous-
ing, moves gas through the sampling cell.

Patentansprüche

1. Gasprobenahmesystem, das Folgendes umfasst:

ein erstes Gehäuse (12, 54) mit einer Sensor-
baugruppe (27), wobei die Sensorbaugruppe
konfiguriert ist, um eine gasförmige Molekülart
in einem Gasgemisch zu messen, und wobei
das erste Gehäuse konfiguriert ist, um abnehm-
bar in einen Atemwegadapter einzurasten, der
dafür konfiguriert ist, in einen in Fluidkommuni-
kation mit einer Person befindlichen Atemkreis-
lauf eingeführt zu werden; und
ein zweites Gehäuse (31) mit einer Pumpe (33),
wobei das erste Gehäuse und das zweite Ge-
häuse weiterhin konfiguriert sind, um abnehm-
bar miteinander gekoppelt zu werden, und der-
artig in eine Probenahmezelle einzurasten, dass
Gas innerhalb der Probenahmezelle durch die
Sensorbaugruppe gemessen wird, und derartig,
dass der Betrieb der Pumpe das Gas durch die
Probenahmezelle bewegt, und dadurch ge-
kennzeichnet, dass das erste Gehäuse und
das zweite Gehäuse durch übereinstimmende
physikalische Schnittstellenkomponenten (25a,
25b, 32a, 32b) gekoppelt werden, so dass eine
Verarbeitungskomponente (24) in dem ersten
Gehäuse konfiguriert wird, um den Betrieb der
Pumpe im zweiten Gehäuse zu steuern.

2. Gasprobenahmesystem nach Anspruch 1, wobei
das zweite Gehäuse weiterhin entweder eine zweite
Sensorbaugruppe (47) oder eine Anzeige (43) oder
beides umfasst.

3. Gasprobenahmesystem nach Anspruch 1, wobei die
physikalischen Schnittstellenkomponenten derartig
konfiguriert sind, dass das erste Gehäuse eine elek-
trische Stromversorgungsschnittstelle für das zweite
Gehäuse bereitstellt.

4. Verfahren zum Analysieren von Gas, wobei das Ver-
fahren Folgendes umfasst:

abnehmbares Koppeln eines ersten Gehäuses,
das eine Sensorbaugruppe umfasst, und eines

zweiten Gehäuses, das eine Pumpe umfasst,
wobei die Sensorbaugruppe konfiguriert ist, um
eine gasförmige Molekülart in einem Gasge-
misch zu messen, wobei das erste Gehäuse
weiterhin konfiguriert ist, um abnehmbar in ei-
nen Atemwegadapter einzurasten, und wobei
der Atemwegadapter dafür konfiguriert ist, in ei-
nen in Fluidkommunikation mit einer Person be-
findlichen Atemkreislauf eingeführt zu werden;
abnehmbares Einrasten einer Probenahmezel-
le derartig, dass Gas innerhalb der Probenah-
mezelle durch die Sensorbaugruppe des ersten
Gehäuses gemessen werden kann, und derar-
tig, dass der Betrieb der Pumpe das Gas durch
die Probenahmezelle bewegt; und
Messen einer gasförmigen Molekülart in einem
Gasgemisch innerhalb der Probenahmezelle
durch die Sensorbaugruppe, wobei das ab-
nehmbare Koppeln des ersten Gehäuses, das
die Sensorbaugruppe umfasst, und des zweiten
Gehäuses, das die Pumpe umfasst, durch über-
einstimmende physikalische Schnittstellenkom-
ponenten erreicht wird, die in dem ersten Ge-
häuse enthalten sind und die in dem zweiten
Gehäuse enthalten sind, wobei das erste Ge-
häuse weiterhin eine Verarbeitungskomponen-
te umfasst, die konfiguriert ist, um den Betrieb
der Pumpe im zweiten Gehäuse zu steuern, und
weiterhin umfassend:

Steuern des Betriebs der Pumpe durch die
Verarbeitungskomponente in dem ersten
Gehäuse.

5. Verfahren nach Anspruch 4, wobei das zweite Ge-
häuse weiterhin eine Anzeige umfasst, weiterhin
umfassend das Bereitstellen einer Darstellung einer
Messung durch die Sensorbaugruppe über die An-
zeige.

6. Verfahren nach Anspruch 4, wobei weiterhin das ab-
nehmbare Koppeln des ersten Gehäuses, das die
Sensorbaugruppe umfasst, und des zweiten Gehäu-
ses, das die Pumpe umfasst, durch übereinstimmen-
de physikalische Schnittstellenkomponenten er-
reicht wird, die in dem ersten Gehäuse enthalten sind
und die in dem zweiten Gehäuse enthalten sind, so
dass das erste Gehäuse eine elektrische Stromver-
sorgungsschnittstelle für das zweite Gehäuse bereit-
stellt.

7. Verfahren zum Analysieren eines Gases, wobei das
Verfahren Folgendes umfasst:

abnehmbares Einrasten eines externen Gehäu-
ses mit einer Probenahmezelle über überein-
stimmende physikalische Schnittstellenkompo-
nenten, die in dem externen Gehäuse enthalten

15 16 



EP 2 701 593 B1

10

5

10

15

20

25

30

35

40

45

50

55

sind und die in der Probenahmezelle enthalten
sind, wobei das externe Gehäuse eine Sensor-
baugruppe umfasst, wobei die Sensorbaugrup-
pe konfiguriert ist, um eine gasförmige Mole-
külart in einem Gasgemisch zu messen;
Bereitstellen eines optischen Pfads durch die
Probenahmezelle auf derartige Weise, dass der
optische Pfad für Messungen durch die Sensor-
baugruppe zur Verfügung steht; und
abnehmbares Koppeln der Probenahmezelle
mit einer Probenahmeleitung, wobei die Probe-
nahmeleitung konfiguriert ist, um Gas für Mes-
sungen durch die Sensorbaugruppe zuzufüh-
ren, und weiterhin umfassend:

abnehmbares Koppeln des externen Ge-
häuses mit einem zweiten Gehäuse über
übereinstimmende physikalische Schnitt-
stellenkomponenten, die in dem externen
Gehäuse enthalten sind und die in dem
zweiten Gehäuse enthalten sind, wobei das
externe Gehäuse weiterhin eine Verarbei-
tungskomponente umfasst und wobei das
zweite Gehäuse eine Pumpe umfasst, so
dass der durch die Verarbeitungskompo-
nente in dem externen Gehäuse gesteuerte
Betrieb der Pumpe Gas durch die Probe-
nahmezelle bewegt.

Revendications

1. Système d’échantillonnage de gaz, comprenant :

un premier logement (12, 54) comprenant un
ensemble capteur (27), dans lequel l’ensemble
capteur est configuré pour mesurer une espèce
moléculaire gazeuse dans un mélange de gaz,
et dans lequel le premier logement est configuré
pour entrer en prise de façon amovible avec un
adaptateur de voies respiratoires configuré pour
l’insertion dans un circuit respiratoire en com-
munication fluidique avec un sujet ; et
un second logement (31) comprenant une pom-
pe (33),
dans lequel le premier logement et le second
logement sont en outre configurés pour s’accou-
pler de façon amovible l’un avec l’autre, et en-
trent en prise avec une cellule d’échantillonnage
de sorte que du gaz à l’intérieur de la cellule
d’échantillonnage soit mesuré par l’ensemble
capteur, et de sorte que le fonctionnement de la
pompe déplace du gaz à travers la cellule
d’échantillonnage, et caractérisé en ce que le
premier logement et le second logement sont
accouplés en assortissant des composants d’in-
terface physique (25a, 25b, 32a, 32b) de sorte
qu’un composant de traitement (24) dans le pre-

mier logement soit configuré pour commander
le fonctionnement de la pompe dans le second
logement.

2. Système d’échantillonnage de gaz selon la revendi-
cation 1, dans lequel le second logement comprend
en outre l’un ou les deux d’un second ensemble cap-
teur (47) et/ou d’un affichage (43).

3. Système d’échantillonnage de gaz selon la revendi-
cation 1, dans lequel les composants d’interface phy-
sique sont configurés de sorte que le premier loge-
ment fournisse une interface d’énergie électrique au
second logement.

4. Procédé d’analyse d’un gaz, le procédé
comprenant :

l’accouplement amovible d’un premier logement
comprenant un ensemble capteur et d’un se-
cond logement comprenant une pompe, dans
lequel l’ensemble capteur est configuré pour
mesurer une espèce moléculaire gazeuse dans
un mélange de gaz, dans lequel le premier lo-
gement est en outre configuré pour entrer en
prise de façon amovible avec un adaptateur de
voies respiratoires, et dans lequel l’adaptateur
de voies respiratoires est configuré pour l’inser-
tion dans un circuit respiratoire en communica-
tion fluidique avec un sujet ;
l’entrée en prise amovible avec une cellule
d’échantillonnage de sorte qu’un gaz à l’intérieur
de la cellule d’échantillonnage puisse être me-
suré par l’ensemble capteur du premier loge-
ment, et de sorte que le fonctionnement de la
pompe déplace du gaz à travers la cellule
d’échantillonnage ; et
la mesure par l’ensemble capteur d’une espèce
moléculaire gazeuse dans un mélange de gaz
à l’intérieur de la cellule d’échantillonnage, dans
lequel l’accouplement amovible du premier lo-
gement comprenant l’ensemble capteur et du
second logement comprenant la pompe est ac-
compli en assortissant des composants d’inter-
face physique inclus dans le premier logement
et inclus dans le second logement, dans lequel
le premier logement comprend en outre un com-
posant de traitement configuré pour commander
le fonctionnement de la pompe dans le second
logement, et comprenant en outre :

la commande du fonctionnement de la pom-
pe par le composant de traitement dans le
premier logement.

5. Procédé selon la revendication 4, dans lequel le se-
cond logement comprend en outre un affichage,
comprenant en outre la fourniture d’une représenta-
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tion d’une mesure par l’ensemble capteur par l’inter-
médiaire de l’affichage.

6. Procédé selon la revendication 4, dans lequel en
outre l’accouplement amovible du premier logement
comprenant l’ensemble capteur et du second loge-
ment comprenant la pompe est accompli en assor-
tissant des composants d’interface physique inclus
dans le premier logement et inclus dans le second
logement, de sorte que le premier logement fournis-
se une interface d’énergie électrique au second lo-
gement.

7. Procédé d’analyse d’un gaz, le procédé
comprenant :

l’entrée en prise amovible d’un logement exter-
ne avec une cellule d’échantillonnage par l’in-
termédiaire de composants d’interface physi-
que assortis inclus dans le logement externe et
inclus dans la cellule d’échantillonnage, le loge-
ment externe comprenant un ensemble capteur,
dans lequel l’ensemble capteur est configuré
pour mesurer une espèce moléculaire gazeuse
dans un mélange de gaz ;
la fourniture d’un chemin optique à travers la
cellule d’échantillonnage de sorte que le chemin
optique soit disponible pour des mesures par
l’ensemble capteur ; et
l’accouplement amovible de la cellule d’échan-
tillonnage avec une conduite d’échantillonnage,
dans lequel la conduite d’échantillonnage est
configurée pour fournir un gaz pour des mesures
par l’ensemble capteur,
et comprenant en outre l’accouplement amovi-
ble du logement externe avec un second loge-
ment par l’intermédiaire de composants d’inter-
face physique assortis inclus dans le logement
externe et inclus dans le second logement, le
logement externe comprenant en outre un com-
posant de traitement et le second logement
comprenant une pompe de sorte que le fonc-
tionnement de la pompe, commandée par le
composant de traitement dans le logement ex-
terne, déplace du gaz à travers la cellule
d’échantillonnage.
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