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(57) Abréegée/Abstract:

A chemical impairment detection system (10) adaptable for use in a vehicle (32). The impairment detection system (10) includes an
Intake (14) adapted to recelve an air sample from a source and an alcohol sensor (60) for detecting an alcohol level In the air
sample. An Integrated breath chamber (50) channels the air sample from the intake (14) to the alcohol sensor (60). Source
evaluator means In the breath chamber (50) measure one or more characteristics of the recelved air sample for validating the

sample. The source evaluator means measures the air sample characteristics as the air sample flows through the breath chamber
(50).
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ABSTRACT

A chemical impairment detection system (10) adaptable for use in a vehicle (32). The
impairment detection system (10) includes an intake (14) adapted to receive an air sample from a
source and an alcohol sensor (60) for detecting an alcohol level in the air sample. An integrated breath
chamber {50) channels the air sample from the intake (14} to the alcohol sensor (60). Source evaluator
means in the breath chamber (50) measure one or more characteristics of the received air sample for

validating the sample. The source evaluator means measures the air sample characteristics as the air

sample flows through the breath chamber (50).
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CHEMICAL IMPAIRMENT DETECTION SYSTEM WITH AN INTEGRATED,
MULTI-FUNCTION BREATH CHAMBER

FIELD OF THE INVENTION

(0001} The present invention relates to chemical impairment detection devices and, more

particularly, to obtaining accurate assessments from impairment detection devices while deterring and

identifying circumvention.

BACKGROUND OF THE INVENTION

[0002] The operation of motor vehicles by individuals who are chemically impaired by alcohol or
another substance is a major safety problem. Many vehicle accidents involve someone that is under the
influence of alcohol and, in some cases, individuals who have already been cited or otherwise identified
as misusing or abusing alcohol. In addition to putting the impaired driver at an increased risk of injury or
death, the operation of a vehicle while under the influence of alcohol often also affects the safety of
others, such as the drivers and passengers in other vehicles. In addition to the increased risk of serious
bodily injury or death caused by someone who is driving while under the influence of a chemical
substance, there is also an increased risk of serious damage to personal and real property, as well as the
cost and potential distraction from other needed services associated with the law enforcement and
rescue workers that are called upon to respond to such accidents. As used herein, the term vehicle is

intended to include any device or structure for transporting persons or things including, without

limitation, automobiles, trucks, boats, planes, trains, etc.

[0003] Recognizing the seriousness of driving while under the influence, many laws have been
written prohibiting such conduct, and providing various methods for dealing with such offenses when
they occur. For example, a court or licensing authority may suspend the driving privileges of someone
who is convicted of driving while under the influence of alcohol, or may require that a chemical
impairment detection device, such as a BAIID (breath alcohol ignition interlock device), be installed in his
or her vehicle. Additionally, a state may require repeat offenders to install such devices as a condition
of having their license reinstated. Chemical impairment detection devices may also be used in non-
vehicular applications to monitor and detect whether someone has improperly or without authorization

consumed alcohol or drugs. For example, abstinence from the use of any alcohol may be a condition of

a repeat offender’s parole, probation, or home confinement.
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[0004] When an impairment detection and ignition interlock device, also known as a sobriety

interlock, is installed in an individual’s vehicle, the individual must pass a sobriety test before the vehicle
can be started. However, since the use of impairment detection interlocks is normally done outside the
presence of law enforcement or any other supervising authority, and since a penalty may be attributed
to a failed test, e.g., the vehicle will not start and a condition of parole may be violated, there can be a
temptation to tamper with the impairment detectors to attempt to fraudulently affect its results. For
example, if the designated tester has been drinking, he or she could ask someone who is sober to take
the test for them. Alternatively, an air compressor, balloon, or other like source of forced air may be
blown into a sampling device in an attempt to circumvent the interlock. Once such a clean sample is
provided, and the vehicle starts, the impaired driver can then drive away. To prevent this from
occurring, detection devices need to provide protection against circumventing the device. In particular,

it is important to verify that the exhaled breath sample used in the sobriety test is indeed provided by

the designated tester.

[0005] To validly determine a tester’s blood-alcohol content (BAC) from his or her breath,
impairment detection devices typically require a “deep-lung” breath sample. In particular, most state
laws require a deep lung air sample having a minimum flow volume of 1.2-1.5 liters of air. During such a
sample, the air blown into the mouthpiece generally must comprise alveolar air, which occurs when an
expiratory breath substantially exhausts the lungs. Breath expired from the upper portions of the
respiratory tract does not necessarily have an alcohol level proportional to that of the bloodstream, and
could provide an inaccurate reading. Therefore, the breath-sampling or detection system should detect
and prevent the processing of shallow exhalations, e.g., when a tester blows only short puffs of air from
the upper portions of the respiratory tract. Additionally, impairment detection devices often require a
tester to hum as air is expelled from the lungs, in order to verify that the air sample is from a human and

not a forced air source. Typically, a tester is required to blow and hum for about 5 seconds in order to

substantially exhaust the lungs and provide a deep-lung sample.

[0006] Impairment detection devices perform pressure measurements of an expiratory breath
sample to ensure that the sample contains the minimum fluid volume required by law. These
measurements have typically been accomplished using differential pressure sensors in combination with
an amplifier. This measurement scenario has required a number of components, tubing, and gaskets to

properly feed the air sample from the air intake tube to the pressure sensors, adding to the cost and
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complexity of the detection device. This diversion of sample air away from the breath chamber also

increases the likelihood of sample air leaking within the device, reducing the ability to measure pressure
accurately, and creating a need to use protective coatings on electronic components and printed circuit

boards to prevent degradation due to breath condensation.

[0007] External moisture and condensation from breath samples can affect the operation and
longevity of a detection device. Because these devices are designed to be used before a vehicle is
started, in extremely cold weather an impairment detection device will oftentimes be very cold during
its initial use. Breathing warm air into a cold device in an attempt to start a vehicle can cause
undesirable breath condensation within the device. This condensation can affect the accuracy of the

alcohol sensor, leading to a false positive or negative result.

[0008] Accordingly, to overcome the above-described problems in impairment detection devices, it
is desirable to have an impairment detection device that uses a simplified, low-cost pressure sensor for
more accurately measuring the volume of a breath sample. Additionally, it is desirable to have an
impaifment detection device that can be preheated in cold environments, prior to receiving a breath
sample, to prevent breath moisture condensation and promote optimum operation and accuracy of the
device. Further, it is desirable to have a device which includes air-tight seals around a breath intake
chamber to prevent breath sample air from leaking within the device. Furthermore, it is desirable to
have an impairment detection device that detects a hum sound associated with the intake of a breath
sample. Additionally, it is desirable to integrate measuring the volume of an air sample, temperature

sensing, and hum detection into a unitary breath chamber.

SUMMARY OF THE INVENTION

{0009] The present invention addresses the shortcomings of the prior art by improving a chemical

impairment detection system in accordance with several different aspects.

(0010} In a first aspect, the invention comprises a chemical impairment detection system for use in
a vehicle. The impairment detection system includes an intake adapted to receive an air sample and an
alcohol sensor for detecting an alcohol level in the air sample. An integrated breath chamber having a
cavity formed therein channels the air sample from the intake to the alcohol sensor. Source evaluator
means are associated with the breath chamber for analyzing one or more characteristics of the air

sample in the chamber for validating the sample. The source evaluator means analyzes the air sample
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as the sample is blown through the chamber. The system further comprises a lockout means for

disabling an ignition of the vehicle if the source evaluator means determines the air sample is an invalid

sample.

[0011] In a second aspect, the invention features an integrated breath chamber assembly for an
alcohol impairment detection device having an air sample intake and an alcohol sensor. The assembly
includes a breath chamber having a cavity formed therein for receiving and evaluating an air sample.
The cavity extends between the intake and the alcohol sensor for channeling an air sample from the
intake to the sensor. Pressure sensing means in the cavity measure the pressure of the air sample in the
cavity. A processing means applies an algorithm to the pressure measurements to calculate a breath
sample volume. The processing means invalidates the air sample if the breath sample volume is below a
minimum threshold volume. The processing means also invalidates the breath sample if the pressure of

the blown air sample is too high, indicating that the tester is blowing too hard, or too softly, indicating

that the tester is not blowing in an acceptable or appropriate manner.

[0012] In a third aspect, the present invention provides a chemical impairment detection device
having an intake adapted to receive an air sample from a source, and an alcohol sensor for detecting an
alcohol level in the air sample. An integrated breath chamber receives the air sample and channels the
air sample from the intake to the alcoho! sensor. The breath chamber includes a temperature
measuring means for measuring temperature in the breath chamber, a pressure sensing means for
measuring air sample pressure, and an audio detector for detecting sound waves associated with the air

sample. A processing means receives signals from one or more of the temperature sensing means,

pressure sensing means, and audio detector, and determines the validity of the air sample. The

processing means can disable operation of an associated vehicle when the received air sample is

determined to be invalid.

[0013] The above and other objects and advantages of the present invention shall be made

apparent from the accompanying drawings and the description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a perspective view of an embodiment of a chemical impairment detection system

according to the present invention;
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[0015] Fig. 2 is an isometric view of an embodiment of a hand-held device for the chemical
impairment detection system shown in Fig. 1;
(0016] Fig. 3 is a block diagram of an embodiment of the chemical impairment detection system of
Fig. 1;
[0017] Fig. 4 is an isometric view of a portion of the hand-held device of Fig. 2, with the back panel

removed to show the breath chamber;
[0018] Fig. 5 is a partially exploded view of the hand-held device portion shown in Fig. 4;

[0019] Fig. 6 is a back view of an upper portion of the hand-held device of Fig. 2, shown with the

rear case enclosure removed:

[0020] Fig. 7 is a sectional view of a portion of the hand-held device of Fig. 2, taken along line 7-7 in

Fig. 4;

(0021] Fig. 8 is an isometric, sectional view of an exemplary breath chamber assembly for the hand-

held device of Fig. 2, with the printed circuit board of the handset shown in phantom;

[0022] Fig. 9 is an isometric view similar to Fig. 4, showing an alternative embodiment for the

breath chamber assembly;

[0023]} Fig. 10 is a diagrammatic view of a non-vehicular embodiment of a chemical impairment

detection system;

(0024] Fig. 11 is a partial, isometric view of the hand-held device shown with the back panel pulled

away from the device; and
(0025] Fig. 12 is a partial, sectional view of the hand-held device.

[0026] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with a general description of the
invention given above, and the detailed description of the embodiments given below, serve to explain

the principles of the invention.
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DETAILED DESCRIPTION

[0027] Fig. 1 illustrates an exemplary embodiment of a chemical impairment detection system 10.
In this embodiment, system 10 is shown as having a hand-held device 12 for receiving and analyzing the
alcohol content of one or more air samples. Hand-held device 12 includes an intake member for
receiving an air sample, such as a tester’s 16 breath sample. The intake member can include a
mouthpiece 14 for facilitating input of the breath sample. The mouthpiece 14 may be disposable and
can be configured so as to be required to be locked in the device 12 before a test can be taken. The

mouthpiece 14 may also be constructed of a material, such as hard plastic, that will be resistant to

bending.

(0028] When installed in a vehicle, the hand-held device 12 is typically connected to a control/relay
module (CRM) 20, generally located under the dashboard 22, via a coiled cord 24. The hand-held unit 12
and relay module 20 will typically operate between -402 C to 852 C and between 10% to 95% relative

humidity. Device 12 can be powered from the vehicle electrical harness through cord 24. Alternatively,

the device can include a battery or other self-contained power source.

[0029] System 10 also may include a video surveillance and communication system 26. System 26
may include a camera positioned and adapted to have a camera angle that captures the identifying
facial features of the tester 16. By capturing a facial image of the tester 16, the video surveillance
system 26 aids in confirming the identity of the tester, and deters fraudulent sampling or circumvention
of the system. The video surveillance system 26 may capture at least a portion of the hand-held

sampling device 12 and mouthpiece 14 to positively link the impairment sample received and analyzed

with the impairment tester 16. Additional details of a video surveillance system for use with an

impairment detection device can be found in commonly-assighed U.S. Patent No. 8,359,901, which is

incorporated herein by reference.

[0030] System 26 may also include a wireless communication transceiver, e.g. cellular telephone,
enabling two-way communication. The communication transceiver may communicate with an external
receiver to facilitate the transfer of a chemical impairment detection test result and the facial image of
the tester to an external receiver, such as a monitoring facility. Additionally, the wireless
communication transceiver may be used by the monitoring facility to dynamically order a recall of the

system 10, or to lock the ignition in response to a violation. The wireless transceiver may also be used
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to provide an override of system 10, such as when the system has been locked out due to an infraction,

such as a missed service interval window. An authorization can be communicated via system 26 to allow
the tester 16 to blow a test sample and perform limited operation of the vehicle, such as driving the
vehicle to a monitoring facility or other designated location. Additionally, the communication
transceiver can be used to authorize a bypass of the system 10 for a set period of time, such as to allow
servicing of the vehicle by a mechanic. A system 10 with a wireless communication transceiver could
also be used by a monitoring facility to dynamically request random alcohol tests or to otherwise

communicate with the system or tester 16.

[0031] The chemical impairment detection system 10 may further comprise a test window alert,
which may be in the form of audio, visual, or motion alerts, or some combination thereof, which can be
communicated through the system 26, to alert the tester 16 of a time window during which the
chemical impairment detection test must be commenced. A global positioning system (GPS) may also
be included within the video surveillance and communication system 26 to record the location of the
vehicle 32 such as when a violation occurs. Recording and/or communicating GPS coordinates may
provide corroborating evidence of the tester’s 16 identity, e.g., if the location happens to be in the
tester’s 16 garage, or may provide useful geographical information for legal jurisdictional purposes.
Using the GPS capability, law enforcement could be dispatched to the location of the vehicle 32 when
there is a failed test. This capability could be extremely beneficial to intercept someone who is driving
while impaired. When used in vehicular applications, system 10 may include a vehicle ignition interlock
30 that is in operable communication with the hand-held device 12. Ignition interlock 30 can be
instructed by hand-held device 12 to prevent operation of the vehicle, such as when the device detects
an invalid breath sample or a failed impairment test. The video surveillance, communication and GPS
functions can be combined in one system as shown. Alternatively, each of the functions could be
provided as separate modules within system 10. Additional components, known in the industry, can be

added to the system 10 to provide for added capabilities.

[0032] The hand-held device 12 and system 26 may contain one or more LED’s for communication
with a designated tester 16. As shown in Fig. 2, device 12 may also include a display 34 for
communicating prompts, instructions, results, etc. to the tester 16. A keypad 36 or other input device
can be provided for enabling the tester 16 to enter data, or respond to commands or prompts of the

device. Hand-held device 12 may also include a speaker 102, shown in Fig. 3, for providing audio
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prompts, instructions, test results, or otherwise communicating with the tester. For example, the device

12 may beep during a testing window as an indication that the tester 16 is to continue blowing until the
beeping stops. Or, device 12 may direct the tester 16 to blow harder or softer, hum louder, or
otherwise provide directions to facilitate obtaining a proper breath sample from the tester 16. A
microprocessor 40 and memory 42 are also included within the device 12 to log event information and

provide various programmable options to determine device functionality.

{0033] Turning now to Figs. 3-8, which depict a first exemplary embodiment of an integrated breath
chamber assembly 50 for impairment detection system 10. As will be described below, assembly 50 is a
muiti-functional unit integrated within hand-held device 12 for channeling a breath sample from
mouthpiece 14 to an alcohol sensor 60. Assembly 50 includes a one-piece, injection-molded housing 52
having a breath chamber cavity 54 formed therein. Housing 52 includes an air intake opening 56.
Mouthpiece 14 is shaped for insertion into opening 56 for inputting a breath sample into cavity 54.
Chamber cavity 54 is shaped for receiving the breath sample and channeling the sample to an alcohol
sensor 60, as indicated by arrows 58 in Figs. 6 and 8. In the exemplary embodiment, alcohol sensor 60 is
an electrochemical fuel cell sensor. In addition to fuel cell sensors, it is envisioned that other types of
sensors and other methods of evaluating the blood-alcohol content (BAC) of a sample of alveolar air
may also be used in conjunction with the breath chamber assembly 50. A second opening 66 in housing
52 fluidly connects the breath chamber to alcohol sensor 60. A breath sample flows through second
opening 66 to alcohol sensor 60 to facilitate the analysis of the alcohol content of the sample. A frame
62 is located on the outer surface of housing 52. An audio detector 64 is mounted in frame 62 for

detecting sound waves produced in conjunction with the expiration of a breath sample, as will be

described in more detail below.

[0034] Breath chamber assembly 50 includes one or more source evaluator components for
measuring characteristics of an intake breath sample. These source evaluator components measure air
sample characteristics as the sample is blown into the intake and through the breath chamber, before
exiting the back of the chamber. The air sample characteristics are measured to aid in determining the
source and validity of the sample. In particular, the source evaluator components sense or measure
characteristics of an air sample for analyzing whether the sample is valid and from the designated
human tester 16. Measurements from the source evaluator components are input to the processor 40,

which is programmed to compare the measurements and sensed characteristics to a range of
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acceptable levels to determine the validity and source type of the sample. The processor 40 can

invalidate the air sample, and lock out the vehicle ignition, if the measured characteristics indicate a

non-human or fraudulent sample.

[0035] The source evaluator components include a temperature measuring device 70 and a
heating element 72 which are integrated into the breath chamber cavity 54. In cold temperature
environments, such as northern climates in the winter, the heating element 72 operates in conjunction

with the temperature measuring device 70 to warm chamber 54 to near the typical human breath

temperature range of 33-36°C. The temperature measuring device 70 provides temperature feedback
to processor 40 to drive operation of the heating element 72 and control the temperature in the
chamber. Heating element 72 warms the chamber 54 when device 12 is initially activated for receipt of
a breath sample. Warming chamber 54 prevents breath moisture condensation when a warm breath

sample is blown into a cold or sub-freezing breath chamber.

[0036] When device 12 is operated in a more temperate environment, temperature measuring
device 70 may be used to measure or sense the temperature of a breath sample blown into chamber
cavity 54. The sensed temperature is communicated to processor 40, as shown in Fig. 3. Processor 40
can compare the sensed temperature with the normal range of human breath temperature of
approximately 33-36 °C. When the sensed breath sample temperature is moving away from human
breath temperature, the processor may flag the breath sample as being fraudulent. The processor 40
can then transmit a signal to the vehicle ignition system 30 to disable operation of the vehicle, or
otherwise communicate that the breath sample is invalid. Temperature measuring or sensing device 70

may, for example, be a thermistor. Alternatively, device 70 can be a Micro-Electromechanical System

(MEMS) IR temperature sensor, or any other type of temperature sensing or measuring device known in

the art. Additionally, heating element 72 can be a resistor, heating strip, or any other device capable of

providing heat inside breath chamber cavity 54.

[0037] Breath chamber assembly 50 also includes integrated pressure sensing components for
measuring air pressure in the breath chamber 54 as a breath sampie is exhaled into the chamber, in
order to calculate the tester breath flow rate. The breath flow rate is evaluated over a period of time,
such as a breath sample window, to calculate the breath sample volume. As shown in Figs. 3 and 7-8,
the pressure sensing components are located in an area 80 of the breath chamber. Area 80 is fluidly

connected to the remainder of the chamber cavity 54, so that as a breath sample enters and fills the
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chamber cévity, the air also expands within and fills area 80, as shown by arrows 76 in Figs. 7 and 8. The

pressure sensing components include a pressure sensor 82 and a heating element 86. |n a preferred
embodiment, pressure sensor 82 is a Micro-Electromechanical System (MEMS) piezo-resistive absolute
pressure sensor. In the MEMS sensor, the sensing element is a suspended membrane that can sense
absolute pressure and can sense temperature. In some embodiments, the sensor 82 will also sense
relative humidity. MEMS pressure sensor 82 is mounted on a printed circuit board (PCB) 94 within

device 12, as shown in Fig. 5, for communicating the measured pressure directly to processor 40.

[0038] A sealing member, such as a gasket 90, separates the pressure sensing components from
the sample air in breath chamber area 80. Gasket 90 includes a box-like configuration 92 at one end for
encasing the pressure sensing components between the gasket and the PCB 94. In addition, PCB 94 is
designed to eliminate vias beneath gasket box 92 to prevent sample or ambient air from contacting the
pressure sensing components, thereby providing an air-tight operating environment for pressure sensor
82 beneath gasket 90. The MEMS sensor 82 includes an internal temperature sensor which measures
the temperature inside gasket box 92. Heating element 86 is encased with pressure sensor 82 inside
gasket box 92 to provide a consistent temperature within the sealed compartment. Heating element 86
is regulated by processor 40 to turn on and off as needed to maintain the temperature in the sealed
compartment above approximately 10° C. f the temperature falls below approximately 10° C, as
measured by an internal temperature sensor in pressure sensor 82, processor 40 energizes heating
element 86. The temperature beneath gasket box 92 is regulated to maintain the accuracy and linear
performance of pressure sensor 82. Gasket 90 prevents any of the breath sample air and/or moisture

from condensing on or affecting operation of the pressure sensing components.

[0039] Gasket 90 is composed of a flexible material, such as silicone, which is designed to be
responsive to air pressure introduced into chamber 54 by an exhaled breath sample. In particular, as
sample air is exhaled into chamber 54, the air enters area 80, as shown in Figs. 7 and 8, increasing the
pressure therein. As the air pressure increases, the surface pressure on gasket box 92 increases, as
indicated by arrows 88 in Fig. 7, causing the upper surface of the box to depress in a responsive manner
above the pressure sensing components, as indicated by the dashed line 96. The depression of the
outer surface of gasket box 92 compresses the air molecules within the sealed box, which is sensed and
measured as a pressure change by pressure sensor 82. The pressure change is communicated by sensor

82 to processor 40. Gasket 90 also includes an opening 98 that surrounds the sample intake opening 56.
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[0040] As shown in Figs. 5 and 6, a second pressure sensor 100 is mounted on PCB 94 outside of

chamber 54. This second pressure sensor is preferably also a MEMS piezo-resistive absolute pressure
sensor that is matched to the first pressure sensor 82. Second pressure sensor 100 measures ambient
pressure and temperature within the hand-held device 12. In some embodiments, second pressure
sensor 100 will also measure relative humidity. The ambient pressure measured by pressure sensor 100
is compared with the pressure measured by the first pressure sensor 82 to calculate the positive
differential pressure of the air sample entering breath chamber cavity 54. Processor 40 uses the
positive differential pressure during the intake period of the breath sample to calculate the volume of
the breath sample. Processor 40 then determines whether the breath sample volume meets the
minimum standard required by law, as programmed into the device 12. When the minimum air volume
has been achieved for the test to be considered valid, the processor 40 can communicate this status to
the tester 16 through display 34 or audibly, such as by initiating or terminating a sound from speaker
102. If the minimum breath sample volume is not achieved during a testing time window, which is
typically approximately 5 seconds, the processor 40 will generate an invalid signal to flag the sample as
invalid. The tester 16 may then be prompted to exhale a second air sample into device 12, and/or

operation of the vehicle may be prevented until such time as a valid air sample is input to the device 12.

{0041] An additional sealing member, which can be in the form of an over-molded edge 110, is
provided around the perimeter of breath chamber housing 52 to provide an air and moisture seal
between the chamber 54 and a rear device panel 112. The over-molded edge 110 can be composed of a
thermoplastic elastomer or other similar flexible sealing material. A second sealing member 114, which
can aiso be in the form an over-molded edge, extends around the perimeter of the opposite side of
chamber housing 52. Second edge seal 114 provides a seal between the chamber cavity 54 and the
circuit board 94. The sealing members 110, 114 prevent air that is blown into the device 12 from leaking
outside of the breath chamber assembly 50, or being diverted into the printed circuit board area.
Sample air is confined within the chamber cavity 54, and expands within the sealed chamber, before
exiting the chamber through vent holes (not shown) in the rear case enclosure 112. Fig. 9 depicts an
alternative embodiment for the breath chamber assembly in which additional brackets with sealing
members, identified at 116, extend from the breath chamber housing 52. Using the sealing edges to
confine the air sample to chamber 54 as the sample flows from the intake, into the chamber, and then
exits through the rear case, prevents sample condensation from impacting electronic components in

other parts of the device 12, thereby avoiding the need to apply a protective coating to the printed
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circuit boards and other components to protect the components from damage due to breath sample

condensation. As shown in Fig. 11 and Fig. 12, device 12 can include a bracket 120 extending from rear
case panel 112 into contact with the exterior of breath chamber housing 52 over area 80. The contact of

bracket 120 against housing 52 facilitates a fluid tight seal between sealing member 90 and PCB 94.

[0042] As mentioned above, breath chamber assembly 50 further includes an audio detector 64
mounted on the exterior of housing 52 for detecting and measuring characteristics of sound waves
produced in conjunction with a breath sample. The audio detector 64 may be a unidirectional
microphone mounted in frame 62, with the face of the microphone contacting or in close proximity to
the outer surface of housing 52. The microphone is mounted in this manner to detect a hum sound as
tester 16 exhales into chamber 54. Mounting the face of the microphone against housing 52 limits the
impact of outside ambient noise on the microphone reception. As a tester 16 hums and blows into
device 12, the vibration of the hum is transmitted into breath chamber 54. The vibration is measured by
the microphone, which generates a signal that is amplified and transmitted to processor 40. Processor
40 receives the hum signal from the microphone, and analyzes the amplitude and frequency of the
signal, to validate the air sample source as originating from a human as opposed to a forced air source.
In addition to a condenser microphone, audio detector 64 could also be a MEMS microphone. The

pressure changes can be measured and analyzed by processor 40 to validate the tester’s 16 hum.

[0043] After processor 40 analyzes the breath sample volume, temperature and/or hum associated
with a breath sample, the processor can determine whether the sample is a valid sample. If the sample
is valid, the processor 40 can interpret the alcohol measurement from alcohol sensor 60. If the

measured alcohol level is below the threshold designated by the laws in the state in which the test is

being conducted, the processor 40 can communicate the successful test either audibly or visually to the
tester 16. Additionally, the processor 40 may log the test result in device memory 42 and/or
communicate the test result to an external facility through communication system 26. if the processor

40 determines that the breath sample is invalid, the processor 40 may prompt the user 16 for a second
sample, as described above, or flag the sample as invalid. The invalid sample may be logged in device
memory 42, and communicated to the tester 16 and an external facility using communication system 26.
Additionally, upon detection of an invalid sample, processor 40 may communicate with ignition interlock

30 to lock out the vehicle ignition, or otherwise prevent operation of the vehicle.
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(0044 Fig. 10 depicts an alternative, non-vehicular application of chemical impairment detection

system 10. In this application, system 10 is used outside of a vehicle, such as within the home of an
impairment tester 16 or other non-mobile facility. System 10 can be used in this scenario as part of a
home monitoring or incarceration program. In this application, system 10 includes a hand-held device
12, similar to that described above, for intake and evaluation of a tester’s breath sample. Hand-held
device 12 is attachable to a control unit 130 resident in the home or other non-vehicular location. Hand-
held device 12 can be removably attached to the control unit 130 to enable the same hand-held device
to be operated with both a vehicle-based control module 20 and with the home-based control unit 130.
Control unit 130 can serve as a base cradle for the hand-held device 12. Control unit 130 includes either
an internal power supply or, alternatively, a connector for accessing an external power supply. Control
unit 130 can connect to a video surveillance system 132 for capturing and recording one or more images
of the tester 16 during input of a breath sample to hand-held device 12. Control unit 130 also
incorporates, or is connected to, a communication device 134. Communication device 134 can include a
wired or wireless communication transceiver for enabling two-way communication with a monitoring
facility. Communication device 134 can operate in a manner similar to that described above for
communication system 26, in order to communicate with an external facility to allow a request for a
breath sample test, facilitate transfer of test results to an external facility, direct an override, lockout or
bypass of system 10, or otherwise provide for communication with the tester 16 or system 10. Control
unit 130 may also include GPS capability to enable verification of the control unit’s location during an
alcohol test. Alternatively, a cellular connection between communication device 134 and a cellular
communication tower can be utilized to determine the location of the control unit 130 at the time of an

alcohol test.

[0045] The foregoing has described a multi-functional breath chamber assembly for an impairment
detection device in which the volume of a breath sample can be determined using components
incorporated into the breath chamber. By incorporating the air sample sensing components into the
breath chamber, the assembly described herein eliminates the need to transfer an air sample within the
device. Breath sample air passes directly from the intake opening, through the breath chamber, and out
vent holes in the rear panel of the device. Additionally, anti-circumvention features, including
temperature and hum sensing, are integrated into the breath chamber. The breath chamber may be
warmed prior to receiving a breath sample, and the breach chamber sealed off from the remainder of

the device, to reduce or eliminate breath condensation within the device. Warming the breath chamber
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prior to intake of a breath sample also prevents breath condensation from impacting the alcohol sensor

or blocking the intake to the alcohol sensor.

[0046] The present invention has been described in connection with several embodiments and
some of those embodiments have been elaborated in substantial detail. However, the scope of the
invention is not to be limited by these embodiments which are presented as exemplary and not

exclusive. The scope of the invention being claimed is set forth by the following claims.
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A chemical impairment detection system comprising:

an intake adapted to receive an air sample from a source;

an alcohol sensor for detecting an alcohol level in the air sample;

an integrated breath chamber for channeling the air sample from the intake to the

alcohol sensor; and

source evaluator means in the breath chamber for measuring one or more
characteristics of the received air sample for validating the sample, the source evaluator
means measuring the air sample characteristics as the air sample flows through the

breath chamber.

The chemical impairment detection system of claim 1, further comprising a processing means

for analyzing one or more characteristics of the received air sample and disabling operation of a

vehicle when the received air sample is determined to be invalid.

The chemical impairment detection system of claim 1, wherein the source evaluator means

further comprises temperature measuring means for measuring a temperature of the air sample
within the breath chamber, and a processing means for comparing the measured air sample

temperature with an acceptable range of human breath temperature.

The chemical impairment detection system of claim 3, wherein the temperature measuring
means further comprises a temperature measuring sensor within the breath chamber for

measuring the temperature of the air sample, and wherein the processing means compares the
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measured air sample temperature with an acceptable range of human breath temperature and

disables operation of a vehicle when the air sample is determined to be invalid.

The chemical impairment detection system of claim 1, wherein the source evaluator means
further comprises pressure sensing means within the breath chamber for measuring pressure of
the air sample, and processing means for determining an air sample volume from the measured
air sample pressure, the processing means comparing the air sample volume to an acceptable

minimum volume to determine validity of the air sample.

The chemical impairment detection system of claim 5, wherein the processing means invalidates

the air sample when the air sample volume is less than an acceptable minimum volume.

The chemical impairment detection system of claim 5, wherein the pressure sensing means
further comprises a Micro-Electromechanical System pressure and temperature sensor which

digitally communicates the measured pressure of the air sample to the processing means.

The chemical impairment detection system of claim 1, wherein the source evaluator means

further comprises an audio detector for measuring characteristics of sound waves associated

with the air sample.

The chemical impairment detection system of claim 8, wherein the audio detector further

comprises a microphone for detecting a hum signal associated with the intake of the air sample.

The chemical impairment detection system of claim 7, further comprising a second pressure
sensor located outside of the breath chamber for measuring pressure and temperature outside

of the breath chamber, the sensor inside the breath chamber and the sensor outside of the
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breath chamber combining to provide differential pressure and temperature measurements of

the air sample.

The chemical impairment detection system of claim 7, further comprising a sealing member in

the breath chamber separating the pressure and temperature sensor from the air sample.

The chemical impairment detection system of claim 11, wherein the sealing member flexes in
response to pressure from the air sample in the breath chamber, and wherein the pressure
sensor measures a pressure change produced by the flexing sealing member and outputs the

pressure change to the processing means for calculating the air sample volume.

The chemical impairment detection system of claim 3, further comprising a heating element in
the breath chamber for warming the breath chamber, the heating element being driven by the

processing means based on a measured air temperature from the temperature measuring

means.

An integrated breath chamber assembly for an alcohol impairment detection device having an

air sample intake and an alcohol sensor, the assembly comprising:

a breath chamber housing having a cavity formed therein for receiving and evaluating
an air sample, the cavity extending between the intake and alcohol sensor for

channeling an air sample from the intake to the alcohol sensor;

pressure sensing means in the cavity for measuring pressure of the air sample in the

cavity; and
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a processing means for calculating an air sample volume from the measured air

pressure, the processing means invalidating the air sample if the calculated air sample

volume is below a minimum threshoid volume.

The integrated breath chamber assembly of claim 14, further comprising an audio detector for
detecting sound waves associated with the air sample, the processing means analyzing the

detected sound waves to validate the air sample.

The integrated breath chamber assembly of claim 14, wherein the pressure sensing means

further comprises a Micro-Electromechanical System pressure sensor.

The integrated breath chamber assembly of claim 16, further comprising a sealing member for

separating the pressure sensing means from the air sample in the breath chamber.

The integrated breath chamber assembly of claim 17, wherein the sealing member flexes in
response to pressure from the air sample in the breath chamber, and wherein the pressure
sensing means measures a change in pressure produced by the flexing sealing member and

outputs the pressure change to the processing means for calculating the volume of the air

sample.

The integrated breath chamber assembly of claim 14, further comprising temperature

measuring means within the breath chamber for measuring air temperature within the

chamber.

The integrated breath chamber assembly of claim 19, further comprising a heating element for

warming the breath chamber, the heating element being driven by the processing means based

on measured air temperature from the temperature measuring means.
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21. The integrated breath chamber assembly of claim 14, wherein the breath chamber housing

further comprises sealing members for isolating the air sample within the chamber cavity.

22. A chemical impairment detection device comprising:

an intake adapted to receive an air sample from a source;

an alcohol sensor for detecting an alcohol level in the air sample;

an integrated breath chamber for receiving the air sample and channeling the air sample
from the intake to the alcohol sensor, the breath chamber including a temperature
measuring means for measuring temperature in the breath chamber, a pressure sensing

means for measuring the pressure of the air sample, and an audio detector for detecting

sound waves associated with the air sample; and

a processing means for receiving signals from one or more of the temperature sensing

means, pressure sensing means, and audio detector, and determining validity of the air

sample.

23. The chemical impairment detection device of claim 22, further comprising a heating element for
warming the breath chamber, the heating element being driven by the processing means based

on measured air temperature from the temperature measuring means.

24, The chemical impairment detection device of claim 22, wherein the pressure sensing means

further comprises a Micro-Electromechanical System pressure sensor.

25. The chemical impairment detection device of claim 24, further comprising a sealing member for

separating the pressure sensor from the air sample in the breath chamber.
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The chemical impairment detection device of claim 25, wherein the sealing member flexes in
response to pressure from the air sample in the breath chamber, and wherein the pressure

sensor measures a change in pressure produced by the flexing sealing member and outputs the

pressure change to the processing means for calculating a volume of the air sample.

The chemical impairment detection device of claim 22, wherein the chemical impairment
detection device is utilized within a vehicle, and the processing means disables operation of the

vehicle when the received air sample is determined to be invalid.

The chemical impairment detection device of claim 22, wherein the chemical impairment

detection device is utilized within a home as part of a home monitoring program.
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