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Abstract
Alcohol breath testing on a larger scale will save lives. Alcohol intake affects the human body by 
significantly longer response time to external stimuli. In demanding situations where the senses need to 
be on alert a prolonged reaction time can be the difference between life and death, both for the intoxicated 
subject and for surrounding  individuals.

The aims of this thesis include investigations of a new type of breath alcohol sensor, designed for 
operation without a mouthpiece, both with regards to sensor performance as well as usability in relation 
to various breath  alcohol  screening applications.

In many situations where breath alcohol screening is suitable, there is a need for quick and easy use. 
The instrument should interfere as little as possible with the regular routines and procedures. One such 
task is driving. To accommodate for these needs in an in-vehicle application, the breath alcohol sensing 
system must be seamlessly installed in the vehicle and not interfere with the normal behavior of the sober 
driver. Driving is also a task requiring high level of concentration over a prolonged period of time. In 
the U.S. alone thousands of lives are annually lost in accidents where the driver was under the influence 
of  alcohol.  Similar numbers have been recorded for Europe. The potential for a system handling the 
needs for ease-of-use is huge and may result in successful products.

The results presented within this thesis provide experimental evidence of sufficient sensor performance 
for screening applications with an instrument operating without a mouthpiece. Smarter calculation 
methods were also shown to be a feasible path to improved measurement reliability. Important steps 
towards an even more passive solution for in-vehicle screening is also presented. Experiments showed 
that given enough time and sensor resolution, passive alcohol detection systems are feasible.
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Abstract

Alcohol breath testing on a larger scale will save lives. Alcohol intake
affects the human body by significantly longer response time to external
stimuli. In demanding situations where the senses need to be on alert
a prolonged reaction time can be the difference between life and death,
both for the intoxicated subject and for surrounding individuals.

The aims of this thesis include investigations of a new type of breath
alcohol sensor, designed for operation without a mouthpiece, both with
regards to sensor performance as well as usability in relation to various
breath alcohol screening applications.

In many situations where breath alcohol screening is suitable, there
is a need for quick and easy use. The instrument should interfere as little
as possible with the regular routines and procedures. One such task is
driving. To accommodate for these needs in an in-vehicle application, the
breath alcohol sensing system must be seamlessly installed in the vehicle
and not interfere with the normal behaviour of the sober driver. Driving
is also a task requiring high level of concentration over a prolonged period
of time. In the U.S. alone thousands of lives are annually lost in accidents
where the driver was under the influence of alcohol. Similar numbers
have been recorded for Europe. The potential for a system handling the
needs for ease-of-use is huge and may result in successful products.

The results presented within this thesis provide experimental evi-
dence of sufficient sensor performance for screening applications with an
instrument operating without a mouthpiece. Smarter calculation meth-
ods were also shown to be a feasible path to improved measurement
reliability. Important steps towards an even more passive solution for
in-vehicle screening are also presented. Experiments showed that given
enough time and sensor resolution, passive alcohol detection systems are
feasible.
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Sammanfattning

Alkohol p̊averkar människokroppen negativt genom bland annat ned-
satt reaktionsförmåga. I koncentrationskrävande situationer kan reak-
tionsförmågan ha en väldigt viktig roll och kan vara avgörande för att
undvika katastrofala olyckor med dödsfall som p̊aföljd. Exempelvis för-
loras tusentals liv årligen runt om i världen p̊a grund av rattonykterhet.

Arbetet som presenteras i den här avhandlingen innefattar under-
sökningar av en ny sensor avsedd för mätning av utandningsalkohol
utan att använda ett munstycke. Dels har sensorprestanda undersökts
i relation till relevanta industriella tillämpningar och dels har undersök-
ningarna fokuserat p̊a att förenkla provtagning för användaren.

I många applikationer där det finns ett behov av alkoholtestning, är
enkelhet och tiden det tar att genomföra testet av stor betydelse. Instru-
mentet bör störa de vanliga rutinerna i s̊a liten utsträckning som möjligt.
Vid användning i bil stämmer detta väldigt väl. Ingen vill sitta och vänta
p̊a att ett instrument ska initieras innan det är möjligt att köra iväg.
Enkelhet är ledordet för instrument där daglig användning tillämpas.
För bilmiljön betyder detta diskreta installationer där mätprocessen
inte p̊averkar den nyktra föraren. Potentialen för ett system som kan
hantera behovet av enkelhet vid provtagning är enorm och kan resultera
i framg̊angsrika produkter.

Avhandlingen inneh̊aller resultat som visar att prestandan för den
nya sensorn är tillräcklig för mätning av utandningsalkohol d̊a instru-
mentet används utan munstycke. Avhandlingen inneh̊aller ocks̊a viktiga
steg mot en mer passiv lösning där syftet är att avgöra om bilföraren är
p̊averkad av alkohol eller ej.
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Chapter 1

Introduction

Alcohol impaired driving increases the risk of traffic accidents dramat-
ically. In fact, the risk of being in an accident increases exponentially
with the degree of intoxication [2]. 145 drivers lost their lives on Swedish
roads in 2012. Out of these 18% proved to be alcohol related [3]. The
number increased slightly in 2016 to 152 fatalities with 22% of these
proven to be under the influence of alcohol [4]. In the U.S. the number
of accidents with fatal outcome involving alcohol impaired drivers was
10265 in 2015; this represented 29% of all traffic related deaths [5].

The current state of the art breath alcohol analysers demand delivery
of a forced expiration with a mouthpiece. In everyday use where time
and effort need to be minimized, e.g. vehicle and high trough-put appli-
cations, the mouthpiece is a limiting factor. Therefore there is a need
for technological advancements to address the challenges for ease-of-use
while maintaining the reliability of the measurement.

As a result of an industrial partnership between Autoliv, Imego and
Hök Instument AB, a method for effortless breath alcohol determination
was proposed by Hök et al. in 2006 [6]. The method is based on the
fact that CO2 is produced in the human body via cellular respiration
and in an exhalation the variation in CO2 concentration is sufficiently
low between individuals and breaths. CO2 can therefore be used as a
tracer gas to account for the dilution of a breath sample. The viabil-
ity of CO2 as a tracer gas was studied by Kaisdotter Andersson, which
resulted in a PhD thesis in 2010 [7]. The method showed promising
results allowing for continued development of user friendly breath alco-

19



20 Chapter 1. Introduction

hol interlocks. Senseair AB was involved at an early stage contributing
greatly with a strong background in gas sensor technology and high
volume IR-sensor manufacturing. For several years the research and
development effort was conducted as a collaboration between Autoliv,
Hök Instrument and Senseair. The progress made in the project at-
tracted international attention and support has been received from an
American public and private partnership. The National Highway Traf-
fic Safety Administration (NHTSA) and the Automotive Coalition for
Traffic Safety (ACTS) together have undertaken the task to encourage
new technology research to eliminate drunk driving on American roads.
The partnership is called the Driver Alcohol Detection System for Safety
(DADSS) program. Within the program there is a strong belief that if
a system is to be accepted by the general public, even by people who
do not drink and drive, the determination of breath alcohol needs to be
performed without any extensive action by the user. The system also
needs to be accurate, fast, reliable, durable and maintenance free [8].
The system should not inconvenience the sober driver. The program has
been a driving force to reach the extreme resolution required by such a
system and the highly set goals for unobtrusive alcohol determination.

The aim of this thesis is to further investigate the technology with
the focus to push the boundaries in terms of ease-of-use in relation to
breath alcohol sensing. My presented work includes investigation of sen-
sor performance, human subjects studies and in-vehicle investigations.
The lion share of the work has been focused on breath alcohol analysis
in an vehicle environment. However, there are many important areas
where the technology can be applied. Safety critical tasks are performed
every day at airports, building sites, power plants, etc. Mass screen-
ing in such environments has the potential to minimise risk and save
lives. The data collected during rigorous tests has been analysed in re-
lation to various potential products in mind. The starting point was a
hand-held device capable of measuring exhalations at a distance of a few
centimetres. Throughout the studies the investigated distance between
the mouth and device increased, and with that an increased dilution.
As the dilution increases so does the demand for higher resolution. In a
vehicle environment, the ultimate goal is to achieve a system capable of
detecting breath alcohol from an intoxicated driver without active hu-
man interaction. Translated to the application, it means capability to
measure tidal breathing at a distance of approximately 65 cm.

The investigated method and technology is one of two remaining
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technologies selected for the DADSS initiative. The other technology is
based on transdermal infrared spectroscopy [9, 10]. Our technology has
been validated for breath alcohol determination at short distances with
low dilution, however there is still a gap to a truly passive system. The
work presented herein shows steps toward the visionary technology.





Chapter 2

Background

2.1 History of breath alcohol determination

Scientific research on breath alcohol in relation to overconsumption of
alcohol dates back to 1874 when Anstie published his Final experiments
on the elimination of alcohol from the body. Anstie showed that only a
fraction of the consumed alcohol could be recovered in the breath.

In the 1930s blood alcohol concentration studies were performed by
Erik Widmark in Sweden when he established concentration-time pro-
files of ethanol [11]. Liljestrand and Linde shortly thereafter found high
correlation between blood and breath ethanol concentration and deter-
mined a constant blood:breath ratio of 2000:1. They also reported a
time dependency of the blood-to-breath ratio depending on the time af-
ter drinking [12]. At first, legal limits were only set for blood alcohol
concentrations causing a prolonged debate regarding an accurate con-
version factor. However, due to the time dependence between blood
and breath alcohol, most countries nowadays utilize one limit for blood
alcohol and one for breath alcohol [11].

The first breath alcohol measurement device for use by law enforce-
ment was invented and designed by Robert Borkenstein at Indiana Uni-
versity in 1954 [11]. He utilized an oxidation/reduction wet chemistry
reaction between alcohol and potassium dichromate to measure the ab-
sorption difference with UV spectroscopy [13].

The first alcohol interlocks were introduced in the late 20th century
for conditional withdrawal of driver’s license for people sentenced for

23



24 Chapter 2. Background

drunk driving - with varying success. Sweden was in fact able to present
one of the few success stories, due to the important rehabilitation activ-
ities that were linked to the actual use of acohol interlocks. The most
important contribution to the development of alcohol interlocks was in
use for quality assurance of transport services. Pioneering work was
performed by the Swedish Road Administration in collaboration with a
number of visionary companies in the transport sector. Within a few
years, a de facto standard was established [7].

2.2 Alcohol in the body

2.2.1 Alcohol impairment

Alcohol affects almost all organs in the human body. The most pro-
nounced effects when performing a complex task, e.g. driving, are re-
lated to the central nervous system. Alcohol impairs several important
physiological functions, including vision and reaction time [11]. Alco-
hol also interferes with the ability to see objects at greater distance,
diminish peripheral vision and impairs feature extraction in low light
conditions. Apart from identifying a potential risk, the brain also has to
decide how to avoid an imminent accident and a response signal has to
be sent through the nerves to the muscles [11]. Alcohol delays each step
in the signaling sequence and as a result the response time will increase.
The risk increase due to alcohol impaired driving has been studied on
several occasions, [14, 2]. The studies are unanimous in that the risk of
being in a car accident is increasing with the amount of alcohol in the
body. The risk increase follows an exponential pattern versus the level
of intoxication. The effects of alcohol start at very low concentrations,
but a profound risk increase will not occur until reaching higher alcohol
concentrations in the body [2].

2.2.2 Absorption of ethanol

The usual way to introduce alcohol to the body is through the mouth.
As the alcohol reaches the stomach the absorption slowly starts through
the stomach wall. The largest part of the ingested alcohol will how-
ever be absorbed after gastric emptying, in the duodenum and the small
intestine [11]. The absorption of alcohol to the body follows a pharma-
cokinetic profile with large variation. The variation is caused by many
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factors, including age, gender, liver status, stomach content, concentra-
tion of the devoured liquid, etc [11]. The absorbed alcohol travels from
the intestinal tract with venous blood through the hepatic vein and dis-
tributes throughout the entire body. Due to the solubility of alcohol in
water, the small size of the molecule itself and the sheer amount of wa-
ter in the human body, approximately 50-60% of the total body weight,
alcohol makes its way into almost all compartments of the body [11].

2.2.3 Elimination of ethanol

Most ethanol, approximately 95%, in the body is removed through one
out of three possible enzyme catalysed processes. In all three processes,
ethanol is metabolised into acetate via the intermediate acetaldehyde.
The main pathway of the metabolism accounts for approx. 94% of
the ingested ethanol uses the enzyme alcohol dehydogenase, an enzyme
abundant in liver cells, to metabolize ethanol to acetaldehyde. By the
assistance of aldehyde dehydrogenase acetaldehyde is i turn metabolised
into acetate, which enters the normal metabolism with CO2 and H2O as
the end products.

Less than 0.1% of the dosed ethanol metabolises anaerobic to form
ethyl glucuronid and ethyl sulfate. These substances can be found in
urine after drinking.

The rest of the ethanol, approximately 5%, is excreted form the body
unchanged in breath, sweat and urine.

Typical ethanol-time profiles are given in figure 2.1. Ethanol, when
consumed, is consumed in large quantities compaired to other impairing
substances. The main pathway for the body to eliminate the substance
is through enzyme catalysed reactions. This leads to saturation of the
involved enzymes. The reaction therefore follows a linear curve until the
concentration of ethanol is low enough to no longer occupy every avail-
able enzymatic space. At this point the elimination no longer appear
linear, but instead shows a non-linear time curve. The transition occurs
at ethanol concentrations as low as 0.01-0.02 g/L in blood. Eventhough
the elimination more closely follows M-M kinetics [15], most forensic cal-
culations of blood ethanol utilize the linear appearance of the saturated
elimination reaction.
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Figure 2.1: Ethanol time profile for both venous blood and breath alco-
hol. Data collected during human subjects test.

2.2.4 Relation to exhaled alcohol concentration

The exchange of ethanol to inspired air occurs throughout the entire
airways. Alveoli are surrounded by capillaries. The ethanol carried in
the blood will diffuse across the alveolar/capillary membrane and an
equilibrate state between the liquid and the gas will be established. In
the alveoli, the gas holds a constant temperature of 37◦C [16]. During the
expiration, the alveolar air comes in contact with the mucous membrane
of the upper airways. These are also saturated with ethanol. In the
upper airways, the temperature of the gas is lowered to 34◦C and the
gas will not hold as high concentration of ethanol as in the alveoli. In
this part of the airway the gas is re-equilibrated to the new ambient
conditions [16, 17].

There are many sources of variation affecting the final exhaled breath
alcohol concentration. An increased body temperature will increase the
measured BrAC [18] and likewise will a decrease in core body temper-
ature decrease the BrAC [19]. The conditions of the inhaled air with
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regards to temperature and humidity will influence the BrAC [20]. Dif-
ferences in breathing pattern will also provide variations in the resulting
BrAC. Hyperventilating may decrease the BrAC by as much as 20%
while breath holding may increase the BrAC by up to 15% [16].

Comparing blood and breath alcohol shows good correlation, but
are two different practices that vary over time during the intoxication
period. Thus, converting from breath alcohol to blood alcohol is not
considered best practice. Breath alcohol testing methods is however
considered viable for both screening and evidential purposes and today
most countries have statutory limits for both methods [11, 21].

2.3 Measuring alcohol intoxication

Alcohol is present in intoxicated persons throughout the entire human
body. Analysis of blood or breath samples are the two most commonly
used species. Possibilities are however present to analyse the ethanol
concentration in several human samples, such as urine, saliva or even
directly in tissue [11], each methodology has its own pros and cons.

Blood alcohol analysis for instance is expected to closely reflect the
alcohol concentration experienced by the brain. Since the brain is the
most important organ effected during alcohol intoxication, especially in
complex situations, this is a favourable property. Most blood analysis is
however performed on venous blood, which is not as good of an estimator
of CNS impairment as arterial blood, especially in the absorptive phase
[22]. The techniques for sample preparation are also intrusive by nature
and require a penetration of the subjects’ skin. The risks associated with
arterial puncture is relatively high and therefore venous blood is more
regularly used [11].

Breath alcohol analysis is favourable in the non-intrusive nature of
the sample preparation. The techniques also allow for on-site testing
with a readout within seconds. The analysed breath is however never in
direct contact with the brain, but instead with various parts of the res-
piratory system. Blood is the carrier of alcohol to all parts of the body
including these tracts. As previously mentioned studies have shown good
correlation between blood and breath alcohol with physiological varia-
tions present [11, 21, 23]. The correlation is also better when comparing
breath to arterial blood alcohol than to venous blood alcohol and is a
good indicator for CNS impairment[24].
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Urine alcohol analysis has also proven itself a viable method for al-
cohol intoxication testing. Analysis of urine samples are not as intrusive
as blood analysis. On the down side, correlation to blood alcohol levels
show huge variation [25]. The variation also shows a dependency on time
after drinking [23]. Usual testing therefore requires a two test method-
ology, i.e. a second test is carried out 20 to 30 minutes after the first
one [11].

Saliva is another possibility of analysis [23]. Testing can be done
relatively non-intrusively. Single use screening tests are available based
on a colorimetric method, with test results available within minutes.
For high accuracy measurements laboratory methods and equipment is
required.

An emerging technology makes use of the distribution of alcohol
throughout body and non-invasive measurement in the subjects tissue
[9, 10]. The technology makes use of NIR spectroscopy. Light penetrates
the skin to a depth of several millimeters and ensures measurement in
the dermal layer of the skin. Reflected light is collected and analysed
using an interferometer [10].

2.3.1 Breath alcohol sensors

There are several technologies available to capably and readily determine
the level of intoxication in the human body [26, 27, 28]. Most systems
are based on one out of three technologies, i.e. fuel cell sensors, semicon-
ductor sensors or infrared spectrometry. The majority of the available
systems are using a mouthpiece to direct the breath undiluted to the
sensor core.

Today the most widely used technology is electrochemical fuel cells.
Fuel cell sensors originates from the development of fuel cells as a means
to produce electrical power. The fuel cell sensors operate by using the
exhaled ethanol in a humans breath as a fuel. The cell is comprised of
an anode and an electrode separated by an electrolyte semi permeable
membrane. The cell also includes a wire between the two electrodes.
At the anode ethanol is oxidized to acetic acid, free electrons and hy-
drogen ions. At the cathode oxygen make use of the free electrons and
hydrogen ions to form water. The current produced by the reaction
is proportional to ethanol concentration of the sample and is used for
analytical purposes [29]. Fuel cell based sensors are considered to be
accurate and precise. Fuel cells rely on catalytic surfaces [30], prone
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to sensitivity variation upon use. Frequent recalibration is therefore re-
quired. Instruments based on fuel cell technology are used in a variety
of different applications including alcohol interlocks, screening devices
as well as evidential equipment.

Semiconductor elements is another type of sensors used for breath
alcohol measurements. The main advantage of this type of sensors is
the low cost and high sensitivity [31]. In a semiconductor sensor ethanol
adsorbs to the sensor surface. The conductivity of the sensor element
is thereby changed in proportion to the concentration of the gas. The
conductivity change can be converted into a readable output voltage [29].
Semiconductor based breath alcohol instruments primarily focus on low-
cost consumer markets. Many instruments suffer from low selectivity
and low accuracy and precision.

Another technique widely employed by law enforcement utilizes NDIR
measurement cells. The technique is recognized for high accuracy and
precision as well as high specificity. A typical set-up includes an emit-
ter, a detector and a measurement cell. In IR-spectroscopy each specific
molecule rotates and vibrates in a unique pattern and therefore absorbs
IR-light of different wavelengths with varied intensity. In the instrument,
the light emitted from a black body radiator passes through an optical
cell with a fix optical path. As the specific substances, e.g. ethanol, fill
the cell the transmitted light is reduced and therefore indicates molecular
absorption. The ratio between the transmitted light intensity, I, and the
transmitted light at zero gas concentration, I0, is called transmittance,
T, and is calculated according to:

T =
I

I0
(2.1)

For the analysed wavelength each substance has a specific molar absorp-
tion coefficient, ε, which defines the capacity of the substance to absorb
light. The intensity of the transmitted light is also dependent on the
length the light travel through the media and the concentration of the
analysed substance. Together this gives the Beer-Lambert’s law:

I = I010
−ε[J]l (2.2)

Beers-Lambert’s law can be rewritten as an absorbance function accord-
ingly:

A = log
I0
I

= ε[J ]l (2.3)
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Beers-Lambert’s law states that low concentrations need long op-
tical path in order to receive high absorbance [30]. Figure 2.2 shows
absorbance curves from ethanol and carbon dioxide respectively. Wave-
lengths analysed in our system are visible within the dotted lines.

Figure 2.2: IR-spectrum of ethanol and carbon dioxide. Spectrum data
was collected from [1].

The main application for instruments based on IR-spectroscopy is
for evidential purposes. The technology has inherently good qualities
including high accuracy, precision, specificity, reliability and calibration
stability. Compared to the other sensor alternatives the cost is towards
the high end of the spectrum. Since the sensitivity of the system is
proportional to the optical path of the measurement cell there are issues
related to miniaturisation.

2.4 Recent advancements

One major problem with the alcometers was the prolonged exhalations
needed for an approved breath test. This issue was addressed by Hök et
al. in 2006 by simultaneous measurement of ethanol and carbon dioxide
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in the same cavity [6]. The device did not include a mouthpiece; instead
the measured carbon dioxide was related to the proposed alveolar carbon
dioxide concentration in order to measure the dilution of the breath
sample [6]. In 2010 Annika Kaisdotter Andersson defended her PhD
thesis Improved Breath Alcohol Analysis with Use of Carbon Dioxide as
the Tracer Gas at Mälardalens Högskola which further strengthened the
findings of Hök et al. and showed sufficient performance for alcolocks
and screening devices [7]. The ease of use enabled alcohol measurements
in situations previously deemed unsuitable for alcometers, e.g. subjects
with depressed consciousness [32, 33].

So far, the research has focused on directed breaths at short distance
between the mouth and the alcohol measurement device. However, re-
cently the first steps towards breath alcohol determination in highly
diluted breath samples were taken by Kaisdotter Andersson et al. [34].
These investigations were triggered by a request from our industrial part-
ners (Autoliv, DADSS [35, 36, 8, 37]) who believe an alcohol meter which
requires minimal attention will provide a wider acceptance for vehicle al-
cohol interlocks. Passive detection of breath alcohol has previously been
investigated using a pre-amplification procedure to increase the concen-
tration of the alcohol at the sensor location [38]. The method showed
promise, but also inherent difficulties with time to detection.

In the DADSS program alcohol impaired driving is targeted as a fo-
cus research area aimed at reducing the number of deaths on American
roads. Within the program, there is consensus between the governmen-
tal agency NHTSA and several car manufacturers in that the technology
currently available on the market is too intrusive in their execution for
mass deployment. Instead, the technology needs to be non-intrusive, reli-
able, durable, maintenance free and should not interfere with the normal
activities of the driver [35, 8]. The motivation for stringent demands on
the technology is based on the belief in a non-regulatory path to combat
the issue at hand.

However, a truly passive alcohol detection system does increase the
demands on the system and several challenges need to be investigated.
As the dilution increase, the concentrations decrease to extremely low
levels. The sensor must therefore exhibit high resolution. An entirely
passive system is the vision, but there are several challenges that need
investigation on the way, e.g. the influence of passengers in the vehicle
compartment. Scientific evidence with respect to feasibility of unobtru-
sive breath alcohol determination as well as sufficient performance is of
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the essence.
Regardless of the dilution, an automotive system also needs to func-

tion properly in a wide variety of environments and conditions. Many
specified cases can be found in the European standard for alcolocks
[39, 40].

2.5 Sampling without a mouthpiece

In order to measure breath alcohol levels at a distance without a mouth-
piece there is a need to measure the dilution of the sampled gas. In
human breath two IR-active gases are in abundance; carbon dioxide and
water. Due to the relatively low interindividual end-expiratory concen-
tration variation between different humans, both gases have been consid-
ered for use as a reference [41, 42]. Kaisdotter Andersson proclaimed that
the risk of underestimating the breath alcohol concentration is reduced
by the use of carbon dioxide as the reference gas [7] and accordingly
is used in our system today. The breath alcohol concentration (BrAC)
is calculated by multiplying the level of dilution (quotient between the
end expiratory and the measured carbon dioxide concentration) with the
measured alcohol concentration (AC):

BrAC =
CO2alv

CO2meas
AC (2.4)

CO2 is an endogenous gas produced in the mitochondria located
in cells throughout the entire body. The blood carries CO2 to the
pulmonary capillaries surrounding the alveoli. The CO2 passes capil-
lary/alveolar membrane into alveolar gas [43]. The true value of of the
constant CO2alv in equation 2.4 has been the subject of various inves-
tigations [44, 45] and has been reported to be influenced by breathing
pattern [46] or exercise [47]. Naturally occurring variation between dif-
ferent subjects has also been reported [45]. These variations will influ-
ence the BrAC output. The quotient CO2alv/CO2meas is also affected
by the background CO2 concentration in ambient air. Current reports
on outdoor CO2 sets an ambient concentration of 400 ppm [48]. In other
measuring environment, e.g. indoor or vehicle interior, the value may
vary from 350 ppm up to 5000 ppm [49, 50]. At low to moderate dilu-
tions, i.e. short distances, the influence from the background is very low.
As the dilution increases, so will the influence from a reliable background
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measurement. Recently, products using the methodology has been de-
ployed by a nationwide train company in Sweden, where all train drivers
are tested before every shift [51].

Albarda patented [52] the use of water as a tracer gas for determining
the blood alcohol level in 1979. The method is similar to equation 2.4
with water instead of CO2. The methodology was implemented in in-
strumentation by Olsson [42, 53] and deployed in entry ports in Sweden
[54].





Chapter 3

Research methods

The work included in the thesis regards a new generation of breath al-
cohol sensor. The first part of the investigation includes bench testing
to explore sensor performance. The second part includes studies with
human subjects to evaluate and gain understanding of variation caused
by physiological parameters when measuring at a short to moderate dis-
tance from the subject. And the third part is aimed towards passive
alcohol detection in a vehicle environment based on discretely placed
sensors. Results have been acquired by experimental set-ups, sensor
signal evaluation, statistical techniques and descriptive simulations.

3.1 Measurement principle and sensor im-
plementation

The measurement principle allows for mixing of the sample with ambient
air. This is made possible by using an endogenously produces raspira-
toy gas as a normalizing factor. The methodology of using CO2 as a
tracer gas to account for the dilution has previously been thoroughly
investigated [6, 41, 55, 7, 46] and is the measuring principle employed
throughout this work. The basic calculation normalizes the measured
CO2 concentration to the expected expired CO2 concentration and mul-
tiplies with the measured EtOH concentration to estimate the expired
breath alcohol concentration, BrAC. The equation follows:

35
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BrAC =
CO2exp

CO2meas
AC (3.1)

The sensor is based on a NDIR design [56] employing a White cell
[57] implementation. The sensor has two optical channels, one for CO2

and one for EtOH. CO2 is measured at 4.26μm and the strong EtOH
peak at 9.5μm is used to quantify EtOH. The low alcohol concentration
in breath sets a requirement for a long optical path. This does not agree
with the requirement from the industry of a compact size. The sensor
is therefore designed as a White cell [57], where two mirrors allow the
emitted light to reflect several times in the same measurement cavity
adding up to an appropriate optical path.

3.2 Investigations of sensor performance

The performance of the sensor prototypes has been thoroughly inves-
tigated in a laboratory setting. There are small sensitivity variations
between sensor individuals, resulting from the manufacturing process.
Therefore, all sensors have been subjected to a calibration procedure.
The sensors were placed inside a closed compartment, Figure 3.1, and
a precise amount of high grade ethanol was thereafter applied to the
compartment and allowed to evaporate. The procedure was repeated for
seven concentrations and individual calibration parameters were calcu-
lated and stored on a built-in memory. The technique was also used to
investigate the sensitivity variation between sensors.

Apart from sensitivity, stability and noise set the detection limit for
the sensor system. Two different methods were applied in the evaluation
of these two properties. Both include logging the sensor signal over time.
The difference between the methods lies in the plotting technique. In the
first method every recorded sample is included in a histogram and the
resulting distribution is evaluated. Dominance of thermal noise and shot
noise would predict a Gaussian distribution [58]. The second method
was proposed by Allan [59] in 1966. He provided a method capable to
discriminate and quantify different types of dominating noise sources
over different time frames.

Present industrial standards for alcohol interlocks [39, 40] set de-
mands on the ability to differentiate between various substances, both
from physiologically endogenous and environmental origin. Selectivity
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Figure 3.1: Chamber used for calibration of prototypes.

studies were therefore performed. Carefully measured IR-spectra for the
substances of interest are publicly available [1] and allowed for calcula-
tions based on actual sensor parameters. The method has previously
been published for our sensor system [60]. The most critical substances
have also been experimentally determined by laboratory experiments
using the previously described calibration set up.

Humans are the intended end user of the sensors and the sensors are
aimed at measuring directly in human exhalation. The main compo-
nents of human exhalation are N2, O2, H2O and CO2 [61]. To recreate
this gas mixture in a laboratory setting, pressurized gas, containing the
dry gases, is bubbled through water at a flow aimed at mimiking human
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Figure 3.2: Humid gas generator used to simulate a human exhalation.

exhalations, Figure 3.2. By adding ethanol to the water, the generated
output gas mixture resembles an exhalation by an intoxicated human.
The water/ethanol tank is tempered to 34◦C, again to resemble human
exhalations. The system relies on Henry’s law [62] and is therefore lim-
ited by the accuracy of the temperature regulation. Commercially avail-
able breath alcohol analysers are calibrated using wet gas generators
based on a similar set-up and carefully prepared water/ethanol mixtures
[63, 64, 65]. The gas pulse generator set-up was used to evaluate the
technical accuracy and precision of the sensor. Pairwise measurements
were used for the evaluation. For each measurement by the sensor a
measurement was also made in a reference instrument. The reference in-
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strument used in the studies, called Evidenzer and is built by Nanopuls
AB, Sweden [66], is capable of measuring CO2, H2O and ethanol. The
measured accuracy and precision were compared to existing industrial
standards [39, 40]. The experimental set-up was also used to investigate
the sensor response at various distance from the gas pulse exhaust to the
sensor inlet.

3.3 Human subject studies

Figure 3.3: Human subject performing a breath test into a hand held
device.

Exploratory studies were made using human subjects, Figure 4.3. The
aim of the human subject study was to gain vital knowledge of the mea-
surement method and to validate the newly designed technology. For
each measurement set performed by a human subject and recorded by
a prototype, a reference breath test was also performed in an evidential
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standard breath alcohol analyser. The instrument used as a reference in
the studies, called Evidenzer and is built by Nanopuls AB, Sweden [66],
is capable of measuring CO2, H2O and ethanol. In many applications, a
breath alcohol analyser is used as a classifier, i.e. below a certain out-
put value the device shall remain in an unlocking state and above that
value the device shall remain in a locking state. The recorded data was
therefore treated as such. In real world applications high quality alcohol
analysers are regulated by industrial standards [39, 40, 67, 68, 69]. Listed
requirements and demands in said standards were also carefully consid-
ered during data analysis. The measurement set-up employed during
the human subject studies allowed for influence from the tracer gas, i.e.
CO2, and a certain degree of freedom regarding exhalation technique.

The data recorded during the human subjects test was also used to
investigate improvement possibilities to reduce known sources of vari-
ation. Two different methods were evaluated and compared to a ba-
sic calculation, both reducing variation caused by the use of a tracer
gas. The methods are complementary in the sense that one reduces
variation caused by inter-individual dissimilarity, and the other from
intra-individual divergence. The basic calculations include the assumed
expired CO2 constant, the measured CO2 concentration at the sensor
location, the background CO2 concentration and the measured EtOH
concentration. Equation 3.2 shows the calculation.

BrAC =
CO2exp − CO2bgr

CO2meas − CO2bgr
EtOHmeas (3.2)

The first method, equation 3.3, aims at reducing the variation caused
by the use of a tracer gas. The calculation is dynamic in the sense that
lower measured dilution weighs higher towards an undiluted sample.

BrAC =
1

DF
∗ EtOHmeas + (1− 1

DF
) ∗BrAC (3.3)

In the second method employs personalization to the assumed expired
CO2 constant according to equation 3.4.

BrAC = EtOHmeas ∗DF = EtOHmeas ∗ CO2expInd − CO2background

CO2meas − CO2background

(3.4)

The methods were evaluated individually as well as combined.
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3.3.1 Note on ethics in relation to the human subject
studies

Alcohol has a negative effect on the human body, both in the long and
short perspective, and can be considered a drug or a poison [11]. It is
therefore of utter importance to inform recruited test subjects before
testing is commenced to establish their informed consent. The human
subject study included in this work was approved by the Swedish Eth-
ical Review Board in Uppsala (Dnr 2013/089). After performed test,
transportation was arranged to ensure a safe journey home.

There are also obvious ethical aspects related to the effects of al-
cohol on human health and driving. By extension these aspects have
socio-economic impact. Such considerations are extremely important.
However, they are outside the scope of these studies.

3.4 In-vehicle investigations

Introductory tests towards integration of the sensors inside the vehi-
cle compartment have been performed. Sensors were placed at different
discrete positions in close proximity of the driver seat. Sober human sub-
jects entered the vehicle with the instruction to either breathe through
the nose or the mouth. From the observed CO2 concentrations the di-
lution of the gas sample was calculated. The sensors noise floor also
decided the lowest detectable ethanol concentration. Based on these two
observations, the feasibility to detect various intoxication levels could be
deduced. In-vehicle experiments took place in a stationary vehicle inside
a garage. The vehicle used for the studies is shown i Figure 3.4.

In a similar study, a sensor was integrated into the steering column
of the vehicle shown in figure 3.4. The installation is shown in figure 3.5.
The aim of the study was to investigate the methodology of placing a sen-
sor on a discrete position inside the vehicle compartment and passively
evaluate the driver’s intoxication level. Without breathing instructions,
subjects entered the vehicle and performed a simulated driving task for
ten minutes. During this time period sensor signals were logged and
analysed off-line after completion of the test. CO2 was again used to
evaluate the quality of the samples reaching the sensor. Both sober and
intoxicated subjects were used in the study. Video data was recorded
during the entire procedure. The use of a camera in relation to unob-
trusive breath alcohol testing may increase the reliability and possibly
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Figure 3.4: Vehicle used for in-vehicle experiments shown at an exhibi-
tion in conjunction with the ESV conference in Gothenburg, 8-11 June
2015.

accuracy of the measurement. The data recording is a first step towards
camera assisted alcohol detection.

The use of human subjects in testing is time consuming and ex-
pensive. Therefore, two different standardized testing procedures for
in-vehicle testing have been developed, depicted in figure 3.6.

The first method is based on the humid gas generator, figure 3.2. The
new system includes three separate water/ethanol tanks, four heated
outlet hoses and four outlet mouthpieces capable of switching between
simulated mouth exhalations and simulated nose exhalations. The sys-
tem is controllable via PC-interface and enables automated testing.

The second method is a computer simulation model built using Ansys
software. The use of simulations gives fast initial results to complex
questions. Simulation results is always directly related to the uncertainty
of the input parameters and is in need of validation. The two techniques,
i.e. gas pulse system and simulation, are complementary to each other
and were used in combination to support the results.
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Figure 3.5: Breath alcohol sensor integrated into the steering column
cover.

(a) (b)

Figure 3.6: a) Experimental setup for in-vehicle testing of gas pulses. b)
Simulation of in-vehicle breath distribution.
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Results

4.1 Investigations of sensor performance

In paper A the performance a new generation of IR-based alcohol sen-
sor was characterized and evaluated. The sensor was found to meet
the performance requirements needed to enable breath alcohol screening
applications. The investigated parameters were noise based resolution,
sensor to sensor sensitivity variation, response time and specificity. The
RMS noise was measured to 0.0009 mg/L when allowing one second in-
tegration time, Figure 4.1, far below the Swedish concentration limit of
0.1 mg/L.

The 3σ sensitivity variation between different sensor prototypes was
found to be less 10% before calibration. Further investigations showed
a sensor response time of less than 0.5 s for both CO2 and ethanol. The
sensor also fulfilled the European standard for alcohol interlocks [39, 40]
with regards to specificity. The feasibility to utilize the sensor for distant
breath alcohol, i.e. to use CO2 to account for the dilution of the sample,
determination was also demonstrated.

To add to the sensor investigations, experimental bench tests are
presented in paper B and related to said standards [39, 40]. Amongst
initial experiments, four prototypes underwent functional testing with
artificial gas pulses. In total 97 gas pulses containing 0.1 mg/L ethanol
were recorded. In the function tests the prototypes measured at a dis-
tance with CO2 as the tracer gas to account for the dilution of the
sample. The observed results were compared to a reference instrument

45
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Figure 4.1: The resolution of the sensor at different time frames was
deduced by the use of Allan deviation. At 1 second integration time,
approximately the time of a human exhalation, the resolution of the
sensor was determined to 0.0009 mg/L.

(Evidenzer, Nanopuls AB). All measurements were within 0.02 mg/L,
the allowable error as listed in existing standards [39, 40] centred around
0.1 mg/L

Bench testing with gas pulses was again used in paper F to investigate
sensor performance at increasing distance between the gas exhaust and
the sensor inlet. Based on the measured dilution factor, the variation
was found to increase with increasing distance. The effect was found to
be most profound at distances above 30 cm. With a nominal alcohol
concentration of 0.3 mg/L, the sensor was able to distinguish gas pulses
containing alcohol compared to gas pulses without alcohol at distances
up to 25 cm. Results from the tests are given in figure 4.2.
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(a) (b)

Figure 4.2: a) Measured dilution factor at increasing distance. b) Mea-
sured alcohol at increasing distance.

4.2 Human subjects studies

The main focus of paper B was a carefully controlled human subjects
study, including 30 human subjects. The new breath alcohol analyzer
was the test object and the resulting output are discussed in relation to
accuracy demands and requirements set by current industrial standards
[39, 40].

In the human subjects study, the subjects were told to deliver breath
samples at three different distances, approximately 15 cm, approximately
3 cm and with a mouthpiece. The measured data is shown in Figure
4.3. The measurement variation increased at increasing distance. No
measured data point was classified as a false positive or a false nega-
tive for undiluted tests or tests performed at the shorter distance. The
statement is true when considering an allowable error band around the
Swedish limit for drunk driving, derived from European standards for al-
cohol interlocks [39, 40]. One measurement was determined to be falsely
classified at tests performed at a distance of approximately 15 cm and
said concentration limit. When utilizing this analysis method to the Eu-
ropean concentration limit, set at 0.25 mg/L, false positives and false
negatives were found in tests performed at both 3 cm and 15 cm at a
frequency of 1.7 %.
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Figure 4.3: Results from a human subjects study. Both panels show the
data evaluated as a classifier with an allowed tolerance interval set for a
specified cut off value. The upper panel shows the results in relation to
the Swedish limit at 0.1 mg/L and the relation is made to the European
limit at 0.25 mg/L in the lower panel.

The aim of paper D is improved algorithms addressing the variation
introduced by the methodology of contact free breath alcohol determi-
nation. The paper is a result of better understanding of the technology
and physiological aspects of the methodology. Two possible method-
ological improvements were investigated individually, together with the
combination of the two. Altogether, the observed variation was reduced
by up to 40 %.

As a baseline, a noise reduction algorithm was used. To account
for measurement variation caused by inter-individual CO2 differences in
end tidal expiratory concentration, personalized normalization factors
were used. The method provided reduced random error by 28 %. Intra-
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individual variation was countered by weighing the measured BrAC with
the measured ethanol value. The method showed a reduced variation of
24 %. A combination of all three algorithms showed a reduction in
random error of 40 %, Figure 4.4.

Figure 4.4: Left: Sensor output without any modifications made to the
measurement algorithm. Right: Sensor output with the two method-
ological improvements implemented.

4.3 In-vehicle investigations

In-vehicle investigations was conducted with both FEM simulations on
breath gas flow and experimental measurements. Several sensor positions
were evaluated. Based on sensor resolution and breath dilution the most
feasible position was concluded to be the seat belt position.

In the in-vehicle experiments human subjects were made to enter
the vehicle and control their breathing either through the nose or the
mouth. Several sensors were mounted inside the vehicle at various sensor
positions. The measured CO2 concentration was used to evaluate the
dilution of the sampled gas. The most favourable position to measure
gas originating from the nose was found to be situated at the seat belt.
More surprisingly, this position also proved to be the most favourable



50 Chapter 4. Results

for mouth breathing as well, however together with a sensor located at
the sun screen, Figure 4.5.

Derived from expected ethanol concentrations at various dilutions
and measurements at 0 mg/L an indication of allowed maximum dilution
was estimated to 20-30.

Figure 4.5: Dilution measured at various sensor positions inside the ve-
hicle compartment. The blue, red and black lines show the concentration
of alcohol in a diluted breath sample based on the intoxication level.

Paper E is investigating completely passive breath alcohol determi-
nation in a vehicle environment. The IR-based sensor was installed in
the steering column of a vehicle and human subjects were used for the
investigation. In total 10 human subjects took part in the study, out
of which 7 were sober and 3 were intoxicated. Each subject entered the
vehicle and performed a task resembling driving for 10 minutes. During
this time period vital sensor signals, particularly CO2 and EtOH, were
recorded. The number of peaks and the magnitude of the peak were
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then evaluated.
The recording in figure 4.6 shows the measured CO2 and EtOH con-

centrations from an intoxicated subject. In the upper graph five clearly
distinctive CO2 peaks are visible. Time correlated peaks are also found
in the EtOH signal, lower graph. The signal response to EtOH gas is
however covered in noise. The most important conclusion from the study
was that given enough time, passive breath alcohol may be feasible. In
order to achieve that goal, the sensor resolution needs improvement by
roughly a factor of 10-20.

Figure 4.6: Signals measured from an intoxicated subject. Upper graph:
CO2 concentration increase. Lower graph: Ethanol concentration in-
crease.

Paper F is also focused on passive detection of breath alcohol. Pre-
vious investigations are mainly focusing on initial testing using human
subjects. This paper is introducing several techniques to standardize
testing. These include simulation, in-vehicle gas pulse generation and
mapping of distance dependence. The paper also revisits the conclusions
from paper E, i.e. there is a need for increased sensor resolution in or-
der for passive breath alcohol determination to be operational, with new
investigative data including high resolution CO2 sensors. Further, the
first steps toward camera assisted breath alcohol detection were made.

The results from simulation and in-vehicle gas pulses were in good
agreement, figure 4.7. The magnitude of the simulated and measured



52 Chapter 4. Results

gas concentration gas was also good agreement with the results from the
human subjects studies presented in paper E. All three methods give the
result that the resolution of the sensor needs to be increased by a factor
of 10-20 in order for passive breath alcohol determination to be feasible in
field operation. The high resolution CO2 sensor provided evidence that
improving the resolution of the sensor provides an increased possibility
to detect peaks fast and the ability to quantify them. This should be
applicable to any IR-active gas, including ethanol.

Image analysis was applied to extract driver behaviour data, such as
head positioning and direction as well as mouth opening. This part of
the paper showed a promising start to fuse extracted data with sensor
data to improve detection reliability and detection of non-conforming
behaviour.

(a) (b)

Figure 4.7: a) Simulated breath-by-breath recording of alcohol (lower)
and CO2 (upper) concentrations. b) Experimental recording of in-vehicle
sensor signals using gas pulses from the setup depicted in figure 3.6, CO2

(top graph) and alcohol (bottom graph).
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Discussion

The aim of this work was to investigate a new generation of IR-based
breath alcohol sensor designed and developed for measuring diluted hu-
man exhalations. The results provide experimental evidence of sufficient
performance for screening applications at a short to moderate distance
between the sensor and the mouth. The variations caused by physio-
logical parameters can also be reduced by alternative calculation routes.
A path to a passive system for in-vehicle use has also been proposed.
Given enough time exhalations, from the driver will be detected. Like-
wise, given enough resolution, classification of breath alcohol will be
possible.

Mouthpiece-free operation set higher requirements on sensor perfor-
mance compared to undiluted testing. As the distance between the
mouth and the sensor increase, the concentration of the analyzed gas
decrease. To compensate for the concentration loss the resolution of the
sensor needs to be improved by the same amount. Laboratory investi-
gations showed the sensor resolution to be 1% of the Swedish limit for
driving under the influence of alcohol, allowing for dilution of the breath
sample. The operating method of the sensors requires the use of a tracer
gas for estimating breath dilution. In doing so, variation from two gas
measurements will influence the end result. The gases need to be mea-
sured simultaneously and preferably in the same gas volume. Bench test
experiments showed similar time sequence between the two gases when
measuring both an undiluted sample and at a distance. Further bench
testing determined the maximum distance between the sensor and the
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mouth to approximately 20 cm, corresponding to a dilution of 10. All to-
gether, the sensor performance was found to meet the requirements for
screening applications with regards to accuracy, resolution, selectivity
and response time.

In screening applications, it is of the essence to detect whether al-
cohol is involved or not and to do so as quickly and easily as possible.
The question is whether alcohol is present in the test subjects body or
not. The statement can be related to the risk increase associated with
alcohol intoxication. The risk increase is higher at higher levels of alco-
hol in the body, but the body will be affected negatively starting from
very low concentrations [2]. The most important feature of a screen-
ing instrument is to be able to correctly and reliably classify exhalations
containing alcohol from those that lack alcohol. Using the data collected
during the human subjects study, the sensor performance was investi-
gated in combination with the methodology of using CO2 as a tracer
gas. In the European industrial standard for alcohol interlock a func-
tional test is provided, which states an allowable error band around the
legal threshold for driving under the the influence of alcohol. It should
be noted that in the standard, the test is designed to be performed in
a laboratory setting using gas pulses, i.e. without physiological error
sources. Different countries apply different limits for the legal thresh-
old. The classifier analysis was therefore carried out at both the Swedish
and the central European threshold concentrations. No falsely classified
measurements were found around the Swedish limit. At the central Eu-
ropean threshold 98.3% proved to be correctly classified. The results
indicated that an instrument using the sensor in combination with CO2

as a tracer gas allow for rapid screening of breath alcohol.

The physiological error sources associated with CO2 as a tracer gas
can be divided into inter-individual and intra-individual variation. A
typical inter-individual source of variation is the end tidal CO2 concen-
tration, ranging from 2.6 to 5 kPa [46]. By personalizing the normaliza-
tion factor in the dilution factor calculation this type of variation could
be reduced by approximately 25%. Intra-individual variation using the
method is more related to the breathing pattern and behaviour of the
test subject, i.e. a shallow exhalation will not provide as high exhaled
CO2 concentration as an extended one. The source of variation was
addressed by weighting the BrAC calculation to the level of dilution.
A highly diluted breath relies heavily on the normalization calculation,
while a close to undiluted breath disregard the normalization to great
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extent. The result showed a variation reduction of approximately 25%.
Using a combination of the two techniques reduced the impact of physi-
ological error sources up to 40%. An instrument employing the proposed
techniques will gain more reliable classification when testing at low to
moderate dilution.

In more demanding situation, e.g. breath alcohol determination for
evidential purposes, even higher accuracy and precision may be required.
The human subjects study showed that the same sensor could exceed the
required performance for such situations simply by adding a mouthpiece
for undiluted operation. In some situations a two step procedure, using
the existing technology may provide the combination of high throughput
and high accuracy in the same instrument.

Measurement situations can be demanding in other ways than high
accuracy and precision. In a vehicle environment, passive detection of
the drivers breath alcohol concentration would vastly improve the chance
of mass deployment of such technology. The technical challenges are
significant, but so is the potential reward to save thousands of lives an-
nually in the U.S. alone. Using experiments with human subjects and
by placing sensors at a carefully selected location in close proximity of
the driver, gas originating from the driver was shown reach the sensor.
The concentration of the detected peaks were low and thereby setting
extremely high requirements on sensor resolution. The sensor needs to
be able to measure gas diluted by a factor of 100-200. A driver with
a breath alcohol concentration of 0.4 mg/L, i.e the legal limit in the
U.S., would in this case produce gas for analysis at the sensor location
of 0.004-0.002 mg/L. At a given dilution there is a linear relationship
between driver intoxication the concentration recorded at the sensor lo-
cation. The higher level of intoxication of the driver the easier it is to
detect by the sensor. Coincidently, based on crash risk studies, the most
dangerous drivers are the ones with high level of intoxication [2]. Res-
olution is but one challenge associated with passive alcohol detection.
Time to detection is another. Without any active assistive technology,
the method relies on an exhalation to be accidentally directed towards
the sensor. In the investigations shown here, the time between detected
peaks was a few minutes. There was also large variation between in-
dividuals in terms of time to detection. In a real world environment a
driver can not be prevented from driving for several minutes before an
approved exhalation has reached the sensor. The sober driver should not
be inconvenienced. A system based on the method may allow all drivers
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to start the vehicle as usual and start diving. If alcohol is detected on a
later occasion, the sensor may inform the driver of a less than preferable
driving state has been detected. The system may also limit the engine
output in a safe manner.



Chapter 6

Conclusions

The work has resulted in the following three conclusions:

• The results provide experimental evidence of sufficient sensor per-
formance for screening applications at a short to moderate distance
between the sensor and the mouth.

• The variations caused by physiological parameters can be signifi-
cantly reduced by alternative calculation routes.

• Given enough time, exhalations from the driver can be detected
passivly at the sensor location without active cooperation of the
driver. Given enough resolution, classification of the driver breath
alcohol content will be possible. There is however still a lot of work
to be done before such a system may become available.
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Chapter 7

Future work

Ease-of-use is the main parameter for successful unobtrusive breath al-
cohol detection. One possibility to achieve easy-of-use is to allow for
higher dilution. In a more diluted breath sample, the concentration of
the analysed gas is lower. In turn, the lower concentration sets high
requirement on the resolution of the sensor. Future work that leads
to high resolution is essential for unobtrusive breath alcohol detection.
The next generation of sensors may include more sensitive and powerful
optical components.

In vehicle applications, the mode of operation have many unanswered
questions, e.g environmental effects, maximum affordable time to detec-
tion, etc. Investigations to collect vital field operational data is required
for understanding of the real world measurement situation. Data col-
lected during such trials may result in smarter algorithms and sensor
regulation.

The investigated sensor technology may provide the core information
source in a system designed for passive detection of driver intoxication.
However, in driver risk detection, auxiliary sensors may improve the
chance of detection or even provide a first risk estimate on an early
state. The initial estimate may be updated over time as more and more
data is collected. Studies including auxiliary sensors is planned to the
near future.

Other spectroscopic techniques have also shown to exhibit extremely
high resolution, e.g. mass spectroscopy [70] or laser based spectroscopy
[71]. These would require miniaturization steps for possible integra-

59



60 Chapter 7. Future work

tion in various screening applications. Other possibilities may lie in al-
ready miniaturized techniques, e.g. optogalvanic spectroscopy [72]. Such
methods needs to be investigated for sensitivity, stability and resolution
reasons.

Other substances can also be present in human breath, both of en-
dogenous and exogenous origin. Amongst such substance, possible biomark-
ers of disease [73, 74], and various narcotics [75], have been reported.
The concentration of these substances are low in human exhalation and
increased resolution would be required for an easy to use instrument
capable of drug or biomarker detection.
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