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Noninvasive Biological Sensor System for Detection
of Drunk Driving
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Abstract—Systems capable of monitoring the biological condi-
tion of a driver and issuing warnings during instances of drowsiness
have recently been studied. Moreover, many researchers have re-
ported that biclogical signals, such as brain waves, pulsation waves,
and heart rate, are different between people who have and have
not consumed alcohol. Currently, we are developing a noninvasive
system to detect individuals driving under the influence of alcohol
by measnring biological signals. We used the frequency time series
analysis to attempt to distinguish between normal and intoxicated
states of a person as the bagsis of the sensing system.

Index Terms—Biological signal, driver behavior, drunk driving,
safety, time series analysis.

L. INTRODUCTION

HE most common factors in traffic accidents caused by
human error are driving under the influence of alcohol,
drowsiness, and inattention, also known as the “Big Three.”
In order to eliminate these factors, a wide variety of research
have been conducted on systems for monitoring drivers’ biolog-
ical signals such as electroencephalography (EEG) (sleepiness
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in driving) [1]-{3], motor behavior, divided attention, and/or
mental workload under the influence of alcohol [4]. But, few
reports have addressed noninvasive methods for monitoring the
condition of a driver.

Moreover, the breath—alcohol concentration measurement,
the present widely utilized methodology to prevent drunk driv-
ing, is not able to stop drinking of alcohol after one starts driving.
Breath alcohol ignition interlock devices reduce recidivism by
40-95% as long as the interlock remains on the car [5]. Then,
we are trying to invent a novel system for monitoring drivers
noninvasively and detecting the drivers’ drinking after they start
driving.

Therefore, we have constructed a seat incorporating an air-
pack sensor that can be retrofitted into an existing automobile
seat and reported the capabilities of this seat for noninvasive
detection of impairment of a driver who has consumed alco-
hol [6]-{8]. The sensor system in the seat has since been im-
proved. Biological signals, such as body-trunk plethysmogram
and respiration, were detected from the back of the driver using
the air-pack sensor, a noninvasive and nonconfining method.
The extracted body-trunk plethysmogram signal was defined as
an air-pack pulse wave (AP-PW). An algorithm for the detection
of alcohol-impaired driving was generated from investigations
of the AP-PW.

The physiological and psychological condition of a human
changes continuously, so a method with high temporal reso-
lution should be used to capture the biological signal changes.
Time series analysis is well known as a sensitive method to avoid
a lowering of the temporal resolution in signal analysis [9], [10].

Therefore, this study proposes a new algorithm of the fre-
quency time series analysis to distinguish between the normal
and intoxicated states of a person.

II. EXPERIMENTAL METHOD
A. Experimental Apparatus

A seat containing the air-pack sensor used to monitor the AP-
PW of a subject is shown in Fig. 1. The digital pulse volume,
using a finger clip photoplethysmograph (SR-5C, Amco K.K.),
and the breath—alcohol concentration (ALC-mini, Tokai Denshi
K.K.) were measured with the AP-PW, simultaneously.

B. Experimental Method

Four subjects participated in this study. The subjects were
healthy adults (Subjects A, B, and C were males, and Subject
D was female) aged 20-22 years (mean age: 21.0 years). The
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Fig. 3. Breath-alcohol concentration of the subjects.

The original waveforms from data strings of the digital pulse
volume and the AP-PW from the first 5 min of measurements
in all subjects are shown in Figs. 4 and 5. It seemed difficult to
distinguish between the normal and intoxicated states based on
these original biological signals.

The frequency analysis of the digital pulse volume and the
AP-PW for the first 5 min of each measurement period with
FFT analysis is shown in Fig. 6. As was seen in the frequency
analysis, the frequency was influenced by the consumption of
alcohol, showing a shift to higher frequencies.

The time series of frequency fluctuations of AP-PW in each
measurement period are shown in Fig. 7. Then, the average
value of the time series of frequency fluctuations of the AP-
PW (AVE-AP-PW) in each measurement period of 20 min was
calculated.

The changes in the breath-alcohol concentration and the
AVE-AP-PW in each measurement period are shown in Fig. 8.
The AVE-AP-PW decreased over time for all subjects under the
nondrinking condition. However, the AVE-AP-PW increased
and seemed to be returning to the zero level (Subjects A, B,
and D) along with the breath—alcohol concentration, or only
slightly decreased when compared to the nondrinking condition
(Subject C).

The MEM analyses of HRV before and after the drinking are
shown in Fig. 9. It seemed difficult to detect biological signals
for the intoxicated condition with HRV analysis.

Then, the AVE-AP-PW in normal and intoxicated states are
shown in Fig. 10. The level of AVE-AP-PW at the start of the first
measurement of the experiment was adjusted to zero level. The
AVE-AP-PW decreased at a relatively even rate in normal state,
but the AVE-AP-PW gradually increased and then decreased in
intoxicated state.

IV. DISCUSSION

For all experiment subjects, the breath—alcohol concentration
(see Fig. 3) increased more than 0.1 mg/dl to an invigorated state
on the intoxicated scale [16]. Therefore, the amount of alcohol
consumed was adequate to cause an intoxicated condition in the
subjects. Also, according to the breath-concentration change in
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Fig.4. Comparison of finger photoplethysmogram (before and after consum-
ing alcohol). (a) Subject A (before consuming alcohol). (b) Subject A (after
consuming alcohol). (c) Subject B (before consuming alcohol). (d) Subject B
(after consuming alcohol). (€) Subject C (before consuming alcohol). (f) Sub-
ject C (after consuming alcohol). (g) Subject D (before consuming alcohol). (h)
Subject D (after consuming alcohol).

Fig. 3, it is considered that the subjects’ body weight differences
(up to 11%) and gender had limited affect on the degree of their
intoxicated state.

In the frequency analysis of the digital pulse volume and
the AP-PW with FFT analysis (see Fig. 6), the peaks of the
frequencies of the digital pulse volume and of the AP-PW are
nearly identical, indicating that the digital pulse volume is re-
placeable by the AP-PW [6] for noninvasive monitoring of the
drivers.

Analyses of HRV before and after drinking with MEM are
shown in Fig. 9. The sympathetic nervous system should be ele-
vated by consuming alcohol [16]; therefore, the phenomenon of
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Fig.5. Comparison of AP-PW (before and after consuming alcohol). (a) Sub-
ject A (before consuming alcohol). (b) Subject A (after consuming alcehol). (c)
Subject B (before consuming alcohol). (d) Subject B (after consuming alcohol).
(e) Subject C (before consuming alcohol). (f) Subject C (after consuming alco-
hol). (g) Subject D (before consuming alcohol). (h) Subject D (after consuming
alcohol).

an increase in the level of LF/HF and a decrease in HF should be
observed. But, HRV did not indicate a specific change in all the
subjects. HRV analysis might have captured the subjects’ stress
from the long-time sitting on the seat during the experiment as
well as the intoxicated condition under the influence of alcohol.
It seemed difficult to detect biological signals for the intoxicated
condition with only HRV analysis.

Characteristics of the AVE-AP-PW in normal and intoxicated
states were different. The AVE-AP-PW decreased at a relatively
even rate in normal state, but the AVE-AP-PW gradually in-
creased and then decreased in intoxicated state (see Fig. 10).
The increase of nonlinear behavior of the AVE-AP-PW under
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Fig. 6. FFT analysis of spectrogram of photoplethysmogram and AP-PW
in the first 5 min for the subjects. (a) Subject A (photoplethysmogram). (b)
Subject A (AP-PW). (c) Subject B (photoplethysmogram). (d) Subject B (AP-
PW). (e) Subject C (photoplethysmogram). (f) Subject C (AP-PW). (g) Subject
D (photoplethysmogram). (h) Subject D (AP-PW).

the influence of alcohol was suspected. All subjects under this
condition were affected by external factors such as sitting a
long time on the seat. It could be possible to use the behavior of
the AVE-AP-PW to distinguish between a person’s normal and
intoxicated state by detecting nonlinear behavior of the AVE-
AP-PW. Our results showed that it might be possible to detect
an intoxicated state using the AVE-AP-PW. However, we also
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found that it was not possible to detect an intoxicated state using
HRYV analysis with MEM.

Compared to previous studies monitoring the condition of the
driver, our approach using the AVE-AP-PW has the advantage
to capture the drivers’ biological signals by noninvasive meth-
ods without any electrical devices on the body during driving.
And its techniques for filtering noise or artifact signals are not
complicated compared to those of an EEG [1]-[3]. It is not nec-
essary to add other signals such as eye movement or eye blinks
to increase the reliability of our algorithm with AVE-AP-PW
to distinguish between normal and intoxicated states [2], [3].
Also, it is not necessary for the drivers to do any task to measure
performance [4].

This study has several limitations. First, the method us-
ing the AVE-AP-PW could not distinguish between a per-
son’s normal and intoxicated state without baseline data of a
nondrinking state. It is necessary to consider a way to quan-
tify nonlinearity of the AVE-AP-PW before and after drink-
ing. Second, a long-time measurement would be needed for
using AVE-AP-PW to distinguish a normal and an intoxi-
cated state, when comparing to the breath—alcohol concentra-
tion measurement. It is necessary to minimize the measure-
ment time. Third, regarding the external factors, further research
in real-environment conditions is still needed to enhance this
system for detecting drunk driving. Finally, the findings con-
cerning the relationship between the nonlinearity of the AVE-
AP-PW under the influence of alcohol and the breath—alcohol
concentration is preliminary, and the strength of our conclu-
sions is limited by the small number of subjects. Therefore,
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further research with more subjects is needed to confirm our
findings.

V. CONCLUSION

An air-pack sensor installed in an automobile seat was found
to record the same pulse wave, a pulse frequency peak as the
signal provided by a digital pulse volume probe. Measurements
of the AP-PW for 20 min also revealed differences due to the
consumption of alcohol, suggesting that the AP-PW contains
potential information to distinguish sobriety from intoxication.
The algorithm for the time series of the frequency fluctuations
generated in this study has this potential.
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