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ABSTRACT

From the practical viewpoint, only behavioral measures (in this study, eight behavioral measures) were used for
drowsiness prediction. A variety of baseline of drowsiness (arousal state) was used in this study. More concretely,
each  behavioral  measure  was  used  as  the  base  line  of  drowsiness  (arousal  state)  as  well  as  the  self-reported
evaluation of drowsiness, and thus we made an attempt to predict the participant’s drowsiness for each base line.
Trend analysis of each evaluation measure was carried out by using a single regression model where time and base
line of drowsiness (one of evaluation measures) corresponded to an independent variable and a dependent variable,
respectively. Using the result of trend analysis, we proposed a new approach to predict the point in time (we call this
the point in time of virtual accident) when the participant would have encountered a crucial accident if he was
driving a car. On the basis of results of all participants, the proposed approach could identify the point in time of
virtual  accident,  and  was  promising  for  identifying  and  predicting  the  time  zone  with  potentially  high  risk
(probability) of inducing an accident due to drowsy driving in advance, and for warning drivers of such a state.  

Keywords:  Trend  Analysis,  Base  Line  of  Drowsiness,  Drowsiness  Prediction,  Behavioral  Measure,  Warning
Presentation

INTRODUCTION

To prevent drivers from driving under drowsy state and causing a disastrous traffic accident, not the gross tendency
of reduced arousal level but the more accurate identification of timing when the drowsy state occurs is necessary. It
is not until such accurate measures to predict the timing of occurrence of drowsy driving is established that we apply
this to the development of ITS (Intelligent Transportation System) which can surely and reliably avoid unsafe and
unintentional driving under drowsy and low arousal state. 

Many studies used psychophysiological  measures  such as  blink, EEG, saccade,  and heart  rate  to assess fatigue
(Brookhuis and Waard,  1993,  Kecklund  and Akersted,  1993 and  Skipper and Wierwillie,  1986).  Kecklund  and
Akersted  (1993) recorded  EEG continuously  during  a  night  or  evening  drive  for  eighteen  truck  drivers.  They
showed  that  during  a  night  drive  a  significant  intra-individual  correlation  was  observed  between  subjective
sleepiness and the EEG alpha burst activity. As a result of a regression analysis, total work hours and total break
time  predicted  about  66%  of  the  variance  of  EEG  alpha  burst  activity  during  the  end  of  drive.  Skipper  and
Wierwillie (1986) made an attempt to detect drowsiness of driver using discrimination analysis, and showed that the
false alarm or miss would occur frequently in such an attempt.
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Murata and Hiramatsu (2008), Murata and Nishijima (2008), Murata et al. (2011a), Murata et al. (2011b), Murata et
al. (2012), Murata et al. (2013a), Murata et al. (2013b) and Murata et al. (2013c) made an attempt to predict drivers’
drowsiness using physiological  (EEG, heart  rate variability (RRV3), and blink frequency) and behavioral  (neck
vending angle (horizontal and vertical), back pressure,  foot pressure, COP on sitting surface, frequency of body
movement, tracking error in driving simulator task, and standard deviation of quantity of pedal operation) evaluation
measures. Here, the drowsiness is represented by the psychological evaluation of drowsiness using a 3-point scale
(arousal, 2: a little drowsy, 3: very drowsy). In other words, an attempt was made to predict the drowsiness on the
basis of the relationship between subjective drowsiness (sleepiness) and the physiological or behavioral evaluation
measures.  

There exist two problems in such an approach. One is that using physiological measures is not practical due to
expensive price of their measurement apparatus. Another problem is related to the validity and rationale of using the
self-reported (psychological) evaluation of arousal level as a base line of arousal level. Moreover, using the self-
reported (psychological) evaluation of arousal level as a base line is also not desirable from the practical viewpoint. 

Therefore, from the practical viewpoint, only behavioral measures (in this study, eight behavioral measures) were
used for the drowsiness prediction. A variety of baselines of drowsiness (arousal state) were used in this study. More
concretely, each behavioral measure was used as the base line of drowsiness (arousal state). Different from Murata
et al. (2011b), Murata et al. (2012), Murata et al. (2013a), Murata et al. (2013b) and Murata et al. (2013c), the self-
reported evaluation of drowsiness was not used as a baseline of drowsiness in our proposed approach for predicting
drowsiness,  although  the  self-reported  evaluation  of  drowsiness  was  also  used  as  a  reference  for  evaluating
drowsiness. 

We made an attempt to predict the participant’s drowsiness for each base line. The trend analysis of each evaluation
measure (tracking error in simulated driving task, foot pressure,  back pressure, neck bending angle (horizontal),
neck bending angle (vertical), and COP (Center of Pressure) on sitting surface) was carried out by using a single
regression  model  where  time and  base  line of  drowsiness  (one  of  evaluation)  corresponded to an independent
variable and a dependent variable, respectively. Using the result of trend analysis, we proposed a new approach to
predict  the  point  in  time (we  call  this  the point  in  time of  virtual  accident)  when the  participant  would  have
encountered a crucial accident if he was driving a car. Finally, analyzing the process until we judged that it is not
valid (proper) to keep the participant continuing the simulated driving task, the effectiveness of the proposed method
was verified.

METHOD 

Participant

Eight healthy male students from 21 to 23 years old participated in the experiment. All signed the document on
informed consent after receiving a brief explanation on the experiment. The visual acuity of the participants in both
young and older groups was matched and more than 20/20. They had no orthopedic or neurological diseases. They
were required to stay up all night and visit the laboratory. Under such a physical condition of the participant, the
following experiment was carried out.

Apparatus

The outline of experimental system is summarized in Figure 1. Pressure sensors (OctSense, Nitta) were attached to
the shoes insole for measuring foot pressure. Pressure sensor (OctSense, Nitta) was attached to the backrest of the
driving seat for measuring back pressure (see Figures 2 and 3). Goniometers (DKH) were attached to the back of
neck to measure the bend angle of neck. A measurement system of sitting pressure distribution (Nitta, Conform-
Light) was placed on a driver’s seat (see Figure 4).
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Figure 1. Outline of experimental system.
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Figure 2. Foot (left) and back (right) pressure measurement.
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Figure 3. Setup for back (left) and foot (right) pressure measurement.

Task

The participants sat on a seat, and were required to carry out a simulated driving task. For both conditions (high and
low arousal  conditions), the participants were required to carry out a simulated driving task. The display of the
driving simulator is depicted in Figure 5. The participants were required to steer a steering wheel and keep their  
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Figure 4. Apparatus for sitting pressure and COP measurements.

1:arousal
2:a little drowsy
3:very drowsy
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Button to be used for drowsiness evaluation

Evaluate drowsiness

2: a little drowsy

Figure 5. Display for simulated driving task and switches around steering wheel for evaluating
subjective drowsiness.

vehicle to the center line (purple color) as much as they can. The psychological rating included the following three
categories: 1: arousal, 2: a little drowsy, 3: very drowsy. The participant was required to evaluate his drowsiness
using the switches 1-3 in Figure 3 every one minute.

Procedure

As for behavioral  measures,  neck vending angle (horizontal and vertical),  back pressure,  foot pressure, COP on
sitting surface, frequency of body movement, and tracking error in driving simulator task were measured. The neck
bending angle was sampled with the sampling frequency of 1kHz. The foot pressure, the back pressure, and COP on
sitting surface were sampled with the sampling frequency of 2Hz. The quantity of pedal operation and the tracking
error were measured every one second (sampling frequency of 1Hz).

Behavioral  measures  above  were  recorded  while  performing  a  simulated  driving  task  for  (at  most)  one  hour.
Applying these  measures  to  the  trend analysis  model  below,  it  was  explored  if  we can  predict  accurately  and
properly the point in time when the participant would have encountered a crucial accident if he was driving a car. By
analyzing the process until we judged that it is not proper to keep the participant continuing the simulated driving
task, we made an attempt to verify the effectiveness of the proposed method (trend analysis approach).

RESULTS

In Figure 6, time series of tracking error and subjective rating on drowsiness are plotted. Figure 7 plotted time series
of difference of foot pressure. In Figure 8, time series of vertical bending angle is shown. Time series of COP
movement is demonstrated in Figure 9. Figure 10 shows time series of difference of back pressure. Figure 11 plots
time series of horizontal bending angle. 
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Figure 6. Time series of tracking error and subjective rating on drowsiness (Participant: YU). Downward
arrow shows the point in time with high probability of potential danger of accident.
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Figure 7. Time series of difference of foot pressure (Participant: YU). Downward arrow shows the point
in time with high probability of potential danger of accident.

Here, downward arrow in Figures 6-11 shows the point in time with high probability of potential danger of accident.
We will call this point in time of virtual accident. From Figure 6, it is clear that tracking error increased with the
elapse of time. The change of subjective rating on drowsiness is also plotted in Figure 6. The rating 4 corresponds to
the case where no switch was pressed. Towards the point in time of virtual accident, the tracking error gradually
increased. Similarly, the difference of back pressure (Figure 10), the vertical neck bending angle (Figure 8), and the
horizontal neck bending angle (Figure 11) tended to increase towards the point in time of virtual accident.  The
difference of foot pressure (Figure 7) tended to decrease towards the point in time of virtual accident. As for the
COP movement (Figure 9), no definite tendency was observed.

Although the tendencies of change of the behavioral measures over time were approximately identified like Figures
6-11, these are not enough to identify the symptoms of drowsy and dangerous driving situation and predict the point
in time of virtual accident. Some systematic method for identifying the symptoms of drowsy and dangerous driving
situation  more  clearly  and  automatically  is  necessary.  Therefore,  the  trend  analysis  method  (for  example,
Montgomery, 2005) to predict the point in time of virtual accident is discussed below.

TREND ANALYSIS

In Figure 12, the approach for detecting significant trends (increase or decrease) and warning drowsy driving is
summarized. In Figure 12, the original time series are entered into a 5-point moving average algorithm. The interval 
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Figure 8. Time series of vertical bending angle (Participant: YU). Downward arrow shows the point in
time with high probability of potential danger of accident.
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Figure  9. Time series of COP movement (Participant: YU). Downward arrow shows the point in time
with high probability of potential danger of accident.
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Figure  10. Time series of difference of back pressure (Participant: YU). Downward arrow shows the
point in time with high probability of potential danger of accident.
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Figure 11. Time series of horizontal bending angle (Participant: YU). Downward arrow shows the point
in time with high probability of potential danger of accident.
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Figure 12. Proposed approach for detecting significant trends (increase or decrease) and warning
drowsy driving.

for the trend analysis is fixed to 4 minutes. The behavioral measures were calculated every 10s. A total of 24 data
were used for  the  trend analysis per one interval. The interval was moved forward by 10s like Figure 12. In this
figure,  a total of 55 intervals (T0,  T1,…..,  T53,  T54) were used for trend analysis, and the judgment of trend was
conducted for each interval. Careful observation of trend (increase or decrease) of each evaluation measure must be
continued until the symptom of virtual accident is certainly extracted. 

Figure 13 is an example of such a trend analysis of tracking error for the predetermined interval. Downward arrow
shows the point in time with high probability of potential danger of accident. Significant trends of increase were
detected for the intervals ① and ②. As for the intervals ③ and ④, no significant trend of increase or decrease was

detected. A significant trend of increase was again detected for the interval ⑤.　In such a way, the trend analysis is
conducted for all intervals and for all measures. 

Figure 14 shows an example of trend analysis of COP movement, and resulting graphic summary of significant or
non-significant  trends for  the whole analysis  interval  T0,  T1,…..,  T214,  T215 (Participant:  MK).  Downward  arrow
shows the point in time with high probability of potential danger of accident.  Until the point in time of virtual
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accident, there existed a lot of significant increasing trends of COP movement. Such a trend can be used for the
synthetic judgment of drowsiness.
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Figure  13. An example of trend analysis of tracking error for the predetermined interval. Significant
trend of increase were detected for intervals ① and ②. Significant trend of increase were detected for
intervals ③ and ④. Downward arrow shows the point in time with high probability of potential danger of accident.

DISCUSSION

Figure 15 shows the result of trend analysis of tracking error, and resulting graphic summary of significant or non-
significant trends for the whole analysis interval (Participant: YT). Figure 16 shows the trend analysis of horizontal
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bending angle, and resulting graphic summary of significant or non-significant trends for the whole analysis interval
(Participant: YU). Figure 19 shows the trend analysis of vertical bending angle and resulting graphic summary of
significant or non-significant trends for the whole analysis interval (Participant: YU). Figure 18 shows the trend 
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Figure  13. An example of trend analysis of tracking error for the predetermined interval. Significant
trend of increase were detected for interval ⑤ (continued-1-).

 

0
5

10
15
20
25
30
35
40
45
50

60 360 660 960 1260 1560 1860 2160

time   s

C
O

P
 m

ov
em

en
t 

cm

- 1

0

1

0 50 100 150 200T50 T100 T150 T200T0

Significant increase

Significant decrease

No trend

Trend analysis for synthetic
Judgment of drowsiness

Participant: MK

Figure  14.  An  example  of  trend  analysis  of  COP  movement,  and  resulting  graphic  summary  of
significant or non-significant trends for the whole analysis interval (Participant: MK). Downward arrow
shows the point in time with high probability of potential danger of accident.

analysis  of  back pressure and resulting graphic  summary of  significant  or  non-significant  trends for  the whole
analysis interval (Participant: YU). These figures show that the significant increase trend occurs in a row before the
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point in time of virtual accident for the tracking error, the horizontal and the vertical neck bending angles, and the
back pressure. Such a trend analysis makes us easier to understand the trend of change of these evaluation measures
than time series shown in Figures 6-11, which means that the point in time of virtual accident can be predicted by
making use of the lower graphs in Figures 15-19.
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Figure  15.  Trend  analysis  of  tracking  error,  and  resulting  graphic  summary  of  significant  or  non-
significant trends for the whole analysis interval (Participant: YT). Downward arrow shows the point in
time with high probability of potential danger of accident.

 

0

10

20

30

40

50

60

60 240 420 600 780 960 1140 1320 1500 1680
time   s

H
or

iz
on

ta
l n

ec
k

 v
en

d
in

g 
an

gl
e 

 d
eg

-1

0

1

0 20 40 60 80 100 120 140

Participant: YU

T40T0 T20 T60 T80 T100 T120 T140

Figure 16. Trend analysis of horizontal bending angle, and resulting graphic summary of significant or
non-significant trends for the whole analysis interval  (Participant:  YU).  Downward arrow shows the
point in time with high probability of potential danger of accident.
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Figure  17.  Trend  analysis  of  foot  pressure,  and  resulting  graphic  summary  of  significant  or  non-
significant trends for the whole analysis interval (Participant: TE). Downward arrow shows the point in
time with high probability of potential danger of accident.
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Figure  18.  Trend analysis  of  back pressure,  and resulting  graphic  summary of  significant  or  non-
significant trends for the whole analysis interval (Participant: YU). Downward arrow shows the point in
time with high probability of potential danger of accident.
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Figure  19. Trend analysis of vertical bending angle and resulting graphic summary of significant or
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non-significant trends for the whole analysis interval  (Participant:  YU).  Downward arrow shows the
point in time with high probability of potential danger of accident.

Figure 17 shows the trend analysis of foot pressure and resulting graphic summary of significant or non-significant
trends for the whole analysis interval (Participant: TE). The result that the significant decrease trend occurred in a
row before  the point  in time of  virtual  accident  suggests  that  such a trend analysis  is  effectively  used for  the
identification of the point in time when it  is definitely and firmly judged that the participant is about to reach
inactive driving state and under a high risk of crucial traffic accident.

The following judgment of occurrence of virtual accident would be recommended. 
(i) Assume that x is the number that significant increase or decrease continues consecutively. 
(ii) Also assume that y is the number of evaluation measure for predicting the point in time the participant is about to
reach inactive driving state and under a high risk of crucial traffic accident.
(iii) By setting a value to x, and determining the number of evaluation measures y, we judge that the warning should
be provided with the driver, and the warning by dint of noisy sound, strong vibration, intense flash light, or intense
odor (smell) is actually represented to the driver. 
(iv) If such a situation continues z times in a row, or v times out of w, the vehicle should be forced to stop running. 

The numbers x, y, z, v, and w must be determined empirically. Future research should explore how these parameters
x, y, z, v, and w should be. 

In this study, the interval used for identifying the trend was fixed to 4 minute (one data/10s). Future research should
explore how the interval  of trend analysis and the duration of one data (in this study, the duration of one data
corresponded to 10s) affect the result of trend analysis.

CONCLUSIONS

As shown in Figures 12-14, we proposed the method for the trend analysis that adopted a single regression model
where time and base line of drowsiness (one of evaluation) corresponded to an independent variable and a dependent
variable, respectively. We carried out the proposed trend analysis. Using the result of trend analysis, we proposed a
new approach to predict the point in time (we call this the point in time of virtual accident) when the participant
would  have  encountered  a  crucial  accident  if  he  continued  driving  a  vehicle.  On  the  basis  of  results  of  all
participants,  the proposed approach could identify the point  in time of  virtual  accident,  and was promising for
identifying and predicting in advance the time zone with potentially high risk (probability) of inducing an accident
due to drowsy driving, and for warning drivers of such a state.

Future  research  should  make an  attempt  to  make use  of  the  proposed  method,  predict  the  time in  point  with
considerably high probability of potential danger of accident in real-world driving environment, and further verify
the effectiveness of the proposed method.
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