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MEASUREMENT OF ARQUSAL LEVEL USING IMAGE PROCESSING OF
EYE-OPENNESS

Rina Moriyamal, Nobutoshi Yamazaki?
"National Rehabilitation Center for Persons with Disabilities, Tokorozawa, Japan
? Faculty of Science and Technology, Keio University, Yokohama, Japan

INTRODUCTION

Heavy eyelids are often experienced when people
get sleepy. It is known in physiology that the musculus
levator palpebrae superioris, which opens and closes the
eye, receives the sympathetic nerve innervation.
Therefore, drooping of the upper eyelid can be
presumed as caused by muscle laxation due to arousal
decrease. Consequently, we focused on eye-openness,
obtainable for contact-free from face images, and
examined its validity as an objective measure to
evaluate arousal level at a relaxed state with mental
work (e.g. reading on bed). For this purpose
eye-openness degree was defined from the palpebral
fissure length and compared with electroencephalogram
(EEG) and subjective evaluation of facial expression.

MATERIALS AND METHODS

Image processing of eye-openness degree: Palpebral
fissure length was extracted as follows using the face
mmages obtained in after-mentioned experiment. After
denoising, the video images were converted to bitmaps
at a rate of 10 frames per second. These bitmaps were
loaded sequentially to a program written in C.

Width, height, and center coordinates of the eye in
the first frame were given by hand as the initial
condition. And a window (Fig 1. left) that follows eye
motion was used to reduce the eyebrow noise and to
raise the efficiency of image processing. Binarization
was carried out within the window, and threshold level
was decided individually so that it separates the eye and
the eyelid. The center of the window was set according
to the eye center of the previous frame. Eye center was
calculated based on the coordinates of the detected
entocanthion and the initial width and height of the eye.
As shown on Fig 1. right, this detection was done by
scanning the entocanthion from bottom to top starting at
the lower right pixel. A vertical line that passed through
the center was defined as the center line. Along this line,
from bottom to top, a black pixel that belonged to the
eye area was detected. As the black pixel was found,
contour tracing was done within the black area. In this
way, noises like the shadow of a double eyelid were
eliminated, and the eye area was determined as the area
bounded by the contour. On this contour, the distance of
the upper and lower pixels was calculated around the
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Fig 1. Analysis window and palpebral fissure length.

center line, and the maximum value was defined as the
palpebral fissure length. Using these methods after
preparing the image files, the palpebral fissure length
was acquired automatically for 0.04 s/frame with
Pentium (R) 4 CPU 2.40 GHz.

An example of the time-series data of palpebral

fissure length is shown in Fig 2. . It contains blinkings
and the value depends on the shooting distance and
subjects’ natural eye-size. Consequently, a median filter
was applied over every 50 points to eliminate the noise
of blinkings, and 1 min moving average was applied for
smoothing. Furthermore, size-standardization was
carried out so that the palpebral fissure length of the
opened eye would be “1” and that of the closed eye
would be “0” when subject is at complete waking state.
This standardized value was determined as the
eye-openness degree.
Experiment for comparison with conventional arousal
measure: Eye-openness degree, EEG, and sleepiness
level by facial expression [1] were measured during
e-book reading on bed. So as not to excite subjects, a
reading material was chosen from typical literary works.
A monitor was set to subject’s preference at the proper
position for reading, which was about 600 mm above
the head. At the bottom of the monitor, a small CCD
camera (DXL-LS1, Sony, Tokyo) was attached for
shooting the face. Subjects were 17 healthy students
who had good viston and normal sleep-wakefulness
cycle. Experiments were carried out under each
subject’s consent. As instructions on the previous day,
subjects were told to obtain enough sleep and avoid
ingestion of caffeine and alcohol.

Subjects were laid at a spine position in a silent
room (temperature: 25 degrees C, illumination intensity:
250 Ix). For size calibration, the face images (768 by
494 pixels) were first taken when gazing at a regarding
point shown at the middle of the monitor with the eye
open and closed. Then, the image during reading was
taken and recorded on DVD. Simultaneously, EEG
activity of the parietal lobe was recorded with a clinical
electroencephalograph (Neurofax EEG-5414,
Nihonkohden, Tokyo). Time constant was set at 0.3 sec,
and a high frequency filter (30 Hz) was used. The brain
wave was led by referential derivation using ear short
from Mid-Parietal (Pz) in accordance with the
ten-twenty electrode system. The final data was logged
on PC as digital at 100Hz via AD converter
(PS-2032GP, TEAC, Tokyo).

Experiment was performed at one of two terms
(momning: 9:30-12:30  or evening: 15:30-18:30)
excluding the early afternoon when people are
considered to be sleepy from the very start because of
the arousal circadian variation [2]. One session was 25
min, which has been confirmed by pilot studies that
arousal decrease could be observed and subjects do not
get tired.
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Fig 3. Sleepiness level and facial expression.

Acquisition of sleepiness level by facial expression:
“Sleepiness level by facial expression” is a measure that
applies human’s perceptional ability of facial expression
in judging a person’s sleepiness. It is obtained by rating
sleepiness levels into 5 different grades every 5 sec,
namely 1: not sleepy at all, 2: a little sleepy, 3:
defimitely sleepy, 4: very sleepy, and 5: extremely
sleepy (Fig 3.)

EEG analysis: Theta to alpha activity (4.0-13.0 Hz) was
used as the EEG measure. Spectrum analysis was done
on 5 sec epochs using a general-purpose software for
time series analysis (MemCale ver2.0, GMS, Tokyo).
The power spectrum was integrated within each epoch,
and 1 min average was calculated every 5 sec.
Statistical analysis: Eye-openness and EEG data change
nonlinearly as arousal decrease (Fig 4. (a), (c), (d)).
Therefore, spearman’s rank-correlation coefficient was
calculated for each subject between eye-openness
degree and other two measures. T-test was also done.
This analysis was made on 12 subjects excluding 5 who
showed little decrease in arousal level.

RESULTS

Trends of sleepiness level by facial expression and
eye-openness degree were similar (Fig 5. (a)), and there
was a very high rank-correlation whose coefficient was
-0.92 % 0.05 (average = SD, p<0.001) between them
Fig 4. (b)). No significant difference was shown
between morning and evening groups. A
rank-correlation  coefficient between EEG and
eye-openness degree was -0.64 + 0.17 (p<0.001)
excluding 3 subjects who showed different EEG
tendencies from other ones (decrease or be constant as
sleepiness level by facial expression increases).

DISCUSSION AND CONCLUSIONS

Eye-openness degree was extracted automatically
from face images and was found to have a very high
rank-correlation with subjective evaluation of facial
expression. This is because the subjective sleepiness
level is determined by laxation of facial muscles and
drooping of upper eyelids [3]. With the results of this
experiment, eye-openness degree is considered to be a
valid measure that can evaluate arousal level as good as
sleepiness level by facial expression, avoiding
evaluators’ loads.

On the other hand, EEG power normally increases
when arousal decreases (Fig 5. (¢)), but there were
inter-individual difference in the increasing amount and
some subjects did not show such increase or show the
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Fig 5. Comparison between each trend (example).

contrary tendency (Fig 5. (d)). One reason is phase lags
of trends between EEG and facial expression (Fig 5. (b)).
Another possible factor may be effects on EEG other
than arousal level. Because EEG was measured during
mental work with visual activity, appearance of alpha
wave could be inhibited by reading though subjects
were at a relaxed state. The result on EEG 1s
summarized as follows: eye-openness degree showed
basically high correlations with EEG measure, but the
large inter-individual differences suggests that EEG is
not proper as a general measure for evaluating arousal
level during mental work.

In concluding, we found eye-openness degree,
which was obtained semi-automatically, had good
measurability comparable with sleepiness level by facial
expressions. With this measure, the arousal level can be
evaluated without placing any electrodes, or interfering
subjects” work unlike questionnaires and reacting time
measurement.
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