
2004 IEEE International Conference on Systems, Man and Cybernetics 

Concentration Detection by Eye Movements: Towards 
Supporting a Human* 

Yoshisuke Tateyamat, Yosbio Matsumotot , Satoshi Kagamit 
t Digital Human Research Center, National Institute of Advanced Industrial Science and Technology 

Nara Institute of Science and Technology 
y.tateyama@aist .go.jp,  y o s h i o @ i s . n a i s t . j p ,  s . k a g a m i @ a i s t . g o . j p  

Abstract - Machines like humanoids or personal comput- 
ers are needed to assist humans. Vie  tasks of humans be- 
come so complicated that machines need to act without de- 
tailed orders from humans. Eye niovements provide very im- 
portant information about a human. Many researchers have 
tried to measure accuratefixation poiuts using an eye trock- 
irig system, from which they attempted to extract a human's 
orders. With limited resources, it is impossible to calculate 
accuratefiration points while allowitig natural head move- 
ment. 77ze authors have attempted to separatelj analyze the 
change in face positions and chauge in direction of gaze 
without detecting f iat ion points. This eve tracking system 
requires 3 features: ( I )  detection of a face position change 
and eye movernenrs, (2) wide nieasurenieni area to allow for 
natural head movenienr, (3) high sanipling rate over 20 Hz 
for  detection of saccades, The choosen eye trucking system 
is based on a sfereo camera. To verijg: the ability to detect 
whether a human is concenrrating or not, experimental mea- 
surement is made while a subject is doing several tasks. The 
results confirm the possibility of detecting a human's state of 
attention. 

Keywords: Face detection, iris detection, human interac- 
tion. 

1 Introduction 
Attempts were made to obtain information from a human 

by observing hisiher face, especially from an eye. The re- 
quirements of the measurement system were: 

to avoid any unusual requirement for measurement. 

to avoid head restraint during measurement. 

To observe natural human movements 

Additionally required were: 

A large measurable range 

e appropriate precision 
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Sophisticated eye tracking systems have become available. 
But essentially their measurement range is obtained with the 
sacrifice of accuracy. They detect the line of gaze. When one 
human sees another, he/she does not appreciate target's pre- 
cise view. Devising methods to detect what hdshe is seeing 
is a challenging and important research area, hut requires the 
extraction of precise 3D positions. Extracting gaze direction 
is a delicate technique. If one wish to know what a user is 
seeing, one must know exact eye position and gaze direction. 
If one wish to know only a user's status, one may not need 
to know these parameters precisely. Using a normal camera, 
it is difficult to get precise information. With a face tracking 
system based on a stereo camera an indication is sought of 
what a human is doing. 

Eye movements can be roughly classified as followings: 

fixation 

saccade 

small eye movements (e.g. tremor) 

Detection is required of spontaneous and intentional 
changes, related to what the subject is doing. Observation 
of a subject's eye may give very useful information about 
their state. However the subject cannot intentionally con- 
trol hisiher gaze point. So if the system reacts each time the 
gaze point moves, the subject may be distracted by extrane- 
ous noise. For a system to support a human, detection of the 
target user's state is important. If a user concentrates on a 
task, the system may provide little or no support. If a user 
is ready to perform a task and waits for a system response, 
the system can then offer some help. If the user is tired, the 
system can advice rest, as it is not a good idea for the system 
to offer information continuously. 

2 Experiments 
The following need to be known: 

The level of eye movements that can be observed with 
this measurement equipment. 

The accuracy with which this measurement equipment 
observes during saccadic movements. 
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Figure 1: An external view of the face tracking system used. 

Figure 2: An extracted image of a right eye. The face track- 
ing system detects both edges of the eye by template match- 
ing. 

Can the system differentiate between tasks 

2.1 Apparatus and methods 
It is possible to extract information from a human face 

at 30 Hz 111. Figure 1 shows an external view of the face 
tracking system. Though the original [ I ]  system uses two 
NTSC cameras, an IEEE 1394 stereo camera (VidereDesign 
Mega-DCS) is now used. This captures two 640 x 480 pixel 
images simultaneously at a 30 Hz rate. These images are 
processed in a PC (CPU: Pentium III 450 MHz). 640 x 480 
[pixel] x 30 [He] binocular images were taken at a time. A 
modification of the system of [I]  was used to find a position 
of a face. This system is stable and robust to find a face and 
to track it. 

Paticular attention was paid to two features - the right 
edge of the right eye and the left edge of the left eye. Ba- 
sically these are found by template matching. Although the 
face tracking system outputs 3D positions of a face, interme- 
diate values are used - 2D feature positions on an image. 
The reason for this is to recognize sources of errors. The 
face tracking system also gives also 3D positions ofeach fea- 
ture, such as the right edge of the right eye, the left edge of 

26 

I 24 

- 22 
._ I 

:: 20 

Q 

c 
0 ._ + .- 
a 
Y) ._ .* 18 

130 132 134 136 138 140 
time (sec) 

Figure 3: Eye movement when a subject has the task of read- 
ing a document. 
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Figure 4 Eye movement when a subject is observing a mov- 
ing object. 

the right eye, etc. However, these are calculated from 2D 
images employed by singular value decomposition. If a phe- 
nomenon is observed using these 3D positions, the measure- 
ments contain nonlinear calculation and template matching 
error, and the source of which cannot be specified. Only the 
change of positions require to be known, so it was decided to 
examine the 2D positions of features on an image. 

The left edge of the right eye was regarded as the face 
position. The template images of the left edge of the right 
eye and of the right edge of the right eye were taken when a 
subject's eyes were open. While a subject was blinking, the 
correlation value between the template and captured image 
of both edges of the right eye falls, so the data from these 
frames were excluded. 

2.2 Single task experiments 
Experiments were conducted to examine the precision of 

the system in detecting eye movements. Eye movements 
are basically combination of fixations and saccades, but 
when following a continuously moving object, the eyes move 
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Figure 5 :  Eye movement when a subject is resting 

smoothly [31. 
Figure 3 shows eye movements of a subject reading a doc- 

ument. Theoretically it may contain fixations and saccades. 
In this measurement, though, template matching errors be- 
came a nuisance, some saccades were observed. 

Figure 4 shows the result of a task in which a subject 
watches a moving circle. The moving circle was displayed 
on the LCD display, placed in front of a subject. The circle 
moved repeatedly horizontally from left to right, then right 
to left. Theoretically, the change is continuous, but the result 
is constrained lo the pixel units. This system detects sponta- 
neous eye movement in pixel units. 

Figure 5 shows eye movements when the display is 
blanked and the subject is at rest. The eye movement was 
larger than in the previous situations. 

Head movements in the single task experiments are shown 
in Figures 6 and Figure 7. Figure 6 shows that when a user 
concentrates on reading, the head movement is quite small 
compared to resting (Figure 7). 
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Figure 6: Head movement when a subject has the task of 
reading a document task. 
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Figure I: Head movement when a subject is resting. 

2.3 Combination of concentration and rest ex- 
periment 

An experiment was conducted to examine whether the 
tracking system could detect any changes whether a user is 
concentrating on a task or is at rest. In this experiment, to 
avoid any fixation phenomena when looking at an object, the 
subject looks at a blank LCD display. Iteration consists of 
the following procedures: 

1. The experimental system generates an arithmetic ques- 
tion which requires adding two two-digit nubmers. 

2. The system gives the question to a subject using a syn- 
thesized voice. 

3. The subject calculates the answer, and responds ver- 

4. After about 10 seconds, the system begins next itera- 

bally. 

tion. 

After ten iterations, a ten second rest was inserted. In the 
experiment, images of the subject were taken by the stereo 
camera, and recorded. The face tracking system extracts face 
information from these images. 

Figure 8 shows vertical positions of the face of a subject 
in the experiment, After 6 minutes elapsed from the start of 
the experiment, a subject appeared to tire. Between iterations 
the head of the subject was moving. But when he was calcu- 
lating, the face positions and eye movement observed by the 
tracking system were seen to stop. 

Figure 9 shows the squared velocity of the face position of 
a subject in the experiment. The system can detect if a user 
is moving or not. 

It was found the system could detect the cessation of 
movement of a user's head and eye when helshe concentrated 
on a task. 

Figure I O  shows the eye position in the experiment. As 
with the face position, while the subject seemed to concen- 
trate on the task, the eye position stabilised. 
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Figure 8: Face y-position in the voice based arithmetic task. 
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Figure 9: Squared values of face position speed in the voice 
based arithmetic task. 

At  this stage, it is now possible to detect changes in a face 
position and eye movement. A simple system was imple- 
mented to detect these changes. Figure 11 shows a sample 
of this implementation. Figure 11 shows a line indicating 
the time at which the system is giving a question, and a line 
indicating the time that the subject is speaking an answer. 
The points show the system detecting eye or face changes at 
theese times. At the start of the system question, the subject 
seems not to react for about some tenths of seconds. After 
the subject answers, helshe seems to be relaxed and the face 
and eyes move. At the 275 second, the system does not give 
a question hut declares a rest time, and the subject seems to 
he relaxed. This system recognized a user’s major changes 
of face and eye. For example, if the system decides that the 
user is tired. it could advise h i d h e r  to rest. 

3 Discussion 
Several sophisticated ideas such as attentive user inter- 

faces [2] have been proposed. For example, consider a dis- 
play system in a public space. If it can detect changes in 
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Figure IO: Eye x-position in the arithmetic task. 

facial position and eye movements of an individual, it can 
detect their reaction and decide whether the content is attrac- 
tive to hidher .  It can then provide new contents in which 
he/she might be more interested. 

Consider now small eye movements at fixation. Accord- 
ing to [4], they can he very small. For example, tremors are 
very rapid and fine movements (20 to 40 arc second, 30 to 
90 Hertz). If the eye ball radius is 13 mm, changes might be 
1.3 x mm. Thus a normal vision based system measur- 
ing over a wide area is unlikely to detect them. 

Some psychologists have tried to find relationships be- 
tween eye movements and mental workload[5]. Their contri- 
butions are very informative, but they want to observe phe- 
nomena and with to understand their physiological basis. If 
conditions change, a phenomenon will not reappear consis- 
tently. To implement the system that watches a human, it 
is important not only to apply psychological knowledge, but 
also to exercise the system in the assumed scene and to see 
whether phenomena are reproducible. 

4 Conclusion 
To support a human, it is important to detect whether 

he/she is concentrating or resting. To this end, a computer 
vision based face tracking system was applied to the prob- 
lem. The system does not calculate “gaze direction” nor the 
point at which a subject is looking. It was confirmed that 
the system can detect the stability of eye movements and of 
head positing that may have a strong relationship to whether 
a subject is concentrating or not. 
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Figure 1 1 :  Result of an implementation of the position change detection system. 
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