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Nowadays, a large number of machines are being produced to improve human life
quality. Some conventional machines are usually controlled by hand such as keyboard
and the others are controlled by foot like pedal of car. The next stage of communication
method between machine and human are biometric technology. There are three of the famous
biometrics: finger prints, voices, and iris. They have been bring a revolution for the
communication between human and machine. Biometrics are widely used in identification
system based on the physical and behavior characteristic.

Then bio—signals also took a role to improve the quality of communication between human
and machine. One of the bio—signals that is widely used in neuroscience is
electrooculography (EOG). This signal comes from eyes activities such as gaze motions
and blinks. Eye activities change the magnitude of potential between cornea and retina.
On one hand, biometrics are well-known used in switch based control such as on the
security system, and on the other hand, EOG signal has switch and proportional functions.
FOG signal compared to electromyography (EMG) and electroencephalography (EEG) also
has a linear relationship with gaze motion distance, relatively high amplitude and been
easy detected, EOG has a bright future to be investigated to develop the proportional
bio—signal.

This research used NF Instrument as the EOG sensor. This device has an amplifier
(head box), a processors box, and four electrodes. The electrodes consist of a ground
electrode, minus (reference) electrode, channel 1 (Chl) and channel 2 (Ch2). Three
digital filters were given by the processor box which is 1.6 Hz High Pass Filter, 60
Hz Low Pass Filter and 60 Hz Ham Filter. Another 60 Hz Low Pass Filter was added to
reduce the electricity equipment noise.

One of the factors influences the stability of EOG signal is the position of
electrodes. Using the NF instrument, six possibilities of electrode positions were
investigated under the right eye for Chl and other 6 candidates of electrode positions
beside the left eye were also inspected for Ch2. A camera was used to detect gaze motion
distance. Chl acquired the signal from vertical gaze motion and Ch2 detected the signal
from horizontal gaze motion. Stability of signhals was decided from signal magnitude
and standard deviation. The result shows that linear approaching to this condition
successfully detect the gaze motion in horizontal or vertical case with average error
pixel around 80 pixels or 1.6 cm. Based on this result, we concluded that a good quality
of EOG signal is necessary to develop EOG applications in human—machine interface. Using
the appropriate position of EOG electrodes, this signal was used to control robot
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manipulator in four directions (up, down, left and right). This was a real time system
since it could detect when a signal comes and sent it to the robot manipulator system
through Arduino microcontroller. Positive and negative threshold were used to detect
gaze motions. Ratio between maximum and minimum value of EOG from Chl was used to
distinguish the signals from up gaze motion and blink. The result shows that this system
was successfully detect the gaze for up, down, right or left. Based on the accuracy
of this system, we can use this method for some extend applications later.

A simply rotation matrixes were introduced to help operator move a 2—dof planar
robot manipulator not only in horizontal or vertical but also in diagonal gaze motion.
The robot movement was the indicator this system could follow gaze motion based on EOG.
Operators looked into five training target points each in horizontal and vertical line
as the preliminary experiments which based on directions, distances and areas of gaze
motions. It was done to get the relationships between EOG and gaze motion distance for
four directions: up, down, right and left. The maximum angle for horizontal was 46°while
it was 38°in vertical. Rotation matrixes were attached to combine the horizontal and
vertical signals, so it was possible to diagonally track objects. To verify, the errors
between actual and desired target positions were calculated using Euclidian distance.
This test section had 20 random target points. The result shows that this system could
track an object with average angle errors are 3.310 in x—axis and 3.580 cm in y—axis.

To improve the ability of tracking object using EOG, affine transform method was
proposed with robot manipulator movements as the indicator. Three operators looked at
24 target points displayed on a monitor that was 40 cm in front of them. Two channels
(Chl and Ch2) produced EOG signals for every single eye movement. Combinations of signals
between the two channels were used to make this system not only for horizontal or vertical
gaze motion but also for diagonal motion in analog locations. These signals were
converted to pixel units by using the linear relationship between EOG signals and gaze
motion distances. The conversion outcomes were actual pixel locations. An affine
transform method is proposed to determine the shift of actual pixels to target pixels.
This method consisted of sequences of five geometry processes, which are translation—1,
rotation, translation—2, shear and dilatation. The accuracy was approximately
0.86°+£0. 67° in the horizontal direction and 0. 54°+0. 34° in the vertical. This result
shows that the method is reliable in building communication between humans and machines
by EOGs.

Flexibility of tracking system using EOG was studied by controlling a 3—dof in
3—-dimensional area. Five features of EOG: threshold; slope of signal; integral of
absolute EOG signals; peak and half period of a wave, were used to detect EOG signal,
convert EOG signal to gaze distance and distinguish gaze motion, voluntary blink and
involuntary blink. The targets were displayed on a monitor from two camera, front and
top views. The active camera could be chose by voluntary blinking. EOG signals were
converted to pixel coordinate using affine transform. The pixel coordinate was transform
to robot coordinate using the correlation between camera positions, robot position and
monitor display. Four possible areas were tested to evaluate the performance of system.
Robot coordinate of a target became the end—effector position and the joint angles were
derived by inverse kinematics. The result shows that this system could reach all the
targets well. Based on the result, this system successfully improved the flexibility
of controlling robot with 3D movements. This ability increases the possibility to
develop this system with some special task as picking and placing objects.
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