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Eye tracking data, especially gaze points, is applied to commercial analysis for production design. Even in
the recent development of the game input devices, the user can achieve visual control via eye tracking
technology when both hands handling the game controller. Besides the applications of gaze points, pupil
diameter can be detected by the recent eye-tracking technology so that is able to be applied to analyze the mental
workload due to an interesting physiological phenomenon: mental stress makes pupil dilation. However, pupil
diameter has been considered as a passive information channel. To the best of our knowledge, pupil diameter
variation has not been previously used for robotic control. Nevertheless, the author regards pupil diameter
variation can be utilized to propose a robotic control system that can adjust the field of view for the user when
doing some specific tasks. Before starting to develop such system, the author should figure out an application
scenario at first. Then, the author came up with laparoscopic surgery, wherein a laparoscope and instruments are
inserted into the patient’s body through an artificial or natural body cavity, after which the surgeon operates the
surgical instrument using a monitor image captured by the laparoscope. During the laparoscopic surgery, both
hands of the chief surgeon are occupied by the surgical instruments. Therefore, the surgery requires someone,
normally a junior surgeon, to hold and operate the laparoscope for the surgeon. The holder should project the
operative field needed by the surgeon onto the center of the monitor. The general role of the holder is to set the
camera’s target position and zoom level. Actually, it’s difficult for the holder to understand the surgeon’s
intention timely. To tackle the issues, a hands-free control system that can alter the view conditions as the
operator’s request timely should be developed. Therefore, the author considers laparoscopic surgery is a suitable
application scenario for the robotic system that adjusts the field of view for the operator.

In this study, the author applied the feature of pupil diameter variation on the development of an
eye-tracking-based control system for endoscopic manipulator, which can recognize the user’s intention to
activate the endoscopic manipulator to alter the direction and zoom in or out timely, which makes the endoscope
control avoid from unconscious eye movements. Before establishing the control system, the author held some
suturing tasks under the laparoscopic training environment to observe how pupil diameter varies when the
surgeons were performing the suturing, due to the no precedent application of pupil diameter variation on robotic
control. Consequently, the author verified the potential of applying the pupil variations on the activation to alter
the endoscopic view and concluded regular patterns during the suturing process. Then, the author developed a
new eye-tracking-based control system for an endoscopic manipulator. The human eye can make unconscious
movements, which may lead to the erroneous operation of the endoscopic manipulator. To address this issue, the
author’s proposed system will recognize the user’s intention to activate the manipulator and the direction in
which the user wants to move the endoscope. Moreover, the control system makes pupil diameter variation have
a significant effect on adjusting the zoom magnification. This thesis consists of five chapters.

In chapter 1, the thesis starts with the introduction of recent applications of eye-tracking technology. Then,
the author states the potential to apply pupil diameter variation to the control for the field of view adjustment. To
achieve that, the author chose laparoscopic surgery as an application scenario and introduces such surgery. The
introduction mainly includes several merits and an issue between the surgeon and the endoscope holder has a

profound effect during the surgery. To this issue, several previous types of research, tackling by robotic
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technologies, are presented. After summarizing the limitations of these types of research, the author introduces
the potential of applying pupil diameter variation. Then, the author states the proposal that applies pupil diameter
variation on the eye-tracking-based control system for the endoscopic manipulator.

In chapter 2, the content focuses on the verification of whether the pupil diameter verification has a
correlation with the suturing techniques. To verify the issue, the author established suturing tasks under
laparoscopic training environment. The trainees and surgeons were invited to perform a suturing task in a dry
box environment. During the experimental tasks, the pupil diameters of the trainees and surgeons were recorded.
As results, the subject needs to focus attention, when he or she was aligning the tip of the needle to the dot of the
target. After that process, the pupil diameter drops instantly. The above results demonstrate the feasibility of
using pupil dilation timing to control an endoscopic manipulator. After confirmation of such phenomenon, the
author hypothesized that it is also possible to observe a correlation between pupil diameter variation and the
timing for zooming in or out. Therefore, the author designed a suturing task to observe pupil diameter variation
and distance between eye and screen. The author presumed that a decreasing distance represents a zoom in, and
an increasing distance represents a zoom out. Closing to a light source or object (monitor) will make pupil shrink
normally, but the results were on the contrary. When the participant was trying to grasp the object, the author
observed pupil dilation and a decreasing distance between the participant’s eyes and the screen. Such a
phenomenon indicates that the participant was focusing attention and moving their eyes close to the screen to
grasp the object correctly with fewer errors. The results indicate that pupil variation and the distance variation
between eyes and screen have a negative correlation.

In chapter 3, the author presents the system that activates the endoscopic manipulator in time when the user
wants to alter the direction and zoom level. Due to the conclusion mentioned in chapter 2, the system structure is
based on eye-tracking so that the pupil diameter variation can be the input. The system implements the
master-slave architecture. The master consists of an eye tracker a display and a personal computer (PC). The PC
carries out the user intention recognition (IR) and send data to the slave. The IR system can determine the user’s
intentions from the eye tracker data. The author applied image processing method to adjust the zoom
magnification of images. The results are sent to the slave part via Ethernet. After receiving the data from the
master, the slave microcomputer activates the motion of endoscopic manipulator, thereby altering the direction of
the endoscope. Initially, the eye tracker collects the operator’s eye data and uses a built-in function to determine
whether both eyes are detected while excluding blinking and mistracking events. If so, the pupil diameter and
ocular velocity-of-rotation data are sent to the intention judge segment. Otherwise, the system disregards these
data and awaits new data. The intention judge segment, which includes the trained support vector machine
classifier, is used to determine the intention of the operator from the received data. The data sequence has a high
possibility to be classified as unintentional when pupil diameter is smaller and velocity is higher. In contrast, the
data sequence has a high possibility to be classified as intentional when pupil diameter is larger and velocity is
lower. If the status is judged to be intentional, the data are sent to the next fragment: the direction judge, which
includes the probabilistic neural network (PNN) classifier. Otherwise, the status is deemed to be unintentional

and the system disregards the data and waits for new data. The direction judge determines the operator’s
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intended direction from the screen location of the operator’s gaze. An eye tracker must be calibrated before being
used. The PNN classifier is trained by individual calibration data. The author used a nine-point calibration
pattern to label the training data. These nine points respectively represent the gaze positions of static (central), up,
down, left, right, oblique upper left, oblique upper right, oblique downward left and oblique downward right. As
a result, the author makes the system to be able to recognize the operator’s intended direction based on nine
options mentioned in the previous sentence. If the gaze point of the user is located in the central part of the
monitor screen, the direction judge will recognize the user’s intention as to keep the endoscopic manipulator
motionless. If the user’s intention is recognized as central, the eye tracking data are sent to the next fragment: the
zoom judge. A general finding was replicated by Ahern and Beatty, who found diameter changes of 0.1-0.5 mm
because of mental activity. A change of more than 0.5 mm is caused by variation of light condition. Moreover,
such pupil dilation processes last less than 300 milliseconds (ms). Therefore, the zoom judge will recognize
whether to zoom in, zoom out or keep the image unchanged according to whether the absolute value of pupil
diameter variation within 300 ms is range from 0.1 mm to 0.5 mm.

In chapter 4, the author set up a comparison experiment to evaluate whether the system makes the user alter
the conditions of view intentionally and timely. The author designed a peg transfer task the experiment, which is
a standard task in the Fundamentals of Robotic Surgery. The experiment required participants to manipulate
camera and forceps simultaneously via the proposed system. The peg transfer task required participants to move
rubber rings to appointed pegs. The comparison mode required participants’ one hand for manipulating forceps
and the other hand for holding endoscope. The manual manipulation of endoscope can reflect the user’s intention
intuitively. For that reason, the author hypothesized the proposed system would perform like the manual mode
intentionally. During the experiment, the motion trails of the tip of endoscope were recorded. As results, the
average length of motion trails with the system was significantly less than the average length of motion tails with
the manual mode. Therefore, the proposed system is able to run as the user’s intention efficiently. Moreover, the
maximum delay of per loop of the system was equal or less than 90 ms that is less than the tolerance delay of
surgical robotics and the reaction delay of human’s hand-eye coordination. Therefore, the proposed system can
adjust the view conditions for the user timely.

In chapter 5, the author presents the achievement, limitation and future work of this research. In future work,
the system being operated under in vivo condition should be evaluated, which make the operator require longer
task time and higher mental stress. Moreover, the pupil-based interface can be developed based on this research,
which will strengthen human-machine interaction.

In this overall research, the originality of this study was to apply pupil diameter variation on the control
system for the endoscopic manipulator. Due to no precedent robotic control applying pupil diameter, pupil
diameter variation of surgeons was observed when they were suturing under laparoscopic training tasks. Then,
the data was concluded into regular patterns and verified that can be input for the control system. Based on the
previous verification, a new eye-tracking-based control system for endoscopic manipulator was developed. After
evaluations, the system was confirmed that is able to recognize whether the user is intentional to alter the

direction and zoom level of endoscope timely.
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