HB290700 | 2026

Advanced Computer Aided Surgery

2 |

()

&) /Course objectives

‘t"

2026HB3 , 2025HB3 , 2024HB3 , 2023HB3

In this course, robots with the shape of curves and

< |surfaces that are controlled in complex environments like
medical applications will be introduced. Students will
gain the ability to describe the types of mechanisms and
control required by robots from a mathematical
perspective. Students will also implement the robot"s
behavior and controller on computers.
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/Detailed

information
Students will study systems with curves and surfaces in surgery. Examples of these systems
include a continuum robot suitable for insertion through a narrow hole and reaching deep into
the patient®s body in laparoscopic and natural orifice transluminal endoscopic surgery. In
addition, treating organ surfaces as flexible deformable surfaces is important from the
standpoint of controlling surgical robots. Although these can be treated mathematically as
continuous curves or surfaces, they often must be treated in a discrete manner in order for the
computers used to realize robots to predict their movements. In this course, students will study
methods for mathematically representing continuous curves and surfaces, and they will deepen
their understanding of discretization to allow them to be handled by computers. They"ll then use
what they"ve learned to study forward and inverse kinematics of continuum robots, as well as
control of target continuum objects.

®

/Overview of

course Students will develop an understanding of methods of mathematically representing curves and
surfaces, and of methods for implementing them in computers. Furthermore, they"ll study methods
for controlling continuum robots, and they"ll gain the ability to implement the robot"s behavior
and controller in computers.
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1. Introduction
2. Moving Frame
3. Representation of curves
4. Representation of surfaces I
5. Representation of surfaces Il
6. Representation of curves in computers
7. Representation of surfaces in computers I
8. Representation of surfaces in computers Il
9. Variational problems |

10. Variational problems 11
11. Control of robots with the shape of curves I




O] 12. Control of robots with the shape of curves Il
/Course plan 13. Control of robots with the shape of surfaces I
14. Control of robots with the shape of surfaces Il
15. Presentation and oral test
©) 1 14 15
50% 50%
/Grading/evaluatj Students will implement the algorithm that they learn from classes 1 through 14 as computer
on method programs. In class 15, students will make a presentation on the simulation results of the
implemented algorithm. Students will be evaluated based on this presentation (50%) and the oral
test (50%).
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Students will be evaluated on the basis of the criteria listed below.

(i) The student understands systems with curves and surfaces in surgery.

(ii) The student understands methods used to mathematically represent continuous curves and
surfaces.

(iii) The student understands methods used to represent discrete curves and surfaces.

(iv) The student understands forward and inverse kinematics of continuum robots.

(v) The student understands control of target continuum objects.

Students who satisfy all five criteria (i) through (v) will receive an evaluation of "exceeds
passing criteria to an exceptional degree.” Students who satisfy four of the criteria will
receive an evaluation of “significantly exceeds passing criteria.” Students who satisfy three of
the criteria will receive an evaluation of "somewhat exceeds passing criteria.” Students who
satisfy two of the criteria will receive an evaluation of "satisfies passing criteria.”

Q)
Students will need to have knowledge of fundamental mathematics and some extent of programming
/Notes skill.
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/Questions
and requests Students may ask questions during class or add them to reports.
for advice Students with questions concerning taking this course should contact Dr. lIwamoto by email.
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