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BEDBR - IE Objectives and Outline of the Course

B | ART 47 ZADEFDHICIE, OFy bOESHZRRT 2UANOEBEOOARY bON—F Uz 7 ETRAEVAHZLDEZE T

%, RERTIEORT 4 7 AOEBHLBSFEROERD/-HIC, T ITEENHIE & ES)
HHIEHROBRE. ARy b2 L —20OMIE LRI - BBFLeHY - EFFHEC HIH. Ry b OBMEETE, DRT 1
I ZDBAEINZDOWTHEET S

FEOBRRD DR Y 5, EEMICIE B

Z | In order to study robotics, such wide ranged knowledge is necessary on that mathematics to express robot motion and

applications in robotics.

hardware to construct real robots. In this lecture, for the purpose of understanding fundamentals of robotics, motion control
and motion planning are mostly dealt with. Specific contents are methods to construct joint control system, analysis of a
manipulator mechanism, kinematics and dynamics, motion planning and control, motion&task planning of robots, and real

SBDREFZ Learning Objectives

i

B | BRTA 0 ROERERDZ 74—y JHIEIEEBRELTWD

RIEaL—ROEEREEEER, EB9FEBHNFEEREL WD
NIEaAL—ROENFEEHELTNLD
YL —ROBEHEERCIFEEZERTOESTEE HIEHZERL TWD
ARy FOEMEFTEZERL TS

ART 4 7 ZADADTFICOVWTHBATES

Bt

To become capable of understanding feedback control as the basics of robotics.

To become capable of understanding frame and transformation, and kinematics and statics of a manipulator.
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To become capable of understanding dynamics of a manipulator.

To become capable of understanding motion planning and motion control of a manipulator in joint frames and working frames.
To become capable of understanding motion&task planning of robots.

To become capable of explaining applications of robotics.

B BIEDERE OHEEZE / Fulfillment of Course Goals (JABEE BEERIB D &)

I | ik
Y

ART 47 RCET BRI +HTHY,
ERBEZICBITONTVWEIEENTRTISE-> TEBTETLS
ERBZOEAREZEBENANS D L TEBTETCWLWEY, SREEICET2EEITELTVWS
ERBEZICRIF2EATENERTETCLAL

AFRT 47 RDOEEBCAGIZHRTED

Having enough understanding on robotics and are able to construct simple real applications of robotics.
Able to understand the whole contents enumerated in the achievement targets.
Able to understand the basic contents enumerated in the achievement targets, but unable to understand the higher level

contents and details.

Unable to understand the basic contents enumerated in the achievement targets.

REEHEEE Course Plan

No. 18 H Topics AZA Content
1 H|#xIORT407X] OBE {EZEETED HEBFIEE TORN. AKRT 1 7 XOEL.
% | Overview of this lecture Flow from the task planning to motion control.
Related study area.
2 B | Y—FRE—2THIHINEE | ¥—RE—THBEINZ2 0Ky FNEEFOETIL, BE7 14— XNy J#lE%ETR -7
2] CEEDREEARRE. 2 KENROEBEISE & BRBUIGE.
% | Joint control using a servo | Modeling of a robot joint controlled by a servo-motor. Stability and instability in linear
motor | feedback control. Transient response and frequency response of time lag system of
second order, tuning of feedback gains.
3 B | 74— FNy 7HlEHZEOES BHMNBRT PRV T4— RNy UHIHER, 74— KN\v o4 O, vy,
T 255, TEHEBT LK,
% | Example of feedback | Specifications of digital feedback controllers.
controller Sensing and motor actuation.
4 H| v~Ztal—x0EgHF 3SHHEEY-E 2L —XDEHF LIEEEF.
% | Kinematics of manipulators Kinematics and inverse kinematics of the 3 dof (degree of freedom) manipulator.
5 B | ~v~ztal—2o@aBEfRe | BoBE/RevaCTH), #HFEE MLy EFEDOBER).
BhE
% | Differential relation and | Differential relation and statics of manipulators
statics of manipulators
6 B | Y2l —X0BEFEE | —RNATIE2L —2DHOEEF, EERERREWITY, & XSEHEHT7)
Epd E32h
% | Kinematics and frame | Kinematics of a general manipulator. The frames and homogeneous transformations,
transformation of | representations of several rotational matrixes.
manipulators
7 H |6 BHREYZE2L—20ES | —BAT_Lal—20EELMRITOER. 6 BREY -2l —ROEHF L EE
% B,
Z | Kinematics of a 6 DOF | Fundamental analysis of a general manipulator mechanism. Kinematics and inverse
manipulator kinematics of a 6 DOF manipulator.
8 H| ~Ztal—g0gh% Za—bY FAT—FROBE, FUI7UTAERICLZEHARAOEH, ORy bX
A+ 27 2D
Z | Dynamics of manipulators Overview of Newton-Euler method. Derivation of equations of motion using
Lagrange method. Characteristics of robot dynamics.
9 B | v=tal—20ESHHHE1L BEERRTORARIE 7 « — KNy 7§80, (EEEERTD 7 4 — /Ny o&1#, 7
4= K757 — NI, HEHE.
Z | Motion control of | Local linear feedback control in joint frames, feedback control in working frames.
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manipulators | Feedforward control and force control.
10 | B | v=btal—2DZESHHE2 RIBEADNAT Yy FEIE, 2> 77472 G, 1> E—& > XHE
= | Motion control of | Hybrid control of positions and forces, compliance control, impedance control.
manipulators |
11 | B | v=al—20EFHEHE | BEAEZRTO PD fIH & BEEMKHIHESR, FEEZRTOPEBREHEER F8
e e | BB OBE, (IE & HDFEHEEER.
Z | Motion control experiments of | Experiments of PD control and trajectory tracking control in joint frames. Experiments
a manipulator of trajectory tracking control in working frames. Overview of learning control,
experiments of positions and forces learning control.
12 | B | E®EtE, BF - (FEFAEOH | 2L —2~OBBHURF LB, (FEEERTOESFEE BNEZRTOH,
= BEHE, ARy AT IV SEBEEE - FEE BIFFTERES R 3V T 4«
gL —va v,
Z | Motion planning and overview | Overview of motion teaching methods for manipulators., Motion planning in working
of task planning frames and trajectory planning in joint frames. Robot programming language and
motion&task planning. What is the motion planning problem. Configuration space.
13 B | B8y boEEaHE 1 RERETE (EEYEE) MBELAMRCFIE ARy beEEYOaIY T4 L—va vz
M (RREM) TOXRBHE.
% | Motion planning | Procedures to solve the path planning (obstacle avoidance) problem. Representations
of robots and obstacles in the configuration space (searching space).
14 | B | ARy b OEhEETE 2 BREEOBENL (V7 71), BE (V77) B3R
Z | Motion planning Il Structuring searching space (showing searching space graphically). Path (graph)
search.
15 | B | AR7T4 7 A0SR EL BEFBEFEOLE (ET LR ETHRN—R), —ExAKy FEZFOBN, B
D &R RE.
% | Robot applications and | Comparison of motion planning methods (model based vs. behavior based).

perspectives of robotics Introduction of real applications in robotics such as service robots. Current problems
and futures in robotics.

JB1E515 Prerequisite(s)

H [2 2T L] OBRZBEL TWDIZENLEELL,
& | Itis desirable to have studied "system control theory".

RERRNLE (FEB - EBS)

Required study time, Preparation and review

H | #RIEIEAAT PowerPoint £ 782 2 7 2 ZAWVTITY. ABERICHL TL, 67.5KHAOFEZICTET2EIFIRERI DL
ETHD. BERICHREMNICHELT/ —bz2RY, ZOBECEHEEHBICL > THAEZTEIENEETH .
% | Lectures are based on PowerPoint presentations using a projector. Printed materials selected from reference documents will

be distributed occasionally. Totally, 67.5 hours of preparation and reviewing would be necessary.

HRE BEE Textbooks/Reference Books

B | %&
[HKfgaRy FRIEAPIL, NNEXRE, F— L%t
[BRT 17 R, J.Craig®, =B TWR, HIIHK .
= | No textbooks are used, but there are several reference documents as following,

(1) "Introduction to Robot Control (in Japanese)", S. Kawamura, Ohmsha Pub.
(2) "Introduction to Robotics (in English)", J.J. Craig, Addison-Wesley Pub.

BB D iR R VEL# Grading Policy

H | FHRICRTHBROMRE L, BERICRETLA-FOBRICKH L T 2. FHEFHBROKERE 70%, LK— bOfER% 30%
ELTFHmL, ZOEFRN 60 RUEZEKET S,
I | Evaluation is based on the results of the examinations given at the end of the semester and the reports assigned in class.

3
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The results of the end-of-semester examinations are assessed as 70% and the results of the reports as 30%, with a total
score of 60 points or more being considered passing.
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