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BEDBHK - 12 /Objectives and Outline of the Course

H | BRTA4 7 R0FBDEHICIE, ARy FOBHEXRRT I2BANOEBOARY bON—FT c 7ETREVAHEHELT
3., REETIEART 4 7 Z0ERNASEEOBRO-H (1, TIOESEIMHE & ESHEOHE S, SFHT 5, EEMICIE, B
EHHEROBRE DRy bv a2l — X OME L RIT - EEF BN - EEFTBEIEHE. ARy b OBERE, ART 4
I ADISABICOWTHEET .

i

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

applications in robotics.

v

FBDZEBRE /Learning Objectives

B | BRTA4 0 ROERERD 74— NNy JHIEIEEBELTWND

NI L — X DEEREEETG, BRFLHNFEEBELTND
NIEaAL—XOENFEEFELTWD

YIEa2L— 2 OBRMERRCIEEEIZERTOESFE L HHEEEL TWD
AFy b OEEEEZEBREL TWS

ART 4 7 ZADLANBTFICOVWTCHBATE S

& | 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.
To become capable of understanding dynamics of a manipulator.
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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.

3 BAZDERE O SHiEZE / Fulfillment of Course Goals (JABEE BS:&ERIB D )

H ORT 47 RZET BB +HTHY, ORT 17 AOBERICAFIZERTE S
ERBEICBITONTVZBENITRTUSE->TEBRTETLS
ERBEOEABENNS 5 L TCERTETCLSD, SREREICET2EBEITELTLS
ERBZICBIS2ERABTENERTETLAL

Z | 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.

RETEIER /Course Plan

No. IEH Topics AZA Content
1 H | #&% [BKT1 72 OBE EEETED S EBHEE TORN. BRT 4 7 ZDFEL.
Z | Overview of this lecture Flow from the task planning to motion control.
Related study area.
2 H| V—FRE—XTHEEINSE | Y—RE—KTHESINZ ARy FEBOET L. BFE7 1 — FXy O5If% TR 72
£ EEDREEARRE. 2 KENROBEINE & BRBUCE.
Z | 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—y H1EERDOES BERNRT AP &L 74— Ny J#IEZR, 74— KXy o754V ORE, £y,
T—4E), HEHBEAT LK,
%= | Example of feedback | Specifications of digital feedback controllers.
controller Sensing and motor actuation.
4 H| v=talL—20EHY 3EHREY-E1L—X0OEHF L SEHF
Z | Kinematics of manipulators Kinematics and inverse kinematics of the 3 dof (degree of freedom) manipulator.
5 H| v=tal—20oMaBEKRE | HoBRevyacTs, BHFEE LY EFEDDOBER).
BhE
& | Differential relation and | Differential relation and statics of manipulators
statics of manipulators
6 H| a2l —R0BHFLE | —BNAT_L2L—K207-H0EHF. EIZRERREBRTY. 3£ IEHREBTH
ey E3
Z | Kinematics and frame | Kinematics of a general manipulator. The frames and homogeneous transformations,
transformation of | representations of several rotational matrixes.
manipulators
7 H |6 BHEY=E2L—20EH | —MNAYZE2L —ROEELBITOER. 6 BEHEY-E1L —XOEHF LWE
% | Kinematics of a 6 DOF | Fundamental analysis of a general manipulator mechanism. Kinematics and inverse
manipulator kinematics of a 6 DOF manipulator.
8 B|~Ztal—%0gh= Za— bV HAATEOBE, 777 0YKICLDEHARAOEH, ARy X
A4 27 2D
Z | Dynamics of manipulators Overview of Newton-Euler method. Derivation of equations of motion using
Lagrange method. Characteristics of robot dynamics.
9 H| ~=tal—g0ESHHE1 BEERER TORAFRE 7 1 — NNy 78I, FEEERTO7 — PNy ZHI#, 7
14— K7+ 77— I, FHE.
Z | Motion control of | Local linear feedback control in joint frames, feedback control in working frames.

manipulators |

Feedforward control and force control.
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10 | B | v=EalL—20ESHHH2 MBEBENDNAT Yy R, a7 747G, 4> e—8 > X§E.
= | Motion control of | Hybrid control of positions and forces, compliance control, impedance control.
manipulators Il
11 | B | v=ral—20EFHHEE | BOMEZRTO PD I &S EEMHKHIHESR, FEEZERTOIEERHIEER F78
e | FIEHOBE, (1B & HOFHHEER.
= | 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 | E8EtE, F - (FEFBOE | 2L — 2 ~OBBHORFEOFNR, (FEEEZERTOEEN G E & BEEZR TOH,
E:2 BETE., ARy FOTT IV EBEEE - FEAE. BfFSTEMEL L. av T4
JL—3 3 v2E[,
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 | Ry bogfFatiE 1 REETE (EEMEE) MEEZ®BFIE ARy beEEHOIV T4 7L - avE
M (RREM) TOXRBHE.
Z | 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 OEEETE 2 FRRZEMOBEEL (771, BE (U'77) R&R
Z | Motion planning Il Structuring searching space (showing searching space graphically). Path (graph)
search.
15 BH | 8871427 R0IGHEFIEBE BFBETFREOEE (ETIMR—RETER—X), = 20Ky FEFHOBAN. RE

DFE E PR 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.

BIESH /Prerequisite(s)

H [ 2T LH1H] OBRZBEL TWAZENEE L,
Z | Itis desirable to have studied "system control theory".

BEBEBAFE (FF - EF%) /Required study time, Preparation and review

H | #RIEEAAT PowerPoint £ 782 2 7 2 ZAWVTITY. ABERICHL TL, 67.5KAOFEZICHET2EIFIRERI DL
ETHD. BRICHREMNICHELT/ —bz2RY, ZOBECEHEFHBICL - THAEZTEIENEETHS.
% | 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.

#HRlE SEZ2E /Textbooks/Reference Books

B | %%
[KfZaRy FRIEIAPL, NNEXRE, F— Lt
[BHRT 1R, J.Craig®, =@ TWR, HIIHK .
Z | 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.

ARIERHE D iR R O EAE /Grading Policy

B | ZHRICEIHABROBE S, BEFRICETLFR—FOBRIS L THET 2. ZHRFAABROER%Z 70%, LFR—FOFER%Z 30%
ELTEHMEL, ZOARETAN 60 AU EEEHKET B,
% | Evaluation is based on the results of the examinations given at the end of the semester and the reports assigned in class.

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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