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We call the matrix C the Coriolis matriz for the manipulator; the vector
c(e, 0)0 gives the Coriolis and centrifugal force terms in the equations

of motion. Note that there are other ways to define the matrix C(6, 0) B - N\x - I UNR—2OEHHER
such that Cy;(6,0)8; = T;jx0;0x. However, this particular choice has
important properties which we shall later exploit. mx = f(t) — bx — kx

Equation (4.21) can now be rewritten as
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[M©)i +0(6,6)6+ N6.,6) = 7] (4.24) .
V(e )—L:—% i(r)dr — Ri=0

where 7 is the vector of actuator torques and N(8,6) includes gravity
terms and other forces which act at the joints. This is a second-order
vector differential equation for the motion of the manipulator as a func- MAARBRNEVWIBETETY VI TES
tion of the applied joint torques. The matrices M and C, which sum-

marize the inertial properties of the manipulator, have some important

properties which we shall use in the sequel:
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Trong trudng hop luc tic dung lén co hé déu 1a cac luc c6 thé thi Q; =0.
Khi d6 phuong trinh Lagrange loai hai ¢6 dang
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gl G| harE oIl X=v
ol e e =) (5.15) )
di\og,) oq;, &g, mv = —bv — kx + f(t)
Néu ta dua vao hé thitc LCR ZOEKHER
L=T(ql,---,’If,qx,~-->4f,t)—H(Q1,---,qf) . '
thi phuong trinh (5.15) c6 dang q=1 .
; Li=—Ri— =q+ V(t)
A O R (i=1,.... /) (5.16) C
ar\og,) g, '
Chii y. Trong trudng hop hé céc vat ran chiu cic lien két holonom, phuong . s - N
trinh Lagrange loai hai vin c6 dang nhu (5.15). Ta cong nhan khong HZEMICACEETHD DI D

chiing minh.

FH - (IHEAF ORT 1 7 2FH) BB E 4/25 FH - (IBREAY ORT 1 7 2%R) BisEE 8/25




T% - &iff - H2DERETHS

WMo | (FICHD)
MERE (FHERT ML)

ISREE #MaoniEd
ISREE I BERECEREY
BESHE BENICRFOREERCAE

T M= (IRMAY DR 1 5 AERY)

T% - &iff - H2DERTHS

—MERIETE (H 5T OK)
SREADME. FEERIIRE

hE, EFOER, SIEIZEE0DRNYERHTS

WBWAREEEZHLTHD

FH - (IBEAE OFT 1 7 RER)

HRATAR & MR

MaAER

FRATRYICARC - ROEWZBL THEZKRDS.

FRAFTER -
x(t) = x(0)e™%

EEOWEEICKT L THRYID.

T - (@AY OKRT 1 7 RFER) HEatE

FRATHAR & BUEAR
BIENICREC  BBEOI TRERT

BIEROB) : 44 5—3k, B HRROMIE x(0) = 1.00

t X
0.000000 1.000000
0.100000 0.818567
0.200000 0.670052
0.300000 0.548482
0.400000 0.448969
0.500000 0.367511
0.600000 0.300833
0.700000 0.246252
0.800000 0.201573
0.900000 0.165001
1.000000 0.135065

FH - (IBEAY ORT 1 7 R%R) BB E

9/25

10 /25

1/25

12/25

FRAT AR & BUERR
AR HiE

T M= (IRMAY DRF 1 2 RER) 13/25

BREBEEE
B

FH - (IBEAY ORT 1 7 R%R) 14 /25

REREEE
ZEHEY v VBB OESHARER
Hir0y + Hizf, = h129§ + 2h12010; — G — Gy + 7,
széz + HIZél = *hlzéf — G+
=L
Hiy = h+ ml? + Jo+ mo(I2 4 1% + 21 cos 6,)
H12 = J2 + m2(lf2 + lllc2 Ccos 92)
H22 = J2 + mglfz
h12 = my ll IC2 sin 92
Gy = (Ml + mah) g cos 0y
G2 = mplep g cos(by + 62)
RITHIICR 2 & TERW
HEMWICRL (YIal—Yay)

T - (IHEARE ORT 1 7 2FR) 15 /25

BRERIEFE

FH - (IBREAY ORT 1 7 2%R) 16 / 25



HEREE

HIT O

T - (IHEARY ORT 1 7 RFER) & 17 /25

BEAR

MATLAB FHEARY M, BHABRR
Bifil, NSA—SDBIFEL, ALK

BHa AR W), RELR, VY - v 8%

W - gvsy - Jz—IRILTE
Hl%, HIRELE (CSM)

LU DR, ERw NELU R

ERy MERE LU, JLAF—0f

BII—RARERNX

5 ETH, /5L Y213y NOEXRI

farE ROBEMEE, R 754 vl

BEMTILITY XL ELER, —#RELER, ERILK
EVFANLOE

ABREFRE (—RT) BREE, BT, £—LOBNER
BETH, £—LDBMER
BEREFRE (TRT) 2D/3DEW, 2D/3D kB
2D/3D t&144751, 2D/3D MItE4T51

T H— (IREAY ORT 1 7 R¥H) 18 /25

AT a—)b

4/8 HIEEFEEIE BATE, BUER

4/15 MATLAB fTol&NT ML, BEHAARER, /5 70KRE

4/22 MATLAB miiftk, XS XA—4DBIEEL, &K

4/271 BWAHRX EWMIAEIORER, REEH, LoF - vy
4/29 BWAARR VT - 0v 8 - T—RILTE, FIR, FIRRE
5/20 FEiI—RARNX LUSER, EXRv MELUSE

5/271 FI—RARX EXRy MBIRELUSE, JILRAF—9R

6/3 & HFFTN, F5L -3V bOERIL, QROE

6/10 W RoOREERE, R754 UHE

6/17 FEFEMTILTY XL ELE, —HELE, ERELY

6/24 FEEMTIITYIL EvFANOE

7/1 ARERE (—RT) BREH, BIETH, E—LO0BRNERY
7/8 ARERZE (—Rm) EETY, E—L0BNER

7/15 ARERZE (ZRxT)  2D/3D EW, 2D/3D IR

7/20 BRERE (ZXk3w)  2D/3D BT, 2D/3D BT

T - (@AY OKRT 1 7 RFER) & 19 /25

BME

HRY AT LEDIHD
HEETRE

MATLAB &

et FH OH— &

sfle

Y AY (=
LSS \DI

T3 H— (IREAE ORT 1 2 2¥H) 20 /25

VITR=Y
http://www.ritsumei.ac.jp/~hirai/
8% — 024 FE) THERE 20Uy s

www.ritsumei.ac.jp/ "hirai /edu/2024 /algorithm /algorithm-j.html

BERHED = 7Y A b TER

T - (IHERY ORT 1 7 RFR) B 21 /25

S

LR— b (manaba+RA~A7 v 70— K, MATLAB Grader)

EHAEARR

manaba+R AD 7 v FO— R : pdf 7 7 4 JL T manaba+R ICIRH

TG RERS (LLMHEARE) &80 (ZA%MRL) pdf

Bz IE 12345678901 EH{E— pdf
12345678901HiraiShinichi.pdf

pdf 7 7 1 JLASHE IR =T R4
T—RPBEDT7 7 Iid pdf ICEHL, PvTI3BIE

MATLAB Grader : PC % % WEA~Y— b7 # V THRE
MathWorks 77 7177 >~ k% Rainbow 7#7 ~ b THERM L TH <.
https://jp.mathworks.com/mwaccount/register
MATLAB AP (B #EE)
https://matlabacademy.mathworks.com/jp

T = (ISEAE DR 1 7 RER) 22/25

MATLAB & &

@ BBEFHEY I DT

@ THPRY MLERD T &EHTTHRE

Q@ EMAPEADVILIA—, SBELIHEZOEE
@ BALBDBFDHDY—ILiRY ¥ X (toolbox)
@ OV 3 L, WHEHORNADOF AL ATHE

T - (IHERE OKRT 1 7 RER) 23 /25

MATLABIRI%

BEFESA VR

IMEERETMATLAB 8514 Y A &EA
2 Toolbox {EFEATRE
2018 FEEM S 2020 F£E, 2021 FEICEH

MATLAB @1 X h—)L

https://jp.mathworks.com/academia/tah-portal/
ritsumeikan-university-40673840.html

T = (UBEAE OFT 1 7 RER) 24 /25



MATLAB IRI%

o MATLABERIEZBHDPCHEIWERAI—R T+ VICA VR
k=L 3

o YU TN TOTSLEHEBBEDY T TH A NTRE

o LiR—MDMBEICED

EH E— (IBEERF ORT 1 7 REH) & 25 /25



