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Abstract

In this study, the Repetitive Control (RC) combine with Sliding Mode
Control (SMC) by nonlinear control theorem is applied on four axis manipulator,
making the tracking performance more precisely and the system uncertainty have

better robustness under the effect of outloop disurbances.

Manipulator preciseness control is mostly applied in many diffirent types of
payload, such as the unpredictability outloop disturbance, system uncertainty or
the impact of the model itself gravity, goriolis force, inertia force. Diffirent types
of payload impact effect and cause system preciseness and stability loss. In order
to improve the output efficiency of the system, suppressing the influence of
outloop disturbances and systems uncertainty is necessary. This paper proposes
the SMC that have hight performance combined with the RC has high

performance on to suppressing the disterbances and enhancing the robustness.

Keywords: Repetitive Control ~ Sliding Mode Control ~ Manipulator
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RFAE 2 HLE R T FL g > &4 R ABF RHAFICHRT 74 P
B H B TR ABELCA L A RER AR T BSLE R o F R

LRFAzEES Bz (=% > TREc2 D-HEEEE S F dsz + = ARz 3
2R R Ae(2-19)%7m o d P2 ERF AR T RZIFE > PR EIFEFY

b8 A 4 o
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4 (2-15)¢ (2-16)

X=d,s,S,
y= d45301
#3548 G

y _ d43351
X

@:ﬂwli

S

1
Cy

=tang,

(2 20)

(2-21)

(2—22)

B 2-5 IR EA G 57 R

20
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2.4 ¥ 4 FHF

AAFEEP R AP -PERYD S EARENSRLF FR N
(Eqation of Motion) > H ¥ APl v @& F2 A7 8% B EFRRIFLY S
2 B R4 4% B 7 (Jacobian) b d & iR 2 B B B de a2 o Je RS
REz2_ @62 A5\ o
2.4.1 Jacobian 4&*'

Jacobian sE*E* kA B 22 FPRAEM G ARBEAHS ot oF R
oo EIEFLERERER LR R EREL A EEET Y
dAERSEAERE S EEE 2 M R T & Jacobian 4B o 1 4% 22 B i 2 Jacobian
EE T H AT

¢=Jq 2-23)

2O qiBEE (= o vaos i AL RERE LR L GT

v=J.4 (2—24)
®=J,9 (2—25)

#* Jacobian B L G i AP LA T BMHE o RTRER C LER
Jacobian 4B > 5 B 5 iEF ATz itk o 15 i8(2-24) % (2-25)3 ¥ 9 3] o

AT A 2 SR REM & S T g M & 2 Elbow AR LR AR 2 s

o s~ 1, ~ 1 o Jacobian #E*E & £ 4T
JV ‘]V ‘]V ‘]v ‘]v
J = : 2 3 4 s -
(), J, J, 3. J. . (2—26)
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RS S ]

CM,=[0 0 Of

CM,=[0 0 I,]"

CM,=[0 0 I,]"

CM, =[d,s,c, d,s,c, d,+l,c]’

CM, =[d,5,C,, +1.5,C, 05,8, +18,5, d,+0,C;+IC,]" (2—27)

#-CM $ q s - R19J,

0O 00 OO
Jw:a%Mlzo 0000
9 looooo
0O 00 0O
3,=%M: _lg 00 0 0
. 0 0
0 00O
sza%M3:o 0000
a 000
oCM d453(_512) d453(_312) 0 00
Jy, = p +=| d,s,.C, d,s,C, 0 0 0
a 0 0 -l 00
oCM _d453312_|c533312 _d433312_|c533312 d403012 00
Jv5: P = d453012+|c533C12 d45301z+|c533C12 d403012 00 (2-28)
q 0 0 I, 00
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JoF Ul WEREFI 2 EHE oz, 2(2-92(2-10)4p %k RaEL2Z =27~
%R # 5 23(2-9)(2-10)2-11)4p 3k 16 R4B" 2. % = 7 ~ % v 74 4 (2-9) (2-10) (2-11)
(2-12)4p %k 4 R4B" 2 % = 17 L % »z5 5 (2-9)(2-10)(2-11)(2-12)(2-19) # % # R &

A ARPEE A Z T R R 2 Zip Zg FR0 PP - HEY

0 -cs,-¢cs, 0 00
J,=|0 cc,+ss, 0 00
1 0 0 0O
0 -c¢s,—-¢CsS si(cc,—-ss,) 0 O
J,. =10 cc+s8s, s(cs,+¢s) 0 O
1 0 C, 00
0 - CS; =G5, S (C1C2 - Slsz) S (CICZ - 5152) 0
J,, =10 cC,+5sS, $(C8,+C,8) Si(Cs,+¢s) O
1 0 C, C, 0
0 - Sz S5Cip SiCi;  SiGy,
‘]a)s =0 —C, S8, 558, S35, (2—-29)
1 0 C, c, G,

23



242 £ -9 p * 4235 (Euler-Lagrange Eqution)
¥ A Lpie ¢ > Euler-Lagrange Eqution E_i% % * ka7 d 4 B3 22—
P RN R AT

d oL oL

— == f i=l..,n (2-30)
dtog, oq

# ¢ Lz % Lagrange 3k = (Lagrange of system) > f; & B & gz % 4 i 5 4F

MY R A K A 0P i i E ERAeT AT

L=K-P (2-31)
1 _ .
K=ZaM(@ad=2m,;@qq, (2-32)
)
I:):rnig-rrci :imigTrci (2_33)

(2-27)% 7 'nZEEHKE QiR M)ELE? %078

H e
M (q) = i[miJvi @73, @)+, @ R@LR@ I, @] (2-34)

4 (2-24) ~ (2-25) ~ (2-26) ~ (2-27)7% 3

dt&qk Z kJ J+Z dqu

i

; Z | (2-35)
#-(2-25) ¥ Qx T fic &

ad, P
a1 44 (2-36)
6qk 2 7 o, T aq,

& (2-29) 22 (2-30) » (2-24) ™ %

24



#(2-31) 7 5

n

Zn:dquj"‘zn‘,zcijkqiqj-ng:fk k=1,...,n
j-1 i-1j-1

Beb RHE T B EDER S AR

M(0) §+C(a a)a+9(Q) =f

M,, =2m,,%s,,’s,” + m,l,%s,” +2m,1,°l .2 +m,l s, + 1,
M,, =s,”(2m,l,%s,,” +m,1,7* +2m,1,°1 5 +m,l.%)

M13 = _2m3|4201225122C353

2 2.2 2 2 2
M,, =s; (2m3|4 S12 +m4|4 +2m4|4 Ic5 +m4|c5 )

M,, =2mJ,’s,)’s,” +m,l,°s,” +2m,1 %l s, + m,l.°s.> +1,

25

(2-37)

(2-38)

(2-39)

(2-40)

(2-41)

(2-42)



2. 2.2
M23 :_2m3|4 G5 S5 C3S5
2 2.2
M31 :_2m3|4 Cis S5 G385
2 2.2
M32 :_2m3|4 G, S;5 G355

2, 2.2 2.2 2 2 2.2
M,; =2m,l,"s,,"s,” +myl,s;” +2myl, 7 gs," +myl.°s,” + 1,
M44:|4

M, =M,, =M,,=M,, =M,, =M,, =0
C,,=C,,=C,, =C,, =s,(3dq.l,’m,c, + 2dq,l,’m,c, + 2dq.l_.“m,c,
—2dg,l,’mc,,’c, + 4da,l | sm,c, + 2da,l,’m.c,,s,,S, + 2dg,l,”m.c,,S,,S,)
C,, =dq,l,’m,s,,c,, —da,l,’m,s.c, —dg,l.°m,s,c, — da,l.s°m,s,c, —da,l,’m,s,c, —da,l,’l_;m,s.c,
—2da,l,1sm,s,c, — 2da,l,°m,s,,¢,,¢,° — 2da,l,’m.c,,C,s, — 2da,l,’M.C,,C,S,
C,, =dag.l,’m.s,,c,, —dg,l,’m,s,c, —dg,l .’m,s.c, —dq,l..“m,s.c, —dg,l,’m,s.c, —dg,l,’l sm,s,C,
—2da,l,1sm,s,c, — 2da,l,’m,s,,¢,,¢,° — 2da,l,°m.c,,C,s, — 2da,l,’m.C,,C,S,
C,, = da,l_,’m,s.c, —dg,l,’m,s,c, —da,l,’m.s,.C,,
—dg,l s°m,s,c, —2da,l,’m,c,,s,,¢.° — 2dg,l,°m,s,,¢,,¢,° — 2da.l,’m.c,, C.s,
C,, =C,, =1,"m,s,(dg,c, +dg,c, — 2dg,c,,°c, — 2dq,c,, C, +2d,C,,S,,S;)
C..=C,,=C,,=C,,=C,,=C,;=C,, =0

0;= _953(|4m4 + Ic4m3 + |05m4)

9129229420
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¥
i

F AR EEE 2 K
1rdl s

BA RS LA R 5B 0 B e 2 B AREE 4

Boh s BEFRBEERREEL 2 BT R PR TR
B A2 2 PR AT AR BRI R - R B

Mo BB FRAPE o B F Ao 3T P A S
BE = fg 50

M@+ A)(@)d(t) + CA+A)a,G)4(t) + g+ A)(g) =u(t) +d(t) (3-1) #
grgee nxlrw i WEEFEe 2 5E 4R 23RN E AR KR

I

w8 o M(Q)e nxn i $fir T2 @eg R C(Q)de nxlie growd g

<4258 g(0)e Nx1iE+ A4 24 &8 u(t)e nxls ksnidlg  d(t)

€ Nx15 *h3MF@aagl » Adpeh® 5 87 T8 » £ATHF L (3-1)

M (g)di(t) + C(q, g)a(t) + g(q) + L(t) =u(t) +d(t) (3-2)
29 L(t)e nx13i ksnrg A8 2 B fe
L(t) = (AM (g)d(t) + AC(q, 4)q(t) + Ag(a)) B-3)

#-(3-2) K1

4=M[-Ca(0) - 9(@) +u(®) +d(®) - L] (3-4)
R b 1 T
(1) & #3432 41(Sliding Mode Control)

PAERAEN T RSB AE L TR T Y By A2 il

fﬁgqﬁﬁ_&*ﬁg\lkr/},ﬂlbjﬁb’}f j\,ﬂf,‘fu.&_"' ‘3%35 P+ #’EZ%%’{

En

(2) £ 4# #=4](Repetitive Control)
AR H S P S0 B2 UL PR PR A EH AELE 5 2 AF g e 0 B
P AR AR Al AT 2 B AR R A A ) S o
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3.2 F = HAldn )

FE Al gl i 1950 & i d K- FE R AR T RS L AEN
A F kgl oo I E 3 (sliding mode) 2.k s i 5 e A E RcAldr 4l F A A
R PR T F LR TRV R B e B WL R
R U AT 0PI AR AR B -

FE A s R R P TR R f,’ﬁ:}%i@%ﬁﬁﬁljgwfbiﬁ*ﬁﬂw % o
FEEH RN AT IR I RTINS P RPN 2
P EFEL 2 éf PRIV AL TR T R g R BRI
SRR i TR P PRALIE J MGEE A BERIN -

S=p—>0

AN
IRAANAAAAAS

S=-p—>0

F3-1 7 s pardl h

RS %“’%&%%%iﬁﬁKWﬁﬂ’@ag%@ﬁ*

EIEEN

(1):é i1 % © (approaching condition) : 7 f— BF & T G > @& 7 Lot LR

o

BRIt e Te &0 QFa )t Te > B3 L §gE TG

A

(2) 7 & i% i (sliding condition) © i fuprie » JFd T 5 {5 > HIF L LK AE R F
moo Mgt T G e T TR

A~

A et FR AT T RS H e T et e 0 L A R4y

ﬁ'LIJPF' y H j\/ﬁ f’ﬁ %;‘L‘*“,_j‘ﬂl 3 _?§l§_|—,_ ;p# —J-*E' JL%'{‘
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d (3-4) L& S sy ¢ ¢ 7 %»cirdE (Nominal Control) ~ # # 31 3241
(Sliding Mode Control) ~ £ 4§ +7-#41(Repetitive Control)
U(t) =Ug +Ugye +Uge (3-5)

/ﬁ‘ﬁv’}’ ﬁ'l- l—-Ej 7E’r‘w /}J 'f ]‘%KJ‘% %%;ulj;‘ ;2 vu’}' ] -—E—K ’ f% ,:“: L‘ful;‘; fﬂéa\'

*?77T§s;‘§_; ° K%%xi’ifié’—;}nui )ipﬁ-i—%ﬁi

e=9-q, €=g-q, (3-6)
qsWRIFFEER - QEADT EANE > FFTo ¥ &5
s(t) = &(t) + ce(t) (3-7)
HeY cenxnil T4 EEE S
B h s Aesld (3-1)0 % s & o7
MS+Cs+g=u+L(t)-M(¢, —ce)—-C(q, —ce)
AER AP & 0 & R R BT 74k 17 % i ( Reaching Condition) :
s(t)-$(t)<0 Vvt=0 (3-8)
d (3—-8)F 11 {8 3|
$(t) = —Jguc SON(S(t)) V=0, 5 >0 [d(t)] < Fgyc (3-9)
Flt E T
U, =M (4, —ce)—C(qg, —ce)+g (3-11)
(3-12)

Uspe = _5SMC sgn(s(t))
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approaching condition

sliding surface sliding condition
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33 EAFHHIEH

CAFip Al e 1980 & d - Fp AFF[1HR D 0 AT LTS 0 ST
P E A (T3 STE Y i dlE o EAT P AT PR el B A
A2 SRR dr S ] S R PR A 2 4l P
Hoo 2im @ % EATI BT ALE A EUBLR & R § Ik SR
TR PRk oty o

R s IPED SRS R A R S |5 B A b DI JLRE T 2 Si 2 AR
FEAEPIREA ) D AR AR THMEE N 2 TS U Prd] o e
GESERELR S LR b P RS A N )
A ELE P E ) ] o d 3-4) 8B B-5)F Mg c £A

FodlUge 2 4240 P AR5 3)70F 1 A Fo3d L(t) %+ 4 seozas 2 258

Upe =AM (g)d(t) +C(a,¢)a(t) + g(a)) (3-13)

q, =0, - Af e(r)dr (3-14)
d, =4, —1e(t) (3-15)
g, =4, —e(t) (3-16)

er :q_qr e.r :q_qr (3_17)

PEETEL PRI R TRDIPTR ARG R S

y(t) =[q; (t), 4 ©), b5 O (3-18)
B B2 5T ERE ST AR ARF ~ (3-13) » FREENEHLFE
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U =W(y) - Fe—Fe (1) —clee.(t) (3-19)

Ho W(y) 5 ksiRipladic F-FREo it ek @I E2 RN

BLILE bR R qerq 0 A PE BRIE BRI R Sl o

4, =4, + (A +A)q, (3—20)
QV = qd +1’qu (3_ 21)
qp—%i’dp/»\‘%'l?:\ FRGRIZELZRGRE AT EHEEL o HY £ REL -

SERWAAUTELT, =0-G G, =q-§
R T ALE BRIy

ér :(qp _qd)+ﬂ'(qp _qd)

=&, +18, (3-22)
Flp ¥ {8 PR AR A B
q (3—23)

B W) 5 FE SBew) =we+T) > fI* & = 3 2 fc(Fourier Series) 2 & 7 *UIE & #ic

N N
W, ()= 6, + >0, .cos(iw,t)+ >0, sin(iw,t)
i=1 i=1
(3—-24)

=¢" (1),
e o =27/TxWH2zMF T EEH 0,0, 20 T xw¥ e gt)e R

v s 2N+1 + > P ,r =
A3 Uz Ed s 0, eRTT L5 UR L Adv il A U0 0T

o(t) =[1 cos(@,t) sin(aw,t) cos(Nat) sin(Nayt)]" (3-25)

0, =[0, 0,. 0., .. Oy. 0.1 (3—26)
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PR ARARIT 2 2 BEFR U A N2 R W ()] G #
(3-20) % (3—26) T.& 2 S8 BILisdF » (3-19) > #enEAFHHIES

U =W(y)-Fe=F& —o(n)¢" (r)z, (3-27)

BE 42 G-1)F A E G-2) 4 FHE B-27)F » (3-5 T

LEAR B R
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3.4 Lyapunov #& T |+ 32 %

Lyapunov #& z_ 2 24 k p > Aleksandr Mikhailovich Lyapunov » 424~
PRk B ERFEIE 2L 405F - AT §FEEX =0 B F * Lyapunov

A g B AR F kS ION B R AT PR X T X D S e AR R

WE FLL kAL B X B3 Lyapunov £ € o Lyapunov §& = i IZ 4 * o K] 2 e f Lk S

R S L URE R LV
> Ti:.—
X=05 258 s sx= )2 T8 39 x=x(t) > VE20 £i #4553

¥R A2 K AFIV(X)>08V % &

. oV
V=" :—f
ax (x)
v v .
=|— .. f.(x) .. mMX]| <0 3—-28
{le aX}[() (] (3-28)
ox(t) B VE>O0FRAF Tk 2 R o PIES R x=0 5 i fE T

(Asymptotically Stable) 2t :# % & = (Marginally Stable) -

> TIe -l
X=03%2b8pH kix=f(x)2 T ¢ x=x(t) > V20> Fa A I

ZV(X) >0 fV(X)= (Z—f(x)<0p§£ RIFEE & st x=0 5 Brigfg <>

= limxt)=0- (V>0 & V<0 = V&x—0)

t—w
> TRz
Xin/,fs‘iH gFx=f)2THE BP9 x=x(t) > VI>20 > Ea 5o
(X)/%i

Lo BN <V <Blx°

2. V(x)= f;_\; F(x) < —a|X|" <0

RIAEe 5 3e e x=0 % 4p #cf& T (Exponantially Stable) -
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> %3 e ! (LaSalle z32)
Fh k=10 FEV)>0 & V()=<0 - plImx(t) e xRV (x) =0}

fie & L% & (Observable)rzzax =0 °

A w2 J1* Lyapunov i 7 € 47 /F & #0344k i 48 T R 4 7 1% # Lyapunov
ullﬁ;i'llf'—r .

V:%STM S+V, +V, (3—29)

HY She@-7)%T > @

Vv, =%{eT(Fp + A -%(AM —-.)e

+,Q0, +e;M(a)e, +4; M(a)g,} (3-30)

= L ONe + 8,3+ T 5 (3-31)
HPQAlEREE o A, ~ A, 5 M(Q) Bt 2 bt @2 E | i o 9 (3— 20) A

V=s"Ms$+V,+V, (3-32)

W #-(3-30) & (3-3D) frs 0 B & FE AT G-12) B L4541 E (3-27) >

¥ r 3 (3-32)
V=s"Ms$+V,+V,
= 8" (Ugye +Uge +L(L) +V, +V,
=" (Ugyc)

<—5" 8, SNE(t)) <0 (3—33)
B @B-R)FT o F - HEF AR LA R f Lyapunov #& & 4~
2RI - P RIL= 5 (3-20)8 (B3R B EV >0V <0 P &bk € feac

IRH TG
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wl,

Fr® REREHF

AAFEY AT HRB S E R ERG-H Y AU A Al N RRE E

N~

PRl B PR 2 AN G AN B o FT SRS 5k LS BBl R 4-1

#7

Plant

PXI 6230

(

| H— Bridge

Bl 4-1 7 5 58 5 e B

R 417 o B R R N d 5L e PXI6230 %4 H A PWM & £ & 3%
Te B E w2 4R AR B FHREFY BRI 6L BT HEHR

(DAQ) » ¥ 2 BB 53 5 v 5l B EATR . BRTRER T EFS
il o 29 R i B(MCU) ¢ 7 7 BB - B (RAM) ~ P 22 ip il
mmw\ﬁ»@wmm»&ﬁﬁwﬁﬁmm\wmﬁw&%ﬁﬁﬁﬁﬁﬁ%@&
— 4= o i%iF MCU i¥ 11 PWM 2t 5L% H-Bridge * k4|5 d# s » L #an 5Bz
SR XIS BRI HE BB R p T RTIERE EH
ZEw @

AFE 3 2 PX16230 3 5% MCU 2 H % 3§ 2 %rd o d-F Pz 55 0 H;}@ T i
PR A R R T R B i R i p B
Ep#l S P dlig R 22 BE AP R L RB B A L I T
ot T H ehgrd > Be BRI S el o 2T kBE- AR AT TR Y

KEE BB
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41Al E @R E iE

AFEy TR * 2 B L ROBOTIS = @2 & & > A% 5 Dynamicxel & 7]z

Al B RPRBE o gt PPRE E PN IE L S 3 E P o Bldoird] B - Spde B o
FE B L SRR JRAR L B A B R PR
Jv%—\‘\o'}‘]l—b’lﬂ\pi@r} ,lz:ﬁ@ﬁﬁ-,]iﬁg;{ﬁé:,ﬁzpaa_gggfé%j':_,féqpainj

gLz  BIR S iF > & w5 RX-64 ~ RX-28 2 2 RX-10 > 4 @] 4-2 #751 o

DYNAMIXEL

www.robotis.com

DYNAMIXEL

www.r. Vn

B 4-2 RX-Series 5 &

BEfEeT SR Y Odhyaw it 2 B & * 137 RX-64 5 i >
5 1kt * 23 RX-64 2. 5 i > )b - L BF 2 A s KE L 2 4 P
PR PP F R i ek 2 RX-64 83 0 &% 3hr % 4 phs w
% 13 RX-28 B i o 58 e A kg A RIA @ * 3 %g RX-10 § &

Aok W4c® 4-3 07 0 B E R Ar R 41 R e
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BES - FRELTRE SRR 4oB] 43 97T

Y

20

Yo
Bl 4-3 4L AR 241
% 4-1Al PR G AR 4
LR 544 RX-10 RX-28 RX-64
£1(0) 64.5 72 125
< <} (mm) 35.6x50.6x25.5 | 35.6x50.6x25.5 | 40.2x61.1x41.0
& v 193:1 193:1 200:1
% TR(V) 12 18.5 18.5
B+ 46 (kgf-cm) 13 37 52
£ § §*# & (rpm) 54 85 64
fa¥ R 0.29° (300° /1024)
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Dynamixel &R 5 & ¢ 7w b iz PIN 1 5 3%8 5% 0 PIN 2 5 % R » =
PIN32PIN 44w fF@E5dyrefe sz A8 o fp$ad B RRS
FE2 B H A TARE > 4ol 4-4 1T o

PINT: GND « L PINT: GND

PINZ: VDD (12V~21V) PINZ: VDD({12V~21V)
PIN3: D+ PIN3: D+

PIN4: D- PIN4: D-

B 4-4 Al PR 5 2 & =7 & W

AT S T R T R BB R S R ST R RS N N
R Peb BB ol FRELAT L ¢ o R EFIFEE - 5L RB FH
4B 4-H #7oF o

PIN 1:D*
PIN 2:Signal
PIN 3:Dr

B 4-5A1 B in P IR5 EE ] B Y Yo ks B Y )
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4.2 PXI1 6230 DAQ -+
Al PXIE & FHR{FERT > - 2 afcbdrR - 2 g%

R E R PWM B B isd 0 TR g

B8] 4-6 NI PX1-6230

% 4-2 NI PX1-6230 4%

Analog Input Channels 8
Max Al Range +10V
Analog Output Channels 4
Max AO Range +10V
Digital Inputs 6
Digital Outputs 4
Digital Voltage 5V TTL/CMOS
Max DO Current Drive 10 mA
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4.3 H-Bridge
* 3¢ % H-Bridge it 5 5 & &2 5% > @Wid i 5 p »~ TOSHIBA =
7 0 A 5L TAT291P » B ¢h prgr = BRI & HrizdeR] 4-7 ~ Bl 4-8 &2 & 4-3 #7771

TAT291P

] 4-7 H-Bridge *} B.E]

ver [ Vref

17875) 1

LB/BI15} Wy

— REG

PROTECTOR
CIRCUIT
{T5D)

I |

ouTz

TAT201P { TAT2915/5G | TAT201FIFG

M2 I

] 4-8 H-Bridge = ¥ &l

% 4-3 TAT291P #%riz 7 iy

Pin No. Symble Function Description
7 Ve Supply voltage terminal for logic
8 Vs Supply voltage terminal for motor driver
4 Vet Supply voltage terminal for control
1 GND GND terminal
5 IN1 Input terminal
6 IN2 Input terminal
2 OUT1 Output terminal
10 OouT2 Output terminal
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IS YR RN EATEFE 3

AT Y AR A 4 G gk 5 LabVIEW_2010 35 o b A ¥ 4 G £ - 8]
Wi e FT S TAER GARNET o F WA B RS F Gl E S o
wCHZ WA HmiE= S L2 RS EFRNHP - F0 %0 w5 Bamsl
Fr RO N P ERES AR S HRETEER R ER T
Bt kAR E BEEREPRA R T AT SR R 2 gl
WA o2 LabVIEW £ 32 FX gedldn g A 2> 2 ¢ ¢ 7 PCWindows 7% & st
Mac OS 7% % x.~Sun SPARCstation 7% % 3.2 HP-UX HP9000/700 /% 51z ¥ %
SRR F i L B RGE -

gk Ay % Matlab
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IR REES
AT 2B WP RSB R OB R S dR KPR B
Frgl fAHCAIRE S FEMEL S IR Pz A Rk R g RS
REE P2 R RE c AR E&F T Ale BINAEF o
% — & P RSMC »t #_47 4

>
»

Iy

A 1 RSMC 3 g4
R4 0 RSMC $f253F 8 31 5058 G 2RI 5#

\4

Ju

¥ w 3> RSMC * = 8k 4]

AR > AN g TR 248 £ AR FEe Robotis i 0 e 2 & 3 pE4T
F 8 ol TR FEY A PXI6230 3 Bogp B 2 3% 5 i PWM 5L »
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