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ZHEEA 0|2

2 # R
E & )
PRASE THAR BT TEH B%E (LH)

I. M =

QAL A 9] 2% 3} (automation) 2. A AHA (produc-
tivity) S =2 dEtnal she sl S 2 I
Alg mow 9} 2ME 2]A®lS CAD ¥ CAM
2 @A 2 dgo] oltztx] &R HdFE
glou} geoz e 4] 253t BA FolA
TAH]] 4gg & Aeold,

2REZE foj& 19219 Az&zulg|ol F2ts}
Karel Capeck® 3]% #E “Rossum’'s Universal
Robots™ol| 4] 2 o] 91§ & 4 ow] 25t et
219 Eabd wHo® 196047 FHEe AgiHal
RHEZ 2dgld. dulHes zREE
o ute} o] 7}A] §
v FES B Y
F 8ol A F L sHA ol
9] Alg]§ 2HE|th ulglr] £ E=Fo4
£ 2R EQ JlEAQ Y3 olEuts FEdd

Al 8 2XEE 243 2453 (fixed automation),
Zzga#m-E £ 3} (programmable automation) L
gl =atA &2 2% 3} (flexible automation) & 55
T AEs YiEFT 2ol E x5 71E 2
% 8}=} RIA (Robotic Industries Association) ol 2] 3)
gt o]l Aejgich

A g 2HEE ofp|six] Z2 oy FAE %
A chkd A& FAEE AAE o259 A
Zgodo] 58 7| A ef]EFole]o] e}

Alel & 2 HE = 7|A R (base)ol] naty &4
(body) &} E-Aloll dZE Z(arm), 222 T L=
£2 (wrist) 22 FAEA A3k o s Eshs end-
effector’} &5 Hatsich(ad 1 3x). ofF Aol

9 AdHq +EL E 2
A& ojFoiam 2QE LAJEL A EF (re-
volute motion)# ©] 128} -2-%- (prismatic motion)2 2 T

il

a7, 2 aga FAHNA hkd g %
2 e Alde 2REE gy e JE FHeE
RecH(2¥2 #2)

o Polar 3

O Cylindrical 3

oA %A ¥

0 Jointed-arm 3

A7) 4742 Yo zREEL 259 s F
zz 8 ZHF A4S 2ok ¥ dE FE3E
= (repeatibiliy) A E AT HEA Pl zues)
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A4 7} Fol2 Q& wf 7)1 A (inverse kine-
matic equation) £ (- )& o|&al HSEE &=
HYEe et

)75y mloll A o Ealloe] = ofeiA o B
Aink)E3 o] % PAaTg dASE YEES] 2
@A ole}, whahy Hutak 7l wkA A S e dle
Haoe] A A4, @z sieloe] Hof o2
ol HIASTEL A s A vl Al(trans-
formation equation)E°] Ho3ich 3o wi
F3lolEl9) Bz i-13 ¥ jol AAdg AZAE
7 A stetelE 5L BodFEeh o 7oA a2
X% wet 224% Z, oA ZoAx e AR, &
X 9s 248 Z,,04 Z,2teld 25, 4+ 2,5

a2, Aldg 2REQ FEHE!

{(a) polar®, (b} cylindrical &, i .
(e) Am HIA &, =zelx wal &A% )E ol 4} X, 744 A, 28 6+ Z,F
(d) jointed-arm % Az =A% X, Xx*} olol zZtx & bl s}e}
dle]Eolch o] slelulle E& ol &3] 7|7+AE A9
3l wbe-S &3] Denavit-Hartenberg $A1¥ o}2} &
o}, 2z glelolE 5 ol &3 A3FA i} oA A9
1 = & 3 o -
—j’-al.il E_‘j:—i(riachi"\iﬂ]f._ olaf o#Jom.ted‘armed @ Qe WEHT ATA 1ol EAZ WEs
ol $4% AT Rerh B3 oflindrical ¥ 2E L 000 gen g
Bt o4 2AY 57 Aol Be d@e et 0 0 7 T ) .

Al g 2R ES Tl BEa o F Fobk 7| 'T~Rot (X, @i1) Trans(Xs, aii)Rot (Zy, 6)
T8} (kinematics), 5% & (dynamics), HEA4 (tra- Trans (Z,, di) (2)
jectory generation), A o] ¢]&(control theory), & chic -5 8, 0 a4s
a8 qloj% of] Fobrt glovt & =M H sbicai., cbcai_, -sai; ~sa;d;s
742 F9 FofTol B3 AP o)&E AT | sbisaisy cbisain cai caiadi

N 0 0 g 1
I. oHjERole] J|7&t (3)

) Fd o8] YF+ AR FH3F A (cartesian coor-
dinate) o} 4 €9 9] (position) 2} 2] (orientation)
2 AP €9 AAEe 2HE XY (base)ol
AR 71F AFAg £ ARR FFA Aoy §
2 welg FARc 99 FHolE Euler-angle ¥
A, roll-pitch-yaw W45 olg] wWAlFo] glent
3x3 FABA) S BHH o2 A{Ho

o Fallele] £ 2 e FF7E 23
FztE 7] wil, &2 Hx dE p() W4
WEl ¢(t) (Euler-angle ¥A)+ ZQUE WY 4,
(i=L 2, - nEF} & BAE #Herh

pWTF (1))=£(6,, 02, -+, 6 (1)

sfuEaloleel § g wAde wWay 38
B2 0olAl B2 kAl HEa doiAleh
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njo

kmemanc equanon) \—1— “V ¥y E4L e
f()5 olgs) e WLz ¥e Aa 234
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#HEA 2 2AFE 4+ 283 8 (column) F
ot AAFE 4] (5)F ol&dll £ £
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el @Rk e} A Eaolsl el o)
15 AEANA FAH AEol 5 B4
4 EAz Fadsior ¢ Wadel £ 9ok
2 HEAZ BAY A Felols) &5 Aol e
3 24,

X =Dy (8) X +Cx(6, 8)+Gx(8) (7)

A (M 1. £ AEake W/E03 W, X
£ £ 929 B9E el Ax 3EA W8,

Nol-_}

7+

2

do M mo -u .—g

m}i-\?&i‘d-l

Di(6)€ Am #E A YA, C(4,0) An F
AN &5 W, Jall G.(0) & Ax 2¥A
Aol F# we el 4 (7)9] 2 &} =UE
dxlet 45, aglx 7}*59}4 e e 2
ct.

Dx(8)=J(8)D(6)I " (8)

Cx(8, 6)=J3"(6) {C(8,8)—D(6)I (6)J(6) 6 }
Gx(0)=J" (6) G (§) (8)

V. A™UN

o Edole # A (trajectory) & Zt AFEol of
3 A, 45 a2z 74529 time-history2 9
s} &9 F7hAbe] =3 Q) 72 (path) o} TEH )
#AAL zEe F7 £ Aa HIA A A=
7154 of 35 gtEaof ghet

oA Adsl §ol4

o &old oA A

0§ & (smooth) & A7}

oAA T& 7H54

A

o

i Wt
o4

\.

2e An HIANA %
wis zadee ARsHe o G4 $EAE 2

=

Mg Aolol Aol AHH (via point) T¢ 4 weh
(%A 2uEe $HHL oul®). ZUE AH
¢ 2 AzA5e] 487 ZUE ST olgH o
o A7 g4z FAHL o AF A4 e 7
2AE Aolold £ Az 2Ue AZT 4 go
b 2= $03 Az HEA A4 AS B
A7 Begd, Sol4 £AE EEHoz AT 4
dt AREE ZEwh

Ydez 5 Az Aols zaE AR A4ol
£ ) 89 B450 1A g4z 482 4 3
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o}, ojul AFE HA 2AE=E A A (poly-
nomial) ©] d8] o|&xcl tihale] x4 A
=AY AA 2ASH AfAIMY A% 2
ASE AR Yt
Jointi
P | Ly
I | )
I I
i ]
i I
{ |
i |
| |
| |
| l
0(6) = ™~ A Lifoft : |
et -~ I | |
i | I I
) | ) I
1 1 i i
ty 15 iy ty  Time
a74. 249 AHAe 23 2AEAA
2A4E 249 AFA (ift off A7 set downH)
$¢ 294 2 AHE RodFh 7 o4
o) 2E G4t Foial AHY mE AY 23T
FE3] absg, —'LEJ!% oju] AFdl HAA A

2} 42
47t wpgA Ao obF °1| s XP—rﬁl oAl E
2 A TAF o8] ZQUE AHEFo] FolAd
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3-5-344 o <t<t, ol 3, t,<t<t, ol 54
283 <t<tol 33 o4
S5-cubicH A I to<t<t, A t,<t<t,o 2 M| H2H

=]
i

£2 AA# cubic spline 4 HE&

2. Am HTA A" A4

o] wpjoll M= i Ealole Hast Aam #HFA
o} wul gl analytic ¥4 2 FA|s =gle AAz}

£ 2ol 929 45, 283 Sl Ee DY Av=
Age) dA4el 2A osdch YiHoz T4

FA ApolellAe] ¥ E Az gou o o|fE
2 272 (straight line path) 7} F29F WAL
2 5A4d¢

ocl& 7HAshel Bol4
o B 384
057 Aololde Fby Be AAE
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2HEX olE

A} 3} (approximation) £
Whitney"* & RMRC (resolved motion rate control)
2 2gsE A5 AAALE W4E ALk
RMRColAl¥= &9 €59 ZQE 459 Jacobian
BAE ol gd 245" AA FFeol olFoiArh
Paul®’ e <9 FUg A=A o5 v FIT W
2% Zx cartesian path control WA&

t}. 22} Whitney®} Paul®] 24l & ZQEAG =

AL ARALA 2P 4 g€ Fud EAAE
& ZEc o] oS FE3] ﬂvﬂ aylor“”{—
BDP (bounded deviation paths)®4-& A=

BDPo A= A A 741«] ZA A (mter mediate point)
o] Wz HAAH T aASoe| RQJE ZelA A
202 ¥Z(interpolation) ek oluf AFE 7re.
2 A7E £ YA o 4y Ak T L
ol oJEA Ew, 7+ F7F AlololA £EE9
! (discontinuity) 2 *H $-7-ZH(transition segment)
o] 2x3t4e ABG HAsle] AHAZ) dd BDP
e 3x3 w9 #BEH HAl quaternion HH

iz }-o

B8 w4 223} Lin®e AN Azl FEI
A2 AES AR 2QE FAA 2 A5 -% cubic
spline &2 ¥7Hg A2 =QIE AHE Atsisl
o}, o] AHe 2UE YA} 5, 2L 7HEE
Mg AT 2AEE S FFAUL

V. oju{Zajoie o
1. $15 Al
2T RYE $FT W Edolel 7t AR
oAl FE7] (actuator)oll E/EL 2 e A
she AlojAl2®lo] P sict, wFalole]  Ao]4]

o T
TS

~H e zole9 Al ZEE ¥ AT (feedback) Al
35 o|gd Wy ¥/EeaE AL4 £ YA
oz lé_§}3+
2AAo gz jEdolEe 5 542  highly

nonlinear coupled 5 o] gl 7] wiFoll Ao A28 A
A folslx ek A2 e dFAEel oAt
2] Aol dme]Eg Atk

1) Joint motion controls

0 Joint servomechanism

OComputed torque technique

O Variable structure control

© Nonlinear decoupled control

Aaked
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2) Resolved motion control

O Resolved motion rate control

© Resolved motion acceleration control

3) Adaptive control

OModel-referenced adaptive control

O Self-tunining adaptive control

O Resolved motion adaptive control

= ol Edol8 ¢ = vd& AA Aclg

2 844 (uncertainty) & Zeth ol EEe] B39 A
o], B, WA, RalstF el X AEH gear
backlash) 52 28 Shelrlel S BB shofol ¥
Asetn A2 & ok shebelE Felck ol @ 3
ol sel Qe 2AE 4+ e HEAel YL
AgAo] 71Ye o] &g AMojr)7] AdAlolch wetA

[}

T

:
2 eRodE A i HgA] UYneEE
e e Anz E§A A Axue
oe 54¢ 2E

o steteie ZPHA 01] o} 3t insensitivity

o B3} 3% wlslell ol insensitivity

0 Y7 ¥3 (decoupling) & EE &F

0 On-line 8% A% AL Az

(1) =d71E AgA

ojg] HLAel 7WEF 2VIE H-EA (model-
referenced adaptive control) = 713 2| o] &5 3
FHo] £old AHE RE
g3 712 2d3 75 Aadlel(zdd AA =Y
EolE|Abol ) e aF HaAFZ] A AE o5
o zARse AL o7 Z (adaptive mechanism)
2 A (¥ s 3R),

of Ag A A

QuiHoz 7% 2de AHEF VFEE AY
REFERENCE |
MODEL
r ADJUSTABLE ROBOT
CONTROLLER ARM
ADAPTIVE
ALGORITHM

a8s. =d AE A Aoiu



Ad oA EH A AH (linear time-invariant decou-
pled system) &2 Al Aste] A3 ol 7hF-L b5 ot
A Z2A5L ol &3 AA%t

O Lyapunov stability criterion

O Hyperstability criterion

(2) 27152 A-EAl

2 ANFHL AojtAln tfo] siFalely A
o] A|&El AAo] ¥l o]E=& AL 7lwle #7)
=2 22 o] (self-tuning adaptive control) 4ol
(27 6 % A7 2 Aol =i Eao]
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Aoz dedA Yot

tZ).

CONTROLLER SYSTEM
PARAMETER IDENTIFICATION
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r | ADJUSTABLE .
™ CONTROLLER ROBOT ARM -
a2l6. #A715Z Aoyl
b oz A7z Ao} Aarel 4AAA
2 g 2 lﬁ%%q
AA, A Falols] AY oA 2L 0| &

Aol A 28] AA
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