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434

Al

b HEE Al

=]

riot
0

tHek 1 Alo] £0] (2/2)
@ §T-oT-ET=§T7- 2T oM OX|5== 2RE| Het 07 SfLict.
@ > (2) ¥H 2QEZO ET-1 & SECt
20 7 E
- EC/ ~\\GT OTET.ET—1=Y7-1.Y7.27ET-1
i -~
' \@ ET.ET—1 =1, 2} ZHBO| 07 BF H=rh
U— U D E+—
A ’%T:0T1~DT~GT‘GT1
e gT
T U
bT

[8= H] Z3t= {0} oM {U}, {D}, {G} & AN {E} 2 7t= 822 FO|Ch
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FO 2 X|'E Ijf (1/5)

CONCEPT 4%

=G

=EB

> ofl O — HSE 4.5) ET=2T"1 0IM A

PR
E
-G

B (R R

@

ol 8= {G} oM {E} 22|

£ ] 2=

ol
21

[
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SIMEE QUEOR X 1 — [U} oM {0} THXI (2/5)

2T o7 2 0/X| e VEE0| 52 22 H|0|A2| XtM)E FotCt
X|LtE =XM: {U}, {D}, {G}, {E}, {0}

Ur_u
OTfDT
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SMEE dUgo R X — (U} oM {0} 7HX] (3/5)

LT 0T 2 0|X| #E YT(RE0| 59 28 H0|A0| RS FELCL

[eiir=et

Att= =AM {U}, (D}, {6}, {E}, {0}

oc

~ _»>
Q

: @

[9lE 8] oIMKIel § 4T 2T & B2 2 9 YT OlCk
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Hwsto 2 XY ol — (U} OlM {0} MX| (4/5)

2T o7 2 0/X| e VEE0| 52 22 H|0|A2| XtM)E FotCt

Att= =AM {U}, (D}, {6}, {E}, {0}

Ur _UgDTET-1
oT=pT¢TeT

(B {E} AN {G} 2 &St oM EE QWO R X|LHEE ST & F3ich

Pl

59



Hwsto 2 XY ol — (U} OIM {0} MX| (5/5)

2T o7 2 0/X| e VEE0| 52 22 H|0|A2| XtM)E FotCt

Att= =AM {U}, (D}, {6}, {E}, {0}

(22 {0} OIM {E} 2 Eote S EE gUEoz
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43 HgH WrEA

SCARA 7} ZtLl ¢ 2HS &22{H (1/8)

-

T = Trans(0.5,0.2,0.3) Rot(Z,90°), T = Trans(0.6,—0.1,0)
2T = Trans(0.1,0.2,0.15) (£l m). {G} 37 &, {D} Zeih, {w} X
@) §T 2 A, (b) EX &H Py, ot G T 2l 22 FHAIL.

~
______
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4.3 tHe By

PN SCARA 7 ZHACH 9 ENE

-

SOLUTION 4-3

> (@) {W} B 7t & B2 — OIX|3& § T 8t

Hoz{H (2/8)

Y 0
21 O T=0TGT

Xe
. . {a b G
Yo 0 Ye P ATt wT
cl _--° b
7. Lo (W)
e "O
{0}
{D}
(e ] 2212 37 & {G} & R o7 = FO|X ULk
ESEI 22 [T 7t 712 #eo|ct
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4.3 tHe By

-

SCARA 7} ZtLl ¢ =M S H22{H (3/8)

SOLUTION 4-3

> (@) {W} B 7t & B2 — OIX|3& § T 8t

X6
Yo Ve
P {wh
{0} \\“~~~)A<O ,'II EVT
o "o}

321 §T=0TET

D
d22 )T=3T-}T

2 & 2ol {D} & AlHCh
0T, 0T 2% R0 Foix YUk
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4.3 tHe By

PN SCARA 7 ZHACH 9 ENE

-

SOLUTION 4-3

> (@) {W} B 7t & B2 — OIX|3& § T 8t

Hoz{H (4/8)

0+-_07G
X d=1 ) T=0T76T
0 0 D
S/O YG P RS ? WT
0 -7 Sso Gr_07-1 01 D
G - b A.{M/} w G D %
e 14
- < o
{0} \“~~ 0 'I WT
~d ;
—— s ¢
T {D}
[GE ¥ & B2E WA 2 SH AR GT 1 T GT R T=0T""3T-3T
0T 0T =1, 2 FBolE § 7 B Her
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4.3 HEH YHY

of| x| 4-3

-

SCARA 7} XL 9 SME Hoz{H (5/8)

SOLUTION 4-3

»(b) B2 2 20, TRE — (D} - (W} o 2 {0} I BY

X WwTr=91-07T

- {a = Trans(0.7, 0.1, 0.15)
Y6

¥
W7, 01)

R ’

< X ! D
{0} ‘~~~ 0 I, WT
R e > J i
07 {D} (0.6, —0.1)
(Zel] £ T F2 AN P2 G YHOITL

OPporg = (0.6, —0.1, 0) + (0.1, 0.2, 0.15) = (0.7, 0.1, 0.15) m.
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43 HgH WrEA

SCARA 7} ZtLl ¢ =M S 22{H (6/8)

SOLUTION 4-3

> () (@) 2 M GT=0T 19T 0T 0| BT

MA AT = Trans(0.5,0.2,0.3) Rot(Z,90°). cgpo = 0, sgp0 = 1.

Rz(0) | t
(4.3) o] z% 4% Trans(t) Rot(Z,0) = f”,Z:f_,),,;,,,,
0T 1
0 -1 0105
1 0 0:02
07 _
™10 o 103

[ ] R’ 2 (0, 1, 0): X¢ = ¥, WEko|Ch
Y € (0.5, 0.2, 0.3): {0} AEOIM {G} FEIX|Q| SIXHH.
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43 HgH WrEA

-

SCARA 7} L] 2| EXE H22{H (7/8)

> (b) Q71 — S (4.5)
RT | —RT
Tl = p , R=9%R, p="Pg = (0.5 0.2, 0.3)
or ! 1
0 1 0! —0.2
0 1 0.5 0.2 !
-1 0 0. 0.5
Tp=|— — | = 0Tr—1_ !
Rp=|-1 0 0.2 0.5 eT o 0 1 —03
0O 0 1] (0.3 0.3 [ R A i

(e #] RT = Rz(—90°): 2T 222 Z, of thgt —90° ZIMo|Lt
Y G —RTp = Poo: {G} AHOUIN {0} FHIX|] SIK|HE.
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43 HgH WrEA

SCARA 7} ZtLl ¢ =M S 22{H (8/8)

-

> (b) GT=0T"1-9T-2T=097T"1Trans(0.7,0.1,0.15)
Xe
0 1 0! —0.1 R
cr_| -1 0 01 -02 X {6} . Yw
v 9 0 1,015 Ye Nel W
0 0 0. 1 ,Qlj(Gi ~~“A .
""""" Sy W
—0.2 V¢

™ g =9RT (0.7, 0.1, 0.15) + (0.2, 0.5, —0.3),  ZRT = Rz(—90°)

= (0.1, —0.7, 0.15) 4+ (—0.2, 0.5, —0.3) = (=0.1, —0.2, —0.15)

[gel] {6} 7IZ 88 ¥3 (-0.1, —0.2, —0.15) m, L2 Z; O CH3H —90° 7.
A 0T 6T =970 7= Trans(0.7,0.1,0.15).
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— Folot WH Zo| 7#& (1/12)

CONCEPT 9|

KH

ol
it
b

Ho
i
rd

A(Bx)

A
1
<,
1
“
>
M
A
1
/M
1
“
™
= K
+ B
o B
B 1
7!
i ol
=4 [D
i

%0

Jcte

A

(AB) x = A(Bx)

oL,

[0:0]

Kr

i3

JchE 3, HWE x of 7172 B 7+ HA

i

A1

—
ey

[chl

SHEZ A

Rr

=ol 7

K
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BE, CHE X (2/12)

HH: © Za of O3l 90° &N - @ x @Eo=z 2 YA

o o —
0 zt=A 7|F (2o HEh 0| ZtEA 7|& (M Heh
Xg
N 0,2
. Yp <
@ 2Xp
; ;
S/ R < ~
A XB A @) 2XB
E @ 90° S/B E @ 90°
<--- (2, 0) <--- --be
Xa

[Z2] @ o X 7} Ct2Ck DHE X, O © 2 S FsE Xp(Va &2,
{B} &8 (2, 0) i (0, 2): CtE 20|22 HHE Ct=Ct
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2oy Heta o Heh — Ho HeS o TAY (3/12)

Rot = Rot(Z,90°), Trans = Trans(2,0,0), Wt ™ p Bp = (1, 0), He x y S20

N ‘P=Bp=(1, 0)

§1° s —»{B}7r%K'@|EBP_(1 0).
bl 40| (4.1) P =4T-BP 9| 4T.




HO tHetat Aoy ek — "o HEkS o THAIY (4/12)
> 1 ZEA 7|E — Bp 7t LS H POl {A) EE

Rot = Rot(Z,90°), Trans = Trans(2,0,0), &7t & P, Bp = (1 0), ZtEE x y 20

HNe P=BP=(1,0)
A B
P— .Bp —
0.1 @) Rot - °P = (0, 1)
Yap.
Xpg @ 90°
- (1,0
B > [ ]
Xa

[HE E] © Z, o T3 90° &1%: {A} & (1, 0) Ol Rot & SICE — (0, 1).
{B} £ & 38l X5 = ¥, wBo| Eeh
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njo
2!
rn

k

> 078 EEA 71FE — PP 7t YT H POl {A} FE
Rot = Rot(Z,90°), Trans = Trans(2,0,0), &7t & P, Bp = (1, 0), ZtEE x y 20
‘ @ 2Xq4 ‘ Xg AP ="FpP= (1, 0)
' 3 A B
P=Rot-"P= (0, 1
0. @ o (0, 1)
R § @1 ® AP = Trans - (Rot - 5P) = (2, 1)
Ya .
Xp
Xa VB

[¢e Hl @ X, Yoz 2 il

[

X2 {A} ZtE Rot - 8P O Trans & ZHCH
— Trans - (Rot - BP) = (2, 1): Ml @ Trans & Rot 2| AZ(EP O H ),
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2oy Heta o Heh — Ho HES o THAY (6/12)

Rot = Rot(Z,90°), Trans = Trans(2,0,0), &7t & P, Bp = (1 0), ZtEE x y 20
@ 2X,4 e “p=5Bp=(1,0)
1 ‘ ® AP =Rot-BP = (0, 1)
v @1 @ P = Trans - (Rot - BP) = (2, 1)
A -
@ 90 Xp = (Trans - Rot) - P
1.0 @—0
A -
Xa YB B~

[Z2] (AB)x = A(Bx) 2 £ (4.
Y zhEA J|E: A HEke o

)P =47 5P @ H|W - 4T = Trans - Rot.

stchp 7t (1, 0) Of OfL|O{ &= ZC}),
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2o Hetap o] He — Jof HaES o THAY (7/12)

> 0I5 ZHEA| 71Z — 5P 7t YHE N

Rot = Rot(Z,90°), Trans = Trans(2,0,0), &7t & P Bp = (1, 0), {B1}: ® ¥l {B}

HE Ap="58p =1, 0)
Ya
l (1,0
(B} ={A}  Xa
[ H] P {B} YN Xp YE22 1 2 ® - (B} 7t 2X0= BP = (1, 0).
O2HS(B)={A 2 AF 7IEH Z1, @ 2 X £ @ 2 T Xp, (V4 LE.
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o =
S AT HEE B A (6/12)
> OIS ZEA| 7|E — op 7t YW A POl (4}

Rot = Rot(Z,90°), Trans = Trans(2,0,0), &7t

2L P BP = (1, 0), {B1}: @ Fl9 {

Bp= (1, 0)
@ “P = Rot - BP = (0, 1)

x_lo AP

(0, 1)
Yah N\ o oo
. Xy 1,0
YBl > [ ]
Xa
(e

] @ Zs ofl el 90° 2 {A} ZHE (1, 0) Ol Rot
@ Flol {B} & {B1} Olat 5t

%-E—i C} — (0, 1).
HE B

g T=Rot, P2 {Bi} & =(1, 0).

B}

7



MY HET T HE — AT HEE

> 0I5 ZHEA| 71Z — 5P 7t YHE N

=3 P2l {A} E
Rot = Rot(Z,90°), Trans = Trans(2,0,0), &7t & P Bp = (1, 0), {B1}: ©® ¥lel {B
(G K TE e — — 3,0 HE P =5p= (1,0
XB ® AP =Rot - 8P = (0, 1)
. .
5 @ 2Xg, | {B1} 3HE @ B1P = Trans - BP = (3, 0)
B
© 1 W AP = Rot - (Trans - EP) = (0, 3)
) - —+ @0
Ya
) XBy
Y5, i 4
Xa
e

ot CHA|Y (9/12)

] @ Xp, B2 2 YA XF (B} I
Z Rot = g] AT 2 {A} ZHE: M @& Trans

£ Rot 9 RE

H BP Of Trans & - (3, 0).

01| 7f77f._ =4

i
B
Ep
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O} tHetS o THAIY (10/12)

> 0| ZtEA 7|F — Bp 7t LS H P2l {A} ZE
Rot = Rot(Z,90°), Trans = Trans(2,0,0), &7t & P Bp = (1, 0), {B1}: ® ¥l {B}
©, 3) - Mg AP =58p= (1, 0)
XB @ AP = Rot - 8P = (0, 1)
. @ 2Xpy @ B1P = Trans - 8P = (3, 0)
VB
AP = Rot - (Trans - BP) = (0, 3)
Ya \@ 90° = (Rot - Trans) - 5P
1,0 ©—0
°
[Z2] (AB)x = A(Bx) 2 §0 4.1) *P = 4T7- 8P @ H|Il —» 4T = Rot - Trans.
0|5 ZtEA 7|F: Af Blzt2 ¢ Hsto] 2 220 ZotCh(O{™ Bp o = ZCh).
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2oy Hetat o] HE — S5k 1K (11/12)

(cumulative), Thew: MZ M2 HZl(new)

lal
oo
_0'_|-
rE
ot
10
il

g I:H Eﬁl-: Tcurn <~ Tnew : T(:um
-—
@ @ (4.8)

oLl Heh Teum = Tcum * Thew
O—0o

of: @90° 3™ - @ XUHCZE 2 HEl = 7|& 25 Teum = Rot, Thew = Trans

M ZEA 7IZ= AP = Trans- (Rot - BP) @ 5l P 2| {A} ZtE Rot - BP Of| Trans

O|& XE 7|& AP =Rot- (Trans-8P) @ % P 2| {B} ZE BP Of Trans

= A oM BH3 X3 P ol ZHEO| FECL
B Teum - %P O = Thew + Toum
EHEPP O - Teum - Toew

fd

o2 ¢
_I>""\“|'|I'

w—f
r*—x|->|
Lv—/h:_
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oy Heta o] He — #2 52 UE

HEE 5 2A(12/12)

ro

& Trans(2,0,0) - Rot(Z,90°) 2 1H 7|FQ2 L, 0|5 7|ZL2 % THEL}

Y A 71E o|E =&H 718
@ = @8 @8t @=d
@ 2Xy ® 2Xp
—_— —_——
Y, . \7 .
A Xg A Xg
0 ¢ - A 00°
hoe e | IS
<-- -
Xa (2, 0) Xa (2, 0)
Trans(2,0,0) - Rot(Z,90°) Trans(2,0,0) - Rot(Z,90°)
® @ @ ®
[ZE] F BN 25 22 F 22 Z1k 9% (2, 0), Xg £ Va4 YT
OE A2 & 0t @@ 2 A2: 1Z 7I1ZE2 @ «+ @, S 7IZE2 @ — @.




7120 =M — EX}F 47X, 21t 274X (1/2)

Rot(Z,30°) & Trans(1,2,0): 7|& 27kA| x &M 27bA[. B @ = Thew

£/

(1) 2% ==H 718 (2) 0|5 ==EH 7|E
@2 @8 @8y @3d

Xa

Trans - Rot = Tpew Tcum  Trans - Rot = Teum Thew
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7120 =M — EX}F 47X, 21t 274X (2/2)

%Fjob ‘(2 = Thew

Rot(Z,30°) 2 Trans(1,2,0): 7|& 27} x &=A 27}X].

(3) 0 ztEA 7|E (4) Ol Zt&A 7|E
o 81 @ FH @3 @ 8H
\&

4\:___)
Ya
Xa

Rot - Trans = Thew Tecum  Rot - Trans = Teum Tnew

[ZE] 3)- 4) & Tt Rot - Trans: &2 &2 UHEE & Bt
™ R2(30°) (1, 2, 0) = (—0.13, 2.23, 0): (1, 2, 0) = 30° 2| X
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4.4 "oy WS} Aty HE

= © =

CEETY Sl et 5 ™ (1/4)

-

{B}: {A} & Y, Yoz 1 YXIst 5 XHlo| Z=0f Chal 30° 2|F st ZEA
{C: {B} E {B}7I& (1, 1) AT F RO Z=0| Cis{ —30° 2| M+ ZE
AT & TSt 2.
Ya
¥g
Xp
30°
{B} 0,1

{A}



SOLUTION 4-4

> (4.3) Trans(t) Rot(Z,0): ™ 858 R(9), ™ E ¢t

c3pe —S3z00 O }

AT = Trans(0, 1,0) Rot(Z, 30°) = 538" 538" ?
0 0 Wibii

czpe  Sgzge O

BT = Trans(1,1,0) Rot(Z, —30°) = —sSoo 6380 (1)
0 0 0

€300 = C_g00 = V/3/2, S300 = 1/2, s_gg0 = —1/2

[HE E] S CHols ZHEA 7|E: 40 B2 (4.8) Teum ¢ Teum Tnew =
A AT B
cT=58T-cT
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4.4 Hrj HEt Ar) H

-

= © =

TR ST e £ H (3/4)
AT=4T-8T, AT = Trans(0,1,0)Rot(Z,30°), BT = Trans(1,1,0) Rot(Z, —30°).

> (1) 3MEEAR-ER Q| (X, V) 247 — z¥ . €2 Orf2

2452 cs—sc
sc—cs 242

Lo c=cos30°, s=-sin30°
01

> (2) s"l;'léll % APBorg + gR BPCorg 2' X,y AO-‘

NE]S

(815 4] 1T 220 SR () o FL (A} o ST BHSITH (30° — 30° = 0).

c—s
l1+s+c¢

(3++3)/2 2.37

/3 — 1)/2] ~ [0.37]
|~
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£ @/9)

b

joil
Bl

I-[H

<0

Ol Xl 4-4

SOLUTION 4-4

{A}

YE2 (B} ATOM X, Vs

(el {c}
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45233 Bo| 27|78 947|178

-

=7|et — HEe| Z22 (1/2)

=7| 78 (forward kinematics): && ZF (01,02) B 9Kl P= (x, y) & #3tCL

> {0} OflM {E} WHX| 7|2 #HE 1| H
(1) 2™ 10M 9, 3H

(2 1oz, ¥

(3) BE 20M 9, 3H

(4) @A 2WHOR [, ¥

{E}: 2 8o T 2EA

{0}

‘ 2T = Rot(Z,61) Trans(L1,0,0) Rot(Z, §2) Trans(Lz, 0, 0) ‘

(@~() £ 0|5 ZHEA 71 AT B2 4.8) Towm © Toum Toew (REE B). ]
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4.5 233 Eo| =7|7etu 7|1

-

=7|Fet — HEe| ZeE (2/2)

ci = cos®;, s; =sin®;, c12 = cos(f1 + 62), s12 = sin(f1 + 02) B O 2L}

» (1) F3A0IC Rot F| Trans — ™ & Rz(0) (Li, 0, 0) = (Lici, Lisi, 0)

c1 —s1 01L1C1 2 —s2 01L262 Ccl2 —S12 01L1C1+L2612
0T sioca 0ilLisi s c2 Oilesy | _ | s12 ci2 OilLisi+Lasio
0.0 130 | 0 0 130 f 10 0 1: 0 ...
00 01 070 01 00 0! 1
> (2) H¥A0iCH — MZFgtol SIMEE|
C1C2 — S152 = €12, s1C2 + Cc152 = S12

(1,4) AL ca(Lace) —si(Las2) + Lict = Lici + La(cica — s152) = Licy + Lacia
o

o s1(L2c2) + c1(Llasz) + Lisi = Lisi + La(sica + c152) = Lisi + Lasi2

90



4.5 283 Eo| &7| ¢t

o X| 4-5 [

e R o

(1/2)

3 0|7t Ly = Ly, =2 Q 2213 ol
A 20| 9; = 30°, 6, = 60° O|LCt.
BO| QK| P = (x, y) E TOHAIL.

91



45233 Bo| 27|780 47|78

TR 233 ®o| 27|71 (2/2)

SOLUTION 4-5

> (1) YeHA — 0T of YR

sy

o

=

x=Lic1 + L2cr12
y=Lis1 + Lasi2
> (2) ZH DY — 61 =30°, 01 4 02 = 90°
x = 2c0s30° + 2cos90° = V3
y = 2sin30° + 2sin90° = 3

I
re
]
ou
1o

| P (1.73, 3). 61 + 05 = 90° 2} A 2 7} ¥, Weko|C}.
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45233 Bo| 27|780 47|78

97|78 — gIXlo|M Ztoz

7| F8k(inverse kinematics): Xl P= (x, y) 2 2E Z (61,02) E T3

y()
L+
> o7t E 22 P

EERINE

) - BEX AEY)

= [ b |
o5l QS
NUBZHEY W) HA H o]
% L1 — L] < /x? 2 <L L
Xo Ly — L2] < +y2 <L+ L2
[F2o]] el to|H ABX O 2 {7} FO|Ct.

B2 BA /2 +y? = L1 + Ly M= HO| HA StLCt
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45233 Bo| 27|780 47|78

atan2(y, x): & (x, y) 2 HZ(HxZF0|A BAIAZ ™ 2 0 € (—180°, 180°]

y=rsinf, x=rcos@ (r=+/x2 + y2). (0, 0) Ol A= 2|5} X| Y=Lt

(x, y) = (—V/3/2, 1/2) 150° y/x=—-V3/3(F 25

\ arctan(y/x) =
X

30°
j 30° atan2(1/2, —v/3/2) = 150°
'}
(=x, =)
[ [F21] y/x = (x y) & (—x, —y) O M 2T} atan2 £ & 0140] 58 B ALRBIC} ]
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45233 Bo| 27|780 47|78

=1

7|78 — 0, 2 0, TH71 (1/4)

Y
x=Lic1 + Laciz, y=Lisi+ Lasi2 0

P=(xy)
1) X2+y> =124+ 12 4+ 2L1Lsc0s0,
@

©)

{0} x

12 —

ole H] & ME HMBdl gotch MEE <+ =i, +s2, =10 =t
g c12 + s1512), c1c12 + s1s12 = cos((61 + 02) — 61) = cos ba.
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4.5 23 To| &7|&ta} 7|2

47|78t — g, 2 0, TBH7| (2/4)

x=Lici + Laci2, y=Lisi+ Lasi2
P=(x,y)
(M) o +y* = L3 + L5+ 2L1 L cos s
Xty - 13- 13

2 02 =
(2) cos B2 201 Lo

3)

{0}

(52 D20 AZHoM FAFIEE 2 = 12 4 12 — 20,11y cos(180° — 02) o 2Tt
|cos 02| > 1 O 87} QUCHZE Q| 8.
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7|78 — 0, 2 0, T5171 (3/4)

x=Lic1 + Laciz, y=Lisi+ Lasi2
(M) o +y* = L3 + L5+ 2L1 L cos s

Xy — 13— 13
201 Ly

(3) sinfs = 44/1 — cos? O
02 = atan2(sin 02, cos02)

4)

P=(xy)

(2) cosfy =

ZF9|] arccos £ 0° ~ 180° 2t &=L}, atan2 £ sin 0y 2| £ IHX| BHASBICE
02 > 0. HEX| OF2 (H4M), 62 < 0: HBX| 2(BHM). x< 0 O|H 2| . of2f7t HHRICE
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7|78 — 0, 2 0, T5k71 (4/4)

x=Lici + Leciz, y=Lisi+ La2si2 0
s s P=(xy)
1) X2 +y?> =12+ 12 +2L1Lscos b L e
22 AN
(2) cosfy = —X2 s bl i L2sinfz
2L1L2 E \‘\
(3) sinfy = 4+/1 — cos? O : (‘
02 = atan2(sin 62, cos62) ‘,——"EL/LQ cos 6o
(4) 61 =a—B, o =atan2(y, x) :
B = atan2(L2 sin 02, L1 + L2 cos02) o x 5(0
[9E 8] 8: ¥ Ly + Ly cos Oy, EO| Lysin @y O B ZHAMZES Ol 2t
ZEX 2 e sind, <002 3<0, 0, =a— B> a0|Ct
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CEETg 23d3 Zo| ¥I|3E (1/3)

Yo -
23 207t Ly =L, =2 Ql 283 EO
gl or 22 P= (f 3) O F2{il otk
; st #E 2 (01,02) E 2T TR,
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ol Xl 4-6 [

60°

.n.

3% (2/3)

SOLUTION 4-6

> (1) cosy — x> +y> =3+9

3+49—-4-4 1
cst=T e T

> (2) 02 = atan2(sin 2, cosbs)

sinfe = ++/1 — 1/4 = £v/3/2
0y = £60°
» (3) a = atan2(y, x)

a = atan2(3, V3) = 60°

=

02 = 60°:

(&l
O.

Q1] |cos 62| < 1 0l2t =& He| Qto|Ct.

ZEX o (H), 6 = —60°: EEX| ?/(FY).
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233 el 47|73 (3/3)

Yo SOLUTION 4-6

> (4) 02 — 60° 61 — o — B = 60° — 3
B = atan2(2sin 60°, 2 + 2 cos60°)

= atan2(V/3, 3) = 30° = 61 = 30°
> (5) 2 = —60°: 01 = 60° — j3

B = atan2(2sin(—60°), 2 + 2 cos(—60°))

= atan2(—V/3, 3) = —30° = 6; = 90°

[H4H (90°, —60°): 2cos90° + 2 cos 30° = V3, 2sin90° + 2sin 30° = 3.

(30°, 60°) = O X 4-5 O|C}. & &ff & Z2 pOj| F=LC




e

Ch 4 Hzg|

e 4 H
Ap | A
e R | “Pg
SkigigE AT = ——B—T——}————"'—g—— (4.1)
or 1
o et AT =4T 87 (4.4)
ApT 1 A A
. _ R"T | —3RT“Pg
o AT=3T""'= **B**T":F""""f'*g*' (4.5)
o 1
et WA {707 ET= 4T 0T @.7)
ot UK H Teum < Tuew Teum: S Teum = Teum Tnew (4.8)
&=7| 7 9T = Rot(Z, 6,) Trans(Ly, 0, 0) Rot(Z, 82) Trans(Lz, 0, 0) —
HE E x=Lic1 + Lacia, y=Lisi + Lasio
A7\t cosfy = (O +y* — L2 — 12)/(2L1 L) —

0> = atan2(sin 02, cos02)

01 = atan2(y, x) — atan2(La sin 02, Ly + Lo cos62)

mjo

| = 220 we ws 230 vas ve o ve 0y N2 Az 2ug. |




