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CONCEPT 9|

OiL| Z3|0] M (manipulation): 2X|E &0 O|SSIAHLE 372 &Yt
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1 ZHEA|2} 21X

AR -G XAl

CONCEPT 9|

{1 Xl (position): 7|&E ZtEA AE0| CHSE Mo =
HSF (orientation): 7|&E ZtEA|Of CHSE SH|Q| 2| HEf (BH: 2t 0)

XMl (pose) = {IK| + Bhsk

y

5.

Wl 23 9 = 30°
3. AR 3 .

2.

WL




3.1 ZtE A9 /%

A — Eolet AR E (1/2)

CONCEPT 9|
X3 (degree of freedom, DOF): 2
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3.1 ZtE A9 /%
XE — HHO| XM = 37 (2/2)

FUOM 2RI KM = IR (x, y) + S

[=R<N
y : y
A 02 03
b P=(x ) w P
[ L mre
La o ’ Jo
01
X X
(a) 61, 05: BHE =274 (b) 63 F7F: B Ha 37 = A 37)
X x:

x= Ly cosOr + Ly cos(01 + 62)

Xl y: y=Lisin€; + Lasin(61 + 62)
HISE o =6 + 0, = Y99| (x, y, p) & FTH LEIHOZ |7} GICt
[ZE (@) £ x y B XNHSHH o & M2 XHEY & ChEEX| & - ot2h = df).

(b) £ 63 Ol EBX  MX| XdE 5= ATt

A
= T




3.1 SEAQ 9% [Additional]

Z=7|Ffs — ZH|A QX =2 (1/4)

27|28 (forward kinematics): 2 2t (601,0,) 2 9kl P = (x, y) & FBHCL

y

P=(xy)

(915 ] £ YIE 27 X BED , HEOE U Tt




3.1 SEAQ 9% [Additional]

Z=7|Ffs — ZH|A QX =2 (2/4)

27|28 (forward kinematics): 2 2t (601,0,) 2 9kl P = (x, y) & FBHCL

y

P=(xy)

x = Lq cos 01 +

y=L1sin0; +




3.1 ZtEA|2F /X [Additional]

Z=7|Ffs — ZH|A QX =2 (3/4)

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

y

P=(xy)

x=Ljcosf; + Lz cos(01 + 02)
y=Ljsin 01 + Ly Sil’l(@l —+ 02)
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3.1 ZtEAIL /K| [Additional]

27|78 — Ztol M SIXIZ (4/4)

#=7| 8k (forward kinematics): #& Zt (01,602) B /Xl P= (x, y) & 7$HCE

y

P=(xy)

x =Ly cos01 + Lz cos(01 + 02)

y=Lysin@; + Lasin(81 + 02) Lo sin(61+62)

61,02 7t FOIX| ™ 8= St

Ly sin 67

X

I Ly cos@1 Lo cos(61+62)

[XlEH 2 =Ztatziso| @

rE

O x, ®OI7t y Tt & ¥3 Y22 go|ct.
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3.1 ZHEAH 2L 21X

S| Xt E — XHM| B 67l (1/3)

B2l XMl Q1K (x, v, 2) 370 + & (roll, pitch, yaw: Ml =0l et 2|2t 374

%WMEH(% SOl F7|

6 Xt

g3+ 2583

3RRE 2RI Yoo XtMol= &

= =

=
(52 34RE 2RT2 po| CHHE 12E B Yol WY 4 girk
£2(wrist): T2/ S Hobs ORI 2T B 374 0, 65, 6
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3.1 ZHEAH| 2L 21K

SUL ARk — 65 ERO E3 + £5 3 (2/3)

J1, 02,33 - &5 ZHo 9K 370 +

J4, 15, J6 2| 2|WH0| &5 FH ot HO|AM Rrtch

o
e —
50| Y He &5 SH2 SHOIX| g0t 1 K= J1~J3 O FRCh
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3.1 ZEE A2} fIX|
SUL KR — 6% 2R 3 + £5 3 (3/3)

J1, 12, 13 5 &5

01)!

O X[ 37 4+ Ja4, J5, J6 — S 3
[Bl2] SolA X|e wate B5 X|Fgsta{H 2 BTt 67 0|4 Eastct
TARREQI AR B2 & TN E D7EE HBXE SAY = UACHO FARE).
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1 ZHEA|2} 21X

SHEA — Y o Ul HE7

ZHEA: AFI ME 30l M ZtEH. 0|82 %ﬂa* = {} 2 ®7|pCL
Y =g Aol 7|1F0| Bl nF ZBAE HE IEA (U} 2t B0
LERYA| {E}
ZTE AL L 2
=X {(w}
g RE . o
ik {D}
Hlol~ {0}

{0} I {w} 2t ZCt.
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1 ZHEA|2} 21X

7t ztEe} Hio| A xt=

Z2 do /IX|E FtH2t {s} o ol {0} OlM ZZt &

242t mEBHCY,

s 7t 2t
{S} Xs
o v, Stz (s} 71F 2 9|
0.1
2 0.05 m
V4
N S 0.5
2y
) Hol2 {0} 71 2 I
Yo ® P 0.5
{['; - — —0.05| m
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3.1 ZtE A9 /%

QEE FEA — M FHo| Wk (1/2)

CONCEPT 9|

QEE IEA: Yl 7S x0M y 2 ZOrF T X7t 2 ek (- (1)

2 StLt2 Fi T (A (1), (2).
Az 25 @E& AL




3.1 ZtE A9 K|

CONCEPT 9|

B|Fol + W AR FO 4+ WHY O Ul 27120] 27| By (1Y (@)

WHOR BB xH0| v UK WL

o
+90° &|H™: (1, 0, 0) — (0, 1, 0)

18



3.1 SHEAQ} 91|

HAXHE] — S HXHE 71FE ZHEA (1/2)

RECALL M#CH4 4%

BETTRHUHE G2 83 v=wviit voj+vsk=(v1, v2, v3)

CONCEPT H9|

Xa Va, Za: (A} O M % W SholME(37] 1, - 2 57))
QIX|HIE| Ap: (A} AFOIMN B P IHX| Q| HE

AP o (A} REOIA (B} YEIXI2| YIXIHE (org = origin)

(3.1)

’AP = pxXA +py s/A + PZZA = (Px, Py, Pz)

A
AP PBorg
—_e P

19



1 ZtEA|12F 21X

FAXIHE — SZte| o2 HI| (2/2)

BV AP =pXa+p Yatp:Za £ M = S HE22| ot

{A}

)DJ)

=X| off
AP =2Xa+3Ya+4274

=(2, 3, 4)

r|r
I

1 {A} Ol EHSIH X4 = (1, 0, 0), Ya = (0, 1, 0), Za = (0, 0, 1).
JdaiM A= 2, 3, 4 74 2 ZHEZHO|CE

20



3.1 ZtE A9 K|

CHE ZtEAl2] B — o] F2 {B}

Of HOIA K M (B): U APpo = (2, 3), WL

{A} 1 2 3 4

A Of TH3H 30° 2|7,

[ [E7]] AHI YBS 20| B KA (x, y, 6) = (2, 3, 30°) 2 2L}

21



3.1 ZHEAH| 2L 21K

ZHEAIS| XtM| — |IHOo| 22 F {B} (1/2)

A

L{B}> » {B} & 233 =M
(1) 2™ 810| APy, UF O| STt
(2
>

(215 ] MM 5 AHD APy, HF OIS WHE (A} o 2T

22



3.1 ZtE A9 K|

ZHEAIS| XtM| — |EHO0| 22 F {B} (2/2)

S X
Yg B
{B} > {B} g *E-'%lal‘f ').':'kl
(1) =T 80| AP, 2HE OIS HEL
75 (2) o|Se AHOIM 2Bt

> MZ CHE Zp=4

(X1B] ZEZAS Yol AN 9K 0| & O BasL,

Y QUK APgo = £ 1 WTHO| CHAL

23



3.1 zEA2 $IX]

of

Z

Ya
. Vg 4 p £ xEAel £ wito] Zoo
Bp 1 Ap = Bp 4+ APBorg (3.2)
J B |
Ps Xg i
Org 3 » =X of
2 Ap ‘
1 AP =(4, 1)+ (2, 3) = (6, 4)
il | {B} d& 4,10 {A} OIME
L 4,1 0|C} (Wt HH)
L%,

£ ul-a'l:0| ze uH!.'_!O|E|'. ]

rlo
A
0
i

[ [=20l] 3.2) 7} BE Ho|A Mt A




3.1

ZhEAH 2t K|

M 1X5 (1) {B} & W22 4,1

3t ()
{B}

A
1r PBorg

8= E] o2t S ENY (B} of 2 M2t 4,1 T3 0|53 20| &M & pLCL
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3.1

ZhEAH 2t K|

Ya
6 P,
5 -
(6, 4) N
o x5 (1) {B} = Yeo2 4,1
b N o A ) {A} S Y4Bz 4,1
B
, (B} axy4 (4, 1) + (2, 3) = (6, 4)
1r PBorg
(A} 1 2 3 4 5 6 A
[F2l] {B} 7I& ZEE {A} & & Y222 HEtslof O 5= AUCH
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3.2 3| HYHA

{A} OIM BT (B} o] 5 — HH 30° (1/2)

CONCEPT %E7|

AXp: {A} OIM BETE {B} O & Xp (RSB = 7|F ZHEA)

Ya

A {B}: {A} 2 |IFO| &1
Vs Z, Ofl CHal 30° 3| ™ st ZHEA

1/2 5 Ay |cos30°|  [V/3/2

***************** ‘ B B sin 30° 1/2

{8} 3
00| )
‘ X4
{A} V3/2

(91 ] YHOIM SMol WItx| (87 )7t X, 2f (A} HEo|t

28



3.2 3| HYHA

{A} OIM BT (B} o] 5 — HH 30° (2/2)

AXg: {A} OIM BB (B} O & Xg EHEEX = 7|F EHEA)
Ya
. {B}: {A} 2 |IFO| &1
YB \/5/2 2 o o & " —
,,,,,,,,, Z, Ol THel 30° 2|TIsh ZHEA|
30° X Ag _ |cos30° V3/2
(B} sin 30° 1/2
a {— sin30°:| [—1/2
' ~ B — =
X 30°
~1/2 {A} A “ v3/2

29



3.2 3| HYHA

(B} O ZEE {A} O ZHEE — BP = (4, 1) (1/3)

HHO Z2 {B}OIM BP =(4, 1) A & P.

AP =44 Xp
cos 30°
= [sin 300]

4Xg

{A} {B}

[AE H] Xg WSO 4 0|5: 44X = 4 (cos30°, sin30°)

30



3.2 3 HHA
(B} © ZtEE (A} o] BEE — BP — (4, 1) (2/3)
HEO| 22 (B} OIAM BP =(4,1) 21 & P.

Ya
P
KYB AP=4A5(B+1AS/B
cos 30° —sin 30°
=4 [sin30°:| +1 |: cos 30°
Y
X
{A} (B} A
[o= 8] O|O{M Vs SO 2 1 0|5: 14Y = (—sin30°, cos30°)

31



3.2 3| Ma™

(B} o| ZtEE (A} O Z}EE —

A0l 22 {B} oM BP = (4, 1)
Ya

P
2,87 [f---mrmrm e :
Ap 1
g/B |
Xg \ o |

{A} {B} 2.96

=(4,1) (3/3)

P.
AP =4Xg +14Yp
cos 30° —sin 30°
—4 1
[sin30°:| * |: cos 30° ]
_ |4cos30° —sin30°| __ [2.96
~ |4sin30° +cos30°| ~ |2.87
Xa

[§||'9_|] A7|7F Lt HBPHZ — HAP”2 — 42 + 12 = 17

32



CONCEPT 2|

3| (rotation matrix): {A} OlAl EHTE {B} 2| 52 GHHE St= A E

= =

AR=["Xg AVs Zg] (BHL [*Xs *V5]) (3.3)

BT & AB°|('J')*"='—A9Ii30"1fB2|j%%E-5HE‘I§F§I

>2x2E5S B0 AH éR
()——()

a bl [x ax+ b b
= + Y = X a +y
c d| |y cx + dy c d mna A 7|, oE] B ThA
[Z3 ol {B} o Z0|H F2 x Xg+y*

33



HYE — @O R HI| (2/2)

AP=4A)A<B+1A§/B=

oA g 3|F: AR =

30°
0=30° ARBP = |
B sin 30°
Ya
%
B 300 A
X
EPANES ?
300
X
{A} {B} A

[A)“(B Ag,B]

4
1] = 2R 5P

AL AR cos —sinf
X Yg | =
[ B B] |:Sinc9 cos 6 :|

—sin30°| |4| _ [4cos30° —sin30°
cos 30° 1| = |4sin30° + cos 30°

o g

o
ox
1o

[ ] aRPP OIM 7H20| "Xt B 7H 4#iE|2 A 7t HECh
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IHE HE — M 7HX] B2 (1/5)

{A} AHEOIM PO = {B} EMX| + {B} LHAM PIX| (P = Yo

ool &)
> 491 YF . W CIE v,
Vg
AP = éR BP + APBorg (35) )A(B
{B} éR Bp
P
APBorg
Ap
X
{A} A

35



zte Hek — M| 7HX] B2 (2/5)

{A} HTOIM PR = {B} /AKX + {B} |F™ON PIX| (P = YOl H)

> 491 UH . WO Va
Yg
AP = AR PP + “Pgo | (3.5)
Xg
AL 9 HSE 7HS. AR _ |:|-0|6-||E1 1 {B} BP
> ST cT ET: gR=cTI8E Iz p
Ap = PP + PBorg (3.2) PBorg

Ap

{A}




=

Hek — Ml 7HX| B2 (3/5)

r=-1 o o YA
AP = 4RPP + Pgy | (3.5)
>392 W TS AR - HABT ,
Ap = Bp 4 APg,. (32) Vs ~ pRPP
XB Ap
o X ZtS. A X
> 3823 HE ZE: Phorg (A} (B Xa
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Zhe HE — 2  F 8T 4/5)

{B}: ¥H (2, 3), Z4 Of CHah 30° &, ™: BP = (4, 1).

(3.5) “P = 4R PP + "Pg,,, £ 2T, BT F HHAZ A itsict
Ya

> (1) 2|H: 4R & St

B 4 cos 30° — sin 30°
BR"P = : o o
4 sin 30° + cos 30

\30°
Yg AER Bp

{A} {B}

1 = {B} 2 &7 (4, 1) 0] 30° 3H| 4R BP 7} ElCH(A 7| ACHZ).
ZEAE 485t =M (018 — 2|H)et Btof &=AX|Bt Zat= Z T}




3.2 8| MY

B
H

He — 3|™ F B (5/5)

T

{B}: ¥H (2, 3), Z4 Of CHah 30° &, ™: BP = (4, 1).
(35) AP = 4R BP + "Pg,, & 2, ET F HAZ Aitoict

Y,

A
s = AP ~ (4.96, 5.87)
> (1) EH: 4R 2 S8t
AREP
4 cos 30° — sin 30° S/B 7
Ap Bp _ ’
R°P = /
B 4 sin 30° + cos 300] v PBorg
{B} ,
> (2) BE: APy, S CISICE 2,3
2 4.96
AP = éR BP + ~ )
3 5.87 X4
{A}
[E H] 3T {B) o ME BT APg,, = (2, 3) UE 0|5 (HTT Zut7t pO|Lt.

)

&
thed| Ho

tE (6, 4), AR AP ~ (4.96, 5.87) O|C}.
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RECALL M¥CH4 4%
¥ ofdl =

HE| Q| WA u-v = [[uf v]cos® (0<
lu| =10Hu.vE v uddd J2@EAIYS £

CONCEPT H9|

HhSF A ALQl (direction cosine): & =0| O|F & A}

S BE AL r(i W B)

=
ry=({B} ol j #iM =

r1 = Xg - Xa = || Xg|| | Xall cos 011

)- ({A} o i BT %)

= cosf11

2 — £ 0| U (1/5)

0 <)
72 Sls Zo)olLt.

(3.6)

(32537

Of AopLt A7}
0, H eko|H —1.

40



[Additional]

SN —"Xp=(2,3,6)/7 2 87| (2/5)

yel

Xg BOIM {A} o Ml 0| £=ME W2 WEHO| | X =1 2 EZatzts

— _|_|I:|_|O37H-

N XA %}%t
n1 = 2/7
011 =~ 73.4°

, Mo, X B): SO0l 1 0|2k B = cos 6:;.
X

5 Xa = 2/7 O|CF.

41



[Additional]

~

—AXg=(2,3,6)/7T 2 B7| (3/5)

of =8 Wfa| SO0l || Xg]|

20IM {A} of Ml =

Xp

091 ~ 64.6°

B JE:L) E‘Elﬁ ro1 = COSGQl = 3/7

| =13
=

Mol

al

A
s T

-

x
(=]
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AN — AXp — (

oA {A} o Ml H0f| =MES L2 SHO| || Xg)| =1
Zy
6/7 b Xp
A, V4
— A

[Additional]

2,3,6)/7 2 B7| (4/5)

O| XIZFAFZF
— T aT

ogt

37H.

6/7
7, 3
r31 = 6/7
931 ~ 31.0°

r31 = cos 031 _6/7 '%1 +r§1+r231

1 = 4/49 4 9/49 + 36/49 = 1.
HE @ Axg & MEOS 49| (2, 3, 6) S YAsist CHeI#E 2L XS EHo] 1 ot

43



{B}: Z, Ofl THell 30° 2™, DROIM F Ho| AAZS F5LD cos S FTICL

Il

YA

R cos30° cos120° cos90°
VB AR = |cos60° cos30°  cos90°
120° cos90°  cos90° cos 0°

Xg V3/2 —1/2 0

30° =11/2 V3/2 0

60 0 0 1

30° L.
Xa Zg = Za: cos0° = 1, CF2 =1HE cos 90°
{A} {B}

[21= ] j E: {B} 2 j BIM =0| {A} 2| M =3t 0|F= ZF (KM ¥ 30°,60°,90°)

=1
i {A} o i M =0| {B} o Ml Z1t 0|F+= ZF (AW & 30°,120°,90°)




of — {A} 7IE (1/2)

i |

45

Px
Py
Pz

4 440l kx|l

Al
Ak

Ap —
3

ofl A

K5
Pz ZA

=

o
A

APy Ya+

pxXa +

P

{A}

Z)

(3.6) rj &l 2A: Zt



el &atx|el

HollA met

of

3.7

pxXg + Bpy Yo+ Bp. Zg

_B

PxXa+2py Ya+2p: Za

_A

B

.

RPP + "Pgog & 2L

A
B

[Fol] ¥Fo| tt2H 3.5) P =

46



HE 23 3.7) of 40 X, E LA TICH
P="pXa+"py Ya+"p:20 =Bp X+ Bpy Ye + Bp. 25 (3.7)

> ZHH — L™Q| BHSEE (u+v) - w=u-w+v.-w (U 4%)

P Xa="pe(XaXa) +py (Ya-Xn) +2pz (Za - Xa)

="pu(1) +"py(0) + *pz(0) = *

[ 8] {A} 2l Ml =2 37| 10/1 M2 =Z0lat X, ko] X2 X221, 0,0

47



e 2ol 3.7) of Lol k, & WXl
P= APX A +Apy S/A +APZAZA = BPXXB+ BPy i/B‘i’ szzB

> ZHH — L= o] ZHY

IE

Hu+v) w=uw+v w(dEHF 4T

P-Xa= APx (XA : XA) + APy(g/A : XA) + Apz (ZA : XA)
= Aps(1) + "y (0) + Ap=(0) = “px

> 2H — N B2E X E YFIAR iy, ro, 3

P X =Bpc(Xg- Xa) + Bpy (Y5 Xa) + Bpz (Z5 - Xa)

Apx = Bperi1 4+ Bpyriz + Bp, s

(3.7)

™
r
Im

)
o
o
ox
Ar
rlo

1 wato| Tho|HE(Qt LYRIBIA FBbCE
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x N
SN
0o o Q
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&
| — |
M N M (=W
c 8@ I |a
s | &
o B B B
FalE AT Il o
wo|&] 8
Tam W 8
ﬁrrqmﬁ 5]
| S .
<t
o | 2
Il 2L =1
n x
| —— |
X > N Q.
Q Q Q <
< < <
| S|
<
RS
L ]
Q
° 1)
a\ S| |®
e g
<t <
<
(84
>~

0)

1,

A2 HAMD: 4c0s30° =4 (REZSZ 2/3)

Xa
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%tﬁoﬂ VA, 2A = LHE‘SH Ao )\-” M% 3-OHEE:1 Zo

Ya

30°

Xa

<«— 1 cos120°

S, Z4 ol T3l 30°, BP = (4, 1, 0)

Apy = 4c0s30° + 1 cos 120°

(915 ] 175 2 Xy 92 HAY: 1cos120° = 1rp = —1/2 (842} )
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x N
BD,BDV:JBD. o
| S| m
g I 0
| — |
333ABP SQW
g 8@ Il |a g «
= B~
S I<@
NN — |T2
o 8L I o >
™ o
w8
=
SR N - B
T | Y <
o <+
TR A I B
N x
| —— |
X > N Q
S - <
I T <
| S — |
<
2
L -1---"=-
a <
o
o
o™
Q
>~

0)

2 Ap, = 4c0s60° 4 1cos30° = 2 + /3/2 ~ 2.87

o

3

=]
=]

ol
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-

s+

70
I

o

q

RECALL

1, LIHZX[ o

l

LR

=
L

.
o]

o
B

I.

=A1

BAO|HB

c HALZEE A Of TS AB =1,

o3

R! ‘ (3.8)

ART _ A
=BR =5

R

B
A

=

BR: {A} 2 &g {B} OlA

{B} (BH, c = cos30°, s = sin30°)

=
et

> Ol — z, off CH3l 30° 3H

ol

ol

"

TRISHH 5 F 20| QIXI2E HHY O] BT YEH(—30°) 20| ECt.

52



HAE g — off HX|AL (2/3)

RECALL M¥r{=4

o Slsd o
HHS dEH 52

03

tu

EHEH g v Sl uTv=u v

> ol D7t — (3.3) AR = [AXs AVs AZs] o @72l LNH

5<B 5<B Xg- Vs XB ZB 1 0 0
ARTAR = YB XB ICRC YB ZB =10 1 0| =13
Zg-Xg Zg-Ys Zg-Zg 0 0 1
(L) BE=0D(Y =Y. ;Y Z2F0|H A7|%2 =1, TtZ H0|H £Z0|2} 0
[ZE] €({B} 2 )2 327/ 1012 M2 £=Z(FFEL)02t R 4R = I5.

#({B) OIM EHS {A} o H)= FAHDE JRART =I5

53



3| M| o — Hwstal 37| BE (3/3)

(3.8) R = 4RT £ ST {A} 7|F ZEI} (B} 7|F ZHEE AHBIEC]

2v3—-1/2| |4
24++3/2 | |1

{
| cos30° sin 30°
~ |—sin30° cos30°

P74 T > N » 37| EE —R=4R

Yg IRv]|* = (Rv)" (Rv)
) =vIR™Rv (AB)" = BTAT
S5 Xa =vTv=|v|? B8 RR=1I;
{B}: ¥H 3%, z, ol thsll 30°

[ [Z22] R'TR=1; 0|22 3|NYWUS Jol= ZE HE|Q| I7|7t AC|2C}. ]
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3.2 3| HYHA

CEEEE X=0| cigt 30° 3| H

{B} £ {A} & X, Ofl CHell 30° 2|MS ZHEA|CH 4R S FOHAIL.

Za SOLUTION 3-1

> (1) TR-OIM ALIZHE ekt

‘ Xs Vg Zp
Xa | 0° 90°  90°
Ya | 90° 30° 120°
Zy | 90° 60°  30°

> (2) AFNZEO| cos 2 FIBICH

cos0° cos90° cos90°
gR = [c0os90° cos30° cos120°
c0s90° cos60° cos 30°
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CONCEPT 9|

7|2 S|HW™E: {A} 2 ZHES SHLIO)| sl 6 2T {B} 2 4R

H7|: ¢y =cosb, sy =sinb

» O A7 — AFQIZFO| cos
rop = r33 =cosf = ¢y
raz = cos(90° +6) = —sy  Ya, Zg
r3z = cos(90° — 0) = s Za, Y&

1 0 0
Rx(0) = |0 ¢ —sp (3.9
0 Sp Co

(el Xg=Xa 2t} & - A L2 (1, 0, 0). 6 =30° O|H O 3-1 2| 4R.
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Co 0
= |sg 0 (3.10)
0 1

AXg = (co So, 0)

AZg = (0, 0, 1)

It =0|7 A2 E& co, so OIEL
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(3:3) AR = [AXp AV AZg]: BT H9| (A} HE0| Zo|Ct.

Ya
{A}
Vg
{8} A
1 Xg
Cg 0
—sg

Zpy=2g (30| &

Co —Sg 0
RZ(‘Q) = | Sg Co 0
0 0 1

AXg = (co, s0, 0)
AYg = (—so, co, 0)

AZg = (0, 0, 1)

(3.10)

[&el] Rz(90°) (1, 0, 0) =

(0, 1, 0): LE& HA0f| M2} X, 7+ ¥u 2 2|t

58



A
Xa
{A} o 0
Xp Ry(®)=| 0 1 @3.11)
{B} . —sg O
1 Zg s
(o) 0 Xg = (cg, 0, —sp)
AYg = (0, 1, 0)
Zp
_sg

Ya = Vg (50| 8

[Fo] —sp £ Xp o Z G E20I2t MA ¥ - AW ¥, = &1F oy ztolch
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Co 0 sg
Ry(@)=| 0 1 0 (3.11)
—5g 0 Cg

AS(B = (C97 07 _59)
AYg = (0, 1, 0)

AZB = (597 o, CB)

Yo =Yg (&0l &

[EHQ1] Ry(90°) (0, 0, 1) = (1, 0, 0): Za 7t Xa 2 Z|HSICE,




712 Z|1HYE — M = Hn
2, X
2 v, X
6 - 0
Ya A
5 ¥,

1 0 0 % 0 S 9 —sg
0 %% —sp| Ry()=| 0 1 0 Rz(0)=|se <o

Mzmol . @201 O F J22 2Tse MR =Lt
LIHX| Y 7F2 ¢y F 7HRF £5¢ 5 ZHCEH
22 X5 Y5 ZoXRxEYSZRyEZXRzEXS Y.
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3.2 3| MAE

CEERE Z=0f CHsh 30° 2| ™St (B} of|A &3S H (1/2)

{B} £ {A} & Z, Ofl TisH 30° 3| 3H zt&A|CE.
& Pol{B} 7IF ZHII BP = (0, 2, 0) & [ AP & TSHA|2.

Ya

{A}

IBP| =2

Xg {B}

Xa

%)
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3.2 3| MY

CETERR Z=0f CHsl 30° 2| XSt (B} Of|A &S H

SOLUTION 3-2

{B} = Z, Ol T3l 30° 5™, BP = (0, 2, 0).

> (1) E2 E7| — BP =2B¥5 = (0, 2, 0) O[2t EM Eo| 28j

AP = 24Yp = 2(—sin30°, cos30°, 0) = (—1, V3, 0)

> (2) ¥ T — P =Rz(30°) BP

cos30° —sin30° 0] |0 —2sin 30° -1
sin30°  cos30° 0| {2] = | 2cos30° | = |V3
0 0 1| |o 0 0

A X, 0lM 120°: 2 (cos 120°, sin 120°) = (-1, v/3).

2P = (-1)* +3 =4, I"P|| =2 = |°P||.
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1of
k2l
r
o
KO
™ o
i S
O

e

3.1)

(Px Py pz)

=pX)A(A+py§/A+PzZA

Ap
Ap

BT

(3.2)

BP + APBorg

(3.3)
(3.4)

31

ol

K
B
pal

ol

mn
=
10
pal

ol

3.5
(3.6)
3.7

= RBP + APBorg
{B} o j W

A
— B

Ap

ol
ol

=

K4

{A} o i Him =

=
= .

Tij

P

Bp Xg+---

paXa - -

A

©
bl
[
0

ol

Fr

ol
N

(3.8)

Ap—1
=R

=R
Rx(0), Rz(6), Ry(0)

R

B
A

ar

ol

=
10
pal

ol

(3.9)~(3.11)

[CHg & Ch.a SX #2371 785 (3.5) P = AR PP + *Ppyyg ©
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