HW 3 Solution

3D-1-RRR

Fig.1 3D-1-RRR

a. Analytical Method

From the lecture notes, the goal transformation matrix could be written as

11 Tz Tz X

(1)

2T _|"21 T22 T2z Y
31 T32 T33 Z
0 0 0 1

From HW 2, we have derived the goal transformation matrix for 3D-1-RRR

clc23 —cl1s23 —s1 13c1c23 +12c1c2
o — s1c23 —s1s23 ¢l [3s1c23 + [251c2 2)
4 —s23  —c23 0 —13523 — 252
0 0 0 1

From equation (1) and (2)



T3 = _51, T3 = cl
Thus, we could solve for 64,
91 = AtanZ(—T‘13,T23)

Then, solve for 8,, 8. Let 7 = x? + y? + z?2

x2+y2+422-1,%—1,2
3 =2 273 s3=+1-c32

Solve for 65
05 = Atan2(s3,c3)
Let

k1 =12+13c3, k, = 1353

0, = AtanZ(Z, Vx?Z+ yz) — Atan2(k2, k1)

b. Geometric Method

When we see from the top, we will get a similar figure with fig.2.

Fig.2 3D-1-RRR
From Fig.2, we could first solve for 6,
0, = Atan2(s1,cl) 9)
The solve for 65, 6,
r=x%+4+y%+27% (10)
c3 = e dl i S ,s3 =1 —¢32 (11)

21,13

05 = Atan2(s3,c3) (12)

(3)

(4)

(5)

(6)

(7)
(8)



0, =B ta, B =Atan2(z,\/x?*+y?)
rcos(a) = 11 + [2cos(03), rsin(a) = [2sin(63)

)

12sin(6,) l1+12cos(65)
r ’ r

a = Atan2(

Thus, we could solve for 8,
92 = B —a

From the notes, we will have two position for 8; and two for 6,, 05

(13)

(14)

(15)

(16)
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Fig.3 3D-4-RRR

a. Analytical Method

From the lecture notes, the goal transformation matrix could be written as

711 T2 T3 X

2T _ |21 T2 T2z Y (17)
31 T32 T33 Z
L 0 0 0 1

From HW 2, we have derived the goal transformation matrix for 3D-1-RRR

[c4¢5¢6 — s4s6  —c4c556 —s4c6 —c4s5 0
s4c5c6 + c4s6 —s4c5s6+ c4c6 —s4s5 0 (18)
s5¢c6 —s5s6 c5 0

1

0 0 0

From equation (17) and (18), 85 could be solved first
T33 = 5,55 = V1 — ¢52 (19)

05 = Atan2(s5,c5) (20)



Then solve for 84 next
T31 = €6S5,C6 = 131/55
T35 = —S685,56 = —13,/s5
0 = Atan2(s6, c6)

The solve for 8, next
T3 = —c4s5,c4 = —1ry3/s5
Ty3 = —s4s5,54 = —1,3/s5

0, = Atan2(s4,c4)

(21)
(22)

(23)

(24)
(25)

(26)
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Fig.4 3D-5-RRRP

a. Analytical Method

From the lecture notes, the goal transformation matrix could be written as

i1 T2 T3 X
%T _ |21 T2z T2z Y (27)

31 T3z T33 Z

1

0O 0 O

From HW 2, we have derived the goal transformation matrix for 3D-1-RRR

c123 —s123 0 12c12 +11cl
s123  ¢123 0 12512+ 1151
0 0 1 —d4
0 0 0 1

T = (28)

From equation (27) and (28), d4 could be solved first,

S

Z4 ¢ Z Z3
X0



Z=—d, (29)

First solve for 8,, Let v = x2 + y?

2..2_7.2_;2

2= % 52 =1 — c22 (30)
241

0, = Atan2(s2,c2) (31)

Then solve for 84, Let
k1l =11+ 12c2, k, = 252 (32)
0, = Atan2(y,x) — Atan2(k2, k1) (33)
The solve for 83

111 = ¢123 = ¢c3c12 —s3s12 = c3(clc2 —s1s2) —s3(cls2 + c2s1) (34)

c3 = r11+s3(cls2+c2s1)
(c1c2-s1s2)

(35)

151 = s123 = ¢3s12 + s3¢12 = ¢3(c1s2 + c1s2) + s3(clc2 —s2s1)  (36)

Insert equation (31) into (32)

c1s2+c2s1
T21 111 ep—smeq

clc2—s2s1
- 1+(C1$2+C251)2 (37)
c1c2—s1s2

Insert equation (33) into (31),

on g, C1S2HC251
217"11¢cic2—s2s1

T11+W*(C152+C251)
C3 — Clc2—s1s2 (38)
clc2—s1s2
65 = Atan2(s3,c3) (39)

b. Geometric Method

Fig.5 3D-5-RRRP



When we see from the top, we will have a similar picture with figure5 above.
We will use the same method solving 84, 8,. The we will solve for 85
0s=p—6,—0; (40)
cff =cl23 =ry;and sf =s123 =1y, (41)
Solve for 63,

03 = Atan2(rp1,711) (42)



