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Robotics Homework #3

Kostyantyn Vovk [0416794]

Question 3.1
Cos[6] aii ais
M = Sin[e] az» asns
0 Sin[a] Cos[a]

{{Cos[®&], ai1, a1z}, {Sin[6], azz, a3}, {0, Sin[a], Cos[a]}}
Hence

M[[1, 1]]% + M[[3, 1]1?

Cos[©6]?

M[[3, 1117 + M[[3, 2]]?
sinfa)?

M[[2, 1]] / Cos[a]
Sec[a] Sin[6]
M[[3, 1]] / Cos[a]

0
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M[[3, 2]] / Cos[a]

Tan[oa]
Question 3.2
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Below is the D - H Parameter table :

link a; a; di 6
1 agz 0 0 6
2 a, O 0 6
3 as 0 0 o3

These are the transformationmatrices

Cos[6;] -Sin[6,] 0 a; * Cos[O:]
Sin[el] Cos [61] 0 0
ML = 0 0 1 0
0 0 0 1
Cos[6;] -Cos[6;] a; * Cos[6:]
M2 =

0
1

0 0
0 o]

0

Sin[6;] Cos[6,] 0 a,=* Cos[6:]
1
0]

.M3..

Cos[6;3]
Sin [93]
0
o]

-8in[63]
Cos[63]
0
0

0 asz* Cos[es]
0 az* Sin[63]
1 0
0 1
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To,s = M1.M2.M3

{{Cos[63] (Cos[B1] Cos[6,] -Sin[6:] Sin[6,]) + (-Cos[61] Cos[6;] - Cos[6,] Sin[6:]) Sin[6e3],
Cos[B3] (-Cos[6:] Cos(6,] -Cos[6:] Sin[6:]) - (Cos[B:1] Cos[6,] - Sin[H6;] Sin{6,]) Sin[63],
0, Cos[B:] a; +Cos[61] Cos[6;] ay - Cos[B;] Sin[61] az +

Cos[63] (Cos[/;] Cos[6,] - Sin[6:1] Sin[62]) asz +
(-Cos[@;] Cos[6,] -Cos[62] Sin[61]) Sin[63] as},

{Cos[63] (Cos[6,] Sin[6;] + Cos[6;] Sin[6,]) + (Cos[6:] Cos[B,] - Cos[e,] Sin[O:]) Sin[63],
Cos[63] (Cos[61] Cos[6;] - Cos[B2] Sin[61]) - (Cos[6;] Sin[B;] + Cos[6:1] Sin[6;]) Sin[65],
0, Cos[B1] Cos[62] a; + Cos[6,] 8Sin[6;] a, + Cos[O3] (Cos[B;] Sin[6;1] + Cos[6:] Sin{62]) az +

(Cos[6,] Cos[6,] -Cos[€6;] Sin[6;]) Sin[63] a3}, {0, O, L1, 0}, {0, O, O, 1}}

Question 3.3

Below is the D - H Parameter table :
link aj ai d; 63

1 0 -90° 4d; O

2 0 0 d, O

These are the transformationmatrices

Ml =

(=N o BN« R o
I

[
O O O
Q.

iy

oI -
o9 ro
o R OO

o

To,2 = M1 .M2

{{, 0, 0, 0}, {0, O, 1, d»}, {O, -1, O, d;z}, {0, O, O, 1L}}
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MatrixForm (%]

0
da
dx

1

O o O
lO
[y

[eRN e N ]

Question 3.4

Below is the D - H Parameter table :

link aj a; d; 6;
1 a; 90° 0 o
2 0 90° d; O

These are the transformationmatrices

Cos[6:1] 0 Sin[el] a; * COS[91]
Sin[6;] 0 Cos{6;] a; * Sin[64]

ML = 0 1 0 0 g
0 0 0 1
1 0 0 0
0 0 1 0
M=10 -1 0 al’
0 0 0 1

To,2 = M1.M2

{{Cos[e1], -sin[e1], 0, Cos[é1] a1 +8in[61] da},
{Sin[el]r _Cos[el]l Or Sin[el] a1+COS[91] dZ}I {OI Or 1r O}r {Or Or OI l}}
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MatrixForm{%]

Cos[©1] -Sin[6&1] 0 Cos[6:] a; +Sin[6,] d;
Sin[B;] -Cos{[6;] 0 Sin{e;] a; +Cos[6;] d»
0 0 1 0
0 0 0 1
Question 3.5

Below is the D - H Parameter table :

link aj [0 43 d; 6;
1 0 9° 0 6
2 0 -90° d O
3 as 0 0 o5

These are the transformationmatrices

Cos [91] 0 Sin[el] 0
sinf[e;] 0 -Cos[e;] O]} .
M- ] 1 0 o’
0 0 0 1
1 0 0 O
0o 0 1 o
M2 = ;
0 -1 0 d>
0 0 0 1
Cos[63] -Sin[63] O a3 Cos[63]
M3 Sin[@3] Cos[63] 0 a3+ Sin[63] |
- 0 0] 1 0 !
0 0 0 1

To,3 = ML.M2.M3

{{Cos[B1] Cos[B3] -Sin[6,] Sin[63], -Cos[O3] Sin[6;,] - Cos{61] Sin[631],
0, Cos[6;] Cos[63] a3 - Sin[6:1] Sin[63] az + Sinfo1] do},

{Cos[63] Sin[6:1] + Cos[61] Sin[63], Cos[©;] Cos[O3] - Sin[6;] Sin{63], O,
Cos[63] Sin[6.] a3 + Cos[6;] Sin[63] a3 - Cos[61] A2}, {0, O, 1, 0}, {0, G, O, 1}}
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MatrixForm{%]

Cos[6;] Cos[63] - Sin[61] Sin[63]
Cos[©3] 8in[6;] + Cos[O;] Sin[©3]

-Cos[63] 8in[6,] - Cos[81] Sinf63]
Cos[61] Cos[B3] - Sin[H,] Sin[63]

Cos[6:] Cos[63] a3 - Sin[61] Sin[e
Cos[63] Sin[e,] a3 + Cos{O,] Sin[6

0] 0 O
0 o l
Question 3.7
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Below is the D - H Parameter table :

link aj ai d; 64
1 0 -90° o 0
2 0 90° d, -90°
3 0 0 ds 90°

These are the transformationmatrices

1 0 0 O
0 0 1 0
ML = 0 -1 0 &1’
0 0 0 1
0 01 O
-1 00 O
M= 10 104
0 00 1
0100
1 00 O
M3 = 0 0 1 di|”
000 1

To,3 = ML.M2.M3

{{OI Or 11 d3}l {ll OI Ol d2}l {OI 1! OI dl}l {OI OI OI l}}
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MatrixForm[%]

o O O

o - O O
(@]
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Question 3.8

Below is the D - H Parameter table :

link aj (053 d; 6;
1 0 %0° 0 &
2 az 0° 0 6
3 a3 0 0 6
4 0 90° 0 6,
5 0 0 0 6
6 0 0 de 6

These are the transformationmatrices

Cos[e;] O 8Sinf[6;] O
sin[6;] 0 -Cos[6;] O
0
1

ML = 0 1 0 g
0 0 0
Cos[9;] -Cos[6;] 0 a, » Cos[O:]
M2 = Sin[6;] Cos[6,] 0 aj* Cos[6;] .
T 0 0 1 0 ’
0 0 0 1
Cos[B3] -8in[63] 0 a3 * Cos[63]
M3 = Sin[63] Cos[63] 0 az* Sin[63] |
B 0 ] 1 0 !
0 0 0 1
Cos[6;] O 8Sin[e,] O
8in[6;] 0 -Cos[64] O .
M4 = 0 1 0 of-
0 0 0 1
COS[95] 0 Sin[95] 0
8in[6s] 0 -Cos[6s] O] .
M5 = 0 1 0 ol”
0 0 0 1
COS[GG] 0 Sin[6¢] o
M6 < Sin[6¢] 0 -Cos[eg] O ;
0 1 0 dg
(o} 0 0 1
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To ¢ = M1.M2.M3.M4.M5.M6

{{Cos[6g] (Cos[B5] (Cos[6,] (Cos[61] Cos[O;] Cos[63] -Cos[6;] Cos[6:] Sin{63]) +
(-Cos[61] Cos[@,] Cos[@3] -Cos[61] Cos[6;] Sin[63]) Sin[6,4]) +Sin(61] Sin(65]) +
(-Cos[B,] (-Cos[6:] Cos[6;] Cos[B3] - Cos[6:] Cos[6:] Sin[63]) +
(Cos[6;1] Cos[B;] Cos[B3] -Cos[O1] Cos[6;] Sin[63]) Sin[64]) Sin[6s],
-Cos[65] Sin[6:] + (Cos[6,4] (Cos[61] Cos[6;] Cos[63] - Cos[6;:] Cos[6;] Sin[63]) +
(-Cos[0:] Cos[O,] Cos[63] -Cos[6:] Cos[6,] Sin[63]) Sin[64]) Sin[65],
-Cos[6¢] (-Cos[B,] (-Cos[61] Cos[6;] Cos[63] -Cos[61] Cos[6;] Sin(63]) +
(Cos[©:1] Cos[6,] Cos[B3] -Cos[O;1] Cos[62] Sin{63]) Sin[64]) +
(Cos[65] (Cos[B4] (Cos[61] Cos[B,] Cos[63] - Cos[6;:] Cos[6,] Sinfe3]) +
(-Cos[6:1] Cos[6:] Cos[BO3] - Cos[O;] Cos[6;] Sin[63]) Sin[64]) +Sin[61] Sin[6s])
Sin[6g], Cos[O;] Cos[B;] a; + Cos[6;1] Cos[6,;] Cos[O3] a3z - Cos[O1] Cos[6,2] Sin[63] az +
(~Cos[65] Sin[O6;] + (Cos[©,] (Cos[O1] Cos[6;] Cos[O3] —-Cos[O1] Cos[6,] Sin[63]) +
(-Cos[61] Cos[@,] Cos[63] - Cos[61] Cos[6;] 3in[63]) Sin[64]) Sin([6s]) de},
{Cos[8¢] (Cos[65] (Cos[O;] (Cos[B;] Cos[O3] Sin[6;] -Cos[62] Sin[61] Sin[63]) +
(-Cos[6,] Cos[63] Sin[O1] - Cos[6;] Sin[6;] Sin[e3]) Sin[B4]) - Cos[61] Sin[6s]) +
(-Cos[64] (-Cos[6,] Cos[63] Sin[61] - Cos[6;] Sin([61] Sin[63]) +
(Cos[6,] Cos[63] Sin[O;] - Cos[6,] SinfO1] Sin([63]) Sin{O64]) Sin[6¢].,
Cos[61] Cos[6s] + (Cos[6,] (Cos[6;] Cos[63] Sin[6;] - Cos[6,] Sin([6:] Sin([63]) +
(-Cos[6,] Cos[63] Sin[61] - Cos[6;] Sin[B61] Sin[63]) Sin[64]1) Sin[65],
-Cos[B6] (-Cos[64] (-Cos[B;] Cos{63] Sin[61] -Cos[62] Sin[6:] Sin[63]) +
(Cos[6,] Cos[63] Sin[61] - Cos[6,] Sin(61] Sin([63]) Sin[64]) +
(Cos[6s5] (Cos[6,4] (Cos[6;] Cos[63] Sin[6:] - Cos{62] Sin[6:] Sin[63]) +
(-Cos[6,] Cos[63] 8in[6;] ~ Cos[6,] Sin[61] Sin[63]) Sin[64]) -Cos[6;] Sin[6:5])
Sin[6g], Cos[6,] Sin[61] ap + Cos[60,] Cos[63] Sin[6;] a3 - Cos[6,] Sin[O1] Sin[e€3] a3 +
(Cos[6;] Cos[Bs] + (Cos[B,] (Cos[B;] Cos[O3] Sin[61] - Cos[6;] Sin{6:] Sin[63]) +
(-Cos[8,] Cos[63] Sin[6:] - Cos[6,] Sin[61] Sin[63]) Sin[64]) Sin[6s]) de},
{Cos[65] Cos[B¢] (Cos[O,] (Cos[63] Sin[6,] + Cos[6,] Sin[63]) +
(Cos[62] Cos[63] - Sin{6,] Sin[63]) Sin[64]) +
(-Cos[64] (Cos[6,] Cos[63] —Sin[62] Sin[63]) +
(Cos[63] Sin[6;] +Cos[6;] Sin[B3]) Sin[64]) Sin[6¢],
(Cos[64] (Cos[63] Sin[6,] + Cos[6;] Sin{63]) +
(Cos[6,] Cos[63] -Sin[6;] Sin[6s3]) Sin[64]) Sin[6s],
-Cos{B¢] (-Cos[O;] (Cos[6;] Cos[B3] - Sin[62] Sin[63]) +
(Cos[63] Sin[6,] +Cos[6,] Sin[63]) Sin[64]) +
Cos[Bs] (Cos[B4] (Cos[B3] Sin[B2] +Cos[6,] Sin[63]) +
(Cos[6,] Cos[O3] -Sin[6;] Sin[63]) Sin[64]) Sin[6¢],
Cos[6;] az + Cos[63] Sin[6,] a3 + Cos[6;] Sin{63] a3 +
(Cos[6,] (Cos[63] Sin[62] + Cos[O2] Sin[63]) +
(Cos[62] Cos[63] -Sin[6;] Sin[63]) Sin[64]) Sin[65] d¢}, {0, 0, 0, 1}}

Question 3.9

To,6 = To,3T3,6
Hence we get the transformationmatrix

To,




