HWI1 Page 1 of 13

Contents

= Problem #1
= Problem #2
= Problem #3
= Problem #4
= Problem #5
= Problem #6
= Problem #7
= Problem #8

% Homewor k #1
% MEA 263 D

clear all; clc;
syns t1 t2 t3 L1 L2 L3 d dl d2 d3
syms t4 t5 t6 d4 L4
pr obl emmunber =0;
for i = 1:8
pr obl emmunber =i ;
p = probl emmunber;

if p==

Problem #1

DH=[00000O;...
0OLLOOOO;...
0L20000];

Robot 1 = DH2Robot ( DH, 0)

TO 1 = Robot1.A([1],[t1 t2 0])
T1 2 = Robot1.A([2],[t1 t2 0])
T2t = Robot1.A([3],[t1 t2 0])
Robot 1. A([1 2 3],[t1 t2 0])

Robot 1 =

nonane (3 axis, RRR nodDH, fastRNE)

e e e a Fommmee e Fommm e o o +
| j theta | d | a | al pha | of fset |
Fomm e e R R S S +
[ 1 a1l 0l 0l 0l 0l
| 2| a2| 0l L1 Y 0l
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| 3| 3| 0|
oot S e S S +
grav = 0 base =1 0 0 0 tool 1 0 0 O
0 0 1 0 O 0 1 0 O
9.81 0 0 1 o 0 0 1 0O
0 0 0 1 0 0 0 1
TO 1 =
[ cos(tl), -sin(tl), O, O]
[ sin(tl), cos(tl), 0, O]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T1 2 =
[ cos(t2), -sin(t2), 0, L1]
[ sin(t2), cos(t2), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T2 t =
[ 1, 0, 0, L2]
[ 0, 1, 0, O]
[ 0, O, 1, O]
[ 0, O, O, 1]
ans =
[ cos(tl)*cos(t2) - sin(tl)*sin(t2), - cos(tl)*sin(t2) - cos(t2)*sin(tl), 0, L2*(cos(
t1l)*cos(t2) - sin(tl)*sin(t2)) + Ll*cos(tl)]
[ cos(tl)*sin(t2) + cos(t2)*sin(tl), cos(tl)*cos(t2) - sin(tl)*sin(t2), 0, L2*(cos(

tl)*sin(t2) + cos(t2)*sin(tl)) + Ll*sin(tl)]

[ 0, 0, 1,
0]

[ 0, 0, 0,
1]

end

if p==2

Problem #2

DH=[00000O;...
0LLOO0OO;...
0L20000];
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Robot 1 = DH2Robot ( DH, 0)
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TO_1 = Robot1. A([1],[t1 t2 t3])
Tl 2 = Robot1. A([2],[t1 t2 t3])
T2_3 = Robot1. A([3],[t1 t2 t3])
Robot 1. A([1 2 3],[t1 t2 t3])
Robot 1 =
nonane (3 axis, RRR nodDH, fastRNE)
e e e a Fommmee e Fommmmaa e o o +
| j theta | d | a | al pha | of fset |
Fomm e e R [ S S +
|1 ql| 0| 0| 0| 0|
| 2] 2| 0| L1| 0] 0|
(T a3| 0| L2| 0] 0|
e e e a Fommmee e Fommmmaa e o o +
grav = 0O base =1 0 0 O tool = 1 0 0 O
0 0 1 0 O 0 1 0 O
9.81 0 0 1 O 0 0 1 0
0 0 0 1 0 0 0 1
TO 1 =
[ cos(tl), -sin(tl), 0, O]
[ sin(tl), cos(tl), 0, O]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T1 2 =
[ cos(t2), -sin(t2), O, L1]
[ sin(t2), cos(t2), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T2 3 =
[ cos(t3), -sin(t3), 0, L2]
[ sin(t3), <cos(t3), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
ans =

[ cos(t3)*(cos(tl)*cos(t2) -

sin(tl)*sin(t2)) -

sin(t3)*(cos(tl)*sin(t2) + cos(t2)*si

n(tl)), - cos(t3)*(cos(tl)*sin(t2) + cos(t2)*sin(tl)) - sin(t3)*(cos(tl)*cos(t2) - si
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n(tl)*sin(t2)), 0, L2*(cos(tl)*cos(t2) - sin(tl)*sin(t2)) + Ll*cos(tl)]
[ cos(t3)*(cos(tl)*sin(t2) + cos(t2)*sin(tl)) + sin(t3)*(cos(tl)*cos(t2) - sin(tl)*si
n(t2)), cos(t3)*(cos(tl)*cos(t2) - sin(tl)*sin(t2)) - sin(t3)*(cos(tl)*sin(t2) + co
s(t2)*sin(tl)), 0, L2*(cos(tl)*sin(t2) + cos(t2)*sin(tl)) + Ll*sin(tl)]

0,
0, 1, 0]
[
0,
0, O, 1]
end
if p==
Problem #3

DH=[00000O0;...
900000 0;...
0L20000;...
0L30000];

Robot 1 = DH2Robot ( DH, 0)
%Robot 1. plot ([0 O 0 0])

TO 1 = Robot1.A([1],[t1 t2 t3 0])
T1 2 = Robot1.A([2],[t1 t2 t3 0])
T2 3 = Robot1. A([3],[t1 t2 t3 0])
T2 4 = Robot1.A([4],[t1 t2 t3 0])

Robot 1. A([1 2 3 4],[t1 t2 t3 0])

Robot 1 =

noname (4 axis, RRRR, nodDH, fastRNE)

Fomm e e R R S S +
| theta | d | a | al pha | of fset |
Fom e e e e R S Fom e e S +
[ 1] aql| 0| 0] 0] 0|
| 2] 2| 0| 0] -pi/2| 0|
|3 3| 0| L2| 0] 0|
| 4] q4| 0| L3 0] 0]
Fom e e e e R S Fom e e S +

grav = O base =1 0 0 O tool = 1 0 0 O

0 0 1 0 O 0 1 0 O

9.81 0 0 1 O 0 0 1 O

0 0 0 1 0 0 0 1
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TO 1 =

[ cos(tl), -sin(tl), 0, O]
[ sin(tl), cos(tl), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T1 2 =

[ cos(t2), -sin(t2), 0, 0]
[ 0, 0, 1, 0]
[ -sin(t2), -cos(t2), 0, 0]
[ 0, 0, 0, 1]
T2_3 =

[ cos(t3), -sin(t3), 0, L2]
[ sin(t3), cos(t3), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T2_4 =

[ 1, 0, 0, L3]

[ 0, 1, 0, O]

[ O, 0, 1, O]

[ 0, O, O, 1]

ans =

[ cos(tl)*cos(t2)*cos(t3) - cos(tl)*sin(t2)*sin(t3), - cos(tl)*cos(t2)*sin(t3) - cos(
tl)*cos(t3)*sin(t2), -sin(tl), L2*cos(tl)*cos(t2) - L3*(cos(tl)*sin(t2)*sin(t3) - cos
(tl)*cos(t2)*cos(t3))]
[ cos(t2)*cos(t3)*sin(tl) - sin(tl)*sin(t2)*sin(t3), - cos(t2)*sin(tl)*sin(t3) - cos(
t3)*sin(tl)*sin(t2), cos(tl), L2*cos(t2)*sin(tl) - L3*(sin(tl)*sin(t2)*sin(t3) - cos
(t2)*cos(t3)*sin(tl))]

[ - cos(t2)*sin(t3) - cos(t3)*sin(t2), sin(t2)*sin(t3
) - cos(t2)*cos(t3), 0, - L3*(cos(t2)*sin(t3) + cos(t3)*
sin(t2)) - L2*sin(t2)]
[ 0,
0, 0,

1]
end
if p=24
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Problem #4

DH=[00000O0;...
90 0 L2 00 O0;...
-90 0 d3 0 1 0];

Robot 1 = DH2Robot ( DH, 0)
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%Robot 1. plot ([ 0.3 0.4 4], " workspace' ,[-20 20 -20 20 -20 20])

TO 1 = Robot1.A([1],[t1 t2 d])
T1 3 = Robot1.A([2],[t1 t2 d])
T3_ 4 = Robot1.A([3],[t1 t2 d])

Robot 1. A([1 2 3],[t1 t2 d])

Robot 1 =
nonanme (3 axis, RRP, nodDH, fastRNE)
Fom e e e e R S
| j theta | d |
oot S S
| 1] ql| 0|
| 2] q2| L2|
[ 3 0l g3|
Fom e e e e R S
grav = O base =1 0 0 O t ool
0 0 1 0 O
9.81 0 0 1 O
0 0 0 1
TO_1 =
[ cos(tl), -sin(tl), 0, O]
[ sin(tl), cos(tl), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T1 3 =
[ cos(t2), -sin(t2), O, 0]
[ 0, 0, -1, -L2]
[ sin(t2), cos(t2), O, 0]
[ 0, 0, 0, 1]
T3 4 =
[ 1, 0, 0, 0]
[ 0, O, 1, d]
[ 0, -1, 0, O]
[ 0, O, 0, 1]
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ans

[ cos(tl)*cos(t2),
[ cos(t2)*sin(tl),
[ sin(t2),
[ 0,

end

if p==

Problem #5

-sin(tl),
cos(tl),

DH=[00000O;...
00d29 10;...
90 0 d3 0 1 0];

Robot 1

DH2Robot ( DH, 0)

0,
0,
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-cos(tl)*sin(t2),
-sin(tl)*sin(t2),
cos(t2),

0,

L2*sin(t 1)
L2*cos(t1)

- d*cos(tl)*sin(t2)]
- d¥*sin(tl)*sin(t2)]
d*cos(t2)]

1]

%Robot 1. plot ([0 O O], ' workspace',[-20 20 -20 20 -20 20])

TO_ 1
T1. 2
T2_3
Robot 1

Robot 1

nonanme (3 axis,

TO 1

[ cos(tl),
[ sin(tl),
[ 0,
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RPP.

-sin(tl),
cos(tl),

0,

nodDH

o O - O

0, 0]
0, 0]
1, 0]

o = O O

Robot 1. A([1],[t1 d2 d3])
Robot 1. A([2],[t1 d2 d3])
Robot 1. A([ 3], [t1 d2 d3])

JA([1 2 3],[t1 d2 d3])

f ast RNE)

o O+ O
O O O
~ O O O
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[ 0, 0, 0, 1]
TL 2 =

[ 0, -1, 0, 0]
[ 1, 0, 0, 0]
[ 0, 0, 1, d2]
[ 0, 0, 0, 1]
T2.3 =

[ 1, 0, 0, 0]
[ 0, 0, -1, -d3]
[0 1, 0, 0]
[ 0,0, 0 1]
ans =

[ -sin(tl), 0, cos(tl), d3*cos(tl)]
[ cos(tl), 0, sin(tl), d3*sin(tl)]
[
[

0, 1, 0,
0, 0, 0,

end
if p==26
Problem #6

DH=[000t400;...
90 0 0 t5 0 O;...
-90 0 0 t6 0 0];

Robot 1 = DH2Robot ( DH, 0)

%Robot 1. plot ([0 O 0], "' workspace',[-20 20 -20 20 -20 20])

T3 4 = Robot1.A([1],[t4 t5 t6])
T4 5 = Robot1.A([2],[t4 t5 t6])
T5 6 = Robot1.A([3],[t4 t5 t6])

Robot1. A([1 2 3],[t4 t5 t6])

Robot 1 =

noname (3 axis, RRR nodDH, fastRNE)

e e e oo Fomm e o Fomm e o Fomm e oo Fomm oo +
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Fom e e oo oo o e e e oo Fom e Fom e +
| 1] ql| 0| 0l 0] 0|
| 2] 2| 0| 0| pi /2] 0|
|3 a3| 0l 0l pi /2| 0l
Fom e e e e B U f Fom e e S +
grav = 0O base =1 0 0 O tool = 1 0 0 O
0 0 1 0 O 0 1 0 O
9.81 0 0 1 O 0 0 1 0
0 0 0 1 0 0 0 1
T3_4 =
[ cos(t4), -sin(t4), 0, 0]
[ sin(t4), cos(t4), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T4 5 =
[ cos(t5), -sin(t5), 0, 0]
[ 0, 0, -1, 0]
[ sin(t5), <cos(t5), 0, 0]
[ 0, 0, 0, 1]
T5_6 =
[ cos(t6), -sin(t6), 0, O]
[ 0, 0, 1, 0]
[ -sin(t6), -cos(t6), 0, 0]
[ 0, 0, 0, 1]

ans =

[ cos(t4)*cos(t5)*cos(t6) -

t6), -cos(t4)*sin(t5), 0]

sin(t4)*sin(t6),

[ cos(t4)*sin(t6) + cos(t5)*cos(t6)*sin(t4),

t6), -sin(t4)*sin(t5), 0]

[
t6), cos(t5), 0]
[

0, 0, 1]
end
if p=7
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Problem #7

DH=[000t100;..
0L10t200;.
0L20t300;.
00-d4 01 0];

Robot 1 = DH2Robot ( DH,

%Robot 1. plot ([0 O O -5], "' wor kspace'

TO 1
T1 2
T2_3
T3 4 =

0)

Robot 1 =
nonane (4 axis, RRRP, nodDH,
oot S
| j theta | d |
Fomm e e R
| 1] q1] 0|
| 2] 2| 0|
|3 3| 0|
| 4] 0| q4|
oot S
grav = 0 base =1 0 O
0 0 1 0
9.81 0 0 1
0 0 O
TO 1 =
[ cos(tl), -sin(tl), O, O]
[ sin(tl), cos(tl), 0, O]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T1 2 =
[ cos(t2), -sin(t2), 0, L1]
[ sin(t2), cos(t2), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T2 .3 =
[ cos(t3), -sin(t3), 0, L2]
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f ast RNE)

Robot 1. A([1],[t1 t2 t3 d4])
Robot 1. A([2],[t1 t2 t3 d4])
Robot 1. A([3],[t1 t2 t3 d4])
Robot 1. A([4],[t1 t2 t3 d4])
Robot 1. A([1 2 3 4],[t1 t2 t3 d4])
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O O O
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[ sin(t3), cos(t3), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T3_4 =

[ 1, 0, 0, O]

[ 0, 1, 0, O]

[ 0, 0, 1, d4]

[ 0, O, O, 1]

ans =

Page 11 of 13

[ cos(t3)*(cos(tl)*cos(t2) - sin(tl)*sin(t2)) - sin(t3)*(cos(tl)*sin(t2) + cos(t2)*s
n(tl)), - cos(t3)*(cos(tl)*sin(t2) + cos(t2)*sin(tl)) - sin(t3)*(cos(tl)*cos(t2) - si

n(tl)*sin(t2)), 0, L2*(cos(tl)*cos(t2) - sin(tl)*sin(t2)) + Lil*cos(t1)]

[ cos(t3)*(cos(tl)*sin(t2) + cos(t2)*sin(tl)) + sin(t3)*(cos(tl)*cos(t2) -

sin(tl)*si

n(t2)), cos(t3)*(cos(tl)*cos(t2) - sin(tl)*sin(t2)) - sin(t3)*(cos(tl)*sin(t2) + co

s(t2)*sin(tl)), 0, L2*(cos(tl)*sin(t2) + cos(t2)*sin(tl)) + Lil*sin(tl)]
[

0,
0, 1, d4]
[
0,
0, 0, 1]
end
if p==28
Problem #8

DH=[00d1010;...
00L1t200;...
0L20t300;...
0L30t400;...
00-L4000];

Robot 1 = DH2Robot ( DH, 0)
%Robot 1. plot ([0 O O O O], ' workspace',[-20 20 -20 20 -20 20])

TO 1 = Robot1.A([1],[dl t2 t3 t4 0])
T1 2 = Robot1.A([2],[dl t2 t3 t4 0])
T2 3 = Robot1.A([3],[dl t2 t3 t4 0])
T3_4 = Robot1.A([4],[dl t2 t3 t4 0])
T4 5 = Robot1. A([5],[dl t2 t3 t4 0])
Robot1. A([1 2 3 4 5],[dl t2 t3 t4 0])
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Robot 1 =

nonane (5 axis, PRRRR, nodDH, fastRNE)

B I IS Femmmmee e Feommmmee e Feeeeme e Feeeeme e +
| theta | d | a | al pha | of fset |
Fom e e oo oo o e e e oo Fom e Fom e +
| 1] 0| 1] 0] 0] 0|
| 2| a2 L1 0l 0l 0l
|3l a3 0l L2| 0l 0l
| 4 a4| 0| L3| 0| 0|
| sl as| -L4] 0| 0| 0|
Fom e e oo oo o e e e oo Fom e Fom e +
grav = 0O base =1 0 0 O tool = 1 0 0 O
0 0 1 0 O 0 1 0 O
9.81 0 0 1 O 0 0 1 0
0 0 0 1 0 0 0 1
T0_1 =
[ 1, 0, 0, O]
[ 0,0 1, 0, O]
[ 0, O, 1, di]
[ 0, 0, O, 1]
T1.2 =
[ cos(t2), -sin(t2), 0, O]
[ sin(t2), <cos(t2), 0, 0]
[ 0, 0, 1, L1]
[ 0, 0, 0, 1]
T2_3 =
[ cos(t3), -sin(t3), 0, L2]
[ sin(t3), <cos(t3), 0, 0]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T3_4 =
[ cos(t4), -sin(t4), 0, L3]
[ sin(t4), cos(t4), 0, O]
[ 0, 0, 1, 0]
[ 0, 0, 0, 1]
T4_5 =
[ 1, 0, O, 0]
[ 0, 1, O, 0]
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[ cos(t4)*(cos(t2)*cos(t3) - sin(t2)*sin(t3)) - sin(t4)*(cos(t2)*sin(t3) + cos(t3)*si
n(t2)), - cos(t4)*(cos(t2)*sin(t3) + cos(t3)*sin(t2)) - sin(t4d)*(cos(t2)*cos(t3) - si
n(t2)*sin(t3)), 0, L3*(cos(t2)*cos(t3) - sin(t2)*sin(t3)) + L2*cos(t2)]

[ cos(t4)*(cos(t2)*sin(t3) + cos(t3)*sin(t2)) + sin(t4)*(cos(t2)*cos(t3) - sin(t2)*si
n(t3)), cos(t4)*(cos(t2)*cos(t3) - sin(t2)*sin(t3)) - sin(t4)*(cos(t2)*sin(t3) + co
s(t3)*sin(t2)), 0, L3*(cos(t2)*sin(t3) + cos(t3)*sin(t2)) + L2*sin(t2)]

[

0,
0, 1, L1 - L4 + di]
[
0,
0, O, 1]
end
end
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