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Forward Kinematics

1 Exercise 3.3
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Figure 1: RRR planar arm. Link frames are assigned.

Figure EI shows the link frames assigned for an RRR planar arm. Listing m
shows the MATLAB code where the transform matrices are computed usin
DH parameters from Table EI Refer to function ‘link transform’ in Listing J.



il oo aiq dp 0
1 0 0 0 6,
2190° Liy 0 6,
3 0 Ly 0 063

Table 1: DH Parameters for RRR planar arm.

syms L1 L2 thetal theta2 theta3

DH = [
0 0 O thetail;
pi/2 L1 O theta?2;
0 L2 0 theta3
1;

link_transform(DH) ;

Listing 1: Transformation matrix computation for RRR planar arm.

Transformation Matrix from Frame 0 to Frame 1:

cos(f;) —sin(6,) 0 O

sin(fy) cos(6) 0 O
0 0 10
0 0 01

Transformation Matrix from Frame 1 to Frame 2:

cos(fy) —sin(fy) 0 Ly

0 0 -1 0
sin(fy) cos(6) O O
0 0 0 1

Transformation Matrix from Frame 2 to Frame 3:

cos(f3) —sin(f3) 0 Lo
sin(f3) cos(f;5) 0 O
0 0 1 0
0 0 0 1

Transformation Matrix from Frame 0 to Frame 3:

cos(6y + 63) cos(f1) —sin(fy + 03) cos(6y)  sin(6;)

cos(01)(L1 + Lo cos(6s))

cos(fy + 05)sin(fy) —sin(by + 63)sin(dy) —cos(6y) sin(6y)(Ly + Lo cos(62))

sin(fy + 03) cos(fy + 03) 0
0 0 0

L2 sin(Hg)
1



2 Exercise 3.16

Figure 2: RPR planar robot. Link frames are assigned.

Figure E shows the link frames assigned for an RPR planar robot. Listing E
shows the MATLAB code where the transform matrices are computed usin
DH parameters from Table . Refer to function ‘link transform’ in Listing _.



il oo ai di 6
1 0 0 0 6o
21 90° Ly dy O
31 90° 0 0 63

Table 2: DH Parameters for RPR planar robot.

syms L1 d2 thetal theta3

DH = [
0 0 O thetail;
pi/2 L1 d2 0;
pi/2 0 O theta3
1;

link_transform(DH) ;

Listing 2: Transformation matrix computation for RPR planar robot.

Transformation Matrix from Frame 0 to Frame 1:

cos(f;) —sin(6,) 0 O

sin(fy) cos(6) 0 O
0 0 10
0 0 01

Transformation Matrix from Frame 1 to Frame 2:

10 0 Ly
00 —1 —dy
01 0 0
00 O 1

Transformation Matrix from Frame 2 to Frame 3:

cos(f3) —sin(f3) 0 0O

0 0 -1 0
sin(f3) cos(f5) 0 O
0 0 0 1

Transformation Matrix from Frame 0 to Frame 3:

cos(0y —0s) sin(f; —03) 0 Lycos(fy) + dasin(6y)
sin(é’l - 63) — COS(QI — 83) 0 L1 sin(Ql) - dg COS(Ql)
0 0 -1 0
0 0 0 1




Supplementary Material

function link_transform(DH)

T = eye(4);
for i = 1:size(DH,1)
screw X = [

1 0 0 DH(i,2);
0 cos(DH(i,1)) -sin(DH(i,1)) O;
0 sin(DH(i,1)) cos(DH(i,1)) O;

0001
K
screw_Z = [

cos(DH(i,4)) -sin(DH(i,4)) 0 O;
sin(DH(i,4)) cos(DH(i,4)) 0 0;
0 0 1 DH(i,3);

0001
1 g
T _intermediate = screw_X * screw_Z;
disp("T from Frame " + (i-1) + " to Frame " + i + ".");

disp(simplify(T_intermediate)) ;

T =T x T_intermediate;
end

disp("T from Frame O to Frame " + size(DH,1) + ".");
disp(simplify(T));

Listing 3: Computes transformation matrices using DH parameters.
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