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S5ELENO018W - Tutorial 4 2025 Solutions

[7]: import math
import numpy as np
from scipy import linalg, optimize
import matplotlib.pyplot as plt
from spatialmath import *
from spatialmath.base import *
from spatialmath.base import sym
from spatialgeometry import *
from roboticstoolbox import *

Exercise 1

[16]: | from math import *

gl = radians(90)

trl = np.array([[cos(ql), -sin(ql), O, 0],
[sin(ql), cos(ql), O, 0],
[o, 0, 1, 0],
[o, 0, 0, 111
tr2 = np.array([[cos(ql), O, sin(ql), 0],
[o, 1, 0, ol,
[-sin(ql), 0, cos(ql), 0],
[o, 0, O, 1D
tr3 = np.array([[1, 0, O, 4],
o, 1, o, -31,
(o, o, 1, 71,
o, 0, 0, 111)
P = np.array([7, 3, 1, 1])

tr30tr20tr1QP

[16]: array([ 5., 4., 10., 1.1)



Exercise 2
[4]: from sympy import *
theta, r, d, alpha = symbols('theta r d alpha')
A = [[cos(theta), -sin(theta), 0, 0], [sin(theta), cos(theta), 0, 0], [0, O, 1,

0], [0, 0, O, 1]]
# convert to sympy matric

A = Matrix(A)
B = [[1, O’ O, O]! [O, 1’ O, O]’ [O, O’ 1’ d], [O’ O, O, 1]]
B = Matrix(B)

c-=1I1, 0,0, r1, [0, 1, O, O], [0, O, 1, O], [0, O, O, 11]
Matrix(C)

Q
]

D

(1, 0, 0, 0], [0, cos(alpha), -sin(alpha), 0], [0, sin(alpha), cos(alpha),,
<0], [0, O, O, 1]]
D = Matrix(D)

res = simplify(AGBGC@D)
res

[4]: cos(f#) —sin(f)cos(a) sin(a)sin(f) rcos(0)
sin () cos(«)cos(f) —sin(a)cos(f) rsin(0)

0 sin () cos (o) d

0 0 0 1

0.1 Exercise 3

[17]: from sympy import *

thetal, rl, di, alphal = symbols('thetal rl dl1 alphal')
theta2, r2, d2, alpha2 symbols('theta2 r2 d2 alpha2')

# let's use the robotics toolbox in this exercise
t1l = trotz(thetal)

t2 = transl(0, 0, di1)

t3 = transl(rl, 0, 0)

t4 = trotx(alphal)

# DH for joint 1

J1 = t10t20t30t4

t5 = trotz(theta2)

t6 = transl(0, 0, d2)
t7 = transl(r2, 0, 0)



t8 = trotx(alpha2)

# DH for joint 2
J2 = tb0t60t70t8

# Overall DH
simplify(Matrix(J10J2))

[17]: —sin (0, ) sin (0) cos (a;) 4 cos (01 ) cos ()  sin (o) sin (ay) sin (0;) — sin (0;) cos (o) cos (o) cos (0y) — sin (05
sin (0,) cos (0y) + sin (0,) cos () cos (;)  —sin (o) sin () cos (6;) — sin (0, ) sin (6,) cos (a,) + cos () cos (a
sin (avp ) sin (6,) sin (o) cos (ay) cos (6,) + sin () cos (o)
0 0

Exercise 4

[65]: |from sympy import *
from math import *

thetal, rl, theta2, theta3, d3 = symbols('thetal, rl, theta2, theta3, d3')

J1 = trotz(thetal)@transl(rl, 0, 0)
J2 = trotz(theta2 + math.pi/2)0trotx(math.pi/2)
J3 = trotz(theta3)@transl(0, 0, d3)

Matrix(simplify(J1@J2@J3))

[55]: —3.74939945665464 - 1033 sin () sin (6, + 0,) — 1.0sin (8, + 6,) cos (85) + 6.12323399573677 -

1.0 (6.12323399573677 - 1017 sin (6, + 0,) + 1.0 cos (6, + 0)) cos (A5) — 6.12323399573677 - 10~17 (1.0sin (6, + 0,
1.0sin (65)
0

Exercise 5

[70]: def DH(theta, d, r, alpha):

t1 = trotz(theta)
t2 = transl(0, 0, d)
t3 = transl(r, 0, 0)
t4 = trotx(alpha)

return t10t20t30t4

Exercise 6

[ ]: thetal, theta2, theta3, thetad4, thetab, theta6, r2, r3, d3, d4 =,
wsymbols('thetal, theta2, theta3, thetad4, thetab, theta6, r2, r3, d3, d4')

table = [[thetal, 0, 0, 0],



[theta2, 0, O, -math.pi/2],
[theta3, r2, 43, 0],

[thetad, r3, d4, —math.pi/2],
[theta5, 0, 0, math.pi/2],
[theta6, 0, 0, -math.pi/2]]

total_dh = np.identity(4) # The identity array I is a square array with ones,
<on the main diagonal.
for row in table:
theta = rowl[0]
d = row[1]
r = row[2]
alpha = row[3]

total_dh = total_dh@DH(theta, d, r, alpha)

print(total_dh)
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