Robotics Tutorial 1: Basic Concepts

Exercise 1:
cosp —sinp 0
Consider the following matrix: R4 g(p, f) = (Sin pcosfi cospcosf —sin ﬁ)
sinpsinff cospsinff  cosf

1) Prove that R, z(p, ) is a rotation matrix (representing thus the orientation of a frame B
with respect to a fixed frame A4) for any value of angles (p, B).

2) Express the matrix R, z(p, B) as a product of 2 elementary rotation matrices' R(B)R(p)
(specify the axes of rotation for each of the 2 matrices).

3) Let p =90° and S = —90°, give the coordinates with respect to frame A4 of vectors
Xg,Yg, Zg (of frame B). Give also the coordinates of a point P knowing that its coordinates
with respect to frame Bis (0,5 0,5 0).

Exercise 2:
A frame B = {Og, xp, YB» ZB}is displaced and rotated with respect to a fixed reference

frame A = {04, x4, Yar Za}. The displacement is represented by the vector 0,05 =
(3 7 —1)7, while the orientation of B with respect to 4 is represented by the following
sequence of three Euler angles:

lp:n/ll_lez_n/z,(p:()’

according to the convention (Z,Y’, X"").
Provide the coordinates of a point P with respect to frame 4 knowing that its position with
respect to frame B is givenby (1 1 0)7.

Exercise 3:
Consider the cylindrical arm represented in the following figure where a frame is attached at
each link of the robot.

' The rotation is about an elementary axis, that is, x, y or z.



1) Provide the homogeneous transformation matrices Tg 1(6;), T 2(d3), T23(d3). Calculate
To3(04,d3,d3) to deduce the direct geometric model of the robot (that is Ry3 and
000s]0)-

2) From Ty3(6;,d;,ds3), give the location of the end-effector (R, mh) when the
configuration/posture of the arm is initial. Verify on the figure the location of the frame
R; with respect to the frame R,.

3) From T, 3(64,d;,ds3), give the location of the end-effector when 6; = %, d, =5cm,d; =

10 cm.
4)

1) Deduce from Ty 3(04,d;, d3):

- the joint variables that set the orientation of the frame R; with respect to the frame R,

- the ones that set the coordinates x and y of O5],,

- the ones that set the coordinate z of Oz|,.

i1) Calculate the inverse geometric model, knowing that one degree of freedom (even
though three would be ideal) must allow the R; frame to be oriented relative to the R,
one.



