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Question 1. [25%)]
The Denavit-Hartenberg (D-H) method is a standard approach used in kinematics analysis
of robot manipulators. The process for assigning D-H frames to robot links should follow
these rules:
1. The z-axis must be the axis of rotation for a revolute joint, or the direction of motion
for a prismatic joint.
2. The x-axis must be perpendicular both to its own z-axis, and the z-axis of the frame
before it.
3. Allframes must follow the right-hand rule.

As shown in Figure 2-1, the four D-H parameters are defined as:
* a; = offset distance between z;_,-axis and z;-axis along x;-axis
e ; = angle between z;_;-axis and z;-axis about x;-axis
* d; = offset distance between x;_;-axis and x;-axis along z;_,-axis
* §; = angle between x;_;-axis and x;-axis about z;_,-axis
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Figure 2-1 Denavit-Hartenberg Parameters

Figure 2-2 shows a SCARA robot in its zero configuration. The ground frame is {xg, ¥,, Zo }
and the end-effector frame is {x4, ¥4, 24 }. Based on the figure, answer the following:
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Figure 2-2 SCARA Robot



(a) Draw a schematic representation of the robot. [56%]

(h) Complete the D-H parameter table for the SCARA robot. [8%]
Jointi a; a; di 8,:
1

2
3
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(c) Write the individual transformation matrices from frame i — 1 to i for (i = 1~4).[4%]

(d) Compute the forward kinematics using the parameters givne in Table 2-1. [8%)]

Table 2-1
Links b L I, Ly
Link length (mm) 80 100 100 30
Joints 41 qz a3 a4
Jointvalue 0 i 35 mm T




Question 2

(a) The matrix J below is the Jacobian of a spatial 6-DOF robot. Determine whether the
robotis in a singular configuration, and breify explain. [5%]

0 0 0 1 1 1
0 0 0 0 0 0
1 1 1 0 0 0

ye 0 0 -4 0 0 1

] 4 4 5 4 5
0 -5 6 —g —§+§\/§ —g'i"i\/g
=5

0 0 0 0 - 6

Figure 3-1 shows a planar 3-DOF manipulator.
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Figure 3-1 A Planar 3-DOF Manipulator

(b) Derive the analytical forward kinematics of the manipulator. [5%]
(Given: 8y, 85, 05, 1y, 1y, I3; Find: Pgy, Pgy, @)

(c) Derive the analytical inverse kinematics solutions of the manipulator. [10%]
(Given: Pgy, Pgy, ¢, 11, 1, l3; Find: 84, 6,, 63)

(d) Derive the Jacobian matrix of the manipulator using the link lengthes and joint values in
Table 3-1. [6%)]

Table 3-1
Links I L L
Link length (mm) 60 60 30
Joints 8, 8, 65
Joint values n 0 _r
2 4




Formulae
Trigonometric identities

sin (8, *+ 6,) = sin(8,) cos (8;) + cos(8,) sin (6;)
cos (8, £ 8,) = cos(8,) cos (8;) F sin(6,) sin (6,)
Standard rotation matrices
1 0 0 cos8 0 sinf cos® —sing 0]

Rx(3)=[0 cosf —sinﬁ], R},(G):[ 0 T 410 ], Rz(9)=[si116 cosf 0
0 sin8 cos8 —sind 0 cos8 0 0 1

Transformation matrix with four DH parameters

c0; —ca;s6;  sa;s6;  a;ch;

i_lA' - sﬂi C(IECBI' —Sa:l-cﬁ,- aiSBi
‘ 0 sa; ca; d;
0 0 0 1



Question 3. [25%]
There is a 3-dimensional point [1,2,3] in the X-Y-Z coordinate. Compute the position of the
point after performing the following transformations in a row: (a) rotation about X axis by 30

degrees, (b) rotation about Z axis by -45 degrees, (c) translation along the Y axis by 10 units.

Question 4. [25%]
Below please find a 6R robot arm with the information of some geometrical dimensions and
axis directions. Please provide the complete DH table for this robot arm. Note: use & to

represent the joint angle; use ¢ to represent the link offset; use a to represent the link length;

use « to represent the link twist.
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