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Abstract. This project is a part of the analysis which aims to find solutions to the
kinematics problem that exists in the movement of the robot arm. In order to
control the robot manipulator as desired, so it is important to consider kinematics
models in the design of control algorithms. Which in this report presents a mathematical
model and kinematics parameter for the robot kinematics. The solution of the forward
kinematics based on the matrix transformation method are given and the results are

obtained using Matlab software.

1. Introduction

A robot is a software-controllable mechanical device that uses sensors to guide one or more end-
effectors through programmed motions in a workspace in order to manipulate physical objects [1].
Today robot is used in various field like as industry, medical, military operation in space and some
dangerous place where human don’t want to work. But the controlling of robot manipulator has
been challenged with higher DOF. In determining the position and orientation of the robot
manipulator is a challenging step to design and control the robot's movement in a three-
dimensional workspace. The Forward kinematics analyzes and calculates the end-position of robot
arm using the joint angle. But the challenge to analyze the inverse kinematics solution using the
position of the end-effector to find the joint angles. The complexity of the inverse kinematics
increases with the number of DOF.

Kinematics analysis of robot motion is an analytical movement of a robot arm against a
stationary system coordinate frame without considering the force that causes the movement. In
analyzing robot motion kinematics there are two topics of discussion that must be carried out, called
forward/direct kinematics and inverse kinematics [2]. The two topics are interrelated and

complementary, as shown below figure 1.
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Figure 1. The relationship between forward kinematics and inverse kinematic

1.1 Forward Kinematics

Forward kinematics is the method for determining the orientation and position of the end-
effector, given joint variables (joint angles) and the link lengths of the robot arm.[3]. Methods
for a forward kinematics analysis: using transformation matrices and using straightforward

geometry.
1.2 Inverse Kinematics

The inverse kinematics is the opposite to the forward kinematic, which examines the
inverse problem to determine the joint variables with the given the desired position and
orientation of the tool. The inverse kinematic problem is important because manipulation task is
naturally formulated in terms of the desired tool position and orientation and the inverse
kinematics problem is more difficult than the forward kinematic problem because a systematic
closed-form solution applicable to robots, in general, is not available. Moreover, when closed-form

solution to the arm equation can be found, they are seldom unique.[4].
1.3 D-H Parameter

This was first introduced by Jacques Denevit and Richard S. Hartenberg. DH convention is
used for selecting the frame of reference for the robotic arm. In this convention, coordinate frame is
attached to the joints between two link to describe the location of each link relative to its

previous.[5].



2nd TICATE 2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 852 (2020) 012072 doi:10.1088/1757-899X/852/1/012072

Figure 2. Modified DH Parameters.

The following four transformation parameters are known as D-H parameters :
» di: offset along previous to the common normal

» 0i: angle about the previous z, from old x to new x

» ai : length of the common normal (Assuming a revolute joint, this is the radius about

the previous z.

» i : angle about common normal, from old z to a new z axis.

2. Method and Experimental

The experimental is to make an analysis of robot arm movements in the form of mathematical
equations whereby giving a value to each joint variables (Theta), the position of the end-
effector will be found and make a mathematical equation if given the position of the end-
effector and the length of each link. Then the angle degree will be found in each joint
variables (Theta).

After obtaining mathematical equations for the two existing problems, namely forward kinematics
and inverse kinematics then the equations are combined or entered into the Matlab program to get the
desired results.
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3. Results and Discussion

3.1 Analytical Forward Kinematics

The forward kinematics of a robot determines the configuration of the end-effector (the
gripper or tool mounted on the end of the robot) given the relative configuration of each pair of an
adjacent link of the robot.

A link-coordinate diagram based on the Denavit-Hartenberg algorithm in figure 3.
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Figure 3.a. Robot HIWIN RA 610 Figure 3.b. Link coordinate of a six-axis
robot (Hiwin RA610)

From the fig.3.a can be seen that the Robot arm Hiwin RA 610 has a serial 6 DoF (Degree of
Freedom) with six revolute joints.

Table 1. Denavit-Hartenberg Parameter of the six-axis robot Hiwin RA 610

Joint,i 0i ai aj di
1 ks 0.14 (m) 0
01 2
2 62 0 0.64 (m) 0
3 ® 0.16 (m) 0
03 2
4 T 0 1.078 (m)
04 7
5 T 0 0
05 2
6 06 0 0.101 (m)

In analyzing the forward kinematics, the homogeneous transformation matrix method is used
here.

T = Rotation matrix (61) .translation matrix,i
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According to equations (1) it is obtained a matrix of homogeneous transformation for each
link and calculate the kinematics equations of the robot arm : TO 6
=T0 1.T1 2.T2 3T3 4.T4 5.T5 6

—51 0Ocl—alsly [—s2 —c20—a2s2
cl 0s1 alel c2 —s520 a2c2

Tos= u 1u u : ﬂ 01 0
00 1
c3 0 53 a3c3 —54 0
53 l] c3a353 Ocd O
0 —1 0 a4|
L0 D D 00 1
¢ 0550 —s600
55 0-—ch0 515 cb 00
0O 100110 9 1:16‘
L0 00 11L0 001

Thus. we finally obtain;
nx oxaxpx

_|y  oyaypy
Tos=nz oz azpz
0 001

Where :

;= C1(C486T54C5C6)81(823C4C5C5-52384867C2385C6)

Iy = s1{C4s6T8405C6 ) HC1(-52304C5CHT5235486-C2385Ch)

Nz = C23(C4C5Cs)-52355Ck

Ox = C1{CaCh-54C556)-51(52384C6TC238556T523C4C556)

Oy = s1{C4Ca-54C586 ) Fe1(s238406 0238556523 C40556)

0z = -c23(C4csseT54Ce) 5238586

x = C18455-51(C23C5-8230485) (2)
ay = s1s485+c1(C23cs-S230485)

;= C23C4551823Cs

Px = 8151828 5218381 523-d48 123 Hdsl 1 5485-51C2305T8 1 523C485)
Py = a101-82052-05¢ 523 Hdsc) costdg(si 84850 10030 5-C1823C485)
Pz = axcrtascastdasastdg(sascsteaicyss)

In the above equation the following notation 1s made :

Ca3 = cac3-528; and Sa3 = sac3teas;
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After getting equation (2), then by giving the value of 01 to each joint variables so that, we get
the value of the end-effector position. It was implemented the equation (2) in the Matlab

function in order to calculate the forward kinematics based on the algorithm presented below. Examples
of solving kinematic forward problems using Matlab software.

Given ;

1. 61=450 62 =100, 03 =09, 64 =900, 5 =00, 06 =450

The Position of the end-effector, namely :
Px =-0.8221,.Py = 0.8221,.Pz = 0.9895

2. 61 =900, 62 =00, 93 =300,604=00 95=900, 96 = 00

The Position of the end-effector, namely :
Px =-0.9431,.Py =0,.Pz = 1.3176

3. 01=-450, @2=300,  #3=30904=600, @5=00, 86 =90°
The Position of the end-effector, namely :

Px =0.1916,.Py = 0.1916,.Pz = 1.6806

4. Conclusion

Robot kinematics is divided into two types: forward kinematics and inverse kinematics. Forward
kinematic involves solving the forward transformation equation to find the location of the hand if
given the angles of between the link. Inverse kinematics involves solving the inverse transformation
equation to find the relationship between the link of the manipulator from the location of the hand in
space. In the robot kinematics, the tool of the end-effector can be moving to where wanted with using
the rotation of link and joints. For that purpose, links and joints are accepted as a coordinate system
individually, as using homogeneous transformation. To conclude, this project uses a mathematical
approach for solving the forward kinematics problem for six-axis Hiwin RA 610 robotic manipulators.
The experimental result is obtained by using Matlab software. The inverse kinematics solutions are not

addressed in this report due to the complicated solving procedures.
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