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A Study of Trajectory Simulation of Master Arm

Jin—Soo Moon’

Abstract

In industrial fields, human works are being replaced by robots. However, as the use of robots is limited in
the process industry where they are operated fixedly, humanoid robots with wide applications need to be
developed. Currently a great deal of research is being conducted on humanoid robots with the object of
replacing humans in the workplace. However, because of the lack of relevant hardware and difficulty in
mechanical parts, only very simple and limited progress is being made. In an effort to overcome these
limitations, the purpose of the present study is to develop a kinematical mechanism and a controller. To this
end, master arms with 3 degrees-of-freedom for the shoulders and the arms were composed which were able
to reproduce human-like motions by simulating the characteristics of joint variables and the trajectory of the

end—effector.
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1. Introduction

The demand for robots has gradually increased
in order to eliminate the notorious three Ds
(Difficult, Dangerous and Dirty) in the industries
and improve productivity. The use of robots was
previously limited to the process industry.
However, moving ‘robots have recently been
preferred due to their multiple uses. Even if most
robots use wheels or endless trajectory to keep
their balance, they are very restricted by obstacles
and topography. Therefore, many studies have
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been conducted on humanoid robots in terms of
kinematics and kinetics [1-5).

The shape of the human body is closely related
to the bones that are connected to each other at
joints. Therefore, body motion is decided by the
change in direction and position of bones around
each joint.

In the human body model, the tract can be
generated by designating the shape of bones and
changing joint attributes. In fact, human bones and
joints have complicated structures with a high
degree of freedom. In robot modeling, on the
contrary, the degree of freedom cannot be entirely
expressed. Therefore, a simple model is used to
get the minimum degree of freedom. Even though
more specific and more detailled motions can be
made as more joints are used, the calculations
become more complicated accordingly [6].
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This paper uses a three degrees of freedom
mechanism for the master arm and aims to
simulate the characteristics of joint variables and
the trajectory of the end-effector (the end point of
the robot in which operation can be performed
with tools) {7-8].

2. Kinematic Analysis

In general, a master arm robot consists of a
head, body and arms. Here, arm motion can be
divided into a 3~degrees-of~freedom shoulder, 1
degree of freedom elbow and 3 degrees of freedom
wrist. Therefore, it’s desirable to design 7 axes for
one arm. Since the rotary joint in the shoulder and
wrist can not be attached to the central axis of the
shoulder and wrist and the wrist rotates around
the same position, kinematic interference occurs [9].

To elimnate this kind of interference and
simulate human movement, the structure of the
3-degrees-of~freedomn master arm consists of two
axes for the shoulder and 1 axis for the elbow as
shown in Fig. 1 below and sets the coordinates as
follows: master arm connecting rotational axis' 4,
shoulder rotational axis: 8,, and elbow rotational
axis: 84, If Denavit-Hartenberg (D-H) parameters
are used for kinematic analysis of the master arm
robot, the coordinate transformation equation of
joints shall be stated as follows:

nTn+1:An+l = ROZ‘(Z, Bn-f-l)

x Trans(0,0,d,.,)

xTrans(a, . ,0,0)
x Rot(x,a, ., ) 1

In D-H representation, all joints can be
expressed around a Z axis. Then, the 7 axis
becomes the rotational joint. The linear moving
direction of the translational joint becomes Z axis,
X - Y axes are determined depending on Euler's
coordinate. Therefore, the D-H parameter for the

analysis of robotic kinernatics shall be stated as
shown in Table 1 below: [9, 10].
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Fig. 1. Kinematic Structure of Master Arm

In Table 1, parameter & refers to the rotational
angle of each axis and d represents axial travel
while a refers to a length of link and « represents
the torsion angle of the Z axis.

Table 1. D-H Parameter of Master Arm

0 d a a
Jointl 0, 0 0 0
Joint2 | 6, 0 a, | %
Joint3 0, 0 a; | 0
Jointd 0 0 a 0

Here, to simplify sin and cos, siné, and
cos 8, were stated as S, and C,, respectively.

Then, the conversion transformation of each joint
on coordinate transformation shall be stated as
follows:

A,= RoKz, 6,) @

A,= Rot(z, 6,)
x Trans(a,,0,0)xRot(x,—90)  (3)

A;= RoKz, 8;)x Trans(a,,0,0) (4)
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A= Trans(a,,0,0) )

In terms of forward Kkinematics, the
multiplication of the entire matrix can be stated as
follows:

0T4 = A A A3A,

Cl - Sl 0 0 CZ 0 e SZ Czdg
— SI C! 0 0 x SZ 0 Cz Szdz
0 6 1 0 0 -1 0 0
0 0 0 1 0 o0 0 1
C3 - 33 0 C35§3 1 0 0 ay
x S3 Cs 0 S3a3 x 0100
0 g 1 0 0010
0 0 0 1 000 1

C]B _CIZSS _SIZ Clz(c:sa,;'i_c:;as'*'a?)
- 31263 “SQS:} CIZ Sm(C3d4+C303+a?)
=S =G 0 —S3a,—S;a3

0 0 0
©)

The criterion coordinate of the robot can be
defined as follows:

%x OX a;\' Px
e _ | n, o0, a, P
L=lwl o o P
6 0 0 1 n

Here, each variable can be stated as the
following equations:

Px= Clz(cBa4+C3a3+a2) (8)
P,=S,(Csa,+ Cyas+a,) ©)
Pz=_53a4_53623 (10)

To find out the coordinate x, y, zof the
end-effector, the end-effector trajectory at the
angle of each joint ( §)is setto P,, P, and P,
{101

3. Configuration of
Experimental Device

A humanoid robot is designed to be mid-sized:
85{cm] in height, 30[cml] of arm’s length, 20(kg] in
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weight. Having legs with 5 degrees of freedom,
walking forward and backward is possible. By
designing it with a camera on the head, it is
equipped with an image recognition function as
well.

» End-e
ffect

def’ -
Ly p{ PID | 5 2is

Control arm
T [P
Angle

feedback

Fig. 2. Block Diagram of Simulation

Two ultrasonic sensors are equipped to detect
forward obstacles, and 1 degree of freedom was
used for free neck joint movement. With a
2-degrees-of-freedom pitch-roll shoulder and a 1
degree of freedom pitch arm, furthermore, the arm
is designed to simulate human motion.

: — Joint 1
80 : : s Joint 2
i --= Joint3

Angle value [deg]

Time [sec]
Fig. 3. Parameters of Reference Angle

Fig. 2 shows a block diagram for simulation of
end-effect trajectory. The reference angle in each
joint has adopted PICO ADC-200 Model of Virtual
Instrument and sampling data have been acquired
at every bms.

The acquired data are demonstrated on the time

(34
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axes (the angles of connecting rotational axis 4,,
shoulder rotational axis 6, and elbow rotational
axis 05 to angle values of Joint 1 through Joint 3)

as shown in Fig. 3.

468
—————B=G,(Ga+Ca,+a)— i®
a,=60nm
aim ——{B=8(Ga+Ga ra)—

=SS ——&

Fig. 4. Block Diagram of Kinematics

Fig. 4 shows the block diagrams of Equation (8) ~
Equation (10) to create the trajectory of a robot arm
end-effector. For input data, ,=g)mml, 4,=16)
(mml and @,=140lmm] that are applied to the
design of the master arm are entered and the angle
trajectory of each joint in ¢4, 4 and 4.

4. Simulation
Fig. 5 through Fig. 9 show the trajectory
simulation of the master arm end-effector. The
reference angles of Joint 1 through Joint 3 in Fig.
3 were estimated using PID sinmulation.

Table 2. Parameters of DC motor

Sign Description Value Unit
A
R, rature 857 n
Resistance
Armature
L
m Inductance 0.16 mH
g, Armature i:’{otatlon 284x10-7| kg« m’
Inertia
Counter
Kﬂl .
Electromotive Force 00061 | V/rad/sec
K, Torque Constant | 0.0061 |N-m/A4

Table 2 shows parameters of DC motor while
Table 3 represents parameters of PID
characteristics. For simulation, the response
characteristics on each displacement have been
estimated against the master arms ( 8, ~ 63 ) in
Fig. 1. Based on the reference angle in Fig. 3, the
parameters of PID characteristics in Table 2 have
been applied The followings results (Fig. 5
through Fig. 7) have been acquired.

Table 3. Parameters of PID characteristics

P 1 D
Jointl 300 40 8
Joint2 61 24 2
Joint3 43 11 2

In Fig. 5, the reference angle from joint variable
in Joint 1 is parameters from MPU while the
simulation value (PID control angle) shows the
test result of PID parameter in Table 2.

— Reference argie
e B0 Control angle

[11% Mo— e
-
-104
H

Y T T T ¥ T
[ 1 2 3 4 5 8 7
Time {sec]

Angle of joint1 [deg]

Fig. 5. Angle of No.1 Joint

In this test, the angle trajectory in Joint 1 had
the same results as the reference angle. In Joint 1,
the rotational axis connected to the robot arm, and
relatively stable characteristics were confirmed
due to low load and simple motions.

In Joint 2 angle trajectory in Fig. 6, the load is
directly applied to the arm axis. Therefore, the
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response time to reach the target value was late
and unstable motions were observed. In addition,
error span was much larger than in Joint 1.

180 4

1680 -
140 -4
1204

100
- Reference angle
801 —— PID Control angle
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Angle of joint 2 {deg]

40

20 ¢
\
[ ] S—

-20

Tirne [sec)

Fig. 6. Angle of No.2 Joint
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Fig. 7. Angle of No.3 joint
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o

Fig. 8. Simulation Trajectory of End-effector
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Even though the angle trajectory of Joint 3 in
Fig. 7 has the same arm as Joint 2, the wrist is
included. Therefore, the target value has been
safely reached. However, the next motion was
made before target value was reached in
intermittent motion. For this reason, the response
was late and the error span was wide.

Fig. 8 shows 3D trajectory characteristics by
applying PID control angles from Fig. 5 through
Fig. 7 to the block diagram of kinematics in Fig.
4. Because of end-effector trajectory traced to X,
Y and Z depending on the variables of an
individual angle ( @) of the kinematics of the
robot, the accurate position of the coordinate can
be traced. Therefore, precise and accurate position
design was possible.

Fig. 9. Virtual Model of Simulink
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Fig. 9 demonstrates the virtual motion of robot
arms using the D-H parameters in Table 1. With
the division of the motion of robots into 6 parts,
motion patterns can be predicted.

5. Conclusion

To develop a master arm for a humanoid robot,
master arm with a 3~degrees-of-freedom has
been designed and the characteristics of joint
variables of the robot and the end-effector
trajectory have been simulated.

In this test, the motion could be predicted only
with parameters. They were useful in the
production of industrial robot routes. As
discovered in the test of the characteristics of joint
variables, however, trajectory torsion has been
observed at acceleration and the response
characteristics and iterative precision were
insufficient.

Therefore, 2 humanoid robot will be developed
by complementing the weaknesses discovered in
this paper and making use of the characteristics of
the already developed trajectory.
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