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Abstract— This paper develops a novel robotic joint mecha-
nism by means of twisting a small-diameter round-belt, which
enables slow movements of joint rotation unlike direct-drive
actuator mechanisms. The actuator mechanism proposed in
this manuscript is composed of two small-diameter round-belts
located near the joint with opposite configurations. The two
round-belts are twisted by DC motors placed on a motor stage,
which can be activated by a step motor. This novel mechanism
realizes movement of the robotic joint around its axis due to
contraction forces generated by twisting both round-belts. That
is, these round-belts act as agonist and antagonist actuators for
the robotic joint, which give a human-like compliance to the
rotational motion of the joint. Experimental results using the
proposed one-link robot show that a high position resolution of
the joint control can be achieved by increases and decreases in
the amount of twisting. In addition, we clearly indicate a linear
relationship between twisting and the joint angle of the robot.
Finally, this paper reveals that the antagonistic twist-actuator
system has a secondary role as a gear reducer that is capable
of largely decreasing the velocity of joint movement.

I. INTRODUCTION

In a traditional manufacturing process, robots deal with
difficult repetitive tasks with high speed and positional
accuracy, where the environment around the robots is ab-
solutely well-known and predefined. However, in highly
unconstrained environments viewed from the perspective of a
robot, e.g. human body, animals, foods, flexible cables, etc.,
force-controlled robots and back-drivable mechanisms are
required to avoid falls, breaking, and injuries. Compliance
property is what the robots need, and it is achieved through
adaptable robot mechanisms and enhanced sensors. Recent
remarkably growing fields of robot technology include wear-
able robotics, rehabilitation robotics, and socially assistive
robotics [1], [2], [3]. To this end, adjustable compliant
actuators and variable stiffness actuators are being introduced
and designed by means of the latest embedded sensors
produced by microfabrication technologies. These actuator
mechanisms have abilities of minimizing large forces due to
physical interaction with the users, which results in obtaining
adaptable passive compliance. These requisite abilities work
well not only for safe human-robot interaction [4] but for
rigid or soft contact by the robot itself with the external
environment.

This work was supported in part by JSPS KAKENHI (15H02230) and
JKA (27-146).

IT. lnoue is with Faculty of
and System Engineering, Okayama
i noue@s. oka-pu.ac.jp

2S. Yamamoto and R. Miyata are students in Dept. of Computer Science
and System Engineering, Okayama Prefectural Univ.

3S. Hirai is with Faculty of Dept. Robotics, Ritsumeikan Univ., Japan,
hirai @e.ritsunei.ac.jp

Science
Japan,

Dept.  Computer
Prefectural ~ Univ.,

978-1-4799-9993-4/15/$31.00 ©2015 IEEE

In recent years, many different kinds of Series Elastic
Actuators (SEA) have been developed for practical rehabili-
tation robots to have back-drivability and mechanical compli-
ance [5], [6]. SEA was developed to absorb shock loads, and
works as a low-pass filter to prevent mechanical resonances.
Series elasticity also turns the force control problem into a
position control problem [6], since this control scheme is
based on a simple physical relation such as Hooke’s law.
In the literature [7], [8], a portable wearable knee-ankle
robot using compliant dual-SEA actuators is developed for
gait rehabilitation usage. This system includes two types of
springs: torsional and translational, whose position differ-
ences are individually controlled in order to isolate force
outputs into high and low forces by changing spring constant
between them. However, there is the potential for a shortage
of passive compliance because the SEA system incorporates
a ball screw in the mechanism. That is, a rigid mechanical
structure, e.g. spur gear, ball screw, etc., cannot provide
large shock tolerance when considering applications such as
fragile-object manipulation by robotic hands and physical
interaction between humans and robots [9], [10].

From the above observation, this paper proposes a novel
antagonistic twist-actuator system that enables the realization
of the accurate motion control of a single-link robot and
a highly compliant joint mechanism. This robot system
proposed here consists of two small-diameter round-belts that
are generally used for torque transmission in mechanisms of
robots and conventional mechanical systems.

Il. RELATED WORKS

Gaponov et al. [11] presented an improved mathematical
model of a twisted string transmission system, where the
string has a diameter of 0.1 mm — 0.4 mm, approximately
3x 10* N/m stiffness, and a braided or nonbraided structure.
In that study, contraction forces and speeds, obtained by
twisting several strings for more than 100 rotations by DC
motor, were measured in order to verify the proposed kineto-
static model. The study verified the possibility of a successful
tracking of the desired longitudinal velocity of the twisted
strings without any actual measurements of their positions
or velocities. These experiments, however, are based on a
motivation of revealing fundamental characteristics during
the twisting for better a selection among several industrial
strings.

Popov et al. [12], [13] presented a string-driven two-
link elbow exoskeleton that has four strings for twisting,
which demonstrates a constant relationship between the joint
angle of the robot and the twist rotation where 10 N and
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Fig. 1. Overall view of a one link robot with two round-belts arranged
around the robot joint.

60 N-loads are implemented. At the same time, the study
proposes a measurement method of human intention at the
moment of muscle exertion of the forearm without the use
of dedicated force sensors, which only requires a rotational
encoder installed at the elbow joint. Such a structure using
string twisting, however, is adequate for making power assist
robots, but not suitable for applications that require speedy
and sensitive tasks like robotic dexterous manipulation.

Shin et al. [14] developed a dual-mode robot finger, which
enables quick movement towards an object to be grasped
and to provide a large grasping force, depending on two
operational modes. The proposed hardware within the finger
consists of two parts in which individual twisted strings
bend each joint of the finger respectively. This mechanism
allows high speed bending when the reaction force at the
fingertip is small, and at the same time, enables the fingertip
force to gradually increase as the finger slows down due
to a reaction from the external environment. The finger
structure, however, cannot be applied to the extending motion
of the joints, which results in disadvantages for practical
movements required for dexterous manipulation [15], [16],
[17].

This paper develops a novel robotic joint mechanism
which functions by twisting a small-diameter round-belt,
which enables slow movement joint rotation unlike direct-
drive actuator mechanisms. The actuator mechanism pro-
posed is composed of two small-diameter round-belts lo-
cated near the joint with opposite configurations. The two
round-belts are twisted by DC motors placed on a motor
stage, which can be activated by a step motor. This novel
mechanism enables the robotic joint to move around its axis
due to contraction forces generated by twisting both round-
belts. That is, these round-belts act as agonist and antagonist

(a) U-shaped bolt (b) motor stage

(c) side angle of the stage (d) shackles

(e) step motor in front view

Fig. 2. Characteristic mechanisms of the robot.

actuators for the robotic joint, which give a human-like com-
pliance during joint revolution. Experimental results using a
proposed one-link robot show that high position resolution on
the joint control can be achieved by increases and decreases
in the amount of twisting. In addition, we clearly indicate a
relationship between the twisting and the joint angle of the
robot. Finally, this paper reveals that the antagonistic twist-
actuator system has a secondary role as a gear reducer that is
capable of greatly decreasing the velocity of joint movement.

I1l. ROBOT MECHANISMS
A. Robot Design

Fig. 1 shows a single-link robot having two twist actuators
in such a way that one round-belt is connected between a DC
motor and the revolute joint. The robotic joint can move in
both rotational directions due to the twisting mechanisms
of agonist and antagonist arrangements. Furthermore, both
DC motors placed on a motor stage can also move by the
rotational motion of a step motor, which is assembled behind
the stage. As a result, the joint can be activated by two kinds
of drive mechanism: the way of twisting round-belts and
driving the step motor, as shown in Fig. 2. In addition, the
DC motors can rotate around a shaft passing through the
motor stage as shown in Fig. 2-(c), which results in a smooth
rotation according to the change of direction of the round-
belt by joint movement.
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Fig. 3. Joint control system in the proposed actuator mechanism.

Fig. 3 shows the total control system of the single-
link robot with the antagonistic twist-actuator mechanism
proposed in this paper. This system has two DC motors
and a step motor, which produce twisting motions of ag-
onist/antagonist round-belts and rotate the motor stage for
the DC motors, respectively. All motors are activated by
PWM signals generated from a micro computer: RX63N
(Renesas Electronics Corp.). Therefore, note that DC motors
in this system operate under a velocity control mode based
on the duty ratio of the PWM signals. The DC motor
has the following nominal characteristics: voltage 12 V,
max. torque 0.15 Nm, max. current 531 mA, rated speed
730 rpm with gear ratio 19, external diameter 16mm, and
encoder resolution 2048 pulses/revolution. The fabricated
DC motor circuit contains a dual driver IC, TB6612, and
two bidirectional current shunt monitors, AD8210, that can
be used for torque/current control that are applicable in
conventional mation control strategies. In addition, we use
a five-phase step motor, PK523PB-N10, for activating the
DC motor stage in order to maintain high-precision motion
control, which has the following characteristics: voltage 24
V, max. torque 0.4 Nm, primary step angle 0.072°, backlash
0.05°, max. speed 300 rpm, rated current 350 mA/phase, and
external size 28x28 square millimeter. Also, this step motor
can be activated by a square wave formed easily through the
use of micro computers, which are restricted at 500 kHz. As
described above, the single-link robot with antagonistic twist-
actuator system can be assembled as an embedded system
without general-purpose computers.

B. Force Measurement by Twisting Round-belts

For the design of the robot, an applicable dimension of
round-belt should be selected based on the amplitude of the
contraction force generated by the twisting. Particularly, the
diameter of the belt is important for determining the possible
amount of twisting, which depends on the maximum torque
of the DC motor mounted on the robot, as shown in Fig. 1.
This section, therefore, shows tensile tests for measuring
contraction forces generated while twisting a round-belt. This

2mm  3mm  4mm

260mm

(a) three test pieces

(b) experimental apparatus for twisting

Fig. 4. Experimental apparatus for twisting and three types of round-belts:
2 mm, 3 mm, and 4 mm-diameter. Nominal perimeters are equal to each
other: 260 mm.
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Fig. 5. Results of contraction force generated by twisting a ¢2-belt.

paper selects three types of round-belts shown in Fig. 4-
(@), and measures contraction forces against the amount of
twisting under the condition of constant rotational velocity
generated by a step motor, as shown in Fig. 4-(b). The only
difference between the three belts is their diameters: 2 mm,
3 mm, and 4 mm, and each nominal perimeter is unified to
260 mm depending on the distance between the motor stage
and the joint axis of the robot as shown in Fig. 1.

Fig. 5 shows the experimental results of contraction forces
obtained by a load cell while twisting a 2 mm-diameter
round belt, a ¢2-belt for short, where the horizontal axis
represents the number of rotations in twisting. In this test,
four-continuous repetitive twisting motions are applied to
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each belt. The result shows that the ¢2-belt can be twisted
up to about 11 rotations, and in this case the maximum
contraction force reaches 3.5 N. In addition, extremely high
repeatability can be seen in both the paths of growth and
reduction of twist motion. On the other hand, a hysteresis
phenomenon appears during the process, which is an intrinsic
characteristic of elastomer materials.

Next, Fig. 6 shows the same experimental results in the
case of a ¢3-belt, in which the maximal contraction force
exceeds 9 N at 8 rotations. We clearly show that the range
of twist rotation decreases relative to the result of the ¢2-belt
because of the increase of the diameter.

Finally, Fig. 7 indicates that the force value reaches 12
N at approximately 5.5 twist rotations in the case of a ¢4-
belt. At the same time, the force measurement results in a

In this paper, we select a ¢3-belt and use it for the design
of a single-link robot, because relatively large twist rotations
can be provided as shown in Fig. 6. That is, the large range of
twisting provides a speed-reduction effect to the joint angle
of the robot [18], [19]. At the same time, a large contraction
force can also be obtained compared to the result of the ¢2-
belt in Fig. 5.

IV. ROBOT CONTROL EXPERIMENTS
A. Control of Twist Rotation

In this section, using the proposed robot shown in Fig. 1,
we conduct verification experiments for controlling the
amount of twist rotation of the ¢3 round-belt chosen in the
previous section. First, both round-belts are manipulated so
as to come to rest at just 1 rotation: 360°, and continuously
only one DC motor and its coupling, DC2 in short shown
in Fig. 1, is controlled so as to be 7 rotations: 2520°. As a
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result, the twisting motion of the belt can be regulated by
the following control law:

ui(t) = —Kp(i — o) — K / (pi—ohdt, ()

where w;(t) denotes the duty ratio for i-th DC motor; ¢
and ¢ designate the rotating angle of the motor and the
desired angle, respectively. K, and K;, furthermore, denote
proportional and integral gain, respectively. The software
servo control runs with a sampling frequency of 500 Hz.
In the above equation, the desired angle ¢4, i.e., the number
of twists, changes from 1 rotation to 7 rotations at 10 seconds
in this experiment.

Fig. 8 shows a simple block diagram of the twist control
mechanism, in which the contraction force from twisting
the round-belt acts as a disturbance to motor dynamics.
The reason for this is that the duty ratio, u;, is a deciding
parameter which is applicable to velocity control components
such as fans, screws, wheels, etc. In addition, the contraction
force by the increase in twisting and the motor torque balance
each other at a certain duty ratio computed in Eq. (1). We can
therefore state that the conventional torque/current control
method is not necessary for the antagonistic twist-actuator
system fabricated in this study. Note that this simplified
method based on velocity control is attributed to a relation
of increasing function between the contraction force and the
twisting, as shown in Fig. 8.

Experimental results are shown in Fig. 9, and clearly
indicate that both angles of twisting converge to 360° without
steady state errors for up to 10 seconds while maintaining
the joint angle at zero, as shown in Fig. 9-(c). We define
this as the straight configuration of the robot, which is
utilized to prevent looseness in the belt. Upon achieving
this configuration, the desired twist rotation of DC2 switches
to ¢ = 2520°, while the desired value of DC1 remains
constant: ¢ = 360°. It is clearly shown in Fig. 9-(b), (c)
that oo successfully reaches 2520°, i.e., 7 rotations, without
rolling back by the contraction force that is monotonically
increasing due to the twist rotation.

Fig. 9-(d) shows the relationship between the joint angle
of the robot and the twist rotation of the round-belt, in which
the elapsed time is also plotted together with them. A linear
relation of # and o under the condition that the other motor
controlled is coming to rest at 1 rotation was revealed, and an
approximation can be expressed as the following equation:

o) (2 > 1), &)

where the dimension of ¢, is not of a rotating angle, [°],
but of the number of rotations of twisting. The slope of the
approximated straight line corresponds to the gear reduction
ratio in mechanical systems, which can be calculated as a
speed reduction rate:

0] 2317 1
09 x 360 [°] 360 ~ 151°

This result implies that high-resolution and precise motion
control of the joint angle can be realized easily through
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Fig. 10. Experimental results of the joint-angle control of the single-link

robot, in which the step motor located behind the motor stage is driving the
joint via the both round-belts with maintaining the twisting.

Fig. 11. Snap shot of the robot in the case of #9 = 60°, in which the
angle of the motor stage reaches approximately 23°.

the means of an antagonistic twist-actuator system with the
agonist and antagonist arrangement of small-diameter round-
belts.

B. Joint Angle Control by a Sep Motor

As mentioned above, the proposed antagonistic twist-
actuator system has a motor stage activated by a step motor
to rotate the single-link while keeping the round-belt twisted.
In this section, in order to demonstrate this function, let us
perform open loop control using a step motor placed behind
the motor stage. In this task, the desired joint angle, 4, of the
robot is +45°, and the motion control algorithm is roughly
as follows:

1) Both belts are twisted simultaneously for a straight
configuration up to 3 rotations by PI control (Eqg. (1))

2) After the steady-state achievement of a twisting mo-
tion, a constant square wave for step motor is output

3) Stop the wave signal when the encoder reading reaches
+45°
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Fig. 10 clearly shows rectilinear trajectory of the joint
angle, which results from the inherent drive characteristics
of the step motor. Although slightly smaller errors are seen
in the joint trajectory in both results, we consider that
trapezoidal wave forms or S-shaped curve forms can resolve
the deviations. The dotted line denotes the trajectory of the
motor stage embedded in the shaft of the step motor, as
shown in Fig. 10-(a), (b). We find in addition that the amount
of twist rotation of ¢, and ¢, does not change, and remains
at 3 rotations after link movement, as shown in Fig. 10-
(c), (d). This means that the PI control action, described in
Eqg. (1), for twisting works well even though the motor stage
and the link move together. We conclude therefore that this
antagonistic twist-actuator system can easily realizes joint-
angle control while maintaining joint stiffness. Finally, let us
show a demonstration case of such joint angle control using
the motor stage, where the desired joint angle is determined
to be 64 = 60°, as shown in Fig. 11. We find in this case
that the twist rotation is stably maintained at 3 rotations
while both DC motors rotate widely around the central axis
of the stage. Recalling the operating range of joint angle
shown in Fig. 9-(c), the joint can move by at most about
14° although the twisting increases to up to 7 rotations. As
shown in Fig. 6, the twist at 7 rotations corresponds to a
near-maximal level before reaching irregular twisting that
occurs when the amount of twisting exceeds the deformation
limit of the round-belt. Thus, we conclude that the step-
motor drive with the motor stage is preferable to the twist
drive with antagonistic round-belts if a large-range motion
is required for specific practical tasks. Note that the large
motion shown in Fig. 11 can be achieved while keeping joint
stiffness constant because the twist rotation does not change
during the task.

V. CONCLUDING REMARKS

This study has developed an antagonistic twist-actuator
system that has mechanical compliance and high control
performance, which is designed so that two twistable small-
diameter round-belts are placed on both sides of the ro-
tational joint of a single-link robot. First, we have shown
a process of selection for a suitable round-belt, for which
tensile tests of three types of round-belts are performed.
As a result, we found that a ¢3-belt is the best choice for
the actuator system because a relatively large twist rotations
and a large contraction force can be successfully obtained
simultaneously.

Next, this paper has revealed a linear relationship between
the joint angle of the robot and the twist rotation of the
belt, which means that the speed reduction effect appears
due to the round-belt twisting, eventually approaching a
high reduction ratio: 1:151. This result implies that high-
resolution and precise motion control of the joint angle can
be realized easily by means of the antagonistic twist-actuator
system presented in this paper. Finally, we have demonstrated
that a wide-range motion of the joint can be performed
by activating the entirety of the actuator system, including
DC motors and round-belts. High-resolution force control is

possible for the robot developed in this study because of the
distinctive feature of adaptive speed reduction.
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A Drive Mechanism Design with a Round-belt and Its Twist Motion
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Ryuichi MIYATA, Okayama Prefectural. Univ.
Takahiro INOUE, Okayama Prefectural. Univ., inoue@ss.oka-pu.ac.jp
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This paper newly develops a novel robotic joint mechanism by means of twisting a small-
diameter round-belt, which enables slow movements of the joint rotation unlike direct-drive
actuator mechanisms. The actuator mechanism proposed in this manuscript is composed of a
couple of small-diameter round-belts located at near the joint with opposite configuration. The
two round-belts are twisted by DC motors placed on a motor stage, which can be activated by a
step motor. This novel mechanism realizes that the robotic joint is able to move around its axis
due to contraction forces generated by twisting the both round-belts. That is, these round-belts
act as agonist and antagonist actuators for the robotic joint, which give a human-like compliance
in the joint revolution. Experimental results using the one-link robot proposed show that ex-
tremely high position resolution on the joint control can be achieved by the increase/decrease of
twists of the round-belts. In addition, we clearly indicate a relationship between the amount of
twist and the joint angle of the robot. Finally, experimental results can clearly explain that one
DC motor acting for the joint motion activates adaptively in accordance with the slow movement
of the other DC motor moving to the desired angle.

Key Words: Agonist-antagonist joint, Actuator mechanism, Compliance, Motion ontrol, Contraction
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Fig.1 Overall view of a one link robot with a couple of
round-belt arranged around the robot joint.
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(a) horseshoe shape bolt (b) motor stage

(c) side angle of the stage (d) shackle

Fig.2 Each characteristic mechanism of the robot.
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Fig.3 A robot controller for twisted round-belt actuator
system.
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Fig.4 It shows an experimental result of the twist ro-
tation control, which is obtained by using a DC
motor as shown in Fig. 1.
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Fig.5 It shows successful results of robotic joint control
by means of step motor located behind the mo-
tor stage, in which the desired angle is decided as
+45°.
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This paper newly develops a small autonomous mobile manipulator that consists of a three-
joint manipulator and four-wheeled omni-directional drive mechanisms. The manipulator enables
to position control on the three dimensional space, and the mobile platform can move remaining
its orientation straight and diagonal towards traveling direction, which can be realized by two-
wheel drive or four-wheel drive. In this paper, we propose a simple and novel traveling control
method so that the mobile robot is able to travel in a straight line on flat ground. This control
strategy is based on the integral computation of a gyro sensor to modify the orientation of the
robot during the traveling. In addition, we achieve that the mobile robot can climb on a slope of
20° inclined angle by changing the speed distribution between the four wheels. Finally, this paper
concludes that the small autonomous mobile robot embedded with a three-joint manipulator can

travel stably on irregular terrains.

Key Words: Gyro sensor, Drift, Climbing, Four-wheeled, Omni-directional
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Fig.3 A schematic view of the robot indicates normal
climbing and controlled climbing by using gyro sen-
sor.
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Fig.1 An omni-directional four-wheel mobile platform developed in this paper.
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Fig.2 It shows several snapshots of the experiment of straight driving and its course.
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Fig.4 Experimetal result of straight driving.
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Table 1 Robot parts list and specifications

l parts [ product [ manufacturer ‘
Micro controller | RX62N (96MHz) Renesas
DC motor RE-max24 (6.5W) | Maxon motor
motor driver TB6612 (3.2A pk.) Toshiba
Omni wheel TD-48 Tosa Denshi
Gyro sensor LSM9DSO0 (1IC) ST micro
Accel. sensor KXR94-2050 Kionix
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F —ERFEIFHII U 72 Al % B9 U 7245 SR ° Fig. 5-(a) TH 5.
Ry OET AR S KEFHE Y & MR, KEEHE D % AliE
LI BE, KEENSHMB LS IR U TED G RICERIFH
ZHINT B R Y 7 MR RS, LMo T, ARTIRERRE
B ZeDR) 7 bEZHEEIZE LS SRS 65 e flEL
HEITS. ZOMERMN Fig. 5-(b) &5, LTI RY 7 bEDR
BoTWAA 10s T 0.3° BINIZINE > TH Y, EFERIZBWV
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Fig.7 Experimental results of climbing control.
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Fig.8 It shows a climbing process of the robot, in which
the initial duty ratio and the increase algorithm of
speed are decided as 60 % and 10 %, respectively.
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Fig.9 It shows a climbing process of the robot, in which
the initial duty ratio and the increase algorithm of
speed are decided as 80 % and 15 %, respectively.
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Static physical characteristics in a multi-rotation twisting motion of
polyurethane round belt to be used for joint flexion

O% &Ml #— (MILEX)

1Bk B (R R

Ryuichi MIYATA, Okayama Prefectural. Univ.
Takahiro INOUE, Okayama Prefectural. Univ., inoue@ss.oka-pu.ac.jp

In this paper, we develop a novel robotic joint mechanism that has two polyurethane round-
belts placed on both sides of the joint. This mechanism is based on antagonistic configuration by
the round-belts, which are activated by twisting motion generated by individual DC motors. This
novel mechanism realizes that the robotic joint is able to move around its axis due to contraction
forces generated by twisting the both round-belts. This paper shows experimental results of
static physical characteristics obtained when the round-belt is strained by a tensile machine. As
a result, Young’s modulus of the belt does not depend on the number of round-belts, but also
depends on the number of twist rotations. This study concludes that the dependence property is
a decreasing trend with respect to the number of twist rotations. Finally, we show experimental
results of contact forces of the tip position of a single link robot. It is clearly shown from the
results that stress relaxation behavior of elastomer materials also appears and influences the

dynamic change of the contact forces.

Key Words: Young’s modulus, stress relaxation, twist-drive, round-belt, antagonistic mechanism
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Fig.1 Tensile test of a small-diameter round-belt is shown, whose diameter is 2 mm: 2-¢ in short. It shows experimental
results, where single, double, and triple round-belts are strained, respectively, where the round-belts are strained

without twisting.
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Fig.2 Same tensile test is performed, in which the round-belts are strained with 5 twist rotations.

(a) 1 twist (b) 5 twists

Fig.3 It shows the slope by twisting the round-belt.
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Fig.4 Relationship between the twist rotations and
Young’s modulus.
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(a) experiment (b) irregular twist

Fig.5 Contraction force measurement of a round-belt by
using a DC motor; An irregular twist phenomenon
occurs by strong twisting of the round-belt. It oc-
curs even in experiments of multiple round-belts.
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Fig.6 It shows experimental results of the contraction
forces, in which stress relaxation behavior can be
seen except the result of 2 twists.
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Fig.7 Relationship between the twist rotations and con-
traction force.
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Fig.8 Overall view of single link robot with antagonistic round-belts.
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Fig.9 It shows experimental results of the contacting
forces by the tip of the robot.
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Fig.10 It is clearly shown that a maximal value of the
contact force arises in case of multiple round-
belts.
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Antagonistic Twist-drive Mechanism and Control
using Polyurethane Round-belts like Upper Limb Muscles

O% =Ml #— (MILEX)

1Bk B (R R

Ryuichi MIYATA, Okayama Prefectural. Univ.
Takahiro INOUE, Okayama Prefectural. Univ., inoue@ss.oka-pu.ac.jp

In this paper, we develop a novel robotic joint mechanism that has two polyurethane round-
belts placed on both sides of the joint. This mechanism is based on antagonistic configuration
by the round-belts, which are activated by twisting motion generated by individual DC motors.
This novel mechanism realizes that the robotic joint is able to move around its axis due to
contraction forces generated by twisting the both round-belts. This paper shows experimental
results of twist rotation control of the antagonistic round-belts, in which controlled variables
are the amount of twisting that can be measured by encoders of the motors. In addition, we
show possibility of joint control by the actuation system of twist mechanism. This joint motion
can be achieved by the difference of the amount of displacement of twisting in both motors. In
addition, we obtained the dynamic behavior without overshooting by the simple PI control that
controls the amount of the joint angle. Finally, we show experimental results in case of multiple
round-belts of the agonist side, and validate the mechanical availability of the proposed actuator

mechanism.

Key Words: Twist-drive, Agonist-antagonist joint, Angle control
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DC motor 1

DC motor 2

(a) above angle (b) diagonal angle

Fig.1 Overall view of one link robot with a couple of
round-belt arranged around the robot joint.

Fig.2 A robot controller for twist-drive actuator system.
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Fig.3 It shows an experimental result of twist rotation
control, in which individual DC motor is controlled
by PI controller with respect to each rotation an-
gle, as shown in Fig. 1.
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Fig.4 An enlarged view of DC1 motor with respect to
the experiment in Fig. 3.
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Fig.5 Relationship between the difference of both twist
rotations and joint angle.

H5. MAT, Fig. daDXSITIRDE—AY MZEINT S
WZhnd B Ef Vo MR D O & & IZ[ERRIZ1E
W5, 20, EVAEPHEEIZEOIZONTAR
NV DRGNS 72 0, duty EEHETIX AR OB INE &
PHEZLHEOENERBETCES LWL, A—N—va—
FEAEURWEHEING., ERELT, ATy AN
KU THRED bV GO & 5 72 2iB 7315 B30 20l
HEHEL B i, BoIR—THE TOAERMEIA
FRTON—=FRD = 7K TIEAEEIC R 5.

X512, Fig. 3-(c) 5 AH3 L5, oA
PENTEFIHMTH D E—X 1 DOHFAIZAERY MY > 7 HHE
BLLTWA., ZhiE, HEHMWICERE L 72~ MR35
BRoEZ5256Z212&0, WALV SORIZIHEREDZE
MEL, Vo7 OREEHZERLTWDE I L E2EKT 5.

WRIZ, $EAMEEBOIRIZRE D S Al OIR b £k

RO K 512135 [EEE Uiz e EDOHIEEREZT- 72,
0 = T720° 1 twist (3)
= 1440°, 3 twists (4)
= 2160° 5 twists, (5)
ol = o3 + . (6)

ERIZBWT, IHEOAESE 2 % 0.5 [MEELATS [EEE T
DRfTEITo7-. TOMER, Fig. 5 »roan5 k512, M
AV~ DR Y AL v % Kl U BT A 2 Mtz 2 5 &,
FEHUHHIOIR 0 8 o3 OBKIZENY > 7 OalfRfFE 0 A3
INSWZERSHD. AT, Uy 2AEDElR (A%
) D, RO BOENPKELRBIZUED > THEHEIZHED
LTWBZ EDHERTE S,

ZlE, KFETHHLULTWAS R DL XU hDOY)
I WT, BllERE &2 UHtMzE IV ED

LZEFHEANDIMEE L U & 12, Wi a s S 5i8 5
ERTI-DEHRING.

INSDFERIZE D, IMERAIV DML 2 Twist-
drive B2 O Ry NAHIZHEI S EET /7 FaTz—% L
ULTHBET D Z B S -Tz. F72, AEFETIEE
b B OREE Iz B B R B & U & B L 72 HEhid
BIERETOIAN MZEBEREIA A=A L 2K L TWS
U722 5T, AREITOEBKER? ST MZENTh
BARBFEVEZ2E5EZ5Z TN MOPEENEWIZELL
L, EfiofEl - MESfE2aRy N V2 TERTES
ZEDHS Mo T

3.2 AN KMCEBZAORY MY v OREEAEHH
AT, aRy bV v OREA % HIEE L 55
MERIHZITS. 22T, BEHBEEMRE =100 &45
LD ITHERE — X 1 ~NGIHEA S % 3% 5 72 72 Sl HEH] 2 v
5. B, REBRCTHHT AHIEAIZORY M) 7 DHE
HTEIcilE Loy a—XAE2HIHE S 35 PID #

HTHY, HRE—-ZX I NOIHETANIMAELEE § T
5ERAERD.
ul(t) == —Kpl(tg — ed) — Kil /(9 — Qd) dt — Kd19. (7)

ZDEE, HIRE— R 2ADOHIEIXATA & FEIZIR D 2l
wWcho, HIEANIR (2) Ted =360° 2745, £9, &£
BRIZBWTIRRIEIERIZ Y > 27 2 EH o ST U 701
Bin S I b OFEAEIZ B 7=DOYYIRD (1 [liE) %
HEZTwW5. 1 HAEEOHIBENEZEL-DL, 01 = 10° &
BN () Ik HHEMAEREETS. ZITET A VX
Ky =800, Ki1 = 0.1,K4; = 0.095 &9 5.

Fig. 6-(a) DFERN S 005 & 512, EHAENRN 25 T
HREAEIZA—N—Ya— PR LTWS., ZOHH
WBETEI TRl L72@ 0 TH 5. — 1T, BEEICENT
RIETOIR 0 Bl & e 5 5%, HEMEMTICBWTHES
PRERRHEIZ R > TWAZ & TH D, @IEHEBIZB T
ek e U CTHEMRRA O 2 IRDEEREE TV DEE)IZ
ENZ D3y, 2k, TR0 &HIEIC BV ClkiEEE
FEEUBHAD Fig. A onhdLDIZ/~0vhe iy
T T DADEERFRTH 0, G, V> OMEERIH
WIZBWTIRREEEFULNCELDP R B Z 22 L é‘fﬁ‘[‘éﬁﬁbf
FETHIEIZE->THELD. KITT, AERIZBITSE
fE—X 10 duty lORRHIZ(LZ (b) KIZR L, K
B (¢) MIZRLTWS. MXEDE—X1DIRD AME
&% 3780° IT3ET B L [AKFIZ, 4% FEEED duty A& - T
W5, ZhiE, VU AENREEMEIZEL R FITAIL
b@%ﬁ%ﬁ X ZMHANDRHEII DI H->TED, E
HIREETEZN AT 272012405, Z0rE, (d) K
EVE—X 20D MIFHEED 1 [FEETHIEZ T TV
52005, LEORERNPS, i zdlEEL LT
E—X 11T duty I KB HIAT %2 52 5 Z & TRAHIf
EHIT DI EDARETH B Z e WRI N, /-, FH
DIV MK E < UE U BRI REK 5 2 & THEPU
DI MDBIESNZE2 LTH, PID HIfHIZ L iRy &
A TCEAZ DO -T2, BB, HBEE2EN
7= PIHIfEICH RIF AR E2 T W5,

WK,I%%%%NWF®&%2$ 3AIZEER U CH
BROBHAREERZTS>. 22T, 2ARKDGEDT A v
FER (M) ILBVT, Ky = 1000,17{11 = 0.35,K41 = 0.095
THY, 3RDBAETIE Ky = 1200, K;; = 0.5, Kq1 = 0.1

- 1516 -



joint angle 0 [deg]

joint angle 0 [deg]

100

-30

-60

-90
-120
-150
-180
-210

angle [deg]

-240

-270
-300

0051 152253354455 556 657
time [s]

(b) duty ratio

0051152 253354455556 657
time [s]

(a) joint angle 6

3960
0 o i
10 y 342
9 80 — 3240
8 = g 3880 /
, S \ 22700 /

{ £ 60 2 5520
6 g { © 534

/ 3 8 2160

Z 50 s
5 E \ Z 1300 f
4 © 40 2 1620 I
3 1440 /
/ 20 126 /
: 20 108 /
1 / AN 72 f
0 / 10 S 3
v

1 0 183

-330
-360
-390

0051152 253354455556 657
time [s]

(d) twist angle o

0051152253 354455556657
time [s]

(c) twist angle ¢q

Fig.6 It shows an experimental result of the joint angle control, which is obtained by using the DC1 motor for twisting

a round-belt.
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Fig.7 It shows experimental results of the joint angle control, where two and three round-belts are used to twist,

which are located at the DC1 motor side.
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Fig.8 It shows an experimental result of the twist rota-
tion control of the quantity of different twist, which
is obtained by using a DC motor as shown in Fig. 1.
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Fig.9 An irregular twist phenomenon occurs by strongly
twisting the round belt. It occurs even in experi-
ments of multiple round-belts.
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«Takahiro Inoue (Okayama Pref. Univ.) and Shinichi Hirai (Ritsumeikan Univ.)

Abstract— This paper describes a new control method for stable positioning by means of a three degrees-of-
freedom robotic manipulator that consists of six wire-driven actuators being located at each rotational joint.
The actuator contains a DC motor capable of pulling a wire to which a high stiffness spring is connected
in series. We demonstrate that the positioning control method by the redundant robot works well in the
vertical plane under gravity, which is based on task-space control given in Cartesian coordinates. By using
the reliable positioning controller, we propose a simple algorithm to absorb impulsive forces exerted on the
tip position of the robot. In addition, we reveal that the control method presented in this study enables the
redundant robot to change its stable posture with maintaining the tip position, on which a heavy load is
placed. We finally verify that a simple algorithm based on the positioning control, which involves suspend
and restart switching of integral controller forming fictitious target-trajectory of joint angles, realizes recovery
motion towards a former posture obtained before the impulsive force.

Key Words: Impulsive force, Antagonistic wire-driven, Multi-joint robot, Force absorption, Integral con-

troller
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Table 2: Controller parameters for tip position control

parameters || wire-driven | direct drive
Ko 3.0 1.6
Ky 2.0 5.0
K3 2.0 3.0
Kaq 0.5 1.2
Kys 0.4 0.9
Kas 0.8 0.2
Kip 0.02 0.01
Ko 0.04 0.003
Tb1 [Nm] 1.5 0
Th2 [Nm] 1.5 0
Th3 [Nm] 0.5 0
7e [Nm)] 0.5 0
08 04 " direct drive -~ |
0.6 _ 0.2 - wire-driven —— L
E 04 E 9
g-o.z '2-0.4
204 206
06 - wireciiven 08
ogb—L—t 1 1= 1 I | alo e
0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
time [s] time [s]

(a) z trajectory (b) y trajectory

0.2 T T T T
dlrect drlve """"
—=— Wire-driven ——

o o

tip position X [m]

5656
tip position y [m]

| direct drive -------
wire-driven ——
| | | | | | | - | | | | | | |

© o xMNM O NN

0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35
time [s] time [s]

(c) « trajectory (d) y trajectory
Fig. 1: These simulation results indicate good perfor-
mance of impact absorption of an external impulsive
force, where the forming computation of the fictitious
target-trajectory is suspended as long as the impulsive
force is applied to the robot.
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Fig. 2: It shows comparisons of external joint-torques
between the wire-driven and direct drive structures,
which are computed by static relation relating to Ja-
cobian matrix.
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Contact Force Estimation using Antagonistic Twist-drive
Mechanism by Round-belts

O% &M fE— (MR KE) , 1E JFE & (RILERK)

Ryuichi MIYATA and Takahiro INOUE, Okayama Pref. Univ., cd27053k@ss.oka-pu.ac.jp

This paper develops a novel robotic joint mechanism having a pair of polyurethane round-belts, which are
placed on both sides around the joint. This mechanism is based on antagonistic configuration by the round-
belts activated by twisting motion by means of individual DC motors. This novel mechanism enables the
robotic joint to move around its axis due to contraction forces induced by twisting both the round-belts.
Next, this paper proposes a contraction force model by comparing with experimental force measurement, in
which we estimated Young’s modulus satisfying linearly decreasing manner with respect to twist rotation.
In addition, we measure contact forces exerted on the tip of a single link robot, and compare with theoretical
values obtained from the contraction force model formulated in this paper. Finally, we show validity of the
proposed model, and conclude that estimated contact force is worth enough to be employed on force feedback

system even in force sensorless configurations.

Key Words: Twist-drive, Contraction force, Antagonistic actuator, Contact force, Estimation.
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Fig.1 Overall view of one link robot with a couple of round-
belt arranged around the robot joint.
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Fig.2 Twisted configuration of a belt.

s T s i,

/\/I /\/(

fx) = Asin(2zt/(Lo/n))x

Fig.3 Twined configuration of a belt.

£oT, FIIREE Lo 292~V N EROIRD IZ L 51
Ui AL I,

AL, = L— Lo,

k5.
3.2 NILPDBEZOEICLZMY

K 3IZRT LT, BEDEDS>TREOILAN DE
REFEGRERET S, ZDEE, AZELFGIROIRIE
LT BLBEEOEIZLBIBREMIFRATHRYES.

2

f(z) = Asin o T (4)

n

EXOERITAOMEE I,

df(z)  2mnA cos 2270”% 5)

dx LO
BN, BEDSLPERORIIZRA L L5,

no= [T wwe

Lo 2nAr > 2nm
2
/0 \/1 + ( T ) cos ( T x) dx. (6)

U7 TC, PIES Lo 26 U THOE ALy 1&

Lo 2
ALsy :/ \/1 + <2nA7r> cos? (Wx>dx—Lo, (7)
0 Lo Lo
DESIzEES.
3.3 YYVIURBHEMNETIL
AHiTE, RO ETLVORIZHEET 570DV >
TRGIGEBIE T IV (AR Y Y IREFIN) 28T 5. ¥
VIRIIE =0/e TRINDZD, ARV NEHNTH
REREZITY L THRONBZGHEOTARSKDT.
AREERTIE, 5IRHAEEE L AR 260mm, EZ 2mm DR
NV R EHWS, 2O MR D 2 INZ - IREETHIEE
AR IZEN D A1), 2mm/s TRIBRN %252 5. £72, A

]
I

1st
2nd
Average
E=-0.6n+23.74

PREEENNNN
ONPOXONDMOOON™O

I x % +

Young’s modulus [N/mm?]

0 051 152 253 354 455
twist rotations [rot.]
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Fig.5 Overall view of single link robot with antagonistic
round-belts.
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Contraction Force Model by Twisting Small-diameter Round-belt

Ofei goA (FIIERK) , FE B EE (FEIERK) , B #E— (R ERKE)

Takahiro UEDA, Takahiro INOUE, and Ryuichi MIYATA, Okayama Pref. Univ., ¢324008b@ss.oka-pu.ac.jp

This paper proposes a new contraction force model, which is caused by twisting a small-diameter round-
belt used for actuators of robotic joint. First, we divide the deformation of round-belt into two processes:
twisting of round-belt itself and wrapping around each other. Second, we describe displacements in both
the deformation processes in detail, and show simulation results of contraction forces by twisting. Those
theoretical values can be obtained using Young’s modulus estimated by tensile test of a twisted round-
belt. Next, we perform quasi-static experiments, in which contraction force can be measured by a load cell
according to 1 rev./sec twist rotation with a step motor. Finally, by comparing the experimental result with
theoretical value obtained before, we can conclude that the modeling method including two properties during
the twisting is reasonable for formulation of contraction force generated by small-diameter round-belt.

Key Words: round-belt, twist, contraction force, modeling, Young’s modulus
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External Force Estimation in Voltage-controlled Robot System
O ek vakd (RILEXK), HE & (FELERK)

Katsuki SATO and Takahiro INOUE, Okayama Prefectural. Univ., c324021y@ss.oka-pu.ac.jp

This paper proposes a new method of external force estimation, which is exerted onto the end of robotic
arm, by using a static relation between load torque and rotational speed of the joint. We identify the static
relation, i.e., T-N curve model, by means of measurements of stall torque and no-load speed of the first
link. The algorithm for estimation is based not on the joint torque measurements but on torque command
computed by the T-N curve model. Finally, we show the time response of reaction force during impulsive

contact with external environment.

Key Words: 2link robot, statics, external force estimation, voltage-contolled, T-N curve.

1 s

KETIE, DrEnbosRERIZ L 2578 OR
EABaINTVWS., Z0L5RMEDED, aRy MY
MHIPEEN T2 TR, N - BEFOETHE DT~ DH
MBI N TWD, AfEXEERY FOBA, S, /D
XA () ORISR ERT R TH S, TRy b
OHEi# X2 DC ®— X OFETF#EIEEY, BEH b
Vo OEEZRIES A RERERGIEAERTH L. L,
ZOFIEGEZTRY hOXA FITZANRBRETH L7720,
ETFIALEAZ L BREPECTUE S/ DB, —H,
EEHE (PWM) THEE, MW TIEH 2 H5EEH S
7 &RGIETEFENRD Y, X512, BEEHMETCIRETEZL
AL UTAHET A Z D HRETH D, BAffhL I &
B DBERA2ESHIT Z N TE 5.

Z ZTARIIZETIE, ETIMEBARERINIHEEEE LT
BEHHRATEDIZESNS AN ML Y & BEFIEERRE O
FBEIfRE TRy NREHFERHT A2 FLIEEOFEZE
RET 5.

2 ARy hOBARICEDFENDHE

Fig.1 2link robot arm.

AFETIE, FiglD&>R 2 HHEOHETHS 2 ~
JuRY T —LADFRNMEFIEIZOVWTHERS. H5
Wt 127 — LDFRITHDNEL B &, KBEENI AL
NV AT BRFEET S, ZONLILVINS, 7T—LITHE
JAS 200 Fy i3, (AEEHOBEMIZE TR (1) D&
SITRDENS.

ATl

Fy= (") ar= (")
2

- (1)

ZZTJ Y avrayichs. 2V 2uRy hT—L4D

Y avrsngk (2) Ok 312z, ¥ avranEiTslE
oo lEX (2 2#HVWT Fy 2R TE 5.

[5 5] e

7, BESGONEL PV ZIZDOWTIE, IRETIRARS T-N
HRRET NIz X D HEET B.

—lysinfy — lasin(y + 02) —lasin (61 + 62)
Iy cosby + lacos(6y +602)  lacos (61 + 02)

J=

3 T-NHEETIL

3.1 E— v

Rt L X, —REOANESICHT 2 EEIRETOH T
IWERMETH B, DCE— XTI, BIE v,(t) 2B &
% & AR w(t) AR S %5 & WO REAH b,
Bfaf MV o L BRI DR ER L7 T 7 % T-N il
WS, — I EEE IR TE R 6N 5.

o) = "0 o) 0

3.2 T-N BhiREERER

(a) front view (b) side view

Fig.2 Experimental device.

ORy b7 —LDH 12V v 2EHXES DCE—X
O T-N #hifgoFEE1TS. XN (3) L b, &ff b2 B
DRI IIAEERH 5 Z & h o, (EE Lo KO
TRAM RO TR EZFE T 2 Z LAHETH 5.

AEEBRTIX, Fig2 lZRT &I I1EHSHBHEF UHIEL
= 1Effia Ry b2 HWTEREZITS. Fig.2-(b) 530
HEDIZEEI O Ry MY UV IIEBREIZEEI NV Y 7 b
KEEINTWS., uRy M) U2k, FRICERE SN
BEEINTWSE—RIZLD, KVEHNZETKT 5. (£8)
L2 DFHANE, Fig.2-(a) myEEARICH — RV E[H
EL, BRy M)y r7en— RNl EHDRTH kS 2



ETRHAIL, €—RIIIBE duty e (10%~27%) T 6 FH]
BRESE5. £/, MAMERHEDOFHNZ, Fig.2-(b) D&
SizaRy MY I ADEMDRVIREETHRE duty LT
6 MRz X E 2 Z TS, FHIlEESRIE< Y U RI1
NEHWS,
3.3 T-NHEEFILOESH

[E 2 EBRDFER, & duty LD T-N fifgO FHOMEE k
X, k=—1.524 o7z, ZOFEHRE duty kb 10%,27% D
REDEE L2 Z2H\WT, T-N HfRE T ILVOEHZ2175.
TN HIFRE T VL, EfEEHE N, ML 2T, [LEO duty
dizBl32E#H NI, T2, F2)IHE—
2B B T-NHEROET VAU TO L > 124 5.

To7r — T
N = —Kk(T — 1), 7',1:(22;7_150)‘@_10)"‘7107 (4)
N=MT—r), =200 g (5)

Tk, R(4) LORDBZEATES. R (5)IZ 79=0.42Nm,
710:6.56Nm, 7'27:17.0Nm %f’f%)\—;—é t, % 1 I) \/7%‘_
2D T-NHEET VI TO LS Iz 5.

N = —152.4(T — 74), 74 =0.61d + 0.42. (6)
¥/, F2E—XDT-NEIfGEETVEE 1LY Vv IE—X
EOYNT A =R IR ITWRET 5. A FNOADEE 2
VY 2FE—XZD T-NHfRET L 5.
N = —5.289(T — 0.078474), 74 =0.61d+0.42. (7)
4 Simulink IC&2EEYIalL—Y a3V
F

AR 9, \‘/ g6,

Ao, 20l ok
BEE O
: %%P%
#RFEANR

Fig.3 Block diagram of force estimation.

MATLAB/Simulink % i\ THMTEREE L OEZEY I a
L—yvavzizowaRy hoFEhz#EST 5. Figs g,
N7 7ay Z7MTHS. vIalb—vaviE, ARy
N7 — LDOFHALE R OCFREEIC L > TR F 22T
LIk aRy 7 —LDFHEEHELESE, Ry
N7 — L DI A BT A R & I &3 5 M Z U
TWb. AFTOFLIHETIE, EHEOBEIZEIF 55
HERED S O F OHEE L, ERBO TR F, OREE
IEEDHEE 2 IRET 5. HEEOBFRFOIIEHFEZ AW
T, ZOHOIEMIEE OHEE XX (1), (6), (7) %M
WTIRD X 51247 5.

F,=F=> Fy, (8)
d

—J2 Jl
Fy;= A ATy,
zd: d 115 sin o ot Iyl sin O ™ (9)

40 T

T T
estimate value (proposed)
<wee OPpOSite force )
---- impulse -

force [N]

0.68 0.69 0.7 0.71 0.72 0.73
time [s]

Fig.4 Result of simulation.

5 fE

Fig.4 IZAMREREE & O 2814 (0.683s) OHEEMH (FRFRIE),
KA, NEOHB TH 5. EREZDO L KA\ ME
ZRUTWAD, EEEORMISEICEL THIRT 2 L&
WhARSNE., —h, HEMe K AObERIZHEKT L,
Z DEFFINE DAL T WB D, RLIZENRDOVT NS,
ZiE, AN X > THRETBAELN VI IZIRRADLH D,
ZONFL MV ZIZIRD E D IZEHETE 5.

AT = A1y + ATy, (10)

Aty Aty itz i, yEiRSBRY b T —LHZITEHN
ko TRAETBNEL MV THB. ARTIRET B T4
AHHEED TR, yihSZ 20 ND0A LI ES N
TWaW, ¥YIalb—yayTlE, oll, yiomhost
LMV IZBEENTOVEARREEZHVWTEIHELTWE 729,
R D RS T BIZONTEPEFNTLES L EZ S,

6 &

AWTI, BEREIZPWTARDIZELZEDTES
duty kb & BR800 & T-N gz F@ L, T-N difiEe
TIVE AWz MV D s LT ORGSR I HEE
DOFEERBELZ. ZOFEORHE LTiX, &BEHio b
Vo DEHUDIAREIR 728, HERAARD bV o X2 VP aiR
BUIRBI L THD. 2F0, BRPIHE KRy a—
XV vy at Yy E2HVIUETREIHEEI AR 5.
MATLAB/Simulink 2\ =¥ I ab—3 3 v Tk, #E
fili & 0 DR RVE Z FIBRZR N L S Z 7248, R
CEBITEMNEENT W, c#IRSZIT 2L LI D
WEEERL, X0 IEMICFRNIEEZREIZT I L
NEBOBETH 5.

[

Eil 33

AWFFEO—EIE, JKA i FH¥ (26-144,27-146) %% CTirbhiz
HEDTH 5.

SRR

[1] KE, FEE, KB, “EEATRY b7 —L0BH¥EETIVICED
Wiz U3 L ASEIET, HE L e a—, Vol.66, No.5, pp.38-41,
2011.

[2] NI, @, NR, T oTF4 7 AVTIAT VATNA ADRF,
azbil Technical Review, Vol.51, pp.62-67, 2009.



BEBHSAERHISEE 7 — L DOFSThHlHE
Tip-position Control of Multi-joint Robotic Arm mountable
on Autonomous Mobile Robot
O I (R LR, Hb &l (WILER) , B fE— (LK)

Misaki TAKAMI , Takahiro INOUE , and Ryuichi MIYATA , Okayama Pref. Univ., c324026m@ss.oka-pu.ac.jp

This paper performed tip-position trajectory tracking control of the third joint robotic arm can be mounted
on a small autonomous mobile robot. The method is a state feedback law by optimal regulator. And this
paper propose a non-linear control of the third joint robotic arm becomes unstable position under the force

of gravity.

Key Words: 3link robot, Optimal regulator, Simulation, Tip-position control, Gyro censor, Drift correction.

1 &S

WA, THPMEHNTIIMEEORMIZB W TE DN
Ay FAEELTWS. LA L, BMINTIERE ;Y%
FOELETIHTIIRM, BMOB Iy 7iEdDE
22 FEETITo>TCWD. e REENGFHAET IRETLE
TOMEEE2BEIET A-0121%, ZEETIATREZBE
BEaRy SRRBRETHY, Ho, PEHMELTETH S
ARy bRREL DL, FIT, RIFETIIRET + — K
Ny ZHIIFERE UTHREL X2 L — R 2REL, 28k
RO 2 B/AMET 2 LD Bl 7 + — KNy 251
VEMEL, 3V ry7aRy T —LDOFEHEETS.
I/, 4GOI LKA — N ZHW L GBS E 2
AL, ZEU7-BEERE R EE22HIHTFE %2 2R UBI/EMRGE
2115, [1]

2 BEfEN

2.1 EFUVY

ARERCEF UZEH 7 —L 0Ky M, Figllmd
SO SHBEEDNGARY =Y AL —XThHB. K85 A—
X % Tablel IZRL, VY27 1 O—IZFEMATHEEINT
BY, REMAY OREFESAEE 0, 255, VT2
D—UI) V7 LICEHEINTE YD, i s DME
%0y, VY7 30—IHT) 7 2ICEEINTED, ZOD
Fﬁﬁo)ﬁgi’ 63 t?é %E 61,92793 (=8 ]“}1/7 T1,72,7T3 f(‘_—’
M52 TEAIBEIENTES,

Fig.1 3link robot arm.

3V 2uRy b7 —LOEE)HFER E R ZE M ST
BT LT, 5750V anABRRRAL, =a—

MY OE RN NG L RO L SIS,

M(q)i+Clgq) +g =T (1)
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Dynamic characterization of hemispherical flexible finger
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, JRE AT (LRSI

Yuya HAMANO and Takahiro INOUE, Okayama Prefectural. Univ., ¢324037b@ss.oka-pu.ac.jp

This paper describes derivation of the dynamic model of the hemispherical flexible finger. We made a
fingertip compression experiments and fingertip displacement measurement experiment by sinusoidal input
to the hemispherical flexible finger from the vertical direction. We create a Bode diagram from the parsed
experimental results for estimating the transfer function. The model can be approximated with first-order
lag system , it was shown that it is possible to identify the model parameters.

Key Words: Modeling, Biomechanics, Hemispherical flexible finger, Transfer function.
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