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Background (1/2)
• Remote robot systems with force feedback have been
actively studied.
Users remotely operate robot arms having force
sensors by using haptic interface devices.
• Many researchers have paid attention to cooperative work
among multiple remote robot systems.
It is possible for users to perceive the shape, weight, and
softness of a remote object with force feedback.
The efficiency and accuracy of work are expected to be
improved largely.

Background (2/2)
When information about force is transmitted over the
Internet, which does not guarantee the QoS (Quality of
Service )
Network delay, delay jitter
and packet loss
Instability phenomena

QoE (Quality of Experience)
degradation

 Stabilization control
 QoS control

Previous Work
• Influences of the network delay on cooperative work
(carrying a wooden stick together) between two remote
robot systems with force feedback was investigated*1.
• The efficiency of cooperative work (hand delivery of a
wooden stick) between a user and the remote robot
system with force feedback was clarified*2.
 The average operation time increases as the
network delay becomes larger.

*1 E. Taguchi et al., IEICE Global Conference, B-11-17, March 2018. (in Japanese)
*2 Y. Toyoda et al., IEICE Technical report, CQ2018-9, April 2018. (in Japanese)

Purpose
This work
 We carry out hand delivery of an object between two
remote robot system with force feedback.
 To reduce the average operation time, we propose position
follow-up control for hand delivery of an object (wooden
stick) between robot arms.
 We realize hand delivery of the object while moving the
robot arms.
 We investigate the effect of the control.
 We examine the influence of the network delay on the hand
delivery.

Remote Robot Systems with
Force Feedback

Robot Arm

Position Follow-up Control (1/2)
• One robot arm automatically follows up the other robot arm.
• A position near the location of the hand delivery (called the
target position) is determined from the current position
information of the robot arm (robot arm 1) of system 1.
• The robot arm (robot arm 2) of system 2 is automatically
moved to the target position.
• The hand delivery of an object is performed in combination
with automatic and manual operations after robot arm 2 has
reached the target position.

Position Follow-up Control (2/2)
• The movement in the x-axis direction by the position follow-up
control is calculated by the following equation:
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: Position of robot arm 2 at time t
∶ Target position based on position information of robot arm 1
: The follow-up speed of robot arm 2 (0.1 mm/ms)

• The equations in the y-axis and z-axis are the same as that in
the x-axis.

Experiment Method (1/4)
 Two types of cooperative work
Work A: Robot arm 2 passes a wooden stick of 30 cm to robot arm 1.
Work B: Robot arm 2 receives the stick from robot arm 1.
 Performance measure: Average operation time
The average operation time from the moment the work is started until
the instant the stick is hand-delivered.
Robot arm 2

Robot arm 2

Robot arm 1
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Experiment Method (2/4)
 To make robot arms move in the same way, robot arm 1
automatically moved forward and back from -6 cm to 6 cm
in the x-axis direction horizontally as follows:
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: Moving speed of robot arm 1

T : 4 ms (control period of robot arm: 3.5 ms)

 The position follow-up control was applied for robot arm 2
to follow up and approach robot arm 1.

Experiment Method (3/4)
 Target position in position follow-up control:
The electric hand and the wooden stick were set at the same height,
at a distance of 0 cm in the x-axis direction and 1 cm in the y-axis
direction.

•
•
•

Moving speed of robot arm 1:
0.005 mm/ms
0.015 mm/ms
0.025 mm/ms
Target
position

z
x

y

 We carried out the experiment 10 times for each combination
of the types of work (work A and work B) and moving speed.

Experiment Method (4/4)
 We examined influences of the network delay on the two
types of work.
 The additional delay was selected from among 0 ms, 100 ms,
and 200 ms for systems 1 and 2 by using a network
emulator for each experiment.
 We carried out the experiment 10 times for each additional
delay (30 experiments were carried out in random order) in
work A and work B.

Demo Video (1/4)

Cooperative work :
Addition delay:
Moving speed:
Control:

Work A (pass)
0 ms
0.025 mm/ms
No control

Demo Video (2/4)

Cooperative work :
Addition delay:
Moving speed:
Control:

Work A (pass)
0 ms
0.025 mm/ms
Position follow-up control

Demo Video (3/4)

Cooperative work :
Addition delay:
Moving speed:
Control:

Work B (receive)
0 ms
0.025 mm/ms
No control

Demo Video (4/4)

Cooperative work :
Addition delay:
Moving speed:
Control:

Work B (receive)
0 ms
0.025 mm/ms
Position follow-up control

Experimental Results (1/4)
Addition delay: 0 ms
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Experimental Results (2/4)
Moving speed: 0.025 mm/ms
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Experimental Results (3/4)

(a) No control

Cooperative work: Work A (pass)
Addition delay: 0 ms
Moving speed: 0.025 mm/ms

(b) Position follow-up control

Position and force of robot arm 2
in the y-axis (the left and right direction) versus the elapsed time

Experimental Results (4/4)

(a) No control

Cooperative work : Work B (receive)
Addition delay: 0 ms
Moving speed: 0.025 mm/ms

(b) Position follow-up control

Position and force of robot arm 2
in the y-axis (the left and right direction) versus the elapsed time

Conclusion
 We proposed the position follow-up control for hand
delivery of an object between the two moving robot arms.
 We investigated the effect of the control by comparing the
average operation time of the two types of cooperative work.
 We examined the influences of the network delay on the
hand delivery.
•
•
•

The average operation time under the control is smaller than
that under no control.
Smooth hand delivery can be realized between the moving
robot arms under the control.
The average operation time increases slightly as the network
delay becomes larger.

Future Work
 Examine influences of the network delay between
systems 1 and 2 (i.e., the two robot arms) on hand
delivery of an object
 Deal with the cooperative work when the robot
arms move more sophisticatedly

