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In this research we developed a Human-robot interface enabled with high

bandwidth force servoing for robotic arm manipulation. There are several commercial-available haptic

interface devices for user interaction, however, their bandwidth is limited to servo real force
with high frequency components, thus limit their usage in more delicate tele-manipulation tasks.
thus we developed a force servoing technology that could achieve a high bandwidth performance,
implemented critically based on "new material based series elastic actuation” and "high resolution
torque sensing”. A impedance shaping method was also developed to evaluate advantages of our
proposed method.
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Human-robot interface device always
plays a fundamental role in a
tele—operated robot system. For example,
an assistive robotic arm designed for
human living support, requires an
interface device that can be operated in
an intuitive and effective way by its
physical disabled user; a construction
machine need a well designed interface
device in order to raise its working
efficiency; a robotic surgery system
require a high performance haptic device
for sensitive manipulation and palpation.
Much research and engineering effect was
also made in an attempt to develop a high
performance interface device for
different robotic applications. For
example, the PHANToM is a force reflecting
haptic interface commercialized by
SensAble Technologies, and be extensively
used in typical virtual environment and
tele—robotics applications; the sigma.7
haptic device 1is designed by Force
Dimension for the applications of robotic
surgery;,; we also developed an oral
interface, for upper limb disabled people
to masterfully control an assistive
robotic arm with only mouth usage.

However, these developed technologies
and devices cannot yet be able to reflect
a high fidelity “feel” to user for an
effective and intuitive manipulation of
robotic arm. The reason for that is the
lack of a high bandwidth force serving
technology, which is able to servo
high—-frequency force reference rapidly
and reliably. During tele-manipulation of
a robotic arm, the interaction force
against environment and inertia force of
robotic arm itself, should be calculated
and then regarded as force reference to be
reflected to the user through human—robot
interface device, in this way, the user
“feel” about the task and thus benefit
manipulation effectiveness and intuition.
However, the force reference calculated
always contains high frequency components
due to unpredictable physical interaction
with environment and dynamic motion of
robotic arm during task execution. These
high frequency components are also
regarded as subtle information about the
manipulation task. Thus, high bandwidth
force servoing technology becomes
essential, for interface device to reflect
a high fidelity “feel” about the task.
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In this research, we attempt to develop

a human-robot interface device enabled
with high bandwidth force serving for
robotic arm tele-manipulation, which
might reflect more subtle information to
user during task execution. The high
bandwidth force serving  will be
implemented critically based on “gum metal
based series elastic actuation” and
“nonlinear state feedback controller”. On
the basis of high bandwidth force serving,
a interface device will be designed in a

“stick-mimic” manner which mimics
manipulation of a robotic arm as the
manipulation of a stick to achieve
intuitive. Evaluation of our Thigh
bandwidth force serving technology and the
interface device will also be conducted
through experiments
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In order to achieve the research
objective, firstly a one-DOF series
elastic actuation test—-bed will be

designed and fabricated, for further
implementation and verification  of
one-DOF version high bandwidth force
servoing; then, using this test—bed as
hardware platform, a state—feedback
controller will be developed to achieve
high bandwidth force servoing, it is based
on the feedback of motor and link—side
encoder measurements and their
derivatives, roughly designed and
verified through simulation, and finely
turned through hardware—in—1loop
experiments; the passive element within
series elastic actuation is critical to
achieve high bandwidth performance, which
is originally designed to be a gum—metal
spring; these will be finished in the first
year. In the second year, a stick—mimic
interface device will originally be
designed and fabricated, with each DOF
enabled with high bandwidth force servoing,
then it will be evaluated through
tele—manipulation experiments using a
virtual reality simulator and a real
assistive robotic arm. The evaluation will
be conducted through comparison with other
commercial available devices, and
comparison between its different force
servoing bandwidth settings
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During the period of this research, the
hardware platform of a high performance
robotic actuator was developed, which was
enabled with high performance torque
sensing, torque control, and impedance
shaping, see Fig.1, as follows:



v/ new material for
~ largerelongationrange

v/ high resolution sensing

Fig.1 hardware platform of robotic actuator

The torque sensing performance of the
designed actuator was evaluated, through
the comparison with other methods, such as
strain gauge and motor current based
method, the performance evaluation was
depicted in Fig. 2, as follows:
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Fig.2 performance comparison

Based on the hardware platform, an
impedance control method was implemented
to achieve high performance physical human
robot 1interaction, see Fig. 3. An
experimental comparison for impedance
control between the proposed method, motor
current, and strain gauge 1is also
conducted and investigated. The result
shows that the proposed method lead to a
larger range of impedance shaping compared
with motor current and strain gauge based
method.

Fig.3 impedance control diagram
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