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Abstract— The paper focuses on vibration damping control of a
new anthropomorphic robot arm enabling the torque
measurement in each joint and tactile area recognition to ensure
safety while performing tasks of physical interaction with
environment or human beings. The vibrations in heavily loaded
joints have risen due to compliances introduced into each joint of
the robot arm by means of torque sensors. Such oscillations
deteriorate the performance of the manipulator and present
undesirable disturbance during interaction with human beings.
In order to overcome this disadvantage we have proposed robust
technique allowing considerable reduction of the oscillation
amplitude through acceleration signal feedback. The detailed
design procedure of the lead controller enabling improvement of
transient response is presented in the paper. The experimental
results of vibration damping control show the feasibility of
proposed approach to suppress the oscillations of compliant
robot joint.

I. INTRODUCTION

The service robotics aimed at assistance to human in
everyday life environment is nowadays gaining increased
interest of researchers and industry. Such robots are
programmed to perform continuously changing tasks in
unstructured human being environment. Both coexistence,
when the human and robot share the same workspace, and
cooperation, when the human and robot work on the same task,
impose strict requirements on manipulator behavior and
control in order to ensure safe interaction with environment,
effectiveness of target task execution, and ergonomic
cooperation.

Several effective collision avoidance strategies were
developed. For instance, the high-speed vision system
attached to the robot arm allows real-time collision avoidance
[1]. Is should be noted, that such tasks under human
supervision as transporting the object, leading the robot tip via
force-following, performing the assembling tasks, require the
processing algorithm of contact state.  Generally, two
techniques of safe interaction with robot are well recognized,
namely, passive compliance control and active force control.

Whereas the mechanical leaf springs [2] and variable
stiffness actuators [3] integrated into each joint allow
achieving fast response to external disturbance, they also
cause vibrations destabilizing the dynamic behavior.
Additionally, the robot control in such cases is complicated by
many unknown parameters (e.g. actuator stiffness and
damping). Another approach to improvement of the intrinsic
safety of robot is to reduce the weight of components. The
main drawback of this method is occurrence of undamped
structural vibrations.
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Fig. 1 Robot teleoperation system

Active force control implies that the robot structure is stiff
enough to provide high position accuracy; and contact ability
with environment is achieved by excessive sensory system
feedback [4]. However, due to the time lag induced by
sampling process, such robots pose dangerousness at the
moment of impact.

To realize the safe physical contact of entire robot arm
structure with human and to guarantee the collision avoidance,
we developed a whole-sensitive robot arm (by using artificial
skin and distributed torque sensors in each joint [5]). When
contact with environment occurs, manipulator automatically
generates compliant motion according to the measured
external force vector (active control). Thus, the whole
structure of the manipulator can safely interact with an
unstructured  environment.  The newly  developed
anthropomorphic manipulator having 4-DOF arm and §-DOF
hand (Fig. 1(c)) is capable of safe interaction with
environment wherever contact occurs on the arm surface [6].
The torque sensors introduce compliances, which soften the
impact forces on the initial state of contact transient (passive
control). The teleoperated robot arm is controlled by
operator’s motion (Fig. 1(a)). During operation of manipulator
the movement information (position, orientation, and velocity)
is acquired through encoders of the motors installed into each
joint of the master arm (Fig. 1(b)). The motion of the elbow is
controlled by the tilt sensor.
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On the other hand, joint flexibility increases the vibration
during acceleration and deceleration stages because of inertial
loading. Thus, the main goal of this paper is elaboration of the
vibration damping control algorithm to achieve the smooth
continuous motion while interacting with environment.

The remainder of the paper is structured as follows. Section
2 introduces the mathematical model of the robot joint with
flexibility, and method for oscillation parameter identification.
The lead compensator design algorithm is presented in Section
3. The experimental results are given in Section 4. In Section
5, we briefly conclude the paper and discuss the future work.

II. THE MODEL OF ROBOT WITH JOINT FLEXIBILITY

A. Dynamic Model of Flexible Robot Joint

Flexibility introduced into robot arm joint through
harmonic drive and torque sensors changes the dynamic
behavior of mechanical structure. Robot joint with compliance
can be represented as three-inertia system (Fig. 2) including:
(1) the inertias of motor J,,, harmonic drive output shaft Jp,
and load J; (2) the spring elements of harmonic drive (with
torsional stiffness k;) and torque sensor (with torsional
stiffness k).
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Fig. 2 3-DOF vibration system

Due to neglible value of inertia of output shaft of harmonic
drive, three-inertia model can be reduced to the equivalent
two-DOF one with mass inertias i°J,, and J, (Fig. 3).

Fig. 3 Equivalent 2-DOF vibration system

The torsional stiffnesses ki, k;, and equivalent spring
constant k, derived from Eq. (1) are listed in Table 1.

M
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TABLE I
TORSIONAL STIFNESSES OF ROBOT JOINTS
Arm joints
Parameters Shoulder Elbow
J1, Pitch | J2,Roll | J3, Yaw | J4, Pitch
Torsional stiffness
of harmonic drive 6.1 6.1 3.33 3.33
k1, [kNm/rad]
Torsional stiffness
of the torque 3.23 2.73 0.95 0.95
sensors k,
[kNm/rad]
Equivalent
torsional stiffness 2.112 1.886 0.739 0.739
k., [kNm/rad]

The dynamic equations of the n-DOF manipulator with
joint compliance in joint space coordinates can be obtained by
D’Alembert’s principle. The equations of static equilibrium
for mass 4 (Eq. (2)) and mass B (Eq. (3)) ignoring damping
are as follows:

J,(0,)0, =k(i'0,-6,)+7, 2
J,0,==i"'k(i"0,-6,)+, A3)
T, =7, —G(6,)-C(6,,0,)6, “4)
r=k(i6,-6,); ®)

where eL,éL,éL € R" are the vectors of the link angles, the

link angular velocities, and the link angle accelerations,
respectively; @ ,4 € R" are the vectors of motor angles, and

the motor angle accelerations, respectively; £k € R™ is the
diagonal matrix of joint stiffness; i € R" is the vector of gear
reduction ratios; Ji(6;) € R™ is the symmetric, positive
definite link inertia matrix; J,, € R™" is the diagonal, positive
definite rotor inertia matrix; 7; € R" is the vector of
disturbance torques; z,, € R" is the vector of torques applied
by motor; zzyr € R" is the vector of applied external joint
torques; G(6;) € R" is the vector of gravitational torques;
C( QL,QL) € R" represents the vector of Coriolis and

centrifugal torques; 7,, € R" is the vector of torques applied by
motor; the torque in the shaft ¢ € R" is directly proportional
to twist angle 6= (i 6,-6,).

The transfer function of two-mass robot joint can be
deduced from Eq. (2)-(5) and has the block diagram
presentation shown in Fig. 4. To provide the faithful tracing of
the motion of operator arm and to generate desired compliant
trajectory while interaction with environment, each joint has

PD control loop shown in Fig. 5 (where ¢ @ & are the

md >~ m
desired angle and angular speed; K,,, K, are proportional and
derivative gains). The under-dumped response of motor
dynamics can be easily derived through PD gains adjustment.
However, there is no feedback signal from load position to
enable control of the unbalanced inertial loading dynamics.
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The natural frequency of two-mass system @, and natural
frequency of one-mass robot joint m; are derived from the
following equations:

1 1 k
a)/z: k 2 +— | a)L: -
iJ, J, J,

The experimental results of human-robot interaction for the
first joint show that despite the smooth trajectory (Fig. 6(a))
generated by the admittance controller according to the sensed
joint torque, the vibratory behavior is recorded by torque
sensor (Fig. 6(b)).
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Fig. 6 Experimental results of human-robot interaction

Several techniques were proposed to attenuate vibrations by
using negative torque feedback [7], [8]. The idea behind this
approach is that negative torque feedback reduces the
effective inertia of the motor rotor in (K;+1) times, where Ky
is the torque gain. However, whereas this approach can
suppress the vibrations to some extent, it cannot control the
main source of vibrations, namely, the inertial loading.

B. Oscillation Parameter Identification

The approach proposed by us is to employ position
feedback based on information from accelerometer and lead
controller to improve the damping property of the compliant
robot joint. To illustrate the torsional vibrations caused by
unbalanced inertial load (see the open-loop block of diagram
in Fig. 5), let us consider dynamic model of robot arm given
in Fig. 7.

Fig. 7 Graphical presentation of torsional vibrations

The desired trajectory generated by master arm movement
or, in case of interaction with environment by admittance
controller, is described by angle 6. The flexibility of the joint
produces vibrations about Z-axis of corresponding joint. Using
the balance equations of forces acting on the joint we can
write:

J,0,+b0, +k(6,-6,)=0, @)

where QL,H'L,éL are actual angle, angular speed and angular
acceleration of the link, respectively; b is a viscous damping
constant. We can neglect the influence of gravitational force
due to small vibration angle change.

By Laplace transform we get the following transfer
function:

0,(s) _ k B w; ,
0,(s) J,s'+bs+k s*+2lw,s+w;

(®)

where ¢'is the damping coefficient which can be derived from
the following equation:
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The oscillation periods of the angle of link, angular
acceleration, and angular speed are identical. Therefore, from
analysis of the angular acceleration signal we can obtain the
unknown parameters of the joint, namely: natural frequency
and damping coefficient. The linear tangential acceleration a,
can be measured by accelerometer. Then, the corresponding
angular acceleration is given by:

a=a.lr, (10)

where r is the radius of curvature or distance to the
accelerometer (in our case it equals 0.241 m).

The three-axis accelerometer with sensitivity of 600 mV/G
was used. The special plastic case was manufactured in order
to fixedly attach the body of the sensor to the tip of forearm.
The model of accelerometer attachment along with coordinate
systems associated with robot elbow joint and sensor are
given in Fig. 8.

Fig. 8 Accelerometer attachment scheme

As seen from Fig. 8, the angular acceleration corresponds
to the X component of the accelerometer output. During
experiment, elbow joint was fixedly mounted, and the impulse
force was applied to the tip of the robot forearm. The
vibrations were visually observed. Fig. 9 shows the recorded
acceleration curve. To eliminate high frequency noise, the
digital low-pass filter was deployed with cut-off frequency of
100 Hz.

The procedure of oscillation parameter determination is
presented below.
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The damping coefficient can be calculated from:

___9 (11

- Nar' +68° ’

where Jis the logarithmic decrement expressed by:

5:11n[ ay ]
m an+m

where «,, @,., are the measured amplitudes of angular
acceleration; m is the number of peaks over which the
amplitude change is measured [9].

To estimate the logarithmic decrement reliably, the number
of peaks was assigned to 14. The calculated value of
logarithmic decrement ¢ is 0.1564, and damping coefficient ¢
is equal to 0.0249 that indicates that system is lightly damped.

The damped natural angular frequency wj is given by:

(12)

2

w, _2m = 58.28 rad/sec. (13)
T 0.10
Then, the natural angular frequency is calculated as:
Da o828 58.3 rad/sec. (14)

w, = =
o= J1-00249°

After substitution of calculated parameters into Eq. (8), the
transfer function becomes:

3398.9 .
5% +2.903s +3398.9

0,(s) _
0,(s) -

(15)

To reduce the lightly damped vibrations, the oscillation-
damping controller is, therefore, needed.

II1. DESIGN OF VIBRATION DAMPING CONTROLLER

We are proposing to use load angle position feedback and
lead compensator to damp the undesirable vibrations. The
angular position can be calculated from accelerometer data by



means of double integration. The high-pass filtering is
necessary to eliminate the drift of the signal (Fig. 10). The
cut-off angular frequency was assigned to 3 rad/sec.
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Fig. 10 Diagram of acceleration processing

The transfer function is expressed as:

Y& _0_ 1 s 1 (16
u(s) 0,() 5 (s+aw,) (sto,)

State-space presentation is described by:

e L o
v(t) —Oyp 204 || V(1) 1

_ 0,.(0) | (18
y(t)=[1 0]{v(t):| )

where y =g, is state variable; the input of the system u(?) is

the signal from accelerometer; and y(?) is the output signal. To
implement program code we have to use the discrete
presentation of the functions with sampling time of 7. For
calculation step k£ we have:

6L(k+l ) aL(k)
HED g 1HO LB U (19)
|:6L(k+1) ¢ gL(k) oo
Y= - (20)
The matrices 4, and B, are given by:
—upT —upT —ypT
4, = e —:a)HﬁTeT ) TTe o @21
R e+ @, ,Te
(22)

B - (—e'“’”"T - a)HPTe"””PT + 1)/a)f,,, _
! Te @’

To improve the system performance and to meet the
performance specification, we should design the compensator.
Such properties of lead compensator as speeding the response
up and increasing the stability of the system make it the
preferable one. The compensator contributes a phase lead at
existing gain crossover frequency. The transfer function of
lead compensator [10] is written as:

+a)z)_

(23)

GL,(s)=£ s K (stw)

( ,
a (s+a)p) a(s+o./a)

where @., w, are the zero and pole; K is the constant gain.
The block diagram of the closed loop system with lead
compensator is shown in Fig. 11.
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Fig. 11 System with lead compensator

First, we determine the gain K to satisfy the steady-state
error e (less then 1.0 % for a unit step function):

o —— 1 __<o01- (24)
1+ G.(0)G(0)

The calculated value of K is 99. The specification of system
damping coefficient of 0.55 provides the value of required
phase margin ¢ defined by:

2g . (25)

=287 +4J1+ 447

The derived phase margin ¢ is 55.7°. Value of the
uncompensated system phase margin is as low as 0.29°.
Therefore, we need to add phase lead, which satisfies required
damping property of the system. With account of
compensation of shift in the gain crossover frequency the
maximum required phase lead angle @,,, is approximately 60°.
The coefficient « is computed from:

¢=tan"'

o = osin(,) (26)
L+sin(4,,,)

The new gain crossover frequency @, for total compensated

system is given by intersection of line 2010g10\/5 and bode

magnitude plot (for @ of 0.0718, @,=-11.44 dB). The final step
is to calculate corner frequencies @., w,. Taking advantage of
the fact that the maximum phase lead angle ¢, occurs at the
geometric mean of two corner frequencies ., @,, we can get:

wZ:wL,JE, a)p:a)c/x/g- 27

The values of @. and w, equal 321 rad/sec and 4477. Using
the above mentioned procedure, the discrete presentation of
the lead compensator with sampling time of T'is:

o,T

M +(U=e /@, ) U,

Yooy =y =(@.-0, x4 +U 1) 5

(28)
(29)

Xy ™€

where U, is the discrete input signal.

The obtained value of desired load angle 6, is then
processed by PD control loop. The magnitude curve and
phase-angle curve for the compensated system are shown in
Fig. 12. The phase and gain margins are 60 deg. and +oo,
respectively. Therefore, compensated system meets both the
steady-state and the relative stability requirements.
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Thus, the desirable transient behavior was achieved through
usage of lead compensator. To verify the theory and to
evaluate the feasibility and performance of the proposed
damping controller, the experiment was conducted.

IV.EXPERIMENT AND DISCUSSION

During the experiment the impulse force was applied to the
tip of the forearm, and the acceleration signal with desired
angle was recorded (Fig. 13).
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The experimental results show the successful damping of
oscillation magnitude. As follows from Fig. 13(b), the system
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resists the quick change in angular speed, and, therefore,
provides more smooth dynamic behavior. It is important to
emphasize here, that theoretically calculated control gain and
feedback gain must be adjusted while experiment conducting.
Too high gains can cause increasing sensitivity to noise signal.
The signal drift presented in Fig. 13(b) is generated by small
change in angular balance position.

V. CONCLUSION AND FUTURE RESEARCH

The flexibility of robot joint caused by compliant elements,
such as torque sensors, harmonic drives, and lightweight
mechanical connectors, produce significant effect on the
dynamics of robot. The presented experimental results prove
oscillatory behavior of joints of whole sensitive robot arm.

To compensate flexibility effect, first, we elaborated the
dynamic model of the robot joint as two-mass system. The
system with lead compensator and angular position of the load
feedback is proposed to dump undesired vibrations. The
oscillation parameters required to design the lead controller
were determined by using experimental data and analytical
equations. The experimental results show high performance of
the developed controller in terms of successful damping of
vibrations. In the future research we will address the tasks of
implementation of vibration damping in each robot joint and
realization of adaptive compensator to adjust parameters
according to the effective inertia.

ACKNOWLEDGMENT

The research is supported in part by a Japan Society for the
Promotion of Science (JSPS) Postdoctoral Fellowship for
Foreign Scholars.

REFERENCES

[11  S. Morikawa, T. Senoo, A. Namiki, and M. Ishikawa, “Real-time
collision avoidance using a robot manipulator with light-weight small
high-speed vision system” in Proc. ICRA’07, 2007, pp. 794-799.

[2] H. Iwata, S. Kobashi, T. Aono, and S. Sugano, “Design of
anthropomorphic 4-DOF tactile interaction manipulator with passive
joints,” in Proc. IROS 05, 2005, pp. 1785-1790.

[31 A. Bicchi and G. Tonietti, “Fast and soft arm tactics: dealing with the
safety-performance trade-off in robot arms design and control,” /EEE
Robotics and Automation Magazine, vol.11, no.2, pp. 22-33, June 2004.

[4] M.A. Diftler, C. J. Culbert, R. O. Ambrose, Jr. R. Platt, and W. J.
Bluethmann, “Evolution of the NASA/DARPA Robonaut control
system,” in Proc. ICRA’03, 2003, pp. 2543-2548.

[51 D. Tsetserukou, R. Tadakuma, H. Kajimoto, and S. Tachi, “Optical
torque sensors for local impedance control realization of an
anthropomorphic robot arm,” Journal of Robotics and Mechatronics,
vol.18, no.2, pp.121-130, April 2006.

[6] D. Tsetserukou, R. Tadakuma, H. Kajimoto, N. Kawakami, and S.
Tachi, “Intelligent variable joint impedance control and development
of a new whole-sensitive anthropomorphic robot arm,” in Proc.
CIRA’07,2007, pp. 338-343.

[71 G. Zhang and J. Furusho, “Control of robot arms using joint torque
sensors,” in Proc. ICRA’97, 1997, pp. 3148-3153.

[81 A. Albu-Schaffer and G. Hirzinger, “State feedback controller for
flexible joint robots: A globally stable approach implemented on
DLR s light weight robots,” in Proc. IROS’00, 2000, pp. 1087-1093.

[91 J. B. Hartman, Dynamics of Machinery. New York, USA: McGraw-

Hill, 1956.

K. Ogata, Modern Control Engineering. Upper Saddle River, NJ, USA:

Prentice-Hall, 1997.



	Main
	Welcome Message
	Committees
	Sponsors
	Technical Program
	December 2, 2008 (Tuesday)
	[Plenary Lecture 1] Leading Edge of Cybernics and Future Robotics
	[TA1] Design and Control of Full-Body Humanoid Robots
	TA1-1 Identification of the Inertial Parameters of a Humanoid Robot Using Unactuated Dynamics of the Base Link
	TA1-2 Self-stabilizing Bipedal Locomotion Employing Neural Oscillators
	TA1-3 Automatic Parameter Adjustment of Reflexive Walking of a Musculo-Skeletal Humanoid
	TA1-4 Inverse Kinematics with Floating Base and Constraints for Full Body Humanoid Robot Control
	TA1-5 Stabilization Control for Humanoid Robot to Walk on Inclined Plane
	TA1-6 One-leg Jumping with Virtual Spring Principle

	[TA2] Sub-Parts and Anthropomorphism in Humanoid Robotics + Poster Teaser 1
	TA2-1 The Initial Design and Manufacturing Process of a Low Cost Hand for the Robot iCub
	TA2-2 Development of a New Wrist for the Next Generation of the Humanoid Robot ARMAR
	TA2-3 Selecting a Suitable Grasp Motion for Humanoid Robots with a Multi-Fingered Hand
	TA2-4 Modeling Postural Coordination Dynamics using a Closed-loop Controller

	[TA3] Human-Humanoid Interaction
	TA3-1 Analysis of Physical Human-Robot Interaction for Motor Learning with Physical Help
	TA3-2 Safe Joint Mechanism using Double Slider Mechanism and Spring for Humanoid Robot Arm
	TA3-3 A Beat-Tracking Robot for Human-Robot Interaction and Its Evaluation
	TA3-4 Towards a Human-Robot Interface Based on the Electrical Activity of the Brain

	[TA4] Motion Planning I
	TA4-1 Movement Reproduction and Obstacle Avoidance with Dynamic Movement Primitives and Potential Fields
	TA4-2 Generation of Humanoid Walking Pattern Based on Human Walking Measurement
	TA4-3 A New Method for Generating Safe Motions for Humanoid Robots
	TA4-4 Optimization of Fluent Approach and Grasp Motions
	TA4-5 Realization of Stretch-legged Walking of the Humanoid Robot

	[TP1] Poster Session 1
	TP1-1 Modelling and Control of the Humanoid Robot RH-1 for Collaborative Tasks
	TP1-2 A Control Law for Human Like Walking Biped Robot SHERPA Based on a Control and a Ballistic Phase - Application on the Cart-Table odel
	TP1-3 Statically Equivalent Serial Chains for Modeling the Center of Mass of Humanoid Robots
	TP1-4 Phase Plane Control of a Humanoid
	TP1-5 Inertia-Coupling Based Balance Control of a Humanoid Robot on Unstable Ground
	TP1-6 Development of a Humanoid Robot Capable of Handling Heavy Objects
	TP1-7 Angular Momentum Primitives for Human Turning: Control Implications for Biped Robots
	TP1-8 SURALP-L - The Leg Module of a New Humanoid Robot Platform
	TP1-9 RobotCub Implementation of Real-Time Least-Square Fitting of Ellipses
	TP1-10 Kinematic and Dynamic Analogies between Planar Biped Robots and the Reaction Mass Pendulum (RMP) Model
	TP1-11 Grasp Synthesis in Cluttered Environments for Dexterous Hands
	TP1-12 Motion Planning for Humanoid Robots in Environments Modeled by Vision
	TP1-13 Pattern Generation for Bipedal Walking on Slopes and Stairs
	TP1-14 An Optimal Control Method for Biped Robot with Stable Walking Gait
	TP1-15 Study on Humanoid Robot Systems: an Energy Approach
	TP1-16 Task Dependent Human-like Grasping
	TP1-17 Real-time Selection and Generation of Fall Damage Reduction Actions for Humanoid Robots
	TP1-18 Visual and Laser Guided Robot Relocalization Using Lines and Hough Transformation
	TP1-19 Simplest Dynamic Walking Model with Toed Feet
	TP1-20 Lifting Techniques for the Humanoid Robots: Insights from Human Movements
	TP1-21 Compliance in Gait Synthesis: Effects on Energy and Gait
	TP1-22 Gait Pattern Generation with Knee Stretch Motion for Biped Robot using Toe and Heel Joints
	TP1-23 Motion Indexing using Coordination between Essential Actuators


	December 3, 2008 (Wednesday)
	[Plenary Lecture 2] The Role of Passive Dynamics in Bipedal Locomotion: Lessons from Humans and Machines
	[WA1] Motion Planning II + Poster Teaser 2
	WA1-1 A Friction Based "Twirl" for Biped Robots
	WA1-2 Manipulation Planning with Caging Grasps
	WA1-3 Task and Vision Based Online Manipulator Trajectory Generation for a Humanoid Robot
	WA1-4 Running Pattern Generation of Humanoid Biped with a Fixed Point and its Realization

	[WP1] Poster Session 2
	WP1-1 Learning Primitive Actions through Object Exploration
	WP1-2 Organizing Multimodal Perception for Autonomous Learning and Interactive Systems
	WP1-3 Self Learning of Gravity Compensation by LOCH Humanoid Robot
	WP1-4 Incremental Learning of Full Body Motion Primitives for Humanoid Robots
	WP1-5 A Next-Best-View Algorithm for Autonomous 3D Object Modeling by a Humanoid Robot
	WP1-6 Motion Imitation and Recognition using Parametric Hidden Markov Models
	WP1-7 Gestalt-Based Action Segmentation for Robot Task Learning
	WP1-8 Towards Socially Adaptive Robots: A Novel Method for Real Time Recognition of Human-Robot Interaction Styles
	WP1-9 A Potential Field Approach to Dexterous Tactile Exploration of Unknown Objects
	WP1-10 Action Oriented Self-Modeling and Motion Planning for a Humanoid Robot
	WP1-11 Experience Repository based Particle Swarm Optimization and its Application to Biped Robot Walking
	WP1-12 Obstacle Avoidance Control of Humanoid Robot Arm through Tactile Interaction
	WP1-13 Teaching Collaborative Multi-Robot Tasks through Demonstration
	WP1-14 Upper-body Contour Extraction and Tracking Using Face and Body Shape Variance Information
	WP1-15 Motion Capture based Human Motion Recognition and Imitation by Direct Marker Control
	WP1-16 Visual Servoing for Humanoid Grasping and Manipulation Tasks
	WP1-17 Understanding of Hands and Task Characteristics for Development of Biomimetic Robot Hands
	WP1-18 A New Anthropomorphic Robotic Hand
	WP1-19 A Prototype Fingertip with High Spatial Resolution Pressure Sensing for the Robot iCub
	WP1-20 Simulation and Design of 3-DOF Eye Mechanism Using Listing's Law
	WP1-21 Study of an External Passive Shock-Absorbing Mechanism for Walking Robots
	WP1-22 Vibration Damping Control of Robot Arm Intended for Service Application in Human Environment
	WP1-23 The Karlsruhe Humanoid Head
	WP1-24 An Autonomous Singing and News Broadcasting Face Robot
	WP1-25 Reem-B: an Autonomous Lightweight Human-Size Humanoid Robot
	WP1-26 BITBot-A Modelling and Simulation Platform for Robots
	WP1-27 Compliant Interaction in Household Environments by the Armar-III Humanoid Robot
	WP1-28 Shock Absorbing Skin Design for Human-Symbiotic Robot at the Worst Case Collision

	[WA2] Humanoid Robot Platforms & Planning, Localization and Navigation + Poster Teaser 3
	WA2-1 Design of the Humanoid Robot KOBIAN ?Preliminary Analysis of Facial and Whole Body Emotion Expression Capabilities?
	WA2-2 Humanoid Batting with Bipedal Balancing
	WA2-3 Autonomous Humanoid Navigation Using Laser and Odometry Data
	WA2-4 Humanoid Navigation Planning using Future Perceptive Capability

	[WP2] Poster Session 3
	WP2-1 Optimal Mass Distribution for a Passive Dynamic Biped with Upper Body Considering Speed, Effciency and Stability
	WP2-2 Dynamic Display of Facial Expressions on the Face Robot Made by Using a Life Mask
	WP2-3 Preparatory Object Rotation as a Human-Inspired Grasping Strategy
	WP2-4 State Machine-Based Controller for Walk-Halt-Walk Transitions on a Biped Robot
	WP2-5 Simulation of Semi-Passive Dynamic Walking for Humanoid Robots
	WP2-6 Imitation of Human Motion on a Humanoid Robot using Non-Linear Optimization
	WP2-7 Expectation-driven Autonomous Learning and Interaction System
	WP2-8 An Open Source Software System for Robot Audition HARK and Its Evaluation
	WP2-9 Developing Humanoid Robots for Real-World Environments
	WP2-10 Human-Humanoid Interaction by an Intentional System
	WP2-11 Realization of Natural Interaction Dialogs in Public Environments using the Humanoid Robot ROMAN
	WP2-12 Where is this? - Gesture Based Multimodal Interaction With an Anthropomorphic Robot
	WP2-13 A VR Navigation of a 6-DOF Gait Rehabilitation Robot with Upper and Lower Limbs Connections
	WP2-14 Human-Humanoid Walking Gait Recognition
	WP2-15 Research and Experiment of Lip Coordination with Speech for the Humanoid Head Robot-H&Frobot-III
	WP2-16 Developing Social Action Capabilities in a Humanoid Robot using an Interaction History Architecture
	WP2-17 Multi-modal Integration for Personalized Conversation: Towards a Humanoid in Daily Life
	WP2-18 Grasping and Guiding a Human with a Humanoid Robot
	WP2-19 Designing Communication Activation System in Group Communication
	WP2-20 Psychological Effects of an Android Bystander on Human-Human Communication
	WP2-21 A Handy Humanoid Robot Navigation by Non-interruptive Switching of Guided Point and Synergetic Points
	WP2-22 An Optimal Control Model Unifying Holonomic and Nonholonomic Walking
	WP2-23 An Improved Hierarchical Motion Planner for Humanoid Robots
	WP2-24 Improved Ant Colony Optimization Algorithm by Potential Field Concept for Optimal Path Planning
	WP2-25 A Symmetric Walking Cancellation Algorithm of a Foot-Platform Locomotion Interface
	WP2-26 System Based Topology Optimization as Development Tools for Lightweight Components in Humanoid Robots
	WP2-27 Inverse Kinematics of a Humanoid Robot based on Conformal Geometric Algebra using Optimized Code Generation

	[WA3] Cognition, Perception and Learning for Humanoid Robots
	WA3-1 Recognizing Complex, Parameterized Gestures from Monocular Image Sequences
	WA3-2 Anticipation and Initiative in Human-Humanoid Interaction
	WA3-3 Robust Real-time Stereo-based Markerless Human Motion Capture
	WA3-4 Integrating Whole Body Motion Primitives and Natural Language for Humanoid Robots
	WA3-5 Learning Potential-based Policies from Constrained Motion


	Author Index
	Search
	Help
	Exit



