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Abstract—In recent years, the research of humanoid robots
that replace human tasks in emergency situations have been
widely studied. Currently, many approaches are automate dedi-
cated hardware for each mission. But, at the environment where
situation changes, operation by humanoid robot is effective
to operate equipments which designed for human. Ultimately,
automation is ideal, but under the present circumstances,
teleoperation of humanoid robot is effective for corresponding
changes of situation.

An intuitive interface is required for effectively controlling
the humanoid robot from a distant place. Recently, the in-
terfaces that map the human motion to the humanoid robot
have become popular because of the development of the motion
recognition systems. However, the humanoid robot and human
beings have different joint structure, physical ability and weight
balance. It is not practical to map the motion directly. There is
also the issue of time delay between the operator and the robot.
Therefore, it is desirable that the operator performs global
judgments and the robot runs semi-autonomously in the local We need an intuitive interface to effectively control the

environment. humanoid robot from a distant place. Telexistence systems
In this paper we propose a method to remotely operate the for immersive control provide highly realistic operating en-

humanoid robot by the task model. Our method describes . . . : .
human behavior abstractly by the task model and mapped vironment by using Virtual Reality (VR) techniques [3][4].

this abstract expressions to humanoid robots, and overcome BUt, the system is generally huge and the human motion is
difference of structure of body. In this work, we operate lever limited by mechanical structures. The interfaces that capture

of buggy-type vehicles as a example of mapping using the task the human motion by using vision sensors have been recently
model. studied [5][6][7][8]. The RGB-D camera becomes widely
available and can be used for capturing the human motion
l. INTRODUCTION without mechanical sensing. A real-time human imitation
In recent years, the research of a humanoid robot thaystem for biped robots has been developed. However, since
replaces human tasks in emergency situations has bede humanoid robot and the human have a different joint
widely studied[1][2]. At a time when a disaster occurs, thestructure, physical ability and weight balance, it is difficult
rapid deployment of robots is required. Many approachds map the human motion directly to the robot.
were automate dedicated hardware for each mission, butTeleoperation has the potential issue of time delay between
development of new robots designed dedicatedly for eathe operator and the robot. The operator cannot recognize
task and environments takes long time. On the other hanithe state of the robot and environment at the same moment.
the humanoid robot can utilize the equipment that is designétliman motion is not fluently reflected in the robot motion.
for human. It would be extremely valuable if the humanoidrhat is, the intuitive operation of the robot is difficult by
robot could work in such emergency situations on behalf cfuch interfaces. To avoid the time delay, it is desirable that
the human (Fig. 1). Ultimately, automation is ideal, but undethe operator provides global directions and the robot run
the present circumstances, teleoperation of humanoid roksgmi-autonomously. Moreover, even if the human motion can
is effective for corresponding changes of situation. be accurately recognized and transmitted, the robot needs
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Fig. 1. Teleoperation of humanoid robot in emergency stuations



Tacka state by selecting a task model according to the object type and
e — situation.

e Move to contact The skill parameters need to be adjusted according to
Skill parameters : Target on object the states of the robot and target objects. Suehiro et al.
e eeance has proposed a vision-based method for adjusting the skill
0 Grasp configuration parameters [12]. The system aims to enable robot assembly
] work by estimating the motion from the observation of
Target above object | Skill parameters human work by visual systems. The method corrects the
Task : Insert between P motion parameters according to the face contact when the
SEkn"t'rf;aJiasgi_tc?» %///;///% tasks are execgted. o _
gffsr,fii,:g;tfanﬁsn Target between A teIepperanon system considering time delay using
object VR environment has been proposed [13][14][15]. The
method separates the entire teleoperation feedback loop into
Fig. 2. Definition of task model [9] operator-VR feedback loop and VR-robot feedback loop.

The system is stably controlled by satisfying the loops
independently. Thus, the system does not lose the control
designed for each task. The skill parameters for generatimgcause of time delay.

the robot motion is estimated by considering the target This paper proposes a method to utilize VR space for
structure and the contact state with the tactile sensors in tb%ualizing the states of the robot and the environment

robot. for teleoperation of humanoid robot for the learning-from-
Here, we assume that the target operation is driving ghservation paradigm. Here, the recognition results are dis-
four-wheel buggy. Because driving buggy needs real timglayed for visual feedback for the human operator in VR
operation, and time delay is a major issue. Considering thgyace. The task model is used for extracting tasks, what-
remote location, the buggy-type vehicle is suitable for targgb-do, from the human motion for teleoperation. Then, the
because of it's run through performance. The tasks whiglcognized tasks are converted to the robot motion while
required for driving are steering wheel, acceleration angyoiding physical differences and time delay for teleopera-
brake levers. We demonstrate the generation of the motigign. We assume that rough skill parameters for each task
of robot hands to operate the controls through the networlgre given before execution. But, the parameters need to be
Il. RELATED WORK a_djusFed during _execution b_ecause of mechanical errors or

) . : vibrations of driving. The skill parameters are re-estimated
Learning-froam-observation is known as a technique f%y the feedback of tactile sensors and the prior knowledge

generating robot motions fram human motions while el|m|-0f the structure of the target objects. The robot mation is

hating the physicgl differences betvyeen the h_uman and rohy nerated from the task and the estimated skill parameters.
[9][10][11]. Learning-from-observation describes a huma he contribution of this paper is to design of skill parameters

[notlon by “tasl'<s and skill parameters: ‘what to do” and, generation of robot motion for teleoperation of humanoid
How to do”. Fig. 2 shows the overview of the task model.robot using the task model

To recognize the human motions by the task model, the

states of the target and its transitions must be extracted.

The operation of a state transition is called task. To execute 1. TELEOPERATION INTERFACE
the task, the parameters for moving the robot are required.

Example parameters include the inner state of the robot apd Teleoperation by task model

the state of the target object. These parameters are called
skill parameters. In the teleoperation using task model, the operator’s mo-

Ikeuchi and Suehiro proposed the |eaming_fromti0n is recognized as a task, and transmitted to the robot as
observation paradigm and applied the paradigm in producirf) abstractive indication. Set of skill parameters is needed to
robot motion for assembly works from the observation oexecution of robot motion for each task. The skill parameters
human operations [9]. The states of the target objects ai@f the task are estimated on the robot side by using sensor
classified and described by the state of face contact. iAformation and prior knowledge of the target structure.
motion template for the robot arm is prepared for each stafehat means the operator controls the remote robot semi-
transition. The proposed system succeeded to assemble @yonomously.
polyhedral objects by using the task model. Figure 3 shows the overview of the teleoperation system

Nagata et al. proposed shared autonomy system by tas&ing the task model. The operator is provided environmental
instruction in the work space [10]. The Object Templateviews from the robot by vision systems through VR space.
Model and Task Space Model are defined for describinfhe operator controls the target object in the VR space.
the work space model. In this system, the user recogniz&$en, the task is recognized by observing the human motion
the object type and its state in the environment. The usand transmitted to the remote robot. The robot generates the
instructs a robot to execute the task of picking an objechotion from the given task and skill parameters.



Operator side Visual VRspace  gcene

Robot side a method such as simulation by the models of target or
- mounting sensor to the target. But there are not appropriate
from the reason of errors due to vibration during running and
policy to use existing equipment. Therefore, finger operation
executes by using a tactile, as human performs an operation
: \ in the sense of the fingertips. A rough trajectory is given in
Task recognition advance, and modifies trajectory depending on the contact
Task + Skill state.
executionl

B. Acquisition of skill parameters

modeling/™

No contact sensing

Generally, the operation of tools that are designed for
N humans can be simply described by translation and rotation.
Object For example, the handle operation can be described by
rotation with center axis. Pushing a button is described by
translational movement. The skill parameters are represented
by simple motion parameters.
As shown in Fig. 4, the lever movement is described by

Fig. 3. Teleoperation of humanoid robot by task model

Initial position rotation angle in one degree of freedom with one axis. The
~————— lever movement can be modeled as the following parameters.
Rotation \\ Rotation « Position and orientation of rotation axis
axis angle « Lever length
« Initial position of lever
End position « Rotation angle
Fig. 5 shows a complete task model of the brake lever
operation.
Fig. 4. Mechanism of brake lever Task
Lever operation
B. Task recognition Grip lever
The task is recognized by extracting the state transition Skill parameters
in the human motion. For example, the brake operation is « Position and orientation of
represented by gripping the lever. The gripping state can be rotation axis
estimated by hand gestures. The gripping task or releasing « Length from rotation axis
task is executed by the state transition of opening or closing « Initial position of lever
the hand. * Rotation angle
The human motion is observed by vision-based sensors

and is analyzed to find the transitions. Recently, motion
capture systems based on low cost depth-sensing cameras
such as Kinect and LeapMotion are widely available. The
relative positions of body parts and fingers can be measured
with reasonable stability. Moreover, these cameras requife Trajectory generation
no contact and are small enough to bring anywhere. That is, The trajectory of a fingertip is generated from skill pa-
the interface for teleoperation of the humanoid robot can hemeters. As described above, we assume that rough skill
easily and rapidly constructed. parameters can be previously given. The trajectory is directly
IV. MOTION GENERATION generated from the rough parameters. How_ever, it doqs not
_ ) work well because the state of the target object dynamically
A. Design of skill parameters changes because of the vibration of the body and the change
The spatial parameters of the target object are required contact states.
for generating the robot motion from the task model. These Thus, the trajectory must be adjusted according to the
spatial parameters are the skill parameters. The skill paramelative states of the target object and the hand (Fig. 6).
eters are estimated for each task. The parameters repredemt estimating the relative positions and contact states, the
the movement of the target object from one state to anotheactile information is used. The finger is moved so as to
The position and the operation amount information of theontact the center of the fingertip to the lever. The position
target is required as skills parameters, in addition to thef the fingertip is sequentially controlled by calculating the
position and orientation information of the robot. There iglestination point at each control period.

Fig. 5. Task model of lever operation
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It is also required to maintain the contact state between of servo motor

the fingertip and the lever. The lever also needs to be moveciac"sil)er

to the correct rotation axis. The contact state is maintained™
by friction force between the surfaces of the fingertip and
the lever. The lever sometimes deviates from the fingertip
because of the unexpected movement of the body. Therefore,
the trajectory has to be generated while keeping the stress
of the fingertip to the lever.

The procedure of generation of fingertip trajectory is as I
follows: i ] Rotation axis

1) Set the amount of movement to modify contact posi- of servo motor
tion. (The amount of movement of direction parallel
to they,i in Fig. 6)

2) Temporarily set the amount of movement for vertical
direction of fingertip. (The amount of movement of

direction parallel to ther i in Fig. 6) by fitting a spline curve on the surface deformation.The

3) Adjust the amount of movement 2 as sum of 1 and £, gest deformed point depicts the contact point. Fig. 9 shows
has positive magnitude to movable direction of lever,, image of calculation of contact point.

) O

Fig. 8. Model of robot hand

(27 2). L i i , . The force applied on the finger is provided as torque of
4) Estimate the destination point of fingertip position byservo motors which configure the robot hand. The torque is

integrating 1 and 2. - computed by the ratio of the current output to the maximum
5) Move the fingertip to position 4. output of the servo motor.

V. IMPLEMENTATION B. Task recognition

A. Humanoid robot 1) Brake task: The brake operation is recognized by a

1) Upper body: Upper body humanoid robot gesture of the hand. LeapMotion is used for capturing the
HIRO(Kawada industries, inc) is used for teleoperatiofinger motion [16]. Opening or closing the hand is recognized
robot, Fig. 7 shows our teleoperation robot. Currently, they the relative positions of the fingers. The task of gripping
robot does not have a lower body, and is fixed on the setite brake or releasing the brake is executed by the state
of the four-wheel buggy. Two cameras are mounted on theansition of opening or closing the human hand. Fig. 10
head. The view from the robot eyes is sent to the operatshows a diagram of the state transition and task recognition.
through network. The head moves synchronizing with the ) )
human head motion taken by a 6DOF motion sensor. ~ C- Motion generation

2) Robot hand:The robot hand consists of three fingers. We assume that the structure of the buggy has been previ-
Each finger has three degrees of freedom. Fig. 8 shows tbasly acquired, and rough positions and movable directions
model of the hand. of the handle and brake lever are known. The position of

A tactile sensor, ShokacCube(Touchence Inc.), is attachétke rotation axis and the length of the brake lever are also
on each fingertip. ShokacCube is covered with a flexiblassumed to be known. The states of the brake lever are
sponge exterior and measures the amount of deformation agsumed to be simply "Gripped” and "Released”. The skill
surface shape. A point with largest deformation is estimatgohrameters for the operation are as follows.
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Fig. 11. Initial position

Fig. 9. Estimation of contact point

Operator '
Opening Grip brake p| Closing
hand [« hand
Release brake
TR Fig. 12. Success case of brake operation
Robot ,w Task indication
Grip brake
Neutral 4—' Brake The brake lever operation is executed by using two fingers:
Release brake index and middle fingers. The accelerator operation can be

also performed in the same way.

VI. EXPERIMENT

In this experiment, we checked whether the brake oper-
ation can be performed stably by the proposed method. In

Fig. 10. State transition and task indication

« Initial position of brake lever the initial state, the fingertip is lightly put on the brake lever.

« Movable direction of brake lever We assumed that the operation has succeeded when the lever

The motion of brake operation is generated by the followbas reached the end of the movable range.

ing procedure. Please refer Fig. 6 for details. In addition, we execute the experiment of accelerator

1) The amount of movement in the direction parallel toope.r{:1t|on.. Thg initial position of the accelerato.r operation,
the contact surface is calculated from the distancBosition is slightly separ.ated from the lever in order to
between the fingertip center and the contact positiof"€VENt €rroneous operation.
(The amount of movement of direction parallel to thea, Experimental result
ysiin Fig. 6) This distance is (_:alled fingertip deviation. The operation failed 3 out of 10 times. Generally, the

2) T_he amount of movement in .the direction PETPENLiddle finger succeeded in holding the brake well. On the
phcular to the contact surface is calculated f“?’?‘ th%ther hand, the generation of the trajectory of the index
mtegratlpn of'appro_prl'ate constants and coefficiient finger sometimes failed. That is because the destination of
for t'he flingertlp deviation. (The amount of movementthe fingertip position goes outside of the movable range in
of dlrecpon parallel to ther,i in Fig. 6) .. .some handling positions. In this case, the brake operation

3) Integration amount_of_ movement 1 and 2 Wh'Ch. 'Svas executed by the middle finger only. The lever could not
paraliel to lever axis is calculated frgm_ the.mtat'onreach the end position due to the lack of torque for gripping
ang_le_ of thg Seno motors. The coefficiéris adjusted lever. Accelerator operation failed 2 out of 10 times. That is
soitis p95|t|ye. " ' o . dbecause the fingertip is conflict to palm unit.

4) The destination position of the fingertip is determine Figure 11 shows an initial position of hand. Figure 12
from .1 and_ 2 . . . shows an example of successful brake operations. Figure 13

5) The fingertip is moved by solving the inverse kinemat

cs shows an example of failed cases.
ics.

By repeating steps 1 through 5 sequentially, the fingertif: Discussion

trajectory is generated. The cause of the failure to generate the trajectory of index
The end of the operation is judged by the force appliefinger is that the position of the lever moves out of the

to the joint of the finger. When the load torque is greatemovable range of the finger while gripping the lever. There

than a certain threshold, the gripping operation is stoppedre two solutions for this issue.
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Fig. 13. Failure case of brake operation

(5]

(6]

(7]

Fig. 14.

(8]

Initial position and result of acceleration operation

1. The first method is using the arm motion in addition to[9]
the finger motion for the brake operation. The robot can pull
the arm toward the body while bending fingers; the brake
lever is pulled by the arm.

2. The second method is re-grasping. The hand position ]
adjusted so that the movable range of finger covers the range
of the brake lever. It is easily performed by changing théi1]
hand orientation around the y-axis. Humans often perform
the re-grasping operation while driving the buggy.

In this paper, as an experimental of design and exec{i2]
tion method of operation, we execute operation in a static
environment. In order to confirm the advantages of our
teleoperation system, it is necessary to carry out experiments
under vibrations during driving, in addition to the delay and'®!
loss of communication.

VIl. CONCLUSION [14]

This paper proposed a method to remotely operate the
humanoid robot by the task model. The method generates tfig;
trajectories of robot’s fingertips by considering the structure
of the target object and contact states with the fingertips.
The lever operation for driving a four-wheel buggy had beepg;
implemented and tested on the humanoid robot with a three
fingered hand. From the experimental results, it is found
that adjusting the hand position rather than the fingers, is
important to stably control the lever operation. In future work
we plan to develop a method to simultaneously generate
the motions of fingers, hand, and arm, by considering their
movable ranges.
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