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Abstract— In this paper, we propose a new method to
combine manual and automatic controls for remote controlled
robots using gripping force. An important issue in the remote
control system is how to combine the manual and automatic
controls, namely, how to determine the mixing ratio of the
two controls. We propose to adopt the gripping force of a
joystick for this purpose because humans seem to grip the
joystick tightly when they want to operate the robot aggressively
and in emergency situations. First, we confirmed this tendency
and identified relationship between the gripping force and
the urgency of operation. An experimental system to simulate
a remote controlled robot, consisting of a force feedback
joystick with a pressure sensor and an image of working
field on a display is developed. We compared several remote
control methods on the developed simulator and found that
the proposed method has superiority against other methods in
many aspects.

I. INTRODUCTION

In this study, we propose a remote control system with
combination of manual and automatic control using a grip-
ping force, and confirm its effectiveness through experi-
ments. Currently, most remote mobile robots are controlled
manually by such as a joystick. However, even if the operator
can watch the robot directly, the manual operation of mobile
robot is not easy. Additionally, in non-enterable area such as
a disaster site, the operator must operate the robot remotely
based on information acquired from the sensors mounted on
the robot. The information presented to the operator through
the robot is limited in these cases and that makes it difficult
to operate the robot. This may lead to an accident.

To cope with these problems, in addition to a manual
control, a combination control to apply an automatic control
with an obstacle avoidance and a path tracking is proposed
for safety and maneuverability. Perk et al[1] proposed an
obstacle avoidance method on remote control using a haptic
device. In the method, after generating the target path to
avoid an obstacle, the haptic device exerts the force to the op-
erators according to the trajectory. In addition to use camera
images, the operator can operate the robot more appropriately
using the kinesthetic sense. Matsumaru et al[2], [3], [4]
proposed a combination control of remote operation and
autonomous control to reduce accidents caused by operator’s
mistakes or carelessness. This system is constructed by the
behavior of autonomous control parts consist of motions of
revolution, following and slowdown.

In those studies, the target path in the automatic control
part is designed by the developer considering operability and
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safety. However, even well-designed paths are not always
optimal paths for the operator. It may sometimes generate a
path against the operator’s intention. It may make difficult
to achieve the required task and may reduce the safety. For
example, when the operator wants to move the obstacle by
pushing, the obstacle avoidance in the autonomous control
makes it difficult to accomplish this task.

To solve these problems, the remote control method in
which the ratio between automatic and manual controls is
varied dynamically according to the operator’s intention.
However, the techniques of identifying the operator’s in-
tention are not sufficiently intuitive in those methods. We
believe that there is a margin of improvements. In this study,
we focus the operator’s gripping force of a joystick. We
propose a control method which varies the mixing ratio
of manual and automatic control according to the gripping
force.

This paper is organized as follows: Section 2 describes the
interface using the gripping force. Section 3 discusses the
configuration of the experimental system. Section 4 states a
control strategy of the combination of manual and automatic
control. Section 5 explains a preliminary experiment. Section
6 describes the main experiment. Section 7 discusses this
paper.

II. INTERFACE USING A GRIPPING FORCE

In this section, we explain the interface of the proposed
method, that utilizes the gripping force.

A. Adjusting the Ratio of Manual and Automatic Control

There are some indexes of adjusting the mixing ratio of
manual and automatic control, besides a gripping force. For
example, as a simple method, it can be adjusted by a slider
on a joystick. In this case, it has a merit to choose the ratio
explicitly. However, it may impose a strain on the operator
because both hands are needed and the operation becomes
complex. For avoiding the operator’s strain, a method in
which the ratio is varied dynamically according the type
of the work, which is categorized automatically, may be
effective. However, it is difficult to determine the appropriate
ratio when applying the method to unknown environments
such as disaster sites. Furthermore, there is a method in
which the ratio is varied by the behavior of the joystick. For
example, using a haptic device, the mixing ratio is decreased
when the operator apply the opposite force against the motion
that is generated by the automatic control. However, it may
impose physical strain on the operator, because he/she should
generate the opposite force against the force generated by



the automatic control. Moreover, all of these methods have
a common issue that is the difficulty of handling during an
emergency. More complex operation makes more delay of the
emergency avoidance behavior, and it may cause a serious
accident.

It is desired to assist according the operator’s intention
appropriately without imposing strain on the operator. It is
especially in the case of controlling the robot remotely using
the combination control in an appalling environment under
the psychological pressure. Sekiya et al[5] studied the effects
of the psychological pressure on the control of physical
exertion. They indicated that the gripping force is increased
under the psychological pressure on the golf swing take back.
From this result, because the gripping force of the operator
may increase and decrease according to the psychological
pressure, it is one of the indexes that can represent the
operator’s intention.

For the remote control of the robot, the operator grips the
joystick and controls it. When an emergency is occurred, the
operator mostly grips the stick strongly and operates it. Even
not in an emergency, the operator may grip relatively strongly
under the psychological pressure. These behaviors are natural
for humans, and the method may have an advantage in term
of the operator’s strain and the response time in emergency.
As mentioned above, the strong gripping force may reflect
the operator’s intention to control robot aggressively.

On the other hand, when the gripping force is weak, the
operator’s intention can be estimated that the operator agrees
to delegate the robot’s operation to the automatic controller.
By delegating the operation to the automatic controller, the
operator becomes free temporally from the remote operation
of the robot. If the operator wants to control the robot
manually again, by gripping and operating the joystick, the
operation can be translated from the automatic control to the
manual control smoothly.

B. Operability and Safety of Human Interface Using Grip-
ping Force

In this subsection, we discuss in more detail about oper-
ability and safety of the proposed method. Swan[6] explained
that human error rate in performing a task relates to the
following external factors:

• working situation, working time
• task complexity
• urgency

First, we discuss the working time. In the proposed
method, a mobile robot is controlled by the automatic control
if an operator does not select the manual control. Therefore,
the working time of an operator using the manual control
would be greatly reduced from total working time. Even
if the robot is controlled automatically, the operator should
supervise it, and then the strain of work cannot be eliminated
completely. However an operator only needs to use gripping
force to operate manually in emergency situations. There-
fore, comparing with the manual control only, the proposed
method can drastically reduce the working time.

Second, the proposed method also has an advantage in
terms of task complexity. Because it can be selected between
the automatic control and the manual control by just one
hand using a gripping force as the index, it does not require
complex operation. In terms of emergency, it should have
the advantage compared with the other methods depending
on the substance of work. The proposed method can take
urgency into consideration because of the natural human
behavior of gripping the joystick strongly in emergency. As
mentioned above, the proposed method can have an effect
of decreasing the human error ratio.

Moreover, Reason[6] indicates that the human error can be
categorized into failure and violation. The error discussed in
this paper is just failure. Reason indicates that conditions of
the failure are the following:

• disharmony between designer and user
• information overload
• less feedback
• uniformity and boredom

We discuss the disharmony of the designer and the user
first. In the proposed method, the operator can select the
manual control and the automatic control for operating the
robot. In fact, if the operator judge the automatic control
constructed by the designer is not appropriate, its effect can
be eliminated by gripping the joystick strongly. Therefore,
the proposed method includes the mechanism that prevents
the disharmony. As for the information overload and the
less feedback, they imply the importance of quality and
quantity of the information provided to the operator. More
quantity of the feedback information, more precisely the
operator can analyze the situation. However, it takes much
time to analyze the information overload and impose the
strain to the operator. Therefore, it is desired that the feed-
back information is sufficient and the strain of the operator
is as small as possible. In the proposed method, images
created from the sensor data and haptic information on the
joystick for avoiding obstacles are presented to the operator.
Therefore, by separating sufficient information into the two
modalities, it prevents visual information overload, and it
enables to increase the feedback information. We discuss
the uniformity and boredom next. If the operation becomes
uniform and boring, the operator’s gripping force may be
decreased. Then, the mixing ratio of the automatic control
is increased. Consequently, the mixing ratio of the manual
control is decreased, and the effect of the operator error
becomes ignorable.

For these reasons, the proposed method is believed to have
an advantage in terms of operability and safety.

III. EXPERIMENTAL SYSTEM

In this section, we discuss each part of the remote control
system.

A. Structure of the System

In this study, we construct the remote control system
for the omni-directional wheelchair type mobile robot to
confirm the proposed method. In this paper, we confirm the



effectiveness of the proposed method in computer simulation
without using a real mobile robot. Figure 1 shows a diagram
of the experimental system. The system consists of the
following three parts.

• simulator of the remote control system
• force feedback joystick
• pressure sensor to detect gripping force

When the operator handles the joystick, the reference
velocity is sent to the mobile robot in the simulator. The robot
detects obstacles around it and feeds back the information to
the operator.

Fig. 1. Experimental system to evaluate the proposed method

B. Simulator of Remote Control System

The simulated robot is the omni-directional wheelchair
type mobile robot (Fig. 2). We have used it in several
studies of obstacle avoidance[7]. We construct the simulator
of this robot, and carry out the experiment on various remote
controls. Several types of obstacles and freights can be
placed in the environment of the simulator. The simulated
robot has a laser range scanner to detect distances from
obstacles. In this system, a simplified diagram of the field
that includes obstacles, freights and a goal is presented to the
operator (Fig. 1). Although the simulated robot can move
omni-directionally including rotation, the simulated robot
can move only in translational direction. In this simulator,
no slipping of wheel is considered. This simulator is im-
plemented in MATLAB/Simulink by MathWorks. Computer:
ThinkPad L420 (made by Lenovo). OS: Windows7 (64bit).

C. Force Feedback Joystick Device

We use a force feedback joystick as an input device to
operate the remote mobile robot. The angle data of joystick
is sent to the computer, and the force data which is calculated
on the simulator is sent to the joystick. The joystick applies
this force to the operator’s hand. The angle of the joystick is
changed by the total of the operator’s force and the joystick
force. In this experiment, we use two types of experimental
conditions. In the first one, the joystick generates the forces
to avoid obstacles and guide to the goal, and in the other one,
the joystick does not generate these forces. The joystick is
FLIGHT FORCE from Logitech shown in Fig. 3.

Fig. 2. Omni-directional wheelchair type mobile robot

Fig. 3. Force feedback joystick

D. Pressure Sensor to Detect Gripping Force

We propose to adopt gripping force to operate the remote
mobile robot. Therefore, we first define the gripping force
to be used in the proposed method. When an operator grips
the joystick, many parts of fingers and a palm touch the
joystick and they apply various pressures to the joystick. In
this study, we selected a point at which the measured force
varies widely according to the gripping force and is relatively
less affected by the operator.

In the preliminary experiment, seven subjects grip the
joystick tightly, and mark the point at which, they think, the
force is applied. As a result, the force is concentrated near
the second joint of the middle finger and, near the base of the
middle finger. Therefore, in this experiment and preliminary
experiments, a pressure sensor is mounted at the position
where the base of the middle finger touches when holding
the joystick. The force measured by the sensor is defined as
the gripping force in the present study. We used Flexi Force
by Tekscanby (Fig. 4) to measure the gripping force.

The adopted pressure sensor transforms the pressure to
resistance. Therefore, we made a voltage-dividing circuit
using the pressure sensor and a resistor of100[kΩ]. The
voltage across the resistor is digitalized and converted to
the pressure in the PC. The embedded computer is the
mbed(ARM Cortex-M3).

IV. CONTROL STRATEGIES

In this section, we discuss the control strategy of the mo-
bile robot. A characteristic of the proposed control strategy



Fig. 4. Pressure sensor

is that the mixing ratio of the manual and automatic control
is adjusted based on the intensity of gripping force.

A. Manual Control

The manual control is the same as the general operation of
the joystick. The value proportional to the angle of joystick is
the reference velocity.(xg(t+∆t), yg(t+∆t)) representing
the position of the robot at timet+∆t is expressed by Eq.
(1).

[
xg(t+∆t)
yg(t+∆t)

]
=

[
xg(t)
yg(t)

]
+

[
vxm
vym

]
∆t (1)

where (xg(t), yg(t)) represents the position of the robot
at time t and (vxm(t), vym(t)) represents the input by the
joystick.

B. Automatic Control

For the automatic control, we use the potential method[8]
used commonly in the control of autonomous mobile robot.
The potential method is a path planning method that enables
the robot to reach a goal by the virtual attractive force.

In this potential method, the potential field is constructed
by two types of potentials from environmental information
obtained from sensors onboard the mobile robot.

• attractive potential to attract the robot towards the
destination

• repulsive potential to distance the robot from obstacles

The potential functions, proposed by Kim[9], to generated
the potential field are Eqs. (2) and (3).

The function of attractive potentialUg is expressed by Eq.
(2).

Ug = cg

(
1− exp

(
−(xg − xG)

2 + (yg − yG)
2

l2g

))
(2)

where (xg, yg) represents the position of the center of
gravity of the robot,(xG, yG) represents the goal position,
cg represents the strength of attraction, andlg represents the
reference length from the goal position. In this experiment,
we assumecg = 200, lg = 100.

When the number of obstacles isNo and the position of
the jth obstacles is represented by(xo,j , yo,j), the function
of repulsive potentialUo is expressed by Eq. (3).

Uo =

N0∑
j=1

coexp

(
−(xg − xo,j)

2 + (yg − yo,j)
2

l2o

)
(3)

whereco represents the strength of repulsion andlo repre-
sents the reference length from the obstacle. In this experi-
ment, we assumeco = 700, lo = 10.

In the potential method, the route is generated in the di-
rection of decreasing the potential. Therefore, the potential at
the goal should be minimum. The overall potential function
U is expressed by Eq. (4).

U =

(
Uo

cg
+ 1

)
Ug (4)

The route is generated using the steepest descent direction
of the potential function. The steepest descent directiond is
expressed by Eq. (5).

d = ∇U =

[
d(xg(t))
d(yg(t))

]
(5)

The position of the robot(xg(t+∆t), yg(t+∆t)) at time
t+∆t is expressed by Eq. (6).[

xg(t+∆t)
yg(t+∆t)

]
=

[
xg(t)
yg(t)

]
+

[
d(xg(t))
d(yg(t))

]
∆t (6)

where (xg(t), yg(t)) represents the position of the robot at
time t, and d(xg(t), yg(t)) represents the steepest descent
direction at timet.

C. Combination Control

Combination of the manual and automatic control dis-
cussed above is the proposed method in this paper. The
control input by the proposed method(vxc(t), vyc(t)) is
expressed by Eq. (7).[

vxc(t)
vyc(t)

]
= ζ

[
vxm(t)
vym(t)

]
+ (1− ζ)

[
d(xg(t))
d(yg(t))

]
(7)

where (vxm(t), vym(t)) represents the control input of the
manual control, and(d(xg(t)), d(yg(t))) represents the con-
trol input of the automatic control.

Here,ζ is the normalized value of the gripping force of the
joystick. It changes in the range of0 ≤ ζ ≤ 1. If the operator
grips the joystick tightly, the ratio of the manual control is
increased. On the other hand, if the operator grips the joystick
loosely, the ratio of the automatic control is increased. In this
system, based on the preliminary experiment, we chose the
parameter to normalize a gripping force in such a way that
5.5[N ] becomesζ = 1.

When the gripping force becomes greater than5.5[N ] the
system keeps the manual control until the gripping force
drops below0.5[N ]. This implies that, if the operator grips
the joystick tightly more than5.5[N ], The operator can
operate the robot manually until the gripping force is almost
0[N ]. This function is prepared for emergency situation.

V. PRELIMINARY EXPERIMENT

In the preliminary experiment, we confirm the relationship
between the operator aggressiveness and the gripping force
and validate the following hypotheses.

• There is the relationship between the operator aggres-
siveness and the gripping force.

• When the force generated in the automatic control does
not agree with the operator’s intention, the gripping
force will be increased against it.



A. Evaluation of the Gripping Force

First, we measure the range of variation in the gripping
force. In this preliminary experiment, we instruct nine sub-
jects to grip the joystick with three conditions: high, middle
and low. Figure 5 shows the experimental result. From Fig. 5,
we can see that, despite the differences in the range of values
among subjects, there are enough variations to distinguish the
strength of the griping force for individual subject.

Fig. 5. Comparison of gripping force

B. Relation between Operator Aggressiveness and Gripping
Force

We verify that the operator aggressiveness influences the
strength of the gripping force. In the experiment, we give
the subjects two tasks that require different degrees of
aggressiveness to achieve, and measure the differences in
gripping force.

In Fig. 6, ”x” represents the goal position and ”o” repre-
sents the robot position controlled by the subject. The task is
that the subject moves the position ”o” to the goal position
”x” quickly by handling the joystick. The goal translates
to the next position when the robot reaches to the goal
position. The subject executes the task 15 times. There are
two experimental conditions: Exp.2-1 is the case with no
force feedback from the joystick and Exp.2-2 is the case
where the joystick generates the force toward the goal. The
generating force(Fx, Fy) is expressed by Eq. (8).

[
Fx

Fy

]
= Kp

([
xR

yR

]
−
[

xn

yn

])
(8)

where (xR, yR) represents the goal position,(xn, yn) rep-
resents the controlled robot position andKp represents the
proportional gain.

In this experiment, we select the coefficientKp in such a
way that, when the norm of the difference between the goal
position and the controlled position is1, the joystick force
is 0.37[N ].

Figure 7 shows the experimental results. As we can
observe, the gripping force in the manual control has a
tendency to be stronger than the one in the automatic control.
It is expected that the subjects handle the joystick more
aggressively when there is no support from the automatic
control. Therefore, it can be concluded that the gripping
force increases when the operator handles the joystick ag-
gressively.

Fig. 6. Example of an image presented to the subjects in the preliminary
experiment

Fig. 7. Relation between the force feedback and the gripping force

C. Gripping Force in Emergency Situation

Here, we investigate the operator’s gripping force at the
time of emergency. Emergency situation is simulated by
generating the force in the direction opposite to the goal.
In 2 times out of 15 times of trial, the joystick generates the
opposite force from2.5[s] to 3.0[s] and from7.5[s] to 8.0[s].

Figure 8 is an example of the gripping force history of the
simulated emergency case. Obviously the subject increased



the gripping force at the onset of emergency. This trend is
seen in all subjects. It was concluded that the gripping force
is increased at emergency situations.

Fig. 8. Example of the gripping force when the force feedback device
apply the force opposite to the subject’s intension

VI. EXPERIMENT

Based on the preliminary experiments, we execute exper-
iments in which the subjects operate a robot remotely on a
simulator. We compare the operators’ behaviors with several
remote control methods including the proposed method.

A. Four Remote Control Methods

The control methods are as follows:

• manual control (MC)
• combination control using slide lever (SC)
• combination control using force feedback (FC)
• combination control using gripping force (GC)

Manual control (MC) is the normal remote operation of
the joystick and is not supported by the automatic control.

Combination control using slide lever (SC) is a method
using a slide control lever of the joystick to change the
ratio of manual and automatic control. The automatic control
applies the feedback force to the goal direction according to
the target path.

Combination control using force feedback (FC) is a
method where the joystick generates the force to track a
target path of the automatic control. The joystick angle is
determined by the combination of the generated and user
applied force.

Combination control using gripping force (GC) is the
proposed method. This is the method to change the mixing
ratio of manual and automatic control according to the
gripping force.

The subjects were instructed to operate the robot remotely
on the simulator with these four control methods.

B. Environment Map

Figure 9 shows the image presented to the subject. The
window size is1366 × 768. Environment maps used in all
experiments are the same. We randomized the order of the
experiment to minimize the memory effect. In the map, the
robot is always displayed at the center of the screen, and
the entire screen is scrolled in accordance with the reference
velocity.

In the environment map, there are the following objects:

• operated robot (displayed by ”o”)
• goal position (displayed by ”x”)
• an obstacle detectable by the distance sensor (red,

diameter = 10[m])
• an obstacle undetectable by the distance sensor (blue,

diameter = 10[m])
• a freight detectable by the distance sensor (green,

diameter = 1[m])

All these objects are displayed as circles. An object
undetectable by the distance sensor is included to urge the
manual operation.

Here, if an obstacle is detected by the sensor, the repulsive
force is generated around it in the automatic control. On
the other hand, if the obstacle is not detected, the force
is not generated. Therefore, if the operator depends on the
automatic control and neglects the manual operation, the
robot will collide with the undetectable obstacle.

In addition, there are freights on the map and the subject is
required to bring the robot into contact with it. However the
joystick generates the repulsive force from the freight and
the subjects should operate the robot against this force. The
subject operates the robot to the goal position after contacting
the freight. When the robot arrives the goal, a set of the tasks
is completed.

The positions of the freight and the goal are displayed
at the top of the screen. Subjects watch these values while
they operate the robot. There are 5 sets of the fright and the
goal positions. The experiment is finished when the tasks
are completed for all five sets. Eight subjects performed the
experiments. They answer the following items after the five
sets are finished.

• ease of operation
• ease of obstacle avoidance　 (for detectable obstacles)
• ease of obstacle avoidance　 (for undetectable obsta-

cles)
• ease of approaching freight
• ease of approaching goal

The five-grade evaluation questionnaire is conducted on
the above items. The highest rating is 5 and the lowest rating
is 1.

C. Experimental Results

Figures 10 and 11 show the experimental results. Figure
10 shows the average arrival time to the goal. The proposed
method with the gripping force is the fastest. This shows that
smooth change between the manual and automatic control is
possible with the gripping force.



Fig. 9. Example of an image presented to the subjects

Combination control using slide lever (SC) was the sec-
ond. From these results, the combination control with the
variable mixing ratio is effective to control the robot re-
motely.

On the other hand, combination control using force feed-
back (FC) resulted in the longest time. By observing the
experiments, we found that the subjects spending much time
to approach the freight. This is because the repulsive force
generated by the automatic control cannot be reduced in FC.
This is the main reason why the arrival time became longer.

Fig. 10. Comparison of the times to achieve the task

Next, we discuss the number of collisions to the obstacles.
Figure 11 shows the number of total collisions of eight
subjects with detectable and undetectable obstacles. Manual
control (MC) has the least number of collisions of one
and zero with the detectable and undetectable obstacles,
respectively. This result must be obtained because, with
manual control (MC), the behavior of the robot is completely
controlled based on the operator’s intention.

On the other hand, in the case of three other methods,
the subject can normally rely on the automatic controller

to operate the robot. However, the operator should take
over intermittently when the obstacle cannot be detected. It
may cause the collision if the switching from the automatic
control to the manual control is not smooth.

The method with the largest number of collisions is
combination control using slide lever (SC). Only this method
requires both hands to operate and the operation is relatively
complex. Therefore, the operator cannot respond quickly
and the robot collided with the obstacle. This can be an
evidence of ”the complexity of the work causes a human
error” described in Section 2.

Fig. 11. Comparison of the numbers of collisions

D. Results of Questionnaire

Figure 12 shows the results of the questionnaire.
First, in terms of the ease of operation, manual control

(MC) is rated highest. Because this method is the same as
the common joystick operation, the familiarity may affect the
rating. Incidentally the proposed method (GC) is the second.

Second, in terms of the ease of detectable obstacle avoid-
ance, the proposed method (GC) is rated highest. The second
is combination control using slide lever (SC). In these
methods, if the subject chooses the automatic control, the
robot can avoid the detectable objects automatically. That is
the reason for this rating.

Third, in terms of the ease of undetectable obstacle avoid-
ance, the highest rating is manual control (MC). It is simply
become the subjects do not need to distinguish detectable
and undetectable obstacles.

Fourth, in terms of the ease of approaching the freight,
the highest rating is also manual control (MC). In SC and
GC, the freight is recognized as an obstacle by the automatic
control. In order to reduce the repulsion force generated by
the automatic control, it is necessary to change the gripping
force in CC and the position of the slide lever in SC.

Finally, in terms of the ease of approaching the goal, the
highest rating is GC and SC. This rating reflects the fact that
both the visual and tactile information are used in GC and
SC while only the visual information can be used in MC.

From these results, the proposed method has advantages
in terms of the ease of detectable obstacle avoidance and the
ease of approaching the goal, although it has disadvantage



compared with the conventional manual control (MC) in
some terms.

Fig. 12. Result of the questionnaire

VII. CONCLUSION AND FUTURE WORK

In this paper, we proposed a remote control system with
a combination of manual and automatic control using the
gripping force, and verified its effectiveness by a series of ex-
periments. We constructed a system that simulates the remote
operation of a mobile robot. In the preliminary experiment,
we confirmed the relation between the aggressiveness in the
operation and the gripping force and measured the gripping
force at the time of emergency. In the main experiment, we
measured behavior of subjects with four kinds of remote
control methods. As the result, the proposed method has
advantages in terms of the time to reach the goal, the ease
of obstacle avoidance and the ease of approaching goal.
In particular, within the combination control methods, the
proposed method has advantages in almost all aspects. These
results imply the proposed method using gripping force is ef-
fective for the remote control. However, it has disadvantages
compared with the manual control in terms of the ease of
operation and the undetectable obstacle avoidance.

Two important future studies are the evaluation of the
proposed method under more severe task situation and under
longer time span. The former is to test the proposed method
with more realistic work condition and the latter is to check
it against human error caused by the repetition of simple
tasks. Of course, we need to implement our method onto the
real robot and evaluate into performance.
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