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(57) Abrege(suite)/Abstract(continued):
power assist device (1) Includes: an inner force sensor (3) which detects an operation force applied by an operator; an operation

handle (4) having the inner force sensor (3); a robot arm (2) which supports the operation handle (4); an actuator (5) which drives
the robot arm (2); the actuator (5) and a control device (6) which measure or estimate a force applied when the robot arm (2) Is
brought into contact with an environment; and the actuator (5) and the control device (6) which detect or estimate a motion speed
of the operation handle (4). The control device (6) acquires a corrected external force (f_ ) according to the operation force (f,)

detected by the inner force sensor (3) and an external force (f,) detected by the actuator (5) and the control device (6) as external
force derivation means and controls the actuator (5) so that the corrected external force (f_ ) acts on the operation handle (4).
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ABSTRACT

It is possible to provide a power assist device which can maintain a stable contact
state without causing an oscillation phenomenon even if a robot is brought into contact
with an environment. A method for controlling the power assist device is also provided.
The power assist device (1) includes: an inner force sensor (3) which detects an operation
force applied by an operator; an operation handle (4) having the inner force sensor (3); a
robot arm (2) which supports the operation handle (4); an actuator (5) which drives the
robot arm (2); the actuator (5) and a control device (6) which measure or estimate a force
applied when the robot arm (2) is brought into contact with an environment; and the
actuator (5) and the control device (6) which detect or estimate a motion speed of the
operation handle (4). The control device (6) acquires a corrected external force (fe)
according to the operation force (f;,) detected by the inner force sensor (3) and an external
force (f.) detected by the actuator (5) and the control device (6) as external force

derivation means and controls the actuator (5) so that the corrected external force (f.5) acts

on the operation handle (4).
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DESCRIPTION
POWER ASSIST DEVICE AND ITS CONTROL METHOD

Technical Field
[0001]

The present invention relates to a power assist device and its control method.

Background Art
10002]

Conventionally, at the scene of manufacture, a robot referred to as a power assist
device is used so as to reduce labor and improve workability. As a control method of the
power assist device, mechanical impedance control based on a position control (called an

admittance control) is widely adopted.

[0003]

In the admittance control, normally, the position control with high gain is
performed and its target position is determined based on a force sensor. Then, force
applied on the power assist device not through the force sensor is not considered at the
control action, and a manipulator is hardly actuated. Namely, when the power assist
device is brought into contact with an environment (the external) at the position except
the detection part of the force sensor, the power assist device is continued to be actuated

without consideration of the contact.

Hereafter, the situation that persons and robots own a space jointly will increase
more and more so that the admittance control with consideration of connection ot a robot
with a person or an environment.

[0004]

The Non-patent Literature 1 shown below discloses a method of the admittance
control with consideration of connection with an environment by using estimated value of
external force acting on the power assist device not via any force sensor.

In the control method with consideration of the connection with the environment

disclosed in the Non-patent Literature 1, compliant action following unknown external
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force can be realized. However, in this control method, there is known that, when an
operator brings the robot into contact with the environment and then presses the robot to
the environment further, the robot vibrates along the pressing direction and the
anti-pressing direction (so-called oscillation phenomenon occurs). Essentially, the
oscillation phenomenon should not occur in the state that the operation force is perfectly
balanced with the external force. However, even slight difference between the two
causes the oscillation phenomenon. The oscillation phenorrienon becomes a problem in
the case that the connection of the robot with the environment is premised such as
pressing work with a power assist device.

[0005]

For solving the problem, hitherto, such a method that an operator adjusts pressing
condition of the power assist device is only obtained. With regard to parameters
concerning the action of the power assist device, viscosity resistance is set to be increased
so as to suppress the oscillation phenomenon. However, in this case, another problem
occurs that the operation force required for the operation of the power assist device is
increased so as to worsen the operability, whereby it is undesirable in practical use.

Namely, with regard to the conventional art, there is no method effective to
suppress the oscillation phenomenon caused in the pressing work with the power assist
device.

[Non-patent Literature 1]: Masahito Iso, Hirokazu Seki, and Yoichi Hori,
Sensorless power assist method using impedance control considering load characteristics,

Technical Meeting on Industrial Instrumentation and Control, IEE Japan, Vol. IIC-02-40
(2002)

Disclosure of Invention
Problems to Be Solved by the Invention
[0006]
The purpose of the present invention is to provide a power assist device which can

maintain a stable contact state without causing an oscillation phenomenon even if a robot

Is brought into contact with an environment, and to provide a method for controlling the
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power assist device.

Means for Solving the Problems
[0007]

The first aspect of the present invention is a power assist device which includes an
operation part operated by an operator; an operation force detection means for detecting
operation force applied on the operation part; a robot arm for supporting the operation
part; a drive means for driving the robot arm; an external force measurement means for
measuring force applied when the robot arm is brought into contact with an environment,
or an external force estimation means for estimating force applied when the robot arm is
brought into contact with the environment; and a speed detection means for detecting
movement speed of the operation part, or a speed estimation means for estimating the
movement speed of the operation part, wherein a control device is provided that obtains
corrected external force based on the external force obtained by the external force
measurement means or the external force estimation means and a component along the
external force of the operation force detected by the operation force detection means, and
controls the drive means so as to maintain the state that the operation force and the
corrected external force act on the operation part and the component along the external

force of the operation force and the corrected external force acting on the robot arm are

always balanced with each other.
[0008]

In an embodiment of the power assist device according to the present invention,
prefefably, the control device compares the component along the external force of the

operation force detected by the operation force detection means with the external force

obtained by the external force measurement means or the external force estimation means,
regards the speed of the operation part calculated from the external force as speed of the
operation part along the external force calculated from the component along the external
force of the operation force so as to obtain the corrected external force when the
component along the external force of the operation force is opposite to the external force

and the external force is larger than the component along the external force of the
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operation force, and adopts the external force without any operation as the corrected
external force when the component along the external force of the operation force has the
same direction as the external force or the external force is smaller than the component
along the external force of the operation force.
[0009] '

In another embodiment of the power assist device according to the present invention,
preferably, the control device compares the component along the external force of the
operation force detected by the operation force detection means with the external force
obtained by the external force measurement means or the external force estimation means,
regards the external force as a component of the operation force along the external force so
as to obtain the corrected external force when the component along the external force of
the operation force is opposite to the external force and the external force is larger than the .
component along the external force of the operation force, and adopts the external force
without any operation as the corrected external force when the component along the
external force of the operation force has the same direction as the external force or the

external force is smaller than the component along the external force of the operation

force.

10010]

The second aspect of the present invention is a control method of a power assist

device which includes an operation part operated by an operator; an operation force

detection means for detecting operation force applied on the operation part; a robot arm
for supporting the operation part; a drive means for driving the robot arm; an external
force measurement means for measuring force applied when the robot arm is brought into
contact with an environment, or an external force estimation means for estimating force
applied when the robot arm is brought into contact with the environment; and a speed
detection means for detecting movement speed of the operation part, or a speed estimation
means for estimating the movement speed of the operation part, wherein corrected
external force is obtained based on the external force obtained by the external force

measurement means or the external force estimation means and a component along the
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external force of the operation force detected by the operation force detection means, and
the drive means is controlled so as to maintain the state that the operation force and the
corrected external force act on the operation part and the component along the external

force of the operation force and the corrected external force acting on the robot arm are

always balanced with each other.

[0011]

In an embodiment of the control method of the power assist device according to the
present invention, preferably, the speed along the external force of the operation part
calculated from the component along the external force of the operation force detected by
the operation force detection means is compared with the speed of the operation part
~calculated from the external force obtained by the external force measurement means or
the external force estimation means, the speed of the operation part calculated from the
external force is regarded as the speed along the external force of the operation part
calculated from the component along the external force of the operation force so as to
obtained the corrected external force when the speed along the external force of the
operation part calculated from the component along the external force of the operation
force is opposite to the speed of the operation part calculated from the external force and
the speed of the operation part calculated from the external force is larger than the speed
along the external force of the operation part calculated from the component along the

external force of the operation force, and the external force without any operation is

adopted as the corrected external force when the speed along the external force of the
operation part calculated from the component along the external force of the operation
force has the same direction as the speed of the operation part calculated from the external
torce or the speed of the operation part calculated from the external force is smaller than
the speed along the external force of the operation part calculated from the component
along the external force of the operation force.
[0012]

In another embodiment of the control method of the power assist device according

to the present invention, preferably, the component along the external force of the
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operation force detected by the operation force detection means is compared with the
external force obtained by the external force measurement means or the external force
estimation means, the external force is regarded as a component of the operation force
along the external force so as to obtain the corrected external force when the component
along the external force of the operation force is opposite to the external force and the
external force is larger than the component along the external force of the operation force,
and the external force without any operation is adopted as the corrected external force
when the component along the external force of the operation force has the same direction

as the external force or the external force is smaller than the component along the external

force of the operation force.

Effect of the Invention
[0013]

According to the power assist device of the present invention, when the power assist
device is brought into contact with the environment, the oscillation phenomenon is

prevented and the stable connection state is maintained.

[0014]

According to the power assist device of the present invention, instead of correcting
the operation force, the external force is corrected to be limited so as to suppress the
oscillation phenomenon on the power assist device without spoiling the operability.
[0015]

According to the power assist device of the present invention, the oscillation
phenomenon on the power assist device is suppressed more certainly without spoiling the
operability.

[0016]

According to the control method of the power assist device of the present invention,

when the power assist device is brought into contact with the environment, the oscillation

phenomenon is prevented and the stable connection state is maintained.

[0017]
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According to the control method of the power assist device of the present
invention, instead of correcting the operation force, the external force is corrected to be
limited so as to suppress the oscillation phenomenon on the power assist device without
spoiling the operability.

[0018]

According to the control method of the power assist device of the present
invention, the oscillation phenomenon on the power assist device is suppressed more
certainly without spoiling the operability.

Brief Description of Drawings
[0019]

[Fig. 1] It 1s a schematic drawing of state that a power assist device according

to an embodiment of the present invention is brought into contact with an environment.

|[Fig. 2] It is a flow chart of admittance control according to the embodiment of

the present invention.

[Fig. 3] It is a speed vector diagram for explaining application of the present

invention to a multidimensional system. (a) is a first speed vector diagram, (b) is a

second speed vector diagram, (c) is a third speed vector diagram, and (d) is a fourth speed

vector diagram.

[Fig. 4] It is a schematic drawing of an experimental device for confirming
etfect of application of the present invention. (a) is a plan view and (b) is a side view.

[Fig. 5] It 1s a graph of variation with time of tip position, operation force and
estimated external force at the admittance control. (a) shows an experimental result of
the normal admittance control (with only the information of operation force), (b) shows

an experimental result of the conventional admittance control (with the information of

6a
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operation force and estimated external force), and (¢) shows an experimental result of the

admittance control according to the embodiment of the present invention.

The Best Mode for Carrying out the Invention
[0020]

Explanation will be given on the mode for carrying out the invention referring
appended drawings.

Firstly, explanation will be given on a power assist device 1 and control method
thereof according to an embodiment of the present invention referring work shown in Fig.
1 as an example.

As shown 1n Fig. 1, the power assist device 1 includes a robot arm 2, an inner
force sensor 3, an operation handle 4, an actuator 5, a control device 6 and the like.

The robot arm 2 is supported by the actuator 5 which is a drive means, and the
robot device can assume various postures by the actuation of the actuator 5 following

commands from the control device 6.

[0021]

The operation handle 4 which is an operation part is disposed at the tip of the
robot arm 2 through the inner force sensor 3 which is an operation force detection means,
and an operator can moves the robot arm 2 to a desired position by holding the operation
handle 4. The operation force applied on the operation handle 4 by the operator at the

time of the movement is detected by the inner force sensor 3.

[0022]

The actuator 5 can not only support and drive the robot arm 2 but also detect the
posture of the robot arm 2 and detect the operation speed of the operation handle 4 as an

operation speed detection means.

Based on he information of posture of the robot arm 2 and the information of
operation speed of the operation handle 4 detected by the actuator 5, the control device 6
which acts as an external force estimation means and an operation speed estimation
means estimates external force (contact force) applied on the robot arm 2 by an

environment.
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Though estimated value estimated by the control device 6 is adopted as the
external force applied by the environment, it may alternatively be constructed that a force
sensor which is an external force measurement means for connection detection 1s
provided separately and actual measurement value is adopted as the external force applied
by the environment.

[0023]

When the robot arm 2 is brought into contact with the environment (for example,
an obstacle 7), operation force f;, by an operator and external force f. by the obstacle 7 act
on the robot arm 2. In admittance control, the operation force f;, and the external force f.
are detected or estimated, and based on the detected values or estimated values, target tip
position Xg4, at which desired impedance is realized is calculated by the control device 6.
Then, the control device 6 controls the actuator 5 for driving the robot arm 2 so as to
move tip position X4 of the robot arm 2 to the target tip position Xgm.

[0024]

In the state shown in Fig. 1, based on the information obtained by estimating (or
directly measuring) the operation force f;, and the external force f., a formula 1 shown
below 1s materialized.

[0025]
[Formula 1]
of, + f,=Mx, + Dx,

In the above formula, o indicates assist ratio, M indicates inertial force, and D

indicates viscous force. In below explanation, for simplifying the explanation, it is

assumed that o~=1.

[0026]

In the case of calculating the target tip position X4, with the information of a
plurality of force (that is, the operation force f, and the external force f.) as mentioned
above, the resultant of the plurality of force must be “zero” and balanced so as to set the

target tip position x4, to a fixed value.

Delay of force detection by the inner force sensor 3, delay caused by time for
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calculation must be considered so as to obtain the target tip position xg4m, set to a fixed

value, by the control device 6.
[0027]

In an embodiment of the control method of the power assist device 1, a control
method that the external force f. used in the calculation with the formula 1 is corrected
corresponding to the state of the operation force f;, and the external force f. so as to

prevent an oscillation phenomenon from being caused on the power assist device 1.

Explanation will be given on the concrete control method.

[0028]

In an one-dimensional model, in the state that the tip position x4 moves at speed

V4, when the operation force fy, acts, a formula 2 shown below is materialized and speed

V, 1s obtained.
[0029]
[Formula 2]}
V =V, +1f, /M
=%, +1f, /M V,=x,)
In the above formula, T indicates sampling time.
[0030]
When the speed V, and the external force f, have the same direction (that is, V,*f.
> (), the external force f. is adopted as corrected external force f.s without any operation.
When the speed V, and the external force f, have opposite directions (that is, V,*f; < 0),

the corrected external force f. is obtained with a formula 3 shown below.

[0031]
|Formula 3]

< T/M

~V.M /T +DV,if[V,|<|f, - DV,

f.. =

/. olherwise

[0032]

Accordingly, the next target tip position x4y of the operation part is obtained from
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the operation force f; and the corrected external force fe, and the operation force f, and
the corrected external force f, are maintained to be balanced with each other, whereby the
calculation result of the target tip position X4, i not oscillated and the stable connection
state 1s maintained.

[0033]

Next, explanation will be given on a control flow of admittance control according
to the present invention referring Fig. 2.

As shown in Fig. 2, in the control method of the power assist device according to
the embodiment of the present invention, when control action is started, firstly, the
external force f. from the environment is measured or estimated (S01) and the operation
force f;, from an operator 1s measured (S02).

[0034]

Next, based on the external force f. and the operation force f;, obtained at the steps
(SO01) and (S02), the control device 6 judges conditions (S03-1 and S03-2), and the
control flow advances to a step (S04) in the case that both the steps (S03-1) and (S03-2)

are satisfied and the control flow advances to a step (S05) in the other cases.
[0033]

At the step (S04), the external force f. is corrected to the corrected external force
fes SO as to make the next target speed “zero”. Since the speed V4 at the time that the

robot arm 2 is brought into contact with the environment is about “zero”, the above

control can be regarded that the external force f. is limited to the corrected external force

fes SO as to prevent vibration of the robot arm 2.

[0036]

At the step (S05), the external force f. is adopted as the corrected external force fi

without any operation.

[0037]

Based on the corrected external force f.s obtained at the step (S04) or (S05), the
control device 6 calculates target acceleration A4 (S06), and the obtained target

acceleration A4 is temporally integrated so as to calculate the target speed V4 and the

10
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target tip position Xgm (S07), and then the control device 6 controls the drive of the
actuator 5, which supports the robot arm 2, so as to materialize the target speed V4 and the
target tip position xqm. Each of calculating processes shown in Fig. 2 is performed by

the control device 6.

The target acceleration A4 1s obtained with below formula 4.

[0038]

[Formula 4]

A, =(f,+f,-D-V,)IM
[0039]

The power assist device 1 includes: the inner force sensor 3 which detects the
operation force applied by an operator; the operation handle 4 having the inner force
sensor 3; the robot arrh 2 which supports the operation handle 4; the actuator 5 which
drives the robot arm 2; the actuator 5 and the control device 6 which measure or estimate
the force applied when the robot arm 2 is brought into contact with an environment; and
the actuator 5 and the control device 6 which detect or estimate the movement speed of
the operation handle 4. In the control method of the power assist device 1, the corrected
external force fes 1s obtained based on the operation force f;, detected by the inner force
sensor 3 and the external force f. obtained by the actuator 5 and the control device 6, and

the actuator 5 1s controlled so that the corrected external force f.; acts on the operation

handle 4.

According to the above construction, when the robot arm 2 is brought into contact
with the environment (the obstacle 7), the oscillation phenomenon on the power assist

device 1 is prevented and the stable connection state is maintained.

10040]

The operation force f, detected by the inner force sensor 3 is compared with the
external force f; obtained by the actuator 5 and the control device 6. When the external
force f. is larger than the operation force f;, the external force £ is limited to be not larger
than the operation force f}, so as to obtain the corrected external force f.,, and when the

operation force f, is larger than the external force f, the external force f is adopted

11
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without any operation so as to obtain the corrected external force fes.

Accordingly, instead of correcting the operation force fi,, the external force f; 1s -
corrected to be limited so as to suppress the oscillation phenomenon on the power assist
device 1 without spoiling the operability.

[0041]

Furthermore, when the operation force f;, detected by the actuator 5 and the
control device 6 has opposite direction to the external force f, obtained by the actuator 5
and the control device 6 and the external force f. is larger than a predetermined threshold,
the external force f. is limited to make the speed calculated from the operation force fj
and the external force f; “zero” so as to obtain the corrected external force f.s, and when
the external force f. is smaller than the predetermined threshold or has the same direction
as the operation force f;, the external force f. is adopted without any operation as the
corrected external force f...

Accordingly, by setting the threshold so as to provide a dead band in the control
action, the oscillation phenomenon on the power assist device 1 is suppressed more
certainly without spoiling the operability.

[0042]
The control method of the power assist device according to the embodiment of the

present invention is not limited to be adopted to a one-dimensional model and is

adoptable to a multidimensional model.
Explanation will be given on the case that the control method of the power assist
device according to the embodiment of the present invention is adopted to a

multidimensional model referring Fig. 3. Herein, for simplifying the explanation, it is

assumed that viscous force D=0.

[0043)

As shown in Fig. 3(a), in the state that a speed vector V, by the operation force
and a speed vector Tf,/M obtained from the external force exist as an example, the speed
vector V, by the operation force obtained with the formula 2 can be indicated as F ig. 3(b)

by dividing it into components (Vi, V) of the direction of the speed vector Tf.,/M

12
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obtained from the external force and the direction perpendicular thereto.
As shown in Fig. 3(c), when the speed vector Tf,/M has opposite direction to V;

and is larger than Vi, the speed vector Tf./M is corrected and the corrected speed vector

Tt/M 1s referred to as -V,.

Then, as shown in Fig. 3(d), the movement direction finally obtained from the
operation force and the corrected external force is Vx. Namely, any force does not act
along the direction of the external force from the environment so that the oscillation 1s
prevented.

The operation force applied along a tangent of the environment (that is, the
operation of moving the power assist device along the tangent of the outer edge of the
environment) is not prevented.

(0044]

Next, explanation will be given on experimental results for confirming effect of
adoption of the control method of the power assist device according to the embodiment of
the present invention referring Figs. 4 and 5.

[0045]

As shown 1n Figs. 4(a) and (b), in the power assist device 1, the inner force sensor
3 1s disposed at the tip position of the robot arm 2, and the operation handle 4 is disposed
at the tip position of the robot arm 2 through the inner force sensor 3.

An experimental device is constructed that a hook 8a of a spring balance 8 is
hanged on the operation handle 4 and an operator pulls the operation handle 4 via the

spring balance 8 so as to displace the robot arm 2.

[0046]

When the operator pulls the operation handle 4 via the spring balance 8, the robot

arm 2 1s brought into contact with the environment (the obstacle 7), and the inner force
sensor 3 detects the operation force f;, at the time of the contact of the robot arm 2 with
the obstacle 7. The estimated external force f. by the contact and the tip position x4 are
obtained by calculation based on information of position obtained from the actuator 5

driving the robot arm 2 and the like.

13
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[0047]

The experimental results with the above experimental device are shown in Figs.
5(a), (b) and (¢). In each of Figs. 5(a), (b) and (), the axis of abscissas indicates time (s),
and a dotted line shown at the position just after the time 9 (s) in the graph indicates the
timing of the contact of the robot arm 2 with the environment (the obstacle 7).

[0048]

Firstly, explanation will be given on the experimental result of normal admittance
control (namely, the robot arm 2 is assist-controlled with only the information of the
operation force f;).

As shown 1n Fig. 5(a), in this case, after the contact of the robot arm 2 with the
environment (the obstacle 7), the tip position x4 and the operation force f;, have been
changing while the contact scarcely affects them.

On the other hand, the estimated external force f. by the contact which is not used
for the control changes widely so that it is obtained that the robot arm 2 may break the
environment in this control method.

[0049]

Next, explanation will be given on the experimental result of the admittance
control further considering the information of the estimated external force f, by the
contact (namely, the robot arm 2 is assist-controlled with the information of the operation

force f;, and the estimated external force f. by the contact).

As shown in Fig. 5(b), in this case, after the contact of the robot arm 2 with the
environment (the obstacle 7), the tip position x4 does not make an inroad into the
environment further, and it is obtained that the oscillation phenomenon occurs according
to the change of the estimated external force f; by the contact.

In this case, though the oscillation phenomenon can be prevented by weakening
the pressing force of the robot arm 2 to the environment (the obstacle 7) by the skill of the
operator, this operation requires delicate adjustment of the force.

[0050]

Finally, explanation will be given on the experimental result of the admittance
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control to which the control method of the power assist device according to the
embodiment of the present invention is adopted so that the estimated external force f. by
the contact is corrected and the information of the corrected external force fe 1s
considered.

Fig. 5(c) shows the experimental result Qf the admittance control according to the
present invention (namely, the robot arm 2 is assist-controlled with the information of the
external force f; corrected corresponding to the operation force fy, (the corrected external
force f)).

In this case, the tip position x4 does not oscillate and is stable at a fixed position
from the time at which the robot arm 2 is brought into contact with the environment (the

obstacle 7) to the time at which the robot arm 2 reaches the pressing state, whereby it is

confirmed that the stable contact state is maintained.
[0051]

Accordingly, by adopting the control method of the power assist device according
to the embodiment of the present invention, even if the robot is in contact with the
environment, the oscillation phenomenon does not occur on the power assist device,
whereby the power assist device can be provided that the stable contact state is
maintained at the pressing work.

Industrial Applicability
[0052]

The power assist device and the control method thereof according to the present

invention can be used not only for a power assist device provided in an assembly line of a

motorcar or the like but also for various uses widely in which a power assist device is

used.
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What 1s claimed 1s:
1. A power assist device comprising:

an operation part operated by an operator;

an operation force detection means for detecting operation force applied on the
operation part;

a robot arm for supporting the operation part;

a drive means for driving the robot arm;

an external force measurement means for measuring force applied when the robot
arm 1s brought into contact with an environment, or an external force estimation means
for estimating force applied when the robot arm is brought into contact with the
environment; and

a speed detection means for detecting movement speed of the operation part, or a
speed estimation means for estimating the movement speed of the operation part,

wherein a control device is provided that obtains corrected external force based
on the external force obtained by the external force measurement means or the external
force estimation means and a component along the external force of the operation force
detected by the operation force detection means, controls the drive means so as to
maintain the state that the operation force and the corrected external force act on the
operation part and the component along the external force of the operation force and the
corrected external force acting on the robot arm are always balanced with each other,
compares the component along the external force of the operation force detected by the
operation force detection means with the external force obtained by the external force
measurement means or the external force estimation means, regards the speed of the
operation part calculated from the external force as speed of the operation part along the
external force calculated from the component along the external force of the operation
force so as to obtain the corrected external force when the component along the external
torce of the operation force is opposite to the external force and the external force is
larger than the component along the external force of the operation force, and adopts the
external force without any operation as the corrected external force when the component
along the external force of the operation force has the same direction as the external

force or the external force is smaller than the component along the external force of the

operation force.
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2. A power assist device comprising:

an operation part operated by an operator;

an operation force detection means for detecting operation force applied on the
operation part;

a robot arm for supporting the operation part;

a drive means for driving the robot arm;

an external force measurement means for measuring force applied when the robot
arm is brought into contact with an environment, or an external force estimation means
for estimating force applied when the robot arm is brought into contact with the
environment; and

a speed detection means for detecting movement speed of the operation part, or a
speed estimation means for estimating the movement speed of the operation part,

wherein a control device is provided that obtains corrected external force based
on the external force obtained by the external force measurement means or the external
force estimation means and a component along the external force of the operation force
detected by the operation force detection means, controls the drive means so as to
maintain the state that the operation force and the corrected external force act on the
operation part and the component along the external force of the operation force and the
corrected external force acting on the robot arm are always balanced with each other,
compares the component along the external force of the operation force detected by the
operation force detection means with the external force obtained by the external force
measurement means or the external force estimation means, regards the external force as
a component of the operation force along the external force so as to obtain the corrected
external force when the component along the external force of the operation force 1s
opposite to the external force and the external force is larger than the component along
the external force of the operation force, and adopts the external force without any
operation as the corrected external force when the component along the external force of
the operation force has the same direction as the external force or the external force 1s

smaller than the component along the external force of the operation force.
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3. A control method of a power assist device comprising:

an operation part operated by an operator;

an operation force detection means for detecting operation force applied on the
operation part;

a robot arm for supporting the operation part;

a drive means for driving the robot arm;

an external force measurement means for measuring force applied when the robot
arm 18 brought into contact with an environment, or an external force estimation means
for estimating force applied when the robot arm is brought into contact with the
environment: and

a speed detection means for detecting movement speed of the operation part, or a
speed estimation means for estimating the movement speed of the operation part,
wherein corrected external force is obtained based on the external force obtained by the
external force measurement means or the external force estimation means and a
component along the external force of the operation force detected by the operation force
detection means.

the drive means i1s controlled so as to maintain the state that the operation force
and the corrected external force act on the operation part and the component along the
external torce of the operation force and the corrected external force acting on the robot
arm are always balanced with each other,

the speed along the external force of the operation part calculated from the
component along the external force of the operation force detected by the operation force

detection means is compared with the speed of the operation part calculated from the

external force obtained by the external force measurement means or the external force
estimation means,

the speed of the operation part calculated from the external force is regarded as
the speed along the external force of the operation part calculated from the component
along the external force of the operation force so as to obtained the corrected external
force when the speed along the external force of the operation part calculated from the
component along the external force of the operation force is opposite to the speed of the
operation part calculated from the external force and the speed of the operation part

calculated from the external force is larger than the speed along the external force of the
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operation part calculated from the component along the external force of the operation
force, and

the external force without any operation i1s adopted as the corrected external force
when the speed along the external force of the operation part calculated from the
component along the external force of the operation force has the same direction as the
speed of the operation part calculated from the external force or the speed of the
operation part calculated from the external force i1s smaller than the speed along the

external force of the operation part calculated from the component along the external

force of the operation force.

+. A control method of a power assist device comprising:

an operation part operated by an operator;

an operation force detection means for detecting operation force applied on the
operation part;

a robot arm for supporting the operation part;

a drive means for driving the robot arm;

an external force measurement means for measuring force applied when the robot
arm 1s brought into contact with an environment, or an external force estimation means
for estimating force applied when the robot arm is brought into contact with the
environment:; and

a speed detection means for detecting movement speed of the operation part, or a
speed estimation means for estimating the movement speed of the operation part,

wherein corrected external force is obtained based on the external force obtained
by the external force measurement means or the external force estimation means and a
component along the external force of the operation force detected by the operation force
detection means.

the drive means 1s controlled so as to maintain the state that the operation force
and the corrected external force act on the operation part and the component along the
external force of the operation force and the corrected external force acting on the robot
arm are always balanced with each other.

the component along the external force of the operation force detected by the

operation force detection means is compared with the external force obtained by the
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external force measurement means or the external force estimation means,

the external force is regarded as a component of the operation force along the
external force so as to obtain the corrected external force when the component along the
external force of the operation force is opposite to the external force and the external
force 1s larger than the component along the external force of the operation force, and

the external force without any operation is adopted as the corrected external force
when the component along the external force of the operation force has the same

direction as the external force or the external force is smaller than the component along

the external force of the operation force.
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