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END EFFECTOR AND END EFFECTOR
DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to an end effector
and an end effector device comprising the end effector.

BACKGROUND ART

[0002] Non Patent Literature 1 discloses a robot system
provided with a grasping unit. In this robot system, the
grasping unit has two plate-shaped fingers that are arranged
to face each other and movable to approach and separate
from each other. Each of the fingers has a proximity sensor
provided on a surface facing each other.

CITATION LIST

Non Patent Literature

[0003] NPL 1: “6D Proximity Servoing for Preshaping
and Haptic Exploration Using Capacitive Tactile Proxim-
ity Sensors”, Stefan Escaida Navarro, Martin Schonert,
Bj"orn Hein and Heinz W orn, 2014 IEEE/RSJ Interna-
tional Conference on Intelligent Robots and Systems
(IROS 2014), Sep. 14-18, 2014, Chicago, IIl., USA

SUMMARY OF INVENTION

Technical Problem

[0004] In the robot system, since proximity sensors are
provided on the surfaces of the respective fingers facing
each other, it is possible to detect approach and separation of
an object positioned between the fingers. However, since the
robot system has no sensor provided in an extending direc-
tion of each finger, for example, an object approaching a tip
of each finger from the extending direction of each finger
cannot be detected. As a result, when the grasping unit
moves in the extending direction of the finger, each finger
may come into contact with an object approaching from the
extending direction of the finger and get damaged.

[0005] Therefore, the present disclosure provides an end
effector and an end effector device capable of detecting the
approach and separation of an object with respect to a tip
portion of a finger, and also capable of detecting approach
and separation of a tip portion of a finger with respect to an
object.

Solution to Problem

[0006] The end effector of an example of the present
disclosure includes:

[0007] a palm; and

[0008] a plurality of fingers capable of moving in a
direction intersecting an extending direction of each of
fingers as well as approaching each other and grasping an
object being grasped, each of which includes a proximal end
portion in an extending direction thereof connected to the
palm, wherein

[0009] at least one of the plurality of fingers includes a
proximity sensor unit provided at a tip portion in the
extending direction, the proximity sensor unit being placed
capable of detecting approach and separation of the prox-
imity sensor unit with respect to an object in the extending
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direction and capable of detecting approach and separation
of the object with respect to the proximity sensor unit in the
extending direction, and

[0010] the proximity sensor unit includes a frame-shaped
detection region that covers an edge of the tip portion when
viewed from the extending direction.

[0011] The end effector device of an example of the
present disclosure includes

[0012] the end effector,

[0013] a drive device that drives the palm and each of the
plurality of fingers, and

[0014] a control device that controls the drive device
based on a detection result detected by the proximity sensor
unit.

Advantageous Effects of Invention

[0015] According to the end effector, at least one of the
fingers includes the proximity sensor unit at the tip portion
in the extending direction thereof. The proximity sensor unit
includes the frame-shaped detection region that covers the
edge of the tip portion of each finger when viewed from the
extending direction of each finger. With this proximity
sensor unit, it is possible to realize an end effector capable
of detecting approach and separation of an object with
respect to a tip portion of each finger in an extending
direction of each finger, and capable of detecting approach
and separation of a tip portion of each finger with respect to
an object in the extending direction of each finger.

[0016] According to the end effector device, with the end
effector, it is possible to realize an end effector device
capable of detecting approach and separation of an object
with respect to a tip portion of each finger in an extending
direction of each finger, and capable of detecting approach
and separation of a tip portion of each finger with respect to
an object in the extending direction of each finger.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a block diagram showing an end effector
device according to an embodiment of the present disclo-
sure.
[0018] FIG. 2 is a perspective view showing an end
effector according to an embodiment of the present disclo-
sure.

[0019] FIG. 3 is a front view of the end effector of FIG. 2.
[0020] FIG. 4 is a plan view of the end effector of FIG. 2.
[0021] FIG. 5 is an enlarged front view of a tip portion of

a finger in the end effector of FIG. 2.

[0022] FIG. 6 is a perspective view showing a first modi-
fication of the end effector of FIG. 2.

[0023] FIG. 7 is a perspective view showing a second
modification of the end effector of FIG. 2.

[0024] FIG. 8 is a perspective view showing a third
modification of the end effector of FIG. 2.

[0025] FIG. 9 is a perspective view showing a fourth
modification of the end effector of FIG. 2.

[0026] FIG. 10 is a perspective view showing a fifth
modification of the end effector of FIG. 2.

[0027] FIG. 11 is a perspective view showing a sixth
modification of the end effector of FIG. 2.

[0028] FIG. 12 is a perspective view showing a seventh
modification of the end effector of FIG. 2.

[0029] FIG. 13 is a perspective view showing an eighth
modification of the end effector of FIG. 2.
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[0030] FIG. 14 is a perspective view showing a ninth
modification of the end effector of FIG. 2.

[0031] FIG. 15 is a perspective view showing a tenth
modification of the end effector of FIG. 2.

[0032] FIG. 16 is a perspective view showing an eleventh
modification of the end effector of FIG. 2.

[0033] FIG. 17 is a perspective view showing a twelfth
modification of the end effector of FIG. 2.

[0034] FIG. 18 is a perspective view showing a thirteenth
modification of the end effector of FIG. 2.

[0035] FIG. 19 is a perspective view showing a fourteenth
modification of the end effector of FIG. 2.

[0036] FIG. 20 is a first schematic diagram for illustrating
each part constituting a control device of the end effector
device of FIG. 1.

[0037] FIG. 21 is a second schematic diagram for illus-
trating each part constituting the control device of the end
effector device of FIG. 1.

[0038] FIG. 22 is a third schematic diagram for illustrating
each part constituting the control device of the end effector
device of FIG. 1.

[0039] FIG. 23 is a fourth schematic diagram for illustrat-
ing each part constituting the control device of the end
effector device of FIG. 1.

[0040] FIG. 24 is a fifth schematic diagram for illustrating
each part constituting the control device of the end effector
device of FIG. 1.

[0041] FIG. 25 is a flowchart for describing a first
approach process of the end effector device of FIG. 1.
[0042] FIG. 26 is a first flowchart for describing a second
approach process of the end effector device of FIG. 1.
[0043] FIG. 27 is a second flowchart for describing the
second approach process of the end effector device of FIG.
1.

DESCRIPTION OF EMBODIMENTS

[0044] Hereinafter, an example of the present disclosure
will be described with reference to the accompanying draw-
ings. Note that, in the following description, although terms
indicating a specific direction or position (for example,
terms including “up”, “down”, “right”, “left”) will be used
as necessary, they are used for facilitating understanding of
the present disclosure with reference to the drawings, and
the technical scope of the present disclosure is not limited by
the meaning of those terms. It should be noted that the
following description is merely exemplary in nature and is
not intended to limit the present disclosure, its application,
or its use. Furthermore, the drawings are schematic, and the
ratios of the dimensions do not always match actual ones.

[0045] An end effector 10 of an embodiment of the present
disclosure constitutes a part of an end effector device 1 such
as a manipulator, for example, as shown in FIG. 1. As an
example, the end effector device 1 includes an end effector
10, an arm 20 connected to the end effector 10, a drive
device 30 that drives the end effector 10 and the arm 20, a
control device 100 that controls the drive device 30, an
operation unit 40 connected to the control device 100, and
a power source 50 that supplies power to the drive device 30
and the control device 100. The control device 100 controls
drive of the end effector 10 and the arm 20 by outputting a
command to the drive device 30 based on operation received
by the operation unit 40. The arm 20 is connected to a palm
11 described later of the end effector 10, and can move to be
able to arbitrarily change a position and posture of the end
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effector 10 by the drive device 30. The drive device 30
includes a motor (not shown) for driving the palm 11 and
each finger 12, and an encoder (not shown) for detecting a
rotation of the motor. The drive device 30 is configured to
output information detected by the encoder to the control
device 100.

[0046] As shown in FIG. 2, the end effector 10 includes a
palm 11 and a plurality of fingers 12 (in this embodiment,
two fingers 12) connected to the palm 11. Each finger 12
includes a proximal end portion 121 (see FIG. 4) in an
extending direction thereof, the proximal end portion 121
being connected to the palm 11. Each finger 12 is configured
capable of moving in a direction intersecting the extending
direction of each finger 12 as well as approaching each other
and capable of grasping operation of grasping an object
being grasped 60.

[0047] As an example, each finger 12, which has a sub-
stantially rectangular plate shape, is placed so that its plate
surface faces another plate surface. Each finger 12 is con-
figured to be movable in a direction orthogonal to the plate
surface by the drive device 30. That is, surfaces of the fingers
12 facing each other constitute grasping surfaces 123 (see
FIG. 4), each grasping surface 123 intersecting (for example,
orthogonal to) the extending direction of each finger 12 and
facing the object being grasped 60. The motor that drives
each finger 12 may be configured by, for example, a linear
motor.

[0048] As shown in FIG. 3, each finger 12 includes a
proximity sensor unit 13 provided at a tip portion 122 (see
FIG. 4) in the extending direction thereof. As an example,
each proximity sensor unit 13 is configured by a capacitive
proximity sensor. Each proximity sensor unit 13 is config-
ured capable of detecting approach and separation of the
proximity sensor unit 13 with respect to an object in the
extending direction of each finger 12 and capable of detect-
ing approach and separation of an object with respect to the
proximity sensor unit 13 in the extending direction of each
finger 12.

[0049] Specifically, as shown in FIG. 5, each proximity
sensor unit 13 includes a frame-shaped electrode 131 placed
along an edge of a substantially rectangular tip surface 124
of each finger 12 when viewed from the extending direction
of'each finger 12. The electrode 131 is placed symmetrically
with respect to a centerline CL that is orthogonal to the
grasping surface 123 and passes through a center of the
grasping surface 123. That is, the electrode 131 forms a first
detection region 14 that covers the edge of the tip surface
124 of each finger 12 and a second detection region 15 that
is placed inside the first detection region 14. The first
detection region 14 and the second detection region 15 cover
substantially the entire tip surface 124 of each finger 12.
[0050] In the end effector 10, a length of each finger 12 in
the extending direction thereof is substantially the same. The
tip surface 124 of each finger 12 is placed on the same plane
orthogonal to the extending direction of each finger 12. That
is, the proximity sensor unit 13 of each finger 12 is placed
so that a distance of each finger 12 with respect to an object
being grasped 60 in the extending direction of each finger 12
is substantially the same.

[0051] According to the end effector 10, each finger 12
includes the proximity sensor unit 13 at the tip portion in the
extending direction thereof, and this proximity sensor unit
13 includes the frame-shaped first detection region 14 that
covers the edge of the tip portion 122 in the extending
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direction of each finger 12 when viewed from the extending
direction of each finger 12. With this proximity sensor unit
13, it is possible to realize the end effector 10 capable of
detecting approach and separation of an object (for example,
the object being grasped 60 shown in FIG. 20 or an object
70 in a surrounding environment) with respect to the tip
portion 122 of each finger 12 in the extending direction of
each finger 12, and capable of detecting approach and
separation of the tip portion 122 of each finger with respect
to an object in the extending direction of each finger 12.
[0052] Since the proximity sensor unit 13 includes the
frame-shaped first detection region 14 that covers the edge
of the tip portion 122 in the extending direction of each
finger 12, it is possible to detect, at an arbitrary position of
the edge of the tip portion 122 of each finger 12, approach
or separation of the object being grasped 60 or the object 70
in the surrounding environment and a positional relationship
between each finger 12 and an object in the extending
direction of each finger 12 with high accuracy. As a result,
for example, when the end effector 10 approaches toward the
object being grasped 60, it is possible to calculate with high
accuracy whether each finger 12 can approach the object
being grasped 60 without contacting the object being
grasped 60.

[0053] The proximity sensor unit 13 is configured by a
capacitive proximity sensor. Thereby, with a simple con-
figuration, it is possible to detect approach and separation of
an object with respect to the tip portion 122 of each finger
12 in the extending direction of each finger 12, and detect
approach and separation of the tip portion 122 of each finger
12 with respect to the object in the extending direction of
each finger 12.

[0054] The proximity sensor unit 13 includes the frame-
shaped electrode 131 placed at the edge of the tip portion
122 of each finger 12 when viewed from the extending
direction of each finger 12. Thereby, with a simple configu-
ration, it is possible to detect approach and separation of an
object with respect to the tip portion 122 of each finger 12
in the extending direction of each finger 12, and detect
approach and separation of the tip portion 122 of each finger
with respect to an object in the extending direction of each
finger 12.

[0055] According to the end effector device 1, with the end
effector 10, it is possible to realize the end effector device 1
capable of detecting approach and separation of an object
with respect to the tip portion 122 of each finger 12 in the
extending direction of each finger 12, and capable of detect-
ing approach and separation of the tip portion 122 of each
finger 12 with respect to an object in the extending direction
of each finger 12.

[0056] The end effector 10 may include a plurality of
fingers 12, and is not limited to a case where it includes two
fingers 12. For example, as shown in FIG. 6, the end effector
10 may be configured to include three fingers 12.

[0057] The tip portion 122 of each finger 12 is not limited
to a case where the tip portion 122 has a substantially
rectangular shape when viewed from the extending direction
of each finger 12. For example, as shown in FIG. 7, the tip
portion 122 of each finger 12 may be configured to have an
arc shape when viewed from the extending direction of each
finger 12. The end surface 124 of the tip portion 122 is not
limited to a case where the end surface 124 is configured by
a plane orthogonal to the extending direction of the finger.
For example, as shown in FIGS. 8 and 9, the end surface 124
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of'the tip portion 122 may be configured by a curved surface
125 projecting toward the tip portion 122 in the extending
direction of each finger 12, or may be configured by an
inclined surface 126 that intersects the extending direction
of each finger 12.

[0058] The proximity sensor unit 13 may be provided on
at least one of the plurality of fingers 12, and is not limited
to a case where it is provided on each of the plurality of
fingers 12.

[0059] Further, the proximity sensor unit 13 is only
required to have at least a first detection region 14, that is,
a frame-shaped detection region that covers the edge of the
tip portion 122 of each finger 12 when viewed from the
extending direction of each finger, and is not limited to a
case where the proximity sensor unit 13 is configured by a
capacitive proximity sensor having a frame-shaped elec-
trode 131. For example, as shown in FIGS. 10 to 18, the
proximity sensor unit 13 may be configured by one or more
capacitive sensors each including an electrode 131 that has
an arbitrary shape.

[0060] The proximity sensor unit 13 of FIG. 10 is config-
ured by one solid electrode 131 that covers substantially the
entire tip surface 124 of each finger 12. The proximity sensor
unit 13 of FIG. 11 is configured by two frame-shaped
electrodes 131 having different sizes. One electrode 131 is
placed inside the other electrode 131. The proximity sensor
unit 13 of FIGS. 12 and 13 is configured by two linear
electrodes 131 having the same size. The proximity sensor
unit 13 of FIGS. 14 and 15 is configured by two substantially
C-shaped electrodes 131 having the same size. The prox-
imity sensor unit 13 of FIG. 16 is configured by two
frame-shaped electrodes 131 having the same size. The
proximity sensor unit 13 of FIGS. 17 and 18 is configured
by two solid electrodes 131 having the same size. In the
proximity sensor unit 13 of FIGS. 12, 14 and 17, each
electrode 131 is placed along each of a pair of sides
orthogonal to the centerline CL on the tip surface 124 of
each finger 12. In the proximity sensor unit 13 of FIGS. 13,
15 and 18, each electrode 131 is placed along each of a pair
of sides parallel to the centerline CL on the tip surface 124
of each finger 12.

[0061] In the proximity sensor unit 13 of FIGS. 11 to 18,
each electrode 131 is placed symmetrically with respect to
the centerline CL that is orthogonal to the grasping surface
123 and that passes through the center of the grasping
surface 123 when viewed from the extending direction of
each finger 12. In this way, the configuration of the prox-
imity sensor unit 13 can be arbitrarily changed according to
a dimensional configuration of each finger 12, a shape, size,
and the like of the object being grasped 60, or the like, so
that the end effector 10 having a high degree of freedom in
design can be realized.

[0062] The proximity sensor unit 13 is not limited to the
capacitive proximity sensor. The proximity sensor unit 13
may be configured by any type of proximity sensor such as
an optical type, an inductive type, a magnetic type, or an
ultrasonic type.

[0063] Since the proximity sensor unit 13 of FIGS. 5, 7
and 11 to 15 is configured by a loop electrode, a parasitic
capacitance of the proximity sensor unit 13 can be reduced
to increase the detection sensitivity. Since the proximity
sensor unit 13 of FIGS. 10 and 16 to 18 is configured by a
solid electrode, an electrode area can be increased to
increase the detection sensitivity. Since the proximity sensor
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unit 13 of FIGS. 5, 7 and 10 is configured by a self-
capacitive proximity sensor having a single electrode, the
electrode area can be increased to increase the detection
sensitivity. The proximity sensor unit 13 of FIGS. 11 to 18,
which includes a plurality of electrodes, may be configured
by a plurality of self-capacitive proximity sensors or one or
more mutual-capacitive proximity sensors. For example,
when the proximity sensor unit 13 shown in FIG. 12 is
configured by a plurality of self-capacitive proximity sen-
sors, the number of surface pixels in the detection region 14
can be increased. Therefore, when an edge portion of the
object being grasped 60 or the object 70 in the surrounding
environment is positioned in the detection region 14, it is
possible to determine in which direction each finger 12
should move to avoid contact with the object being grasped
60 or the object 70 in the surrounding environment.

[0064] As shown in FIG. 19, at least one of respective
fingers 12 may be configured to include one or both of a first
auxiliary proximity sensor unit 16 and a second auxiliary
proximity sensor unit 17. The first auxiliary proximity
sensor unit 16, which is provided on the grasping surface
123, is placed capable of detecting approach and separation
of the object being grasped 60 with respect to the grasping
surface 123. The first auxiliary proximity sensor unit 16
makes it possible more accurately to calculate the positional
relationship between the grasping surface 123 of each finger
12 and the object being grasped 60 when the object being
grasped 60 is grasped. The second auxiliary proximity
sensor unit 17, which is provided on a surface 127 opposite
to the grasping surface 123 in the direction intersecting the
extending direction of each finger 12, is placed capable of
detecting approach and separation of an object (for example,
an obstacle in the surrounding environment) with respect to
the surface 127 opposite to the grasping surface 123. This
second auxiliary proximity sensor unit 17, for example,
make it possible more accurately to calculate the positional
relationship between each finger 12 and an obstacle in the
surrounding environment.

[0065] The first and second auxiliary proximity sensor
units 16 and 17 may be configured by any type of proximity
sensor such as a capacitive type, an optical type, an inductive
type, a magnetic type, and an ultrasonic type, similarly to the
proximity sensor unit 13. In a case where the first and second
auxiliary proximity sensor units 16 and 17 are constituted as
a capacitive type, they can be configured by one or more
capacitive sensors including electrodes having an arbitrary
shape. A detection results detected by the first and second
auxiliary proximity sensor units 16 and 17 are output to, for
example, the control device 100.

[0066] Next, the control device 100 of the end effector
device 1 will be described.

[0067] The control device 100 includes a CPU that per-
forms calculations and the like, a storage medium such as a
ROM or RAM that stores a program or data necessary for
controlling the end effector 10, and an interface unit that
performs signal input and output with the outside of the end
effector device 1. As shown in FIG. 1, the control device 100
includes an approach position decision unit 110, a finger
arrangement determination unit 120, a finger movement
determination unit 130, and a movement control unit 140.
Each of the approach position decision unit 110, the finger
arrangement determination unit 120, the finger movement

Jul. 8, 2021

determination unit 130, and the movement control unit 140
is a function realized by the CPU executing a predetermined
program.

[0068] Hereinafter, each part constituting the control
device 100 will be described with reference to FIGS. 20 to
24, but, in FIGS. 20 to 24, among the components of the end
effector device 1, only the end effector 10 is shown, and
other components are omitted.

[0069] The approach position decision unit 110 decides an
approach position P1 (see FIG. 22) that is further away from
the object being grasped 60 than a grasping position P2 (see
FIG. 24) described later in a palm approaching direction
(that is, an arrow A direction in FIG. 21) in which the palm
11 of the end effector 10 approaches the object being grasped
60, the approach position P1 being a position of the prox-
imity sensor unit 13 with respect to the object being grasped
60 in the palm approaching direction A. The approach
position P1 is a position where the end effector 10 does not
come into contact with the object 60 and the object 70 in the
surrounding environment. The approach position P1 is
decided according to a required movement time from the
approach position P1 to the grasping position P2 of the end
effector 10, a performance of each proximity sensor unit 13,
a dimensional configuration of each finger 12, a shape and
size of the object being grasped 60, or the like. As an
example, the palm approaching direction substantially coin-
cides with the extending direction of each finger 12 of the
end effector 10.

[0070] The approach position decision unit 110 decides a
speed change position P3 further away from the object being
grasped 60 than the approach position P1 in the palm
approaching direction A. The speed change position P3 is a
position where a first movement speed is changed by the
movement control unit 140 to a second movement speed,
which is smaller than the first movement speed, when the
palm 11 is made to approach the object being grasped 60 and
moved to the approach position P1, the first movement speed
being a movement speed of the palm 11 between the speed
change position P3 and a position PO further away from the
object being grasped 60 than the speed change position P3.
This speed change position P3 is decided according to a
required movement time from the approach position P1 of
the end effector 10 to the grasping position P2, a perfor-
mance of the drive device 30, a dimensional configuration of
each finger 12, a shape and size of the object being grasped
60, or the like.

[0071] Each of the approach position P1, the speed change
position P3, the first movement speed, and the second
movement speed may be decided by an input of the user,
may be decided by the approach position decision unit 110
selecting a value from among a plurality of values stored in
advance, or may be decided by the approach position
decision unit 110 correcting a value decided by the input of
the user or selected by the approach position decision unit
110 based on a detection result detected by the proximity
sensor unit 13. The second movement speed is decided
according to a required movement time from the approach
position P1 to the grasping position P2 of the end effector 10
within a range in which the end effector 10 can be stopped
at the approach position P1.

[0072] The finger arrangement determination unit 120
performs arrangement determination on whether the end
effector 10 can be placed without contacting the object 70 at
the grasping position P2 (see FIG. 24), which is around a
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direction in which the palm 11 approaches the object being
grasped 60 in the object being grasped 60 and at which all
the plurality of fingers 12 are positioned in a space 80
between the object being grasped 60 and the object 70 in the
surrounding environment based on a detection result
detected by the proximity sensor unit 13, when the object
being grasped 60 is grasped with the end effector 10. The
arrangement determination is performed for each finger 12
at the approach position P1 as an example. The grasping
position P2 is a position where the object being grasped 60
can be grasped by making each finger 12 perform a grasping
operation. The grasping position P2 is decided in advance
based on, for example, a dimensional configuration of each
finger 12 of the end effector 10, a size of the object being
grasped 60, or the like.

[0073] For example, the finger arrangement determination
unit 120 calculates a distance from the decided approach
position P1 in the palm approaching direction A to the object
being grasped 60 based on information such as a shape and
size of the object being grasped 60 input in advance. Then,
the finger arrangement determination unit 120 calculates a
positional relationship between each finger 12 and the object
being grasped 60 in a direction orthogonal to the palm
approaching direction A and a positional relationship
between each finger 12 and the object 70 in the surrounding
environment in a direction orthogonal to the palm approach-
ing direction A based on the information on the dimensional
configuration of each finger 12, the calculated distance, and
the detection result detected by the proximity sensor unit 13
of each finger 12. As a result, the finger arrangement
determination unit 120 determines whether each finger 12
can be inserted into the space 80 between the object being
grasped 60 and the object 70 in the surrounding environment
without contacting the object being grasped 60 and the
object 70 in the surrounding environment. This determina-
tion is made, for example, before the end effector 10 is
moved to the approach position P1, and after the end effector
10 is moved to the approach position P1 and before the end
effector 10 is moved to the grasping position P2.

[0074] When an unarrangeable determination, which indi-
cates that each of the plurality of fingers 12 cannot be placed
at the grasping position P2 without contacting the object
being grasped 60 and the object 70 in the surrounding
environment, is made for some of the plurality of fingers 12
in the arrangement determination, the finger arrangement
determination unit 120 performs, after a first movement
described later is performed by the movement control unit
140, first rearrangement determination on whether the finger
12, for which the arrangeable determination has been made
before the first movement, can be placed at the grasping
position P2 without contacting the object being grasped 60
or the object 70 in the surrounding environment after the first
movement. The first rearrangement determination is made in
the same manner as the arrangement determination.

[0075] When rearrangeable determination indicating that
the finger 12, for which the arrangeable determination has
been made before the first movement, can be placed at the
grasping position P2 after the first movement is made in the
first rearrangement determination, the finger arrangement
determination unit 120 performs second rearrangement
determination on whether the finger 12, for which the
unarrangeable determination has been made before the first
movement, can be placed at the grasping position P2 without
contacting the object being grasped 60 or the object 70 in the
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surrounding environment after the first movement. The
second rearrangement determination is performed in the
same manner as the arrangement determination.

[0076] The finger arrangement determination unit 120
performs the arrangement determination each time the
movement control unit 140 moves each finger 12 at the
approach position P1, for example.

[0077] The finger movement determination unit 130 per-
forms movement determination on whether each of the
plurality of fingers 12 can be moved in a direction inter-
secting the extending direction of each finger 12 so that the
object being grasped 60 can be placed between the grasping
surfaces 123 of the plurality of fingers 12, when the unar-
rangeable determination is made in the arrangement deter-
mination or the second rearrangement determination per-
formed by the finger arrangement determination unit 120.
The finger movement determination unit 130 determines that
the object being grasped 60 cannot be grasped when unmov-
able determination is made in this movement determination,
the unmovable determination indicating that each of the
plurality of fingers 12 cannot be moved in the direction
intersecting the extending direction of each finger 12 so that
the object being grasped 60 can be placed between the
grasping surfaces 123 of the plurality of fingers 12.

[0078] In this embodiment, as shown in FIG. 21, the end
effector 10 is moved to the approach position P1 in a state
where each of the plurality of fingers 12 is made to approach
each other and closed in a grasping direction B1 (that is, in
a direction intersecting the extending direction of each finger
12 as well as approaching each other). Therefore, when the
unarrangeable determination is made in the arrangement
determination, the movement control unit 140 decides a
direction in which each of the plurality of fingers 12 is
separated from each other as a movement direction of the
plurality of fingers 12, and moves each of the plurality of
fingers 12 in a stepwise manner along the decided direction.
That is, when the plurality of fingers 12 cannot move in a
direction decided by the movement control unit 140 with the
arrangeable determination not made, the unmovable deter-
mination is made.

[0079] The movement control unit 140 controls the drive
device 30 based on results of determinations performed by
the approach position decision unit 110, the finger arrange-
ment determination unit 120, and the finger movement
determination unit 130, to drive the palm 11 and each finger
12.

[0080] For example, in a movement process of the end
effector 10 to the approach position P1 (hereinafter referred
to as the first approach process), the movement control unit
140 drives the palm 11 and each finger as follows.

[0081] The movement control unit 140, when moving the
end effector 10 from a position further away from the object
being grasped 60 than the approach position P1 (for
example, the position PO shown in FIGS. 20 and 21) to the
object being grasped 60 in the palm approaching direction A,
determines whether the end effector 10 has moved to the
approach position P1 based on a detection result detected by
the proximity sensor unit 13. If it is determined that the end
effector 10 has moved to the approach position P1, the
movement control unit 140 stops the movement of the end
effector 10. At this time, as shown in FIG. 21, the movement
control unit 140 moves the end effector 10 to the approach
position P1 in a state where each of the plurality of fingers
12 is made to approach each other and closed in the grasping
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direction B1. Whether the end effector 10 has moved to the
approach position P1 is decided based on a distance to the
object being grasped 60 in the palm approaching direction A
detected by the proximity sensor unit 13.

[0082] When the finger arrangement determination unit
120 determines that the position of the object being grasped
60 with respect to the end effector 10 in the palm approach-
ing direction A cannot be calculated before the end effector
10 is moved to the approach position P1, the movement
control unit 140 moves the palm 11 in a direction intersect-
ing (for example, orthogonal to) the palm approaching
direction A until it is determined that the position of the
object being grasped 60 with respect to the end effector 10
in the palm approaching direction A can be calculated.

[0083] The movement control unit 140, when moving the
palm 11 closer to the object being grasped 60 in the palm
approaching direction A to move the end effector 10 to the
approach position P1, determines whether the object being
grasped 60 and the object 70 in the surrounding environment
can come into contact with the palm 11 and each finger 12
based on a detection result detected by the proximity sensor
unit 13. When it is determined that the object being grasped
60 and the object 70 in the surrounding environment can
come into contact with the palm 11 and each finger 12, the
movement control unit 140 stops the palm 11 from moving
closer to the object being grasped 60 in the palm approach-
ing direction A. The movement control unit 140 determines
whether the end effector 10 has moved to the speed change
position P3 (see FIG. 21) further away from the object being
grasped 60 than the approach position P1 based on a
detection result detected by the proximity sensor unit 13.
When it is determined that the end effector 10 has moved to
the speed change position P3, the movement control unit 140
changes the first movement speed, which is the movement
speed of the end effector 10 between the speed change
position P3 and the position PO (shown in FIG. 21) further
away from the object being grasped 60 than the speed
change position P3, to the second movement speed which is
smaller than the first movement speed.

[0084] For example, in a movement process of the end
effector 10 to the grasping position P2 (hereinafter referred
to as the second approach process), the movement control
unit 140 drives the palm 11 and each finger as follows. The
second approach process is performed after the completion
of the first approach process.

[0085] When the arrangeable determination is made in the
arrangement determination or the second rearrangement
determination, the movement control unit 140 controls the
drive device 30 to insert each finger 12 into a space 80
between the object being grasped 60 and the object 70 in the
surrounding environment without contacting the object
being grasped 60 and the object 70 in the surrounding
environment and to move the end effector 10 to the grasping
position P2, while moving the palm 11 closer to the object
being grasped 60 in the palm approaching direction A.

[0086] When the unarrangeable determination is made for
all or some of the fingers 12 in the arrangement determina-
tion, the movement control unit 140 controls the drive
device 30 to perform a first movement that moves all of the
plurality of fingers 12 in a direction intersecting (for
example, orthogonal to) the extending direction of each
finger 12. In the first movement of this embodiment, the
movement control unit 140 moves each finger 12 away from
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each other in a direction B2 and opens each finger 12 in a
direction intersecting the extending direction of each finger
12.

[0087] When the unarrangeable determination is made in
the first rearrangement determination, the movement control
unit 140 performs a second movement that moves the palm
11 in a direction intersecting the palm approaching direction
A so that the finger 12 for which the unarrangeable deter-
mination has been made before the first rearrangement
determination is performed is away from the object being
grasped 60 in the direction intersecting the extending direc-
tion of the finger 12 (that is, in the same direction as the
direction B2 in which the finger 12 for which the unarrange-
able determination has been made before the first rearrange-
ment determination is performed moved in the first move-
ment).

[0088] Whether the end effector 10 has reached the
approach position P1, the grasping position P2, and the
speed change position P3 is determined based on, for
example, a detection result (that is, a distance from each
proximity sensor unit 13 to the object being grasped 60)
detected by the proximity sensor unit 13 closest to the object
being grasped 60 in the palm approaching direction A among
the plurality of proximity sensor units 13. In this embodi-
ment, since the proximity sensor unit 13 of each finger 12 is
placed so that the distance to the object being grasped 60 in
the extending direction of each finger 12 is substantially the
same, any proxXimity sensor unit 13 may be used to deter-
mine whether the end effector 10 has reached the respective
positions P1, P2, and P3.

[0089] The first auxiliary proximity sensor unit 16 may be
used to determine whether the end effector 10 has reached
the grasping position P2. For example, when the first aux-
iliary proximity sensor unit 16 recognizes the object being
grasped 60, the movement control unit 140 determines that
the end effector 10 has reached the grasping position P2.

[0090] Subsequently, the first approach process and the
second approach process will be described with reference to
FIGS. 25 to 27. It should be noted that these processes
described below are performed by the control device 100
executing a predetermined program. In the first approach
process and the second approach process, the amount of
movement of each finger 12 in the directions B1 and B2 of
approaching or separating from each other is assumed to be
a minute amount (for example, 1 mm).

[0091] (First Approach Process)

[0092] As shown in FIG. 25, when the first approach
process is started, the approach position decision unit 110
decides the approach position P1 and the speed change
position P3, and decides the first movement speed and the
second movement speed (step S1).

[0093] When the approach position P1 and the speed
change position P3 are decided, the movement control unit
140 makes each of the plurality of fingers 12 of the end
effector 10 approach each other and closes each finger 12 in
the grasping direction B1 (step S2), and starts detection by
the proximity sensor unit 13. When the detection by the
proximity sensor unit 13 is started, the finger arrangement
determination unit 120 determines whether a position of the
object being grasped 60 with respect to the palm 11 in the
palm approaching direction A can be calculated based on a
detection result detected by the proximity sensor unit 13
(step S3).
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[0094] When it is determined that the position of the
object being grasped 60 with respect to the end effector 10
in the palm approaching direction A cannot be calculated,
the movement control unit 140 moves the palm 11 in a
direction intersecting the palm approaching direction A (step
S4) and repeats steps S3 and S4 until it is determined that the
position of the object being grasped 60 with respect to the
end effector 10 in the palm approaching direction A can be
calculated.

[0095] When it is determined that the position of the
object being grasped 60 with respect to the palm 11 in the
palm approaching direction A can be calculated, the move-
ment control unit 140 makes the palm 11 approach the object
being grasped 60 in the palm approaching direction A to start
movement of the end effector 10 to the approach position P1
(step S5).

[0096] When the movement of the end effector 10 to the
approach position P1 is started, the movement control unit
140 first determines whether the end effector 10 has reached
the speed change position P3, while determining whether the
object being grasped 60 and the object 70 in the surrounding
environment can come into contact with the palm 11 and
each finger 12 based on a detection result detected by the
proximity sensor unit 13 (step S6). This step S6 is repeated
until the end effector 10 reaches the speed change position
P3. When it is determined that the object being grasped 60
and the object 70 in the surrounding environment can come
into contact with the palm 11 and each finger 12, the
movement control unit 140 stops the palm 11 from moving
closer to the object being grasped 60 in the palm approach-
ing direction A.

[0097] When it is determined that the end effector 10 has
reached the speed change position P3, the movement control
unit 140 changes the movement speed of the end effector 10
from the first movement speed to the second movement
speed smaller than the first movement speed (step S7).
[0098] When the movement speed of the end effector 10 is
changed from the first movement speed to the second
movement speed, the movement control unit 140 determines
whether the end effector 10 has reached the approach
position P1 based on a detection result detected by the
proximity sensor unit 13 (step S8). This step S8 is repeated
until the end effector 10 reaches the approach position P1.
[0099] When it is determined that the end effector 10 has
reached the approach position P1, the movement control unit
140 stops the movement of the end effector 10 (step S9), and
the first approach process terminates.

[0100] As described above, the end effector device 1
includes the end effector 10 including the plurality of fingers
12, each finger 12 being provided with the proximity sensor
unit 13, the drive device 30 that drives the palm 11 and each
finger 12 of the end effector 10, the movement control unit
140 that makes the palm 11 approach the object being
grasped 60, and the approach position decision unit 110 that
decides the approach position P1 further away from the
object being grasped 60 in the palm approaching direction A
than the grasping position P2 which is around the palm
approaching direction A in the object being grasped 60 and
at which all of the plurality of fingers 12 are positioned
between the object being grasped 60 and the object 70 in the
surrounding environment and the object being grasped 60
can be grasped by the grasping operation. In the end effector
device 1, the movement control unit 140 stops the palm 11
from moving closer to the object being grasped 60 based on

Jul. 8, 2021

a detection result detected by the proximity sensor unit 13,
when the object being grasped 60 and the object 70 in the
surrounding environment can come into contact with the
palm 11 and each finger 12. With such a configuration, it is
possible to realize the end effector device 1 capable of
moving the end effector 10 to an approach position without
contacting the object being grasped 60 and the object 70 in
the surrounding environment.

[0101] The movement control unit 140 moves the end
effector 10 to the approach position P1 in a state where each
finger 12 approaches each other and closes in the direction
intersecting the extending direction thereof. With such a
configuration, since the proximity sensor unit 13 of each
finger 12 can be used as an array, it is possible more
accurately to detect approach or separation of the object
being grasped 60 and the object 70 in the surrounding
environment with respect to the end effector 10 in the palm
approaching direction A.

[0102] Before the end effector 10 approaches the object
being grasped 60, the movement control unit 140 determines
whether a position of the object being grasped 60 with
respect to the end effector 10 in the palm approaching
direction A can be calculated based on a detection result
detected by the proximity sensor unit 13. When it is deter-
mined that the position of the object being grasped 60 with
respect to the end effector 10 in the palm approaching
direction A cannot be calculated, the movement control unit
140 moves the end effector 10 in the direction B intersecting
the palm approaching direction A until it is determined that
the position of the object being grasped 60 with respect to
the end effector 10 in the palm approaching direction A can
be calculated. With such a configuration, the end effector 10
can be moved more accurately toward the object being
grasped 60.

[0103] While making the end effector 10 approach the
object being grasped 60 to move the end effector 10 to the
approach position P1, the movement control unit 140
changes the first movement speed, which is the movement
speed of the end effector 10 between the speed change
position P3 and the position P0 further away from the object
being grasped 60 than the speed change position P3, to the
second movement speed smaller than the first movement
speed, when the end effector 10 moves to the speed change
position P3 further away from the object being grasped 60
than the approach position P1 in the palm approaching
direction A. With such a configuration, it is possible more
reliably to avoid unintended contact of the end effector 10
with respect to the object being grasped 60 when the end
effector 10 is moved to the approach position P1.

[0104] In the first approach process, steps S2 to S7 may be
omitted if necessary. That is, when the end effector 10 is
moved to the approach position P1, it may not close each
finger 12, or it may not determine whether the position of the
object being grasped 60 with respect to the palm 11 in the
palm approaching direction A can be calculated, or it may
not change a movement speed of the end effector 10. Any
one or more of steps S2 to S7 may be omitted, or all of steps
S2 to S7 may be omitted.

[0105] For example, in a case where step S3 of the first
approach process is omitted, the end effector device 1 may
be configured to calculate a position of the object being
grasped 60 with respect to the palm 11 by using an image
sensor.
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[0106] The proximity sensor unit 13 may be provided at at
least one of the plurality of fingers 12, and is not limited to
the case where the proximity sensor unit 13 is provided at
each of the plurality of fingers 12.

[0107] The number of speed change positions P3 is not
limited to one, and may be two or more. That is, when the
end effector 10 is moved to the approach position P1, the
speed of the end effector 10 may be changed at two or more
points. The speed change position P3 may be the same
position as the approach position P1 (that is, P1=P3). In this
case, step S6 and step S7 are omitted in the first approach
process, and the movement control unit 140 moves the end
effector 10 in the second approach process at a speed equal
to or slower than a movement speed of the end effector 10
in the first approach process.

[0108] In step S3, when it is determined that the position
of the object being grasped 60 with respect to the end
effector 10 in the palm approaching direction A cannot be
calculated, the first approach process may be terminated at
that point, without repeating step 6 until it is determined that
the position of the object being grasped 60 with respect to
the end effector 10 in the palm approaching direction A can
be calculated.

[0109] (Second Approach Process)

[0110] As shown in FIGS. 26 and 27, in the second
approach process, the movement control unit 140 moves
each of the plurality of fingers 12 of the end effector 10 in
a direction B2 separating from each other and opens each
finger 12 based on input information of the object being
grasped 60 (step S11), and then the finger arrangement
determination unit 120 performs arrangement determination
on whether all the fingers 12 can be arranged at the grasping
position P2 (step S12). In this arrangement determination,
FIG. 26 shows processing when unarrangeable determina-
tion is made for all the fingers 12, and FIG. 27 shows
processing when the unarrangeable determination is made
for some of the plurality of fingers 12.

[0111] For example, in a case where the first approach
process is performed with each finger 12 opened without
being closed, the movement control unit 140 is configured,
in step S11, to move each finger 12 in the grasping direction
B1 in which the fingers 12 approach each other in a stepwise
manner and to close each finger 12.

[0112] As shown in FIG. 26, when the arrangeable deter-
mination is made for all the fingers 12 in the arrangement
determination in step S12, the movement control unit 140
moves the end effector 10 to the grasping position P2 (step
S13), and the second approach process terminates.

[0113] When the unarrangeable determination is made for
all the fingers 12 in the arrangement determination in step
S12, the finger movement determination unit 130 performs
movement determination on whether each finger 12 can be
moved in a direction away from each other and opened (step
S14). When movable determination indicating that each
finger 12 can be moved in the direction B2 away from each
other and opened is made in this movement determination,
the movement control unit 140 moves each finger 12 in the
direction B2 away from each other and opens each finger 12
(step S15) and returns to step S12, and the finger arrange-
ment determination unit 120 performs the arrangement
determination again.

[0114] When the unmovable determination indicating that
each finger 12 cannot be moved in the direction B2 away
from each other and opened is made by the movement
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determination, the finger movement determination unit 130
determines that the object being grasped 60 cannot be
grasped (step S16), and the second approach process termi-
nates.

[0115] As shown in FIG. 27, when the unarrangeable
determination is made for some of the fingers 12 in the
arrangement determination in step S12, the finger movement
determination unit 130 performs movement determination
on whether each finger 12 can be moved in a direction away
from each other and opened (step S21). When the movable
determination is made in this movement determination, the
movement control unit 140 performs the first movement that
moves each finger 12 in the direction B2 away from each
other and opens each finger 12 (step S22).

[0116] When the first movement is performed, the finger
arrangement determination unit 120 performs first rear-
rangement determination on whether each finger 12, for
which the arrangeable determination has been made before
the first movement, can be placed at the grasping position P2
without contacting the object being grasped 60 or the object
70 in the surrounding environment after the first movement
(step S23). When the arrangeable determination is made in
the first rearrangement determination, the finger arrange-
ment determination unit 120 performs second rearrangement
determination on whether or not each finger 12, for which
the unarrangeable determination has been made before the
first movement, can be placed at the grasping position P2
without contacting the object being grasped 60 or the object
70 in the surrounding environment after the first movement
(step S24).

[0117] When the arrangeable determination is made in the
second rearrangement determination, or when the arrange-
able determination is made for all the fingers 12 in step S12
and step S24, the movement control unit 140 moves the end
effector 10 to the grasping position P2 (step S13), and the
second approach process terminates.

[0118] When the unmovable determination is made in the
movement determination in step S21, the finger movement
determination unit 130 determines that the object being
grasped 60 cannot be grasped (step S16), and the second
approach process terminates.

[0119] When the unarrangeable determination is made in
the first rearrangement determination in step S23, the move-
ment control unit 140 performs the second movement that
moves the palm 11 in the direction intersecting the palm
approaching direction A so that the finger 12, for which the
unarrangeable determination has been made before the first
rearrangement determination is performed, is away from the
object being grasped 60 in the direction intersecting the
extending direction of the finger 12 (step S25). This is
because it is highly possible that the finger 12, for which the
arrangeable determination has been made in the arrangement
determination and the unarrangeable determination has been
made in the first rearrangement determination, has moved
from a position above the space 80 between the object being
grasped 60 and the object 70 in the surrounding environment
to a position above the object 70 in the surrounding envi-
ronment. When the second movement is performed, the
process returns to step S12, and the finger arrangement
determination unit 120 performs the arrangement determi-
nation again.

[0120] When the unarrangeable determination is made in
the second rearrangement determination in step S24, the
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process returns to step S21, and the finger movement deter-
mination unit 130 performs the movement determination
again.

[0121] In step S11, when each finger 12 is moved in the
grasping direction B1 in which the fingers 12 approach each
other in a stepwise manner and closed, in step S25, the
second movement is performed so that the finger 12, for
which the unarrangeable determination has been made
before the first rearrangement determination is performed,
approaches the object being grasped 60 in the direction
intersecting the extending direction of the finger 12. This is
because it is highly possible that the finger 12, for which the
arrangeable determination has been made in the arrangement
determination and the unarrangeable determination has been
made in the first rearrangement determination, has moved
from a position above the space 80 between the object being
grasped 60 and the object 70 in the surrounding environment
to a position above the object being grasped 60.

[0122] As described above, the end effector device 1
includes the end effector 10 including the plurality of fingers
12, each finger 12 being provided with the proximity sensor
unit 13, the drive device 30 that drives the palm 11 and each
finger 12 of the end effector 10, the finger arrangement
determination unit 120 that performs the arrangement deter-
mination on whether each of the plurality of fingers 12 can
be placed at the grasping position P2 without contacting the
object being grasped 60 and the object 70 in the surrounding
environment, and the movement control unit 140 that moves
the end effector 10 to the grasping position P2 when the
arrangeable determination is made in the arrangement deter-
mination, and moves each finger 12 in the direction inter-
secting the extending direction thereof when the unarrange-
able determination is made in the arrangement
determination. With such a configuration, it is possible to
realize the end effector device 1 capable of arranging the
object being grasped 60 at a position where the object being
grasped 60 can be grasped (that is, the grasping position P2)
without contacting the object being grasped 60 and an object
in the surrounding environment.

[0123] When the first movement that moves all of the
plurality of fingers 12 in the direction intersecting the
extending direction thereof when the unarrangeable deter-
mination is made for some of the plurality of fingers 12 in
the arrangement determination is performed by the move-
ment control unit 140, the finger arrangement determination
unit 120 performs rearrangement determination on whether
the finger 12, for which the arrangeable determination has
been made before the first movement, can be placed at the
grasping position P2 without contacting the object being
grasped 60 or the object 70 in the surrounding environment
after the first movement. When the unarrangeable determi-
nation is made in the rearrangement determination, the
movement control unit 140 performs the second movement
that moves the palm 11 in the direction intersecting the palm
approaching direction A so that the finger 12, for which the
unarrangeable determination has been made before the rear-
rangement determination is performed, approaches or sepa-
rates with respect to the object being grasped 60 in the
direction intersecting the extending direction thereof. With
such a configuration, it is possible to reduce a driving
amount of the arm 20 when the end effector 10 moves to the
grasping position P2.

[0124] The finger movement determination unit 130 is
further provided that performs, when the unarrangeable
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determination is made in the arrangement determination,
movement determination on whether each of the plurality of
fingers 12 can be moved in a direction intersecting the
extending direction thereof so that the object being grasped
60 can be placed between the plurality of fingers 12. The
finger movement determination unit 130 determines that the
object being grasped 60 cannot be grasped when the unmov-
able determination is made by the movement determination.
With such a configuration, it is possible accurately and
quickly to determine whether the object being grasped 60
can be grasped.

[0125] In the second approach process, steps S16 and S25
can be omitted. That is, the finger movement determination
unit 130 may be omitted, or the second movement may not
be performed when the unarrangeable determination is made
in the first rearrangement determination.

[0126] When the arrangement determination is performed
in step S12, and the unarrangeable determination is made for
some of the fingers 12, the palm 11 may be moved in a
direction intersecting the palm approaching direction A so
that the finger 12 for which the arrangeable determination is
made approaches the object being grasped 60 without per-
forming the first movement in step S22. With such a
configuration, the second approach process can be simplified
and the load on the control device 100 can be reduced.

[0127] As described above, various embodiments of the
present disclosure have been described in detail with refer-
ence to the drawings, and finally, various aspects of the
present disclosure will be described. It is to be noted that in
the following description, description will be provided with
reference numerals attached thereto as an example.

[0128] The end effector 10 of the first aspect of the present
disclosure includes:

[0129]

[0130] a plurality of fingers 12 capable of moving in a
direction intersecting an extending direction of each of
fingers as well as approaching each other and grasping an
object being grasped 60, each of which includes a proximal
end portion 121 in an extending direction thereof connected
to the palm 11, wherein

[0131] at least one of the plurality of fingers 12 includes a
proximity sensor unit 13 that is provided at a tip portion 122
in the extending direction, the proximity sensor unit 13
being placed capable of detecting approach and separation
of the proximity sensor unit 13 with respect to an object in
the extending direction and capable of detecting approach
and separation of the object with respect to the proximity
sensor unit 13 in the extending direction, and the proximity
sensor unit 13 includes a frame-shaped detection region 14
that covers an edge of the tip portion 122 when viewed from
the extending direction.

[0132] According to the end effector 10 of the first aspect,
with the proximity sensor unit 13, it is possible to realize the
end effector 10 capable of detecting approach and separation
of an object (for example, the object being grasped 60 or an
object in the surrounding environment) with respect to the
tip portion 122 of each finger 12 in the extending direction
of each finger 12, and capable of detecting approach and
separation of the tip portion 122 of each finger with respect
to an object in the extending direction of each finger 12.
[0133] In the end effector 10 of the second aspect of the
present disclosure, the proximity sensor unit 13 is config-
ured by a capacitive proximity sensor.

a palm 11; and
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[0134] According to the end effector 10 of the second
aspect, it is possible to detect approach and separation of an
object with respect to the tip portion 122 of each finger 12
in the extending direction of each finger 12, and detect
approach and separation of the tip portion 122 of each finger
with respect to the object in the extending direction of each
finger 12, with a simple configuration.

[0135] In the end effector 10 of the third aspect of the
present disclosure, the proximity sensor unit 13 includes a
frame-shaped electrode 131 placed at the edge of the tip
portion 122 when viewed from the extending direction.

[0136] According to the end effector 10 of the third aspect,
it is possible, with a simple configuration, to detect approach
and separation of an object with respect to the tip portion
122 of each finger 12 in the extending direction of each
finger 12, and to detect approach and separation of the tip
portion 122 of each finger with respect to the object in the
extending direction of each finger 12.

[0137] In the end effector 10 of the fourth aspect of the
present disclosure, the proximity sensor unit 13 is config-
ured by a plurality of electrodes 131.

[0138] According to the end effector 10 of the fourth
aspect, the proximity sensor unit 13 can be configured by a
plurality of self-capacitive proximity sensors or one or more
mutual-capacitive proximity sensors. For example, when the
proximity sensor unit 13 is configured by a plurality of
self-capacitive proximity sensors, the number of surface
pixels in the detection region 14 can be increased and,
therefore, when the edge portion of the object being grasped
60 or the object 70 in the surrounding environment is
positioned in the detection region 14, it is possible to
determine in which direction each finger 12 should be
moved to avoid contact with the object being grasped 60 or
the object 70 in the surrounding environment.

[0139] In the end effector 10 of the fifth aspect of the
present disclosure, each of the plurality of fingers 12
includes a grasping surface 123 facing the object being
grasped 60 in a direction intersecting the extending direc-
tion, the grasping surface 123 being capable of grasping the
object being grasped 60, and the plurality of electrodes 131
are arranged symmetrically with respect to the centerline CL,
that is orthogonal to the grasping surface 123 and passes
through the center of the grasping surface 123 when viewed
from the extending direction.

[0140] According to the end effector 10 of the fifth aspect,
it is possible to make a design of the end effector 10 easier.

[0141] In the end effector 10 of the sixth aspect of the
present disclosure, each of the plurality of fingers 12
includes a grasping surface 123 facing the object being
grasped 60 in a direction intersecting the extending direc-
tion, the grasping surface 123 being capable of grasping the
object being grasped 60, and at least one of the plurality of
fingers 12 includes an auxiliary proximity sensor unit 16
provided on the grasping surface 123, the auxiliary proxim-
ity sensor unit 16 being placed capable of detecting
approach and separation of the object being grasped 60 with
respect to the grasping surface 123.

[0142] According to the end effector 10 of the sixth aspect,
the auxiliary proximity sensor unit 16 makes it possible
more accurately to calculate a positional relationship
between the grasping surface 123 of each finger 12 and the
object being grasped 50 when the object being grasped 50 is
grasped.
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[0143] In the end effector 10 of the seventh aspect of the
present disclosure, each of the plurality of fingers 12
includes a grasping surface 123 facing the object being
grasped 60 in a direction intersecting the extending direc-
tion, the grasping surface 123 being placed capable of
grasping the object being grasped 60, and at least one of the
plurality of fingers 12 includes an auxiliary proximity sensor
unit 17 provided on a surface 127 opposite to the grasping
surface 123 in the direction intersecting the extending direc-
tion, the auxiliary proximity sensor unit 17 being placed
capable of detecting approach and separation of an object
with respect to the surface 127 opposite to the grasping
surface 123.

[0144] According to the end effector 10 of the seventh
aspect, the auxiliary proximity sensor unit 17 can more
accurately calculate, for example, a positional relationship
between each finger 12 and an obstacle in the surrounding
environment.

[0145] The end effector device 1 of the eighth aspect of the
present disclosure includes the end effector 10 of the above
aspect, a drive device 30 that drives the palm 11 and each of
the plurality of fingers 12, and a control device 100 that
controls the drive device 30 based on a detection result
detected by the proximity sensor unit 13.

[0146] According to the end effector device 1 of the eighth
aspect, with the end effector 10, it is possible to realize the
end effector device 1 capable of detecting approach and
separation of an object with respect to the tip portion 122 of
each finger 12 in the extending direction of each finger 12,
and capable of detecting approach and separation of the tip
portion 122 of each finger 12 with respect to the object in the
extending direction of each finger 12.

[0147] Note that, by appropriately combining any of the
above-described various embodiments or modifications, it is
possible to achieve the effects of the respective embodi-
ments or modifications. In addition, a combination of the
embodiments or a combination of the examples or a com-
bination of the embodiment and the example is possible, and
a combination of the features in the different embodiments
or the examples is also possible.

[0148] Although the present disclosure has been fully
described in connection with preferred embodiments with
reference to the accompanying drawings, various variations
and modifications will be apparent to those skilled in the art.
It is to be understood that such variations and modifications
are included in the appended claims unless the variations
and modifications depart from the scope of the present
disclosure as set forth in the claims.

INDUSTRIAL APPLICABILITY

[0149] The end effector of the present disclosure can be
applied to, for example, an end effector device of an indus-
trial robot.

[0150] The end effector device of the present disclosure
can be applied to, for example, an industrial robot.

REFERENCE SIGNS LIST

[0151] 1. end effector device
[0152] 10. end effector

[0153] 11. palm

[0154] 12. finger

[0155] 121. proximal end portion
[0156] 122. tip portion
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[0157] 123. grasping surface
[0158] 124. tip surface
[0159] 13. proximity sensor unit
[0160] 131. electrode
[0161] 14. first detection region
[0162] 15. second detection region
[0163] 16. first auxiliary proximity sensor unit
[0164] 17. second auxiliary proximity sensor unit
[0165] 20. arm
[0166] 30. drive device
[0167] 40. operation unit
[0168] 50. power source
[0169] 60. object being grasped
[0170] 100. control device
[0171] 110. approach position decision unit
[0172] 120. finger arrangement determination unit
[0173] 130. finger movement determination unit
[0174] 140. movement control unit
[0175] CL. centerline
[0176] P1. approach position
[0177] P2. grasping position
[0178] P3. speed change position

1. An end effector comprising:

a palm; and

a plurality of fingers capable of moving in a direction
intersecting an extending direction of each of fingers as
well as approaching each other and grasping an object
being grasped, each of which includes a proximal end
portion in an extending direction thereof connected to
the palm, wherein

at least one of the plurality of fingers includes a proximity
sensor unit provided at a tip portion in the extending
direction, the proximity sensor unit being placed
capable of detecting approach and separation of the
proximity sensor unit with respect to an object in the
extending direction and capable of detecting approach
and separation of the object with respect to the prox-
imity sensor unit in the extending direction, and

the proximity sensor unit includes a frame-shaped detec-
tion region that covers an edge of the tip portion when
viewed from the extending direction.

2. The end effector according to claim 1, wherein

the proximity sensor unit is configured by a capacitive
proximity sensor.

3. The end effector according to claim 2, wherein

the proximity sensor unit includes a frame-shaped elec-
trode placed at the edge of the tip portion when viewed
from the extending direction.

4. The end effector according to claim 2 wherein,

the proximity sensor unit is configured by a plurality of

electrodes.
5. The end effector according to claim 4, wherein
each of the plurality of fingers includes a grasping surface

placed facing the object being grasped in a direction
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intersecting the extending direction to be able to grasp
the object being grasped, and
the plurality of electrodes are arranged symmetrically
with respect to a center line that is orthogonal to the
grasping surface and passes through a center of the
grasping surface when viewed from the extending
direction.
6. The end effector according to claim 1,
each of the plurality of fingers includes a grasping surface
facing the object being grasped 60 in a direction
intersecting the extending direction, the grasping sur-
face being placed capable of grasping the object being
grasped, and
at least one of the plurality of fingers includes an auxiliary
proximity sensor unit provided on the grasping surface,
the auxiliary proximity sensor unit being placed
capable of detecting approach and separation of the
object being grasped with respect to the grasping
surface.
7. The end effector according to claim 1,
each of the plurality of fingers includes a grasping surface
facing the object being grasped in a direction intersect-
ing the extending direction, the grasping surface being
placed capable of grasping the object being grasped,
and
at least one of the plurality of fingers includes an auxiliary
proximity sensor unit provided on a surface opposite to
the grasping surface in a direction intersecting the
extending direction, the auxiliary proximity sensor unit
being placed capable of detecting approach and sepa-
ration of an object with respect to the surface opposite
to the grasping surface.
8. An end effector device comprising:
an end effector according to claim 1,
a drive device that drives the palm and each of the
plurality of fingers, and
a control device that controls the drive device based on a
detection result detected by the proximity sensor unit.
9. The end effector according to claim 3 wherein,
the proximity sensor unit is configured by a plurality of
electrodes.
10. The end effector according to claim 9, wherein
each of the plurality of fingers includes a grasping surface
facing the object being grasped in a direction intersect-
ing the extending direction, the grasping surface being
placed capable of grasping the object being grasped,
and
the plurality of electrodes are arranged symmetrically
with respect to a center line that is orthogonal to the
grasping surface and passes through a center of the
grasping surface when viewed from the extending
direction.



