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(57) ABSTRACT

In one embodiment, a robotic end eflector configured to
mount to a robotic manipulator includes gripping elements
configured to grasp objects, a drive mechamism configured
to open and close the gripping elements, a central controller
configured to control operation of the drive mechanism and
the gripper elements, the central controller hosting a control
program that enables control of the end effector independent
of the robotic manipulator, and at least one of a forward-
facing ultrasonic distance sensor configured to measure a
distance between the gripping elements and an object to be
grasped, and a forward-facing camera mounted between the
gripping elements configured to capture video data of an
object to be grasped.
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ROBOTIC END EFFECTORS FOR USE
WITH ROBOTIC MANIPULATORS
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APPLICATION
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Non-Provisional Application entitled “Robotic =

End Effec-
tors for Use With Robotic Manipulators™, having Ser. No.
16/676,580 and filed Nov. 7, 2019, which 1s a continuation
application of U.S. Non-Provisional Application entitled

“Robotic End Effectors for Use With Robotic Manipula-
tors”, having Ser. No. 16/149,652 and filed Oct. 2, 2018,
now U.S. Pat. No. 10,493,634, which 1s a continuation
application of U.S. Non-Provisional Application entitled
“Robotic End Effectors for Use With Robotic Manipula-
tors”, having Ser. No. 15/626,279 and filed Jun. 19, 2017,
now U.S. Pat. No. 10,265,862, which claims prionty to U.S.
Provisional Application Ser. No. 62/352,791, filed Jun. 21,
2016, all of which are hereby incorporated by reference
herein 1n their entireties.
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This mnvention was made with Government support under
Grant Number 1IP0135763 awarded by The National Sci-
ence Foundation. The Government has certain rights 1n the
invention.

BACKGROUND

Robotic end eflectors, such as robotic grippers, are often
provided at the distal ends of robotic manipulators, such as
robotic arms, to enable grasping and manipulating of
objects. While there are several usetul robotic grippers in the
market, they often have one or more drawbacks that interfere
with their usability. For example, many such grippers have
only two fingers and are capable of manipulating only some
objects. Others have multiple fingers, but are complicated
and, therefore, dithicult to control. Lower cost grippers often
do not comprise features that assist in their operation, such
as cameras and proximity sensors. While other grippers
comprise such features, they tend to be prohibitively expen-
sive and, therefore, out of reach for many. Irrespective of
cost, many grippers either only can be used with particular
robotic arms or must be integrated with the robotic arm to
which it 1s attached. Such integration typically requires a

skilled programmer to write computer code that enables the
robotic arm to communicate with and control the gripper.

In view of the above discussion, 1t can be appreciated that
it would be desirable to have an end eflector, such as a
robotic gripper, that avoids one or more of the aforemen-
tioned drawbacks.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood with
reference to the {following figures. Matching reference
numerals designate corresponding parts throughout the fig-
ures, which are not necessarily drawn to scale.

FIG. 1 1s a perspective view ol an embodiment of a
robotic end eflector.

FIG. 2 1s an exploded perspective view of the robotic end

eftector of FIG. 1.
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FIGS. 3A and 3B are inner and outer perspective views,
respectively, of an embodiment of a gripping element that

can be used 1n the robotic end effector of FIG. 1.

FIG. 4 1s a top view of an embodiment of a gripping
mechanism that can be used 1n the robotic end effector of
FIG. 1.

FIG. 5 1s a block diagram that illustrates an example of an
electronic architecture and operation of a robotic end effec-
tor.

FIG. 6 1s an 1mage of an embodiment of a graphical user
interface that can be used 1 conjunction with a robotic end
ellector.

FIG. 7 1s an exploded perspective view of an embodiment
of a gripping element showing internal force sensors that can
be mcorporated into the gripping element.

DETAILED DESCRIPTION

As described above, 1t would be desirable to have an end
cllector that avoids one or more of the drawbacks of
commercially available end eflectors. Disclosed herein are
self-contained robotic end eflectors that can be used with a
variety of robotic manipulators and operated independently
of the manipulators using a built-in software platform of the
end eflector. The end effector 1s designed to manipulate
various object shapes and 1s customizable for multiple
applications. Moreover, the end eflector can be manufac-
tured and sold at a fraction of the cost of current commer-
cially available units. In some embodiments, the end efiector
1s specifically designed for use 1n activities of daily living
(ADLs).

In the following disclosure, various specific embodiments
are described. It 1s to be understood that those embodiments
are example implementations of the disclosed inventions
and that alternative embodiments are possible. All such
embodiments are intended to fall within the scope of this
disclosure.

Disclosed herein are selif-contained robotic end effectors
that can be integrated into various robotic systems. These
end eflectors can be used to accomplish a wide array of
object manipulation tasks made easy by their design. The
end eflectors comprise a wide array of features that can be
used to help accomplish these tasks.

FIGS. 1 and 2 illustrate an example embodiment of
selif-contained robotic end eflector 10. As 1s apparent from
FIG. 1, the end eflfector 10 1s configured as a robotic gripper.
For purposes of convenience, the end eflector 10 will be
referred to herein as a robotic gripper.

The robotic gripper 10 includes two opposed gripping
clements 12 that are designed to grasp objects. As 1dentified
in FIG. 1 and FIG. 3A, each gripping element 12 has an
clongated paddle-like body that comprises a proximal planar
edge surface 14, a distal planar edge surface 16 that is
parallel to the proximal planar edge surface, upper and lower
curved medial edge surfaces 18 and 20 that are parallel to
cach other, and a concave central surface 22 that 1s posi-
tioned between the other surfaces. The planar edge surfaces
14, 16 enable the gripper 10 to grasp flat objects, such as
pieces of paper and books. The curved medial edge surfaces
18, 20 enable the gripper 10 to grasp cylindrical objects,
such as glasses and cans. The concave central surfaces 22
enable the gripper 10 to grasp round objects, such as balls.
Accordingly, the grnpping elements 12 are specifically
designed to enable the user to grasp and manipulate many
different types of objects.

As shown most clearly in FIGS. 3A and 3B, each gripping
clement 12 1s fixedly mounted to a mounting block 24 that
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cnables the gripping element to rotate about a longitudinal
axis defined by a shait 26 that extends from the gripper 10.
The range of this rotation 1s limited by a pin 28 that 1s fixed
to and extends radially outward from the shait 26. The pin
28 15 positioned within a slot 30 provided within the mount-
ing block 24. The gripping element 12 can rotate through an
angular range defined by the ends of the slot 30, which limat
movement of the pin 30.

With reference to FIGS. 1, 2, and 4, each shaft 26 i1s
mounted to and extends from a linking member 32 that links
multiple arms 34 of the robotic gripper 10. In particular, the
distal ends of the arms 34 associated with each gripping
clement 12 are each pivotally connected to the linking
member 32. In the 1llustrated embodiment, four such arms
34 are connected to each linking member 32. The arms 34
form two substantially i1dentical four-bar mechanmisms on
cach side of the robot gripper 10 (two four-bar mechanisms
for each gripping element 12) that maintain their associated
gripping element 12, and 1ts planar edge surfaces 14, 16,
generally parallel to the other griping element 12 and 1ts
planar edge surfaces 14, 16 irrespective of the positions of
the arms and the distance between the gripping elements. In
the 1llustrated embodiment, the arms 34 associated with each
linking member 32 include upper and lower inner arms 35,
which are substantially identical, and upper and lower outer
arms 36, which are also substantially 1dentical (see FIG. 4).
As 1llustrated 1n FIG. 4, the inner arms 35 can each pivot
about a pivot point located at its proximal end, while the
outer arms 36 can each pivot about a pivot point located at
an intermediate position along 1ts length. As 1s also shown
in FIG. 4, each of the arms 34 can be curved.

As shown most clearly in F1G. 2, the arms 34 are pivotally
mounted between top and bottom mounting plates 38 and 40
that, 1n turn, are fixedly mounted to an electronics housing,
42 of the robotic gripper 10. Also mounted between these
plates 38, 40 1s a drive mechanism 44, which 1s visible in
FIG. 4. As shown 1n this figure, the drive mechamsm 44
includes a drive motor 46 that rotates a shait 47 as well as
a first gear 48 mounted to the shaft. The first gear 48 1s
engaged with a second gear 49 that 1s mounted to a threaded
shaft 50. A pull nut 52 1s threaded onto the threaded shatt 50
and includes an elongated slot 54 1n which pins 56 mounted
to the proximal ends of the outer arms 36 are received. When
the threaded shaft 50 rotates, the pull nut 52 i1s linearly
displaced along the shaft, which causes the pins 56 of the
outer arms 36 to travel along the slot 54 which, in turn,
causes the outer arms 36 to pivot about their intermediate
pivot points. Because the outer arms 36 are coupled to the
inner arms 33 with the linking members 32, pivoting of the
outer arms causes pivoting of the mner arms. This pivoting
of the mner and outer arms 35, 36 causes opening and
closing of the gripping elements 12. The angular orientations
of the linking members 32 change as the inner and outer
arms 35, 36 are pivoted so that the angular orientations of the
oripping elements 12 do not change as they are moved
toward or away from each other.

With further reference to FIG. 4, the second gear 49 can
be mounted to the threaded shait 50 with a slip clutch 58 that
slips when the torque of the motor 46 exceeds a predeter-
mined level so as to avoid damaging a grasped object and/or
avoid overheating the motor. The slip point of the slip clutch
58 can be adjusted by the user with a set screw 39 provided
on the slip clutch.

With reference back to FIGS. 1 and 2, mounted to the top
mounting plate 38 1s a sensor mount 60 1n which a forward-
facing distance sensor 62 1s provided. The distance sensor 62
can be used to determine the distance between an object and
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4

the gripping elements 12. In some embodiments, the dis-
tance sensor 62 1s an ultrasonic distance sensor.

Extending forward and downward from the sensor mount
60 1s a vertical member 64 to which 1s mounted a forward-
facing camera 66. The camera 66 can be used to capture
image and video data that can assist in positioning the
gripping elements 12 relative to an object. As shown 1n FIG.
1, the camera 66 can be positioned between and proximal of
the arms 34.

With reference to FIG. 2, the electronics housing 42
contains a main processing unit 68 and a printed circuit
board (PCB) 70. The main processing unit 68 can comprise
a programmable microprocessor that controls the overall
operation of the robotic gripper 10 and communication
components that enable communications with the gripper
via Ethernet, WIFI, Bluetooth, universal serial bus (USB),
and the like. The PCB 70 comprises the logic needed to
operate and communicate with individual components of the
gripper 10, such as the motor 46, the distance sensor 62, and
the camera 66. Together, the main processing unit 68 and the
PCB 70 ftunction as a self-contained central controller of the
gripper 10. The PCB 70 can further include a current sensor
(not shown) that monitors the current of the motor 46 and,
therefore, enables a user to program a maximum force that
the gripping elements 12 can apply to an object. Unlike the
slip clutch 58, this maximum can be changed on the fly using,
a user interface.

With further reference to FI1G. 2, the main processing unit
68 and the PCB 70 are enclosed within the electronics
housing 42 using a cover 72, which can be secured 1n place
using threaded fasteners. Attached to the outer surface of the
cover 72 1s a mounting element 74, such as a harmonic drive
plate, that facilitates mounting of the robotic gripper 10 to a
robotic manipulator, such as a robotic arm.

FIG. 5 1s a block diagram that i1llustrates the electronic
architecture and operation of the robotic gripper 10. A user
operates a control graphical user interface (GUI) of a gripper
control program resident in the central controller that
enables easy operation of the gripper 10 from a computing
device. In some embodiments, the gripper control program
cnables the user to control the positions of the gripper
clements 12 and the speed at which they move using simple
slider bars. Additionally, the control program enables the
user to see all of the sensor information acquired by the
gripper, including information from the distance sensor 62,
force sensors (see FIG. 8), and camera 66. The control
program can also enable the user to set force cutodl limits.
These cutofl limits prevent the gripper 10 from closing or
opening when a predetermined pressure threshold has been
reached. This feature prevents the gripper 10 from exerting
too much or too little force on an object. In some embodi-
ments, the control program 1s available for Windows, Mac
OS X, and Linux.

FIG. 6 illustrates an example GUI 80 hosted by the
gripper control program that can be used to control operation
of the robotic gripper 10. As indicated in this figure, 1mage
and video data captured by the camera 66 can be displayed
to the user 1 a display window 82 of the GUI 80. In this
illustrated embodiment, the user can set the speed of actua-
tion of the gripper 10 using a first slide bar 84 provided to
the left of the display window 82. The user can set the
position of the gripper’s gripping clements 12 using a
second slider bar 86 provided below the display window 82.
The distance of the grnipper 10 from an object measured
using the distance sensor 66 can be displayed to the user in
an indicator bar 88 positioned to the right of the display
window 82.
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In some embodiments, the user can access commands
from a control library and these commands can be commu-
nicated to the central controller via a network. The library
can be written 1n a common computer language, such as
C++, that enables users to control the gripper 10, acquire
sensor information, and view the camera video data, without
any additional programming. This library can be cross-
platform and can be used on any suitable computing device,

including smart phones and tablets. The commands are part
of the control stream 1dentified 1n the figure. Returning from
the central controller are the video data stream and feedback
from the sensors of the gripper. The central controller
receives the video data from the camera 66, distance infor-
mation from the distance sensor 62, and force information
from the force sensors. The central controller operates a
motor controller that controls activation of the motor 46 in
accordance with commands received from the user. Notably,
the gripper 10 can be programmed to operate automatically
in a desired manner when certain conditions are met.

FIG. 7 shows example force sensors 100 that can be
integrated into the gripping elements 12. In some embodi-
ments, the sensors 100 can be sandwiched between inner and
outer layers 102 and 104 of each individual gripping element
12. In the 1llustrated embodiment, the gripping element 12
includes four sensors 100: one sensor located at each of the
proximal planar edge surface 14, the distal planar edge
surface 16, the upper curved medial edge surface 18, and the
lower curved medial edge surface 20. A combined reading
from all four sensors 100 provides information about the
pressure position on the gripping element 12.

10

15

20

25

6

A robotic gripper having a configuration similar to that
described above was used with a wheelchair-mounted
robotic arm (WMRA) as the system’s primary gripper for
testing purposes. Using this gripper, the WMRA success-
tully manipulated objects of different classifications includ-
ing bottles, cups, and markers. With the addition of the
current feedback and shutofl, the gripper exhibited the
ability to grasp objects that could have been crushed by the
gripper.

As can be appreciated from the above discussion, the
disclosed robotic grippers are eflective, fully featured, and
cost-eflective devices that can be used 1n a wide array of
robotic manipulation tasks. Additionally, the grippers can be
added to existing robotic systems with little, 1 any, modi-
fication to the existing system or the gripper.

The mnvention claimed 1s:

1. A robotic end eflector configured to mount to a robotic
mampulator, the end eflector comprising;

oripping elements configured to grasp objects;

a drive mechanism configured to open and close the
gripping elements;

a central controller configured to control operation of the
drive mechanism and the gripper elements, the central
controller hosting a control program that enables con-
trol of the end eflector independent of the robotic
manipulator; and

a forward-facing ultrasonic distance sensor configured to
measure a distance between the gripping elements and
an object to be grasped.
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