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ROBOTIC ARM ASSEMBLY INCLUDING AN END EFFECTOR AND AN END
EFFECTOR CONTROLLER

TECHNICAL FIELD

[0001] The present disclosure relates to robotic arm systems, and more particularly, to a
robotic arm including a working tool controlled, at a distal end, by a computing element.
Even more particularly, the present disclosure relates to an industrial robotic arm that carries
out a variety of automated tasks in an industrial/production environment. More particularly,
the disclosure is directed to a robotic arm incorporating a distributed control system including
multiple processors and a communications architecture facilitating highly localized control of

one or more tool elements affixed to a distal segment of an industrial robotic arm.

BACKGROUND

[0002] Use of robot arm systems is becoming increasingly popular in
manufacturing/industrial processes due to the ability of such systems to perform a highly
repetitive operation without significant stoppage at a virtually round-the-clock basis.
Manufacturing/assembly lines incorporate robotic arm-based tools to carry out a variety of
tasks at potentially very high speed. Robotic arms typically include multiple connected
segments that are cooperatively actuated to move a tool element to a working position with
respect to a work piece.

[0003] A variety of articles of manufacture, often incorporating delicate electronic
sensing and computing elements, are made using robotic arm-dominated assembly lines.
Such automation is essential to meet cost and throughput requirements demanded by current
electronic device market conditions. For providers of robotic arm systems used in
manufacturing/industrial processes, such developments have created a need for increasingly
sophisticated, highly customizable, distally mounted tool elements (referred to as “end
effectors”). Such needs are not adequately met by legacy robotic arm end effectors that
generally comprise vacuum cup or gripper jaw elements that are generally useful for
holding/positioning relatively large and sturdy components to be assembled.

[0004] Currently, manufacturing assembly line tasks that require a particular combination
of force sensing, tactile sensing, temperature sensing, 3D vision, multi-tool use, and/or multi-
digit gripping, largely belong within the domain of manual labor. Reliance upon manual
labor/human observation — as opposed to artificial intelligence-enhanced robotic arm

technology — arises from the substantial technological challenges of providing robotic arm
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systems that include an end effector that is capable of performing a wide variety of
specialized manufacturing tasks. Robotic arm systems designed and built according to such
diverse functional requirements generally result in complex end effector apparatus
sensors/tools that require one or more large bundles of cabling running along the length of the
robotic arm system from a main/host computer/controller interface located in the robotic arm
base (or coupled separately thereto) to the distal end of the robotic arm upon which the end
effector is mounted. Such cabling presents a variety of physical/mechanical robotic arm
system design challenges including: added mass, larger footprint, cable snag avoidance,
contamination risk, friction-based wear and tear, electric noise susceptibility, and
unreliability. The added design/build costs associated with addressing the design challenges
may have the undesirable consequence of stifling design of complex end effectors and

continued reliance on end effectors that perform rudimentary operations.

SUMMARY OF THE DISCLOSURE

[0005] In one aspect, the disclosure describes a robotic arm assembly. The robotic arm
assembly includes a host computer, a set of robotic arm segments, including at least a most
proximal robotic arm segment at a base of the robotic arm assembly and a most distal robotic
arm segment, and a set of actuators. Each of the actuators is interposed between adjacent
pairs of the set of robotic arm segments to affect a relative movement between the adjacent
pairs of the set of robotic arm segments.

[0006] The robotic arm assembly further includes an end effector controller configured
with a first interface configured to support a first communication link between the end
effector controller and the host computer, and a second interface, separate from the first
interface. The robotic arm assembly further includes an end effector adapter configured to
provide a high speed data interface between the end effector controller and an end effector.
The end effector is mounted at a distal position on the robotic arm assembly, the end effector
is mounted proximate the end effector controller, and the second interface is configured to
support a second communication link between the end effector controller and the end effector
adapter.

[0007] In another aspect, the disclosure describes a method, carried out by the above-
describes robotic arm assembly. The method includes configuring the robotic arm assembly
by: configuring the host computer to provide a gross positioning of the end effector and,
configuring the end effector controller to provide a real-time control over operation of the end

effector. The method further comprises operating, under control of the host computer, the set
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of actuators to affect a gross positioning of the end effector with respect to a target. The
method also includes communicating, by the host computer and the end effector controller, in
association with the gross positioning of the end effector with respect to the target. The
method additionally comprises controlling, by the end effector controller after achieving the
gross positioning of the end effector with respect to the target, operation of the robotic arm
assembly to carry out a particularized configured operation of the end effector.

[0008]  Further and alternative aspects and features of the disclosed principles will be
appreciated from the following detailed description and the accompanying drawings. As will
be appreciated, the principles related to systems, methods, and software for apparatuses and
operation thereof disclosed herein are capable of being carried out in other and different
embodiments, and capable of being modified in various respects. Accordingly, it is to be
understood that both the foregoing general description and the following detailed description

are exemplary and explanatory only and do not restrict the scope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] While the appended claims set forth the features of the present invention with
particularity, the invention and its advantages are best understood from the following detailed
description taken in conjunction with the accompanying drawings, of which:

[0010] FIG. 1 is a schematic outline drawing of a robotic arm configured with a distally
mounted tool element and edge computer in accordance with the disclosure;

[0011] FIG. 2 is a schematic system diagram depicting a set of electronic components
(computers, controllers, sensors, tools, actuators, etc.) communicatively connected in
accordance with the disclosure;

[0012] FIG. 3 is an outline view of a distal robotic arm segment that carries the end
effector controller and an end effector adapter that provides a multi-function signal/wiring
interface as well a mounting location for any of a variety of end effectors in accordance with
the disclosure; and

[0013] FIG. 4 is a flowchart of a method for operating the robotic arm assembly depicted

in FIG. 1 in accordance with the disclosure.

DETAILED DESCRIPTION

[0014] Reference will now be made in detail to specific embodiments or features,
examples of which are illustrated in the accompanying drawings. Wherever possible,

corresponding or similar reference numbers will be used throughout the drawings to refer to
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the same or corresponding parts. Moreover, references to various elements described herein,
are made collectively or individually when there may be more than one element of the same
type. However, such references are merely exemplary in nature. It may be noted that any
reference to elements in the singular may also be construed to relate to the plural and vice-
versa without limiting the scope of the disclosure to the exact number or type of such
elements unless set forth explicitly in the appended claims.

[0015] Turning to FIG. 1, a schematic drawing is provided of an exemplary robotic arm
assembly 100 according to the present disclosure. The robotic arm assembly 100 is mounted
to a base 102 to ensure stability and maintain a fixed point of reference for purposes of
operation of the robotic arm assembly 100. The base 102 may be stationary or moveable. The
robotic arm assembly 100 includes an actuator portion comprising a base robotic arm segment
106a. By way of example, the base robotic arm segment 106a is attached to the base 102 via a
rotatable mounting base arm segment actuator 108a that facilitates rotation of the robotic arm
assembly 100 in relation to the base 102. Alternatively the base robotic arm segment 106a is
mounted in fixed relation to the base 102.

[0016] In addition to the robotic arm segment 106a, the robotic arm assembly 100 further
includes a set of robotic arm segments 106b, 106¢, and 106d. It is contemplated that segments
106b, 106¢ and 106d may be any of a variety of segment structures. The number of segments
will also vary in accordance with various contemplated implementations of the disclosed
robotic arm assembly 100.

[0017] In addition to the base arm segment actuator 108a, in the illustrative example, a
set of robotic arm segment actuators 108b, 108¢, and 108d are provided. The structure and
functional features of the robotic arm segment actuators 108b, 108¢, and 108d will vary in
accordance with various contemplated implementations of the disclosed robotic arm
assembly 100. Moreover, the quantity of the segment actuators (108) varies based upon the
number of moveable segments (106) provided in the robotic arm assembly 100. Each of the
arm segment actuators 108 (with the exception of the base arm segment actuator 108a) is
physically connected to/between two robotic arm segments (106). The actuator 108b is
positioned between the base arm segment 106a and the robotic arm segment 106b to provide
relative orientation adjustment there between. Similar connectivity is provided by actuator
108c¢ (for segments 106b and 106¢) and actuator 108d (for segments 106¢ and 106d).

[0018] In accordance with the disclosure, the robotic arm assembly 100 implements a
distributed control, multi-processor, arrangement. In that regard, the robotic arm segment

106d, a most distal arm robotic segment from the base robotic arm segment 106a,
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contains/houses (or otherwise supports), among other things, an end effector controller 110.
The end effector controller 110, as will be further explained below, possesses features of a
standalone computer system, including: an operating system, drivers, a
programming/configuration interface, network communications,
loadable/configurable/executable application software, security measures, etc. The end
effector controller 110, once configured/programmed, operates to communicate with and
control components (e.g. sensors, tools, actuators, etc.) of an end effector 112.

[0019] An end effector adapter 114 is physically/signally interposed between the end
effector controller 110 and the end effector 112. A set of wires (e.g. signal buses/lines) 116
communicatively couple the end effector adapter 114 to the end effector controller 110. The
end effector adapter 114 routes the signal buses/lines of the set of wires 116 to a set of
contacts (see FIGs. 3) providing a signal interface for communication between the end
effector 112 and the end effector controller 110. In the illustrative example, the set of
contacts includes both power and communication signal — both digital and analog —
interfaces. The end effector adapter 114, in accordance with the disclosure, provides a
physical linkage (i.e. is structurally strong) between the distal robotic arm segment 106¢ and
the end effector 112. In the illustrative example, the physical linkage is provided in the form
of a rotatable hinging joint 115 (see FIG. 3) between the end effector 112 and the distal
robotic arm segment 106¢c. While a single joint (rotatable hinging joint 115) is depicted in the
illustrative example, in other instances no joint is present between the end effector adapter
114 and the end effector 112.

[0020] Moreover, the end effector adapter 114 provides an electrical power/signal
interface between the end effector controller 110 and the end effector 112. As will be evident
from the illustrative example provided in FIG. 3 (described herein below), the end effector
adapter 114 may include a combination of analog signal lines and digital signal lines (e.g.
address and data bus lines) that connect (via the set of wires 116) to physical analog and
digital signal I/O ports of the end effector controller 110. Thus, the end effector controller
110 and end effector adapter 114 described herein, with reference to FIG. 1, support a highly
configurable physical/computational platform for mounting a wide variety of end effector
112 types.

[0021] A host computer 118 is provided in accordance with the disclosure. The host
computer 118 communicates with the actuators 108a, 108b, and 108c to affect a gross
positioning of the end effector 112. In the illustrative example, a cable bundle 120 provides

control signals, respectively via lines 122a, 122b, 122¢ and 122d, to the actuators 108a, 108b,
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108c and 108d. Additional lines, not shown in FIG. 1, provide power to the various ones of
the actuators 108a, 108b, 108c and 108d.

[0022] The robotic arm assembly 100 provides a highly configurable robotic arm
application environment characterized by two distinct types communications links. A first
type of communication link, a relatively large distance (several feet) communication link,
exists between the host computer 118 and the end effector controller 110. A second type of
communication link, having a relatively short distance (on the order of one foot or less)
communication link, exists between the end effector controller 110 and the end effector 112.
[0023] Regarding the first communication link type, the host computer 118 is signally
connected over a relatively longer distance via lines 124 of the cable bundle 120 to the end
effector controller 110. By way of example, the lines 124 provide a communication/control
link facilitating coordinating operation of the base computer 118, affecting gross positioning
of the end effector 112 by the actuators 108. The end eftector controller 110 subsequently
affects particularized positioning/operation of tools and sensors on the end effector 112 (for
example, after completing gross positioning of the end effector 112 under control of the host
computer 118). While the first link type between the host computer 118 and the end effector
controller 110 is depicted as a physical communication link is shown in FIG. 1, the lines 124
of cable bundle 120, which carry out communications between the controller 110 and the host
computer 118, may be replaced/supplemented by a wireless (e.g. Wi-Fi, BLUETOOTH, etc.)
communication link.

[0024] The communication link between the host computer 118 (lines 124) may be used
to provide a remote control interface through which instructions/commands are provided to
the controller 110 for processing. The instructions, which may originate from a
user/application running on the host computer 118, are received by the controller 110 that
may process the instructions before subsequently submitting corresponding instructions to the
end effector 112. Such instructions can be any of a variety of types, including: configuring,
programming, and controlling the end effector 112 in a supervisory and/or regulatory fashion.
The instructions are, for example, initially received by the end effector controller 110. The
end effector controller 110 thereafter converts high level instructions into particularized
control signals or commands that are provided and carried out by particularized real-time
communications between the controller 110 and the end effector 112 during real-time
operation of the end effect 112 after carrying out the above-mentioned gross position of the

end effector 112 under control of the actuators (108) by the host computer 118.
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[0025] Moreover, the end effector controller 110 may be the source of gross positioning
instructions to the host computer 118. In such case, the source of the instructions may be the
end effector 112 or the end effector controller 110. The instructions may originate from a user
and/or an application running on the end effector 112 and/or the end effector controller 110.
In such case, for example, the controller 110 may send a high level instruction (position and
orientation) to the host computer 118. The host computer 118, in turn, processes the high
level instruction to render a transition path from the current location/orientation of the end
effector to an indicated end location/orientation, and a series of actuator 108 control
instructions corresponding to the transition path. Thus, the controller 110 may operate as the
source of control for both the end effector 112 and (indirectly via instructions to the host
computer 118) the actuators 108 of the robotic arm assembly 100.

[0026] Regarding the second communication link type, the end effector controller 110 is
signally connected over a relatively shorter distance via the set of wires 116 (and the end
effector adapter 114) to components of the end effector 112. By way of example, the set of
wires 116 are bundled as a short cable bundle (see FIG. 3) that terminate at electrically
conductive contacts on the end effector adapter 114.

[0027] During physical configuration of the robotic arm assembly 100, the end effector
112 is mounted-on/coupled-to the end effector adapter 114. The electrically conductive
contacts are configured to mate with corresponding contacts of the end effector 112 after
mounting/coupling of the physical interfaces of the end effector 112 and the adapter 114.
[0028] During computational/control configuration, the end effector 112 communicates
via the set of wires 116 with the end effector controller 110 to form a particular functional
configuration of the robotic arm assembly 100 for carrying out a particularized task
facilitated by the specific physical/computational/control configuration of the end effector
112 and the end effector controller 110 combination. The controller 110 may also upload
applications and/or application configuration/tuning parameters to the end effector 112 to
achieve a particularized configuration of the robotic arm assembly 100.

[0029] During subsequent operation of the configured robotic arm assembly 100, the end
effector 112 communicates with, and is controlled by, the end effector controller 110 via
relatively higher speed and lower latency data and command communications over the close
proximity communications linkage (the second link type) provided by the set of wires 116 (in
contrast to the first communication link type between the host computer 118 and the

controller 110). The second link type thus facilitates exercising a high degree of detailed
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observation and control, by the end effector controller 110, over a wide variety of automated
operations carried out by the end effector 112.

[0030] The complex, configurable, functionality supported by the highly configurable
high speed communication link (the second link type) between the end effector controller 110
and the end effector 112 (including the set of wires 116) facilitates eliminating a relatively
longer distance physical communication link between the end effector 112 and the host
computer 118 (or yet another computer positioned remotely from the end effector 112) .
Instead of operating the end effector 112 under control of the host computer 118, the
illustratively depicted robotic arm assembly facilitates the end effector controller 110
receiving configuration/control instructions and/or data from the host computer 118 via a
signal communication link of the first link type. The signal communication link requirements
can be implemented using a simple physical wire configuration (e.g. a simple light-weight
cable comprising a few wires). The relative simplicity (lower wire count) of the
communication link between the host computer 118 and the end effector controller 110
facilitates running the cabling of the second signal communication link within the physical
structures of the robotic arm.

[0031] The described arrangement, with a substantially more complex signaling
architecture built into the signal communications link between the end effector controller 110
and the end effector 112, is intended to support a vast spectrum of functionality provided by
the end effectors connected thereto. As such, a single generic interface supported by the first
signal communication link supports a wide variety of special-purpose, interchangeable end
effectors that may be attached to a mounting/signal interface provided at the distal end of the
robotic arm assembly by the end effector adapter 114. Thus, a same mounting/signal interface
provided by the end effector adapter 114 may support plug-and-operate configuration of the
robotic arm assembly 100 with a wide variety of interchangeable end effectors 112 including
one or more elements (e.g. welder, gripper, camera, screw driver, sensors, etc.) specifically
configured to carry out a highly specialized robotic arm-implemented task.

[0032] Additional lines, not shown in FIG. 1, provide power to the actuators 108, the end
effector controller 110 and the end effector 112 (e.g. via contacts provided on the end effector
adapter 114).

[0033] The robotic arm assembly 100, illustratively depicted by way of example in FIG.
1, is particularly amenable to robotic arm assembly instances where the robotic arm segment
actuators (108) are controlled in concert by the host computer 118 located (or connected to an

interface) at the base 102 to perform gross coordinated movement of the robotic arm
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segments (106) to affect a positioning of the end effector 112. Once positioned, the relative
positions of the robotic arm segments 106 are set (locked) in place, and the end effector 112
commences to operate under control of the end effector controller to carry out high precision
positioning and sensing operations while performing a programmed operation on a target.
Applications of the above-summarized bifurcated low-precision/high-precision robotic arm
assembly control scheme include, for example, surgery (e.g. eye, brain, vascular, muscle,
skeletal, etc.) and small device manufacturing/assembly (e.g. medical devices, watches, smart
phones, printed/integrated circuit assembly/soldering).

[0034] In such robotic arm system applications, live operation control is divided
(bifurcated) into two distinct phases. During a first phase, the host computer 118 controls
actuators 108 incorporated into the robotic arm segments 106 to carry out a low-precision
positioning of the end effector 112 in relation to a work piece/target. The first phase is carried
out according to traditional control schemes implemented by the host computer 118 in
concert with the actuators 108 incorporated into the robotic arm segments 106.

[0035] During a second phase, the end effector controller 110 interacts with functional
elements (e.g. actuators and tools) incorporated into the end effector 112 to cause the end
effector 112 to perform a more specialized operation or task with respect to the work
piece/target. During operation of the end effector 112, the end effector 112 receives
commands and data from the end eftector controller 110 and provides feedback (e.g. visual,
thermal, status) information to the end effector controller 110 via the relatively low
latency/high bandwidth communication link including the set of wires 116 and the end
effector adapter 114 connecting respective communication/control interfaces of the end
effector controller 110 and the end effector 112. The second phase exhibits different
requirements (from the first phase) in that the end effector controller 110 interface itself
provides an automation control platform upon which any of a vast variety of specialized
tools, sensors (including cameras), and/or software applications are potentially configured to
operate in a precise manner under supervisory/regulatory control carried out by the end
effector controller 110.

[0036]  Furthermore, implementations of the robotic arm assembly 110 facilitate a
secure/isolated environment for operating the end effector 112. In accordance with exemplary
robotic arm assembly 100 arrangements, the end effector controller 110 operates in
synchrony/coordination with, but essentially/substantially autonomously with respect to the
host computer 118 (and any other controllers that operate the various actuators 108

controlling positioning of the robotic arm assembly). Host computer-based control of gross



WO 2020/178717 PCT/IB2020/051763

positioning/orientation of the robotic arm assembly end (carrying the end effector 112) is
isolated/separated from end effector controller 110 control of the end effector 112 operation.
In that regard, the host computer 118 (in coordination with potentially other controllers
operating individual actuators of the robotic arm assembly segments) operates actuators in the
robotic arm base and segments that affect a gross positioning and orientation of the end
effector 112. Once positioned and/or oriented by the robotic arm base and segment actuators
under control of the host computer 118, the end effector 112 operates under control of the end
effector controller 110 operating autonomously with respect to the host computer 118. Thus,
while the end effector controller 112 (and associated cabling) may be carried/mounted upon
one or more segments associated with actuators 108 controlled by the host computer 118 of
the robotic arm assembly 100, the end effector controller 110 does not share memory or
computing/processing resources of the host computer 118 — or any other
controllers/computers associated with the robotic arm assembly 100.

[0037] Moreover, the end effector controller 110 carries out/supports/executes a variety
of application and driver operations on a native operating system of the end effector
controller. Additionally, for computer operation security and safety purposes, the end effector
controller 110 incorporates appropriate cyber security measures, including appropriate
firewalls and authentication/authorization operations that ensure secure operation of the end
effector 112 with respect to potential unauthorized operational/command interference from
other controllers associated with the robotic arm assembly 100 (e.g. one or more controllers
that actuate the robotic arm segments to affect the gross positioning/orientation of the end
effector). Moreover, coordinated security and safety features are implemented with regard to
the controller 110 and the host computer 118 to ensure that unauthorized and/or dangerous
movement of the robotic arm assembly 100 by the actuators 108 is locked out/blocked during
various states of operation of the end effector 112. By way of example, the controller 110 and
the host computer implement a semaphore with respect to controlling the state of the
actuators 108. The holder of the semaphore has the sole ability to act as the originator of an
instruction bearing upon positioning the robotic arm assembly 100 using the actuators 108.
Thus, after performing a gross positioning of the robotic arm assembly 100, the host
computer 118 passes the semaphore to the end effector controller 110. Thus, at any given
point in time, only one of either the controller 110 or host computer 118 has the ability to
originate control instructions relating to the gross positioning of the end effector 112.

[0038] Inillustrative examples of the robotic arm assembly, the end effector controller

110 and adapter 114 support connections by the end effector 112 to any one or more of a
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variety of proprietary and/or general purpose power and communication ports provided on a
tool flange of a distal segment of the robotic arm assembly. The general purpose power and
communication ports provide a generic platform/interface that accommodates a wide variety
of communication channel types. In addition to various proprietary and simple generic
(data/address bus) interfaces, the interfaces may include, for example, any of a variety of
standardized/connector-based interfaces such as: Universal Serial Bus (USB), Ethernet,
GPIO, analog, and RS232. Thus, the proposed arrangement supports integration of a wide
range of end effector 112 types that incorporate a variety of sensor, actuator, and tool
elements without the necessity of routing a significantly large number of cables from the end
of the distal segment of robotic arm carrying the end effector to the robotic arm base 102
where a controller of the robotic arm end effector (e.g. host computer 118) is typically
located (in known robotic arm systems).

[0039] Turning to FIG. 2, an exemplary schematic block diagram depicts signal paths
between the various electronic components of the illustrative robotic arm assembly 100
depicted in FIG. 1. Most of the signal lines and wire bundles depicted in FIG. 2 were
previously described herein above with respect to FIG. 1, and thus will not be described with
reference to FIG. 2. However, FIG. 2 is notable with respect to the depiction of a set of lines
202, both power and communication signals, connecting a variety of components
incorporated into and associated with the end effector 112. The set of line 202 include, for
example, a power line 204 providing direct current (DC) power for the end effector 112. The
remaining ones of the set of lines 202 schematically depicted in FIG. 2 include analog and/or
digital (e.g. address and data bus) signal lines that communicatively connect various
electronic components of the end effector 112 (e.g. sensors (1-x), actuators (1-y), and tools
(1-z)) to the contacts provided on the end effector adapter 114. While schematically shown as
single lines in FIG. 2 to avoid unduly complicating the drawing, each of the lines in FIG. 2
corresponds to a plurality of lines defining an analog or digital (data and address bus signals)
signal interface between the identified components of the end effector 112 and the controller
110.

[0040] An example of a physical power and communication signal interface contacts of
the end effector adapter 114 is described herein with reference to FIG. 3. The multiple signal
line sets provided in the end effector adapter 114 interface to the end effector 112 is
contrasted with the above-described relatively simple physical wiring (if at all) provided by
lines 124 (of the cable bundle 120 — in an illustrative embodiment) coupling the end effector

controller 110 to the host computer 118.
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[0041] With continued reference to FIG. 3, a perspective line drawing is provided of the
robotic arm segment 106¢ that carries the end effector controller 110 and the end effector
adapter 114 to which the end effector 112 (not shown) is physically and signally coupled at
an adapter-effector interface 302 comprising a plurality of signal contacts arranged to provide
a power and a communication signal (both analog and digital) interface between the wires
116 and corresponding ones of the set of lines 202 (see FIG. 2) of the end effector 112 (not
shown). In the illustrative example, a face 306, of a set of substantially planar faces of the
adapter-effector interface 302, provides direct current (DC) power to the end effector 112.
[0042] With continued reference to FIG. 3, a set of communication planar faces,
including for example a planar face 305, are situated around the sides of the adapter-effector
interface 302 in a three-dimensional space. By way of example, each one of a set of
communication planar faces provides a set of analog or digital signal lines (including address
lines) for a corresponding electronic component on the end effector 112. Alternatively, the set
of communication planar faces of the adapter-effector interface 302 provide a shared bus
interface (e.g. each face provides one or more contacts corresponding to one or more lines of
a data, address, power bus used by all components of the end effector 112).

[0043] Continuing with the description of FIG. 3, in an embodiment, the planar faces of
the adapter-effector interface 302 provide an asymmetric geometric face 307 (including a
notch or other orienting guides) that permits engagement between the interface 302 of the
adapter 114 and corresponding faces of the end effector 112 when a male portion (of the
adapter 114) including the interface 302 faces and a female portion (of the end effector 112)
are properly rotationally oriented with respect to one another. A set of alignment holes 304a,
304b, 304¢ and 304d (potentially threaded) are provided to facilitate a secure attachment of
the end effector 112 to the adapter 114.

[0044] Moreover, in the illustrative example, the adapter 114 is physically coupled via
the rotatable hinging joint 115 formed with the robotic arm segment 106c. The rotatable
hinging joint 115 is potentially rotated by a further motor/actuator (not depicted) to provide a
further control over orientation of the end effector 112 by the end effector controller 110 (or
alternatively/additionally the host computer 118).

[0045] In keeping with the autonomous/independent nature of the controller 110 with
respect to the host computer 118, various input/output interface elements are provided to
support user control/configuration of the end effector controller 110 (and indirectly the end
effector 112). A first USB port 308a, a second USB port 308b, and an ETHERNET connector

provide a variety standard physical/functional communication interfaces enabling users to
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directly connect a variety of devices (e.g. a memory drive, a configuration device, etc.) to the
controller 110.

[0046] Additionally, a touch-sensitive screen 310, supports a variety of displays for
presenting data and configurable parameter values. Such values are presented, for example,
via a hierarchical menu set provided by the touch-sensitive screen 310 under direction of the
end effector controller 110.

[0047] In the illustrative example of the robotic arm segment 106¢ and the end effector
adapter 114, the wires 116 are provided as a cable bundle extending from a compartment in
the segment 106¢ containing the controller 110 to the adapter-affecter interface 302.

[0048] Turning to FIG. 4, a flowchart summarizes steps for an exemplary method for
operating the robotic arm assembly 100 in accordance with illustrative examples of the
present invention. The example operation is intended to be exemplary in nature and does not
exclude alternative ways of operating the robotic arm assembly depicted, by way of example,
in FIGs. 1, 2 and 3. During 400, the robotic arm assembly 100 is configured by separately
configuring the host computer 118 (performing gross positioning control with respect to the
end effector 112) and the end effector controller 110 (performing real-time control of the end
effector 112).

[0049]  After configuration of the robotic arm assembly 100, during 410, the robotic arm
assembly actuators 108 operate under control of the host computer 118 to affect a gross
positioning of the end effector 112 with respect to a target (e.g. a patient, a work piece, etc.).
During 410, the host computer 118 communicates with the actuators 108a, 108b and 108c to
achieve the proper combination of orientations of the segments 106a, 106b and 106¢ in space
to affect the desired gross positioning of the end effector 112. The host computer 118 may
communicate status information, and potentially other commands causing, for example
rotation of the hinging joint 115 to achieve the desired gross positioning.

[0050] Upon achieving the desired gross positioning, during 420 the host computer 118
and the end effector controller 110 communicate to notify/acknowledge achieving the desired
gross positioning of the end effector 112. Control then passes to 430.

[0051] During 430, the end effector controller 110 takes over operation of the robotic arm
assembly 100 to carry out a particularized configured operation of the end effector 112 that
has been determined, during 420, to be properly positioned. During 430, the end effector
controller 110 communicates with the end effector 112, via the set of wires 116 and the end
effector adapter 114, to carry out the configured operation. As noted above, the highly

parallel and short distance characteristics of the signal path between the end effector
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controller 110 and the end effector 112 components facilitates a high bandwidth, low latency,
secure communications path for transmitting data and commands during operation of the end
effector 112.

[0052] In association with operation of the end effector 112 during 430, the end effector
controller 110 communicates with the host computer 118 to ensure the actuators 108 are
locked in position. The locking ensures that the end effector can carry out an operation
without a need to react to physical movements in space that are not directly under the control
of the end effector 112 and controller 110. The locking also ensures the robotic arm assembly
100 is not re-positioned during operation of the end effector 112 (during 430) in an
unexpected way that may cause the robotic arm assembly 100 to strike physical structures or
human observers in the vicinity of the robotic arm assembly 100.

[0053] In the above-described example, the controller 110 operates exclusive of operation
of the host computer 118 affecting gross movement of the end effector 112. However, in
alternative applications/operating modes, the controller 110 and the host computer 118
coordinate simultaneous operation. For example, during a welding operation, the host
computer 118 affects a continuous gross movement of the end effector 112, which includes a
weld head, while the controller 110 controls both fine positioning and activation of the weld
head (end effector 112) to perform the weld operation at locations in accordance with a
continuous and coordinated simultaneous operation control scheme.

[0054] Various embodiments disclosed herein are to be taken in the illustrative and
explanatory sense, and should in no way be construed as limiting of the present disclosure.
[0055] While aspects of the present disclosure have been particularly shown and
described with reference to the embodiments above, it will be understood by those skilled in
the art that various additional embodiments may be contemplated by the modification of the
disclosed machines, systems and methods without departing from the spirit and scope of what
is disclosed. Such embodiments should be understood to fall within the scope of the present

disclosure as determined based upon the claims and any equivalents thereof.
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WHAT IS CLAIMED IS:

1. A robotic arm assembly comprising:

a host computer;

a set of robotic arm segments, including at least a most proximal robotic arm segment
at a base of the robotic arm assembly and a most distal robotic arm segment;

a set of actuators, each actuator being interposed between adjacent pairs of the set of
robotic arm segments to affect a relative movement between the adjacent pairs of the set of
robotic arm segments;

an end effector controller configured with:

a first interface configured to support a first communication link between the
end effector controller and the host computer, and
a second interface, separate from the first interface;

an end effector adapter configured to provide a high speed data interface between the
end effector controller and an end effector,

wherein the end effector is mounted at a distal position on the robotic arm assembly,

wherein the end effector is mounted proximate the end effector controller, and

wherein the second interface is configured to support a second communication link

between the end effector controller and the end effector adapter.

2. The robotic arm assembly of claim 1 wherein the second interface is coupled

to the high speed data interface via a cable comprising a set of wires.

3. The robotic arm assembly of claim 1 wherein the end effector adapter includes

at least a direct current power supply for the end effector.

4. The robotic arm assembly of claim 1 wherein the end effector controller

comprises an operating system.

5. The robotic arm assembly of claim 1 further comprising a display interface,

and wherein the display interface output is driven under control of the end effector controller.

6. The robotic arm assembly of claim 1 wherein the end effector is one of a
plurality of interchangeable end effectors, each of the plurality of interchangeable end

effectors being configured to communicate with the end effector controller.
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7. The robotic arm assembly of claim 1 wherein the end effector controller is

carried by the most distal robotic arm segment.

8. The robotic arm assembly of claim 1 further comprising a hinging physical

connection between the end effector adapter and the most distal robotic arm segment.

9. The robotic arm assembly of claim 1 further comprising a fixed physical

connection between the end effector adapter and the most distal robotic arm segment.

10.  The robotic arm assembly of claim 1 wherein the end effector adapter

comprises a set of communication contact faces arranged in a three-dimensional space.

11. The robotic arm assembly of claim 10 wherein the set of communication
contact faces are arranged on sides of an end effector adaptor connector structure, where the
end effector adapter connector structure includes an asymmetric geometric face that permits
engagement in only a single rotational position with a corresponding end eftector connector

structure of the end effector.

12. The robotic arm assembly of claim 10 wherein the end effector adapter
comprises a set of alignment holes to facilitate connecting the end effector adapter and the

end effector.

13. The robotic arm assembly of claim 1 wherein the end effector adapter
comprises a set of communication contact faces, where ones of the set of communication
planar faces provide a set of signal lines for a corresponding electronic component on the end

effector.

14. The robotic arm assembly of claim 1 wherein the end effector adapter
comprises a set of communication contact faces, where multiple ones of the set of
communication planar faces correspond to a data bus and an address bus of a shared bus
interface between the end effector controller and multiple electronic components of the end

effector.

15. A method for operating a robotic arm assembly, comprising:
configuring the robotic arm assembly by:
configuring a host computer to provide a gross positioning of and end

effector positioned on a distal end of the robotic arm assembly;
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configuring an end effector controller to provide a real-time control

over operation of the end effector;

operating, under control of the host computer, a set of actuators associated
with the robotic arm assembly to affect a gross positioning of the end effector with
respect to a target;

communicating, by the host computer and the end effector controller, in
association with the gross positioning of the end effector with respect to the target;

controlling, by the end effector controller after achieving the gross positioning
of the end effector with respect to the target, operation of the robotic arm assembly to

carry out a particularized configured operation of the end effector.

16.  The method of claim 15 wherein, during the controlling, the end effector
controller communicates with the end effector via a set of wires 116 and an end effector

adapter, to carry out the configured operation.

17. The method of claim 16 wherein the end effector is one of a plurality of
interchangeable end effectors configured to communicate with the end effector controller,
and wherein the method further comprises replacing the end effector with another one of the

plurality of interchangeable end effectors.

18. A robotic arm assembly, comprising:
a host computer;
a set of robotic arm segments;
a set of actuators interposed between adjacent pairs of the set of robotic arm
segments to cause relative movement between the robotic arm segments;
an end effector controller configured with:
a first interface configured to support a first communication link
between the end effector controller and the host computer, and
a second interface, separate from the first interface;
an end effector adapter configured to provide a high speed data interface
between the end effector controller and an end effector,
a plurality of interchangeable end effectors, one of which is mounted at a
distal position on the robotic arm assembly,

wherein the end effector is mounted proximate the end effector controller, and
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wherein the second interface is configured to support a second communication

link between the end effector controller and the end effector adapter.

19. The robotic arm assembly of claim 18, wherein each of the plurality of
interchangeable end effectors is releasably connected to the end effector adapter and

configured to communicate with the end effector controller.

20. The robotic arm of claim method of claim 19, wherein, during operation, the
end effector controller communicates with the host computer to affect a coordinated
simultaneous operation of the set of actuators and the end effector in accordance with a

continuous and coordinated simultaneous operation control scheme.
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Configure robotic arm assembly including Host Computer (gross
400 positioning) and End Effecter Controller (end effecter operation)

v

Operate robotic arm actuators to obtain a gross positioning of
410 the end effecter with respect to target object

l

Communication between the host computer and the end
420 effecter controller to notify/confirm gross positioning of the end
N effecter (lock actuator positioning of the robotic arm segments)
Carry out configured operation of the end effecter under control
of the end effecter controller via high bandwidth/low latency

signal interface communications between the end effecter
controller and components of the end effecter (see e.g. FIG. 2)

430

FIG. 4
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