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RATIONALE

This document, the JAUS Manipulator Service Set (AS6057A), defines a message-passing interface for services commonly
found in serial manipulator systems. These services represent the platform-independent capabilities common across all
serial manipulator types. Additional capabilities are specified in the JAUS Core Service Set (AS5710) and are frequently
referenced herein. The Revision A publication addresses several technical inconsistencies in the original document,
including proper reference to Core 1.1 services and separation of overlapping input vocabularies, while addressing
backward compatibility with existing implementations.

ASB6057A has been reaffirmed to comply with the SAE Five-Year Review policy.
INTRODUCTION

The primary goal of the JAUS Manipulator Service Set is logical interoperability between communicating elements in an
unmanned system. To this end, each service defines the messages (vocabulary) and protocol (rules) for data exchange.
This logical interoperability is independent of the physical transport, and it is expected that a Transport Standard, such as
the JAUS/SDP Transport Specification [AS5669], is used in conjunction with this specification.

Each service in the JAUS Manipulator Service Set can be described using the JAUS Service Interface Definition Language
[JSIDL]. JSIDL creates a formal schema based on Relax NG Compact [rng] that allows for validation of each service
definition described herein. Although knowledge of JSIDL is not required to understand or implement this Specification, it
is highly recommended for supporting context. For convenience, the JAUS Manipulator Service Set contains both a text
based and XML based representation for each service.

The AS6057 Standard does not replace the latest JAUS Reference Architecture Version 3.3 [RA33P1, RA33P2, RA33P3],
but is a direct evolution of that work. This Standard has been carefully designed to allow for the simplest possible migration
of RA 3.3 implementations to a services-based framework. Even though the notion of services has come to define formal
interfaces between components, the message sets in those services trace back to identical messages in the Reference
Architecture.

This document uses a number of conventions to simplify the text. All names are given in Camel Case. Names start with
upper case, while reference names start with a lower case.

The tables and diagrams in this document are hand-transcribed from the JSIDL XML specification in the Appendixes. In
case of transcription errors, the XML specification should be considered correct.
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1. SCOPE

This document defines a set of standard application layer interfaces called JAUS Manipulator Services. JAUS Services
provide the means for software entities in an unmanned system or system of unmanned systems to communicate and
coordinate their activities. The Manipulator Services represent platform-independent capabilities commonly found across
domains and types of unmanned systems. At present, twenty-five (25) services are defined in this document. These
services are categorized as:

Low Level Manipulator Control Services — The one service in this category allows for low-level command of the manipulator
joint actuation efforts. This is an open-loop command that could be used in a simple tele-operation scenario. The service
in this category is listed as follows:

e Primitive Manipulator Service

Manipulator Sensor Services — These services, when queried, return instantaneous sensor data. Three services are defined
that return respectively joint positions, joint velocities, and joint torques or forces. Two additional services return the end
effector pose and velocity with respect to the manipulator base coordinate frame. The services in this category are listed
as follows:

Manipulator Joint Position Sensor Service

Manipulator Joint Velocity Sensor Service

Manipulator Joint Force/Torque Sensor Service

Manipulator End Effector Pose Sensor Service

Manipulator End Effector Velocity State Sensor Service
Mid Level Position and Velocity Driver Services — These services take as inputs the desired joint positions, the desired joint

velocities, the desired end effector pose, or the desired end effector velocity state. Closed-loop control is implied. The
services in this category are listed as follows:

e Manipulator Joint Position Driver Service

Manipulator Joint Position List Driver Service

e Manipulator End Effector Pose Driver Service

e Manipulator End Effector Pose List Driver Service

e Manipulator Joint Velocity Driver Service

e Manipulator End Effector Velocity State Driver Service

e Manipulator Actuator Force/Torque Driver Service

Pan Tilt Driver Services —These services provide an interface to a specific pan tilt mechanism. The pan tilt mechanism is a
two degree of freedom serial manipulator. It is comprised of two revolute joints whose axes intersect and are perpendicular.
The services in this category are listed as follows:

e Primitive Pan Tilt Service
e Pan Tilt Joint Position Sensor Service
e Pan Tilt Joint Position Driver Service
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e Pan Tilt Joint Velocity Sensor Service

e Pan Tilt Joint Velocity Driver Service

End Effector Driver Services — This service provides an interface to a specific end effector. The end effector is a one-degree
of freedom serial manipulator, usually mounted on the end of a n-degree of freedom serial manipulator. Examples include
grippers, screw drivers, or other tools. The services in this category are listed as follows:

e Primitive End Effector Service

Each service is described by a JAUS Service Definition (JSD) which specifies the message set and protocol required for
compliance. Each JSD is fully compliant with the JAUS Service Interface Definition Language [JSIDL].

1.1 Purpose

The purpose of this document is to facilitate interoperation of unmanned vehicle systems, subsystems, and payloads by
standardization of the message set and associated protocol.

1.2 JAUS Core Service Set

The JAUS Service Definitions defined herein make use of the inheritance functionality provided by JSIDL to incorporate
capabilities as specified by the JAUS Core Service Set (AS5710). These documents must be used together to define a
complete service. It is important to note that details related to ‘Message Serialization’ and ‘Understanding Protocol
Descriptions’ can be found in the JAUS Core Service Set document, and are not repeated here.

1.3 Compliance

The JAUS Manipulator Service Set must support compliance assessment. To do so, this specification must be sufficiently
precise to enable the “compliant’/’'not compliant” distinction to be made independently of the underlying transport
mechanism. It is important to note that implementations are considered compliant to individual Service Definitions within
this Specification; it is not necessary that a single entity realize each service to be considered compliant.

1.4 Document Organization

The layout of this document is as follows. Section 2 lists external references used throughout the specification. Section 3
specifies common conventions and definitions. Section 4 specifies the JAUS Service Definition for each of the manipulator
services, with particular emphasis on the description, assumptions, message set, and protocol behavior. Section 5
describes message encoding for each message set. Finally, Appendix A and Appendix B contain the complete JSIDL
representation for each service and their associated message set.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The applicable issue of all publications
shall be the issue in effect on the date of the publication for this specification, unless otherwise noted. In the event of conflict

between the text of this document and references cited herein, the text of this document takes precedence.

Nothing in this document, however, supersedes applicable laws and regulations.
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211 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), Web address: www.sae.org.

AIR5665 Architecture Framework for Unmanned Systems
AS5669 JAUS / SDP Transport Specification, Revision B
AS5684 JAUS Service Interface Definition Language
AS5710 JAUS Core Service Set, Revision A

AS6009 JAUS Mobility Service Set

2.1.2 JAUS Technical References

RA33P1 JAUS Reference Architecture Specification, Volume II, Part 1, Architecture Framework, Version 3.3,
June 22, 2007

RA33P2 JAUS Reference Architecture Specification, Volume II, Part 2, Message Definition, Version 3.3,
June 22, 2007

RA33P3 JAUS Reference Architecture Specification, Volume Il, Part 3, Message Set, Version 3.3, June 22, 2007
2.1.3 Other Publications

[att] Decimal Expansion of Pl [http://www.research.att.com/~njas/sequences/A000796]

[crane] Carl D. Crane. Joseph Duffy. Kinematics Analysis of Robot Manipulators. Cambridge University Press. 2008.

[rng] Relax NG: [http://www.oasis-open.org/committees/relax-ng/spec-20011203.html] Standard lightweight XML schema
language.

2.2 List of Acronyms

ID Identifier

API Application Programming Interface

ASCII American Standard Code for Information Interchange
IEEE Institute of Electrical and Electronics Engineers

JAUS Joint Architecture for Unmanned Systems
JSD JAUS Service Definition

JSIDL  JAUS Service (Interface) Definition Language
RA (JAUS) Reference Architecture

UML Unified Modeling Language

URL Uniform Resource Locator
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URN Uniform Resource Name

URI Uniform Resource ldentifier

UuID Universally Unique Identifier

XML Extensible Markup Language

3. COMMON CONVENTIONS

3.1 Constant values

In the context of this Standard, PI (r) is defined as 3.14159265358979323846 [att].

3.2  Definition of Coordinate Systems

3.2.1  Vehicle Coordinate System

This coordinate system is defined as attached to the vehicle frame. Typically, the X-axis points in the forward direction and
the Z-axis points downward. The Y-axis is defined so as to have a right-handed coordinate system, i.e., i x j = k where i, j,
and k are unit vectors along the X, Y, and Z coordinate axes.

3.2.2 Manipulator Base Coordinate System

This coordinate system is attached to the vehicle base just as the vehicle coordinate system is. The Z axis is along S1 and
the direction of the X-axis is user defined, but fixed with respect to the vehicle frame (see Figure 1). Since the manipulator
base coordinate system and the vehicle coordinate system are both attached to the vehicle base, the transformation matrix
that describes the relative position and orientation of these two coordinate systems will be constant. Cases in which a
manipulator may be attached to the end of another manipulator are beyond the scope of the current document.

3.2.3 End Effector Coordinate System

This coordinate system is attached to the last link of the serial manipulator. The origin is located at the point that is a
distance Sn (Ss for a six axis manipulator) along the last joint axis vector (Se for a six axis manipulator) from the intersection
of the lines along the last joint axis and the preceding link axis (Ss and ass for a six axis manipulator). The Z-axis is along
the Sn vector as shown in Figure 1. The direction of the X-axis is user defined, but of course must be perpendicular to the
Z-axis. The Y-axis is defined by the right-hand rule.

3.3 End Effector Pose

The End Effector Pose represents the position of the tool tip and the orientation of the end effector coordinate system.
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3.4 Quaternion

This specification uses quaternion-based notation to reflect three dimensional rotation of a coordinate system as measured
with respect to a base coordinate system. This rotation is defined by a unit quaternion (d ; a, b, c) where the quaternion q
is expressed as q = d + ai +bj + ck where i, j, and k represent the unit quaternions (0; 1,0,0), (0; 0,1,0), and (0;0,0,1)
respectively.

3.5 Manipulator Linkage Notation

Manipulators are often used on Unmanned Systems to alter the environment. To standardize the method of referencing
manipulator links (or joints), the following figures illustrate the notation that will be used later in the document. Figure 2
illustrates the parameters used for link ij. Figure 3 and Figure 4 illustrate additional parameters used for rotational joints
and prismatic joints respectively [crane].

ase

Xend effector

Zend effector

FIGURE 1 - MANIPULATOR BASE COORDINATE SYSTEM
AND END EFFECTOR COORDINATE SYSTEM
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aij — link length
aij — twist angle

aj — unit vector along link ij
Si — unit vector along joint axis i
Sj — unit vector along joint axis j

Link length ajj is measured as the perpendicular
distance between joint axis i and joint axis j along the
vector aj. Note that it can have a negative value.

Twist angle a is the angle between Si and §;
measured in a right hand sense about aj.

FIGURE 2 - MANIPULATOR LINKAGE PARAMETERS FOR LINK IJ

S; — constant joint offset distance
0; — variable joint angle

aij — unit vector along link ij
ajk — unit vector along link jk
S; — unit vector along joint axis |

Joint offset S; is measured as the perpendicular
distance between link aj and link ajx along the vector
S;. Note that it can have a negative value.

Joint angle 6; is the angle between aj and aj
measured in a right hand sense about S;.

FIGURE 3 - MANIPULATOR LINKAGE PARAMETERS FOR REVOLUTE JOINT J

S; — variable joint offset distance
0; — constant joint angle

aj — unit vector along link ij
aik — unit vector along link jk
Sj — unit vector along joint axis j

Joint offset S; is measured as the perpendicular
distance between link aj and link aj along the vector
S;. Note that it can have a negative value.

Joint angle 6; is the angle between aj and aj
measured in a right hand sense about S;.

FIGURE 4 - MANIPULATOR LINKAGE PARAMETERS FOR PRISMATIC JOINT J
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4. SERVICE DEFINITIONS

The following subsections provide a textual definition for each Service Definition in the JAUS Manipulator Service Set.
Additional information on interpreting the service definition elements may be found in [JSIDL].

4.1 Manipulator Specification Service

name=ManipulatorSpecificationService
version=2.0
id= urn:jaus:jss: manipulator:ManipulatorSpecificationService

Inherits-from Events
name=Events
id= urn:jaus:jss:core: Events
version=1.1

<<Transport>> <|7

<<Events>> q

<< ManipulatorSpecificationService >>

FIGURE 5 - MANIPULATOR SPECIFICATION SERVICE
Description
This service is used to describe a manipulator arm. When queried, the service will reply with a description of the
manipulator’s specification parameters, axes range of motion, and axes velocity limits. The notations used to describe
these data are documented in many popular text books on robotics and were previously presented in Section 3.
The mechanism specification parameters as reported by the Report Manipulator Specifications Message consist of the
number of joints, the type of each joint (either revolute or prismatic), the link description parameters for each link (link length
and twist angle as shown in Figure 2), the constant joint parameter value (offset for a revolute joint (see Figure 3), and joint
angle for a prismatic joint (see Figure 4)). The minimum and maximum allowable value for each joint and the maximum
velocity for each joint follow this information.
Assumptions
Messages may be delayed, lost or reordered.

Vocabulary

Table 1 lists the vocabulary of the Manipulator Specification Service.
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TABLE 1 - MANIPULATOR SPECIFICATION SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2600h | QueryManipulatorSpecifications | False
Output Set

4600h | ReportManipulatorSpecifications | False

Protocol Behavior

ﬂnsport.Receiving \
évents.Ready \

Default

\: 7

FIGURE 6 - MANIPULATOR SPECIFICATION SERVICE PROTOCOL BEHAVIOR

TABLE 2 - MANIPULATOR SPECIFICATION SERVICE STATE TRANSITION TABLE

Label | Trigger Guard | Actions
A QueryManipulatorSpecifications sendReportManipulatorSpecifications

TABLE 3 - MANIPULATOR JOINT POSITION SENSOR SERVICE TRANSITION ACTIONS

Action Interpretation
sendReportManipulatorSpecifications | Send a Report Manipulator Specs message.

4.2  Primitive Manipulator Service

name= PrimitiveManipulator
version=2.0
id= urn:jaus:jss:manipulator: PrimitiveManipulator

Inherits-from Management
name=management
id= urn:jaus:jss:core:Management
version=1.1
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<<Transport>>

47

<<Events>>

Description

47

<<AccessControl>>

47

<<Management>>

(]7

<< PrimitiveManipulator>>

FIGURE 7 - PRIMITIVE MANIPULATOR SERVICE

This service is the low level interface to a manipulator arm. Motion of the arm is accomplished via the Set Joint Effort
message. In this message, each actuator is commanded to move with a percentage of maximum effort.

If backward compatibility with 1.0 implementations is required, then this service must be co-located on the same component

as a Manipulator Specification Service.

Assumptions

Messages may be delayed, lost, or reordered.

Full document details: SAE AS6057A
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Vocabulary
Table 4 lists the vocabulary of the Primitive Manipulator Service.

TABLE 4 - PRIMITIVE MANIPULATOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

0601h SetJointEffort True

2601h QueryJointEffort False

Output Set

4601h | ReportJointEffort | False

Protocol Behavior

Kransoort Receiving N
events.Readv \
~N
:
accessCirl.Controlled
accessCirl. Available A
default
B F 3
k\\

FIGURE 8 - PRIMITIVE MANIPULATOR SERVICE PROTOCOL BEHAVIOR

accessCirl.NotControlled

-

AN

S

TABLE 5 - PRIMITIVE MANIPULATOR SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryJointEffort sendReportJointEffort
B SetJointEffort management.accessCitrl setJointEffort
.isControllingClient

Documents

Document Sharing Hub

Full document details: SAE AS6057A
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TABLE 6 - PRIMITIVE MANIPULATOR SERVICE TRANSITION ACTIONS

Action Interpretation

sendReportJointEffort Send a Report Joint Effort message.

setJointEffort Set the joint motion efforts for the manipulator.
The manipulator joints move accordingly.

4.3 Manipulator Joint Position Sensor Service

name= ManipulatorJointPositionSensor
version=2.0

id= urn:jaus:jss: manipulator: ManipulatorJointPositionSensor

Inherits-from Events
name=Events
id= urn:jaus:jss:core: Events
version=1.1

<<Transport>> <|7

<<Events>>

47

<< ManipulatorJointPositionSensor >>

FIGURE 9 - MANIPULATOR JOINT POSITION SENSOR SERVICE

Description

The function of the Joint Position Sensor Service is to report the values of manipulator joint positions when queried. If
backward compatibility with 1.0 implementations is required, then this service must be co-located on the same component

as a Manipulator Specification Service.
Assumptions
Messages may be delayed, lost or reordered.

Vocabulary

Table 7 lists the vocabulary of the Manipulator Joint Position Sensor Service.

Full document details: SAE AS6057A
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TABLE 7 - MANIPULATOR JOINT POSITION SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2602h | QueryJointPosition | False
Output Set

4602h | ReportJointPosition | False

Protocol Behavior

ﬁnsport.Receiving \
@vents.Ready \

Default

\: 7

FIGURE 10 - MANIPULATOR JOINT POSITION SENSOR PROTOCOL BEHAVIOR

TABLE 8 - MANIPULATOR JOINT POSITION SENSOR SERVICE STATE TRANSITION TABLE

Label | Trigger Guard Actions
A QueryJointPosition sendJointPosition

TABLE 9 - MANIPULATOR JOINT POSITION SENSOR SERVICE TRANSITION ACTIONS

Action Interpretation
sendJointPosition Send Report Joint Position message to
the service that sent the query.

Documents

Document Sharing Hub

Full document details: SAE AS6057A
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4.4 Manipulator Joint Velocity Sensor Service

name= ManipulatorJointVelocitySensor
version=2.0
id= urn:jaus:jss: manipulator: ManipulatorJointVelocitySensor

Inherits-from Events
name=events
id= urn:jaus:jss:core: Events
version=1.1

<<Transport>> <|7

<<Events>> q

<< ManipulatorJointVelocitySensor >>

FIGURE 11 - MANIPULATOR JOINT VELOCITY SENSOR SERVICE

Description

The function of the Joint Velocity Sensor Service is to report the values of manipulator joint velocities when queried. If
backward compatibility with 1.0 implementations is required, then this service must be co-located on the same component
as a Manipulator Specification Service.

Assumptions

Messages may be delayed, lost or reordered.

Vocabulary

Table 10 lists the vocabulary of the Manipulator Joint Velocity Sensor Service.

TABLE 10 - MANIPULATOR JOINT VELOCITY SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2603h | QueryJointVelocity | False
Output Set

4603h | ReportJointVelocity | False

Documents

Document Sharing Hub

Full document details: SAE AS6057A
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Protocol Behavior
ﬂnsportReceiving \
évents.Ready A \
Default

\:

—/

FIGURE 12 - MANIPULATOR JOINT VELOCITY SENSOR PROTOCOL BEHAVIOR

TABLE 11 - MANIPULATOR JOINT VELOCITY SENSOR SERVICE STATE TRANSITION TABLE

Label

Trigger

Guard Actions

A

QueryJointVelocity

sendJointVelocity

TABLE 12 - MANIPULATOR JOINT VELOCITY SENSOR SERVICE TRANSITION ACTIONS

Action

Interpretation

sendJointVelocity

Send ReportJointVelocity message to the
service that sent the query.

Full document details: SAE AS6057A
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4.5 Manipulator Joint Force/Torque Sensor Service

name= ManipulatorJointForceTorqueSensor
version=2.0
id= urn:jaus:jss: manipulator: ManipulatorJointForceTorqueSensor

Inherits-from Events
name=events
id= urn:jaus:jss:core: Events
version=1.1

<<Transport>> <|7

<<Events>> q

<< ManipulatorJointForceTorqueSensor >>

FIGURE 13 - MANIPULATOR JOINT FORCE/TORQUE SENSOR SERVICE

Description
The function of the Joint Force/Torque Sensor is to report the values of instantaneous torques (for revolute joints) and forces
(for prismatic joints) that are applied at the individual joints of the manipulator kinematic model when queried. If backward

compatibility with 1.0 implementations is required, then this service must be co-located on the same component as a
Manipulator Specification Service.

Assumptions

Messages may be delayed, lost or reordered.

Vocabulary

Table 13 lists the vocabulary of the Manipulator Force Torque Sensor Service.

TABLE 13 - MANIPULATOR JOINT FORCE TORQUE SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2605h | QueryJointForceTorque | False
Output Set

4605h | ReportJointForceTorque | False

Documents

Document Sharing Hub
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Protocol Behavior
ﬂnsport.Reoeiving \
@vents.Ready A \
Default

\:

—/

FIGURE 14 - MANIPULATOR JOINT FORCE TORQUE SENSOR PROTOCOL BEHAVIOR

TABLE 14 - MANIPULATOR JOINT FORCE TORQUE SENSOR SERVICE STATE TRANSITION TABLE

Label

Trigger

Guard

Actions

A

QueryJointForceTorque

sendJointForceTorque

TABLE 15 - MANIPULATOR JOINT FORCE TORQUE SENSOR SERVICE TRANSITION ACTIONS

Action

Interpretation

sendJointForceTorque

Send ReportJointForceTorques message
to the service that sent the query.

Full document details: SAE AS6057A
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4.6 Manipulator Tool Offset Service

name= ManipulatorToolOffsetService
version=2.0
id= urn:jaus:jss:manipulator:ManipulatorToolOffsetService

Inherits-from AccessControl
name=accessControl
id= urn:jaus:jss:core:AccessControl

version=1.1
<<Transport>> q
<<Events>> q
<<AccessControl>> q
<<ManipulatorTool
OffsetService >>
FIGURE 15 - MANIPULATOR TOOL OFFSET SERVICE

Description

The function of the Manipulator Tool Offset Service is to configure the position offset of any tool attached to the manipulator
flange.

Assumptions
Messages may be delayed, lost or reordered.
Vocabulary

Table 16 lists the vocabulary of the Manipulator Tool Offset Service.

TABLE 16 - MANIPULATOR TOOL OFFSET SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

0604h SetToolOffset True

2604h QueryToolOffset False
Output Set

4604h | ReportToolOffset | False

Documents

Document Sharing Hub
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Protocol Behavior

ﬁansport.Receiving \
/events.Ready \

accessCtrl.NotControlled accessCtrl.Controlled
default 4‘ default
A A, A
A B

> 7

FIGURE 16 - MANIPULATOR TOOL OFFSET SERVICE PROTOCOL BEHAVIOR

TABLE 17 - MANIPULATOR TOOL OFFSET SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryToolOffset sendReportToolOffset
B SetToolOffset accessCtrl.isControllingClient setToolOffset

TABLE 18 - MANIPULATOR TOOL OFFSET SERVICE TRANSITION ACTIONS

Action Interpretation

sendReportToolOffset Send a Report Tool Offset message.

setToolOffset Set the location of the tool tip as measured in
the end effector coordinate system.

4.7 Manipulator End Effector Pose Sensor Service

name= ManipulatorEndEffectorPoseSensor
version=2.0
id= urn:jaus:jss:manipulator:ManipulatorEndEffectorPoseSensor

Inherits-from AccessControl
name=accessControl
id= urn:jaus:jss:core:AccessControl
version=1.1

Documents

Document Sharing Hub

Full document details: SAE AS6057A
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<<Transport>> q
<<Events>> q

<<AccessControl>>

<<ManipulatorEndEffe
ctorPoseService >>

FIGURE 17 - MANIPULATOR END EFFECTOR POSE SENSOR SERVICE
Description

The function of the End Effector Pose Sensor Service is to report the position and orientation of the tool tip with respect to
the manipulator base coordinate system. If backward compatibility with 1.0 implementations is required, then this service
must be co-located on the same component as a Manipulator Specification Service and a Manipulator Tool Offset Service.

Assumptions
Messages may be delayed, lost or reordered.

Vocabulary

Table 19 lists the vocabulary of the Manipulator End Effector Pose Sensor Service.

TABLE 19 - MANIPULATOR END EFFECTOR POSE SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2615h | QueryEndEffectorPose | False
Output Set

4615h | ReportEndEffectorPose | False

Documents

Document Sharing Hub
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Protocol Behavior

ﬂansport.Reoeiving \
/events.Ready \

accessCtrl.NotControlled accessCtrl.Controlled

_‘ —| default
A default A

A A

> 7

FIGURE 18 - MANIPULATOR END EFFECTOR POSE SENSOR SERVICE PROTOCOL BEHAVIOR

TABLE 20 - MANIPULATOR END EFFECTOR POSE SENSOR SERVICE TRANSITION TABLE

Label Trigger Guard Actions

A QueryEndEffectorPose sendReportEndEffectorPose

TABLE 21 - MANIPULATOR END EFFECTOR POSE SENSOR SERVICE TRANSITION ACTIONS

Action Interpretation

sendReportEndEffectorPose Send a Report End Effector Pose message.

Documents

Document Sharing Hub

Full document details: SAE AS6057A
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4.8 Manipulator End Effector Velocity State Sensor Service

name= ManipulatorEndEffectorVelocityStateSensor
version=2.0
id= urn:jaus:jss:manipulator:ManipulatorEndEffectorVelocityStateSensor

Inherits-from Access Control
name=accessControl
id= urn:jaus:jss:core:AccessControl

version=1.1
<<Transport>> q
<<Events>> q
<<AccessControl>> <
<<ManipulatorEndEffector
VelocityStateSensor >>
FIGURE 19 - MANIPULATOR END EFFECTOR VELOCITY STATE SENSOR SERVICE
Description

The function of the End Effector Velocity State Sensor is to report the velocity state of the tool tip as defined by two length-
three vectors, i.e., we and vicole. These vectors respectively represent the angular velocity of the end effector coordinate
system and the linear velocity of the tool tip as measured with respect to the manipulator base coordinate system. If
backward compatibility with 1.0 implementations is required, then this service must be co-located on the same component
as a Manipulator Specification Service and a Manipulator Tool Offset Service.

Assumptions
Messages may be delayed, lost or reordered.
Vocabulary

Table 22 lists the vocabulary of the Manipulator End Effector Velocity State Sensor Service.

TABLE 22 - MANIPULATOR END EFFECTOR VELOCITY STATE SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2616h | QueryEndEffectorVelocityState | False
Output Set

4616h | ReportEndEffectorVelocityState | False
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Protocol Behavior

ﬂansport.Reoeiving \
/events.Ready \

accessCtrl.NotControlled accessCtrl.Controlled

_‘ —| default
A default A

A A

> 7

FIGURE 20 - MANIPULATOR END EFFECTOR VELOCITY STATE SENSOR SERVICE PROTOCOL BEHAVIOR

TABLE 23 - MANIPULATOR END EFFECTOR VELOCITY STATE SENSOR SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryEndEffector sendReportEnd
VelocityState EffectorVelocityState

TABLE 24 - MANIPULATOR END EFFECTOR VELOCITY STATE SENSOR SERVICE TRANSITION ACTIONS

Action Interpretation
sendReportEnd Send a Report End Effector Velocity State
EffectorVelocityState message.

Documents

Document Sharing Hub

Full document details: SAE AS6057A
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4.9 Manipulator Joint Motion Profile Service

name= ManipulatorJointMotionProfile
version=2.0

id= urn:jaus:jss:manipulator: ManipulatorJointMotionProfile

Inherits-from AccessControl
name=accessControl
id= urn:jaus:jss:core:accessControl

qi

<<AccessControl>> <

<<ManipulatorJointMotion
ProfileService >>

FIGURE 21 - MANIPULATOR JOINT MOTION PROFILE SERVICE

version=1.1
<<Transport>> q
<<Events>>
Description

The function of the Joint Motion Profile Service is to allow for configuration of the motion profile for all services co-located
on this component. The Set Motion Profile message is used to set maximum velocity and acceleration rates for each of the
joint parameters. All motions utilize the motion profile data that was most recently sent.

Assumptions

Messages may be delayed, lost or reordered.

Vocabulary

Table 25 lists the vocabulary of the Manipulator Joint Motion Profile Service.

TABLE 25 - MANIPULATOR JOINT MOTION PROFILE SERVICE VOCABULARY

Message Id Name isCommand?
(hex)

Input Set

0607h SetJointMotionProfile True

2607h QueryJointMotionProfile False
Output Set

4607h | ReportJointMotionProfile | False

Full document details: SAE AS6057A
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Protocol Behavior

ﬁansport.Receiving \
/events.Ready \

accessCtrl.NotControlled accessCtrl.Controlled

_‘ —i default
A default A,
B

A A

> 7

FIGURE 22 - MANIPULATOR JOINT MOTION PROFILE SERVICE PROTOCOL BEHAVIOR

TABLE 26 - MANIPULATOR JOINT MOTION PROFILE SERVICE TRANSITION TABLE

Label Trigger Guard Actions

A QueryJointMotionProfile motionProfile Exists sendReportJointMotionProfile

B SetJointMotionProfile management.accessCirl. setJointMotionProfile
isControllingClient

TABLE 27 - MANIPULATOR JOINT MOTION PROFILE SERVICE STATE CONDITIONS TABLE

Condition Interpretation
motionProfileExists True if a motion profile is available.

TABLE 28 - MANIPULATOR JOINT MOTION PROFILE SERVICE TRANSITION ACTIONS

Action Interpretation

sendReportJointMotionProfile Send a ReportJointMotionProfile message.

setJointMotionProfile Set the joint motion profile parameters for the
manipulator.

4.10 Manipulator Joint Position Driver Service

name= ManipulatorJointPositionDriver
version=2.0

id= urn:jaus:jss:manipulator:ManipulatorJointPositionDriver

Inherits-from Management
name=management
id= urn:jaus:jss:core:Management
version=1.1

Documents

Document Sharing Hub

Full document details: SAE AS6057A
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<<Transport>> q
<<Events>> q

<<AccessControl>> <
<<Management>> q

<<ManipulatorJoint
PositionDriver >>

FIGURE 23 - MANIPULATOR JOINT POSITION DRIVER SERVICE
Description

The function of the Joint Position Driver is to perform closed-loop joint position control. A single target is provided via the
Set Joint Position message. The target remains unchanged until a new Set Joint Position message is received. If backward
compatibility with 1.0 implementations is required, then this service must be co-located on the same component as a
Manipulator Specification Service and a Manipulator Joint Motion Profile Service. Note that while the Joint Position Driver
mandates upper and lower bounds on the joint range, this is not intended to limit motion on continuous-turn axes when
commanded by effort, torque or velocity using one of the other Driver Services.

Assumptions
Messages may be delayed, lost or reordered.
Vocabulary

Table 29 lists the vocabulary of the Manipulator Joint Position Driver Service.

TABLE 29 - MANIPULATOR JOINT POSITION DRIVER SERVICE VOCABULARY

Message Id Name isCommand?
(hex)

Input Set

0602h SetJointPosition True

2608h QueryCommandedJointPosition False
Output Set

4608h | ReportCommandedJointPosition | False

Documents

Document Sharing Hub
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Protocol Behavior

ﬁsoort.Receivinq

events.Ready

accessCtrl.NotControlled

o

default

accessCtrl.Controlled

accessCtrl.Available

A —i default

U\

A

Ready
lexit=D

NS

=

FIGURE 24 - MANIPULATOR JOINT POSITION DRIVER SERVICE PROTOCOL BEHAVIOR

TABLE 30 - MANIPULATOR JOINT POSITION DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label State

Type Guard

Actions

D management. Ready

exit

stopMotion

TABLE 31 - MANIPULATOR JOINT POSITION DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryCommanded sendReportCommanded
JointPosition JointPosition
B SetJointPosition management.accessCtrl. setJointPosition
isControllingClient AND
motionProfileExists

TABLE 32 - MANIPULATOR JOINT POSITION DRIVER SERVICE STATE CONDITIONS TABLE

Condition

Interpretation

motionProfileExists

True if a motion profile is available.

Full document details: SAE AS6057A
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TABLE 33 - MANIPULATOR JOINT POSITION DRIVER SERVICE TRANSITION ACTIONS

Action Interpretation

sendReportCommanded Send a ReportCommandedJointPosition

JointPosition message.

setdointPosition Set the desired joint values for the
manipulator.

stopMotion Stop motion of the manipulator.

4.11 Manipulator Joint Position List Driver Service
name= ManipulatorJointPositionListDriver
version=2.0
id= urn:jaus:jss:manipulator:ManipulatorJointPositionListDriver
Inherits-from ManipulatorListDriver
name= manipulatorListDriver

id= urn:jaus:jss:manipulator:ManipulatorListDriver
version=1.1

<<Transport>> q

<<Events>> q

<<AccessControl>> q

<<Management>> q

<<ListManager> q
>

<<Manipulator 47

ListDriver>>

<<Manipulator
JointPosition
ListDriver>>

FIGURE 25 — MANIPULATOR JOINT POSITION LIST DRIVER SERVICE

Description

The function of the Joint Position List Driver is to perform closed-loop joint position control through a sequence of targets.
The sequence of targets is specified by one or more SetElement messages, as defined by the List Manager Service. If
backward compatibility with 1.0 implementations is required, then this service must be co-located on the same component
as a Manipulator Specification Service and a Manipulator Joint Motion Profile Service.

Assumptions

Messages may be delayed, lost or reordered.

Documents

Document Sharing Hub

Full document details: SAE AS6057A
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Vocabulary
Table 34 lists the vocabulary of the Manipulator Joint Position List Driver Service.

TABLE 34 - MANIPULATOR JOINT POSITION LIST DRIVER SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2608h | QueryCommandedJointPosition | False
Output Set

4608h | ReportCommandedJointPosition | False

Protocol Behavior

msport.Receivinq \
N

events.Ready

accessCtrl.NotControlled

default

o

U\

accessCtrl.Controlled

accessCtrl.Available g default
c Ready A
\g = //

FIGURE 26 - MANIPULATOR JOINT POSITION LIST DRIVER SERVICE PROTOCOL BEHAVIOR
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TABLE 35 - MANIPULATOR JOINT POSITION LIST DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label State

Type Guard

Actions

D management. Ready

exit

stopMotion

TABLE 36 - MANIPULATOR JOINT POSITION LIST DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryCommanded targetExists sendReportCommanded
JointPosition JointPosition

B SetElement management.accessCitrl. setElement
isControllingClient AND sendConfirmElementRequest
isValidElementRequest AND
isElementSupported

C ExecutelList management.accessCtrl. executeTargetList
isControllingClient AND
elementExists AND
isListValid

TABLE 37 - MANIPULATOR JOINT POSITION LIST DRIVER SERVICE STATE CONDITIONS TABLE

Condition

Interpretation

elementExists

in the list.

True if the Element UID specified in the
message that triggered the transition exists

isValidElementRequest

True if the resulting list will not be invalid as
defined by the List Manager Service
description and the receiving entity has
sufficient memory to store the element(s).

isElementSupported

True if the message that triggered the
transition contains payload(s) of valid
serialized Set Joint Position message(s).

targetExists

received.

True if a valid target position has been

isListValid

Position messages.

True if the list contains Manipulator Joint

Full document details: SAE AS6057A
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TABLE 38 - MANIPULATOR JOINT POSITION LIST DRIVER SERVICE TRANSITION ACTIONS

Action Interpretation

setElement Store the given targets(s) in the target list with
sequence specified by the previous and next
element UIDs. If this action represents an insert or
append into an existing list, the service should
modify the NextUID of the previous element and/or
the PreviousUID of the next element to reflect the
updated sequence

executeTargetList Begin sequential execution of the target list starting
at the specified element.

sendReportCommanded Send a ReportCommandedJointPosition message.

JointPosition

sendConfirmElementRequest Send a ConfirmElementRequest message.

stopMotion Stop motion of the manipulator.

4.12 Manipulator End Effector Pose Driver Service

name= ManipulatorEndEffectorPoseDriver

version=2.0

id= urn:jaus:jss:manipulator:ManipulatorEndEffectorPoseDriver

Inherits-from Management

name=management

id= urn:jaus:jss:core:Management

version=1.1

<<Transport>>

47

<<Events>>

47

<<AccessControl>>

47

<<Management>>

]

<<ManipulatorEnd
EffectorPoseDriver

FIGURE 27 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE

Full document details: SAE AS6057A
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Description

The function of the End Effector Pose Driver is to perform closed-loop position and orientation control of the tool tip. The
input is the desired position and orientation of the end effector pose specified in the manipulator base coordinate system. It
is assumed that the manipulator begins motion immediately after receiving the “Set End Effector Pose” message. If
backward compatibility with 1.0 implementations is required, then this service must be co-located on the same component
as a Manipulator Specification Service, a Manipulator Tool Offset Service, and a Manipulator Joint Motion Profile Service.

Assumptions
Messages may be delayed, lost or reordered.
Vocabulary

Table 39 lists the vocabulary of the Manipulator End Effector Pose Driver Service.

TABLE 39 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

0610h SetEndEffectorPose True

2610h QueryCommandedEndEffectorPose False
Output Set

4610h | ReportCommandedEndEffectorPose | False

Protocol Behavior

msoort.Receivinq \
ﬂents.Readv \
4 N\

accessCtrl.NotControlled
default

o

accessCtrl.Controlled

accessCtrl.Available A @
C Ready 4
lexit=D
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FIGURE 28 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE PROTOCOL BEHAVIOR
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TABLE 40 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label

State

Type Guard

Actions

D

management. Ready

exit

stopMotion

TABLE 41 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryCommandedEnd sendReportCommanded
EffectorPose EndEffectorPose
C SetEndEffectorPose management.accessCitrl. setEndEffectorPose
isControllingClient AND
motionProfileExists

TABLE 42 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE STATE CONDITIONS TABLE

Condition

Interpretation

motionProfileExists

True if a motion profile is available.

TABLE 43 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE TRANSITION ACTIONS

Action Interpretation

sendReportCommanded Send a ReportCommandedEndEffectorPose

EndEffectorPose message.

setEndEffectorPose Set the desired position and orientation for the
manipulator end effector.

stopMotion Stop motion of the manipulator.
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4.13 Manipulator List Driver Service
name=ManipulatorListDriver
version=2.0
id= urn:jaus:jss:manipulator:ManipulatorListDriver
Inherits-from ListManager

name= listManager

id= urn:jaus:jss:core:ListManager
version=1.1

<<Transport>> q

<<Events>> q
<<AccessControl>> <

<<Management>> <

<<List Manager>> < -

<<ManipulatorListDriver>>

FIGURE 29 - MANIPULATOR LIST DRIVER SERVICE

Description

The function of the Manipulator List Driver is to add support for executing a list of manipulator positions. It is expected that
child services will inherit this service to provide functionality by overriding the isListValid() guard in the protocol.

Assumptions
Messages may be delayed, lost or reordered.
Vocabulary

Table 44 lists the vocabulary of the Manipulator List Driver Service.
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TABLE 44 - MANIPULATOR LIST DRIVER SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

061Eh ExecutelList True

261Eh QueryActiveElement False

Output Set

461Eh | ReportActiveElement | False

Protocol Behavior

ﬂ]soort.Receivinq \
)

events.Readv

accessCtrl.NotControlled

default

o

N

accessCtrl.Controlled

accessCtrl.Available A @
C Ready 4
lexit=D
\& %/

FIGURE 30 - MANIPULATOR LIST DRIVER SERVICE PROTOCOL BEHAVIOR

TABLE 45 - MANIPULATOR LIST DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label State Type Guard Actions
D management. Ready exit stopMotion

TABLE 46 - MANIPULATOR LIST DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryActiveElement sendReportActiveElement
C ExecutelList management.accessCitrl. executeTargetList
isControllingClient AND
elementExists AND
isListValid
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TABLE 47 - MANIPULATOR LIST DRIVER SERVICE STATE CONDITIONS TABLE

Condition Interpretation

elementExists True if the Element UID specified in the
message that triggered the transition exists
in the list.

isListValid This guard is always FALSE. It must be
overridden by inheriting services to provide
functionality.

TABLE 48 - MANIPULATOR LIST DRIVER SERVICE TRANSITION ACTIONS

Action

Interpretation

executeTargetList

Begin sequential execution of the target list
starting at the specified element.

sendReportActiveElement

Send a ReportActiveElement message.

stopMotion

Stop motion of the manipulator.

4.14 Manipulator End Effector Pose List Driver Service

name= ManipulatorEndEffectorPoseListDriver

version=2.0

id= urn:jaus:jss:manipulator:ManipulatorEndEffectorPoseListDriver

Inherits-from ManipulatorListDriver

name= manipulatorListDriver

id= urn:jaus:jss:manipulator: ManipulatorListDriver

version=1.1

<<Transport>>

q_

<<Events>>

M

<<AccessControl>>

]

<<Management>>

]

<<ListManager> <
>

<<Manipulator
ListDriver>>

47

<<Manipulator
EndEffectorPose
ListDriver>>

FIGURE 31 - MANIPULATOR END EFFECTOR POSE LIST DRIVER SERVICE
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Description

The function of the End Effector Pose List Driver is to perform closed-loop control of a sequence of positions and orientations
of the tool tip specified in the manipulator base coordinate system. The sequence of targets is specified by one or more
SetElement messages, as defined by the List Manager Service [AS6009]. If backward compatibility with 1.0 implementations
is required, then this service must be co-located on the same component as a Manipulator Specification Service, a
Manipulator Tool Offset Service, and a Manipulator Joint Motion Profile Service.

Assumptions

Messages may be delayed, lost or reordered.

Vocabulary

Table 49 lists the vocabulary of the Manipulator End Effector Pose List Driver Service.

TABLE 49 - MANIPULATOR END EFFECTOR POSE LIST DRIVER SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2610h | QueryCommandedEndEffectorPose | False
Output Set

4610h | ReportCommandedEndEffectorPose | False

Protocol Behavior

msoort.Receivinq

events.Readv

accessCtrl.NotControlled

-

default

accessCtrl.Controlled

accessCtrl.Available

C

Ready
lexit=D

—i default

A

\

NS

U

FIGURE 32 - MANIPULATOR END EFFECTOR POSE LIST DRIVER SERVICE PROTOCOL BEHAVIOR

TABLE 50 - MANIPULATOR END EFFECTOR POSE LIST DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label State

Type

Guard

Actions

D management. Ready

exit

stopMotion
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TABLE 51 - MANIPULATOR END EFFECTOR POSE LIST DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryCommandedEnd sendReportCommanded
EffectorPose EndEffectorPose

B SetElement management.accessCtrl. setElement
isControllingClient AND sendConfirmElementRequest
isValidElementRequest AND
isElementSupported

C ExecutelList management.accessCitrl. executeTargetList
isControllingClient AND
elementExists AND
isListValid

TABLE 52 - MANIPULATOR END EFFECTOR POSE LIST DRIVER SERVICE STATE CONDITIONS TABLE

Condition

Interpretation

elementExists

in the list.

True if the Element UID specified in the
message that triggered the transition exists

isValidElementRequest

True if the resulting list will not be invalid as
defined by the List Manager Service
description and the receiving entity has
sufficient memory to store the element(s).

isElementSupported

message(s).

True if the message that triggered the
transition contains payload(s) of valid
serialized Set End Effector Pose

isListValid

Pose messages.

True if the list contains Set End Effector
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TABLE 53 - MANIPULATOR END EFFECTOR POSE LIST DRIVER SERVICE TRANSITION ACTIONS

Action Interpretation

setElement Store the given targets(s) in the target list with
sequence specified by the previous and next
element UIDs. If this action represents an insert
or append into an existing list, the service should
modify the NextUID of the previous element
and/or the PreviousUID of the next element to
reflect the updated sequence

executeTargetList Begin sequential execution of the target list
starting at the specified element.
sendReportCommanded Send a ReportCommandedEndEffectorPose
EndEffectorPose message.
sendConfirmElementRequest Send a ConfirmElementRequest message.
stopMotion Stop motion of the manipulator.

4.15 Manipulator Joint Velocity Driver Service
name= ManipulatorJointVelocityDriver
version=2.0
id= urn:jaus:jss:manipulator:ManipulatorJointVelocityDriver
Inherits-from Management
name=management

id= urn:jaus:jss:core:Management
version=1.1

<<Transport>> q
<<Events>> q

<<AccessControl>> <
<<Management>> q

<<ManipulatorJoint
VelocityDriver >>

FIGURE 33 - MANIPULATOR JOINT VELOCITY DRIVER SERVICE
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Description

The function of the Joint Velocity Driver is to perform closed-loop joint velocity control. The input is the desired instantaneous
joint velocities. It is assumed that the manipulator begins motion immediately after receiving the “SET JOINT VELOCITY”
message. If backward compatibility with 1.0 implementations is required, then this service must be co-located on the same
component as a Manipulator Specification Service and a Manipulator Joint Motion Profile Service.

Assumptions
Messages may be delayed, lost or reordered.
Vocabulary

Table 54 lists the vocabulary of the Manipulator Joint Velocity Driver Service.

TABLE 54 - MANIPULATOR JOINT VELOCITY DRIVER SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

0603h SetJointVelocity True

2611h QueryCommandedJointVelocity False

Output Set

4611h | ReportCommandedJointVelocity | False

Protocol Behavior

transport.Receiving X
ﬂents Ready \
\

accessCtrl.NotControlled
default

N\

accessCtrl.Controlled

accessCtrl.Available A default
C Ready 4
lexit=D
\\ %/

FIGURE 34 - MANIPULATOR JOINT VELOCITY DRIVER SERVICE PROTOCOL BEHAVIOR
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TABLE 55 - MANIPULATOR JOINT VELOCITY DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label

State

Type Guard

Actions

D

management. Ready

exit

stopMotion

TABLE 56 - MANIPULATOR JOINT VELOCITY DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryCommanded sendReportCommandedJointV
JointVelocity elocity
C SetJointVelocity management.accessCitrl. setJointVelocity
isControllingClient AND
motionProfileExists

TABLE 57 - MANIPULATOR JOINT VELOCITY DRIVER SERVICE STATE TRANSITION TABLE

Condition

Interpretation

motionProfileExists

True if a motion profile is available.

TABLE 58 - MANIPULATOR JOINT VELOCITY DRIVER SERVICE TRANSITION ACTIONS

Action

Interpretation

sendReportCommandedJoint
Velocity

message

Send a ReportCommandedJointVelocity

setJointVelocity Set the desired velocities for the individual
joints of the manipulator.
stopMotion Stop motion of the manipulator.
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4.16 Manipulator End Effector Velocity State Driver Service

name= ManipulatorEndEffectorVelocityStateDriver
version=2.0
id= urn:jaus:jss:manipulator:ManipulatorEndEffectorVelocityStateDriver

Inherits-from Management
name=management
id= urn:jaus:jss:core:Management
version=1.1

<<Transport>> 4
<<Events>> q

<<AccessControl>> <
<<Management>> q

<<ManipulatorEndEffector
VelocityStateDriver >>

FIGURE 35 - MANIPULATOR END EFFECTOR VELOCITY STATE DRIVER SERVICE
Description

The function of the End Effector Velocity State Driver is to perform closed-loop velocity control of the tool tip. The velocity
state of the tool tip is defined by two length-three vectors, i.e., we and viwoe. These vectors respectively represent the
angular velocity of the end effector coordinate system and the linear velocity of the tool tip as measured with respect to the
manipulator base coordinate system. It is assumed that the manipulator begins motion immediately after receiving the “Set
End Effector Velocity State” message. If backward compatibility with 1.0 implementations is required, then this service must
be co-located on the same component as a Manipulator Specification Service, a Manipulator Tool Offset Service, and a
Manipulator Joint Motion Profile Service.
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Assumptions
Messages may be delayed, lost or reordered.
Vocabulary

Table 59 lists the vocabulary of the Manipulator End Effector Velocity State Driver Service.

TABLE 59 - MANIPULATOR END EFFECTOR VELOCITY STATE DRIVER SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

0612h SetEndEffectorVelocityState True

2612h QueryCommandedEndEffectorVelocityState False
Output Set

4612h | ReportCommandedEndEffectorVelocityState | False

Protocol Behavior

transport.Receiving

N

)

events.Readv

accessCtrl.NotControlled

default

)
)

accessCtrl.Available A default
Ready 4
lexit=D

FIGURE 36 - MANIPULATOR END EFFECTOR VELOCITY STATE DRIVER SERVICE PROTOCOL BEHAVIOR
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