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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 manipula-

tor 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 Sefvices =These services, wherm queried; Teturminstantarmeous Sensor dgta.  Three services are

defined that return respgctively joint positions, joint velocities, and joint torques or forces. Two¢dditional services return
the end effector pose apd velocity with respect to the manipulator base coordinate frame. {The services in this category
are listed as follows:

e Manipulator Joint Pgsition Sensor Service
e Manipulator Joint V¢locity Sensor Service
e Manipulator Joint FQrce/Torque Sensor Service
e Manipulator End Effector Pose Sensor Service

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

e Manipulator Joint Pgsition Driver Service
e Manipulator Joint Pgsition List Driver Service

e Manipulator End Effector Pose Driver Service

e Manipulator End Ef?rctor 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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Pan Tilt Joint Velocity Sensor Service

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:

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 dod
standardization of the m
1.2 JAUS Core Servig
The JAUS Service Defi
capabilities as specified
complete service. It i
Descriptions’ can be fou

1.3 Compliance
The JAUS Manipulator §

precise to enable the
mechanism. It is impor

this Specification; it is n¢t necessary that a single entity;realize each service to be considered com

1.4 Document Organi

The layout of this docur
specifies common convg
services, with particulal
describes message eng
representation for each

2. REFERENCES

ument is to facilitate interoperation of unmanned vehicle systems, suhsy
essage set and associated protocol.

e Set

nitions defined herein make use of the inheritance functionality provided
by the JAUS Core Service Set (AS5710). These doeuments must be u
important to note that details related to ‘Message Serialization’ and |

nd in the JAUS Core Service Set document, and-are not repeated here.

bervice Set must support compliance @ssessment. To do so, this specifica
“compliant”/’not compliant” distinction to be made independently of t
ant to note that implementations“are considered compliant to individual S

zation

nent is as follows, Section 2 lists external references used throughout the
pntions and definitions. Section 4 specifies the JAUS Service Definition for

emphasis on-.the description, assumptions, message set, and protocg
oding for each message set. Finally, Appendix A and Appendix B cont
service and/their associated message set.

stems, and payloads by

by JSIDL to incorporate
sed together to define a
Understanding Protocol

ition must be sufficiently
he underlying transport
ervice Definitions within
pliant.

specification. Section 3
each of the manipulator
| behavior. Section 5
ain the complete JSIDL

2.1

The following publications form a part of this document to the extent specified herein.

Applicable Documents

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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urce Name
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Universally Unique Identifier
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3. COMMON CONVENTIONS

3.1 Constant values

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

3.2

Definition of Coordinate Systems

3.2.1  Vehicle Coordin
This coordinate system
and the Z-axis points d
where i, j, and k are uni
3.2.2 Manipulator Bag

This coordinate system
and the direction of the

ate System

is defined as attached to the vehicle frame. Typically, the X-axis points

in the forward direction

bwnward. The Y-axis is defined so as to have a right-handed-coordinafe system, i.e., i x j = k

vectors along the X, Y, and Z coordinate axes.
e Coordinate System

is attached to the vehicle base just as the vehicle coordinate system is.
X-axis is user defined, but fixed with respect\to the vehicle frame (se

manipulator base coorglinate system and the vehicle coordinate. system are both attached tg

transformation matrix th
Cases in which a mani
document.

3.2.3 End Effector Co
This coordinate system
distance Sn (Se for a
intersection of the lines
axis is along the Sn ve
perpendicular to the Z-a|

3.3 End Effector PosHq

At describes the relative position and orientation of these two coordinate s

The Z axis is along S:
e Figure 1). Since the
the vehicle base, the
ystems will be constant.

pulator may be attached to the end of-another manipulator are beyond the scope of the current

ordinate System

is attached to the last link_of the serial manipulator. The origin is locat
Bix axis manipulator) along the last joint axis vector (Se for a six axis
plong the last joint axis*and the preceding link axis (Se and ase for a six ay
ctor as shown inFigure 1. The direction of the X-axis is user defined,
Kis. The Y-axis\is defined by the right-hand rule.

The End Effector Pose fepresents the position of the tool tip and the orientation of the end effector

bd at the point that is a
manipulator) from the
is manipulator). The Z-
but of course must be

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, ¢) where the
guaternion 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 effectaf
Yend effector

Zd

Zend effector

FIGURE 1 - MANIPULATOR BASE COORDINATE SYSTEM
AND ENDEFFECTOR COORBINATE SYSTEM———————



https://saenorm.com/api/?name=eea3814e12662d7c66d3f53157dd89b3

SAE INTERNATIONAL AS6057A Page 13 of 161

A

N

aj — link length
aij — twist angle

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

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

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

FIGURE 2 - MANIPULATOR

LINKAGE PARAMETERS FOR LINK i

Sj

aij

Sj — constant joint offset distance
0 — variable joint angle

aj — unit vector aleng/link ij
ajk — unit vector-along link jk
Sj — unit vectaenalong joint axis |

Joint offset\S; is measured as the perpendicular
distance between link aj and link ajk alpng the vector
Si.cNote that it can have a negative vdlue.

Joint angle 6; is the angle between ajj afd ajk
measured in a right hand sense aboutl S;.

FIGURE 3 - MANIPULAARNR LINKAGE PARAMETERS FOR REVOLUTE JOINT J

jxsj

Sj — variable joint offset distance
0 — constant joint angle

aj — unit vector along link ij
ajk — unit vector along link jk

djk

=

Sj — unit vector along joint axis |

Joint offset Sjis measured as the perpendicular
distance between link ajj and link aj along the vector
Si. Note that it can have a negative value.

Joint angle 6; is the angle between ajj and ajk
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

<<Transpor|

>>

47

<<Events>>

Description

This service is used td
manipulator’s specificat
these data are documer

The mechanism specifi
number of joints, the ty

describe a mahnipulator arm. When queried, the service will reply w
on parameters, 'axes range of motion, and axes velocity limits. The nof
ted in manygopular text books on robotics and were previously presented

47

<< ManipulatorSpecificationService >

FIGURE 5 - MANPNFATOR SPECIFICATION SERVICE

Cation”parameters as reported by the Report Manipulator Specifications

pe. 0f~€ach joint (either revolute or prismatic), the link description param
5 'shown in Figure 2), the constant joint parameter value (offset for a revo

length and twist angle a

th a description of the
ations used to describe
in Section 3.

Message consist of the
eters for each link (link
ute 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

ﬂmsport.Receiving \

PO —Y !
CVCTILS. NCauy

Default

\: /

FIGURE 6 - MANIPULATOR SPECIFICATIONSERVICE PROTOCOL BEHAV\IOR

TABLE 2 - MANIPULATOR SPECIFICATION SERVICE STATE TRANSITION TABLE

Label |[Trigger Guard | Actions
A QueryManipulatorSpecifications sendReportManipulatorSpecifications

TABLE 3 - MANIPULATOR JQINT POSITION SENSOR SERVICE TRANSITION ACTIONS

Actiop Interpretation
sendRReportManipulatorSpecifications | Send a Report Manipulator Specs mesgage.

4.2  Primitive Manipulator Service

name= PrimitiveManipulatos
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>>

47

<<AccessControl>>

47

<<Management>>

(]7

Description

This service is the low
message. In this messg

If backward compatibil
component as a Manipu

Assumptions

Messages may be delay

A

< PrimitiveManipulator>>

FIGURE 7 - PRIMITIVE MANIPULAT QR SERVICE

evel interface to a manipulator arm.._iotion of the arm is accomplished
ge, each actuator is commanded to move with a percentage of maximum

ty with 1.0 implementations jis-required, then this service must be c
lator Specification Service,

ed, lost, or reordered.

via the Set Joint Effort
effort.

D-located on the same
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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 N
A
(A
N4
Kransoort Receiving . Q)% \
o
e/vents Readv A<< \
accepsCirl.NotControlled Q
N
A QO
default
%)
N\
\ ‘fs$ A
‘\w
A\ h
accepsCirl.Controlled O
o
agcessCtrl.Available - \l:' A
N default
B —__
—"é Ready | I
N

K

NS : 7

N
S\
S

GUR C;RIMITIVE MANIPULATOR SERVICE PROTOCOL BEHAVIOR

oy

{%%EE 5 - PRIMITIVE MANIPULATOR SERVICE TRANSITION TABLE

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

Description

FIGURE 9 - MANIRMW.ATOR JOINT POSITION SENSOR SERVICE

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

ﬂmsport.Receiving \

P !
CVCINS.T\Tauy A

Default

\: /

FIGURE 10 - MANIPULATOR JOINT POSITIQN SENSOR PROTOCOL BEHANVIOR

TABLE 8 - MANIPULATOR JOINT POSITION_SENSOR SERVICE STATE TRANSIT|ON TABLE

Label | Trigger Guard Actions
A QueryJointPosition sendJointPosition

TABLE 9 - MANIPULATOR J@INT POSITION SENSOR SERVICE TRANSITION ACTIONS

Action Interpretation
sendJointPosition Send Report Joint Position message to
the service that sent the query.
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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>> <17

<<Events>> q

<< ManipulatorJointVelocitySensor >>

Description

The function of the Joirt Velocity Sensor Service is:to’ report the values of manipulator joint vel
backward compatibility With 1.0 implementations is-required, then this service must be co-located

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

Vocabulary

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

FIGURE 11 - MANIPULATOR JOINTGYELOCITY SENSOR SERVICE

bcities when queried. If
bn the same component

TABLE 10 - MANIPULATOR JOINT VELOCITY SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2603h | QueryJointVelocity | False
Output Set

4603h | ReportJointVelocity | False
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Protocol Behavior

ﬂmsport.Receiving \
@vents.Ready \

Default

S /

FIGURE 12 - MANIPULATOR JOINT VELOCITY SENSOR PROTOCQHBEHANVIOR

TABLE 11 -[MANIPULATOR JOINT VELOCITY SENSOR SERVICE STANE 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
seryice that sent the query.
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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>> <17
<<Events>> q
<< ManipulatorJointForceforqueSensor
HGURE 13 - MANIPULATOR JOINT FORSE/TORQUE SENSOR SERVIC
Description

The function of the Joint Force/Torque Sensor is to, teport the values of instantaneous torques
forces (for prismatic joimts) that are applied at the individual joints of the manipulator kinematic
backward compatibility With 1.0 implementations-is required, then this service must be co-located

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

Vocabulary

Table 13 lists the vocabtlar

of the Maninulator Earca Tor
StHe-ratHpthator—=orce -6+

(for revolute joints) and
model when queried. If
bn the same component

AL
Tety

TABLE 13 - MANIPULATOR JOINT FORCE TORQUE SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2605h | QueryJointForceTorque | False
Output Set

4605h | ReportJointForceTorque | False
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Protocol Behavior
ﬂmsport.Receiving \
évents.Ready A \
Default

FIGURE|14 - MANIPULATOR JOINT FORCE TORQUE SENSOR PROTQGOL BH

TABLE 14 - MANIPULATOR JOINT FORCE TORQUE SENSOR SERVICE<STATE TRAN

NS

.

HAVIOR

SITION TABLE

Label

Trigger

Guard Actiohs

A

QueryJointForceTorque

sendJointForceTorque

TABLE 15 - ANIPULATOR JOINT FORCE TORQUE SENSOR SERVICE TRANSITI(

DN ACTIONS

Action

Interpretation

sendJointForceTorque

Send ReportJointForceTorques message
to theservice that sent the query.
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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
<<Fvents>> A
<<AccessControl>> q
<<ManipulatorTool
OffsetService >>
FIGURE 15 - MANIPULATOR TQOY OFFSET SERVICE
Description

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

Assumptions
Messages may be delayed, lost or reordered:
Vocabulary

Table 16 lists the vocabllary of theManipulator Tool Offset Service.

TABKEz 16 - MANIPULATOR TOOL OFFSET SERVICE VOCABULARY

:\VI:CDDQHC :Cll I"\:QIIIC ;DCUIIIIIIQI Idﬁ
(hex)

Input Set

0604h SetToolOffset True

2604h QueryToolOffset False

Output Set

4604h | ReportToolOffset | False
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Protocol Behavior

ﬁansport.Receiving \
/events.Ready \

accessCtrl.NotControlled accessCtrl.Controlled

A —' default A —| default
B

A A

\J /

FIGURE 16 - MANIPULATOR TOOL OFFSET SERVICE PROTOC®QY BEHA{IOR

TABLE 17 - MANIPULATOR TOOL OFFSET SERVICE TRANSITION TABUYE

Label [rigger Guard Actions
A PueryToolOffset sendReportToplOffset
B SetToolOffset accessCtrl.isControllingClient setToolOffset

TABLE 18 - MANIPULATOR TOOL OFFSET SERVICE TRANSITION ACTIONS

Actipn Interpretation

sendReportToolOffset Send a Report Tool Offset message.

setTpolOffset 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:manipul@tor:ManipulatorEndEffectorPoseSensor

Inherits-from AccessConmiral
name=accessControl
id= urn:jaus:jss:core:AccessControl
version=1.1
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<<Transport>>

47

<<Events>>

(]7

<<AccessControl>>

j—

<<ManipulatorEndEffe
ctorPoseService >>

Description

IGURE 17 - MANIPULATOR END EFFECTOR POSE SENSOR SERVIC

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 cqordinate system. If backward compatibility with 1.0 implementations is reguired, then this service

must be co-located on
Service.

Assumptions
Messages may be delay

Vocabulary

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

the same component as a Manipulator Specification, Setvice and a

ed, lost or reordered.

Manipulator Tool Offset

TABLE ]9 - MANIPULATOR END EFRECTOR POSE SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2615h | ©lueryEndEffectorPose | False
Output Set

4615h | ReportEndEffectorPose | False
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Protocol Behavior

ﬁansport.Receiving \
/events.Ready \

accessCtrl.NotControlled accessCitrl.Controlled

—| —i default
A default A

A A

o A° %
S

FIGURE 18 - MANIPULATOR END EFFECTOR POSE SENSOR SERVIC OTOCdL BEHAVIOR

TABLE 20 { MANIPULATOR END EFFECTOR POSE SENSOR S%\;R:E TRANSIT|ON TABLE

Va

Label [rigger Guard \\\< Actions
A DueryEndEffectorPose As\\)‘ sendReportEndEffectorPose

(]
TABLE 21 - MANIPULATOR END EFFECTOR POS?@SOR SERVICE TRANSITIQN ACTIONS
<

ALY ]
Actipn Intg&p}t\etation
sendReportEndEffectorPose @q\'cji a Report End Effector Pose messags.
. d \
o

S
QO
A

O
D
5
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4.8

name= ManipulatorEndEffectorVelocityStateSensor

version=2.0

Manipulator End Effector Velocity State Sensor Service

id= urn:jaus:jss:manipulator:ManipulatorEndEffectorVelocityState Sensor

Inherits-from Access Control

name=accessControl

id= urn:jaus:jss:core:AccessControl

version=1.1

<<Transport>>

47

<<Fvents>> 1A

FIGURE 19 - MANIPULATOR END EFFECTORYVYELOCITY STATE SENSOR SH

Description

<<AccessControl>>

<]—

<<ManipulatorEndEffector
VelocityStateSensor >>

RVICE

The function of the End Effector Velocity State Sensar is to report the velocity state of the togl tip as defined by two

length-three vectors, i.qg.

coordinate system and
system. If backward co
component as a Manipu

Assumptions
Messages may be delay
Vocabulary

Table 22 lists the vocab

, We and Vioole.

ed, lost or reerdered.

These vectors respectively represent the angular veld
the linear velocity of the ool tip as measured with respect to the mani
mpatibility with 1.0 implementations is required, then this service must be
lator Specification Service and a Manipulator Tool Offset Service.

Llary of the Manipulator End Effector Velocity State Sensor Service.

city of the end effector
pulator base coordinate
co-located on the same

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

ﬁansport.Receiving \
/events.Ready \

accessCtrl.NotControlled accessCitrl.Controlled

—| —i default
A default A

A A

o A° %
S

FIGURE 20 - MANIRULATOR END EFFECTOR VELOCITY STATE SENSOR SE E PRQTOCOL BEHAVIOR

TABLE 23 - MAN|PULATOR END EFFECTOR VELOCITY STATE SENSQQ%ERVICE TRANSITION TABLE

Vo
Label [rigger Guard \\\( Actions
A DueryEndEffector O sendRepoftEnd
VelocityState x\® EffectorVglocityState
N
TABLE 24 - MANIHULATOR END EFFECTOR VELOCIT@ATE SENSOR SERVICE TRAINSITION ACTIONS
A\
Actipn I‘m@p retation
sendReportEnd »\ﬁnd a Report End Effector Velocity State
Effe¢torVelocityState C)\ message.

oQS\
Q/%
oF
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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

47

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

The function of the Join
on this component. Thg
the joint parameters. Al

Assumptions

Messages may be delay

Vocabulary

Table 25 lists the vocab

<<AccessControl>>

<]—

<<ManipulatorJointMotion
ProfileService >>

ed, lost or reordered.

ilary of the Manipulator Joint Motion Profile Service.

FIGURE 21 - MANIPULATOR JOINT MOT®ON PROFILE SERVICE

Motion Profile Service is to allow for\configuration of the motion profile fd
b Set Motion Profile message is used to set maximum velocity and accel
motions utilize the motion profile data that was most recently sent.

r all services co-located
bration rates for each of

ARY

TABLE 25 <tMANIPULATOR JOINT MOTION PROFILE SERVICE VOCABUL
Message Id Name isCommand?
thex)

Input Set

0607h SetJointMotionProfile True
2607h QueryJointMotionProfile False
Output Set

4607h | ReportJointMotionProfile | False
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Protocol Behavior

ﬁansport.Receiving \
/events.Ready \

accessCtrl.NotControlled accessCtrl.Controlled
default default
A L A, Ej
A B A

N v

FIGURE 22 - MANIPULATOR JOINT MOTION PROFILE SERVICE PROTQ@COL BEHAVIOR

TABLE|26 - MANIPULATOR JOINT MOTION PROFILE SERVICE-RANSITION [TABLE

Label [rigger Guard Actions

A PueryJointMotionProfile motionProfileExists sendReportJo|ntMotionProfile

B SetJointMotionProfile management.accessCtrl. setJointMotionProfile
isControllingClient

TABLE 27 { MANIPULATOR JOINT MOTION PRQFILE SERVICE STATE CONDITIQNS TABLE

Condition Intérpretation
motionProfileExists True if a motion profile is available.

TABLE 38 - MANIPULATOR JQINT MOTION PROFILE SERVICE TRANSITION ACTIONS

Actipn Interpretation

sendReportJointMationProfile Send a ReportJointMotionProfile message

setJpintMotienProfile 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
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<<Transport>>

47

<<Events>>

47

<<AccessControl>>

N

<<Management>>

.

<<ManipulatorJoint
PositionDriver >>

Description

The function of the Join
Set Joint Position mes
backward compatibility
as a Manipulator Speci
Driver mandates upper
when commanded by e

Assumptions
Messages may be delay
Vocabulary

Table 29 lists the vocab

TAB

o
1and lower bounds on the joint range, this is not intended to limit motion

FIGURE 23 - MANIPULATOR JOINT POSITION DRIVER SERVICE

Position Driver is to perform closed-loop joint position control¢’A single ¢
sage. The target remains unchanged until a new Set, JGint Position n
vith 1.0 implementations is required, then this service must be co-located

ation Service and a Manipulator Joint Motion Profile*Service. Note that

ort, torque or velocity using one of the other Driver Services.

ed, lost or reordered.

Llary of the Manipulator Joint Position Driver Service.

arget is provided via the
essage is received. If
bn the same component
while the Joint Position
bn continuous-turn axes

ARY

| E 29 - MANIPULATOR *JOINT POSITION DRIVER SERVICE VOCABUL|
Message Id Name isCommand?
(hex)

Input Set

0602h SetJointPosition True

2608h QueryCommandedJointPosition False

Output Set

4608h | ReportCommandedJointPosition | False
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Protocol Behavior

msport.Receivinq

events.Ready

accessCtrl.NotControlled
- J
/acces Ctrl.Controlled ,\fb
acfessCitrl.Available A | default $(Q
Bl ,| Read A
/exit:é s\(b
& A )/
A\
Vi
O
FIGURE 34 - MANIPULATOR JOINT POSITION DRIVI@‘%ERVICE PROTOCOL BEHAVIOR
$
TABLE 30 -|[MANIPULATOR JOINT POSITION DRI&ER SERVICE ENTRY/EXIT ACT|[ION TABLE
R
Label Stdte Tyg@,\\ Guard Actions
D mahagement. Ready fggit\' stopMotion
\\V
TABLE|31 - MANIPULATOR JOJ POSITION DRIVER SERVICE TRANSITION|TABLE
-
Label | Trigger o) Guard Actions
A QueryComma@e\d) sendReportCdmmanded
pointPosition) JointPosition
B Set.Join% tion management.accessCitrl. setJointPositign
Q/ isControllingClient AND
= motionProfileExists
‘O‘

TABLE 32 - MANIPULATOR JOINT POSITION DRIVER SERVICE STATE CONDITIONS TABLE

Condition

Interpretation

motionProfileExists

True if a motion profile is available.
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TABLE 33 - MANIPULATOR JOINT POSITION DRIVER SERVICE TRANSITION ACTIONS

Action Interpretation

sendReportCommanded Send a ReportCommandedJointPosition

JointPosition message.

setJointPosition 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:manipul@tor:ManipulatorJointPositionListDriver

Inherits-from ManipulatqrListDriver
name= manipulatorLigtDriver
id= urn:jaus:jss:manipplator:ManipulatorListDriver
version=1.1

<<Transport>> <]

<<Even|s>> <]

<<AccessControl>> q

<<Management>> (]

<<ListManager> q
>

<<Manipyator 47
ListDri

er>>

<<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.
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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

/\"b
transport.Receiving A@

ﬁents.R bady A%(O \
4 Y

acces$Ctrl.NotControlled << @)
A Q
X
N
- %)
- ~
acces$Ctrl.Controlled X ,,@
: A\
acfessCitrl.Available g [ default ]
) Péﬁy A
"\ Xit=D

 \“
C)V
FIGURE 26 MANlPUL@’JOlNT 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.accessCtrl. setElement
isControllingClient AND sendConfirmElementRequest
isValidFlementRequest AND
isElementSupported

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

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

Condition

Interpretation

elementExists

True if the Element-UID specified in the
message thattriggered the transition exists
in the list.

isValidElementRequest

True if therresulting 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

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

targetExists True if a valid target position has been
received.
isListValid True if the list contains Manipulator Joint

Position messages.
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TABLE 38 - MANIPULATOR JOINT POSITION LIST DRIVER SERVICE TRANSITION ACTIONS

Action

Interpretation

setEle

ment

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.
JointPpsition

sendCpnfirmElementRequest Send a ConfirmElementRequest message.
stopMgtion Stop motion of the manipulator.

4.12 Manipulator End H

name= ManipulatorEnd}
version=2.0
id= urn:jaus:jss:manipul

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

Nt

anagement

<<Transport>3

47

Fffector Pose Driver Service
FffectorPoseDriver

htor:ManipulatorEndEffectorPoseDriver

<<Events>>

47

<<AccessControl>> 47

<<Management>> q

<<ManipulatorEnd
EffectorPogeDriver

FIGURE 27 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE
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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 VOCAHULARY

Message Id | Name isCommand?
(hex)

Input Set

0610h SetEndEffectorPose Ttue

2610h QueryCommandedEndEffectorPose False
Output Set

4610h | ReportCommandedEndEffectorPose | False

Protocol Behavior

A
¢
vl | A
L

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
motionProfile Exists

TABLE 42 - MANIPULATOR END EFFECTOR POSE DRIVER SERVICE STATE GGND|TIONS TABLE

Condition Interpretation

motionProfileExists True if a motion profile is available.

TABLE 43 - MANIPULATOR END EFFECTOR POSE DRIVER 3&RVICE TRANSITION ACTIONS

Actipn Interpretation

sendReportCommanded Send a RepoartCommandedEndEffectorPoge

EndEffectorPose message.

setEndEffectorPose Set the.désired position and orientation for|the
manipulator end effector.

stopMotion $top 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 A
N
<<AccessControl>> q
<<Management>> q
<<List Manager>>
<<ManipulatorListDriver>>
FIGURE 29 - MANMPULATOR LIST DRIVER SERVICE
Description
The function of the Man|pulator List Driver is to add support for executing a list of manipulator posftions. It is expected that
child services will inheri 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 Executel ist True

261Eh QueryActiveElement False
Output Set

461Eh | ReportActiveElement | False

Protocol Behavior

msport.R FCEIVITTg (5\

events.Ready r\<’3\ \
A\
acces$Ctrl.NotControlled 2)
003
A S
&
- x\Q
(XN
e
acces$Ctrl.Controlled \\g\

ackessCtrl.Available & A _@
Cc ,| Read T 4
lexi 3%)
N\ g

\J
cN
N N

-

FIQURE 30 - I\/IANIPC))(BTOR LIST DRIVER SERVICE PROTOCOL BEHAVIOR

TABUE 45 - MAV@]—\TOR LIST DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label Stgte /,%V Type Guard Actions
D mapgg%ént. Ready exit stopMotion
=

TABLE 46 - MANIPULATOR LIST DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryActiveElement sendReportActiveElement
C ExecuteList management.accessCtrl. 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 etenent.

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:manipul@tor:ManipulatorEndEffectorPoseListDriver
Inherits-from ManipulatqgrListDriver

name= manipulatorLigtDriver

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

<<Transport>> q

<<Even}s>> <]

<<AccessControl>> <]

<<Management>> q

<<ListManager> q
>

<<Manipyator 47
ListDri

er>>

<<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 VOQGABULARY
Message Id | Name isCommand?
(hex)
Input Set
2610h | QueryCommandedEndEffectorPose | False
Output Set
4610h | ReportCommandedEndEffectorPosé) | False
Protocol Behavior
@sport.R pceiving
events.Rpady
acces$Ctrl.NotControlled

N

acces

Ctrl.Cearvlled

ac

Ces§eiYl.Available

—

N W
> Ready
lexit=D

NS

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.accessCitrl. setElement
isControllingClient AND sendConfirmElementRequest
isValidElementRequest AND
isElementSupported

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

TABLE 52 - MAN

PULATOR END EFFECTOR POSE LIST DRIVER SERVICE STATERONDITIONS TABLE

Condition

Interpretation

elementExists

in the list.

True if the Element UID specified“in the
message that triggered the traAsition exists

isValidElementRequest

True if the resulting listwill 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
transitioncontains 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.
Sel’lde Iﬂl LI} IE:CI 1l ItRCLIUCDt SCI Id [=} CUI Iﬂl I IE:CI 1l ItRCqUCDt I ICDDQQC.
stopMotion Stop motion of the manipulator.

4.15 Manipulator Joint Melocity Driver Service
name= ManipulatorJoin{VelocityDriver
version=2.0
id= urn:jaus:jss:manipul@tor:ManipulatorJointVelocityDriver
Inherits-from Management

name=management

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

<<Transport>3 q

<<Events>> 47
<<AccessControl>> 47

<<Management>> q

<<ManipulptorJoint
VelocityDfiver >>

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

ﬁsport.R bceiving
ﬁ/vents.R pady \

acces$Ctrl.NotControlled
default

N~

acces$Ctrl.Comefled

ackessC¥ . Available \1 A
—
> Ready
lexit=D J
K& %/

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
motionProfile Exists

TABLE 57 {MANIPULATOR JOINT VELOCITY DRIVER SERVICE STATE TRANSITJON TABLE

Condition Interpretation

motionProfileExists True if a motion profile is available.

TABLE 5B - MANIPULATOR JOINT VELOCITY DRIVER SERYfE TRANSITION ACTIONS

Actipn Interpretation
sendReportCommandedJoint Send a RepoartCommandedJointVelocity
Velogcity message

setJpintVelocity Set the.désired velocities for the individual

joints of the manipulator.

stopMotion $top 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>> q

<<Fvents>> 1A

<<AccessControl>> q
<<Management>> q _|

<<ManipulaforEndEffector
VelocityStateDriver >>

FIGURE 35 - MANIPULATOR END EFFECA®R VELOCITY STATE DRIVER SERVICE
Description

The function of the End [Effector Velocity State Driveris to perform closed-loop velocity control of {he tool tip. The velocity
state of the tool tip is defined by two length-three-vectors, i.e., we and viwoe. These vectors regpectively represent the
angular velocity of the ¢nd effector coordinate\system and the linear velocity of the tool tip as measured with respect to
the manipulator base cgordinate system. I{’iS assumed that the manipulator begins motion immediately after receiving the
“Set End Effector Velofity 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 Manipulgtor Joint Métien 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
OoynputrSet
4612h | ReportCommandedEndEffectorVelocityState | False /\\(0
Protocol Behavior Q)Q
,b%
&
O\

pceiving (\Q

ﬁsport.}?

events.R

accesy

Ctrl.NotControlled

N

acces

Ctrl.Controlled

ac

CessCtrl.Available A ‘ default ’

Ready A

NS

PAN

~
cxX.

=7

FIGURE 36 - MANI

\'4
pady X \\\Q \
LAY

@’ lexit=D
& )/
N\

ATOR END ERFECTOR VELOGHTY STATE DRIMER SERVUGE PROTOCOL BEHAVIOR
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TABLE 60 - MANIPULATOR END EFFECTOR VELOCITY DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label State Type Guard Actions
D management. Ready exit stopMotion

TABLE 61 - MANIPULATOR END EFFECTOR VELOCITY STATE DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryCommandedEnd sendReportCommandedEnd
EffectorVelocityState EffectorVelocityState
B SetEndEffectorVelocity management.accessCitrl. setEndEffectorVelocityState
State isControllingClient AND
motionProfile Exists

TABLE 62 - MANIPULATOR END EFFECTOR VELOCITY STATE DRIVER SERVICE SEAE CONDITIONS TABLE

Condition Interpretation
motionProfileExists True if a motion profile is available.

TABLE 63 - MANIPULATOR END EFFECTOR VELOCITY STATE DRIER SERVICE TRANSITION ACTIONS

Actipn Interpretation

sendReportCommandedEnd Send a RepartCommandedEndEffector

EffegtorVelocityState Velocity Staté message.

setEndEffectorVelocityState Set the.désired velocity state for the end
effector.

stopMotion $top motion of the manipulator.
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4.17 Manipulator Actuator Force/Torque Driver Service

name= ManipulatorActuatorForceTorqueDriver

version=2.0

id= urn:jaus:jss:manipulator:ManipulatorActuatorForceTorqueDriver

Inherits-from Management

name=management
id= urn:jaus:jss:core:M
version=1.1

anagement

<<Transport>>

47

<<Events>>

47

FIG
Description

The function of the Act]

closed-loop torque control (for a revolute actuator). If backward compatibility with 1.0 implemen

this service must be co-
Assumptions

Messages may be delay
Vocabulary

Table 64 lists the vocab

<<AccessControl>>

N

<<Management>>

47

|

<<Manipul
ForceTorq

atorActuator
LieDriver >>

URE 37 - MANIPULATOR ACTUAMOR FORCE/TORQUE DRIVER SERV

Lator Force/Torque Driver-is to perform closed-loop force control (for a

ocated on the samé component as a Manipulator Specification Service.

ed, lost orreordered.

ICE

prismatic actuator) and

lations is required, then

ilary of the Manipulator End Effector Velocity State Driver Service.

TABLE 64 - MANIPULATOR ACTUATOR FORCE TORQUE DRIVER SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

0613h SetActuatorForceTorques True

2613h QueryCommandedActuatorForceTorque False
Output Set

4613h | ReportCommandedActuatorForceTorgue | False
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Protocol Behavior

ﬁwsoort Receiving N
events.Readv \

~N

:

- _/

?
3

accessCirl.NotControlled

accelasCtrl.Controlled

atcessCirl. Available A
B

default

12

A

FIGURE 38 - MANIPULATOR ACTUATOR FORCE/TORQUE D@\tR SERVICE PROTO[OL BEHAVIOR

TABLE 65 - MANIPULATOR ACTUATOR FORCE TORQ@@DRIVER SERVICE TRANSITION TABLE

\&
Label [rigger Guard \’\\@ Actions
A PDueryCommanded \O sendReportCdmmanded
CommandedActuator N ActuatorForce[lorque
ForceTorque ,_’\\0
B SetActuatorForce . \%anagement.accessCtrl. setActuatorFofceTorques
[orque <\ '] isControllingClient

N

TABLE 66 - MANIPULATOR CGJATOR FORCE TORQUE DRIVER SERVICE TRANSITION ACTIONS

V)

Actipn ‘(§<~ Interpretation

sendRep manded Send a Report Commanded Actuator Forcg
Actuato eTorque Torque message.

setAc_f@EorForceToroues Set the desired actuator forces and torques.
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4.18 Primitive Pan Tilt Service

Name= PrimitivePanTilt
version=2.0
id= urn:jaus:jss:manipulator:; PrimitivePanTilt

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

<<Transport>> <]7

<<Events>> <'7

<<AccessControl>> 47

<<Management>> :]7

<< PrimitivePanTilt>>

FIGURE 39 - PRIMITIVE PAN TILT SERVICE
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Zpantilt

Ypantilt

Description

A pan tilt mechanism is
using the standard man
been developed.

Figure 32 shows the de
body 0. The origin of t

FIGURE 40 - PANFILT MECHANISM

a two degree of freedom manipulator that has special geometry. The device could be controlled

pulator services. Haowever because of how often this mechansim is useg

ice together with'two coordinate systems. The ‘pantilt’ coordinate system
is coordinate-system is located at the intersection point of the two axes
axis is along the first ajis of rotation (joint 1). The x2y2z2 coordinate system is fixed to body 2
with the origin of the ‘pgntilt’ ¢oordinate system and its z2 axis is along the second axis of rotati

, specific services have

is fixed to the base, i.e.,
pf rotation. The zpantilt
Its origin is coincident
(joint 2). The constant

o
mechanism parameters|far this device are a12 = 0, a12 = 90°, and S2 = 0. The figure also shoﬁs the angles @1 and 62

which are the two rotatipnal freedoms for the device. The 4x4 transformation matrix that relate

coordinate system 2 to

the pantilt coordinate system can be written in terms of these two angles as

cos(¢,) cos(d,) -cos(g)sin(6,) sin(g) O

iy _| SINA) C0S(6,)  -sin(@)sin(6,) ~cos(d)) O
27 sin(6) cos(6,) 0 0
0 0 0 1

The Primitive Pan Tilt Service is the low level interface to a pan tilt mechanism. Motion of the pan tilt mechanism is
accomplished via the Set Pan Tilt 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 Pan Tilt Specification Service.
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Assumptions
Messages may be delayed, lost, or reordered.
Vocabulary

Table 67 lists the vocabulary of the Primitive Pan Tilt Service.

TABLE 67 - PRIMITIVE PAN TILT SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)
Input Set
0621h SetPanTiltJointEffort True
2621h QueryPanTitJoimEfort Fafse
Output Set A O
4621h | ReportPanTiltJointEffort | False ~
A\
_ ©
Protocol Behavior (0%
&
NS

ﬁnsoort Receiving

events. Readv
/

O
(
—

accepsCirl.NotControlled

-

accepsCirl.Controlled

atcessCirl. Available
N

®
QX

NON
>

//

2

A%
@RE 41 - PRIMITIVE PAN TILT SERVICE PROTOCOL BEHAVIOR

TABLE 68 - PRIMITIVE PAN TILT SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryPanTiltJoint sendReportPanTiltJoint
Effort Effort
B SetPanTiltJointEffort management.accessCitrl. setPanTiltJointEffort
isControllingClient
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TABLE 69 - PRIMITIVE PAN TILT SERVICE TRANSITION ACTIONS

Action

Interpretation

sendReportPanTiltJoint
Effort

Send a Report Pan Tilt Joint Effort message.

setPanTiltJointEffort

Set the joint motion efforts for the two joints of
the pan tilt mechanism.

4.19 Pan Tilt Joint Position Sensor Service

name= PanTiltJointPositionSensor
version=2.0

id= urn:jaus:jss: manipulator: PanTiltJointPositionSensor

Inherits-from Events

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

<<Transport>> <]7

<<Events>>

47

<<PanTiltJointPositionSensor >>

Description

FIGURE 42-RAN TILT JOINT POSITION SENSOR SERVICE

The function of the Pan Tilt Jeint-Position Sensor Service is to report the values of the two joipt angles of the pan tilt
mechanism when querigd. If\backward compatibility with 1.0 implementations is required, then this service must be co-

located on the same corr1ponent as a Pan Tilt Specification Service.

Assumptions
Messages may be delayed, lost or reordered.

Vocabulary

Table 70 lists the vocabulary of the Pan Tilt Joint Position Sensor Service.
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TABLE 70 - PAN TILT JOINT POSITION SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2622h | QueryPanTiltJointPositions | False
Output Set

4622h | ReportPanTiltJointPosition | False

Protocol Behavior

ﬁansport.Receiving \

events.Ready

—| Ready
A

A

. ),

FIGURE 43 - PAN TILT JOINT POSITIQMSENSOR PROTOCOL BEHAVIQR

TABLE 11 - PAN TILT JOINT POSITION SENSOR SERVICE STATE TRANSITION TABLE

Label | Trigger Gurard Actions
A QueryPanTiltJoint sendReportPanTiltJointPopition
Position

TABLE 72 - PAN TILT JOINT POSITION SENSOR SERVICE TRANSITION ACTIONS

Action Interpretation
sendReportPanTiltJointPosition | Send Report Pan Tilt Joint Position
message to the service that sent the

query



https://saenorm.com/api/?name=eea3814e12662d7c66d3f53157dd89b3

SAE INTERNATIONAL AS6057A Page 58 of 161

4.20 Pan Tilt Joint Velocity Sensor Service

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

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

<<Transport>> <17

<<Events>> q

<< PanTiltJointVelocitySensor >>

FIGURE 44 - PAN TILT JOINT VELQCITY SENSOR SERVICE

Description
The function of the Pan| Tilt Joint Velocity Sensor Service is to report the values of the two joint|velocities of the pan tilt
mechanism when querigd. If backward compatibilityswith 1.0 implementations is required, then this service must be co-
located on the same conponent as a Pan Tilt Specification Service.
Assumptions
Messages may be delayed, lost or reerdered.

Vocabulary

Table 73 lists the vocabllaryof the Manipulator Joint Velocity Sensor Service.

TABLE 73 - PAN TILT JOINT VELOCITY SENSOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

2623h | QueryPanTiltJointVelocity | False
Output Set

4623h | ReportPanTiltJointVelocity | False
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Protocol Behavior

ﬁansport.Receiving \
/events.Ready \

—| Ready
A

A

FIGURE 45 - PAN TILT JOINT VELOCITY SENSOR PROTOCONBEHAVIQR

TABLE 74 - PAN TILT JOINT VELOCITY SENSOR SERVICE STATE TRANSITION TABLE

Label | Trigger Guard Actions
A QueryPanTiltJoint sendReportPanTiltJointVelocity
Velocity

TABLHE 75 - PAN TILT JOINT VELOCITY SENSOR SERVICE TRANSITION ACTIONS

Action Interpretation
sendReportPanTiltJointVelocity Send Report Pan Tilt Joint Velocity
message to the service that sent the

query.
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4.21 Pan Tilt Joint Position Driver Service

name= PanTiltJointPositionDriver

version=2.0

id= urn:jaus:jss:manipulator:PanTiltJointPositionDriver

Inherits-from Management

name=management

id= urn:jaus:jss:core:Management

version=1.1

<<Transport>>

47

<<Events>>

47

Description

The function of the Pan
via the Set Pan Tilt Jo
message is received. If
on the same componen{

Assumptions

Messages may be delay

Vocabulary

Table 76 lists the vocab

<<AccessControl>>

47

<<Management>>

el

<<PanTilt]
PositionsDri

oint
er >>

FIGURE 46 - PAN TILT JOINT POSITION DRIVER SERVICE

Tilt Joint Position Driver is to perform closed-loop joint position control. A
int Position message. The tatget remains unchanged until a new Set
backward compatibility with~1.0 implementations is required, then this sel
as a Pan Tilt Specification-Service and a Pan Tilt Motion Profile Service.

ed, lost or reordered.

Ilary of the Pan Tilt Joint Position Driver Service.

single target is provided
Pan Tilt Joint Position
vice must be co-located

TIABRE 76 - PAN TILT JOINT POSITION DRIVER SERVICE VOCABULAR)Y
Message Id | Name isCommand?
(hex)

Input Set

0622h SetPanTiltJointPosition True
2628h QueryCommandedPanTiltJointPositions False
Output Set

4628h | ReportCommandedPanTiltJointPositions | False
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Protocol Behavior

transport.Receiving

ﬂents.Readv

NS

O
E 47 - PAN TILT JOINT POSITION DRIVER %xVICE PROTOCOL BEH

accessCtrl.NotControlled
J
acces$Ctrl.Controlled ,\fb
acfpessCtrl.Available <Q
default
B Read A
/exit:é ;\(b
[ ] C /
KON
AY4
N

FIGUR AVIOR
i 0
TABLE 717 - PAN TILT JOINT POSITION DRIVE@ERVICE ENTRY/EXIT ACTION TABLE
R
Label Stale TerO“ Guard Actions
D marnagement. Ready it stopMotion
\\\J
TABLE 78 - PAN TILT JOINT géSITION DRIVER SERVICE TRANSITION TABLE
S
Label Irigger r.O Guard Actions
A QueryComma%e}ﬁf’an sendReportCgmmanded
[iltJointPositior PanTiltJointPgsition
B SetPanTiltJointPosition management.accessCtrl. setPanTiltJointPosition
Q/ isControllingClient AND
PR panTiltMotionProfileExists

\J

TABLE 79 - PAN TILT JOINT POSITION DRIVER SERVICE STATE TRANSITION TABLE

Condition

Interpretation

panTiltMotionProfileExists

True if a motion profile is available.
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TABLE 80 - PAN TILT JOINT POSITION DRIVER SERVICE TRANSITION ACTIONS

Action

Interpretation

sendReportCommandedPan
TiltJointPosition

Send a ReportCommandedPanTiltJoint
Position message

setPanTiltJointPosition

Set the desired joint values for the pan tilt
mechanism.

stopMotion

Stop motion of the pan tilt unit.

4.22 Pan Tilt Joint Velocity Driver Service

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

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

<<Transport>3 q
<<Events>> q

<<AccessControl>> q

<<Management>> q

Description

The function of The Pa

Tilt Jornt Velocrty Driver |s to perform closed Ioop Jomt velocrty control
instantaneous desired joirtvetocitiesforthe-pan-titt-me

<<PanT
Velocities[]

[tJoint
river >>

FIGURE 48 - PAN TILT JOINT VELOCITY DRIVER SERVICE

The input is the desired

mechanism begins motion

immediately after receiving the Set Pan Tilt Joint Velocity message If backward compatrbrlrty with 1.0 implementations is
required, then this service must be co-located on the same component as a Pan Tilt Specification Service and a Pan Tilt

Motion Profile Service.
Assumptions

Messages may be delayed, lost or reordered.
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Vocabulary

Table 81 lists the vocabulary of the PAN TILT JOINT VELOCITYJoint Velocity Driver Service.

TABLE 81 - PAN TILT JOINT VELOCITY DRIVER SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)
Input Set
0623h SetPanTiltJointVelocity True
2631h QueryCommandedPanTiltJointVelocity False
Output Set
4631h | ReportCommandedPanTiltJointVelocity | False
Protocol Behavior
A9

\oN
u S
transport.R pcelving fj
003
ﬂents.R bady 6\
/

acces$Ctrl.NotControlled QQ<<
N\
S
<
N\
- A
6\\
N\
/acces Ctrl.Controlled ,\A
O
ackessCitrl.Available \E A default
A

N /

N
FIGURE 49 - @_T JOINT VELOCITY DRIVER SERVICE PROTOCOL BEHAVIOR

TABLE §2 - %TILT JOINT VELOCITY DRIVER SERVICE ENTRY/EXIT ACTION TABLE

Label State Type Guard Actions
D management. Ready exit stopMotion
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TABLE 83 - PAN TILT JOINT VELOCITY DRIVER SERVICE TRANSITION TABLE

Label Trigger Guard Actions
A QueryCommandedPan sendReportCommanded
TiltJointVelocity PanTiltJointVelocity
B SetPanTiltJointVelocity management.accessCitrl. SetPanTiltJointVelocity
isControllingClient AND
panTiltMotionProfileExists

TABLE 84 - PAN TILT JOINT VELOCITY DRIVER SERVICE STATE CONDITIONS TABLE

Condition Interpretation
panTiltMationProfileExists True if a pan tilt motion profile is
available.

TABLE 85 - PAN TILT JOINT VELOCITY DRIVER SERVICE TRANSITHQN ACTIONS

Actipn Interpretation

sendReportCommandedPan Send a ReportCommandedPanTiltJoint

Tilt Joint Velocity Velocity message.

SetHanTiltJointVelocity Set the desired velQcities for the individual
joints of the panilVmechanism.

stopMotion Stop motion-ofithe pan tilt unit.

4.23 Pan Tilt Specificafion Service

name=PanTiltSpecificatjonService
version=2.0
id= urn:jaus:jss:manipul@tor:PanTiltSpecificationService

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

<<Transport>> <17

<<Events>> q

<<PanTiltDefinitionService>>

FIGURE 50 - PAN TILT SPECIFICATION SERVICE
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Description
The function of the Pan Tilt Specification Service is to report the physical characteristics of a pan-tilt unit. The Report Pan

Tilt Specification Message returns the minimum and maximum allowable value and the maximum velocity for each of the
two joints as well as the position and orientation of the pan tilt base coordinate system relative to the vehicle coordinate

system.

Assumptions

Messages may be delayed, lost or reordered.
Vocabulary

Table 86 lists the vocabulary of the Pan Tilt Description Service.

Message Id | Name isCommand?
(hex)

Input Set

2620h | QueryPanTiltSpecifications | Falsé
Output Set

4620h | ReportPanTiltSpecifications [ False

Protocol Behavior

/transport.Receiving \

events.Ready

—| Ready
A

A

\J /

RIGURE 513¢AN TILT DESCRIPTION SERVICE PROTOCOL BEHAVIOR

TABLES7 - PAN TILT SPECIFICATION SERVICE STATE TRANSITION TABLE

Label | Trigger Guard Actions
A QueryPanTiltSpecifications sendReportPanTiltSpecifications

TABLE 88 - PAN TILT SPECIFICATION SERVICE TRANSITION ACTIONS

Action Interpretation
sendReportPanTiltSpecifications | Send a Report Pan Tilt Specifications message.
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4.24 Pan Tilt Motion Profile Service

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

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

version=1.1
<<Transport>> 47
<<Events>> (}7
<<AccessControl>> 47
<<Pan Tilt Mgtion Profile
Servige>>
FIGURE 52 - PAN TILT MOTION PROFILE SERVICE
Description

The function of the Par

Assumptions
Messages may be delayed, lost or.feordered.
Vocabulary

Table 89 lists the vocabplary: of the Pan Tilt Motion Profile Service.

Tilt Motion Profile Serviéeis to allow for configuration of the motion pn
located on this compongnt. The Set Pan Tilt Motion Profile message is used to set maximum V|
rates for each of the twd variable joint parameters. All motions utilize the motion profile data that wj

ofile for all services co-
elocity and acceleration
as most recently sent.

TABLE 89 - PAN TILT MOTION PROFILE SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

0627h SetPanTiltMotionProfile True

2627h QueryPanTiltMotionProfile False
Output Set

4627h | ReportPanTiltMotionProfile | False
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Protocol Behavior

ﬂansport.Receiving \
/events.Ready \

accessCtrl.NotControlled accessCitrl.Controlled

R —' default A —| default
B

A A

Q /

F

GURE 53 - PAN TILT MOTION PROFILE SERVICE PROTOCOL\BEHAVIPR

[ABLE 90 - PAN TILT MOTION PROFILE SERVICE TRANSN ION TABLE

Label | Trigger Guard Aetions

A QueryPanTiltMotionProfile panTiltMotionProfileExists sendReportPanTiltMqtionProfile

B SetPanTiftMotionProfile management.accessCitrl, setPanTiltMotionProfile
isControllingClient

TABILLE 91 - PAN TILT MOTION PROFILESERVICE STATE TRANSITION TABLE

Condition Interpretation

panTiltMotionProfileExists True if a pan tilt motion profile has
been defined.

TABLE 92 - PAN TILT J@MN POSITION DRIVER SERVICE TRANSITION ACTIONS

Actior Interpretation

sendReportPanfiltMotionProfile Send a ReportPanTiltMotionProfile message.

setPanTiltMetienProfile Set the motion profile parameters for the pan
tilt mechanism.
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4.25 Primitive End Effector Service

Name= PrimitiveEndEffector

version=2.0

id= urn:jaus:jss:manipulator:PrimitiveEndEffector

Inherits-from Management

name=management

id= urn:jaus:jss:core:Management

version=1.1

<<Transport>>

47

Description

This service is the low
usually mounted on the

Assumptions

Messages may be delay

Vocabulary

<<Events>>

47

<<AccessControl>>

47

<<Management>> (11

A

PrimitiveEndEffector>>

FIGURE 54 « PRIMITIVE END EFFECTOR SERVICE

level interfacesto-an end effector.
end of an n-degree of freedom manipulator.

ed, lost, or reordered.

The End Effector is a one degree

bf freedom manipulator,

Table 93 lists the vocabulary of the Primitive End Effector Service.

TABLE 93 - PRIMITIVE END EFFECTOR SERVICE VOCABULARY

Message Id | Name isCommand?
(hex)

Input Set

0633h SetEndEffectorEffort True

2632h QueryEndEffectorSpecification False

2633h QueryEndEffectorEffort False

Output Set

4632h ReportEndEffectorSpecification | False

4633h ReportEndEffectorEffort False
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Protocol Behavior

ﬁwsoort Receijving

events.Readv

-

accessCirl.NotControlled

gy

\\\

accelasCtrl.Controlled

atcessCirl. Available

S

O //
Pa\S
\/{\\/
NS

O
SURE 55 - PRIMITIVE END EFFECTOR SER@%E PROTOCOL BEHAVI

FIq DR
>
TABLE 94 - PRIMITIVE END EFFECTO@SERVICE TRANSITION TABLE
R
. N .
Label Trigger Guard~ Actions
A QueryEndEffector \l“\ sendReportEndEffector
Specification ,.’\Q Specification
QueryEndEffector -V sendReportEndEffector
Effort R Effort
B SetEndEffectorEljo)t‘ management.accessCitrl. setEndEffectorkffort
AL isControllingClient
N
TABLE S)%CB%I‘MITIVE END EFFECTOR SERVICE TRANSITION ACTIONS
Z,
Acgq?\f/ Interpretation
S =r‘1ﬁ2?‘ppnrﬂ:nd|:ffpr'mr Send a Repaort End Fffector Spec messade.
Specification
sendReportEndEffectorEffort Send a Report End Effector Effort message.
setEndEffectorEffort Set the effort for the end effector.
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5. DECLARED TYPES

5.1 CommandClass
5.1.1 ID 0601h: SetJointEffort

This message is used to control joint actuators in an open loop fashion. The command states the percentage level of
effort that each actuator should apply. The message must contain effort commands for each joint in the manipulator.

TABLE 96 - SET JOINT EFFORT MESSAGE ENCODING

body

|_ list name=JointEffortList
(count_field=unsigned byte)
record name=JointEffortRec

record name= JointEffortRec

Field | Name Type Units Optional 2 Interpretation

#

1 <fixed_field> unsigned short one False Percgnt of maximum
JointEffort integer effort(for this joint. Each

joint must have a
corresponding entry in
the ligt.

Scaled Integer
Loyver Limit=-100
Upper Limit= 100

5.1.2 ID 0602h: SetJdintPosition

This message sets the dlesired joint position values.. The message must contain a position command for each joint in the
manipulator.

TABLE 97 — SEIMJOINT POSITION MESSAGE ENCODING

body

I— list name=JointPositionList
(count_field=unsigned byte)
record name=JointPositionRec

record name=JointPositofiRet

Field | Name Index Type Units Optional? | Interpretation
#
1 <variable_field> | 1 - unsigned radian false Lower limit =-8 = rad
JointPosition revolute integer Upper limit = +8x rad
2- unsigned meter Lower limit=-10 m
prismatic | integer Upper limit=+10 m

Scaled integer representing the
command position for this joint.
Each joint must have a
corresponding entry in the list.
Units and scale range are based on
the joint type.
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5.1.3 ID 0603h: SetJoi

ntVelocity

This message sets the desired joint velocity values. The message must contain a velocity command for each joint in the

manipulator.

TABLE 98 - SET JOINT VELOCITY MESSAGE ENCODING

body

I— list name=JointVelocityList

(count_field=unsigned byte)

record name=JointVelocityRec

record name= JointVelgcityRec

Fiel Name Index Type Units Optional? | Interpretatjon

d#

1 <variable field® | 1 - unsigned radian per false Lower limit|= -10x radian per

JointVelocity revolute integer sec second
Upper limit|= +10x radian per
second
2- unsigned meter per Lower limit|= -5 m/sec
prismatic integer sec Upper limit|= +5 m/sec

Scaled integer representing the
command vYelocity for this joint.
Each joint nust have a
corresponding entry in the list.
Units and scale range are based
on the joint/type.

5.1.4 ID 0604h: SetTgolOffset

This message specifieg the coordinates of the end-effector tool point (End Effector Pose) in terms of the End Effector

Coordinate System. For|a six-axis robot, thijs-coordinate system is defined by having its origin locaked at the intersection of

the S6 joint axis vector jand the user defined’link vector a67. The Z axis of the coordinate systern is along S6 and the X

axis is along the a67 vegtor..

TABLE 99 - SET TOOL OFFSET MESSAGE ENCODING
body
1

L_ record name=ToolPointRec

record name= ToolPointRec

Field # Name Type Units Optional? Interpretation
1 ToolPointCoordinateX unsigned meter false Scaled Integer
integer Lower limit = -15 m
Upper limit = +15m
2 ToolPointCoordinateY unsigned meter false see field 1
integer
3 ToolPointCoordinateZ unsigned meter false see field 1
integer
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5.1.5 ID 0607h: SetJointMotionProfile

This message sets maximum speeds, acceleration, and deceleration rates for each joint of the manipulator. The
message must contain a profile for each joint in the manipulator.

TABLE 100 - SET MOTION PROFILE MESSAGE ENCODING

body

I— list name=JointMotionProfileList
(count_field=unsigned byte)
variant name=JointType
(vtag_field = unsigned byte)
record name=RevoluteJointMotionProfileRec
record name=PrismaticJointMotionProfileRec

vtag = 1, record namegRevoluteJointMotionProfileRec

Field Name Type Units Optional? | Interpretation
#
1 JointMaxSpeed unsigned radian per false Scaled Intege
integer Sec Lower limit 3 O radian per second
Upper limit 3 +10x radian per
second
2 JointMaxAccelprationRate | unsigned radian per false Scaled Intege
integer Sec? Lower limit 3 O radian per second?
Upper limit 3 +10x radian per
second?
3 JointMaxDecelerationRate | unsigned radian_per false Scaled Intege
integer Sec? Lower limit 3 O radian per second?
Upper limit 3 +10x radian per
second?
vtag = 2, record namegPrismaticJointMotionProfileRec
1 JointMaxSpeed unsigned meter per false Scaled Intege
integer. second Lower limit § O m/sec
Upper limit § +5 m/sec
2 JointMaxAcceletfationRate unsigned meter per false Scaled Intege
integer second? Lower limit 3 0 m/sec?
Upper limit 3 +20 m/sec?
3 JointMaxDecelefationRate unsigned meter per false Scaled Intege
integer second? Lower limit 3 0 m/sec?
Upper limit 3 +20 m/sec?

5.1.6 ID 0610h: SetEndEffectorPose

This message defines the desired end effector position and orientation. The coordinates of the tool point are defined in
terms of the manipulator base coordinate system. The orientation of the end effector is defined by a unit quaternion (d ; a,
b, c) which specifies the axis and angle of rotation that was used to establish the orientation of the end effector coordinate
system with respect to the manipulator base coordinate system.
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TABLE 101 - SET END EFFECTOR POSE MESSAGE ENCODING

body

|_ record name=EndEffectorPoseRec

record name= EndEffectorPoseRec
Field | Name Type Units Optional? | Interpretation
#
1 ToolPointCoordinateX unsigned meter false Scaled Integer
integer Lower limit=-30 m
Upper limit=+30 m
2 ToolPointCoordinateY unsigned meter false see field 1
integer
3 ToolPointCoordihateZ unsigned meter false see field 1
integer
4 dComponentOfynitQuaternionQ | unsigned one false Scaled)Intdger
integer lcower Iigﬁit =-1
Upper limit = +1
5 aComponentOfynitQuaternionQ | unsigned one false see field 4
integer
6 bComponentOfynitQuaternionQ | unsigned one fale see field 4
integer
7 cComponentOfynitQuaternionQ | unsigned one false see field 4
integer
5.1.7 ID 0612h: SetEndEffectorVelocityState

This message defines t
system.

TA

ne desired end effector velocity statesmeasured with respect to the manipulator base coordinate

BLE 102 - SET END EFFECITOR VELOCITY STATE MESSAGE ENCODING

body

|_ record name=EndEffectorVelocityRec

record name= EndEffeq

torVelocityRec

Field Name Type Units Optional? | Interpretation
#
1 AngularVelocityComponent | unsigned radian per false Scaled Integer
X integer second Lower limitl= -20 17 radian per
second
Upper limit = +20 1 radian per
second
2 AngularVelocityComponent | unsigned radian per false see field 1
Y integer second
3 AngularVelocityComponent | unsigned radian per false see field 1
Z integer second
4 LinearVelocityComponentX | unsigned meter per false Scaled Integer
integer second Lower limit = -10 m/sec
Upper limit = +10 m/sec
5 LinearVelocityComponentY | unsigned meter per false see field 4
integer second
6 LinearVelocityComponentZ | unsigned meter per false see field 4
integer second
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5.1.8 ID 0613h: SetActuatorForceTorques

This message defines the desired actuator forces (for each prismatic actuator) and the desired actuator torques (for each
revolute actuator).

TABLE 103 - SET ACTUATOR FORCE TORQUES MESSAGE ENCODING

body

I— list name=ActuatorForceTorqueList
(count_field=unsigned byte)
record name=ActuatorForceTorqueRec

record name= ActuatorForceTorqueRec

Field Name Index Type Units Opfional? | Intérpretation
#
1 <variable_fielg> 1 - revolute unsigned newton false Lower limit =-1000 Nm
JointForceTorque integer meter Upper limit = +1000 Nm
2 - prismatic | unsigned newtons Lover limit =-500 N
integer Upper limit = +500 N

Scdled integer
repfesenting the command
forde or torque for this
joint. Each joint must have
a corresponding entry in
the|list.

5.1.9 ID 061Eh: ExeclteList

This message is used tp begin execution of a sequéntial list of motion commands. Optionally, the starting element UID
can also be specified, where an unspecified value ‘or'a value of zero (0) indicates the first (head) eJement in the list.

TABLE 104NEXECUTE LIST MESSAGE ENCODING

body

|_ record name=ExecuteListRec

record name= ExeclteliistRec

Field Name Type Units Optional? Interpretation
#
1 <presence_vector> unsigned byte one false
2 <fixed_field> unsigned short one True Element UID of the starting
ElementUID integer element. A value of zero
(0) indicates the first
(head) element of the list.

5.1.10 ID 0621h: SetPanTiltJointEffort

This message is used to control the two joint actuators for a pan tilt mechanism in an open loop fashion. The command
states the percentage level of effort that each actuator should exercise in order to move its corresponding joint.
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TABLE 105 - SET PAN TILT JOINT EFFORT MESSAGE ENCODING

body
|_ record name=PanTiltJointEffortRec

record name= PanTiltJointEffortRec

Field Name Type Units Optional? | Interpretation

#

1 <fixed_field> unsigned short percent False Percent of maximum.
Jointleffort integer Scaled Integer

Lower Limit=-100
Upper Limit= 100
2 <fixed_field> unsigned short percent False Percent of maximum.
Joint2effort integer Scaled Integer

Coyver Limit=-100
Upper Limit= 100

5.1.11 ID 0622h: SetPanTiltJointPosition
This message sets the desired joint position values for a pan tilt mechanism.

TABLE 106 — SET PAN TILT JOINT POSITION MESSAGE ENCODING

body

|_ record name=PanTiltJointPositionRec

record name= PanTliltJointPositionRec

Field | Name Type Units Optional? | Interpretation
#
1 <fixed_fieldp unsigned radian false Scaled integer:
Jointlposition integer Lower limit = -8r rad
Upper limit = +8r rad
2 <fixed_fieldp unsigned radian false see field 1
Joint2position integer

5.1.12 ID 0623h: SetPanTiltJointVelogity
This message sets the desired joint’'velocity values for a pan tilt mechanism.

TABEE 107 - SET PAN TILT JOINT VELOCITY MESSAGE ENCODING

body
|_ record name=PanTiltJointVelocityRec

record name= PanTiltJointVelocityRec

Field | Name Type Units Optional? | Interpretation
#
1 <fixed_field> unsigned radian per false Scaled Integer
Jointlvelocity integer second Lower limit = -10x radian per
second
Upper limit = +10x radian per
second
2 <fixed_field> unsigned radian per false see field 1
Joint2velocity integer second
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5.1.13

ID 0627h: SetPanTiltMotionProfile

This message sets maximum speeds, acceleration, and deceleration rates for each joint of the pan tilt mechanism.
TABLE 108 - SET PAN TILT MOTION PROFILE MESSAGE ENCODING

body
|_ record name= PanTiltMotionProfileRec
record name= PanTiltMotionProfileRec
Field Name Type Units Optional? | Interpretation
#
1 Joint1MaxSpeed unsigned radians per | false Scaled Integer
integer second Lower limit = O radian per second
Upper Timit = +10x radian per
second
2 Joint1MaxAcceler | unsigned radian per false Scaled Integer
ationRate integer second Lower limit = 0 fadian per second?
squared Upper-imit = +10x radian per
second?
3 JointlMax[Peceler | unsigned radian per false Scaled Integer
ationRate integer second Lower limit = 0 fadian per second?
squared Upper limit = +10x radian per
second?
4 Joint2Max$peed unsigned radian per false Scaled Integer
integer second Lower limit = O fadian per second
Upper limit = +10x radian per
second
5 Joint2MaxAcceler | unsigned radian<per false Scaled Integer
ationRate integer second Lower limit = 0 fadian per second?
sguared Upper limit = +10x radian per
second?
6 Joint2MaxDDeceler | unsigned radian per false Scaled Integer
ationRate integer. second Lower limit = 0 fadian per second?
squared Upper limit = +10x radian per
second?
5.1.14 ID 0633h: SetEndEffectorEffort

This message is used td
percentage level of effo

control a single degree of freedom end effector in an open loop fashion. 1

'he command states the

gripper, turn a screw driver, activate a welder) is implementation specific.
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TABLE 109 - SET END EFFECTOR EFFORT MESSAGE ENCODING

body

|_ record name=EndEffectorEffortRec

record name= EndEffectorEffortRec

EndEffectorEffort

integer

Up

Field Name Type Units Optional? | Interpretation
#
1 <fixed_field> unsigned short percent False Percent of maximum.

Scaled Integer
Lower Limit=-100

per Limit= 100

or behavior (open/close
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5.2 QueryClass
5.2.1 ID 2600h: QueryManipulatorSpecifications
This message shall cause the receiving service to reply to the requestor with a ID 4600h: ReportManipulatorSpecifications

message. A logical AND shall be performed on the requested presence vector and that representing the available fields
from the responder. The resulting message shall contain the fields indicated by the result of this logical AND operation.

TABLE 110 - QUERY MANIPULATOR SPECIFICATIONS MESSAGE ENCODING

body

|_ record name= QueryManipulatorSpecificationsRec

record name= QueryManipdlaterSpecificationsRec

Field | Name Type Units | Optional? | Interpretation
#
1 <fixed_fieldp unsigned byte | one false Specifies.if the ¢orresponding
PresenceVegtor Report-message should include the
Manipulator Cogrdinate System.

5.2.2 ID 2601h: QueryJointEffort

This message shall cause the receiving service to reply to the requestor with a ID 4601h: ReportJaintEffort message.

TABLE 111 - QUERY JOINT EFFORT MdzSSAGE ENCODING

body

|_ empty

5.2.3 ID 2602h: QueryJointPosition

This message shall cause the receiving serviee to reply to the requestor with a ID 4602h: ReportJaintPosition message.

TABLE 112 “QUERY JOINT POSITION MESSAGE ENCODING

body

|_ empty

5.2.4 ID 2603h: QueryJointVelocity

This message shall cause the receiving service to reply to the requestor with a ID 4603h: ReportJointVelocity message.

TABLE 113 - QUERY JOINT VELOCITY MESSAGE ENCODING

body

L empty

5.2.5 ID 2604h: QueryToolOffset

This message shall cause the receiving service to reply to the requestor with a ID 4604h: ReportToolOffset message.
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TABLE 114 - QUERY TOOL OFFSET MESSAGE ENCODING

body

L empty

5.2.6

ID 2605h: QueryJointForceTorque

This message shall cause the receiving service to reply to the requestor with a ID 4605h: ReportJointForceTorgue

message.
TABLE 115 - QUERY JOINT FORCE TORQUE MESSAGE ENCODING
body
|_ empty
5.2.7 ID 2607h: QueryJointMotionProfile

This message shall ca|
message.

ise the receiving service to reply to the requestoriwith a ID 4607h: |

ReportJointMotionProfile

TABLE 116 - QUERY JOINT MOTION PROFH.E MESSAGE ENCODING

body

L empty

5.2.8 ID 2608h: Quer

This message shall cau
message.

TA

CommandedJointPosition

be the receiving serviee to reply to the requestor with a ID 4608h: ReportC

pmmandedJointPosition

BLE 117 - QUERY COMMANDED JOINT POSITION MESSAGE ENCODI

NG

body

L empty

5.2.9

ID 2610h: QueryCommandedEndEffectorPose

This message shall cause the receiving service to reply to the requestor with a ID 4610h: ReportCommandedEnd

EffectorPose message.

TABLE 118 - QUERY COMMANDED END EFFECTOR POSE MESSAGE ENCODING

body

L empty
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5.2.10 ID 2611h: QueryCommandedJointVelocity

This message shall cause the receiving service to reply to the requestor with a ID 4611h: ReportCommandedJoint
Velocity message.

TABLE 119 - QUERY COMMANDED JOINT VELOCITY MESSAGE ENCODING

body

L empty

5.2.11 ID 2612h: QueryCommandedEndEffectorVelocityState

This message shall cause tThe receiving Service 1o reply to the requestor with a ID_4612h: |ReportCommandedEnd
EffectorVelocityState mg¢ssage.

TABLE 120 {QUERY COMMANDED END EFFECTOR VELOCITY STATE MESSAGH ENCODING

body

|_ empty

5.2.12 ID 2613h: QueryCommandedActuatorForceTorque

This message shalll cause the receiving service ta) reply to the requestor |with a |ID 4613h:
ReportCommandedActyatorForceTorque message.

TABLE 131 - QUERY COMMANDED ACTHMATOR FORCE TORQUE MESSAGE ENCODING

body

|_ enfpty

5.2.13 ID 2615h: QueryEndEffectorPose

This message shall cause theteceiving service to reply to the requestor with a ID 4615h: |ReportEndEffectorPose
message.

TARIE 122 - QUERY END FEFECTOR POSE MESSAGE ENCODING

body

|_ empty

5.2.14 ID 2616h: QueryEndEffectorVelocityState

This message shall cause the receiving service to reply to the requestor with a ID 4616h: ReportEnd EffectorVelocityState
message.
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TABLE 123 - QUERY END EFFECTOR VELOCITY STATE MESSAGE ENCODING

body

L empty

5.2.15 ID 261Eh: QueryActiveElement
This message is used to query the current active element of an executing list.

TABLE 124 - QUERY ACTIVE ELEMENT MESSAGE ENCODING

body
|_ record name=(empty)

5.2.16 ID 2620h: QueryPanTiltSpecifications

This message shall cause the receiving service to reply to the requestor with,'a 1D 4620h: ReportPanTiltSpecifications
message.

U/

ABLE 125 - QUERY PAN TILT SPECIFICATIONS MESSAGE ENCODIN

—

body
|_ record name= QueryPanTiltSpecificationsRec

record name= QuefyPanTiltSpecificationsRec

Field | Name Type Units Optional? | Interpretation

#

1 <fixed_fieldp unsigned byte one false See Re¢port Pan Tilt
PresenceVegtor Specifications Message

5.2.17 D 2621h: QueryPanTiltJointEffort

This message shall cause the.feceiving service to reply to the requestor with a ID 4621h: [ReportPanTiltJointEffort
message.

TABLE 126 - QUERY PAN TILT JOINT EFFORT MESSAGE ENCODING

body

L empty

5.2.18 ID 2622h: QueryPanTiltJointPositions

This message shall cause the receiving service to reply to the requestor with a ID 4622h: ReportPanTiltJointPositions
message.
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TABLE 127 - QUERY PAN TILT JOINT POSITIONS MESSAGE ENCODING

body

L empty

5.2.19 ID 2623h: QueryPanTiltJointVelocity

This message shall cause the receiving service to reply to the requestor with a ID 4623h: ReportPanTiltJointVelocity
message.

TABLE 128 - QUERY PAN TILT JOINT VELOCITY MESSAGE ENCODING

body

L empty

5.2.20 D 2627h: QueryPanTiltMotionProfile

This message shall calise the receiving service to reply to the requestor with a 1D 4627h: ReportPanTiltMotionProfile
message.

_|

ABLE 129 - QUERY PAN TILT MOTION PRQEKIEE MESSAGE ENCODIN{

body

L empty

5.2.21 ID 2628h: QueryCommandedPanTiltJointPositions

This message shalll cause the receiving service to reply to the requestor |with a |D 4628h:
ReportCommandedPan(iltJointPositions jmessage.

TABLE 1B0 - QUERY-S®MMANDED PAN TILT JOINT POSITIONS MESSAGE ENCODING

body

L empty

5.2.22 ID 2631h: QueryCommandedPanTiltJointVelocity

This message shall cause the receiving service to reply to the requestor with a ID 4631h: ReportCommandedPanTiltJoint
Velocitiy message.

TABLE 131 - QUERY COMMANDED PAN TILT JOINT VELOCITY MESSAGE ENCODING

body

L empty
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5.2.23

ID 2632h: QueryEndEffectorSpecification

This message shall cause the receiving service to reply to the requestor with a ID 4632h: ReportEndEffectorSpecification

message.
TABLE 132 - QUERY END EFFECTOR SPECIFICATION MESSAGE ENCODING
body
I_ empty
5.2.24 ID 2633h: QueryEndEffectorEffort

This message shall cal
message.

LiIse the recelving service 1o reply to the requestor with a 1D_46bssh:

ReportEndEffectorEffort

TABLE 133 - QUERY END EFFECTOR EFFORT MESSAGE ENEPDING

body

L empty

5.3 InformClass

5.3.1 ID 4600h: Repo|

This message provides

of each link, the joint offset (for revolute joints) or joint angle (for prismatic joints), the minimum

each joint, and the minin

The record Manipulato
base coordinate system
guaternion) of the maniy

The variant FirstJointPa
first link axis (L1 in Figu
the first link (1 in Figur

The record RevoluteJoi
revolute joint that come

FtManipulatorSpecifications

the specification of the manipulator including the number of joints, the lin
num and maximum speed for gach joint.

CoordinateSystemRec establishes the position and orientation relation
to the vehicle coordinate system. It specifies the location (x,y,z) and orier
ulator base coordinate system relative to the vehicle coordinate system.
rameters specifies the offset distance from the origin of the manipulator g
e 1) or the§eint angle between the x-axis of the manipulator coordinate s\

b 1), depending on whether the first joint in JointSpecificationList is revolut

htSpecificationRec specifies the link length and twist angle for a link an
after the link. The record PrismaticJointSpecificationRec specifies the lif

k length and twist angle
and maximum value for

ship of the manipulator
tation (described by the

oordinate system to the
stem and the line along
B or prismatic.

d the joint offset for the
k length and twist angle

for a link and the joint angle for the prismatic joint that comes after the link.

The order in which the joints are encoded into the list called JointSpecificationList must correspond with the order of the
joints from the manipulator base to the end effector.

In Revision A, an optional list is appended to this message to allow for a human readable description of each joint. If the
list is specified (presence vector bit is set), the size of the list shall be the same as the total number of joints in the
manipulator with the order of the names from the manipulator base to the end effector.
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TABLE 134 - REPORT MANIPULATOR SPECIFICATIONS MESSAGE ENCODING

body

|_ sequence name=ReportManipulatorSpecification

(presence_vector=unsigned byte)

record name=ManipulatorCoordinateSystemRec (optional)
variant name= FirstJointParameters

(vtag_field=unsigned byte)

record name= RevoluteJoint1OffsetRec

record name= PrismaticJointLAngleRec

list name=JointSpecificationList

(count_field=unsigned byte)

variant name=JointSpecifications

[Vtag_Tield=unsigned Dyte)

record name=RevoluteJointSpecificationRe¢

record name=PrismaticJointSpecificationRec
list name=JointNamesList (optional)

(count_field=unsigned byte)

record name=JointNameRec

record name= ManipulatorCoordinateSystemRec, optional=true

Field | Name Type Units Optional?<{ | Interpretation

#

1 <fixed_field> unsigned meter false x coordinate of ofigin of manipulator
manipulator integer base coordinate system
coordinate syys. x measured with|respect to vehicle

coordinate sysfem
Scaled integer:

Lower limit =-30 m

Upper limit = +80 m

2 <fixed_field> unsigned meter false y coordinate of ofigin of manipulator
manipulator integer base coordinate system
coordinate sys. y measured with|respect to vehicle

coordinate sysfem
Scaled integer:

Lower limit =-30 m

Upper limit = +80 m

3 <fixed_field> unsigned meter false z coordinate of ofigin of manipulator
manipulator integer base coordinate system
coordinate sys. z measured with|respect to vehicle

coordinate sysfem
Scated-integer:

Lower limit =-30 m

Upper limit = +30 m

4 <fixed_field> unsigned one false quaternion g = d + ai +bj + ck
d component of unit integer defines the orientation of the
quaternion q manipulator base coordinate

system measured with respect to

the vehicle coordinate system
Scaled integer:

Lower limit = -1

Upper limit = +1

5 <fixed_field> unsigned one false see field 4
a component of unit integer
quaternion g

6 <fixed_field> unsigned one false see field 4
b component of unit integer
quaternion g
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7 <fixed_field> unsigned one false see field 4
¢ component of unit integer
quaternion g
variant name= FirstJointParameters
vtag= 0, record name= RevoluteJoint1OffsetRec
1 <presence_vector> | unsigned one false
byte
2 < fixed_field> Unsigned meter false Joint offset
Joint1Offset short Scaled value
integer Lower limit =-10 m
Upper limit=+10 m
3 < fixed_field> unsigned radian true Scaled value
Joint 1 — integer Lower limit = -8 & rad
Min value Upper limit = +8x rad
Note: This field is omitted by using the
PTESETTCE VETIOT Tpr joints that can
rotate continueusly without limit.
4 < fixed_field> unsigned radian true Scaled value
Joint 1 — integer Lower (imit = -8r rad
Max value Uppeldimit = +8x rad
Note: This field is[omitted by using the
presence vector for joints that can
rotate continuously without limit.
5 < fixed_field> unsigned radian per true Scaled Integer
Joint 1 — integer second Lower limit = O fadian per second
Max speed Upper limit = +10x radian per
second
6 < fixed_field> unsigned Nm true Scaled value
Joint 1 — integer Lower limit=0N m
Max torque Upper limit = 5000 N m
7 < fixed_field> Unsigned Meter true The radius of an imaginary bounding
OffsetBoundingCylind | short cylinder whose length lies along the
erRadius integer joint offset axis.
Scaled value
Lower limit =0 1n
Upper limit = 10/m
vtag= 1, record name= PrismaticJ@intlAngleRec
1 <presence_|vector> |<unsignhed one false
byte
2 < fixed_field> unsigned radian false Scaled value
JointlAngI short Lower limit = - " rad
Integer Upper limit = +rf rad
3 < fixed_field> unsigned meter false Scaled value
Joint 1 — integer Lower limit =-10 m
Min value Upper limit=+10 m
4 < fixed_field> unsigned meter false Scaled value
Joint 1 — integer Lower limit =-10 m
Max value Upper limit=+10 m
5 < fixed_field> unsigned meter per true Scaled value
Joint 1 — integer second Lower limit = -5 m/sec
Max speed Upper limit = +5 m/sec
6 < fixed_field> unsigned N true Scaled value
Joint 1 — integer Lower limit=0N
Max force Upper limit = 5000 N
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7 < fixed_field> Unsigned Meter true The radius of an imaginary bounding
JointBoundingCylinde | short cylinder whose length lies along the
rRadius integer joints moving axis.
Scaled value
Lower limit=0m
Upper limit=10m
list name=JointSpecificationList
vtag= 0, record name= RevoluteJointSpecificationRec
1 <presence_vector | unsigned one false
> byte
2 < fixed_field> unsigned meter false Link Length
Link a(i)(i+1) — short Integer Scaled value
Link Length Lower limit =-10 m
Upper limit =+10 m
3 < f|Xed_f|e|c UIIO;HIICd Iﬂd;ﬂll fQ:DC S\JQ:Cd VQ:UC
Link a(i)(i+1) short Integer Lower limit = ¢/ rad
Twist Angle Upper limit=s"+n rad
4 < fixed_field> unsigned meter false Joint offset
Joint (i+1) — short Integer Scaled value
Offset Lower limit = -10 m
Upper limit =+10 m
5 < fixed_field> unsigned radian true Scaled value
Joint (i+1) — integer Lower limit = -8{r rad
Min value Upper limit = +8r rad
Note: This field is|omitted by using the
presence vector for joints that can
rotate continuously without limit.
6 < fixed_field> unsigned radian true Scaled value
Joint (i+1) — integer Lower limit = -8{r rad
Max value Upper limit = +8x rad
Note: This field is|omitted by using the
presence vector for joints that can
rotate continuously without limit.
7 < fixed_field> unsigned radian per true Scaled Integer
Joint (i+1) — integer second Lower limit = O fadian per second
Max speed Upper limit = +10x radian per
second
8 < fixed_field> ubsigned Nm true Scaled value
Joint (i+1) — integer Lower limit=0 N m
Max torque Upper limit = 5000 N m
9 < fixed_field> Unsigned Meter true The radius of an ifnaginary bounding
OffsetBoundingCyli | short integer cylinder whose Tength lies along the
nderRadius joint offset axis.
Scaled value
Lower limit=0m
Upper limit=10m
10 < fixed_field> Unsigned Meter true The radius of an imaginary bounding
LinkLengthBoundin | short integer cylinder whose length lies along the
gCylinderRadius link length axis.
Scaled value
Lower limit=0m
Upper limit =10 m
vtag=1, record name= PrismaticJointSpecificationRec
1 <presence_vector | unsigned one false
> byte
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2 < fixed_field> unsigned meter false Link Length
Link a(i)(i+1) — short Integer Scaled value
Link Length Lower limit =-10 m
Upper limit=+10m .
3 < fixed_field> unsigned radian false Scaled value
Link a(i)(i+1)— short Integer Lower limit = - & rad
Twist Angle Upper limit = +x rad
4 < fixed_field> unsigned radian false Scaled value
Joint (i+1) — short Integer Lower limit = - & rad
Angle Upper limit = +x rad
5 < fixed_field> unsigned meter false Scaled value
Joint (i+1) — integer Lower limit =-10 m
Min value Upper limit=+10 m
6 < fixed_field> unsigned meter false Scaled value
Joint (i+1) — integer Lower limit =-10 m
Max value OUpper imit=+10 m
7 < fixed_field> unsigned meter per true Scaled value
Joint (i+1) — integer second Lower limit="-5|m/sec
Max speed Upper (imit = +5 m/sec
8 < fixed_field> unsigned N true Scaled)value
Joint (i+1)— integer Lower limit=0 N
Max force Upper limit = 5000 N
9 < fixed_field> Unsigned Meter true The radius of an ifnaginary bounding
JointBoundingCylin | short integer cylinder whose length lies along the
derRadius joints moving axis|
Scaled value
Lower limit =0 1n
Upper limit = 10m
10 < fixed_field> Unsigned Meter true The radius of an imaginary bounding
LinkLengthBpundin | short integer cylinder whose length lies along the
gCylinderRapius link length axis.
Scaled value
Lower limit = 0 n
Upper limit =10/m
list name=JointNamesL.ist (optional)
record name=JointNlameRec
1 <variable_length_str> | courit. field= | one false A human-readabl¢ string that can be
Description unsigned_byte used to label each joint on a user
interface.
5.3.2 ID 4601h: RepoftJointEffort
This message is used to provide the receiver the percent effort that Is currently being appliied to the individual manipulator

joints. The message data for this message is identical to |ID 0601h: SetJointEffort.

TABLE 135 - REPORT JOINT EFFORT MESSAGE ENCODING

body

|_ list name=JointEffortList

(count_field=unsigned byte)
record name=JointEffortRec
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5.3.3 ID 4602h: ReportJointPosition

This message provides the receiver with the current values of the joint positions. The message data and mapping of the
presence vector for this message are identical to ID 0602h:SetJointPosition.

TABLE 136 - REPORT JOINT POSITION MESSAGE ENCODING

body

I— list name=JointPositionList
(count_field=unsigned byte)
record name=JointPositionRec

5.3.4 ID 4603h: RepoftJointVelocity

This message provides the receiver with the current values of the joint velocities. The message ¢lata and mapping of the
presence vector for this [message are identical to ID 0603h:SetJointVelocitiy.

TABLE 137 - REPORT JOINT VELOCITY MESSAGE, ENCODING

body

I— list name=JointVelocityList
(count_field=unsigned-byte)
record name=Joint\VelocityRec

5.3.5 ID 4604h: RepoftToolOffset

This message provides |the receiver with the currentvalues for the tool point as measured in thelend effector coordinate
system. The message data and mapping of the preSence vector for this message are identical to[ID 0604h:SetToolOffset

TABLE 138 - RERORT TOOL OFFSET MESSAGE ENCODING

body

|_ record name=ToolPointRec
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5.3.6 ID 4605h: ReportJointForceTorques

This message provides the receiver with the current values of the torques applied to revolute joints and forces applied to
prismatic joints of the manipulator. The message data are identical to ID 0613h:SetActuatorForceTorques.

TABLE 139 - REPORT JOINT FORCE TORQUE MESSAGE ENCODING

body

I— list name=ActuatorForceTorqueList
(count_field=unsigned byte)
record name=ActuatorForceTorqueRec

5.3.7 ID 4607h: RepoftJointMotionProfile

This message provides [the receiver with the current motion profile. The message data for'this message are identical to
ID 0607h:SetJointMotionProfile.

TABLE 140 - REPORT MOTION PROFILE MESSAGE ENCODING

body

I— list name=JointMotionProfileList
(count_field=unsigned byte)
variant name=JointType
(vtag_field = unsigned byte)
record name=RevoluteJointMotionProfileRec
record name=PrismaticJointMotionProfileRec

5.3.8 ID 4608h: RepoftCommandedJointPosition

This message provideg the receiver with thescommanded joint positions. The message datp for this message are
identical to ID 0602h:SetJointPosition.

TAHRLE 141 - RERQRT COMMANDED JOINT POSITION MESSAGE ENCOD|NG

body

I— list name=JointPositionList

leovmnt finld—tincinanad hhdn)
CoOuTmt— T CTio=—orSigntaoytcy

record name=JointPositionRec

5.3.9 ID 4610h: ReportCommandedEndEffectorPose

This message provides the receiver with the commanded pose of the end effector. The message data for this message
are identical to ID 0610h:SetEndEffectorPose.

TABLE 142 - REPORT COMMANDED END EFFECTOR POSE MESSAGE ENCODING

body

|_ record name=EndEffectorPoseRec
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5.3.10 ID 4611h: ReportCommandedJointVelocity

This message provides the receiver with the commanded joint velocities for the manipulator. The message data for this
message are identical to ID 0603h:SetJointVelocitiy.

TABLE 143 - REPORT COMMANDED JOINT VELOCITY MESSAGE ENCODING

body

I— list name=JointVelocityList
(count_field=unsigned byte)
record name=JointVelocityRec

5.3.11 ID 4612h: Rep anmmnndndFnrlI:ffnr‘tnr\/nlnr‘it\J/antn

This message provides [the receiver with the commanded end effector velocity state for the.manjpulator. The message
data for this message afle identical to ID 0612h:SetEndEffectorVelocityState.

TABLE 144 - REPORT COMMANDED END EFFECTOR VELOCITY STAJEMESSAGKE ENCODING

body
|_ record name=EndEffectorVelocityRec

5.3.12 ID 4613h: RepoftCommandedActuatorForceTorque

This message provides [the receiver with the commanded actor force/torques for the manipulator.| The message data for
this message are identigal to ID 0613h: SetActuatorForceTorques.

TABLE 145 - REPORT COMMANDEDBACTUATOR FORCE TORQUE MESSAGE ENCODING

body

I— list name=ActuatorForceTorqueList
(count_field=unsigned byte)
record name=ActuatorForceTorqueRec

5.3.13 ID 4615h: RepoftEndEffectorPose

This message provides the receiver with the current pose of the end effector. The message data for this message are
identical to ID 0610h:SetEndEffectorPose.

TABLE 146 - REPORT COMMANDED END EFFECTOR POSE MESSAGE ENCODING

body
|_ record name=EndEffectorPoseRec

5.3.14 ID 4616h: ReportEndEffectorVelocityState

This message provides the receiver with the current end effector velocity state for the manipulator. The message data for
this message are identical to ID 0612h:SetEndEffectorVelocityState.
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TABLE 147 - REPORT END EFFECTOR VELOCITY STATE MESSAGE ENCODING

body
|_ record name=EndEffectorVelocityRec

5.3.15 ID 461Eh: ReportActiveElement
This message is used to report the identifier of the current list element being executed.

TABLE 148 - REPORT ACTIVE ELEMENT MESSAGE ENCODING

body

I— record name=ActiveElementRec

record name= ActiveElementRec

Field | Name Type Units Optional?¢-| Interpretation
#
1 <fixed_fieldp unsigned short One false UID ofthe active list
ElementUID integer element. A value of 0
implieq that no lists are
executjng.

5.3.16 ID 4620h: RepoftPanTiltSpecifications
This message provides [he base coordinate systems, joint anglé’limits and joint velocity limits for the pan tilt mechanism.

TABLE 149 - REPORT PAN TILT, SPECIFICATIONS MESSAGE ENCODING

body

|_ record name=ReportPanTiltSpecificationsRec

record name= RepqrtPanTiltSpecificationsRec

Field | Name Type Units Optional? | Interpretation

#

1 <presence_pectof<-punsigned one false
> byte

2 <fixed_fieldp unsigned meter true x coordinate of ofigin of pan tilt
PanTiltCoordimateS—nteger coordinate system measured with
ysX respect to vehicle coordinate

system

Scaled integer:
Lower limit =-30 m
Upper limit = +30 m

3 <fixed_field> unsigned meter true y coordinate of origin of pan tilt
PanTiltCoordinateS | integer coordinate system measured with
ysY respect to vehicle coordinate

system

Scaled integer:
Lower limit =-30 m
Upper limit = +30 m
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4 <fixed_field> unsigned meter true z coordinate of origin of pan tilt
PanTiltCoordinateS | integer coordinate system measured with
ysZ respect to vehicle coordinate
system
Scaled integer:
Lower limit =-30 m
Upper limit = +30 m
5 <fixed_field> unsigned one true quaternion q = d + ai +bj + ck
DComponentOfUnit | integer defines the orientation of the pan
QuaternionQ tilt coordinate system measured
with respect to the vehicle
coordinate system
Scaled integer:
Lower limit = -1
Upper limit = +1
6 <fixed_fieldp unsigned one true see field 5
AComponentOfUnit | integer
QuaternionQ
7 <fixed_fieldp unsigned one true see field-5
BComponenfOfUnit | integer
QuaternionQ
8 <fixed_fieldp unsigned one true see field 5
CComponentOfUnit | integer
Quaternion
9 < fixed_field> unsigned radian false Scaled value
Joint1Minvalpe integer Lower limit = -8|r rad
Upper limit = +8r rad
10 < fixed_field> unsigned radian false Scaled value
Joint1Maxvajue integer Lower limit = -8|r rad
Upper limit = +8r rad
11 < fixed_field> unsigned radian_per false Scaled Integer
JointlMaxSpeed integer sécond Lower limit = 0 fadian per second
Upper limit = +10x radian per
second
12 < fixed_field> unsigned radian false Scaled value
Joint2MinValue integer Lower limit = -8|r rad
Upper limit = +8r rad
13 < fixed_field> uhsigned radian false Scaled value
Joint2MaxValue integer Lower limit = -8|r rad
Upper limit = +8r rad
14 < fixed_field> unsigned radian per false Scaled Integer
Joint2MaxSpeed integer second Lower limit = O fladian per second
Upper limit = +10x radian per
second
5.3.17 ID 4621h: ReportPanTiltJointEffort

This message is used to provide the receiver the percent effort that is currently being applied to the two joints of the pan

tilt mechanism. The message data for this message are identical to |ID 0621h:SetPanTiltJointEffort.
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TABLE 150 - REPORT PAN TILT JOINT EFFORT MESSAGE ENCODING

body
|_ record name=PanTiltJointEffortRec

5.3.18 ID 4622h: ReportPanTiltJointPosition

This message provides the receiver with the current values of the joint positions. The message data and mapping of the
presence vector for this message are identical to ID 0622h:SetPanTiltJointPosition.

TABLE 151 - REPORT PAN TILT JOINT POSITION MESSAGE ENCODING

body

|_ record name=PanTiltJointPositionRec

5.3.19 ID 4623h: RepoftPanTiltJointVelocity

This message provides [the receiver with the current values of the joint velocities for a pan tilt meghanism. The message
data for this message afle identical to ID 0623h:SetPanTiltJointVelocity.

TABLE 152 - REPORT PAN TILT JOINT VELOEITY MESSAGE ENCODING

body
|_ record name=PanTIiltJointVelocityRec

5.3.20 ID 4627h: RepoftPanTiltMotionProfile

This message provides the receiver with the €urrent motion profile for the pan tilt mechanism. The message data for this
message are identical tq 1D 0627h:SetPanTiltMotionProfile.

TABLE 153 - RERORT PAN TILT MOTION PROFILE MESSAGE ENCODING

body

|_ record name= PanTiltMotionProfileRec

5.3.21 ID 4628h: ReportCommandedPanTiltJointPositions

This message provides the receiver with the commanded joint positions for the pan tilt mechanism. The message data
for this message are identical to ID 0622h:SetPanTiltJointPosition.

TABLE 154 - REPORT COMMANDED PAN TILT JOINT POSITIONS MESSAGE ENCODING

body

|_ record name=PanTiltJointPositionRec
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5.3.22

ID 4631h: ReportCommandedPanTiltJointVelocity

This message provides the receiver with the commanded joint velocities for the pan tilt mechanism. The message data
for this message are identical to ID 0623h:SetPanTiltJointVelocity.

TABLE 155 - REPORT COMMANDED PAN TILT JOINT VELOCITY MESSAGE ENCODING

body
|_ record name=PanTiltJointVelocityRec

5.3.23

ID 4632h:; ReportEndEffectorSpecification

This message provides

he specitications of a one degree of ireedom end erfector.

TABILE 156 - REPORT END EFFECTOR SPECIFICATION MESSAGE ENICODING
body
|_ record name=ReportEndEffectorSpecificationsRec

record name= RepgrtEndEffectorSpecificationsRec

Field | Name Type Units Optional? | Interpretation

#

1 <bit_field> unsigned one false JAUS identifier on whith this manipulator is

ParentID integer mounted.
Bits 0-7: Component |D, range 1...255
Bits 8-15: Node ID, rgnge 1...255
Bits 16 — 31: Subsystem ID, range 1...65535
5.3.24 ID 4633h: RepoftEndEffectorEffort

This message is used to provide the receiver,the percent effort that is currently being applied t

message data for this m

essage are identical foD 0633h:SetEndEffectorEffort.

[ABLE 157 - REPORT END EFFECTOR EFFORT MESSAGE ENCODIN(

o

b the end effector.

The

body
|_ record name=EndEffectorEffortRec

6. NOTES

6.1

A change bar (l) located in the left margin is for the convenience of the user in locating areas where

technical revisions, not editorial changes, have been made to the previous issue of this document. An (R)
symbol to the left of the document title indicates a complete revision of the document, including technical
revisions. Change bars and (R) are not used in original publications, nor in documents that contain editorial

changes only.

PREPARED BY SAE COMMITTEE AS-4JAUS, JOINT ARCHITECTURE FOR UNMANNED SYSTEMS
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APPENDIX A - XML FOR SERVICE DEFINITIONS

Al MANIPULATOR SPECIFICATION SERVICE

<?xml version="1.1" encoding="UTF-8"7>
<service_def name="ManipulatorSpecificationService"
id=""urn:jaus:jss:manipulator:ManipulatorSpecificationService"™ version="2_0"
xmIns="urn:jaus:jsidl:1.1">
<description xml:space=""preserve'>
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
Specificationg Message consist of the number of joints, the type of,each joint
(either revolyte or prismatic), the link description parameters jfor each link (link
length and twist angle as shown iIn Figure 2), the constant joint -pargmeter value
(offset for a|revolute joint (see Figure 3), and joint angle Ffor a prismatic joint
(see Figure 4)). The minimum and maximum allowable value for-“each jpint and the
maximum velocity for each joint follow this information.
</description>
<assumptions> Mdgssages may be delayed, lost, or reorderéd)’ </assumptiops>
<references>
<inherits_fron name="events" id="urn:jaus:jss:core:iEvents" version="1L.1"/>
</references>
<declared_type get name="types''>

<declared_typg set_ref name="manipulator" id=""urn:zjaus:jss:manipulator:MessageSet"
version="2_.0"
/>

</declared_type |set>
<message_set>
<input_set>
<declared_mgssage_def name="QueryManipulatorSpecifications"
declared_type ref="manipulator.queryClass.QueryManipulatorSpecifjcations'/>
</input_set>
<output_set>
<declared_mgssage def name="ReportManipulatorSpecifications"
declared_type_ref="manipulator.informClass.ReportManipulatorSpecjfications'"/>
</output_set>
</message_set>
<internal_eventg_set/>
<protocol behavior \is_stateless="false'>
<start state machine name="events transport.ReceiveFSM"
state_name="Receiving.Ready'/>
<state_machine name="events.transport._ReceiveFSM"
interpretation=""extending ReceiveFSM of base service (transport)'>
<state name="Receiving" initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name="Ready''>
<default_state>
<transition name="events.transport.Receive'>
<parameter type="QueryManipulatorSpecifications” value="msg"
interpretation="enveloped query manipulator specifications message'/>
<parameter type="'Receive.Body.ReceiveRec" value=""transportData"
interpretation="transport data'/>
<simple/>
<action name="‘events.transport.Send"
interpretation="Send a Report Manipulator Specs message''>
<argument value=" "ReportManipulatorSpecifications® "/>
<argument value="transportData'/>
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</action>
</transition>
</default_state>
</state>
</state>
</state_machine>
</protocol_behavior>
</service_def>

A.2 PRIMITIVE MANIPULATOR

<?xml version="1.0" encoding=""UTF-8"7?>
<service_def name="PrimitiveManipulator"
id=""urn:jaus:jss:manipulator:PrimitiveManipulator' version="2.0"
xmIns="urn:jaus:jsidl:1.1">
<description xml:space="preserve'>
This service is the low level interface to a manipulator arm. Motioh of the arm is
accomplished yia the Set Joint Effort message. In this message;.-each actuator is
commanded to njove with a percentage of maximum effort.

To ensure bacKkward compatibility with 1.0 implementations Of this sefvice, it is
recommended that this service be co-located on the same/component as|a Manipulator
Specification [Service.
</description>
<assumptions> Mgssages may be delayed, lost, or reordered. </assumptiops>
<references>
<inherits_fron name="management™ id="'urn:jaus:;jsSs:core:Management" version="1.1"/>
</references>
<declared_type get name="types''>
<declared_typg set_ref name="manipulator'\i1d="urn:jaus:jss:manipulatpr:MessageSet"
version="2.Q"/>
</declared_type_|set>
<message_set>
<input_set>
<declared_mgssage_def name="QueryJointEffort"
declared_type_ref="manipulator.queryClass.QueryJointEffort'/>
<declared_m%ssage_def name="SetJointEffort”
declared_type ref="mankpulator.commandClass.SetJointEffort'/>
</input_set>
<output_set>
<declared_mgssage_def name="ReportJointEffort"
declared_type <ref="manipulator.informClass.ReportJointEffort' />
</output_set>
</message_set>
<internal_events_set/>
<protocol behavior is_stateless="false'>
<start state_machine_name="management.accessControl .events.transport.ReceiveFSM"
state_name="Receiving.Ready.NotControlled"/>
<state_machine name="management.accessControl._events.transport._ReceiveFSM"
interpretation=""extending ReceiveFSM of base service (transport)'>
<state name="Receiving" initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name="Ready' initial_state="NotControlled"
interpretation="redefine state in order to extend'>
<state name=""NotControlled" interpretation="redefine state in order to extend'>
<default_state>
<transition name="management.accessControl._events._transport.Receive'>
<parameter type="QueryJointEffort" value="msg"
interpretation="enveloped query joint efforts message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data'/>
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<simple/>
<action name="management.accessControl _events.transport.Send"
interpretation="Send a report joint efforts message'>
<argument value=" "ReportJointEffort" "/>
<argument value="transportData'/>
</action>
</transition>
</default_state>
</state>
<state name="Controlled” interpretation="redefine state in order to extend">
<state name="Available" initial_state="Standby'>
<state name="Ready"''>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="SetJointEffort"” value="msg"
interpretation="enveloped set joint efforts message'/>
<parameter type="Receive.Body.ReceiveRec'" value='transportData"
interpretation="transport data'/>
<guard

condition=""managenent.accessControl.isControllingClient(transportData)"
interpretation="True if the message that triggered the transition is
received from the client that is in control of this service'/>
<simples/>
<action name="'setJointEffort"”
interpretation="Set the joint motion‘efforts for the|manipulator.
The manipulator jqints move accordingly'>
<argument value="msg"/>
</action>
</transition>
</state>
</state>
<defaylt_state>
<trgnsition name=""management.accessControl.events.transpork.Receive'>
<parameter type="QueryJointEffort"” value="msg"
interpretation="enveloped query joint efforts message'/>
<parameter type="Receive.Body.ReceiveRec" value=""transpoftData"
interpretation=“transport data'/>
<gimple/>
<gction name='management.accessControl ._events.transport.fend"
interpretation="Send a report joint efforts message'>
<argument value=" "ReportJointEffort® />
<argument value="transportData"/>
</action>
</thansition>
</defdult_state>
</state>
</state>
</state>
</state_machine>
</protocol_behavior>
</service_def>

A.3 MANIPULATOR JOINT POSITION SENSOR

<?xml version="1_.1" encoding="UTF-8"7>
<service_def name="ManipulatorJointPositionSensor"
id=""urn:jaus:jss:manipulator:ManipulatorJointPositionSensor" version="2.0"
xmIns="urn:jaus:jsidl:1.1">
<description xml:space="preserve'>
The function of the Joint Position Sensor Service is to report the values of
manipulator joint positions when queried. To ensure backward compatibility
with 1.0 implementations of this service, it is recommended that this service
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be co-located on the same component as a Manipulator Specification Service.
</description>
<assumptions> Messages may be delayed, lost, or reordered. </assumptions>
<references>
<inherits_from name="events" id="urn:jaus:jss:core:Events" version="1.1"/>
</references>
<declared_type set name="types''>
<declared_type set_ref name="manipulator' id="urn:jaus:jss:manipulator:MessageSet"
version="2.0"/>
</declared_type_set>
<message_set>
<input_set>
<declared_message_def name="QueryJointPositions"
declared_type_ref="manipulator.queryClass.QueryJointPositions"/>
</input_set>
<output_set>
<declared_mgssage_def name="ReportJointPositions"
declared_type_ref="manipulator. informClass.ReportJointPositions*y>
</output_set>
</message_set>
<internal_eventg_set/>
<protocol behavior is_stateless="false'>
<start state_njachine_name="events.transport.ReceiveFSM"
state_name="ReceiVing.Ready'/>
<state_maching name="events.transport._ReceiveFSM"
interpretation=""extending ReceiveFSM of base service (transport)'>
<state namez"Receiving" initial_state="Ready"
interpretdtion=""redefine state in order to, &xtend'>
<state nanje="'Ready'>
<default_state>
<trangition name="events.transport.Receive'>
<panfameter type="QueryJointPositions" value="msg"
interpretation="enveloped; query joint positions message'/>
<panjameter type="Receive.:Body.ReceiveRec" value='"transportbata"
interpretation="transport data'/>
<sinples/>
<action name="‘eventsS:itransport.Send"
interpretation='Send Report Joint Positions message to the service
that sent the query''>
<grgument value=" "ReportJointPositions" "/>
<grgument~value=""transportData"/>
</agtion>,
</trarjsition>
</default_.state>
</state>
</state>
</state_machine>
</protocol_behavior>
</service_def>

A4 MANIPULATOR JOINT VELOCITY SENSOR

<?xml version="1_.1" encoding="UTF-8"7>
<service_def name="ManipulatorJointVelocitySensor"
id=""urn:jaus:jss:manipulator:ManipulatorJointVelocitySensor" version="2._.0"
xmIns=""urn:jaus:jsidl:1.1">
<description xml:space="preserve'>
The function of the Joint Velocity Sensor Service is to report the values of
manipulator joint velocities when queried. To ensure backward compatibility
with 1.0 implementations of this service, it is recommended that this service
be co-located on the same component as a Manipulator Specification Service.
</description>
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<assumptions> Messages may be delayed,

<references>

lost, or reordered. </assumptions>

<inherits_from name="events"™ id=""urn:jaus:jss:core:Events" version="1.1"/>

</references>
<declared_type_s

et name=""types'>

<declared_type set_ref name="manipulator' id="urn:jaus:jss:manipulator:MessageSet"

version="2.0
</declared_type_
<message_set>
<input_set>
<declared_me
declared_t
</input_set>
<output_set>
<declared_me

ll/>
set>

ssage_def name="QueryJointVelocity"
ype_ref="manipulator.queryClass.QueryJointVelocity'/>

ssage_def name="ReportJointVelocity”

declared_type ref="manipulator.informClass.ReportJointVelocity'/>

</output_set>
</message_set>
<internal_event
<protocol_behav
<start state_
state_name="'Recei
<state_machin
interpretat
<state name
interpret
<state na
<defaul

<trans

<paf

in

<pan

in

<sin

_set/>
or is_stateless="false">
achine_name=""events.transport.ReceiveFSM"
ing.Ready"/>
name="'events. transport.ReceiveFSM"
on="extending ReceiveFSM of base service€ (transport)'>

"Receiving” initial_state="Ready"
tion="redefine state in order to extend">
e=""Ready"'">

_state>

ition name="events.transport._Receive'>
ameter type="QueryJointVelocity” value="msg"

terpretation="enveloped query joint velocities message
ameter type="Receive.BodycReceiveRec" value=""transport
terpretation="transport, data'/>

ple/>

<action name="events.transport.Send"

in

SE

<&

<3

</adg

</trar

</defaul

</state>
</state>

terpretation="Send ,Report Joint Velocity message to th
nt the query'>

rgument value=!") "ReportJointVelocity® />

rgument value="transportData"/>

tion>

sition>

t_state>

</state_machin

e=

Data"

P service that

</protocol_behavior>

</service_def>

A5

MANIPULATOR JOINT FORCE/TORQUE SENSOR

<?xml version="1.1" encoding="UTF-8"7?>

<service_def name=

"ManipulatorJointForceTorqueSensor"

id=""urn:jaus:jss:manipulator:ManipulatorJointForceTorqueSensor' version="2_0"

xmIns="urn: jaus:

Jsidl:1.1">

<description xml:space="preserve'>
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
To ensure backward compatibility with 1.0 implementations of
it is recommended that this service be co-located on the same
component as a Manipulator Specification Service.

when queried.
this service,

</description>
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<assumptions> Messages may be delayed, lost, or reordered. </assumptions>
<references>
<inherits_from name="events"™ id="urn:jaus:jss:core:Events" version="1.1"/>
</references>
<declared_type set name="types''>
<declared_type set_ref name="manipulator' id="urn:jaus:jss:manipulator:MessageSet"
version="2.0"/>
</declared_type_set>
<message_set>
<input_set>
<declared_message_def name="QueryJointForceTorques"
declared_type_ref="manipulator.queryClass.QueryJointForceTorques'/>
</input_set>
<output_set>
<declared_message_def name="ReportJointForceTorques™
declared_type ref="manipulator.informClass.ReportJointForceTorques'/>
</output_set>
</message_set>
<internal_eventg set/>
<protocol_behavior is_stateless="false">
<start state_njachine_name="events.transport.ReceiveFSM"
state name='"ReceiVing.Ready'/>
<state_maching name="events.transport.ReceiveFSM"
interpretatijon="extending ReceiveFSM of base service ‘(transport)’>
<state namez"Receiving” initial_state="Ready"
interpretdtion=""redefine state in order to extend'>
<state nane="'Ready"''>
<default_state>
<trangition name="events.transport.Receive'>
<panfameter type="QueryJointForceforques" value="msg"
interpretation="enveloped query joint force torques message'/>
<panfameter type="Receive.BodycReceiveRec" value='"transportpbata"
interpretation="transport, data'/>
<sinples/>
<action name="events.transport.Send"
interpretation="Send Report Joint Force Torques message Lo the service
that sent the query”>
<grgument value=!" "ReportJointForceTorques® />
<grgument value=""transportData'/>
</adgtion>
</trarjsition>
</defaullt_state>
</state>
</state>
</state_machirne>
</protocol_behavior>
</service_def>

A.6 MANIPULATOR TOOL OFFSET SERVICE

<?xml version="1.1" encoding="UTF-8"7>
<service_def name="ManipulatorToolOffsetService"
id=""urn:jaus:jss:manipulator:ManipulatorToolOffsetService" version="2.0"
xmlns="urn:jaus:jsidl:1.1">
<description xml:space="preserve'>
The function of the Manipulator Tool Offset Service is to configure the position
offset of any tool attached to the manipulator flange.
</description>
<assumptions> Messages may be delayed, lost, or reordered. </assumptions>
<references>
<inherits_from name="accessControl" id="'urn:jaus:jss:core:AccessControl"
version="1.1"
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/>
</references>
<declared_type set name="types''>
<declared_type_set _ref name="manipulator'™ id="urn:jaus:jss:manipulator:MessageSet"
version="2.0"/>
</declared_type_set>
<message_set>
<input_set>
<declared_message_def name="QueryToolOffset"
declared_type_ref="manipulator.queryClass.QueryToolOffset"/>
<declared_message_def name="SetToolOffset"
declared_type_ref="manipulator.commandClass.SetToolOffset"/>
</input_set>
<output_set>
<declared_message_def name="ReportToolOffset"
declared_type ref=""manipulator.informClass.ReportToolOffset'/>
</output_set>
</message_set>
<internal_eventg set/>
<protocol_behavior is_stateless="false">
<start state_njachine_name="accessControl.events.transport.ReceiveFSM
state name='|Receiving.Ready.NotControlled"/>
<state_maching name="accessControl.events.transport._ReceiveFSM"
interpretatijon="extending ReceiveFSM of base service ‘(transport)’>
<state namez"Receiving” initial_state="Ready"
interpretdtion=""redefine state in order to extend'>
<state nane=""Ready" initial_state="NotControlied"
interprgtation="redefine state in order .tg”extend'>
<state rname=""NotControlled">
<defaylt_state>
<trgnsition name="accessControlievents.transport.Receive'>
<parameter type="QueryToolOffset" value="msg"
interpretation="enveloped” query tool offset message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transpoftData"
interpretation=""transport data'"/>
<gimple/>
<gction name="‘accessControl.events.transport.Send"
interpretation=’Send a report tool offset message'>
<argument value=" "ReportToolOffset” "/>
<argument.'wvalue=""transportData'/>
</action>
</transitien>
</defgult{state>
</state3
<state name=""Controlled” interpretation="redefine state in order to extend">
<default_state>
<transition name="accessControl._events.transport.Receive'>
<parameter type="QueryToolOffset"” value="msg"
interpretation="enveloped query tool offset message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data"/>
<simple/>
<action name="accessControl.events.transport.Send"
interpretation="Send a report tool offset message'>
<argument value=" "ReportToolOffset” "/>
<argument value="transportData'/>
</action>
</transition>
<transition name="accessControl.events.transport.Receive'>
<parameter type="SetToolOffset" value=""msg"
interpretation="enveloped set tool offset message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
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interpretation="transport data"/>
<guard condition="accessControl.isControllingClient(transportData)"
interpretation="True if the message that triggered the transition is
received from the client that is in control of this service."/>
<simple/>
<action name="setToolOffset"
interpretation="Set the location of the tool tip as measured in the
end effector coordinate system.'>
<argument value="msg"/>
</action>
</transition>
</default_state>
</state>
</state>
</state>
</state_machine>
</protocol_behayjior>
</service_def>

A7 MANIPULATOR END EFFECTOR POSE SENSOR

<?xml version="1.1" encoding=""UTF-8"7?>
<service_def namei'ManipulatorEndEffectorPoseSensor"
id=""urn:jaus:jsg:manipulator:ManipulatorEndeEffectorPoseSensor' versiong"2.0"
xmIns="urn:jausjjsidl:1.1">
<description xml:space="preserve'>
The function gf the End Effector Pose Sensor Service is to report the position and
orientation off the tool tip with respect to thedanipulator base coofdinate system.
To ensure bacKward compatibility with 1.0 implementations of this sefvice, it is
recommended that this service be co-located;-on the same component as|a Manipulator
Specification [Service and a Manipulator Tool Offset Service.
</description>
<assumptions> Mgssages may be delayed,.dost, or reordered. </assumptiohs>
<references>
<inherits_fron name="accessControl'l" id=""urn:jaus:jss:core:AccessContfol
version="1_1"
/>
</references>
<declared_type_get name=""types">
<declared_typg_set_ref _name="manipulator’™ id="urn:jaus:jss:manipulatpr:MessageSet"
version="2.Q"/>
</declared_type |set>
<message_set>
<input_set>
<declared_mdssage def name="QueryEndEffectorPose"
declared_type_ref="manipulator.queryClass.QueryEndEffectorPose' />
</input_set>
<output_set>
<declared_message_def name="ReportEndEffectorPose™
declared_type_ref="manipulator. informClass.ReportEndEffectorPose' />
</output_set>
</message_set>
<internal_events_set/>
<protocol_behavior is_stateless="false'">
<start state_machine_name="accessControl.events.transport._ReceiveFSM"
state_name="Receiving.Ready.NotControlled"/>
<state_machine name="accessControl.events.transport.ReceiveFSM"
interpretation="extending ReceiveFSM of base service (transport)'>
<state name="Receiving" initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name=""Ready" initial_state="NotControlled"
interpretation="redefine state in order to extend'>
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<state name=""NotControlled">
<default_state>
<transition name="accessControl._events.transport_Receive'>
<parameter type="QueryEndEffectorPose" value="msg"
interpretation="enveloped query end effector pose message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"

interpretation="transport data"/>

<simple/>
<action name="‘accessControl.events.transport.Send"
interpretation="Send a report end effector pose message'>

<argument value=" "ReportEndEffectorPose” "/>
<argument value="transportData'/>

</action>
</transition>
</default_state>
</state>

<state T

ame=""Controlled" interpretation="redefine state in ord

<defaylt_state>
<trgnsition name="accessControl._events.transport.Receive'>
<parameter type="QueryEndEffectorPose" value="msg"
interpretation="enveloped query end effector peSe mess
<parameter type="Receive.Body.ReceiveRec" value="transpo
interpretation="transport data'/>
<gimple/>
<gction name="accessControl.events.transport.Send"
interpretation="Send a report end effector pose messag
<argument value=" "ReportEndEffectorPose” "/>
<argument value="transportData'/>
</action>
</transition>
</defdult_state>
</state3
</state>
</state>

</state_machir
</protocol_behay
</service_def>
A.8 MANIPULATOR
<?xml version="1_1
<service_def named
id=""urn:jaus: jss
xmIns=""urn:jaus:

e>
ior>

END EFFECTORVELOCITY STATE SENSOR

" encodifig=""UTF-8"?>
"ManipufatorEndeffectorVelocityStateSensor"
:manipulator:ManipulatorEndEffectorVelocityStateSensor
jsidl:-1.1">

<description xm

-Space="‘preserve'>

er to extend''>

hge''/>
rtData"

U

version="2.0"

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 vtool, e.

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 manipul

1.0 implementations of this service,

ator base coordinate system.

To ensure backward compatibility with
it is recommended that this service be

co-located on the same component as a Manipulator Specification Service and a
Manipulator Tool Offset Service.

</description>

<assumptions> Messages may be delayed,

<references>

lost, or reordered. </assumptions>

<inherits_from name="accessControl™ id=""urn:jaus:jss:core:AccessControl"

version="1.1"
/>
</references>

<declared_type set name="types''>
<declared_type set_ref name="manipulator'™ id="urn:jaus:jss:manipulator:MessageSet"
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version="2.0"/>
</declared_type_set>
<message_set>
<input_set>
<declared_message_def name="QueryEndEffectorVelocityState"
declared_type_ref="manipulator.queryClass.QueryEndEffectorVelocityState'/>
</input_set>
<output_set>
<declared_message_def name="ReportEndEffectorVelocityState"
declared_type_ref="manipulator.informClass.ReportEndEffectorVelocityState"/>
</output_set>
</message_set>
<internal_events_set/>
<protocol_behavior is_stateless="false'>
<start state_machine_name="accessControl.events.transport.ReceiveFSM"
state name="Receiving.Ready.NotControlled"/>
<state_maching name="accessControl.events.transport._ReceiveFSM"
interpretation=""extending ReceiveFSM of base service (transport)'s
<state name3"'Receiving” initial_state=""Ready"
interpretgtion="redefine state in order to extend'>
<state nane="Ready" initial_state="NotControlled"
interprgtation="redefine state in order to extend'>
<state rame="NotControlled">
<defaylt_state>
<trgnsition name="accessControl._events.transport.Receive'>
<parameter type="QueryEndEffectorVelocityState" value="mgg""
interpretation="enveloped query end\effector velocity ftate message'/>
<parameter type="Receive.Body.ReceiveRec" value="transpoftData"
interpretation="transport data'' />
<gimples/>
<gction name="‘accessControl.events.transport.Send"
interpretation="Send a report end effector velocity state message'>
<argument value=" "ReportEndEffectorVelocityState™ '/>
<argument value=""transportData'/>
</action>
</thansition>
</defgult_state>
</state>
<state rname=""Controlled" interpretation="redefine state in order to extend'>
<defaylt_state>
<trgnsition-~name=""accessControl .events.transport.Receive'>
<parameter’ type="'QueryEndEffectorVelocityState" value="mgg"
interpretation="enveloped query end effector velocity Etate message'/>
<parameter type="'Receive.Body.ReceiveRec" value=""transpoftData"
interpretation="transport data'/>
<simple/>
<action name="accessControl.events.transport.Send"
interpretation="Send a report end effector velocity state message'>
<argument value=" "ReportEndEffectorVelocityState" '/>
<argument value="transportData'/>
</action>
</transition>
</default_state>
</state>
</state>
</state>
</state_machine>
</protocol_behavior>
</service_def>
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A.9 MANIPULATOR

<?xml version="1.1
<service_def name=

JOINT MOTION PROFILE SERVICE

" encoding=""UTF-8"?>
"ManipulatorJointMotionProfile"

id=""urn:jaus:jss:manipulator:ManipulatorJointMotionProfile" version="2_.0"
xmIns=""urn:jaus:jsidl:1.1">

<description xml

:space=""preserve'>

The function of the Joint Motion Profile Service is to allow for configuration of

the motion pro

file 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.

recently sent.
</description>
<assumptions> Me
<references>

<inherits_from

ssages may be delayed,

name=""accessControl™

All motions utilize the motion profile data that was most

lost, or reordered. </assumptions>

id=""urn:jaus:jss:core:AccessControl"

version="1.1"

/>
</references>
<declared_type S

<declared_type

version="2_(
</declared_type |
<message_set>
<input_set>

<declared_msg
declared_t
<declared_msg
declared_t

</input_set>

<output_set>
<declared_msg
declared_t
</output_set>

</message_set>
<internal_events
<protocol_behavi
<start state_n
state_name='
<state_machine
interpretati
<state name3s
interprets
<state nan
interpr

et name=""types'>

- set_ref name="manipulator”™ id="urn:jaus:jss:manipulat
ll/>

set>

ssage_def name=""QueryJointMotionProfile"
ype_ref="manipulator.queryClass.QueryJointMotionProfil
ssage_def name="'SetJointMotionProFile"
ype_ref="manipulator.commandClass.SetJointMotionProfil

ssage_def name="ReportJointMotionProfile”
ype_ref="manipulator. informClass.ReportJointMotionProf

_set/>
or is_statelesss“false'>
achine_name=‘accessControl .events.transport.ReceiveFSM
Receiving.Ready._NotControlled"/>

name=""accessControl .events.transport._ReceiveFSM"
on="extending ReceiveFSM of base service (transport)'>
"Receiving” initial_state="Ready"
tion=""redefine state in order to extend">

e="Ready" initial_state="NotControlled"
tation="redefine state in order to extend">

Dr -MessageSet"'

n/>

U

' />

ile/>

<state name="NotControlled" interpretation="redefine state in order to extend">

<defau

It_state>

<transition name="accessControl.events.transport.Receive'>

<p

arameter type="QueryJointMotionProfile" value="msg"

interpretation="enveloped query motion profile message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"

interpretation="transport data'/>

<guard condition="motionProfileExists(Q"
interpretation="True if a motion profile has already been received."/>
<simple/>

<action name="accessControl.events.transport.Send"

interpretation="Send a Report Motion Profile message'>
<argument value=" "ReportJointMotionProfile” '/>
<argument value="transportData"/>

</action>

</tr

ansition>

</default_state>
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</state>
<state name="'Controlled" interpretation="redefine state in order to extend'>
<default_state>
<transition name="accessControl.events.transport.Receive'>
<parameter type="QueryJointMotionProfile" value="msg"
interpretation="enveloped query motion profile message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data"/>
<guard condition="motionProfileExists(Q"
interpretation="True if a motion profile has already been received."/>
<simple/>
<action name="accessControl.events.transport.Send"
interpretation="Send a Report Motion Profile message'>
<argument value=" "ReportJointMotionProfile” */>
<argument value="transportData"/>
</action>
</tifansition>
<trgnsition name="accessControl.events.transport.Receiye'>
<parameter type="SetJointMotionProfile" value="msg";
interpretation="enveloped query motion profile messagel|/>
<parameter type="Receive.Body.ReceiveRec" valuez)transpoftData"
interpretation="transport data"/>
<duard condition="accessControl.isControllingClient(trangportbData)"
interpretation="True if the message that triggered the|transition is
received from the client that is in control of this sefvice."/>
<gimple/>
<gction name="setJointMotionProfile"

manipulator.">
<argument value="msg"/>
</action>
</tnansition>
</defdult_state>
</state3
</state>
</state>
</state_machine>
</protocol_behayior>
</service_def>

A.10 MANIPULATOR JOINT POSITION DRIVER

<?xml version="1.1" encoding=""UTF-8"7?>
<service_def namez"ManipulatorJointPositionDriver"
id=""urn:jaus:jss:manipulator:ManipulatorJointPositionDriver"” version="P.0"
xmIns="urn:jaus:jsidl:1.1">
<description xml:space="preserve'>
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. To
ensure backward compatibility with 1.0 implementations of this service, it is
recommended that this service be co-located on the same component as a Manipulator
Specification Service and a Manipulator Joint Motion Profile Service.
</description>
<assumptions> Messages may be delayed, lost, or reordered. </assumptions>
<references>
<inherits_from name="management' id="'urn:jaus:jss:core:Management" version="1.1"/>
</references>
<declared_type set name="types''>
<declared_type_set_ref name="manipulator' id="urn:jaus:jss:manipulator:MessageSet"
version="2_0"
/>

interpretation="Set the motron profile parameters for the
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</declared_type_

<message_set>
<input_set>

set>

<declared_message_def name="QueryCommandedJointPositions"
declared_type_ ref="manipulator.queryClass.QueryCommandedJointPositions'/>

<declared_message_def name="SetJointPositions"
declared_type_ref="manipulator.commandClass.SetJointPositions'/>

</input_set>
<output_set>

<declared_message_def name=""ReportCommandedJointPositions™
declared_type_ref="manipulator.informClass.ReportCommandedJointPositions'/>

</output_set>
</message_set>

<internal_events_set/>

<protocol_behavi

or is_stateless="false">

<start state_machine name="management.accessControl _events.transport.ReceiveFSM"

state_name="
<state_machine
interpretati
<state name3s
interprets
<state nan
interprg
<state n
<defau

<trsg

<{

</

Receiving.Ready._NotControlled"/>
name=""management.accessControl .events.transport.ReCel

on=""extending ReceiveFSM of base service (transport)'>
"Receiving” initial_state="Ready"

tion=""redefine state in order to extend">

e=""Ready" initial_state="NotControlled"

tation=""redefine state in order to extend”>

ame=""NotControlled” interpretation="redefTine state in
It _state>

nsition name="management.accessControkl.events.transpor

arameter type="QueryCommandedJointPaesitions" value="ms
interpretation="enveloped query .commanded Joint Positi

arameter type="Receive.Body.ReceiveRec" value="transpo
interpretation="transport data'/>

imple/>

ction name="management.accessControl .events.transport.
interpretation="Send a.Report Commanded Joint Position

<argument value=" "ReportCommandedJointPositions” "/>

<argument value="transportData'/>

action>

</tnyansition>

</defd
</state>
<state
<statsd
<std

<€

manipulator.'/>

ult_state>

ame=""Controlled" interpretation="redefine state in ord
name="Available™ initial_state="Standby'>

te name="Ready"'>

Xt

<action name="'stopMotion" interpretation="'Stop motion

yeFSM™

brder to extend'>
L.Receive'>

e

bNs message''/>
rtData"

Send"”
5 message''>

er to extend''>

bf the

</exit>
<transition name="management.accessControl._events.transport.Receive'>

<parameter type="SetJointPositions" value="msg"

interpretation="enveloped set joint efforts message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"

interpretation="transport data"/>
<guard

condition=""management.accessControl.isControllingClient(transportData)

&amp;&amp; motionProfileExists(Q)"

interpretation="True if the message that triggered the transition

is received from the client that is in control of th
a motion profile has already been received."/>
<simple/>
<action name="setJointEfforts"
interpretation="Set the joint motion efforts for the
The manipulator joints move accordingly'>

is service AND

manipulator.
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<argument value="msg"/>
</action>

</transition>
</state>
</state>
<default_state>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="QueryCommandedJointPositions" value="msg"
interpretation="enveloped query commanded Joint Positions message'/>
<parameter type="Receive.Body.ReceiveRec" value=""transportData”

interpretation="transport data'/>

<simple/>
<action name="management.accessControl ._events.transport.Send"
interpretation="Send a Report Commanded Joint Positions message'>

<argument value "ReportCommandedJointPositions™ />
<argument value="transportData'/>

<ﬂaction>
</transition>

</defs
</state3
</state>
</state>
</state_machir
</protocol_beha\
</service_def>
A.11  MANIPULATOHR
<?xml version="1.1
<service_def named
id=""urn:jaus:jsg
xmlns=""urn: jaus?
<description xml
The function (
of waypoints.
functionality
</description>
<assumptions> Mg
<references>
<inherits_fron
</references>
<declared_type S
<declared_type
version="2.0

ult _state>

e>
ior>

LIST DRIVER

" encoding=""UTF-8"?>

"ManipulatorListDriver"
:manipulator:ManipulatorListDriver" version="2.0"
Jsidl:-1.1">

:space=""preserve''>

T the Manipulator List.Driver is to add support for ex
It is expected that _child services will inherit this s
by overriding the ‘isListvalid() guard in the protocol.

ssages may be-‘delayed, lost, or reordered. </assumptio

name=""1 pstManager™ id="urn:jaus:jss:core:ListManager"
et nape=""types'>

- set/sref name="manipulator™ id="urn:jaus:jss:manipulat
ll/>

</declared_type L

sef>

ecuting a list
brvice to provide

NS>

version="1.1"/>

Dr :MessageSet"

<message_set>
<input_set>

<declared_message def name="ExecutelList"
declared_type_ref="manipulator.commandClass.ExecuteList"/>

<declared_message_def name="QueryActiveElement"
declared_type_ref="manipulator.queryClass.QueryActiveElement"/>

</input_set>
<output_set>

<declared_message_def name="ReportActiveElement"
declared_type_ref="manipulator.informClass.ReportActiveElement"/>

</output_set>
</message_set>

<internal_events_set/>

<protocol_behavi
<start

or is_stateless="false">

state_machine_name="listManager.management.accessControl .events.transport.ReceiveFSM"
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state name="Receiving.Ready.NotControlled"/>
<state_machine
name=""l1istManager .management.accessControl .events.transport._ReceiveFSM"
interpretation=""extending ReceiveFSM of base service (transport)'>
<state name="Receiving" initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name="'Ready" initial_state="NotControlled"
interpretation="redefine state in order to extend'>
<state name="NotControlled”™ interpretation="redefine state in order to extend' >

<default_state>
<transition
name=""11stManager.management.accessControl .events.transport.Receive'>
<parameter type="QueryActiveElement” value="msg"
interpretation="enveloped query Active element message'/>
<parameter type="Receive.Body.ReceiveRec'" value='transportData"
interpretation="transport data'/>
imple/>
ction name=""listManager.management.accessControl .event
interpretation="Send a Report Active Element message'>
<argument value=" "ReportActiveElement"™ '/>
<argument value="transportData'/>
</action>
</thansition>
</defgult_state>

5 _transport.Send”

</state>
<state 1
<statq
<stdg

<qg

ame=""Controlled" interpretation=jredefine state in order to extend'>

name="Available” initial_state="Standby'>

te name="Ready''>

xXit>

<action name="'stopMotion"’
interpretation="Stop. motion of the manipulator."/>

exit>

ransition

name=""11stManager .management.accessControl .events.tran

<parameter types“ExecuteList™ value=""msg"
interpretation="enveloped execute list message'/>

<parameter type="Receive.Body.ReceiveRec" value="trans
interpretation="transport data'/>

<guard

</
<t
Sport.Receilve’>

bortData"

condition=""isControllingClient( transportData ) &amp
1 istManager.elementExists( msg ) &amp;&amp; isListVa

- &amp;
1idO"

nust be

interpretation="This condition is always FALSE. It
overridden by derived services to allow the list to
<simple/>
</transition>
</state>
</state>
<default_state>
<transition
name=""11stManager .management.accessControl .events.transport.Receive'>
<parameter type="QueryActiveElement" value="msg"
interpretation="enveloped query Active element message'/>
<parameter type="Receive.Body.ReceiveRec" value="transportData"
interpretation="transport data"/>
<simple/>
<action name="listManager.management.accessControl.events.transport.Send"
interpretation="Send a Report Active Element message'>
<argument value=" "ReportActiveElement" "/>
<argument value=""transportData'/>
</action>

pe executed.'/>
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</tr

ansition>

</default_state>

</state>
</state>
</state>
</state_machin
</protocol_behav
</service_def>

A.12 MANIPULATOR

<?xml version="1.1
<service_def name=

e>
ior>

JOINT POSITION LIST DRIVER

" encoding=""UTF-8"?>
"ManipulatorJointPositionListDriver"

id=""urn:jaus:jss:manipulator:ManipulatorJointPositionListDriver"™ version="2_.0"

xmIns="urn:jaus:

jsidl:=1.1">

<description xma

The function
position cont
specified by ¢

Service. To €
service, it IS
as a Manipulat
Service.
</description>
<assumptions> Mg
<references>

<inherits_fron
id=""urn:jaus:jss:n
version="2_(
</references>
<declared_type 9
<declared_type
version="2._.0"

/>
</declared_type |
<message_set>

<input_set>

<declared_msg
declared_t
</input_set>
<output_set>
<declared_msg
declared_t
</output_set>

:space=""preserve'>

T the Joint Position List Driver is to perform closed=

ol through a sequence of targets. The sequence of~targ

ne or more SetElement messages, as defined by the List

nsure backward compatibility with 1.0 implementations
recommended that this service be co-locatedion the sal

or Specification Service and a Manipulatof, Joint Motio

ssages may be delayed, lost, or reordered. </assumptio

name="manipulatorListDriver"
anipulator:ManipulatorListDriver"
ll/>
et name=""types'>
_set_ref name="manipulator™ id="urn:jaus:jss:manipulat

set>

ssage_def name="QueryCommandedJointPositions"
ype_ref="manipulator.queryClass.QueryCommandedJointPos

ssage_def name=""ReportCommandedJointPositions™
ype/ref="manipulator. informClass.ReportCommandedJointP

foop joint
bts Is
Manager

bf this

me component
n Profile

s>

Dr :MessageSet"

ptions'' />

psitions'' />

</message_set>

<internal_events

<protocol_behavi
<start

_set/>
or is_stateless="false">

state_machine_name="manipulatorListDriver.listManager.management.accessControl .events.tra

nsport.ReceiveFSM"
state_name="
<state_machine

Receiving.Ready.NotControlled"/>

name="manipulatorListDriver. listManager.management.accessControl .events.transport.Receive

FSM™
interpretati
<state name=

on="extending ReceiveFSM of base service (transport)">
"Receiving" initial_state="Ready"

interpretation="redefine state in order to extend'>

<state nam
interpre

e=""Ready" initial_state="NotControlled"
tation="redefine state in order to extend">
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<state name=""NotControlled" interpretation="redefine state in order to extend'>
<default_state>
<transition

name="manipulatorListDriver. listManager.management.accessControl .events.transport.Receive

Il>

<parameter type="QueryCommandedJointPositions" value="msg"
interpretation="enveloped query commanded Joint Positions message"/>
<parameter type="Receive.Body.ReceiveRec" value=""transportData"

interpretation="transport data'/>

<guard condition=""targetExists("
interpretation="True is a valid target position has been received."/>
<simple/>
<action

name="manipulatorListDriver.listManager._management.accessControl _events.transport.Send"

</

interpretation="Send a Report Commanded Joint Position
<argument value=" "ReportCommandedJointPositions” />
<argument value="transportData'/>

action>

</transition>

</def3
</state>
<state 1
<statsg
<st3

<q

manipulator."/>
</
<1

name="manipulatorl
Iy

condition="manipul
( transportData )

ult_state>

ame=""Controlled™ interpretation="redefine)state in ord
name=""Available” initial_state="Standby">

te name="Ready''>

xit>

<action name="'stopMotion" interpretation=""Stop motion

exit>
ransition

istDriver. listManager.management.accessControl .events.

<parameter type="ExecutelList" value="msg"
interpretation=""enveloped execute list message"/>

<parameter types“Receive.Body.ReceiveRec"” value="trans
interpretation="transport data'/>

<guard

atorListDriver. listManager.management.accessControl.is
&amp; &amp; listManager.elementExists( msg ) &amp;é&am

interpretation="True if the message that triggered t
is received from the client that is in _control of th

D

message''>

er to extend'>

bf the

Lransport.Receilve

portData"

ControllingClient

b; isListvalidQ"
he transition

iIs service AND

True if the Element UID specified in the message that triggered

the transition exists in the list AND True if the
Manipulator Joint Position messages."/>
<simple/>

<action name="'executeTargetList"

list contains

interpretation="Begin sequential execution of the target list

starting at the specified element.'>
<argument value="msg"/>
</action>

</transition>
</state>
</state>
<default_state>
<transition

name="manipulatorListDriver. listManager.management.accessControl .events. transport.Receive

s
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<parameter type="QueryCommandedJointPositions" value="msg"
interpretation="enveloped query commanded Joint Positions message'/>
<parameter type='"Receive.Body.ReceiveRec" value="transportData"
interpretation="transport data'/>
<guard condition="targetExists()"
interpretation="True is a valid target position has been received."/>
<simple/>
<action

name="manipulatorListDriver.listManager.management.accessControl.events.transport.Send"
interpretation="Send a Report Commanded Joint Positions message''>
<argument value=" "ReportCommandedJointPositions” "/>
<argument value="transportData'/>
</action>
</transition>
<transition

name="manipulatorlistDriver. listManager.management.accessControl.events:transport.Receive

>
<parameter type="SetElement” value="msg"

interpretation=""enveloped set element message'//Z>

arameter type='"Receive.Body.ReceiveRec" value="transpo

interpretation="transport data'/>

dquard

condition="isControllingClient(transportData) &amp;&am

listManager.isValidElementRequest(msg) &amp;&amp;

isElementSupported(msg)"

interpretation="True if the message that triggered the

received from the client that isvin control of this se

it the resulting list will notibe invalid as defined b

Manager Service description\and the receiving entity h

memory to store the element(s) AND True if the message

the transition contains; payload(s) of valid serialized

Positions message(s).!'/>

imple/>

ction name="setElement"

<q rtData"

D 5

transition is
rvice AND True
y the List

s sufficient
that triggered
Set Joint

name="manipulatorListDriver.listManager _management.accessControl_events.transport.Send
v

</
<3

interpretation="Store the given targets(s) in the targ
sequence specified by the previous and next element Ul
action represents an insert or append into an existing
service should modify the NextUID of the previous elem
PreviousUID of the next element to reflect the updated
<argument value="msg'/>

action>

ction

bt list with
Ds. If this
list, the

ent and/or the
sequence''>

interpretation="Send a Confirm Element Request message
<argument value=" "ConfirmElementRequest” "/>
<argument value="transportData'/>

</action>

</transition>

</default_state>
</state>
</state>

</state>

</state_machine>
</protocol_behavior>

</service_def>
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A.13 MANIPULATOR END EFFECTOR POSE DRIVER

<?xml version="1_.1" encoding="UTF-8"7>
<service_def name="ManipulatorEndEffectorPoseDriver"
id=""urn:jaus:jss:manipulator:ManipulatorEndeffectorPoseDriver" version="2.0"
xmIns=""urn:jaus:jsidl:1.1">
<description xml:space="preserve'>
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. To ensure backward compatibility with 1.0
implementations of this service, it is recommended that this service be co-located
on the same component as a Manipulator Specification Service, a Manipulator Tool
Offset
Service, and a Manipulator Joint Motion Profile Service.
</description>
<assumptions> Mgssages may be delayed, lost, or reordered. </assumptions>
<references>
<inherits_fron name="management'” id="'urn:jaus:jss:core:Management' version="1.1"/>
</references>
<declared_type get name="types'>
<declared_typq set ref name="manipulator' id="urn:jaus:jss:-manipulatpr:MessageSet"
version=""2_.0"
/>
</declared_type |set>
<message_set>
<input_set>
<declared_mgssage_def name="'SetEndEffectorRose"
declared_type_ref="manipulator.commandClass.SetEndEffectorPose"/p
<declared_mgssage_def name="QueryCommandedEndEffectorPose"
declared_type_ref="manipulator.queryClass.QueryCommandedEndEffectorPose’/>
</input_set>
<output_set>
<declared_mgssage_def name="ReportCommandedEndEffectorPose"
declared_type_ref="manipulator.informClass.ReportCommandedEndEffectorPose" />
</output_set>
</message_set>
<internal_eventg_set/>
<protocol _behavior is_stateless="false'>
<start state_nachine_mname="management.accessControl .events.transport|ReceiveFSM"
state_name='|Receiying.Ready.NotControlled"/>
<state_maching name='"'"management.accessControl.events.transport.ReceiyeFSM"
interpretatijon="extending ReceiveFSM of base service (transport)'>
<state namef''Receiving” initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name="Ready’ iInitial_state="NotControlled"
interpretation="redefine state in order to extend'>
<state name=""NotControlled" interpretation="redefine state in order to extend'>
<default_state>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="QueryCommandedEndEffectorPose" value="msg"
interpretation="enveloped query commanded End Effector Pose message'/>
<parameter type="Receive.Body.ReceiveRec" value="transportData"
interpretation="transport data'/>
<simple/>
<action name="management.accessControl _events.transport.Send"
interpretation="Send a Report Commanded End Effector Pose message''>
<argument value=" <ReportCommandedEndEffectorPose” "'/>
<argument value="transportData'/>
</action>
</transition>
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</default_state>
</state>
<state name="'Controlled" interpretation="redefine state in order to extend'>
<state name="'Available" initial_state="Standby'>
<state name="Ready"'>
<exit>
<action name="stopMotion' interpretation="Stop motion of the
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manipulator.'/>
</exit>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="SetEndEffectorPose" value="msg"
interpretation="enveloped set end effector pose message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data'/>
<guard

condition=""managenent.accessControl .isControllingClient(transportData)
&amp;&amp; motionProfileExists()"
interpretation="True if the message that triggeréed t
is received from the client that is in controlcof th
True if a motion profile has already been reeé€ived'/

<simples/>

<action name="'setEndEffectorPose"
interpretation="Set the desired position and orienta
manipulator end-effector'>
<argument value="msg"/>

</action>

transition>

ate>

e>

It _state>

he transition

IS service AND
>

tion for the

</
</st
</stat
<defal

<trg
<A

</

nsition name="management.accessControl._events.transpor
arameter type="QueryCommandedEndEffectorPose”™ value="m
interpretation="envelgped query commanded End Effector
arameter type="Recelve.Body.ReceiveRec" value="transpo
interpretation="transport data'/>

imple/>

ction name=""management.accessControl .events.transport.
interpretation="Send a Report Commanded End Effector P
<argument.walue=" "ReportCommandedEndEffectorPose™ '/>
<argument value="transportData"/>

action=

</transition>

</def3

</state>

ult/state>

L.Receive'>

g

Pose message''/>
rtData"

Send””
bse message''>

</state>
</state>

</state_machine>
</protocol_behavior>

</service_def>

A.14

MANIPULATOR END EFFECTOR POSE LIST DRIVER

<?xml version="1.1" encoding="UTF-8"7>

<service_def name=

"ManipulatoreEndeffectorPoselListDriver"

id=""urn:jaus:jss:manipulator:ManipulatorEndeffectorPoseListDriver"™ version="2.0"
xmlns="urn:jaus:jsidl:1.1">

<description xml

:space=""preserve''>

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
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more SetElement messages, as defined by the List Manager Service [AS6009]. To ensure

backward compatibility with 1.0 implementations of this service,

it Is recommended

that this service be co-located on the same component as a Manipulator Specification
Service, a Manipulator Tool Offset Service, and a Manipulator Joint Motion Profile

Service.
</description>

<assumptions> Messages may be delayed,

<references>

<inherits_from name="manipulatorListDriver"
id=""urn:jaus:jss:manipulator:ManipulatorListDriver”
version="2.0"/>

</references>

<declared_type set name="types''>
<declared_type_set ref name="manipulator’™ id="urn:jaus:jss:manipulator:MessageSet"

version="2.0"
/>

lost, or reordered. </assumptions>

</declared_type |
<message_set>
<input_set>
<declared_msg
declared_t
</input_set>
<output_set>
<declared_ms¢
declared_t
</output_set>
</message_set>
<internal_events
<protocol_behavi
<start

state_machine_namq
nsport.ReceiveFSM'
state name='
<state_machine

name="manipulatorl
FSM*™
interpretati
<state names
interpretd

<state nan
interprg

<state 1

set>

ssage_def name=""QueryCommandedEndEffectorPose"
ype_ref="manipulator.queryClass.QueryCommandedEndEffec

ssage_def name=""ReportCommandedEndEffectoyPose™
ype_ref="manipulator. informClass.ReportCommandedEndEfT

_set/>
or is_stateless="false">

="manipulatorListDriver.ldstManager.management.accessC

Receiving.Ready.NotControlled"/>

istDriver. listManager.management.accessControl .events.

on=""extending-ReceiveFSM of base service (transport)'>
"Receiving'™initial_state="Ready"

tion="redefine state in order to extend'>

e=""Ready”" initial_state="NotControlled"
tation="'redefine state in order to extend">
ame=""NotControlled" interpretation="redefine state in

LorPose" />

pctorPose'' />

bntrol .events.tra

Lransport.Recelve

brder to extend'>

<default_state>
<transition

name="manipulatorListDriver.listManager.management.accessControl .events. transport._Receive

s

<parameter type="QueryCommandedEndEffectorPose" value="msg"

interpretation="enveloped query commanded end effector

pose message''/>

<parameter type="Receive.Body.ReceiveRec" value='"transportData"

interpretation="transport data"/>

<simple/>

<action name=
"manipulatorListDriver. listManager.management.accessControl.events.transport.Send"
interpretation="Send a Report Commanded End Effector Pose message'>

<argument value=" "ReportCommandedEndEffectorPose”™ '/>
<argument value="transportData'/>

</action>
</transition>
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</default_state>

</state>

<state name="'Controlled" interpretation="redefine state in order to extend'>
<state name="'Available" initial_state="Standby'>
<state name="Ready"'>
<exit>

<action name="stopMotion"
interpretation="Stop motion of the manipulator.'/>

</exit>
<transition name=
"manipulatorListDriver.listManager._management.accessControl.events.transport.Receive'>

<parameter type="ExecuteList" value="'msg"
interpretation="enveloped execute list message'/>

<parameter type="Receive.Body.ReceiveRec" value="transportData"

interpretation="transport data"/>
<guard condition=

"manipulatorListDifiver. listManager.management.accessControl.isControllin

Data)

starting at the sf

</
</st
</stat
<defal
<trs

&amp;&amp; listManager.elementExists(msg) &ampy&amp;
interpretation="True if the message that triggered t
is received from the client that is in contreV of th
True if the Element UID specified in thelmessage t
the transition exists in the list AND/True if the
End Effector Pose messages.'/>
<simple/>
<action name="‘executeTargetList"
interpretation="Begin sequential ‘execution of the ta
ecified element.'>
<argument value="'msg'/>
</action>
transition>
ate>
e>
It _state>
nsition name=

"manipulatorListDiver.listManager.management.accessControl.events.trans

!
<

<
<3

7))

arameter type="QueryCommandedEndEffectorPose™ value="m
interpretation="enveloped query commanded end effector
arameter type="'‘Receive.Body.ReceiveRec" value="transpo
interpretation=""transport data'"/>

imple/>

ction_rRame=

"manipulatorListDriversMstManager.management.accessControl.events.trans

interpretation="Send a Report Commanded End Effector P
<argument value=" "ReportCommandedEndEffectorPose” "/>

jClient(transport

isListvalidO"
he transition
iIs service AND
hat triggered
list contains

rget list

bort.Receive'>
L™

pose message''/>
rtData"

bort.Send"
Dse message''>

<argument value="transportData’/>

</action>
</transition>
<transition name=
"manipulatorListDriver. listManager.management.accessControl .events.transport._Receive'>
<parameter type="SetElement"” value="msg"

interpretation="enveloped set element message"/>

<parameter type='"Receive.Body.ReceiveRec" value="transportData"

interpretation="transport data"/>

<guard condition=
"manipulatorListDriver.listManager _management.accessControl_isControllingClient(transport

Data) &amp;&amp;

listManager . isValidElementRequest(msg) &amp;&amp;

isElementSupported(msg)"

interpretation="True if the message that triggered the
received from the client that is in control

transition is

of this service AND True

if the resulting list will not be invalid as defined by the List
Manager Service description and the receiving entity has sufficient
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memory to store the element(s) AND True if the message that triggered
the transition contains payload(s) of valid serialized Set End Effector
Pose message(s).'/>
<simple/>
<action name='setElement"
interpretation="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™>
<argument value="msg"/>
</action>
<action name=
"manipulatorListDriver.listManager.management.accessControl.events. transport.Send™
interpretation="Send a Confirm Element Request message'>
<argument value=" "ConfirmElementRequest” "/>
<argument value="transportData'/>
</Jaction>
</thiansition>

</defgult_state>
</state3
</state>
</state>
</state_machirne>
</protocol_behayior>
</service_def>

A.15 MANIPULATOR JOINT VELOCITY DRIVER

<?xml version="1_1" encoding="UTF-8"7>
<service_def namex'ManipulatorJointVelocityDriver"
id=""urn:jaus:jsg:manipulator:ManipulatorJointVelocityDriver"™ version="p_0"
xmIns=""urn: jausijsidl:1.1">
<description xml:space="preserve'>
The function gf the Joint Velocity Driver is to perform closed-loop joint velocity
control. The [input is the deS#red instantaneous joint velocities. [t is assumed
that the manipgulator begins-‘motion immediately after receiving the “BET JOINT
VELOCITY” mesgage. To ensure backward compatibility with 1.0 implemeptations of
this service, [it is recommended that this service be co-located on the same
component as g Manipulator Specification Service and a Manipulator Jpint Motion
Profile Servige.
</description>
<assumptions> Mgssages may be delayed, lost, or reordered. </assumptions>
<references>
<inherits_from name="management™ id="'urn:jaus:jss:core:Management" version="1.1"/>
</references>
<declared_type_set name=""types'>
<declared_type_ set_ref name="manipulator’™ id="urn:jaus:jss:manipulator:MessageSet"
version="2.0"/>
</declared_type_set>
<message_set>
<input_set>
<declared_message_def name="SetJointVelocity"
declared_type_ref="manipulator.commandClass.SetJointVelocity'/>
<declared_message_def name="QueryCommandedJointVelocity"
declared_type_ ref="manipulator.queryClass.QueryCommandedJointVelocity'/>
</input_set>
<output_set>
<declared_message_def name="ReportCommandedJointVelocity"
declared_type ref="manipulator. informClass.ReportCommandedJointVelocity'/>
</output_set>
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</message_set>

<internal _events set/>
<protocol_behavior is_stateless="false'>
<start state_machine_name="‘management.accessControl.events.transport.ReceiveFSM"
state_name="Receiving.Ready.NotControlled"/>
<state_machine name="management.accessControl.events.transport.ReceiveFSM"

interpretati

<state name=

on="extending ReceiveFSM of base service (transport)">
"Receiving" initial_state="Ready"

interpretation="redefine state in order to extend">
<state name="Ready’ iInitial_state="NotControlled"
interpretation="redefine state in order to extend'>
<state name=""NotControlled" interpretation="redefine state in order to extend'>
<default_state>
<transition name="‘management.accessControl.events.transport.Receive'>
<parameter type="QueryCommandedJointVelocity" value="msg"
interpretation="enveloped query commanded joint velocities message'/>

<A

<9

<g

</

arameter type="Receive.Body.ReceiveRec" value="transpo
interpretation="transport data'/>

imple/>

ction name="management.accessControl .events.transport.
interpretation=""Send a Report Commanded joint /@lociti
<argument value=" "ReportCommandedJointVelocity" "'/>
<argument value="transportData'/>

action>

</tnyansition>

</def3
</state>
<state
<statq
<stdg

<€

manipulator."/>
</
<t

ult_state>

ame=""Controlled” interpretation=jredefine state in ord
name="Available” initial_state="Standby'>

te name="Ready''>

xXit>

<action name="'stopMotion''cinterpretation="Stop motion

exit>

ransition name="management.accessControl._events.transp

<parameter type=_SetJointVelocity"” value="msg"
interpretation="enveloped set joint velocities messa

<parameter type="Receive.Body.ReceiveRec" value="trans
interpretation=""transport data'/>

<guard

conditron="management.accessControl.isControllingClie
&amps.&amp; motionProfileExists()"
interpretation="True if the message that triggered t
15~ received from the client that is in control of th
True if a motion profile has already been received'/

rtData"

Send”’
PS message''™>

br to extend'>

bf the

brt.Receive'>
Jell/>

portData"
ht(transportData)

he transition
iIs service AND

>

<simple/>
<action name="'setJointVelocity"

interpretation="Set the desired velocities for the individual joints

of the manipulator'>
<argument value="msg"/>
</action>

</transition>
</state>
</state>
<default_state>
<transition name="management.accessControl._events.transport.Receive'>
<parameter type="QueryCommandedJointVelocity" value="msg"
interpretation="enveloped query commanded joint velocities message'/>
<parameter type="Receive.Body.ReceiveRec" value="transportData"

interpretation="transport data"/>

<simple/>
<action name="management.accessControl _events.transport.Send"
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interpretation="Send a Report Commanded joint velocities message'>
<argument value=" "ReportCommandedJointVelocity" />
<argument value=""transportData'/>
</action>
</transition>
</default_state>
</state>
</state>
</state>
</state_machine>
</protocol_behavior>
</service_def>

A.16 MANIPULATOR END EFFECTOR VELOCITY STATE DRIVER

<?xml version="1_.1" encoding="UTF-8"?>
<service_def namez"ManipulatorEndEffectorVelocityStateDriver"
id=""urn:jaus:jsg:manipulator:ManipulatorEndEffectorVelocityStateDriver|" version="2.0"
xmIns="urn:jausjjsidl:1.1">
<description xml:space="preserve'>
The function gf the End Effector Velocity State Driver is topperform|closed-loop
velocity contnol of the tool tip. The velocity state of the tool tip is defined
by two length{three vectors, i.e., we and vtool,e. Thedge Vectors reppectively
represent the [angular velocity of the end effector cogrdinate system|and the linear
velocity of the tool tip as measured with respect tothe manipulator|base coordinate
system. It ig assumed that the manipulator begins-motion immediately after receiving
the “Set End Hffector Velocity State” message. To\ensure backward compatibility with
1.0 implementgtions of this service, it is recommended that this seryice be co-
located
on the same cgmponent as a Manipulator Specification Service, a Manipulator Tool
Offset
Service, and g Manipulator Joint MotionCProfile Service.
</description>
<assumptions> Mgssages may be delayed., v lost, or reordered. </assumptions>
<references>
<inherits_fron name="management'” .id=""urn:jaus:jss:core:Management" version="1.1"/>
</references>
<declared_type_get name=""typesi>
<declared_typg_set _ref name="manipulator’™ id="urn:jaus:jss:manipulatpr:MessageSet"
version="2.0"/>
</declared_type_|set>
<message_set>
<input_set>
<declared_mgssage_def name="'SetEndEffectorVelocityState"
declared_type_ref="manipulator.commandClass.SetEndEffectorVelocityState'/>
<declared_message_def name="QueryCommandedEndEffectorVelocityState"
declared_type_ref="manipulator.queryClass.QueryCommandedeEndEffectorVelocityState'/>
</input_set>
<output_set>
<declared_message_def name="ReportCommandedEndEffectorVelocityState"
declared_type ref="manipulator.informClass.ReportCommandedEndEffectorVelocityState"/>
</output_set>
</message_set>
<internal_events_set/>
<protocol_behavior is_stateless="false">
<start state_machine_name="management.accessControl.events.transport.ReceiveFSM"
state_name="Receiving.Ready.NotControlled"/>
<state_machine name="management.accessControl_events.transport._ReceiveFSM"
interpretation=""extending ReceiveFSM of base service (transport)'>
<state name=''Receiving” initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name=""Ready" initial_state="NotControlled"
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interpretation="redefine state in order to extend'>
<state name="NotControlled" interpretation="redefine state in order to extend'>
<default_state>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="QueryCommandedEndEffectorVelocityState" value="msg"

interpretation="enveloped query commanded End effector
state message''/>

velocity

<parameter type="Receive.Body.ReceiveRec" value='"transportData"

interpretation=""transport data'/>

<simple/>
<action name="management.accessControl _events.transport.Send"
interpretation="Send a Report Commanded End effector velocity

state message''>

<argument value=" "ReportCommandedEndEffectorVelocityState® "/>

<argument value="transportData"/>

</action>

</tnansition>

</def3
</state>
<state
<stats
<std

<€

manipulator."/>
</
<1

</
</st

</stat

ult_state>

ame=""Controlled™ interpretation="redefine state 'an ord
name=""Available" initial_state="Standby">

te name="Ready''>

xit>

<action name="'stopMotion" interpretation=}'Stop motion

exit>
ransition name="management.accessControl._events.transp
<parameter type="'SetEndEffectorVelocityState" value="m
interpretation="enveloped set ‘End effector velocity
<parameter type="Receive.Body:ReceiveRec" value="trans
interpretation="transport\data'/>
<guard
condition="management.accessControl.isControllingClie
&amp;&amp; motionProbileExists()"
interpretation="True if the message that triggered t
is received from the client that is in control of th
True if a motien profile has already been received'/
<simple/>
<action name=YsetEndEffectorVelocityState"
interpretation="Set the desired velocity state for t
<argument value="msg"/>
</actien>
transition>
ate>
e>

er to extend'>

bf the

brt.Receive'>
L™

State message''/>
portData"

ht(transportData)

he transition
IS service AND

>

he end-effector'>

<default_state>
<transition name="management.accessControl._events.transport.Receive'>
<parameter type="QueryCommandedEndEffectorVelocityState'" value="msg"

interpretation="enveloped query commanded End effector
state message'/>

velocity

<parameter type="Receive.Body.ReceiveRec" value='"transportData"

interpretation="transport data"/>

<simple/>
<action name="management.accessControl.events.transport.Send"
interpretation="Send a Report Commanded End effector velocity

state message">

<argument value=" <"ReportCommandedEndEffectorVelocityState® "/>

<argument value=""transportData'/>

</action>
</transition>
</default_state>

</state>
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</state>
</state_machine>
</protocol_behavior>
</service_def>
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A.17 MANIPULATOR ACTUATOR FORCE/TORQUE DRIVER
<?xml version="1_.1" encoding="UTF-8"7>
<service_def name="ManipulatorActuatorForceTorqueDriver"
id=""urn:jaus:jss:manipulator:ManipulatorActuatorForceTorqueDriver" version="2._.0"
xmIns="urn:jaus:jsidl:1.1">
<description xml:space="preserve'>
The function of the Actuator Force/Torque Driver is to perform closed-loop force
control (for a prismatic actuator) and closed-loop torque control (for a revolute
actuator). To ensure backward compatibility with 1.0 implementations of this service,

it Is recommer
Manipulator Sp
</description>
<assumptions> Mg
<references>
<inherits_fron
</references>
<declared_type s
<declared_type
version="2.(
</declared_type |
<message_set>
<input_set>
<declared_me
declared_t
<declared_ms¢
declared_t
</input_set>
<output_set>
<declared_ms¢
declared_t
</output_set>
</message_set>
<internal_events
<protocol_behavi
<start state_n
state_name='
<state_machine

interpretati

ded that this service be co-located on the same compon
ecification Service.

ssages may be delayed, lost, or reordered. </assumptio

name=""management’ id="‘urn:jaus:jss:core:Management" v

et name=""types'>

set_ref name="manipulator”™ id="urn:jaus:jss:manipulat
ll/>

set>

ssage_def name="QueryCommandedActuatorForceTorques"
ype_ref="manipulator._queryClass.QueryCommandedActuator
ssage_def name="'SetActuatorForceTorques"
ype_ref="manipulator.commandClass.SetActuatorForceTorq

ssage_def name="ReportCommandedActuatorForceTorques"
ype_ref="manipulator. informClass.ReportCommandedActuat

_set/>

or is_stateless="false'">

achingxname=""management.accessControl .events.transport

Recerving.Ready.NotControlled"/>
name=""management.accessControl .events. transport.Recei

on=""extending ReceijveFSM of base service (transport)’>

ent as a

NS>

ersion=""1.1"/>

Dr :MessageSet"

ForceTorques' />

hes'' />

brForceTorques' />

L ReceiveFSM"

yeFSM™

<state name=

"Receiving" initial_state="Ready"

interpretation=""redefine state in order to extend'>
<state name="Ready’ iInitial_state="NotControlled"
interpretation="redefine state in order to extend'>
<state name=""NotControlled" interpretation="redefine state in order to extend'>
<default_state>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="QueryCommandedActuatorForceTorques" value="msg""
interpretation="enveloped Query Commanded Actuator Force Torque

message''/>

<parameter type="Receive.Body.ReceiveRec" value='"transportData"

interpretation="transport data"/>

<simple/>
<action name="management.accessControl _events._transport.Send"

interpretation="Send a Report Commanded Actuator Force
<argument value=" "ReportCommandedActuatorForceTorques
<argument value="transportData'/>

Torque message''>

- n/>
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</action>
</transition>
</default_state>
</state>
<state name=""Controlled"” interpretation="redefine state in order to extend'>
<state name="Available" initial_state="Standby'>
<state name="Ready"''>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="'SetActuatorForceTorques" value="msg"
interpretation="enveloped set Actuator Force Torque message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data'/>
<guard
condition="management.accessControl.isControllingClient(transportData)"
interpretation="True if the message that triggered the transition is
received from the client that is in control of this service'/>
<simple/>
<action name="'setActuatorForceTorques"
interpretation="Set the desired actuator forces~and torques'>
<argument value="msg"/>
</action>
</transition>
</state>
</state>
<defaylt_state>
<trgnsition name=""management.accessControk.events.transport.Receive'>
<parameter type="QueryCommandedActuaterForceTorques" vallie=""msg"
interpretation="enveloped Query .Commanded Actuator Forge Torque

message''/>
<parameter type="Receive.Body.ReceiveRec" value='"transpoftData"
interpretation="transport data"/>
<gimple/>
<gction name="management.accessControl.events.transport.fend"
interpretation="Send..a Report Commanded Actuator Force|Torque message">
<argument value=" "ReportCommandedActuatorForceTorques| ''/>
<argument value=_transportData”/>
</action>
</transition>
</defgult_state>
</state3
</state>
</state>
</state_machine>
</protocol_behaVjior>
</service_def>

A.18 PRIMITIVE PAN TILT

<?xml version="1.1" encoding="UTF-8"7?>

<service_def name="PrimitivePanTilt"” id="urn:jaus:jss:manipulator:PrimitivePanTilt"
version="2_.0" xmIns="urn:jaus:jsidl:1.1">
<description xml:space="preserve'>
The Primitive Pan Tilt Service is the low level interface to a pan tilt mechanism.
Motion of the pan tilt mechanism is accomplished via the Set Pan Tilt Joint Effort
message. In this message, each actuator is commanded to move with a percentage of
maximum effort. To ensure backward compatibility with 1.0 implementations of this
service, it is recommended that this service be co-located on the same component
as a Pan Tilt Specification Service.
</description>
<assumptions> Messages may be delayed, lost, or reordered. </assumptions>
<references>

<inherits_from name="management' id="'urn:jaus:jss:core:Management" version="1.1"/>
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</references>

<declared_type_set name="types''>
<declared_type_set_ref name="manipulator" id="urn:jaus:jss:manipulator:MessageSet"
version="2.0"/>
</declared_type_set>

<message_set>
<input_set>

<declared_message_def name="QueryPanTiltJointEffort"
declared_type_ref="manipulator.queryClass.QueryPanTiltJointEffort"/>
<declared_message_def name="SetPanTiltJointEffort™”
declared_type_ref="manipulator.commandClass.SetPanTiltJointEffort"/>

</input_set>
<output_set>

<declared_message_def name="ReportPanTiltJointEffort"”
declared_type_ref="manipulator.informClass.ReportPanTiltJointEffort"/>

</output_set>

</message_set>
<internal_eventg
<protocol_behavi
<start state n
state_name="
<state_machinsg
interpretati
<state name3
interprets
<state nan
interpre

<state 1

<defal

<trs

!

</

_set/>

or is_stateless="false">

achine_name="management.accessControl _.events.transport
Receiving.Ready.NotControlled"/>
name=""management.accessControl .events.transport.Recei

on="extending ReceiveFSM of base service (transport)">
"Receiving” initial_state="Ready"

tion="redefine state in order to extend">

e=""Ready" initial_state="NotControlled"

tation=""redefine state in order to ‘extend'>

ame=""NotControlled"” interpretationz"redefine state in
It _state>

nsition name="management.accessControl.events.transpor

arameter type="QueryPanTiltdointEffort"” value=""msg"
interpretation="enveloped~query Pan Tilt joint efforts

arameter type="'Receive.Body.ReceiveRec" value="transpo
interpretation="transport data'"/>

imple/>

ction name="management.accessControl.events.transport.
interpretation="Send a report Pan Tilt joint efforts m

<argument value=" “ReportPanTiltJointEffort® />

<argument value='"transportData'/>

action>

</trfansition>

</defd
</state>
<state 1

<statq

ult _state>

ame=""Controlled" interpretation="redefine state in ord
name=""Available" initial_state="Standby">

L ReceiveFSM"

yeFSM™

brder to extend">
L.Receive'>
message''/>

rtData"

Send**
bssage''>

Pr to extend''>

<state name="'Ready''>
<transition name="management.accessControl._events.transport._Receive">

<parameter type="SetPanTiltJointEffort” value="msg"
interpretation="enveloped set Pan Tilt joint efforts

message''/>

<parameter type='"Receive.Body.ReceiveRec" value="transportData"

interpretation="transport data'"/>
<guard

condition="management.accessControl.isControllingClient(transportData)"
interpretation="True if the message that triggered the transition is

received from the client that is in control
<simple/>
<action name="'setPanTiltJointEffort"

interpretation="Set the joint motion efforts for the

the pan tilt mechanism">

<argument value="msg"'/>
</action>

</transition>

of this service'/>

two joints of
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</state>
</state>
<default_state>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="QueryPanTiltJointEffort"” value="msg"
interpretation="enveloped query Pan Tilt joint efforts message'/>
<parameter type='"Receive.Body.ReceiveRec" value="transportData"

interpretation="transport data'/>

<simple/>
<action name="‘management.accessControl.events.transport.Send"
interpretation="Send a report Pan Tilt joint efforts message'>

<argument value=" "ReportPanTiltJointEffort™ '/>
<argument value="transportData'/>

</action>
</transition>
</default state>

</state3
</state>
</state>
</state_machin
</protocol_beha\
</service_def>
A.19 PANTILT JOIN
<?xml version="1.1
<service_def names
id=""urn:jaus:jsg
xmIns=""urn: jaus?
<description xml
The function ¢
of the two joi
compatibility
service be co-
</description>
<assumptions> Mg
<references>
<inherits_fron
</references>
<declared_type_s
<declared_type
version="2_(
</declared_type |
<message_set>

e>
ior>

T POSITION SENSOR

" encoding=""UTF-8"?>

"PanTiltJointPositionSensor"
:manipulator:PanTiltJointPositiopnSensor'™ version="2_.0"
Jsidl:1.1">

Ispace=""preserve'>

T the Pan Tilt Joint Positign Sensor Service is to rep
nt angles of the pan tiltCmechanism when queried. To e
with 1.0 implementations of this service, it Is recomm
located on the same component as a Pan Tilt Specificat

ssages may be delayed, lost, or reordered. </assumptio

name=""events'‘_id=""urn:jaus:jss:core:Events" version="

et name="types'>

- set_ref nhame="manipulator”™ id="urn:jaus:jss:manipulat
ll/>

set>

<input_set>

brt the values
nsure backward
ended that this
ion Service.
ns>

L.1"/>

Dr :MessageSet"

<declared_message_def name="QueryPanTiltJointPositions"
declared_type_ref="manipulator.queryClass.QueryPanTiltJointPositions"/>

</input_set>
<output_set>

<declared_message_def name="ReportPanTiltJointPositions"
declared_type_ref="manipulator. informClass.ReportPanTiltJointPositions"/>

</output_set>
</message_set>

<internal_events_set/>

<protocol_behavi

or is_stateless="false">

<start state_machine_name="‘events.transport.ReceiveFSM"
state_name="Receiving.Ready'/>
<state_machine name="events.transport._ReceiveFSM"

interpretati

on="extending ReceiveFSM of base service (transport)">

<state name=''Receiving” initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name="'Ready"'>
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<default_state>
<transition name="events.transport.Receive'>
<parameter type="QueryPanTiltJointPositions" value="msg"
interpretation="enveloped query Pan Tilt joint positions message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data"/>
<simple/>
<action name="events.transport.Send"
interpretation="Send Report Pan Tilt Joint Positions message to the
service that sent the query">
<argument value=" "ReportPanTiltJointPositions"™ '/>
<argument value="transportData'/>
</action>
</transition>
</default_state>
</state>
</state>
</state_machir
</protocol_beha\
</service_def>
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e>
ior>

A.20 PAN TILT JOINJT VELOCITY SENSOR
<?xml version=""1.]

<service_def named

" encoding=""UTF-8"?>
"PanTiltJointVelocitySensor"

id=""urn:jaus:jsg
xmIns=""urn: jaus:
<description xml
The function ¢
of the two joi
backward compg
that this ser\
Service.
</description>
<assumptions> Mg
<references>
<inherits_fron
</references>
<declared_type_s
<declared_type
version="2_(
</declared_type |
<message_set>
<input_set>

:manipulator:PanTiltJointVelocitySensor'™ version="2_.0"
Jsidl:1.1">

:space=""preserve''>

f the Pan Tilt Joint Velocity Sensor Service is to rep
nt velocities of the pan tilt mechanism when queried.

tibility with 1.0 implementations of this service, it

ice be co-located on the same component as a Pan Tilt

ssages may be delayed, lost, or reordered. </assumptio

name="‘events" _§d=""urn:jaus:jss:core:Events" version="

et name=""types''>

-~ set_ref name="manipulator™ id=""urn:jaus:jss:manipulat
ll/>

set>

<declared_mg

ssage_def name="QueryPanTiltJointVelocity"

brt the values
o ensure

IS recommended
Specification

NS>

L.1"/>

Dr -MessageSet"'

declared_type_ref="manipulator.queryClass.QueryPanTiltJointVelocity'/>

</input_set>
<output_set>

<declared_message_def name="ReportPanTiltJointVelocity"
declared_type_ref="manipulator.informClass.ReportPanTiltJointVelocity"/>

</output_set>
</message_set>

<internal_events_set/>

<protocol_behavi

or is_stateless="false">

<start state_machine_name="events.transport.ReceiveFSM"
state_name="Receiving.Ready'/>
<state_machine name="events.transport.ReceiveFSM"

interpretati

on="extending ReceiveFSM of base service (transport)">

<state name="Receiving" initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name="Ready"'>
<default_state>
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<transition name="events.transport.Receive'>

<parameter type="QueryPanTiltJointVelocity" value="msg"
interpretation="enveloped query Pan Tiltjoint velocities message'/>

<parameter type="Receive.Body.ReceiveRec" value="transportData"
interpretation="transport data"/>

<simple/>

<action name="events.transport.Send"
interpretation="Send Report Pan Tilt Joint Velocity message to the
service that sent the query">

<argument value

"ReportPanTiltJointVelocity™ />

<argument value="transportData'/>
</action>
</transition>
</default_state>

</state>
</state>

</state_machir
</protocol_beha\
</service_def>
A.21  PANTILT JOIN
<?xml version="1_]
<service_def named
id=""urn:jaus:jsg
xmlns=""urn: jaus:

<description xml
The function d

position contnol.

message. The
message IS reg
this service,
as a Pan Tilt
</description>
<assumptions> Mg
<references>
<inherits_fron
</references>
<declared_type_s
<declared_type
version="2_(
</declared_type |
<message_set>
<input_set>

e>
ior>

T POSITION DRIVER

" encoding=""UTF-8"?>

"PanTiltJointPositionDriver"
:manipulator:PanTiltJointPositionDriver” version="2.0"
Jsidl:-1.1">

:space=""preserve''>

T the Pan Tilt Joint Position Drivér is to perform clo
A single target is provided-via the Set Pan Tilt
target remains unchanged untilra new Set Pan Tilt Join
eived. To ensure backward.compatibility with 1.0 impl
it is recommended that this service be co-located on t
Specification Service and”a Pan Tilt Motion Profile Se

ssages may be delayed, lost, or reordered. </assumptio

name=""management” id="'urn:jaus:jss:core:Management" v

et name=""types''>

-~ set_ref name="manipulator™ id="urn:jaus:jss:manipulat
ll/>

set>

<declared_mg

ssage_def name="QueryCommandedPanTiltJointPositions"

sed-loop joint
Joint Position

L Position
ementations of

he same component
Fvice.

NS>

ersion="1.1"/>

Dr -MessageSet"'

declared_type_ref="manipulator.queryClass.QueryCommandedPanTiltJointPositions"/>
<declared_message_ def name="SetPanTiltJointPositions"
declared_type_ref="manipulator.commandClass.SetPanTiltJointPositions'/>

</input_set>
<output_set>

<declared _message_ def name="ReportCommandedPanTiltJointPositions"

declared_type_ref="manipulator.informClass.ReportCommandedPanTiltJointPositions"/>

</output_set>
</message_set>

<internal_events_set/>

<protocol_behavi

or is_stateless="false">

<start state_machine_name="management.accessControl.events.transport.ReceiveFSM"

state_name=""

Receiving.Ready.NotControlled"/>

<state_machine name="management.accessControl.events.transport.ReceiveFSM"

interpretati

<state name=

on="extending ReceiveFSM of base service (transport)'>
"Receiving” initial_state="Ready"
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interpretation="redefine state in order to extend'>

<state name="Ready' initial_state="NotControlled"
interpretation="redefine state in order to extend'>
<state name="NotControlled"” interpretation="redefine state in order to extend'">

<default_state>
<transition name="management.accessControl.events.transport.Receive'>
<parameter type="QueryCommandedPanTiltJointPositions" value="msg"
interpretation="enveloped query commanded Pan Tilt Joint Positions

message''/>

<parameter type="Receive.Body.ReceiveRec" value='"transportData"

interpretation="transport data'/>

<simple/>
<action name="‘management.accessControl.events.transport.Send"

interpretation="Send a Report Commanded Pan Tilt Joint Positions
message''>
<argument value=" "ReportCommandedPanTiltJointPositiong" "'/>
<argument value="transportData'/>
</action>
</transition>
</defgult_state>
</state3
<state name=""Controlled" interpretation="redefine/state in order to extend'>
<statg name="Available" initial_state="Standby">
<stdte name="'‘Ready''>

<qg

</
<t

mechanism'>

xXit>
<action name="'stopMotion"
interpretation="Stop motion of-the pan tilt unit."/>
exit>
ransition name="management.accessControl._events.transp
<parameter type="SetPanTiltJointPositions" value="msg"
interpretation="enveloped set Pan Tilt joint efforts
<parameter type="Receive.Body.ReceiveRec" value="trans
interpretation="transport data"/>
<guard
condition=""management.accessControl.isControllingClie
&amp;&amp; panTfiltMotionProfileExists()"
interpretation="True if the message that triggered t
is received-from the client that is in control of th
True 1favPan Tilt motion profile has already been r
<simple/=
<actign-name="setPanTiltJointEfforts"
interpretation="Set the desired joint values for the

<argument value="msqg"''/>

brt.Receive'>
message"'/>
portData"
ht(transportData)
he transition

Is service AND
pceilved."/>

pan tilt

</action>

</transition>
</state>
</state>
<default_state>
<transition name="management.accessControl._events.transport.Receive'>
<parameter type="QueryCommandedPanTiltJointPositions" value="msg"
interpretation="enveloped query commanded Pan Tilt Joint Positions

message''/>

<parameter type="Receive.Body.ReceiveRec" value="transportData"

interpretation="transport data"/>

<simple/>
<action name="management.accessControl.events.transport.Send"

message''>

interpretation="Send a Report Commanded Pan Tilt Joint

<argument value=
<argument value="transportData'/>

Positions

"ReportCommandedPanTiltJointPositions® '/>
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</action>
</transition>
</default_state>

</state>

</state>
</state>

</state_machine>
</protocol_behavior>

</service_def>

A.22

PAN TILT JOINT VELOCITY DRIVER

<?xml version="1_1" encoding="UTF-8"7?>
<service_def name="PanTiltJointVelocityDriver"
id=""urn:jaus:jss:manipulator:PanTiltJointVelocityDriver' version="2.0"

xmIns="urn:jaus:j

idl:z1.1">

<description xml:space="preserve'>

The function
velocity cont
for the pan ti
immediately af
backward compg
that this ser\
Service and a

</description>
<assumptions> Mg
<references>
<inherits_fron
</references>
<declared_type 9
<declared_type
version="2_0"

/>

</declared_type |
<message_set>
<input_set>
<declared_msg
declared_t
<declared_msg
declared_t
</input_set>
<output_set>
<declared_msg

declared_

f The Pan Tilt Joint Velocity Driver is to performclo
ol. The input is the desired instantaneous desired jo
It mechanism. It is assumed that the pan tilt)mechani
ter receiving the Set Pan Tilt Joint Velocity. message.
tibility with 1.0 implementations of this/service, it
ice be co-located on the same component<as a Pan Tilt
Pan Tilt Motion Profile Service.

ssages may be delayed, lost, or reordered. </assumptio

name=""management' id="'urn:jaus:jss:core:Management' v
et name=""types'>
_set_ref name="manipulatori’ id="urn:jaus:jss:manipulat

set>

ssage_def name="SetPanTiltJointVelocity”
ype_ref="manipulator.commandClass.SetPanTiltJointVeloc
ssage_def hame=""QueryCommandedPanTiltJointVelocity"
ype_ref=U"manipulator.queryClass.QueryCommandedPanTiltJ

ssage_def name=""ReportCommandedPanTiltJointVelocity"
vpe ref="manipulator. informClass.ReportCommandedPanTil

sed-loop joint
int velocities
5m begins motion
To ensure

IS recommended
Specification
hs>

prsion=""1.1"/>

Dr :MessageSet"

ity />

bintVelocity'/>

JointVelocity'/>

</output_set>
</message_set>

<internal_events_set/>

<protocol_behavi

or is_stateless="false">

<start state_machine_name="management.accessControl .events.transport.ReceiveFSM"
state name="Receiving.Ready.NotControlled"/>
<state_machine name="management.accessControl.events.transport.ReceiveFSM"

interpretati

on="extending ReceiveFSM of base service (transport)">

<state name="Receiving” initial_state="Ready"
interpretation="redefine state in order to extend'>
<state name="Ready" initial_state="NotControlled"
interpretation="redefine state in order to extend'>
<state name="NotControlled" interpretation="redefine state in order to extend'>

<default_state>
<transition name=""management.accessControl.events.transport.Receive'>
<parameter type="QueryCommandedPanTiltJointVelocity" value="msg"
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interpretation="enveloped query commanded Pan Tilt joint velocities
message''/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data'/>
<simple/>
<action name="management.accessControl _events.transport.Send"
interpretation="Send a Report Commanded Pan Tilt joint velocities

message''>
<argument value=" "ReportCommandedPanTiltJointVelocity" />
<argument value="transportData"/>
</action>
</transition>
</default_state>
</state>

<state name="Controlled" interpretation="redefine state in order to extend'>
<statg name="Available" initial_state="Standby'>
<stdte name="'Ready"''>
<gxit>
<action name="'stopMotion" interpretation="Stop motion pf the pan tilt

unit."/>
</Jexit>
<transition name="management.accessControl._events.transpprt.Receive'>
<parameter type="SetPanTiltJointVelocity™ value="msg"
interpretation="enveloped set Pan Ti¥t joint velocitjes message'/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data"/>
<guard

condition=""managenent.accessControl . isControllingClient(transportData)
&amp;&amp; panTiltMotionProfileExists()"
interpretation="True ifrthe message that triggered the transition
is received from the . client that is in control of this service AND
True if a motion prgfile has already been received'/p
<simple/>
<action name="'setPanTiltJointVelocity"
interpretation="Set the desired velocities for the ipdividual joints
of the Pan, Tilt mechanism'>
<argument value=" "SetPanTiltJointVelocity" "/>
<argument:value="transportData'/>
</action
</transition>
</statex
</state>
<defaylt/state>
<transition name="management.accessControl._events.transport.Receive'>
<parameter type="QueryCommandedPanTiltJointVelocity" value="msg"
interpretation="enveloped query commanded Pan Tilt joint velocities

message''/>
<parameter type="Receive.Body.ReceiveRec" value='"transportData"
interpretation="transport data"/>
<simple/>
<action name="management.accessControl _events.transport.Send"
interpretation="Send a Report Commanded Pan Tilt joint velocities

message''>
<argument value=" "ReportCommandedPanTiltJointVelocity" "/>
<argument value=""transportData'/>
</action>
</transition>
</default_state>
</state>

</state>
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