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Foreword

ISO (the International Organization for Standardization)’ and IELC (the
International Electrotechnical Commission) form the(specialized gystem
for worldwide standardization. National bodies that’are members|of ISO
or |EC participate in the development of International Standards through
technicai committees estabiished by the respgctive organization o deal
with particular fields of technical activity.\IS© and IEC technical com-
mittees collaborate in fields of mutual _ipterest. Other international or-
ganizations, governmental and non-governmental, in liaison with ISO
and IEC, also take part in the work.

In the field of information technelogy, ISO and IEC have establighed a
joint technical committee, ISOAUEC JTC 1. Draft International Stapdards
adopted by the joint technical committee are circulated to national bod-
jes for voting. Publication~as an International Standard requirps ap-
proval by at least 75 %, of the national bodies casting a vote.

International Standard ISO/IEC 9506-3 was prepared by Joint Teg¢hnical
Committee I1SO/TC 184, Industrial automation systems and integrgtion.

ISO/IEC 9506 ¢onsists of the following parts, under the general fitle /n-
dustrial atritemation systems — Manufacturing message specificat{on:

—-“Part 1: Service definition
—~ Part 2: Protocol specification
— Part 3: Companion standard for robotics

Annexes A and B are for information only.
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introduction

This part of ISO/IEC 9506 is intended to be used in an open communication system employing robots and robotic
systems connected to a communication network conforming to the OSI model (ISO 7498). This part of ISO/IEC
9506 also recognizes that the robot can act as a controller (client) to devices connected to it such as vision
systems and grippers. Client conformance for communication to such devices is not defined by this part of ISO/IEC
9506. Conformance requirements for communication to such devices are defined by the companion Standard
appropriate to that device or by ISO/IEC 9506-1 and ISO/IEC 9506-2.

This part of ISO/IEC 9506 does deflne conformance requnrements for the robot when used in a network with
multiple gh 3

This part pf ISO/IEC 9506 provides a description of several conformance classes including a base class. This base
class is considered as the minimum conformance for robots connected as a "slave” or server to a host computer
or client device on the network. The base class forms the "kernel” of conformance for robots in these types of
networks{ All other conformance classes will be additions to the base class. This part of ISO/IEEX9506 also
provides the robot specific services and protocol including the abstract syntax notation for profoco! elements
which arg undefined in the MMS-General-Module.

This part pf ISO/IEC 9506 also recognizes that the robot can act as a controller to devices.connected to it such
as vision $ystems and grippers. This part of ISO/IEC 9506 identifies the requirements for communications in such
a manner |but does not identify MMS service and protocol conformance requirementsZfor the robot when acting
in a clieng role. These requirements are identified by the companion standard covering the device to which the
robot intends to communicate.

MMS is irftended to be used with yet other standards designed to achieveld systematic and uniform approach to
Open Systems Interconnection of Information Processing Systems as\defined in ISO 7498. As such, MMS is
positioneq within the application layer of the GSi model. It defines the Application Service Element and the
protocol required to extend information systems networks to the programmable control devices of the automated
factory ervironment. The services defined by MMS are generic ‘and intended to be referenced by the companion
standards| each of which is oriented towards a more specifici¢lass of application.

This part pf ISO/IEC 9506 recognizes that safe operation of robots is required at all times. Safety requirements
for robots|are specified in ISO DIS 10218. All robot actions delineated in this part of ISO/IEC 9506 are permissible
under the|safety standard.

Implementation of this part of ISO/IEC 9506 requires a minimum implementation of MMS. This is covered in Clause
9 which rgferences the conformance requirements of ISO/IEC 9506-1 and 2. Implementers of MMS for robots and
robotic systems should have a thorough understanding of MMS for proper implementation of this part of ISO/IEC
9506. Implementers should also havie a thorough understanding of the modeling, services and protocol defined
in this pant of ISO/IEC 9506. Users)of robots and robotic systems are directed to the clauses on modeling and
services fpund in this document:

For the pyrpose of this part of ISO/IEC 9506, the term "robot™ means "manipulating industrial robot” as defined
in ISO/TR[8373. As usedn this part of ISO/IEC 9506, a robot will generally refer to the manipulator together with
its control|system andhany ancillary equipment, devices, sensors, or communications links, necessary for the robot
to perform) its task.-Figure 1 illustrates the elements of the robot system as described in this part of ISO/IEC 9506
Since the gefinitions of ISO/TR 8373 only describe robot systems with a single arm and this part of ISO/IEC 9506
anticipates robots thh multiple arms operatmg ina coordmated fashion, these defmmons have been generalized.

The term 0
control program of the robot arm(s) of the system

"MMS services" refers to the abstract services defined in ISO/IEC 9506-1 and "MMS protocol” refers to the
protocol defined in ISO/IEC 9506-2.

vi
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Robot System

Robot Arm Communication
Control Program Intertace
Path
Planner
Servo Task
Mechanism Program
Manipulator
End Effectqr Auxiliary
Device
Power Supply
0 or more

1 or more

Figure 1 Robot system
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Industrial automation systems — Manufacturing message

specification —
Part 3:

_CQmPaanndn rd_faor robotics

1 Scope

This part of ISO/IEC 9506:

Virtual Manufacturing Device (VMD),

communicate.

2 Normative Ref_erences

and parties to agreements based on this part of ISO/IEC 9506 are encouraged to investigate the po

currently validiintéernational standards.

ISO/IEC*9506-1:1990 Industrial automation systems - Manufacturing Message Specificatio.
Service definition

Protocol specification

a) describes the model of a robot and how the attributes of the robot are mapped onto the attriputes of a

b) defines the robot specific services and protocol including the abstract syntax notation fof protocol
elements requiring companion standard specification by MMS,

c) defines robot specific standardized objects,

d) provides a description of conformance classes including“a base class and several enhanced dlasses.
Definitions are provided of the services and protocol of robots operating as a server in the abstract syntax defined
in this part of ISO/IEC 9506. The semantics of MMS-services performed by robots while communicating under
other abstract syntaxes are not defined by this part of ISO/IEC 95086. This part of ISO/IEC 9506 does npt identify
MMS service and protocol conformance requirements for a robot acting in a client role. These requirements are
intended to be identified by the companion ‘standard covering the device to which the robot iptends to

The following standards Contain provisions which, through reference in this text, constitute provisions gf this part
of ISO/IEC 9506. At the time of publication, the editions indicated were valid. All standards are subject to revision,

Esibility of

applying the most-recent editions of the standards listed below. Members of ISO and IEC maintain r¢gisters of

n-Part 1 -

—SOAEC—9506-2-1+990——Industrial-automatiomrsystems—=Manufactaring-Message-Specification - Part 2 -

ISO 7498:1984 Information processiny systems - Open Systems Interconnection - Basic

Reference Model
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ISO/TR 8509:1985

ISO 8824:1987

1ISO 8571:1988

Information processing systems - Open Systems Interconnection - Service
Conventions

Information processing systems - Open Systems Interconnection - Specification
of Abstract Syntax Notation One (ASN.1)

Information processing systems - Open Systems Interconnection - File Transfer,
Access and Management

1ISO 8649:1988 Information processing systems - Open Systems Interconnection - Service
definition for the Association Control Service Element

1SO 8650:1988 Information processing systems - Open Systems Interconnection - Protocol
specification for the Association Control Service Element

1SO DIS 10218 Manipulating Industrial Robots - Standard for Safety

ISO/TR 8§373:1988 Manipulating Industrial Robots -Vocabulary

1ISO 9787:1990 Manipulating Industrial Robots - Coordinate Systems and Motions

' To be pliblished

3 Defijnitions

3.1 General definitions

Clause 3
7498, in
a numbe

by refergnce.

32 S

3.2.1

The inhe

pecific definitions

control program

of ISO/IEC 9506-1:1990 and clause 3.of ISO/IEC 9506-2:1930 list a number of terms defined in ISO
ISO/TR 8509, and in ISO 8824, as well as its own definitions. ISO/TR 8373 and ISO 9787 also define
of terms used in this part of ISQ/IEC 9506. These definitions are included in this part of ISO/IEC 9506

rent set of control instructions which defines the capabilities, actions, and responses of a robot system.

This type_of‘program is fixed and usually not modifiable by the user.



https://standardsiso.com/api/?name=ee04f81a7a51277799975d83c324b5ad

ISO/IEC 9506-3:

3.2.2 cyde:

A single execution of a task program.

3.23 local control:

1991(E)

of the MMS server. If local control is true, remote operations cannot change the state of the server.

10218.

3.24 manipulating industrial robot [robot]:

An automatically controlled, reprogrammable, multi-purpose, manipulative machine with several d
freedom, which can be either fixed in place or mobile for use in industrial automation applications.

Note: For the purposes of the remaining clauses of this part of ISO/IEC 9506, the term "robot"
"manipulating industrial robot".

3.2.5 manipulator:

A machine, the mechanism or which usually-¢onsists of a series of segments jointed or sliding relati

It may be controlled by an operator, a programmable electromic controller, or any logic system (for exa
device, wired, etc.).

3.2.6 motion enabled:

A boolean value which-if TRUE indicates that a valid command presented to the control program of a
will result in motion.of the arm.

3.2.7 -\ pose:

L waorkpiece in a coordinate system

A boolean value which indicates whether or not it is possible for remote operations to effect changes, in|the state

Note: This definition is appropriate to MMS Companion Standards and is different from that contained ih ISO DIS

bgrees of

will mean

ve to one

another, for the purpose of grasping and/or, Moving objects {pieces or tools) usually in several degrees ofl freedom.

mple cam

robot arm

Combination of position and orientation of a part of a robot (for example its mechanical interfacg) or of a
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3.28

services.

3.29

remote operation:

An operation involving data acquisifion or control operating over an OSI communication network using MMS
robot aim:
in this part of ISO/IEC 9506, a manipulator, an end effector, its power supply, and the control program

As used

which cohtrols the manipulator.

3.2.10

A robot

3.2.11

robot system:

stem includes:

e robot (hardware and software) consisting of the manipulator whether mobilé or'not; power supply and
ontrol system;

e end-effector(s);

ny equipment, devices, or sensors required for the robot to performr its-task;

ny communication interface that is operating and monitoring the robot, equipment, or sensors, as far as
ese peripheral devices are supervised by the robot control system.

obot system controller:

The entir¢ control system of the robot, consisting of the (single) task program and the control program(s) for the
robot arnj(s) and the auxiliary device(s).

3.2.12

An atom

Note:

3.2.13

|step:
it element of task program execution. It may or may not involve robot motion.

The concept of a step is~dependent on the robotic programming language.

|task program:

The set of motion and auxiliary function instructions which define the specific intended task of the robot system;
this type [of-program is normally generated by the user.

Note:

an application is a general area of work, a task is specific within the application.
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4 Abbreviations

The following abbreviations are used in the text of this
part of ISO/IEC 9506.

Association Control Service Element

ISO/IEC 9506-3: 1991(E)

ACSE:

ASE: Application Service Element

ASN.1: Abstract Syntax Notation One

C: conditional parameter

CBB: conformance building block

Cnf: confirm

Cs: companion standard

DIS: Draft International Standard

FTAM: File Transfer, Access, and Management
Ind: indication

1/0: input/output

IS: International Standard

M: mandatory

MICS: Mechanical Interface Coordinate System
MMS: Manufacturing Message Specification
osil: Open System Intercoanection

PDU: protocol data unit

PICS: Protocol implementation conformance statement
Req: request

Rsp: response

S: Selection

TR: Technical Report

U: user option parameter

VMD: Virtual Manufacturing Device

5 Robot application description

5.1 Manufacturing configurations

5.1.1

General ‘considerations

The conformance classes which are defined in clause 9 of this part of ISO/IEC 9506 are described indepgndently
of the configurations in which they are used. The configurations described in this subclause are tutorial ih nature,
and are‘included to give insight into the rationale which underlies this part of ISO/IEC 9506. Actual configurations

can'exhibit characteristics of several of these configurations simultaneously.

In a remote communication environment, one node is referred to as the client, the other node is referred to as the
server. A host connected to a robot is considered to be a client of the robot. The host generally gives commands
to, and monitors functions of, the robot. The robot is considered the server to the host. In the case of the robot
connected through an OSI communication channel to intelligent peripherals, e.g., such devices as grippers, vision
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systems, or other robots, the robot is viewed as a client with respect to such devices. The connections between
devices described in this part of this Standard are considered to be logical connections.

Although operator panels and teach pendants can be used to direct operation of a robot, they are not considered

clients in
Rather, th

the present sense since they are not connected to the robot through OSI communication channels.
ey are considered part of the robot server.

This part of ISO/IEC 9506 does not impose any requirements on the client configurations when the client

commumT?ETWWWEﬂRmt1TEﬁmm§3mTﬂmTﬂE1mmﬂ1mFﬂE1mvmmRTﬂTmﬂﬂThEEmWﬂﬂHﬂ?ﬂﬂU&ﬁ?ﬂT‘
the robot jand to receive responses from the robot.

512

This confi
(see Figur
robot can
controlled

In simple
implemen

An exam{]
throughpu

5.1.3

Configuration one: Robot server, single client

juration consists of one client (e.g., host computer) controlling, or in communication with, one robot
e 2). The client, or host, sends requests to the robot, or server, to which the robot should respond. The
include its own subsystems such as vision and gripper controls. These subsystems will not be directly
via MMS and are outside the scope of Configuration one.

mplementations of Configuration one, there need be only one MMS assaciation. In more sophisticated
ations, there can be multiple concurrent MMS associations.

le is the case where two MMS associations are used between the host and the robot for increased
t.

Host
(Client)

Robot
(Server)

Figure 2 Robot server/single client

Configuration two: Robot server, many clients

In configu

ration two, the robot is a server, but there are many clients (host computers). See Figure 3. Support for

multiple concurrent associations is now required on the part of the robot server, since any of the client hosts can

initiate an

association.
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A multiple client configuration requires a mechanism for taking and relinquishing control of the robot. Without this
capability, there is no means for preventing two or more clients from attempting to control the robot

simultaneously.

Host 1 Host 2
(Client) (Client)

Robot
(Server)

Figure 3 Robot server/many clients

An example of this configuration is a host performing robot control and a second host monitoring the rob
of a larger system.

5.1.4 Configuration three: Robot client

In configuration three, the robot is a client'to-one or more devices (see Figure 4). It is also possible that
is simultaneously a server to one or more:host clients as in configurations one and two respectively. Th
a client capacity requires the ability-to~act as an initiator of requests, rather than just as a responder.

This part of ISO/IEC 9506 addresses only the interactions between a system acting as a client and robg
as servers, and does not define the interactions with other devices such as vision systems, grippers, et
interactions can only be defined based on the requirements of those devices.

An example of this configuration is a robot acting as a client to another system acting as a file server

bt as part

the robot
e robot in

ts acting
C.. These



https://standardsiso.com/api/?name=ee04f81a7a51277799975d83c324b5ad

ISO/IEC 9506-3: 1991(E)

5.1.5

Robot

(Client)
Device Device Device
(Server) (Server) (Server)

Configuration four: Peer to peer

Figure 4 Robot client

In configyration four, several robots are considered peers, and can athas both clients and servers (see Figure 5).

In this co

5.2

5.2.1

Infiguration each robot includes both client and server capabilities.

Robot

Robot

Robot specific model

Robot physical model

Figure 5 Poer to peer

Robot
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52.1.1 General

This part of ISO/IEC 9056 describes an abstract model of a robot system. The attributes of this model are required
to describe the activity of the robot as viewed from a communications channel. Any real robot system can have
many more characteristics than are described here. Nor is it required that a robot system have all of the attributes
described in this part of ISO/IEC 9506.

A robot system is composed of one or more robot arms together with a robot system controller. There can also

uxifi Vi W i Wi € robot arm Dut are physically and logically [separate
from the robot arm. In particular, the safety interlocks are one such auxiliary device of which the Emergency Stop
Button can be considered to be a component.

5212 Robot arm

52.1.21 Robot arm subsystems

The central element of a robot system is the robot arm which is composed of the manipulator, its powelr supply,
the robot arm control program, and the end effector. The focus<of this part of ISO/IEC 9506 is th¢ remote
operation of this robot arm, together with coordinated control of the auxiliary devices.

The manipulator is composed of a set of mechanical linkagesyand joints. Each link along with its associgted joint
comprises an axis of the robot. The joint is driven by an actuator which is controlled by the robot arm control
program. This robot arm control program can be considered to have two main components, a servomgchanism
and a path planner.

There are characteristics of the robot arm modeled in this part of ISO/IEC 9506 which equally affect|both the
servomechanism and path planner subsystems. It is essential to know the number of joints of the manipulator and
the characteristics of each joint in order ta-perform the robot task. Knowledge of the nature of the calibration state
(calibrated, not calibrated, or calibrating) and power state (arm power on/oif) is necessary for proper opgration of
the robot system.

The flow of information in-a.robot arm can be described as follows: (See Figure 6):
A task program generates the programmed pose of the manipulator.

The programmed pose is then transferred to the path planner subsystem which generates the compmanded
state.expressed in joint values.

The commanded state is then input to the servomechanism subsystem which drives the manipulator.
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Task Program

Programmed
Pose

5.2.1.2.2

The path

Commanded

Joint Values

v

Servo Mechanism

Actual
Joint Values

v

Manipulator

Figure 6 Information flow

Path planner

planner subsystem accepts commands’ from the task program (or from other local sources) for motion

of the marripulator and converts these requests into a time series of servomechanism commands. In effect, the

path plan
speed of
consistent
described

The path
desired m

The progrs:
program @

er is responsible for converting a desired manipulator trajectory expressed in terms of the position or
the tool tip into appropriate~Servomechanism commands. In order to express these motions in a
fashion, a set of coordinate” systems are introduced with which to describe the robot arm. These are
in detail in 5.2.2.

planner is responsible for monitoring certain characteristics of the manipulator motion and applying
pdifications.:Most notable of these is the control of the speed and acceleration of the tool tip.

ammed.speed is the speed normally resulting from the command input to the path planner from the task
f the robot system controller. It is the normal tool tip speed established in the task program.

The speed
factor will

factor is an override muiltiplication factor that is applied to alter the speed of the manipulator. The speed
alter the programmed speed of the manipulator so that the entire manipulator motion, as directed by

the task program, can be executed at a speed which is uniformly adjusted upward or downward from the

programm

10

ed speed.
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The programmed acceleration is the acceleration normally resulting from the commands input to the path planner

from the task program of the robot system controller. It is the normal tool tip acceleration established in
program?

the task

The acceleration factor is an override multiplication factor that is applied to alter the acceleration of the
manipulator. The acceleration factor will alter the programmed acceleration of the manipulator so that the entire
manipulator motion, as controlled by the task program, can be executed with an acceleration which is uniformly

aajustea upwara or downward from the programimed acceleration.

path planner describe the programmed state of the manipulator expressed in Euclidean spacerincluding
velocity, and acceleration. The output values from a path planner describe the commanded state of the ma
expressed in joint space.

52.1.23 Robot arm servomechanism

Additional attributes of the path planner include a set of input values and output values. The inputivalugs to the

position,
hipulator

of link parameters relating it to the other joints in the kinematig-chain which comprise the robot arm.
is controlled by a servomechanism which sends control signals-to the joint actuator and may obtain 1
information from joint sensors. The servomechanism issues commands to drive the joint to a desired
monitors the actual value as it moves.

5.2.13 Auxiliary devices

The robot auxiliary devices are robot_task-related subsystems that are directly controlled by the robo
controller. The control of auxiliary devices is integrated into the control of the robot task. The informa
in auxiliary device control, for example specific parameters of the auxiliary devices, are an integral pJ
overall parameters of the robot\task. Control of auxiliary devices can be implemented in one or mq
programs.

vision systems, sensors, and grippers.

5.2.2 (Robot coordinate system

(5221  Conventions

The robot coordinate systems used by this part of ISO/IEC 9506 are the world, base and mechanical i

The robot arm servomechanism subsystem consists of a coupled set of.servomechanisms, one for each joint of
the manipulator. The joints of a manipulator can be of revolute or prismatic type. Each joint can be ingividually
calibrated, can have upper and lower bounds on travel, can have abrake mechanism, and has an assoc|ated set

ch joint
eedback
alue and

system

ion used
rt of the

re robot

Note: Examples of auxiliary devices are safety interlocks, weld controllers, paint systems, water jet cutter systems,

nterface

coordinate systems. These standardized coordinate systems are described in ISO 9787. Additional robot coordinate
systems are described in the 5.2.2.2 and 5.2.2.3 as an aid to the understanding this part of ISO/IEC 9506.

1
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The World Coordinate System establishes a fixed frame of reference for the entire manufacturing operation and
is commonly used for work cell layout. The definition of this coordinate system will generally be made by the user
institution. The Base Coordinate System establishes the location of the mounting plate of the robot and is generaily
supplied by the manufacturer of the robot. The Mechanical Interface Coordinate system is a moving coordinate
system attached to the last link of the manipulator which establishes the location of the end-effector relative to
the robot base position.

Two commmmmmmnhmmﬁm
Tool Coofdinate System, and the User Coordinate System. The Tool Coordinate System is used to define the
position gf a robotic tool (end effector). The User Coordinate System is used to provide an alternative frarme,of
reference|for the robot arm other that the Base Coordinate System. Figure 7 illustrates the robot coordinate system
conventidns.

XU
USER

WORLD Yo

Figure 7 Robot coordinate systems

12
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5222 Tool Coordinate System (X, Y,, Z)

The origin of the Tool Coordinate System is positioned at a implementor defined point on the robotic tool. The +
Z,and + X, axes are implementor defined and perpendicular to each other. The + Y, axis is determined by the
right hand rule.

An object within the Tool Coordinate System is represented by a transformation of the form (x, Y. Z. 3, by, ¢,
—where:

X, represents a translation along the X, coordinate axis.
y, represents a translation along the Y, coordinate axis.
z, represents a translation along the Z, coordinate axis.
a, represents a counter clockwise rotation about the positive X, coordinate axis.
b, represents a counter clockwise rotation about the positivexY, coordinate axis.
c, represents a counter clockwise rotation about the paositive Z, coordinate axis.

The transformation follows a right-handed rule sign direction convention.

5.2.2.3 The User Coordinate System (X, Y, Z)

The origin of the User Coordinate Systemhis positioned at a implementor defined point. The + Z, and |+ X, axes
are implementor defined and perpendicular to each other. The + Y, axis is determined by the right hnd rule.

An object within the User Coordinate System is represented by a transformation of the form (x,, y,, z,} a,. b,, c,)
where:

x, represents a translation along the X, coordinate axis.
Y. represents a translation along the Y, coordinate axis.
z,xrepresents a translation along the Z, coordinate axis.

a, represents a counter clockwise rotation about the positive X, coordinate axis.

b, represents a counter clockwise rotation about the positive Y, coordinate axis.
c, represents a counter clockwise rotation about the positive Z, coordinate axis.

The transformation follows a right-handed rule sign direction convention.

13
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5.2.24 Transformations of coordinate systems

In the course of describing robot motion, it is necessary to describe the arbitrary position and orientation of objects
in space. This description can be made with respect to any of the coordinate systems described above.
Mathema:ijmjlv. the description of the position and orientation of an object with respect to some coordinate

system is gquivalent to the description of a transformation from the referenced coordinate system to a coordinate

system embedded in the object. Thus, transformations assume a large role in the mathematics of robot motion)

Of the five|coordinate systems described above, four are often used as reference coordinate systems in which to
describe other objects. The Tool Coordinate System is the coordinate system embedded in the object whose
position arjd orientation is needed. This part of this Standard identifies five transformations which(are useful to
describe the kinematic relationship of the components of a robot system. These are:

o The |Base Coordinate System with respect to World Coordinate System transformatior.

o The Mechanical Interface Coordinate System with respect to Base Coordinate System transformation.
o The User Coordinate System with respect to Base Coordinate System transformation.

o The [Tool Coordinate System with respect to the User Coordinate)System transformation.

o The [Tool Coordinate System with respect to the Mechanical Interface Coordinate System transformation.
5.3 Robot specific functions

5.3.1 Gontrol systems

5.3.1.1 Robot system controlier

An essentigl element of the robot system is the robot system controller which represents the intelligence governing
the operatipn of the robot. The robot system controller is usually implemented through the adaptation of a multi-
purpose cqmputer running one or more computer programs, but it can also be implemented by other means. In
computer based implementations, it may be the case that the underlying computer is used for more functions than
the contro| of the robot but this part of ISO/IEC 9506 is solely concerned with those aspects of the computer
operation which' relate to robot operation. Robot operation, in this sense, includes the operation of all auxiliary

devices which-are-necessaryfortherobot to-performits function——— |

An example of such a computer system which lies beyond the scope of this part of ISO/IEC 9506 is an integrated
cell controller which directs a robot’s activity as one part of its operation.

14
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53.1.2 Coordination of robot control

In many cases control over the robot operation can be exercised from multiple locations. The introduction of
communication facilities adds another potential point of control. In order to preciude conflicts in control, the racbot
is assumed to possess a method of assigning control uniquely to one control point. This control assignment
functions as a mutually exclusive semaphore.

53.13 Robot operation states
5.3.1.3.1 Robot operstion state diagram
The robot system is modeled by a finite state automaton as described in Figure 8.
Power Up \V
ROBOT
IDLE
1 2
11
L [; ROBOT %_‘ o
LOADED
3 4
10 \l/ N
6 ROBOT
READY
5
ROBOT v
EXECUTING
8 9
ROBOT
MOTION
PAUSED
Any State MANUAL-INTERVENTION
— > REQUIRED
12

Figure 8 Robot operation states
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Transition Descriptions for Figure 8.
1. Load Some task program is placed into the robot system controller.
2. Clear The task program is removed from the robot system controller.
3. Assign One loaded task program is made ready for execution.
4. Deassign The inverse of Assign.
5. Program Start The robot is placed into the ROBOT-EXECUTING state.
6. End of The robot motion is halted and the robot is
Execution returned to the ROBOT-LOADED state
7. Prograh Reset A paused robot is returned to the ROBOT-READY state.
8. Pause The robot has temporarily ceased motion.
9. Continue A paused robot has been returned to the ROBOT-EXECUTING state.

10. Clear(dbort) Same as clear, except the task program has not completed.
11. Clear(dbandon) Same as clear, except the task program has not started.
12. Emergency Places the robot into a state in which manual

Action

5.3.1.3.2

5.3.1.3.2.1

The ROBOT

intervention is required.

Robot operation state description

ROBOT-IDLE

IDLE state corresponds to the state of the robot when the rgbot has no task program available within

the system.|This state will occur when the robot is initially powered up,or when it has completed a task program
execution and the task program is removed from the system.

53.1.3.2.2

The ROBOT

ROBOT-LOADED

LOADED state corresponds to the state'of the robot when one or more task programs are available

within the system.

53.1.3.23

The ROBOT
assigned.

53.1.3.24

ROBOT-READY

READY state indicates that one of the task programs available for execution by the robot has been

ROBOT-EXECUTING

In the ROB

16

T-EXECUTING state the robot is in operation and its motion is enabled.
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In the ROBOT-MOTION-PAUSED state motion is not enabled. The task program of the robot can be running or it

can be stopped.

5.3.1.3.2.6 MANUAL-INTERVENTION-REQUIRED

In this state, all motion has ceased. Tn order for any other action to be performed, some local action is required

by a machine operator. Following this local action, the robot may be in any of the other states.

5.3.1.3.3 Robot operation state transitions

5.3.1.3.3.1 General

local action. Many of these transitions can also be accomplished through remote actions. The local acti

ns which

In the description of the transitions which follow, it is assumed that all these state transitions may OCC\E through

cause these transitions will not be further described. Remote actions using MMS services which ca
transitions are described in clause 6.

53.1.3.3.2 Load

The Load transition describes the act of loading atask prpgram into the robot system controller. The rob
controller may have several task programs within its memory; for the purposes of this transition, how
task programs which can operate and control the motion of the robot arm are considered. If there ar

se these

pt system
ever, only
e no such

programs within the robot system controller, this transition will take the robot from ROBOT-IDLE t¢ ROBOT-

LOADED state. If there is at least one such task program in memory, the robot remains in ROBOT-LOA
as a result of this transition.

53.1.3.33 Clear

This transition occurs when a task program is removed from the robot system controiler. If this task p
the last or the{only such program, the robot is placed in ROBOT-IDLE state. Otherwise, it continues i
LOADED withthe remaining task programs.

53.1.3.34 Assign

DED state

rogram is
h ROBOT-

The process of assigning one of the possible task programs for actual execution will place the robot in ROBOT-
READY state. For robots which can only contain one task program the Load and Assign transitions may be

combined into a single operation.

17
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5.3.1.3.35 Deassign

To move the robot from the ROBOT-READY state to the ROBOT-LOADED state requires a Deassign transition. This
is the inverse of the Assign transition. Some robots may appear to allow an Assign transition from the ROBOT-
READY state. This can always be modeled as a Deassign followed by an Assign transition.

53.1.3.3.6 Program Start

The PrograJn Start is the fundamental operation of placing the robot in motion. As a result of this transition, the
robot movgs into the ROBOT-EXECUTING state.
5.3.1.3.3.7 End of Execution

As a resuit pf local actions within the robot system controller, the robot may move out of the' ROBOT-EXECUTING
state into the ROBOT-LOADED state. Before the robot can be placed in the ROBOT-EXECUTING state again, an
Assign trarjsition is required.

53.1.3.3.8 Program Reset

A robot which is in the ROBOT-MOTION-PAUSED state can be moved_to'the ROBOT-READY state by the Program
Reset transjtion.

5.3.1.3.3.9 Pause

The Pause fransition causes the robot to cease its.-movement. The task program may continue to execute or it may
stop.
5.3.1.3.3.10 Continue

The Continue transition will(move a robot from the ROBOT-MOTION-PAUSED state back into the ROBOT-

EXECUTING state.

5.3.1.3.3.11 Clear (Abort)

The Clear transitionrcamatso bemade fromrthe ROBOT-MOTION-PAUSEDstate—Inthiscase;thecurrentexecution—
of the task program is aborted (i.e. abnormally terminated) and the assigned task program is deassigned. All
potential task programs are removed from the robot system controller.

18
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The Clear transition can also be made from the ROBOT-READY state. In this case, the current execution of the
task program is aborted (i.e. abnormally terminated) and the assigned task program is deassigned. All potential

task programs are removed from the robot system controller.

The Emergency Action transition may occur from any state intc the MANUAL-INTERVENTION-REQU
as aresult of local or remote action. Recovery from this state can never be automatic and shall.require
action of a human operator to place the robot into some other state.

53.14 Local control

In addition to the Robot State, the robot can be described as either beingin local control or not bei
control. Being in local control means that some local agent, e.g. a human operator at a control cons
teach pendant or equivalent, is exercising control. over what motions the robot may make or over

ED state
he explicit

hg in local
ble or at a
what task

the ability to stop or otherwise modify that running task program does not reside in any local agent. Ro

ots which

programs the robot may run. If the robot is not in local control, the(robot can still be running a task pr}gram, but

are capable of having remote controllers may then have such'remote controllers take control of the

5.3.2 Task program execution - cycles and steps

The operation of a robot may be decomposed”into cycles and steps. A cycle is a sequence of operati
is repeated regularly. Each cycle of robot‘operation completes the task for which the robot is progran
cycle is the natural unit of robot operation.

obot.

ons which
hmed. The

Within a cycle, more atomic actions of the robot can be distinguished. These atomic actions are ref

rred to as

steps, and correspond to some.elementary motion of the robot or to some elementary action of the tagk program
or of one of the auxiliary-devices. Fundamental to this notion of steps is the idea of sequential operatign; a robot
is composed of systems'elements each of which performs elementary operations in a time ordered seqlience. Not

all robot systems allow’ control based on individual steps; for those that do, this part of ISO/IEC 950
control procedures for handling individual steps.

provides

When the robot begins operation, it can be set to operate for a fixed number of cycles, or (if in step mode) for a

fixed number of steps within a cycle. This latter mode is normally used only for debugging. Alternatively|
can be. placed in operation to perform the same cycle repetitively, without count, until some extg
terminates the process.

, the robot
rnal event
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5.3.3 Calbrate

In addition to normal operation, most robots have an auxiliary function available for calibration of the axes of the
robot. This function is considered to operate in a manner similar to a normal task program, subject to the same
state diagram (Figure 8) except that the presence of the calibration function does not place the robot in the
LOADED state.

6 Robok application specific context mapping
6.1 Mapping the robot model to the VMD object

6.1.1 Description of mapping procedure

This clausq relates the general model of the robot, developed in clause 5, to the abstract model of the Virtual
Manufactuting Device (VMD) described,in ISO/IEC 9506-1. The uniform application-of these abstract concepts to
real systems is essential if the final goal of inter-operability is to be achieved.¢While this part of ISO/IEC 9506
cannot anticipate every variant of robot systems which are or could be manufaétured, it provides general guidelines
for associating elements of real systems with the abstract model that should be applicable for most robots.

The mapping process is a multi-step procedure including the following ‘steps:

a) An aljstract model of a set of real physical systems is-first constructed. In this case, this is the model
develgped in clause 5.

b) From the abstract model a set of abstract objects‘and attributes is constructed.

c) The set of attributes is related to a set of attributes of an MMS abstract object. If necessary, extensions to
the MMS abstract object are defined to permit this relation.

d) Finally, the device specific abstract object is related to the MMS abstract object.
This proceds is illustrated in Figure. 9.

In order to apccommodate all the features of the robot model, extensions to the model of Program Invocations are
developed |n 6.3. These'extensions permit the description of interworking between two classes of Program
Invocations| referred to.as "Controlling’ and ‘Controlied’. The Controlled Program Invocation is used to model the
operation the physical device controllers including the robot arm control program. The Controlling Program
Invocation |s used>to model that specific Program Invocation which directs the operation of the robot system.
While a VMD-'can have several Controlling Program Invocations in exlstence, only one IS |dent|f|ed as being
selected fol_operation at any specific time. |

Program Invocations, each physical device is also mapped to a predefined Domain. This mapping is described in
6.2.
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MMS MMS MMS Objects
Abstract & Attributes
Model (Extended)
N

Real Robot Robot
Robot Robot System Objects &
System Model Attributes

Figure 9 MMS mapping process

6.1.2 Robot system characterization

6.1.2.1 Single arm robots

From the modeling point of view, the simplest robotsystems are those with only one arm. The VMD is a
with the entire robot system, robot arm, robot system controller, and any auxiliary devices. The robot ar
program is modeled as a Controlled Program Invocation associated with the motion hardware.

6.1.2.2 Multiple coordinated arm'robots

There are robot systems which'employ more than one arm. If a system has a single controlling intellige
that the motion of the several arms is always conducted in a coordinated fashion, then such a systen

ssociated
m control

nce such
h may be

modeled as a single VMD: In this case, there will be a single Controlling Program Invocation which controls the

motions of both arms:

This modelingisiindependent of the visual appearance of the robot system. Two separate pieces of hard
be mounted>at two separate locations. If the action of the two is always in close coordination, a singl
the proper modeling concept.

ware can
e VMD is

There are systems in which multiple arms are employed within the same location, but for which the motion of the
arms is independent, that is, there is a separate controlling intelligence for each arm. In such cases, the system

should be modeled as having multiple VMDs; one for each controlling intelligence. In this case, there

will be a
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single Controlling Program Invocation which controls motion in each VMD. Note that the distinction between the
two cases depends greatly on the configuration of the robot system controlier. It is possible that the same piece
of hardware can be configured either as a multiple independent arm robot or as a multiple coordinated arm robot.
In such cases, the appropriate model will be different for each configuration.

6.1.24 Auxikiary devices

and can Re thought of as part of a single controlling task. They are modeled as additional Controlled Program

The taskawhich operate the auxiliary devices do so in a coordinated manner with the robot arm control program
Invocations.

6.13 e Robot VMD

6.1.3.1 Robot VMD attribute model

Given the|association of the VMD with the robot system, additional attributes, of.the VMD (beyond those given
by ISO/IEC 9506-1) have been defined to describe the robot. Since the essential nature of the VMD is the
coordinatgd control of the robot'arm and the auxiliary devices, the Controlling Program Invocation which provides
this contrgl is identified in the VMD. The Controlling Program Invocationwill, during the course of its execution,
produce outputs which will be used as input to the Controlled Program)invocations:

The Robot Operation State is derived from the condition of the ‘hardware (whether motion is enabled or not) as
representdd by a set of Controlled Program Invocations, and-from the state of the selected Controlling Program
Invocatior| (See 6.3).

Obje¢t: VMD

All MMS defined Attributes

Attribute: Safety Interlocks Violated (TRUE, FALSE)

Attribute: RobotOperation State(ROBOT-IDLE, ROBOT-LOADED, ROBOT-READY, ROBOT-EXECUTING,
ROBOT-PAUSED, '"MANUAL-INTERVENTION-REQUIRED)

Attribute: Any Physical Resource Power On (TRUE, FALSE)

Attribute: All Physical Resources Calibrated (TRUE, FALSE)

Attribhute: Local Control (TRUE, FALSE)

Attribute: Reference' to Selected Controlling Program Invocation

6.1.3.2 Robot:VMD attribute description
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This attribute, of type boolean, indicates the state of the safety interlocks. If the value of this attribute is TRUE,

the safety interlocks have been violated since the robot system was last reset. The method of resetting
interlocks is a local matter.

—6.1.3.2.2  Robot Operstion State

the safety

This attribute is the state of the robot system as described in 5.3.1.3. The relationship of this.attribute to the

physical devices and to the state of the Controlling Program Invocations is defined in 6.3.4.

6.1.3.23 Any Physical Resource Power On

This attribute, of type boolean, indicates whether (TRUE) or not (FALSE) any-physical resource has power applied

to it. This attribute is the logical ‘OR’ of a similar primitive attribute of each-physical resource in the

6.1.3.24 All Physical Resources Calibrated

system.

This attribute, of type boolean, indicates whether (TRUE).on-not (FALSE) all the physical resources in the system

which have calibration attributes have the value equal to CALIBRATED (See 6.2.2.4 and 6.2.3.4).

6.1.3.25 Local Control

This attribute, of type boolean, indicates whether (TRUE) or not (FALSE) some local agent has contro

of any of

the physical resources of the system:. Having control indicates the ability to cause actions which change the

physical resources and hence the attributes which represent those resources. Local Control can refle
human operator or some automatic procedure, either of which inbubit the assertion of control remote

If Local Control is FALSE;-control may reside in some remote agent. Thus condition can also reflect a ¢
which the robot is running under no direct control other than its task program.

Ct either a
Y.

bndition in

The value of the Local Control attribute, the Robot VMD State, and the VMD Logical Status are interrelated.

Table 1 illustrates the relationship between these attributes.
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Table 1 Local control

Local Robot Operation VMD Logical Status
Control State
FRUE ARy NO-STATE-CHANGES-ALLOWED or
LIMITED-SERVICES-PERMITTED or
SUPPORT-SERVICES-ALLOWED
FALSE MANUAL- NO-STATE-CHANGES-ALLOWED or
INTERVENTION- LIMITED-SERVICES-PERMITTED or
REQUIRED SUPPORT-SERVICES-ALLOWED
Any other Any
Note: While in Local Control, the VMD State can continue to change. However, it is a local matter

6.1.3.2.6 Selected Controlling Program Invocation

This attripute identifies the Program Invocation which has been 'selected to control the operation of the robot. This
Program |Invocation represents the assigned task program (See 5.3.1.3.3.4). This Program Invocation has its
Control attribute equal to CONTROLLING (See 6.3.2.3):and has been selected through the use of the Select
operatior) {See 7.4.4). If there is no such Program Invgcation identified, this attribute shall have the value NONE.

6.2 Robot specific objects that map to-Domains

6.2.1 General

The roboft, as modeled in this part of ISO/IEC 9506, consists of a set of physical resources representing the robot
arm (or grms) and auxiliary/devices. Each physical resource or group of resources shall be mapped to a Domain
which represents that.resource. Each Domain shall have attributes associated with the control of the resource,
state of the resource’s power, and may have an attribute which indicates the state of calibration of the resource.

The Robpt Arm standardized Domain shall be associated with the robot arm resource, or in the case of muitiple
arms, orje-Domain shall be associated with each such arm. This Domain shall-include within its definition all

how the state changes occur.

peripheral elements which are normally part of the robot arm.

Auxiliary devices which are controlled by separate programs shall be modeled by separate predefined Domains.

In particular, the safety interlocks shall be modeled by one such Domain.
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These Domains shall be bound to the underlying resources for all data reporting services (that is, for read services).
For services which effect control or change of state of the device, the binding shall be moderated by the Local

Control attribute of the VMD.

There are no extensions defined for the MMS Domain; the attributes of the robot specific objects shall be realized
by Domain specific Named Variable objects defined within the Domain. Naming standards for such Named Variable

objects are prescribed in clause 8.

6.2.2 The Robot arm resource

6.2.2.1 Robot arm attribute model

LS LA~ SONUONSS

attributes of the Robot Arm object describe the robot arm from a kinematic and control perspective.

This abstract model contains only those attributes required for remote operation of the robot. Any real
many more attributes that are not included in this part of ISO/IEC 9508.

all elements of the arm that are normally controlled by the robot arm control program. The

robot has
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Object: Robot Arm

Attribute : Local Control (TRUE, FALSE)
Attribute : Device Power On (TRUE, FALSE)
Attribute : Device Calibrated (CALIBRATED, NOT-CALIBRATED, CALIBRATING)
Attribute : Motion Enabled (TRUE, FALSE)
Attribute : Number Of Joints - Integer
Attribute : BASE-WORLD - Pose
Attribute : Servomechanism
Aftribute : S-BASE - pose
Aftribute : Ordered List Of Joint Description
ttribute : Joint Type (REVOLUTE, PRISMATIC)
ttribute : Calibrated (CALIBRATED, NOTCALIBRATED, CALIBRATING)
ttribute : Joint Brakes (TRUE, FALSE)
onstraint : Joint Brakes = TRUE
Attribute : Brakes On (TRUE, FALSE)
ttribute : Upper Bound - Floating_point
ttribute : Lower Bound - Floating_point
ttribute : Joint Servo
Attribute : Actual Joint Value - Floating_point

Attrjbute : Path Planner
Aftribute : USER-BASE - Pose
Attribute : Desired TOOL-USER - Pose
Attribute : Speed Factor - Floating_point
Attribute : Programmed Speed - Floating_point
Attribute : Acceleration Factor - Floating_point
Attribute : Programmed Acceleration - Floating_point
Attrlbute : End Effector
Attribute : ID Number
Aftribute : Tool Descriptor
Attribute : TOOL-MICS - Pose

Note: Rgbot terminology normally considers an axis'to represent a joint and an associated link. Link information is
a |ocal matter. For the purposes of this(abstract model joints and axes are identical.

6222 Local Control

This attribute, of type boolean, -indicates whether (TRUE) or not (FALSE) the robot arm is in local control.

6.2.23 Device'Power On

This attriTute, of type boolean, indicates whether (TRUE) or not (FALSE) the robot arm has power applied to it.
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6.2.24 Device Calibrated

This attribute indicates whether the robot arm as a unit is calibrated. This attribute has the value CALIBRATED

if all joints are calibrated, CALIBRATING if any joint is calibrating, otherwise NOT-CALIBRATED.

6.2.2.5 Motion Enabled

This attribute, of type boolean, indicates whether (TRUE) or not (FALSE) the robot arm (or any part of)it)
if a valid command signal is presented to the path planner. The robot arm may be moving autonomously if
if the Motion Enabled attribute is TRUE.

6.2.2.6 Number Of Joints

This attribute, of type integer, indicates the number of joints of the robot arm.

6.2.2.7 BASE-WORLD

This attribute, of type Pose, indicates the value of the transfarmation of the Base Coordinate System wit]
to the World Coordinate System.

6.2.2.8 Servomechanism

6.2.2.8.1 MICS-BASE

This attribute, of type Pose, indicates the actual value of the transformation of the Mechanical Interface C

will move
and only

h respect

bordinate

System with respect to the"Base Coordinate System. It is derived from the Actual Joint Value attripbute and

implementation specific parameters.

6.2.28.2 Ordered List Of Joint Description

6.2.2.82.1 Joint Type
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622822 Calibrated

This attribute indicates whether the joint is CALIBRATED, NOT-CALIBRATED, or CALIBRATING.

6.2.28.23 Joint Brakes

This attrihute, of type booiean, indicates whether (TRUE) or not {(FALSE) brakes exist for this joint. if brakes exist
(Joint Brgkes is TRUE), then the attribute Brakes On exists. The Brakes On attribute, of type boolean, indicates

whether

6.2.2.8.2

TRUE) or not (FALSE) the brakes are applied to restrict motion.

4 Upper Bound

This attribute, of type floating point, indicates the upper limit of travel for the joint.

6.2.28.2

5 Lower Bound

This attribute, of type floating point, indicates the lower limit of travei f6p the joint.

6.2.2.8.2

.6 Joint Servo - Actual Joint Value

This attripute, of type floating point, indicates the actual value of the joint parameter. The value will be the linear

position ¢

6229

6.2.2.9.1

This attri
to the B

6.2.2.9.2

r angular position depending upon the Joint Fype.

Path Planner

USER-BASE

ute, of type Pose,.indicates the value of the transformation of the User Coordinate System with respect
e Coordinate /System.

Desired TOOL-USER

This attribute, of type Pose, indicates the value of the desired pose of the Tool Coordinate System with respect
to the User Coordinate System.

28



https://standardsiso.com/api/?name=ee04f81a7a51277799975d83c324b5ad

ISO/IEC 9506-3:

62293 Speed Factor

1991(E)

This attribute, of type floating point, identifies the override speed factor to be applied to the Programmed Speed

input to the path planner.

6.2.294 Programmed Speed

This attribute, of type floating point, identifies the magnitude of the programmed speed of the MICS ¢
system with respect to the Base coordinate system as designated in the robot program.

6.2.295 Acceleration Factor

This attribute, of type floating point, identifies the override acceleration factorto’be applied to the Prg
Acceleration input to the path planner.

6.2.2.9.6 Programmed Acceleration

‘This attribute, of type floating point, identifies the magnitude of the programmed acceleration of
coordinate system with respect to the Base coordinate system as designated in the robot program.

6.2.2.10 End Effector

6.2.2.10.1 1D Number

oordinate

grammed

the MICS

This attribute, of type objectuidentifier, identifies uniquely the end effector from all other end effectors within a

certain set.

6.2.2.10.2 Tool Descriptor

This attribute provides a text description of the end effector.

6.2.2.10.3 TOOL-MICS

This attribute, of type Pose, indicates the value of the transformation of the Tool Coordinate System with respect

to the Mechanical Interface Coordinate System.
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6.2.3 Robot auxiiary device resource

6.2.3.1 Auxiiary attribute model

All physical resources separate from the robot arm resource are modeled as auxiliary device resources. The
Auxiliary Device object describes the attributes of the physical resource.

Object: Auxiliary Device

Attribute : Local Control (TRUE, FALSE)
Attribute : Device Power On (TRUE, FALSE)
Attfibute : Device Calibrated (CALIBRATED, NOT-CALIBRATED, CALIBRATING)

6.2.3.2| Local Control

This attr|bute,of type boolean, indicates whether (TRUE) or not (FALSE) the auxiliary device resource is in local
control.

6.2.3.3 Device Power On

This attribute, of type boolean, indicates whether (TRUE) or not(FALSE) the auxiliary device resource has power
applied tp it.

6234 Device Calibrated

This attribute indicates whether the auxiliary.device resource as a unit is calibrated. If calibration does not apply
to a partjcular auxiliary device, then this:attribute does not exist.

6.3 Ropbot specific objects that map to Program invocations

6.3.1 Robot specific Program Invocations

The modpl of\a'Program Invocation is augmented to allow the concept of interworking of two related Program
Invocatior\s in the same VMD. In such a pair of interworking Program Invocations, one Program Invocation is |
referred to as the Controlling Program Invocation, the other as the Controlled Program Invocation. The two
Program Invocations are modeled as having an inter-process communication channel available to them over which
they pass messages which provide both data and synchronization of the processes. However, such messages are
not visible to the remote MMS user except insofar as they cause the state of the Program Invocation to be altered.
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The relationship between these two types of Program Invocations is a many to one relationship. A Controlling
Program Invocation can control many Controlled Program Invocations; a Controlled Program Invocation can be
controlled by only one Controlling Program Invocation at any specific time.

6.3.2 Extensions to the Program Invocation object model

6.3.2.1 Program Invocsation attribute model
The model of the Program Invocation given by ISO/IEC 9506-1 shall be augmented by the following attributes:

Object: Program Invocation

Attribute: All MMS Attributes
Attribute: Error Code - Integer
Attribute: Control (CONTROLLING, CONTROLLED, NORMAL)
Constraint: Control = CONTROLLING
Attribute: List of References to Controlled Program Invocations
Attribute: Program Location - String
Attribute: Running Mode (FREE-RUN, CYCLE-LIMITED, STEP-LIMITED)
Constraint: Running Mode = CYCLE-LIMITED
Attribute: Remaining Cycle Count - Integer
Constraint: Running Mode = STEP-LIMITED
Attribute: Remaining Step Count - integer
Constraint: Control = CONTROLLED
Attribute: Reference to Controlling Program Invocation

6.3.2.2 Error Code

This attribute, of type integer, shall identify the last recorded error of the Program Invocation executiof. A value
of zero indicates that no error hias been recorded. The meaning of other values is a local matter, as is the method
of resetting this attribute:

6323 Control

This attribute indicates whether (CONTROLLING) this Program Invocation is intended to be coupled Yo another
Program.Invocation as being in control, or whether (CONTROLLED) this Program Invocation, after|coupling,
normally receives control information from another Program Invocation (the Controlling Program Invofgation). If
neither case applies, this attribute shall have the value NORMAL.

When two Program Invocations are coupled in this manner, the service indications for the Start and Resume
service requests received by a Controlling Program Invocation can cause state transitions in the Controlled Program
Invocations which are coupled to the Controlling Program Invocation. (See 7.3.3.3 and 7.3.3.5) The result reported
by a Controlling Program Invocation can contain information which reflects the effect of the service request on
the Controlled Program Invocations.
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The intent is to associate the execution of a task program which directs the activity of the robot with a Controlling
Program Invocation, and the operation of the hardware control programs of the physical devices with Controlled
Program Invocations. This allows logical asynchrony in operation between the two classes of Program Invocations,
a necessary feature of robot operation. In particular, there are now three ways to stop a robot, by stopping the
control program of the robot arm, by stopping the task program which has the indirect effect of stopping the arm
when no movement commands are generated, and by stopping the entire system (See 7.3.3.4).

A Controlling Program Invocation can control several Controlled Program Invocations. As an example, R_ARM:is
a pre-defined Controlled Program Invocation. Tool management or an active auxiliary device can be modelled as
anotherIControl|ed Program Invocation. Both these Program Invocation can be controlled simultaneously by the
same Controlling Program Invocation which is often a user written program.

Note: If may not be required to implement Controlling and Controlled Program Invocation odbjects. In some

applications it may be sufficient to refer to the robot arm by including the R_ARM Domain in the List of

li;main References of a normal Program Invocation during the creation process. Doing,s0, however, precludes
e ability to make the distinction between stopping the task program and stopping'theé robot arm motion.

-

6.3.2.4 List of References to Controlled Program Invocations

of refergnces to other Program Invocations which have their Control attribute value equal to CONTROLLED, and
which have their Reference to Controlling Program Invocation attribute’indicating the'present Program Invocation.
This listimay be empty.

This att{bute is present only if the Program Invocation has its Control attribute equal to CONTROLLING. Itis a list]

6.3.25 Program Location

This attfibute, of type character string, is present-only if the Program Invocation has its Control attribute equal to
CONTROLLING. The use of this attribute shall be an implementation option, and if used, the format of the Program
Locatior) attribute shall be described in the PICS (See 9.4). If present, it identifies the line of source code for the
Program| Invocation which is currently-being executed or will be executed when the Program Invocation is placed
in the RUNNING state.

6.3.2.6 Running Mode

This attfibute is present only if the Program Invocation has its Control attribute equal to CONTROLLING. If present,
it indicattes how ‘the Program Invocation execution is governed. If the value of this attribute is FREE-RUN, the
Progran] Invocation will stay in the RUNNING state until some local or remote event occurs which causes it to
cease ekecution. If value of this attribute is CYCLE-LIMITED, an explicit counter is maintained containing the
number [of eycles to be executed. When this counter reaches zero, the Program Invocation ceases execution and
returns to the IDLE state. This attribute may take the value STEP-LIMITED for implementations which support this
mode. In that case, the number of steps to be executed shall be specified when the Program Invocation is started
or resumed. When the number of steps has been decremented to zero, the Controlling Program Invocation shall
automatically move to the STOPPED state. This mode is normally only used for debugging purposes. It shall be
indicated in the PICS (See 9.4) whether the implementation supports the Running Mode STEP-LIMITED.
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This attribute, of type integer, is the number of cycles of the Program Invocation remaining to be executed. If the

Program Invocation is not in the CYCLE-LIMITED Running Mode, this attribute is undefined.

6.3.2.8 Remaining Step Count

This attribute, of type integer, is the number of steps remaining to be executed when in Step-Limite
Mode. This attribute is undefined unless the Program Invocation is in the STEP-LIMITED Running Mo

6.3.2.9 Reference to Controlling Program Invocation

d Running
de.

This attribute is present only if the value of the Control attribute is CONTROLLED. If present, it indicates the

Program Invocation which acts as the Controlling Program Invocation for this Program Invocation. The
Program Invocation shall have its Control attribute value equal to CONTROLLING, and shall have incl
List of Controlled Program Invocation Reference attribute a reference to this Program Invocation.
Program Invocation exists, the value of this attribute shall be UNCONTROLLED.

6.3.3 Extensions to the Program Invocation state diagram

For Program Invocations which have their Control, attribute equal to CONTROLLING, the Robot Invoc
Diagram (11.1.3 of ISO/IEC 9506-1:1990) shall.be'augmented. The IDLE state shall be subdivided to 3
the fact that the Controlling Program Invocation“may or may not be selected. The IDLE state diagram
Figure 10.

referenced
uded in its
f no such

ation State

ccount for
is given in
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The tra
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IDLE 15
Selected
1\ AN 3
Figure 10 IDLE state diagram

sitions numbered below 100 refer to transitions described in 11.1.3 of ISO/IEC 9506-1:1990. The

additiongl transitions in this diagram are:

10
10
10
10
10
10

6.3.4

6.34.1

Select Indication

Select Response(-)

Select Response(+)

Select Indication, parameter = deselect
Select Response(-)

Select Résponse( +)

Robot operation states and the VMD

General

The major states of the Robot Operation Model (See clause 5) are related to the motion parameters of the robot
arm(s) and the auxiliary devices which can move, and to the Controlling Program Invocation which has been

selected
devices

34

to control the robot arm. The set of devices which are reflected in the VMD state need not include all the
of the robot system, but it shall include the robot arm(s) and the safety interlocks. The implementor sha#
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supply in the PICS (See 9.4) the specific list of devices included in the VMD state. In the state descriptions which
follow, the term ‘robot moving’ refers to motion in any of this set of devices.

The relationship between the Robot Operation State model and elements of the VMD is independent of how these
states were entered; that is, this model applies even when local means are used to effect the transitions. The
relationship between the Robot Operation State model of clause 5 and the state of the robot arm, auxiliary devices,
and the Program Invocation which control them is as follows:

6342 ROBOT-IDLE state

The robot has no Controlling Program Invocation in the VMD. The VMD attribute 'Referencejto Selecteq Program
Invocation’ has the value NONE. The R_ARM Program Invocation has its Reference.to Controlling| Program
Invocation attribute equal to UNCONTROLLED. Otherwise, the VMD is fully operational.

6.3.43 ROBOT-LOADED state

The robot has one or more Controlling Program Invocations in the VMD:"The VMD attribute Reference tg Selected
Program Invocation has the value NONE. The R_ARM Program Inv0cation has its Reference to Controlling Program
Invocation attribute equal to UNCONTROLLED.

6.3.44  ROBOT-READY state

The VMD attribute Reference to Selected Program Invocation has the value of a reference to a Controlling Program
Invocation. The R_ARM Program Invocation Reference to Controlling Program Invocation attribute refergnces this
same Program Invocation which is in the IDLE state.

6.3.4.5 ROBOT-EXECUTING state

The robot has been placed’in operation; motion is enabled and the arm may be moving. The Program Invocation
referenced by the VMD" attribute Reference to Selected Program Invocation is in the RUNNING or the STOPPED
state. ' '

6.3.4.6 ROBOT-MOTION-PAUSED state

The robot has ceased motion. The Program Invocation referenced by the VMD attribute Reference tT Selected
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MANUAL-INTERVENTION-REQUIRED state

In this state, the robot has ceased motion. The VMD Logical Status is NO-STATE-CHANGES-ALLOWED, LIMITED-
SERVICES-PERMITTED or SUPPORT-SERVICES-ALLOWED. The VMD Physical Status is NEEDS-COMMISSIONING.

The state

of the other attributes of the VMD is a local matter.

6.3.5

6.3.5.1

This subd
Operation

Description of Robot Operation state transitions

General

lause describes the sequence of MMS services which correspond to the transitions’ of the Robot
State Model (See Figure 8). The relationship between the MMS services and the Robot Operation State

Model depends on whether the Selected Program Invocation (the Program Invocation reférénced by the VMD

attribute)
in the rob

6.3.5.2

If the Rof
CONTROL

CreatePro

s created dynamically through MMS CreatePrograminvocation service, or is preexisting and predefined
bt system controller. The transitions can be accomplished by MMS service-procedures as follows:

Load - 1

ot does nct contain a predefined Program Invocation which”has its Control attribute value equal to
LING, the Robot will move from the ROBOT-IDLE state-t6’ ROBOT-LOADED state by the creation of a

raminvocation. If the Robot contains a predefined-Rrogram Invocation which has its Control attribute

Program Evocation whose Control attribute value is equal to CONTROLLING. The MMS service employed is

value equ
state and

In the latt]
such a Pr(

| to CONTROLLING, the Robot will pass directly \through this state at power up to the ROBOT-LOADED
this transition will not occur.

er case, the Robot may pass directly to.the ROBOT-READY state. Note also that while the creation of
gram Invocation can be preceded by.the creation and loading of Domains, that process is not reflected

in the Robot Operation State diagram.

6.353

The Robot

Clear - 2

moves from ROBOT-LOADED state either to the ROBOT-LOADED state or to the ROBOT-IDLE state by

the deletipn of a Controlling Program Invocation using the DeletePrograminvocation service. If there are multiple

Controllin
the last o

j Program-invocations present, deleting each one will leave the Robot in the ROBOT-LOADED state until
ne is deleted. Deletion of the last such Program Invocation will return the Robot to ROBOT-IDLE. The

VMDReset service can also cause this transition.

This tran.

Domains which were constituents of the Program Invocation has no effect on the Robot Operation State diagram.
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6354 Assign-3

If the Robot does not contain a predefined Program Invocation which is a Controlling Program Invocation and
which is referenced by the Reference to Selected Program Invocation attribute of the VMD, the Robot will move
from the ROBOT-LOADED state to the ROBOT-READY state by the process of selecting a Program Invocation for
control of the robot. The Program Invocation selected shall have its Control attribute value equal to CONTROLLING.
The MMS service used is the Select service. If a predefined Program Invocation exists which is referenced by the
Reference to Selected Program Invocation attribute of the VMD, the Robot will move directly to the ROBOT-READY

state at power up and this transition will not occur.

6.3.5.5 Deassign - 4

The Robot is moved from the ROBOT-READY state to the ROBOT-LOADED state by deselecting the Controlling
Program Invocation which is referenced by the Reference to Selected Program Invocation attribute of the VMD.
The MMS service used is the Select service with a null parameter specified. Sée 7.4.4.

This transition can occur only if an Assign transition has previously occurred.

6.3.5.6 Program Start - 5

The Robot is moved from the ROBOT-READY state to thé . ROBOT-EXECUTING state by starting the Clontrolling
Program Invocation which is referenced by the Reference to Selected Program Invocation attribute of the VMD.
The MMS service used is the Start service.
6.3.5.7 End of Execution- 6

The Robot is moved from ROBOT-EXECUTING state to the ROBOT-LOADED state through the normal programmed
operation of the Program Invocation.

6.3.5.8 Program Reset - 7

The Robot can‘be-moved from the ROBOT-MOTION-PAUSED state to the ROBOT-READY state by resetting the
Controlling Program Invocation which is referenced by the Reference to Selected Program Invocation attribute of
the VMD._The MMS service used is Reset.

6:3.5.9 Pause - 8

The robot is moved from ROBOT-EXECUTING to ROBOT-MOTION-PAUSED state by disabling motion, i.e. setting
motion enabled equal to false. This is normally accomplished by stopping the Controlled Program Invocation
R_ARM. The MMS service used is Stop.
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Continue - 9

The robot is moved from ROBOT-MOTION-PAUSED state to ROBOT-EXECUTING state by resuming the Controlling
Program Invocation which is referenced by the Reference to Selected Program invocation attribute of the VMD.

The MMS

6.3.5.11

The transit
that the C
robot speg

6.3.5.12

The transi
Controlling
specific VI

6.3.5.13

Through s
to the MA

service used is Resume.

—CleartAbort]—10

ion of the Robot from ROBOT-MOTION-PAUSED state to ROBOT-IDLE state is the same as Clear except
pntrolling Program Invocation has not completed the most recent cycle. The MMS service used. is the
ific VMDReset Service.

Clear(Abandon) - 11

ion of the Robot from ROBOT-READY state to ROBOT-IDLE state is the sarne, as Clear except that the
Program Invocation has not completed the most recent cycle. The MMS service used is the robot
MDReset service.

Emergency action - 12

pme local action, such as activation of the emergency *stop circuit, the robot may move from any state
NUAL-INTERVENTION-REQUIRED state. Any Program invocations which are in the RUNNING state may

be removed from that state. However, the resulting state of’ these Program Invocations is a local matter. This

transition

63.6 (

resource.

Can also be accomplished through the robot specific VMDStop service.

[alibration procedure

here are three possible values for this attribute, NOT-CALIBRATED, CALIBRATING, and CALIBRATED.

The calibrfed state of a physical resource is modeled as an attnbute of the Domain which models the physical

A predefin
to perform
Calibrated
completior]
the Device
resources

d Domain containing the calibrate function and a predetined Program Invocation using that Domain exist
calibration of the physical resource. While the R_CAL Program Invocation is executing, the Device
attribute of the Domain representing the physical resource shall be set to CALIBRATING. Upon
, the R_CAL Program Invocation shall be set to the IDLE state. If the calibrate function was successful,
Calibrated attribute shall be set to CALIBRATED, otherwise to NOT-CALIBRATED. If all such physical

have the

The R_.C

nave this attribute equal to CALIBRATED, then the VMD attnbute All Physical Resources Calibrated shall
alue TRUE.

Program Invocation differs from Controlling Program Invocations.in that it is a normal Program

Invocation; its presence shall not cause the robot state to be ROBOT-LOADED.
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6.3.7 Subsystem activation and deactivation

Activation and deactivation of auxiliary devices can be modeled as write operations onto predefined

variables

within the appropriate predefined Domains or by state transitions of a predefined Program Invocation. Specifically,
the application of power to the robot arm can be modeled as a boolean variable within the predefined Domain for

the robot arm. Clause 8 provides guidance. on the selection of names for such variables.

6.3.8  Status reporting

6.3.8.1 VMD object status

The value of attributes of the VMD shall be obtained by using the MMS Status sérvice.

6.3.8.2 Robot arm object status

The status of the attributes of the robot arm that can be obtained-through MMS shall be obtained by
MMS Read service. For each attribute value that can be accessé€d a’standardized Named Variable object

using the
has been

defined. Using the MMS Read service to read this Named Variable object shall provide the status of the agsociated

attribute.

6.3.8.3 Controliing Program Invocation object status

Additional attributes of the MMS Program Invocation object have been defined in this standard. The value|or status

of these attributes shall be obtained by using the MMS GetPrograminvocationAttributes service.

6.3.9 Spontaneous status reporting

The status of objects-within the robot VMD can also be spontaneously reported. This can occur through the use

of the MMS UnsolicitedStatus service or through the use of MMS EventNotification service.

names are. 'intended for, but not limited to, use with the EventNotification service to report stat

s. Event

Standardized names are defined for various Event Action objects and Event Condition objects. These sta£dardized

notifications may be generated for conditions other than those with standardized names. It is not specifi
part '0f-ISO/IEC 9506 when the UnsolicitedStatus and EventNotification services should be used.

d in this
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6.4 Definition of robot-specific objects which map to other MMS abstract objects

This part of ISO/NEC 9506 does not define any robot-specific objects which map to other MMS abstract objects.

6.5 Definition of new MMS abstract objects to support other robot-specific objects

This part jof ISO/IEC 9506 does not define any additional MMS abstract objects.

7 Robot specific services and protocol

7.1 Rdbot application context definition

For the pyrpose of being able to use an application which only contains the ACSE and'MMS as ASEs, this part of
ISONEC 9506 uses the object identifier value and the object descriptor value defined in 17.12 of ISO/IEC 9506-
2:1990. °

7.2 Rdbot specific abstract syntax definition

This part pf ISO/IEC 9506 assigns the ASN.1 object identifier\value

{iso [standard 9506 part(3) mms-robot~syntax-versionl(l)}

to the abgtract syntax defined in this clause.

7.3 Use of MMS services

7.3.1 Robot specific ASN.1 module definition

The MMS{servicesand protocol were developed to be used by a wide range of manufacturing devices. This clause
defines the robot services and protocol for those elements identified as requiring companion standard definition
in ISO/IEC| 9506-2. These definitions shall be used when the abstract syntax defined in this part of ISO/IEC 9506
is negotiated.)This clause further clarifies how MMS services are to be used with robots.

All ASN.1 definitions provided in this part of ISO/NEC 9506 are part of the ASN.1 Module
"1ISO-9506-MMS-ROBOT-1". The beginning and closing statements indicating that each ASN. 1 definition provided
is a part of this module is omitted in order to make reading of the document easier. Each ASN.1 definition provided
implicitly contains the statement:
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I1S0-9506-MMS-ROBOT-1
{iso standard 9506 part(3) mms-robot-module-versionl(2)}
DEFINITIONS ::= BEGIN

at the beginning of the definition and contains the keyword "END" at the end of the definition.

Note: 1SO-9508-MMS-ROBOT-1 represents revision number 1 of the MMS (ISO/IEC 9508-3) Robot, C
Standard.

Many of the terms and abbreviations used in this clause use the terminology of MMS service and
descriptions (see clause 5 of ISO/IEC 9506-1:1990 and clause 5 of ISO/IEC 9506-2:1990). In particula
clause 5 of ISO/IEC 9506-1:1990 for general rules on how to interpret the service tables in this part
9506.

IMPORTS MMSpdu,

ParameterSupportOptions,
ServiceSupportOptions,
Identifier,
Integerl6,
StatusResponse

FROM MMS-General-Module-1

{iso standard 9506 part(2) mms-gerieral-module-versionl(2) };

7.3.2 VMD support services and protocol

7.3.2.1 Status and UnsolicitedStatus service

The MMS Status service provides a way for the responding robot to indicate the generic status of its

bmpanion

protocol
, refer to
ISO/NEC

YMD. The

UnsolicitedStatus service provides a way for the robot to indicate to a host the generic status of its VMD without

having a status servicerequest. It is a local matter when UnsolicitedStatus shall be sent.

Both services allow for companion standard specific information to be included in the request and in the

This part-of ISONMEC 9506 does not prescribe any additional parameters to be added to a Status Request.

response.

The Robot Status Detail parameter shall be used in the response and confirm primitives of the Status service and

in-the request and indication primitives of the UnsolicitedStatus service.
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7.3.2.1.1 Robot Status Detai parameter

The structure of the Robot Status Detail parameter is shown in Table 2.

Table 2 Robot status detai

Parameter Name Req ind
Rsp Cnf

Robot VMD State M M(=)
Robot Specific Status M M(=
Robot Specific Status Mask U

M

Selected Program Invocation M(=)

7.3.2.1.1.1 Robot VMD State

This para[neter, of type integer, shall convey the value of the Robot VMD State attribute of the VMD. The Robot
VMD State attribute is defined in 6.3.4 and described in 5.3.1.3. ‘

7.3.2.1.1.2 Robot Specific Status

This parameter, of type bitstring, shall convey the.boolean values of the set of robot specific attributes:

Saf Interlocks Violated,
Any|Physical Resource Power On,
All Rhysical Resources Calibrated;
Locdl Control

These attributes are defined in"6.1.3.2. Local Control is described in 5.3.1.4.

73.2.1.43 Robot Specific Status Mask

This optignal“parameter, of type bitstring, shall convey the significance of the corresponding bit in the Robot
Specific ;tatus parameter. If a bit in this bitstring is one, the corresponding bit in the Robot Specific Status |
parameter is significant. If a bit in this bitstring is zero, the corresponding bit in the Robot Specific Status
parameter shall be ignored. The default value for this parameter is all one’s.
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73.2.1.1.4 Selected Program Invocation

This parameter indicates the Program Invocation which has been selected to be the Controlling Program Invocation
for the Robot System. If no Program Invocation has been selected, this parameter shall have the value NONE.

7.3.2.1.2 Status protocol

The abstract syntax of the CS-Status-Request, the CS-Status-Response, and the CS-Unconfirmed-$tatus is
specified below and described in the paragraphs that follow. Clause 5.5 of ISO/IEC 9506-2 describes the derivation
of all parameters for which explicit derivations are not provided in this clause.

Cs-Status-Request ::= NULL
CS-Status-Response ::= RobotStatusDetail
CS-UnsolicitedStatus ::= RobotStatusDetail

RobotStatusDetail ::= SEQUENCE (
robotVMDState [0] IMPLICIT RobotVMDState,
robotSpecificStatus {1] IMPLICIT RobotSpecificStatus,
robotSpecificStatusMask [2) IMPLICIT RobotSpecificStatus DEFAULT ‘11111°B,
selectedProgramInvocation CHOICE (
programInvocation [3) IMPLICIT Identifier,
noneSelected [4)>IMPLICIT NULL
}

}

RobotVMDState ::= INTEGER {
robot-idle «0),
robot-loaded (1),
robot-ready (2),
robot-executing (3),
robot-motion-paused (4),
manualInterventionRequired (5)

}

RobotSpecificStatus ::= BITSTRING {
safetyInterlocksViolated (0),
anyPhysicalResourcePowerOn (1Y),
allPhysicalResourcesCalibrated (2),
localControl (3)
}

7.3.3' Program Invocstion management services and protocel
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7.3.3.1 General structure

This subclause describes the services and protocol for the robot specific usage of the Program Invocation
management operations. The model of a Program Invocation is enlarged to allow the concept of interworking of
two related Program Invocations. In such a pair of interworking Program Invocations, one Program Invocation is
referred to as the Controlling Program Invocation, the other as the Controlled Program Invocation. In general, the
two Program Invocatlons are modeled as havmg an mter~process communlcatlon channel avanlable to them over

part, such messages are not evident to the remote MMS user except insofar as they cause the state of the
Program |nvocation to be altered.

The modé¢l of Program Invocation behaviour is extended so that when a Start or Resume indication is received by
a Controlling Program Invocation, as part of its service procedure, it shall cause a transition within.the related
Controlleg Program Invocation. In its response to the service request, a Controlling Program_lnvocation shall
incorporate into its response information appropriate to the Controlled Program Invocation. The service procedure
for these|services directed at a Controlled Program Invocation are normal in that they do not.propagate to other
Program |nvocations.

The relatipnship between Program Invocations is many to one; a Controlling Program‘invocation can control many
Controlleg Program Invocations; a Controlled Program Invocation can be controlled(by only one Controlling Program
Invocatiop at any specific time. See also the Select service in 7.4.4.

7.3.3.2 CrestePrograminvocation service

The CreatePrograminvocation service request shall be extended to allow the specification of the Control attribute
of the Rrogram Invocation being created. This shall (be accomplished by adding a parameter to the
CreatePrggraminvocation Request.

7.3.3.2.1 CS-CresatePrograminvocation-Request

The strugture of the CS-CreatePrograminvocation-Request parameter is shown in Table 3.

Table 3 CS-CreatePrograminvocation-Request parameter

‘Parameter Name Req ind

Control M M(=)
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733.2.1.1 Control

This parameter shall indicate the value of the Control attribute of the Program Invocation. This parameter may have

the value CONTROLLING, CONTROLLED, or NORMAL.

7.3.3.22 CS-CreatePrograminvocation-Response

This part of ISO/IEC 9506 defines no additional parameters for the CreatePrograminvocation-Response

7.3.3.23 Extended service procedure

The service procedure specified in 11.2.2 of ISO/IEC 9506-1:1990 shall be performed., If that procedure ¢
successfully, the Control attribute shall be set in accordance with the value of the'Control parameter in th
request and the value of the Error Code attribute shall be set to zero.

bmpletes
e service

a) If the Control parameter in the service request is CONTROLLING, the attribute value of the List of R
to Controlled Program Invocations shall be set to an empty list: The Program Location attribute sh|
to an empty string and the Running Mode attribute shall be-set to FREE-RUN.

b) If the Control parameter in the service request is CONTROLLED, the Reference to Controlling
Invocation attribute shall be set to UNCONTROLLED:

73324 CreatePrograminvocation protocol

The abstract syntax of the CS-CreatePrograminvocation-Request is specified below and describe

ferences
Il be set

Program

d in the

paragraphs that follow. Clause 5.5 of ISOAEC 9506-2:1990 describes the derivations of all parameters for which

explicit derivations are not provided in-this clause.

CS-CreateProgramInvocation-Request ::= INTEGER {
normal (0),
controlling (1),
controlled (2)

Y

CS~-CreateProgramInvocation-Response ::= NULL

7333 Start service

The Start service allows a client to request a responding robot to initiate execution of a Program Invocation. The

service procedure of the Start service is extended through the use of the CS-Start-Request parameter. Th

e service

procedure is further conditioned on whether the Control attribute of the Program Invocation is CONTROLLING,

CONTROLLED or NORMAL and on whether the client has control of the R_CTRL semaphore.
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7.3.3.3.1 CS-Start-Request

The structure of the CS-Start-Request parameter is shown in Table 4. The CS-Start-Request parameter shall be
non null if and only if the Control attribute of the Program Invocation has the value CONTROLLING.

Table 4 CS-Start-Request parameter

. Parameter Name Req ~Ind
Start Location U U(=)
Running Mode C C(=
No Limit S S(=
Cycle Count S S(=
Step Count S S(=
7.3.3.3.1)1 Start Location

This optional parameter, of type character string, shall be present only-if the Program Invocation has its Control
attribute value equal to CONTROLLING. If the Control attribute valGe is equal to CONTROLLING, the use of this
parameter|shall be a user option. If this parameter is implemented;. its format shall be described in the PICS (See
9.4). The yalue of this parameter shall indicate the starting location within the Program Invocation at which to
begin exedution. If the Start Location parameter is omitted: from the service request, execution shall begin at the
first step nf the program. The meaning of the first program step or a default first step is a local matter. This
meaning shall be defined for any implementation in the-PICS (See 9.4).

7.3.3.3.1.2 Running Mode

This parameter shall be present only)if the Control attribute value of the Program Invocation is equal to
CONTROLLING. The value of this parameter shall indicate the value for the Running Mode attribute of the Program
Invocation] Depending on which Running Mode of the Program Invocation is selected, one of the following
parameter$ shall be present.

7.3.33.138 No Limit

This paranjeter, of type null, shall be chosen if the value of the Running Mode attribute is to be set to FREE-RUN.
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7333.14 Cycle Count

This parameter, of type integer, shall be chosen if the value of the Running Mode attribute is to be set to CYCLE-
LIMITED, and the value of the Remaining Cycle Count attribute shall be set to this parameter value. The value of

this parameter shall be greater than zero.

7.3.3.3.15 Step Count

This parameter, of type integer, shall be chosen if the value of the Running Mode attribute is to°be set

to STEP-

LIMITED, and the value of the Remaining Step Count attribute shall be set to this parameter' value. ThI value of

this parameter shall be greater than zero. Implementation of the STEP-LIMITED Running Made shall be
the PICS (see 9.4). If not supported, this choice may not be seiected.
7.3.3.3.2 CS-Start-Response

This part of ISO/IEC 9506 defines no additional parameters for the Start-Response.

73333 Extended service procedure
The following service procedure shall apply to the Start-service.

a) The error checks of the service procedure in 11.4.2 of ISO/IEC 9506-1:1990 shall be performed
b) If the requesting MMS user does not<own the R_CTRL semaphore, a Result(-) shall be returned.

c) If the Control attribute of the Program Invocation identified by the Program Invocation Name par

efined in

ameter of

the Start service request does'not have the value CONTROLLING, verify that the Start Location and Running

Mode parameters are not present. If either is present, return a Result(-). Otherwise, the remainder of]
service procedure of 11.4.2 of ISO/IEC 9506-1:1990 shall be performed and the rest of this proce
be skipped.

d) If the Program Invocation identified by the Program Invocation Name parameter of the Start servic|
has its Control\ attribute equal to CONTROLLING, verify that the Program Invocation is referenc
Reference to-Selected Program Invocation attribute of the VMD. If this is not the case, return a Re
skip the remainder of this procedure. Otherwise, the following steps shall be performed for each el
the List-of References to Controlled Program Invocations attribute of this Program Invocation:

the Start
Hure shall

e request
ed by the
ult(-) and
ment on

that its Reference to Controlling Program Invocation attribute references this Program Invocation.

1)\ Verify that the referenced Program Invocation has its Control attribute value equal to CONTRO{LED and

2) It the referenced Controlled Program Invocation is in the IDLE state, perform a Start procedure for this

referenced Controlled Program Invocation and move it into the RUNNING state.

3) If the referenced Controlled Program Invocation is in the STOPPED state, perform a Resume procedure

for this referenced Controlled Program Invocation and move it into the RUNNING state.
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4) If the Controlled Program Invocation cannot be placed in the RUNNING state, then for every previous

Controlled Program Invocation of the list, perform a Stop procedure. If any such Stop procedure fails, it
is a local matter how to treat this situation. A VMDStop procedure may be the appropriate action. Finally,
return a Result(-) for this service request and skip the remainder of this procedure.

e} If the Program Invocation identified by the Program Invocation Name parameter of the Start service request
has its Control attribute equal to CONTROLLING, the attributes of the Controlling Program Invocation shall
be set as follows:

f)

1)

2)

3)

4)

5)

If the No Limit parameter is selected in the service request, the Running Mode attribute of the Program
Injocation shall be set to FREE-RUN.

If the Cycle Count parameter is selected in the service request, the Running Mode attribute, of the
Prpgram Invocation shall be set to CYCLE-LIMITED and the Remaining Cycle Count attribute of the
Prpgram Invocation shall be set to the value of the Cycle Count parameter.

If the Step Count parameter is selected in the service request, the Running Mode attribuité of the Program
Inyocation shall be set to STEP-LIMITED and the Remaining Step Count attributé of the Program
Inyocation shall be set to the value of the Step Count parameter.

If the Start Location parameter is present in the service request, the Value of this parameter shall
candition the program control information of the Program Invocation in ofder to provide a starting point
fof the execution of the Program Invocation. The representation used-fo convey the starting location is
a local matter, and in general will depend on the programming language used. The format used for the
Stprt Location parameter shall be described in the PICS (See 9:4).

If the Start Location parameter is absent from the servicerrequest, the default value of the starting
logation shall be used in the execution of the Program InVocation.

If the Program Invocation identified by the Program Invogation Name parameter of the Start service request
has its Control attribute equal to CONTROLLED, and-the Program Invocation is bound to a Domain which
repregents a robot arm, set the Motion Enabled attribute of the Domain to TRUE.

g) The rgmainder of the Start service procedure of 11.4.2 of ISO/IEC 9506-1:1990 shall be performed.

7.3.3.34 Start protocol

The abstragt syntax of the CS-Start;Request is specified below and described in the paragraphs that follow. Clause
5.5 of ISOJIEC 9506-2:199Q describes the derivation of all parameters for which explicit derivations are not
provided in| this clause.
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StartCount ::= CHOICE ({

noLimit (O] IMPLICIT NULL,
cycleCount (1) IMPLICIT INTEGER,
stepCount (2] IMPLICIT INTEGER

}
CS-Start-Response ::= NULL

Note: Because of the convention of the comment field in the ConfirmedRequestPDU production in 7.1\d

9508-2:1990, if the normal choice of the CS-Start-Request is selected, the CS-Start-Request w
transmitted.
7.3.3.3.4.1 Controlling Program Invocation

If the Control attribute of the Program Invocation has the value CONTROLLING; the controlling choic
made in the CS-Start-Request; if the Control attribute is CONTROLLED or NORMAL, the normal choic
made.

7.3.3.34.2 Running Mode

The value of the Running Mode parameter shall be inferred by the choice made within the StartCount
choice of nolimit shall indicate that the Running Mode-shall be set to FREE-RUN. The choice of cycleC

f ISO/IEC
ill not be

shall be
shall be

type. The
bunt shall

indicate that the Running Mode shall be set to CYCLE-LIMITED and the Remaining Cycle Count attribute shall be

set to the value indicated. The choice of stepCount shall indicate that the Running Mode shall be set
LIMITED and the Remaining Step Count attribute shall be set to the value indicated.

For systems which do not support the ‘STEP-LIMITED Running Mode, the StartCount choice shall be
values nolimit ([0]) or cycleCount ([1]).

7.3.34 Stop service

This part of ISO/NEC-9506 defines no additional parameters for the Stop—Reqbest of Stop-Response.

7.3.34.1 Extended service procedure

The following service procedure shall apply to the Stop service.

to STEP-

imited to

a) The error checks of the Stop service procedure of 11.5.2 of ISO/IEC 9506-1:1990 shall be performed.

b) If the requesting MMS user does not own the R_CTRL semaphore, a Result(-) shall be returned.

c) If the Control attribute of the Program Invocation is CONTROLLED and the Program Invocation is
a Domain which represents a robot arm, set the Motion Enabled attribute to FALSE.

bound to
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d) The remainder of the Stop service procedure of 11.5.2 of ISO/IEC 9506-1:1990 shall be performed.

Stopping a Robot can be done in one of two ways using the Stop service. If the Controlling Program Invocation
is stopped, the task program controlling the operation of the robot will be stopped. At some later time, after the
robot has completed the last directive issued by the Controlling Program Invocation, robot motion will cease, even
though the Controlled Program Invocation representing the robot arm control program remains in the RUNNING
.state. If the Controlled Program Invocation which represents the robot arm control program is stopped, action of
the robot arm ceases immediately, i.e. before the last programmed step has been completed but in such a way
as to maingain the last programmed path. A third method of stopping the robot is provided by the VMDStop service
(See 7.4.3).

7.3.3.4.2 Stop protocol

This part of ISONIEC 9506 does not define any syntax extensions for the Stop protocol specified in ISO/IEC
9506-2.

C[-stop-—Request s s= NULL

C$-Stop-Response ::= NULL

7.3.3.5 Resume service

The Resume service allows a responding robot to resume execution of a Program Invocation from a point where
execution was previously stopped.

7.3.3.5.1 CS-Resume-Request

The structpre of the CS-Resume-Request parameter is shown in Table 5.

Table 5 CS-Resume-Request parameter

Parameter Name Req ind
Resume Type C C(=)
Continue Mode S S(=)
Change Mode S S(=)
No Limit S S(=) .
Cycle Count S S(=
Step Count S S(=)
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This parameter shall be present if and only if the Control attribute of the Program Invocation is CONTROLLING.
If present, it indicates whether the Program Invocation shall resume executing with the Running Mode attribute

of the Program Invocation changed or unchanged.

7.3.3.5.1.2 Continue Mode

This parameter shall be selected if the Program Invocation is to resume execution with the Running Mod
unchanged.

7.3.3.5.1.3 Change Mode

This parameter shall be selected if the Program Invocation is to resume execution with the Running Mod

changed to a new value. If this parameter is selected then one of the following parameters shall also b

7.3.35.14 No Limit

This parameter, of type null, shall be chosen if the value-of the Running Mode attribute is to be change
RUN.

7.3.3.5.1.5 Cycle Count

g attribute

I attribute
present.

d to FREE-

This parameter, of type integer, shall be chosen if the value of the Running Mode attribute is to be changed to
CYCLE-LIMITED, and the value of the Remaining Cycle Count attribute shall be set to this parameter yalue. The

value of this parameter shall.be greater than zero.

7.3.3.5.1.6 Step Count

This paraméter;, of type integer, shall be chosen if the value of the Running Mode attribute is to be changed to

STEP-LIMITED, and the value of the Remaining Step Count attribute shall be set to this parameter value.

The value

of this_parameter shall be greater than zero. Implementation of the STEP-LIMITED Running Mode shall be defined

in the-PICS (See 9.4). If not supported, this choice may not be selected.
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7.3.3.52 CS-Resume-Response

This part of ISO/IEC 9506 defines no additional parameters for the Resume-Response.

7.3.3.5.3 Extended service procedure

The following service procedure shall apply to the Resume service.

a)

b)

d)

e)

f)
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The prror checks of the service procedure of 11.6.2 of ISO/IEC 9506-1:1990 shall be performed.

If the requesting MMS user does not own the R_CTRL semaphore, a Result(-) shall be returned,

Control attribute of the Program Invocation does not have the value CONTROLLING; verify that the
e Type parameter is not present. If it is present, return a Result(-). The remaindet of the Resume
service procedure of 11.6.2 of ISO/IEC 9506-1:1990 shall be performed and the rest'of.this procedure shall
be skipped. '

If the Program Invocation identified by the Program Invocation Name parameter of the Resume service
request has its Control attribute equal to CONTROLLING, the following steps shall be performed for each
elempnt on the List of References of Controlled Program Invocation attribute of this Program Invocation:
1) Verify that the referenced Program Invocation has its Control attribute value equal to CONTROLLED and
that its Reference to Controlling Program Invocation attribute.references this Program Invocation.

2) Ifithe referenced Controlled Program Invocation is in the\IDLE state, perform a Start procedure for the
referenced Controlled Program Invocation and move._it\into the RUNNING state.

3) if|the referenced Controlled Program Invocation is'in the STOPPED state, perform a Resume procedure
for the referenced Controlled Program Invocation and move it into the RUNNING state.

4) Iff the Controlled Program Invocation cannot-be placed in the RUNNING state, then for every previous

ntrolled Program Invocation of the list,\perform a Stop procedure. If any such Stop procedure fails, it

ig a local matter how to treat this situation. A VMDStop procedure may be the appropriate action. Finally,

turn a Result(-) for this service request and skip the remainder of this procedure.

If Coptinue Mode is selected perfarm the following check. If the value of the Running Mode attribute of the
Progdam Invocation is CYCLE-LIMITED and the value of the Remaining Cycle Count attribute is zero, or if the
valuiof the Running Mode attribute is STEP-LIMITED and the value of the Remaining Step Count attribute
is zero, a Result(-) shall be returned. Otherwise, the Resume service procedure described of 11.6.2 of ISO/IEC
9508-1:1990 shall be performed.

If the Change Mode parameter is selected in the Resume Type parameter, the attributes of the Program
Invogation shall be set as follows:

1) if{the‘No Limit parameter is selected in the service request, the Running Mode attribute of the Program
Invecation shall be set to FREE-RUN.

2) If the Cycle Count parameter is selected in the service request, the Running Mode attribute of the
Program Invocation shall be set to CYCLE-LIMITED and the Remaining Cycle Count attribute of the
Program Invocation shall be set to the value of the Cycle Count parameter.
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3) If the Step Count parameter is selected in the service request, the Running Mode attribute of the Program
Invocation shall be set to STEP-LIMITED and the Remaining Step Count attribute of the Program

Invocation shall be set to the value of the Step Count parameter.

g) The remainder of the Resume service procedure of 11.6.2 of ISO/IEC 9506-1:1990 shall be performed.

73354 Resume protocol

The abstract syntax of the CS-Resume-Request is specified below and described in the paragraphs-that

follow.

Clause 5.5 of ISO/IEC 9506-2:1990 describes the derivation of all parameters for which explicit'\derivations are

not provided in this clause.

CS-Resume-Request ::= [0] CHOICE {

normal NULL,

controlling SEQUENCE { CHOICE ({
continueMode [0] IMPLICIT NULL,
changeMode [1] StartCount
}r}

CS-Resume-Response ::= NULL

Note: Because of the convention of the comment field in the ConfirmedRequestPDU production in 7.1 of
9506-2:1990, if the normal choice of the CS-Resume>Request is selected, the CS-Resume-Request
be transmitted.

7.3.3.5.4.1 Controlling Program Invocation

If the Control attribute of the Program_Invocation has the value CONTROLLING, the controlling choice
made in the CS-Resume-Request; if’the' Control attribute is CONTROLLED or NORMAL, the normal cho
be made.

7.3.3.54.2 Résume Type

The value of Resume Type parameter shall be inferred from the choice made within CS-Resume-Reques

continueMode”")choice is made, the value of the Resume Type parameter shall be Continue Moddg.

changeModeé>choice is made, the value of the Resume Type parameter shall be Change Mode.

7.3.3.543 Change Mode

ISO/IEC
will not

shall be
ce shall

t. If the
If the

The value of the Change Mode parameter shall be inferred by the choice made within the StartCount type. The
choice of noLimit shall indicate that the Running Mode shall be set to FREE-RUN. The choice cycleCount shall

indicate that the Running Mode shall be set to CYCLE-LIMITED, and the Remaining Cycle Count attribute

shall be
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set to the value of this parameter. The choice stepCount shall indicate that the Running Mode shall be set to STEP-
LIMITED, and the Remaining Step Count attribute shall be set to the value of this parameter.

7.3.3.6 Reset service

This part of ISO/IEC 9506 defines no additional parameters for the Reset-Request or Reset-Response.

7.3.3.6.1 Extended service procedure
The following service procedure shall apply to the Reset service.

a) The error checks of the service procedure of 11.7.2 of ISO/IEC 9506-1:1990 shall be performed.
b) If the requesting MMS user does not own the R_CTRL semaphore, a Result(-) shall'\be returned.

c) The remainder of the service procedure of 11.7.2 of ISO/IEC 9506-1:1990:shall be performed.

7.3.3.6.2 Reset protocol

This par{ of ISO/IEC 9506 does not define any syntax extensions for the Reset protocol specified in ISO/IEC
9506-2.

CS-Reset-Request ::= NULL

CS-Reset-Response ::= NULL

7.3.3.7 Kill service

This parf of ISO/IEC 9506 defines’ no additional parameters for Kill-Request or Kill-Response.

7.3.3.7.1 Extended service procedure

The folldwing service procedure shall apply to the Kill service.

a) The error checks of the service procedure of 11.8.2 of ISO/IEC 9506-1:1990 shall be performed.
b) If the requesting MMS user does not own the R_CTRL semaphore, a Result(-) shall be returned.

c) The remainder of the service procedure of 11.8.2 of ISO/IEC 9506-1:1990 shall be performed.
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7.3.3.7.2 Kill protocol

This part of ISONEC 9506 does not define any syntax extensions for the Kill protocol specified in ISO/IEC 9506-2.

CS-Kill-Request ::= NULL

CS-Kill-Response ::= NULL

7.3.3.8 DeletePrograminvocation service

This part of ISO/IEC 9506 defines no additional parameters for the DeleteProgramlnvocation-Reque)
DeletePrograminvocation-Response.

7.3.3.8.1 Extended service procedure

The following service procedure shall apply to the DeletePrograminyocation service.

a)
b)

c)

d)

e)

7.3.3.82 DeletePrograminvocation protocol

This_part of ISO/IEC 9506 does not define any syntax extensions for the DeletePrograminvocation
specified in ISONEC 9506-2.

The error checks of the service procedure of 11.3.2 of ISO/IEC 9506-1:1990 shall be performed.

If the requesting MMS user does not own the R_CTRL semaphore, a Result(-) shall be returned.

If the Control attribute of the Program Invocation to be deleted has the value CONTROLLED, and
of the Reference to Controlling Program Invocation attribute is not UNCONTROLLED, then verify
Program Invocation referenced by the Reference to Controlling Program Invocation attribute is in
state. If this is not true, return a Result(3) and skip the remainder of this procedure. Otherwise alte
of References to Controlled Program Invocations attribute of the Program Invocation referenc
Reference to Controlling Program Invocation attribute by removing the reference to the Program |
about to be deleted.

If the Control attribute of:the Program Invocation to be deleted has the value CONTROLLING, the
Program Invocation which appears on the List of References to Controlled Program Invocations, r
value of the Reference to Controlling Program Invocation attribute with UNCONTROLLED.

The remainder. of the service procedure of 11.3.2 of ISO/IEC 9506-1:1990 shall be performed.

st or the

the value
that the
the IDLE
r the List
d by the
vocation

for each
place the

protocol

CS-DeleteProgramInvocation-Request ::= NULL

CS-DeleteProgramInvocation-Response ::= NULL

55


https://standardsiso.com/api/?name=ee04f81a7a51277799975d83c324b5ad

ISO/IEC 9506-3: 1991(E)

7.3.3.9 GetPrograminvocstionAttributes service

The GetPrograminvocationAttributes service is used to request that a responding robot return all of the attributes
associated with a specified Program Invocation including all robot specific Program Invocation attributes.

7.3.3.9.1 CS-GetPrograminvocationAttributes-Request

This part|of ISO/IEC 9506 defines no additional parameters for the GetPrograminvocationAttributes-Reguest.

7.3.3.9.2 CS-GetPrograminvocationAttributes-Response

The strudture of the CS-GetPrograminvocationAttributes-Response parameter is shown.in-Table 6.

Table 6 CS-GetPrograminvocationAttributes-Response parameter

Parameter Name Rsp Cnf-
Error Code M M(=)
Control M M(=
Controlling S S(=
List of Program Invocations M M(=
Program Location Cc C(=)
Running Mode M M(=
Free Running S S(=
Remaining Cycle-Count S S(=
Remaining Step Count S S(=
Controlled S S(=
Controlling”Program Invocation c Ci=
Normal S S(=)
7.3.3.9.2.1 Error Code

This pardmeter, of type integer, shall contain the Error Code attribute of the Program Invocation.
1
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733922 Control

This parameter shall indicate the Control attribute of the Program Invocation. This parameter may have
CONTROLLING, CONTROLLED, or NORMAL. Depending on the value of this attribute, one of the
parameters shall be present.

the value
following

This parameter value shall be selected if the value of the Control attribute of the Program™invocation is

CONTROLLING. If this parameter is selected, the following additional parameters shall appear.

7.3.39.24 List of Program Invocations

This parameter shall indicate the names of all the Program Invocations which are related to this Program Invocation

by having their Reference to Controlling Program Invocation attribute value teference this Program Invoca
list may have zero or more elements.

7.3.3.9.25 Program Location

tion. This

This parameter, of type character string, shall indicate/<if present, the location of the program executjon if the
Program Invocation is related to a sequential programming language. For those Program Invocations whigh are not

related to a sequential programming language, this parameter shall be absent. Use of this paramete
described in the PICS (See 9.4).

7.3.3.9.2.6 Running Mode

shall be

This parameter shall indicate ‘the' value of the Running Mode attribute of the Program Invocation. Depgnding on

the value of Running Mode'one of the following parameters shall be present.

7.3.3.9.2.7 Free Running

Selection-ofthis null parameter shall identify the Running Mode as FREE-RUN.

73.39.28 Remaining Cycle Count

Selection of this parameter shall identify the Running Mode as CYCLE-LIMITED. Further, the value of the parameter
shall indicate the number of cycles remaining to be executed and is the value of the Remaining Cycle Count

attribute of the Program Invocation.
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7.3.39.29 Remaining Step Count

Selection of this parameter shall identify the Running Mode as STEP-LIMITED. Further, the value of the parameter
shall indicate the number of steps remaining to be executed and shall be the value of the Remaining Step Count
attribute of the Program Invocation. Implementation of the STEP-LIMITED Running Mode shall be defined in the
PICS (See 9.4). If not supported, this choice may not be selected.

7.3.3.9.2.10 Controlled

This pargmeter value shall be selected if the value of the Control attribute of the Program Invocation is
CONTROLLED. If this parameter is selected, the following additional parameter shall appear.

7.3.3.9.2.11 Controling Program Invocation

CONTRO

LED. If present, it shall indicate the name of the Program Invocation which is referenced by it Reference

This parareter shall be present if and only if the value of the Control attribute of thé Program Invocation is

to Contro

ling Program Invocation attribute value. If no such Program Invocation isreferenced, this parameter shall

have the value UNCONTROLLED.

7.3.3.9.2.12 Normal

This parafneter value shall be selected if the value of the Control attribute of the Program Invocation is NORMAL.
If this pafameter is selected, there are no additional parameters.

7.3.39.3 Extended service procedure

The servige procedyre is that specified in.11.9.2 of ISO/IEC 9508-1:1990. The robot specific information of the
Attribute Detail shall be included in thé response.

7.3.3.9.4 GetPrograminvocationAttributes protocol

The

ahstract syntax of the CS-GetPrograminvocationAttributes-Request and the

CS-GetPrpgraminvocationAttributes-Response is specified below and described in the paragraphs that follow.
Clause 5.p of ISOAEC 9506-2:1990 describes the derivation ot all parameters for which explicit derivations are
not provided in this clause.

CS-GetProgramInvocationAttributes-Request ::= NULL
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CS-GetProgramInvocationAttributes-Response ::= SEQUENCE {
errorCode (0] IMPLICIT INTEGER,
control [1]) CHOICE ({
controlling [0] IMPLICIT SEQUENCE (
controlledPl (0] IMPLICIT SEQUENCE OF Identifier,
programLocation [1]) IMPLICIT VisibleString OPTIONAL,
runningMode [2] CHOICE {
freeRunning [0] IMPLICIT NULL,
cycleLimited (1) IMPLICIT INTEGER,

1991(E)

}

}o
controlled (1] CHOICE ({

controllingPI [0O] IMPLICIT Identifier, -- Reference to ‘Contr
none (1) IMPLICIT NULL -- uncontrolled
}, ’
normal [2] IMPLICIT NULL
} )
7.3.3.9.4.1 Control

olling

The value of the Control parameter shall be inferred from the selection made in the control element of the

CS-GetPrograminvocationAttributes-Request. If the controlling‘Choice is made, the value of the Control
shall be CONTROLLING. If the controlled choice is made, the value of the Control parameter
CONTROLLED. If the normal choice is made, the value of\the Control parameter shall be NORMAL.

733942 RunningMode

The value of the Running Mode parameter.shall be inferred from the choice made under runningMode. TH
Mode parameter shall take on the value’ FREE-RUN if the freeRunning choice is selected in the service
The Running Mode parameter shall _take on the value of CYCLE LIMITED if the cycleLimited choice is S

parameter
shall be

e Running
response.
elected in

the service response. The Running-Mode shall take on the value STEP LIMITED if the stepLimited choice is selected

in the service response. For-systems which do not support the STEP-LIMITED Running Mode, the run|
choice shall be limited to-values freeRunning ([0]), or cycleCount ([1]).

7.3.4  Otherproductions

The following productions, required for the MMS-General-Module (See A.1 of ISO/NEC 9506-2:1990), ar
in this part of ISOMIEC 9506, and are set equal to NULL. The services and protocol- corresponding
productions are fully defined in ISO/IEC 3506-1 and ISO/IEC 9506-2, and do not require robot specific e
They may be used directly in the abstract syntax defined in this part of ISO/IEC 9506.

ningMode

B not used
to these
ktensions.

CS-Input-Request ::= NULL
Cs-Output-Request ::= NULL

Cs-InitiateDownloadSequence-Request ::= NULL
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Cs-DownloadSegment-Request ::= NULL

CS-TerminateDownloadSequence-Request ::= NULL

Q N 0O

Q

QO Q QO O O O OO O O Q QO O OO O Q o 0

3= 2 e L

-StoreDomainContent-Request ::= NULL

-GetDomainAttributes-Request ::= NULL
-DefineEventCondition-Request ::= NULL
-DeleteEventConditiﬁn-Requeet ::= NULL
-GetEventConditionAttributes-Request ::= NULL
-ReportEventConditionStatus-Request ::= NULL
-AlterEventConditionMonitoring-Request. : := NULL
-TriggerEvent-Request ::= NULL
-DefineEventAction-Request ::= (NULL
-DeleteEventAction-Request: 3= NULL
-GetEventActionAttributes=Request ::= NULL
-ReportEventActionStatus-Request ::= NULL
-DefineEventEnrollment-Request ::= NULL
-DeleteEventEnrollment-Request ::= NUL
-AlterEventEnrollment-Request ::= NULL
-ReportEventEnrollmentStatus-Request ::= NULL
-GetEventEnrollmentAttributes-Request ::= NULL

~AcknowledgeEventNotification-Request ::= NULL

CS-GetAlarmSummary-Request ::= NULL

CS-GetAlarmEnrollmentSummary-Request ::= NULL

CS-ReadJournal-Request ::= NULL
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CS-WriteJournal-Request ::= NULL
CS-InitializeJournal-Request ::= NULL
CS-ReportJournalstatus-Request ::= NULL
ES-CreateJournal-Request ::= NULL

CS-DeleteJournal-Request ::= NULL

ISO/IEC 9506-3: 1991(E)

CS-GetCapabilityList-Request ::= NULL
CS-Input-Response ::= NULL

CS-Output-Response ::= NULL
CS-InitiateDownloadSequence-Response ::= NULL
CS-DownloadSegment-Response ::= NULL
CS-TerminateDownloadSequence-Response ::= NULL
CS-InitiateUploadSequence-Response ::= NULL
CS-UploadSegment-Response ::= NULL
CS-TerminateUploadSequence-Response . : = NULL
CS-RequestDomainDownload-Response “:¢v= NULL
CS-RequestDomainUpload-Response .::= NULL
Cs-LoadDomainContent-Responge ::= NULL
CS-StoreDomainContent-Regponse ::= NULL
CS-DeleteDomain-Response ::= NULL
CS-GetDomainAttributes-Response ::= NULL
Ccs-DefineEventCondition-Response ::= NULL
CS-DeleteEventCondition-Response ::= NULL
CS-GetEventConditionAttributes-Response ::= NULL
CS-ReportEventConditionStatus—-Response ::= NULL
CS-AlterEventConditionMonitoring-Response ::= NULL
CS-TriggerEvent-Response ::= NULL

cs-DefineEventAction-Response ::= NULL

CS-DeleteEventAction-Response ::= NULL
CS-GetEventActionAttributes-Response ::= NULL

Ccs-ReportEventActionStatus-Response ::= NULL
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Cs-DefineEventEnrollment-Response ::= NULL

CS-DeleteEventEnrollment-Responge ::= NU

CS-GetEventEnrollmentAttributes-Response ::= NULL

gds-AcknowledgeEventNotification-Response ::= NULL

gds-GetAlarmSummary-Response ::= NULL

ds-ReadJournal-Response ::= NULL

gs-InitializeJournal-Response ::= NULL

S-ReportJournalStatus—-Response ::= NULL
S-CreateJournal-Response ::= NULL
S-DeleteJournal-Response ::= NULL
-GetCapabilityList-Response ::= NULL
-EventNotification ::= NULL
sAdditionalObjectClasses ::= NULL
-Additional-Detail ::= NULL
-Additional-Detail ::= NULL
U-Additional-Detail ::=. NULL
-GetNameList-Request ::= NULL
-GetNameList-Response ::= NULL

-Service-Error -::= NULL

7.4 Definition-and use of robot specific services and protocol
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741 Additional service requests and responses

7.4.1.1 General structure

1991(E)

ISO/IEC 9506-2 allows companion standards to define additional services for use solely within the companion
standards. It does this by allowing for the specification of AdditionalService-Request within the-

ConfirmedServiceResponse production, the specification of AdditionalUnconfirmedService.'"w
UnconfirmedService production, and the specification of AdditionalService-Error within the ServiceError p

This part of ISONEC 9506 defines four robot specific additional services. These services-are the
VMDReset, Select and AlterPrograminvocationAttributes services. These services are described in 7.4
7.4.5. The abstract syntax for these services is specified by the AdditionalService-Request
AdditionalService-Response. There is no robot specific abstract syntax for the AdditionalUnconfirmed
for the AdditionalService-Error.

7412 Additional service requests

The abstract syntax for the AdditionalService-Request is defined/below.

AdditionalService-Request ::= CHOICE

vMDStop . [0] IMPLICIT VMDStop-Request,

vMDReset (1] IMPLICIT VMDReset-Request,

select {2]) IMPLICIT Select-Request,

alterPI [3] IMPLICIT AlterProgramInvocationAttributes-Request
}

ithin  the
ithin the
roduction.

VMDStop,
L2 through
and the
Service or

The AdditionalService-Request parameter shall identify the service type and the argument for that s¢rvice. The
context tags provided identify the service type. Definitions for each individual service specify the fprm of the

argument for the service through definition of a type, which is referenced by the AdditionalServig
production. Each of the sérvices in the AdditionalService-Request choice is a confirmed service.

7413 Additional service response

The abstract syntax for the AdditionalService-Response is defined below.

AdditionalService-Response ::= CHOICE (
vMDStop [0) IMPLICIT VMDStop-Response,

e-Request

L4

select .[2] IMPLICIT Select-Response,
alterPI (3] IMPLICIT AlterProgramlInvocationAttributes-Respons
}
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The AdditionalService-Response parameter shall identify the service type and the response for that service. The
context tags provided identify the service type. Definitions for each individual service specify the form of the
response for the service through definition of a type, which is referenced by the AdditionalService-Response
production.

74.1.4 Additional service error

There are[no additional service errors defined for this part of ISO/IEC 9506.

AddiftionalService-Error ::= NULL

7415 Additional unconfirmed service

There are [no additional unconfirmed services defined for this part of ISO/IEC 9506,

AdditionalUnconfirmedService ::= NULL

7.4.2 DStop service

The VMDStop service provides for a way to stop all control_activity at the responding robot and a way to put the
robot into [a state where manual intervention is required.

The VMDS$top service is not intended to be equivalent to an Emergency Stop as defined in ISO DIS 10218. This
service dogs not provide the same service as a hardwired emergency stop. Use of this service can result in similar
actions frgm the robot, such as applying of brakes and removal of power to the motors. However, these actions
are not required as part of this service.

7.4.2.1 Structure

The structure of the component service primitives is shown in Table 7.
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Table 7 VMDStop service
Parameter Name Req Ind Rsp Cnf
Argument M M(=)
Result( +) S S(=)
Result(-) S S(=)
Error Type M M(=

74211 Argument

There are no parameters in the argument of this service.

74212 Result{+)

This parameter shall indicate that the requested service has succeeded. A successful result does not supply service

specific parameters.

7.4.2.13 Resuit{-)

The Result(-) parameter shall indicate that the service request failed. The Error Type parameter, which
in detail in clause 17 of ISONEC.9506-1:1990 provides the reason for failure.

7422 Service (procedure

s defined

If the MMS user.requesting this service does not own the R_CTRL semaphore, return a Result(-). Othenwise, the

responding robot shall stop the robot motion and associated control activity as soon as possible and put
in the MANUAL-INTERVENTION-REQUIRED Robot VMD State. All Program Invocations in the RUNNING

the robot
jtate shall

be removed from the RUNNING state. The state of these Program Invocations is a local matter. The VMD logical

status shall be set to NO-STATE-CHANGES-ALLOWED. These actions and their effect on the attributes of

the VMD

are summarized in Table 8.
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7.4.23

Table 8 VMD attributes / VMDStop

VMD Attribute State after Service Performed

Robot VMD State MANUAL-INTERVENTION-REQUIRED
tocat-Contro——undefined

VMD Logical State NO-STATE-CHANGES-ALLOWED
VMD Physical State | NEEDS-COMMISSIONING

VMDStop protocol

The abstraft syntax for the vMDStop choice of the AdditionalService-Request and AdditionalService-Response shall
be specified by the VMDStop-Request and VMDStop-Response respectively. These types are specified below and

described

in the paragraphs that follow. Clause 5.5 of ISO/IEC 9506-2:1990 describes the derivation of all

parameter$ for which explicit derivations are not provided in this clause.

VMDS

VMDS

top-Request ::= NULL

top-Response ::= NULL

74.3 VWMDReset service

The VMD
provides t

eset service provides a means to put the responding robot into an initialized state. This service also
e ability for the client to request that the responding robot perform self-diagnostics in the initialization

of the VMP. In this sense all information.relating to physical status will have been validated as a result of this

service.

In perform

ng an initialization routine or in performing self-diagnostics the responding robot may not be able to

maintain the application associatien. However, the association should be maintained, if possible. It is not the intent
of this part of ISO/IEC 9506.for the connection to be broken as a result of this service.

7.4.3.1

The struct

66
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Table 9 VMDReset service
Parameter Name Req ind Rsp Cnf
Argument M M(=)
Extended-Derivation M. M(=}
Result(+) S S(=
Status Response M M(=
Result(-) S Si=)
Error Type M M(=)

7.43.1.1 Argument

This parameter contains the parameter of the VMDReset service request.

7.43.1.1.1 Extended Derivation

This parameter, of type boolean, indicates whether (true) or not (false) to perform self-diagnostics as part of the

VMDReset service.

743.1.2 Result{+)

This parameter shall indicate-that the requested service has succeeded. The Result(+) parameter for th
includes the Status Respanse-parameter used in the MMS Status service. The robot specific attributes of
shall be included in this.response.

743.1.3 Result(-)

The Result(-) parameter shall indicate that the service request failed. The Error Type parameter, which
in detail in clause 17 of ISO/IEC 9506-1:1990 provides the reason for failure.

is service
the VMD

s defined
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743.2

Service procedure

Upon receipt of a VMDReset service indication, the responding robot shall perform the following steps:

a) If the R_CTRL semaphore is not owned by the MMS user requesting this service, return a Result(-).

b) If the robot is in the ROBOT-EXECUTING state, return a Resuit(-).

c) If IocLl conditions prevent completion of this service, return a Result(-).

d) Dele

te all Program Invocations and Domains which are MMS Deletable.

e) Place|the robot into the ROBOT-IDLE state.

f) Perfc:Lm a Status Service procedure (See 9.2.2 of ISO/IEC 9506-1:1990) using the Extendéd Derivation

para

eter.

If any step of this procedure fails, the service fails and a Result(-) response shall be returned. Otherwise a
Result( +) [shall be returned containing the Status Response as augmented by the Robot Status Detail which is

described

7433

is specifie

n7.3.2.1.1.

VMDReset protocol

by the VMDReset-Request and VMDReset-Response respectively. These types are specified below and

The abstrqict syntax for the vMDReset choice of the AdditionalService-Request and AdditionalService-Response

described

n the paragraphs that follow. Clause 5.5 of 1SO/EC 9508-2:1990 describes the derivation of all

parameter$ for which explicit derivations are not provided \in this clause.

VMDR

744

VMDR[set-Request ::= BOOLEAN --. Extended Derivation

set-Response ::= Status—-Response

Select sarvice

The Select service provides’'a means to identify a Program Invocation as the Selected Program Invocation
controlling| the Robot VMD. It also binds the Controlling Program Invocation to a set of Controlled Program
Invocations. The Seléect service also allows the deselection of a Controlling Program Invocation and the removal
of all Controlled Program Invocations from the List of References to Controlled Program Invocations.

74441

Structure

The structure of the component service primitives is shown 1n Table 10.
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Table 10 Select service

Parameter Name Req Ind Rsp Cnf
I:\qulllent M__M\'-;
Controlling Program Invocation V) U(=
List of Program Invocations C Cl=
Result(+) S S(=)
Result(-) S St=1
Error Type M M(=

7.44.19 Argument

This parameter contains the parameters of the Select service réquest.

744111 Controlling Program Invocation

This parameter, of type identifier, indicates the-Controlling Program Invocation which is to be selected. Th
attribute of this Program Invocation shall hdave a value equal to CONTROLLING. If this parameter is not

be selected.

744.1.1.2 List of Program Invocations

This parameter, of typelist of identifier, indicates the Program Invocations which will be placed under tH
of the referenced(Controlling Program Invocation. This parameter shall be present only if the Controlling
Invocation parameter is present.

74.4.1.2 Result{ +)

e Control
present,

it indicates that the present Controlling ‘Program Invocation is to be deselected, and no Program Invocation is to

e control
Program

specific parameters.
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74.4.13  Result(-)

The Result(-) parameter shall indicate that the service request failed. The Error Type parameter, which is defined
in detail in clause 17 of ISO/IEC 9506-1:1990 provides the reason for failure.

7.4.4.2 [ Seivice procedure
Upon recgipt of a Select service request, the responding MMS user shall perform the following steps:

a) If the R_CTRL semaphore is not owned by the MMS user requesting this service, return a Resulit{-).

b) If the Controlling Program Invocation parameter is present and the Program Invocation indicated by the
Controlling Program Invocation parameter does not have its Control attribute equal to CONTROLLING, return
a Result(-) and skip the remainder of this procedure.

c) If the Controlling Program Invocation parameter is present and the Program Invocation indicated by the
Contjolling Program Invocation parameter is not in the IDLE state, return a Résult(-) and skip the remainder
of this procedure.

d) For g¢ach element of the List of References to Controlled Program{Invocations, verify that the Program
Invogation has its control attribute equal to CONTROLLED and that.the value of the Reference to Controlling
Progfam Invocation attribute is equal to UNCONTROLLED or equal to the Reference to Selected Program
Invogation attribute of the VMD. If any element of the list does’not meet this test, return a Resuit(-) and skip
the remainder of this procedure.

e) If the Reference to Selected Program Invocation attribite of the VMD is not NONE, verify that the Program
Invogation is in the IDLE state. If this is not true, return a Result(-) and skip the remainder of this procedure.

f) If the Reference to Selected Program Invocation- attribute of the VMD is not NONE, perform the following
steps for the Program Invocation referenced by this attribute.

1) Fpr each Controlled Program Invocation on the List of References to Controlled Program Invocations of

the Controlling Program Invocation, set the Reference to Controlling Program Invocation to
2) Sgt the List of References-to Controlled Program Invocations to an empty list.

g) Set the Reference to/Selected Program Invocation attribute of the VMD to NONE.

h) If the Controlling ‘\Program Invocation parameter is not present, return Result(+) and skip the remainder of
this procedure.

i) If the List.of References to Controlled Program Invocations attribute of the Program Invocation indicated by
the Controlling Program Invocation parameter is not empty, return Result(-) and skip the remainder of this

procedure.

j) Set the Reference to Selected Program Invocation attribute of the VMD equal to a reference to the Program
Invocation indicated by the Controlling Program Invocation parameter.

k) If the List of Program Invocations parameter is empty, set the List of References to Controlled Program
Invocations attribute to an empty list.
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1) If the List of Program Invocations parameter is not empty, then for each element of the list, set the

1991(E)

Reference

to Controlling Program Invocation attribute to reference the Program Invocation indicated by the Controlling
Program Invocation parameter. Add this Program Invocation to the List of References to Controlled Program

Invocation attribute of the Controlling Program Invocation.

m) Return a Result(+).

7443 Select protocol

The abstract syntax for the select choice of the AdditionalService-Request and AdditionalService-Regponse is

specified by the Select-Request and Select-Response respectively. These types are specified below and
in the paragraphs that follow. Clause 5.5 of ISO/IEC 9506-2:1990 describes the derivation-of all para
which explicit derivations are not provided in this clause.

Select-Request ::= SEQUENCE ({
controlling [0] IMPLICIT Identifier OPTIONAL,
controlled [1] IMPLICIT SEQUENCE OF Identifier) OPTIONAL

}

Select-Response ::= NULL

7.45 AlterPrograminvocationAttributes service

escribed
eters for

-~ this field shall appear if and only if theicontrolling field is irfcluded

The AlterPrograminvocationAttributes service-provides a means to alter certain attribute values of a Program

Invocation.

7.45.1 Structure

The structure of the component service primitives is shown in Table 11.
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Table 11 AlterPrograminvocationAttributes service

Parameter Name Req Ind Rsp Cnf
Argument M M(=)
Controlli on M M(=)
Runfing Mode Cc C(=)
No|Limit S S(=)
Cygle Count S S(=)
Stgp Count ] S(=)
S S(=)
Resul( +)
] S(=)
Result(-) M M(=)
Errof Type

7.45.1.1 Argument

This parameter contains the parameters of the AlterPrograminvocationAttributes service request.

7.45.1.111 Controlling Program Invocation

This parafneter, of type ldentifier, shall identify the Pragram Invocation whose attributes are to be altered. This
Program Invocation shall have its Control attribute.equal to CONTROLLING.

7.45.1.12 Running Mode

Dependin

on which Running Mode' of the Program Invocation is selected, one of the following parameters shall

The valulof this parameter shall-indicate the value for the Running Mode attribute of the Program Invocation.

be prese

7.45.1.13 No Limit

This parallneter, of type null, shall be chosen if the value of the Running Mode attribute is to be set to FREE-RUN.
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745.1.14 Cydie Count

This parameter, of type integer, shall be chosen if the value of the Running Mode attribute is to be set to CYCLE-

LIMITED, and the value of the Remaining Cycle Count attribute shall be set to this parameter value.

7.45.1.15 Step Count

This parameter, of type integer, shall be chosen if the value of the Running Mode attribute is to be’set

to STEP-

LIMITED, and the value of the Remaining Step Count attribute shall be set to this parameter value: Implementation

of the STEP-LIMITED Running Mode shall be defined in the PICS (See 9.4). If not supported, (this choicéd
be selected.

7452 Service procedure
The following service procedure shall apply to the AlterPrograminvocationAttributes service.

a) If the requesting MMS user does not own the R_CTRL semaphore, a Result(-) shall be returned.

b) If the Control attribute of the Program Invocation is not equal to CONTROLLING, return a Result(-
the remainder of this procedure.

c) The attributes of the Controlling Program Invocation shall be set as follows:

1) If the No Limit parameter is selected in the service request, the Running Mode attribute of the
Invocation shall be set to FREE-RUN.

may not

and skip

Program

2) If the Cycle Count parameter is selected in the service request the Running Mode attribute of the Program

Invocation shall be set to CYCLE-LIMITED and the Remaiung Cycle Count attribute of the
Invocation shall be set to (the value of the Cycle Count parameter.

3) If the Step Count parameter is selected in the service request the Running Mode attribute of the
Invocation shall be set to STEP-LIMITED and the Remaiwng Step Count attribute of the
Invocation shall be set to the value of the Step Count parameter.

7453 AlterPrograminvocationAttributes protocol

The .abstract syntax of the AlterPrograminvocationAttributes-Request and AlterPrograminvocationA

Program

e Program
Program

ttributes-

Response is specified below and described in the paragraphs that follow. Clause 5.5 of ISO/IEC 950

6-2:1990

describes the derivation of all parameters for which explicit denvations are not provided in this clausq.

AlterProgramInvocationAttributes-Request ::= SEQUENCE {
programInvocation [0] IMPLICIT Identifier,
startCount (1] IMPLICIT StartCount DEFAULT cycleCount 1 }

AlterProgramInvocationAttributes-Response ::= NULL
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745.3.1

Running Mode

The value of the Running Mode parameter shall be inferred by the choice made within the StartCount type. The
choice of nolLimit shall indicate that the Running Mode shall be set to FREE-RUN and the No Limit parameter shall
be selected, the choice of cycleCount shall indicate that the Running Mode shall be set to CYCLE-LIMITED and

the CycleLCount parameter shall be selected, and the choice of stepCount shall indicate that the Running Mode
shall be spt to STEP-LIMITED and the Step Count parameter shall be selected.

The abstr|
paramete

ct syntax of StartCount shall be inferred from the selection made in the value of the Running, Mode
such that:

a) the value of StartCount shall be the noLimit choice if No Limit is selected.

b) the value of StartCount shall be the cycleCount choice if Cycle Count is selected.

c) the value of StartCount shall be the stepCount choice if Step Count is selected:

7.5 The Initiate service and protocol

75.1 Init Request Detal parameter

- ISO/IEC 9606-2 provides for a Init Request Detail parameter.to be defined by companion standards. The structure

of the Init

This paramete

instance

Request Detail parameter is shown in Table~12.

Table .12 Init Request Detai

Parameter Name Req Ind
Proposed-Version Number M M(=)
Proposed Parameter CBB M M(=
Services Supported Calling M M(=
Additional Services Supported Calling M M(=)

It shall contain parameters relating to

of communication. Otherwise, it shall not be present.

communication in the presentation context derived from the abstract syntax defined in this part of ISO/IEC 9508.
The component parameters are specified as follows:
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7.5.1.1 Proposed Version Number

This parameter, of type integer, shall contain a number which represents a minor version number of this part of
ISO/IEC 9506. This number is the proposed minor version number which will be used in the presentation context

derived from the abstract syntax defined in this part of ISO/IEC 9506 for this instance of communication.

Proposal

of a number greater than one indicates support for all minor versions between one and the number proposed.

value in the indication primitive shall be less than or equal to the value in the request primitive, but not
one.
75.1.2 Proposed Parameter CBB

This parameter is specified in 8.2.3.2 of ISO/EC 9506-1:1990.

75.13 Services Supported Caling

This parameter is specified in 8.2.3.3 of ISO/IEC 9506-1:1990.

7.5.1.4 Additional Services Supported Caling

This parameter, of type bitstring, shall specify support by the Calling MMS user of a set of additiona

syntax defined in this part of ISO/IEC 9506 on the application association.

supported by the Calling MMS user and the set of services supported by the MMS provider.

The assignmént-of a service to an individual bit of the bitstring type is specified in 7.5.3. A value of
assigned bit’shall indicate support for the corresponding service. A value of zero shall indicate non-sup
additional _bits shall be ignored.

| . e defined for tt ‘er ral

parameter Minor versions of this part of ISO/IEC 9506 at the same major revision level are compati
versions of this part of ISONEC 9506 with smaller minor version numbers.

The value of this parameter may be reduced by the MMS provider if it can not support the(requested vialue. The

less than

services

which are defined by this partiof 1SO/IEC 9506 for use in the presentation context derived from thg abstract

The value of the parameter in the indication primitive shall specify the intersection of the set of additiondl services

bne in the
bort. Any

Support for confirmed services shall be defined as the ability to receive a request indication and properly execute

If a confirmed service is supported, then a Reject PDU shall not be issued on receipt of that service, except for
a protocol error. If a confirmed service is not supported, then a Reject PDU shall be issued on receipt of that

service with a reject code of "UNRECOGNIZED SERVICE".
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7.5.2 Init Response Detall parameter

ISO/IEC 9506-2 provides for a Init Response Detail parameter to be defined by companion standards. The structure
of the InitResponse Detail parameter is shown in Table 13.

Table 13 init Response detail

Parameter Name Req ind
Negotiated Version Number M M(=)
Negotiated Parameter CBB M M(=
Services Supported Called M M(=)
Additional Services Supported Called M M(=)

This parameter shall be present if the abstract syntax defined in this part of ISONEC 9506 has been negotiated
for this irfstance of communication. Otherwise, it shall not be present. It:shall contain parameters relating to
communigation in the presentation context derived from the abstract syntax defined in this part of ISO/IEC 9506.
The component parameters are specified as follows:

7.5.2.1 Negotiated Version Number

This pararheter, of type integer, shall contain a number-which represents a minor version number of this part of
ISO/IEC 9b606. This number is the minor version number of this part of ISO/IEC 9506 which will be used in the
presentatipn context derived from -the abstract syntax defined in this part of ISO/IEC 9506 for this instance of
communidation. This number shall be less than‘or,equal to the Proposed Version Number parameter in the request
primitive. it shall not be reduced to less than one.

Major revisions of this part of ISO/IEC 9506 are reflected through the definition and registration of distinct abstract
syntaxes. [(See clause 17 of ISO/IEC-9506-2:1990) Minor revisions are reflected in the minor version number
parameter, Minor versions of this_part of ISO/IEC 9506 at the same major revision level are compatible with
versions df this part of ISO/IEC_9506 with smaller minor version numbers.

75.2.2 Negotisted' Parameter CBB

This pararheter.is specified in 8.2.4.2 of ISO/IEC 9506-1:1990.
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7523 Services Supported Called

This parameter is specified in 8.2.4.3 of ISO/IEC 9506-1:1990.

7524 Additional Services Supported Called

This parameter, of type bitstring, shall specify support by the Called MMS user of a set of additionalLservices

which are defined in this part of ISO/IEC 9506 for use in the presentation context derived from the abstra

defined in this part of ISO/IEC 9506 on the application association.

t syntax

The value of the parameter in the indication primitive shall specify the intersection of the set.of additional services

supported by the Called MMS user and the set of additional services supported by the"MMS provider.

The assignment of a service to an individual bit of the bitstring type is specified/in 7.5.3. A value of gne in the
assigned bit shall indicate support for the corresponding service. A value of zero shall indicate non-support. Any

additional bits shall be ignored.

Support for confirmed services shall be defined as the ability to receive-a request indication and properly execute

the service procedure defined for the responder role.

If a confirmed service is supported, then a Reject PDU shall'not be issued on receipt of that service, except for
a protocol error. If a confirmed service is not supported, ‘then a Reject PDU shall be issued on receigt of that

service with a reject code of "UNRECOGNIZED SERVICE".

7.5.3 Initiate protocol

The abstract syntax of the Init Request Detail and Init Response Detail parameters shall be specifigd by the
InitRequestDetail and InitResponseDetail types respectively. These types are specified below and described in the

paragraphs that follow. Clause 5.5 of ISO/IEC 9506-2:1990 describes the derivation of all parameters
explicit derivations are not provided in this subclause.

InitRequestDetail ::= SEQUENCE {
proposedVersionNumber (0] IMPLICIT Integerl6,
proposedParameterCBB (1) IMPLICIT ParameterSupportOptions,
servicesSupportedCalling [2) IMPLICIT ServiceSupportOptions,
additionalSupportedCalling (3] IMPLICIT AdditionalSupportOptions
}

InitResponseDetail ::= SEQUENCE {
negotiatedVersionNumber (0] IMPLICIT Integerl6,
negotiatedParameterCBB [{1]) IMPLICIT ParameterSupportOptions,

servicessu ’
additionalSupportedCalled (3] IMPLICIT AdditionalSupportOptions

}

for which
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AdditionalsSupportOptions ::= BITSTRING {

vMDStop (0),
vMDReset (1),
select (2),
alterProgramInvocationAttributes (3)
}

7.6 EJd(ﬁlnoddh

The following END statement closes the module.

END

8 Robet specific standardized objects

8.1 General

This clause defines names and other attributes of standardized MMSyisible entities that are specific to robots and
generic td all classes of robots. The standardized objects refer to.several different kinds of entities including Types,
Domains,|Program Invocations, Named Variables, Semaphores, Event Conditions and Event Actions.

Each standardized object defined in this clause has a standardized meaning associated with it. Not all the objects
listed are [considered appropriate to be supported by, allrobot devices. However, if a object listed in this clause is
supported in a robot, then it shall be supported-with the semantics specified in this part of ISO/IEC 9506.
Conversely, if functionality which is identical with.the semantics associated with one of these standardized objects
occur in an implementation, the standardized name shall be used to dentify that functionality. It is expected that
non-standard names will also be defined by'the implementor or user in the course of developing applications. Use
of these mon-standard names is a local matter.

All standirtdized names defined-in_this clause are prefixed with *R_" (R Underscore), the R indicating a member
of this part of ISONEC 9506, and the underscore indicating a standardized name.

Note: Thjs clause includes definitions of Named Type objects. Whie such objects are not normally visible in an
implementation, they are included in order (1) to provide 8 convenient notation for complex types used by
mgre than_one standardized Named Variable object and (2) to provide guidance to implementors on the
preferred structure for local Named Variable objects.
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8.2 Standardized Domain objects

8.2.1 R ARM

This name shall be used to identify the Domain associated with the robot arm. The Domain models the Robot Arm
object described in 6.2. For robotic systems with more than one robot arm, each arm shall be represented by a

separate Domain, named R_ARM_1, R_ARM_2, and so on.

Object: Domain
Key Attribute: Domain Name = "R_ARM"
Attribute: List of Capabilities
Attribute: State
Attribute: MMS Deletable = FALSE
Attribute: Sharable = TRUE
Attribute: Domain Content
Attribute: List of Subordinate Objects
Attribute: List of Program Invocation References = {R_ARM}

822 RCAL

This name shall be used to identify the Domain associated with the calibration procedure. The calibration ¢peration
is described in 6.3.6.

Object: Domain
Key Attribute: Domain Name = "R_CAL”
Attribute: List of Capabilities
Attribute: State
Attribute: MMS Deletable = FALSE
Attribute: Sharable = FALSE
Attribute: Domain Content
Attribute: List of Subordinate Objects
Attribute: List of Program Invocation References = {R_CAL}

823 R _SAFE

This name.shall be used to identify the Domain associated with safety related equipment including, but ngt limited
to, Emergency Stop switches, light gates, pressure sensitive mats, etc.
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Object: Domain
Key Attribute: Domain Name = "R_SAFE"
Attribute: List of Capabilities
Attribute: State
Attribute: MMS Deletable = FALSE
Attribute: Sharable = FALSE
Attribute: Domain Content
Attribute: List of Subordinate Objects

Attribute: List of Program Invocation References

8.3 Standardized Program Invocation objects

8.3.1 RARM

This name identifies the Program Invocation which manipulates the robot arm. This Program Invocation is

permanently associated with the R_ARM Domain.

Obje¢t: Program Invocation
Key Attribute: Program Invocation Name = "R_ARM"
Attribute: State
Attribute: List of Domain References = {R_ARM}
Attripute: MMS Deletable = FALSE
Attribute: Reusable = TRUE
Attribute: Monitor Attribute: Execution Argument
Attrihute: Error Code = 0O
Attrihute: Control = CONTROLLED

Attribute: Reference to Controlling Program Invocation

832 RCAL

This name
is permangntly associated with the R~CAL Domain. The calibration procedure is described in 6.3.6.

Objegt: Program Invocation

Key Attribute: Program )linvocation Name = "R_CAL"
ijute: State

ijute: List of.Domain References = {R_CAL)}
ijute: MMS Deletable = FALSE

ijute:, Reusable = TRUE

iute: " Monitor

e: Ex ion Ar

identifies the Program Invpcation which performs the calibration procedure. This Program Invocation

Attribute: Error Code = 0O
Attribute: Control = NORMAL
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8.4 Standardized Named Type objects

8.4.1 R_PIS - position In space

A data value which represents a position in space shall be described in terms of this type which is a three element
array of floating point values. A position is described in terms of X, Y and Z coordinates as described in 5.2.2. The "
array represents the coordinates of the X, Y, and Z dimensions of the point. The X, Y, and Z coordinate axis are

orthogonal to each other and their positive direction complies with the right-hand rule.

Object: Named Type
Key Attribute: Type Name = vmd-specific "R_PiS"
Attribute: MMS Deletable = FALSE
Attribute: Type Description = array
{ numberOfElements 3,
floating-point { format-width 32, exponent-width 8 } }

8.4.2 R _OIS - orientation in space

A data value which represents an orientation in space shall be) described in terms of this type. R_OIS

is a four

element array of floating point values. The meaning of these values shall be provided in the PICS (Sep 9.4).

Object: Named Type
Key Attribute: Type Name = vmd-specific "R_OIS”
Attribute: MMS Deletable = FALSE
Attribute: Type Description = array
{ numberOfElements 4,
floating-point { format-width .32, exponent-width 8 } }

Note: The intent is to accommodate_Euler angles, direction cosines, or quaternions. When an internationa} standard

is established on the representation of the orientation in space, this type will be altered to reprf
definition.

8.4.3 R _PSE-pose

A data value'which represents both a position and an orientation in space shall be described in terms of
This type-is a concatenation of R_PIS and R_OIS.

Object: Named Type

Key Attribute: Type Name = vmd-specific "R_PSE"
—___Attribute: MMS Deletable = FALSE
Attribute: Type Description = structure
{ componentType typeName vmd-specific "R_PiIS”,
componentType typeName vmd-specific "R_OIS" }

bsent that

this type.
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The relationship between joint coordinates and robot pose is, in general, not one to one. In order to make the
relationship unambiguous, additional information is needed. Presently, there is no standard which represents this

information, although work on this subject is in progress. When such a standard has been achieved, it will be

appropriate to provide a standardized type for describing this information.

8.4.4 R_EEF - end effector

A data vajue which represents the attributes of an end effector shall be described in terms of this type. This type
can be used to describe the end effector which is part of the robot arm (See 8.5.5.15) or of other end effeétors
which are| part of the system.

Objert: Named Type

Key Attribute: Type Name = vmd-specific "R_EEF"

Attripute: MMS Deletable = FALSE

Attripute: Type Description = structure { components {
{ gomponentName "IDNumber",

mponentType objid },

{ gomponentName "ToolDescriptor”,

mponentType visible-string 80},

{ JomponentName "TOOL-MICS",

mponentType typeName vmd-specific "R_PSE"},

{ gomponentName "User-Detail",

mponentType visible-string 512} } }

ized Named Variable objects

8.5.1 General definitions
The mode| of a robot system developed.in-Clause 5, distinguishes between

a) datavalues which are transferred between the task program and the robot arm control program referred to
as Programmed values,

b) data|values which are.the output of the path planner in the robot arm referred to as Commanded values,
c) the data values.which corresponding to the real position of the robot joints referred to as Actual values.

Within this part of ISOIIEC 9506 the followmg nammg conventuon is used If the object represents a Programmed
value, the ble-A 8 ; i ; ; ariab
is of the form "R Cxxx" If the object represents an Actuai value the vanable name is of the form "R Axxx

If the object represents the Pose (position and orientation) of some object with respect to some coordinate system,
the variable name is of the form "R_Txx", indicating that the variable corresponds to a transformation of one
coordinate system to another. The convention further indicate which coordinate systems are transformed to which;
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the letters T, U, B, M and W refer to Tool Coordinate System, User Coordinate System, Base Coordinate System,
Mechanical Interface Coordinate System, or World Coordinate System. Thus R_TMB refers to the position of the

Mechanical Interface with respect to the Base Coordinate System, or equivalently, to the transformati
will carry the Base Coordinate System into the Mechanical Interface Coordinate System.

85.2 Generic Named Variable objects

on which

All generic Named Variable objects listed in clause 18 of ISO/IEC 9506-1:1990 shall be supported if the a
function is supported.

8.5.3 VMD specific standardized Named Variable objects

8.5.3.1 R_VPWR - power

Bsociated

This Named Variable object represents the value of the Any Physical Resource Power On attribute of the VMD.

This boolean variable shall be TRUE if power is applied to any physSical resource in the VMD, FALSE o

Object: Named Variable

Key Attribute: Variable Name = vmd-specific "R_VPWR"
Attribute: MMS Deletable = FALSE

Attribute: Type Description = boolean

Attribute: Access Method

8532 R_VCAL - calibrated

This Named Variable object represents the value of the All Physical Resources Calibrated attribute of 1

Object: Named Variable

Key Attribute: Variable Name = vmd-specific "R_VCAL"
Attribute: MMS.Deletable = FALSE

Attribute: Type Description = boolean

Attribute: Access Method

8.5.3.3 R_VLOCAL - VMD Local Control

therwise.

he VMD.

This Named Variable object represents the value of the Local Control attnibute of the VMD.



https://standardsiso.com/api/?name=ee04f81a7a51277799975d83c324b5ad

ISO/IEC

Obje
Key

Attri
Attri
Attri

8534
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ct: Named Variable

Attribute: Variable Name = vmd-specific "R_VLOCAL"
bute: MMS Deletable = FALSE

bute: Type Description = boolean

bute: Access Method

_R VSAFEV - Safety Intedacks Violated

This Named Variable object represents the state of the Safety Interlocks Violated attribute of the VMD.

Obje
Key

Attri
Attri
Attri

tt: Named Variable
Attribute: Variable Name = vmd-specific "R_VSAFEV"
ute: MMS Deletable = FALSE
}ute: Type Description = boolean
ute: Access Method

8.5.4 Domain-specific standardized Named Variable objects

8.5.4.1

This Nam

R_DPWR - Device Power On

ed Variable object represents the value of the DevicePowerOn attribute of the Robot Arm or other

Auxiliary Device object. This object has the value of TRUE if power is applied to the device.

Obje
Key

Attri
Attri
Attri

8.5.4.2

¢t: Named Variable
Attribute: Variable Name = domain-specific™{
domainiD ,
itemiD "R_DPWR" }
ute: MMS Deletable = FALSE
Hutez Type Description = boolean
ute: Access Method

R_DCAL - Devics Calibrated

This Named Variable object represents the value of the DeviceCalibrated attribute of the Robot Arm object or other
Auxiliary Device objéct.' This object has the value of zero if the device resource is CALIBRATED, one if the device
resource i$ NOTCALIBRATED, and two if the device resource is CALIBRATING.
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Object: Named Variable
Key Attribute: Variable Name = domain-specific {
domainiD ,
itemiD "R_DCAL" }
Attribute: MMS Deletable = FALSE
Attribute: Type Description = integer 8
Attribute: Access Method

8.54.3 R DLOCAL - Device Local Control

This Named Variable object represents the value of the Local Control attribute of the Robot.Arm objec
Auxiliary Device object. This named object is TRUE if the device resource is in local control, FALSE o

Object: Named Variable
Key Attribute: Variable Name = domain-specific {
domainiD .
itemiD "R_DLOCAL" }
Attribute: MMS Deletable = FALSE
Attribute: Type Description = boolean
Attribute: Access Method )

855 R_ARM Domain-specific standardized Named Variable objects

8.55.1  R_NJ - Number of Joints

This Named Variable object represents the value of the Number of Joints attribute of the Robot Arm ob
value is an integer which specifies the.number of joints associated with a specific robot arm.

Object: Named Variable

Key Attribute: Variablé Name = domain-specific {
domainiD "R_ARM",
itemiD "R_NJ" }

Attribute: MMS-Deletable = FALSE

Attribute: Type Description = integer 8

Attribute: Access Method

8.5.5:2 R_JT - Joint Types

t or other
herwise.

ject. This

i i je valu oint 1ype attribute of the Robot Arm object.
is an array of integers which identify the types of the joints of the robot arm. An array element of zero

his object
indicates

a revolute joint, an element of one indicates a prismatic joint. The array size is the number of joints in the robot,

R_NJ. The ordering of the joint information corresponding to each joint in the robot is a local matter.
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Object: Named Variable
Key Attribute: Variable Name = domain-specific {

domainiD "R_ARM",
itemiD "R_JT" }

Attribute: MMS Deletable = FALSE
Attribute: Type Description = array

{ numberOfElements r-NJ-value, elementType integer 8 }
Attribute: Access Method

8.5.5.3

R_JCAL - Joints Calibrated

This Namgd Variable object represents the value of the Calibrated attribute for each of the joints in"the Ordered

List Of Jo
each of th

Objeq
Key 4

Attril
Attril

——

Attrib

8554

This Name

nt Descriptions of the Robot Arm object. This array contains the value of the Calibrated attribute for
P joints. The ordering of the joint information corresponding to each joint in the robot is-a local matter.

t: Named Variable

Attribute: Variable Name = domain-specific {
domainiD "R_ARM",
itemiD "R_JCAL" }

ute: MMS Deletable = FALSE

ute: Type Description = array

numberOfElements r-NJ-value, elementType boolean }

ute: Access Method

R_JBK - Brakes On

contains t

d Variable object represents the value of the.Joint Brakes attribute of the Robot Arm object. This array
e value of the brakes status for each of the joints. An array element of zero indicates that no brakes

exist for the corresponding joint (the Joint Brakes attribute is FALSE), an element of one indicates that the value
of the BraKes On attribute is FALSE and an element of two indicates that the value of the Brakes On attribute is
TRUE. The ordering of the joint information, corresponding to each joint in the robot is a local matter.

Obje

: Named Variable

Key Attribute: Variable Name ™= -domain-specific {

Attri
Attri

domainlD-'R_ARM",

itemiD~*"R_JBK" }
e: MMS Deletable = FALSE
te: Type Description = array

{ pumberOfElements r-NJ-value, elementType integer 8 }

Attri

e: Access Method

R_JBD - Joint Bounds

This Named Variable object represents the value of the Upper Bound and Lower Bound attribute of the Robot Arm
object. This array contains the upper and lower bounds on each of the joint coordinates. The ordering of the joint
information corresponding to each joint in the robot is a local matter.
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Object: Named Variable
Key Attribute: Variable Name = domain-specific {
domainiD "R_ARM",
itemiD "R_JBD" }
Attribute: MMS Deletable = FALSE
Attribute: Type Description = array
{ numberOfElements r_NJ-value, elementType structure

{ components {

{ componentName "upperBound",
componentType floating-point
{ format-width 32, exponent-width 8 }
}

{ componentName "lowerBound”,
componentType floating-point
{ format-width 32, exponent-width 8 }

}11)
Attribute: Access Method

8.5.5.6 R_AJV - Actual Joint Values

This Named Variable object represents the value of the Actual.Joint Value attribute of the Robot Arm object. This

array contains the actual values of the joint coordinates. The,ordering of joint information corresponding
joint in the robot is a local matter.

Object: Named Variable
Key Attribute: Variable Name = domain-specific {
domainiD "R_ARM",
itemiD "R_AJV" }
Attribute: MMS Deletable = FALSE
Attribute: Type Description = array
{ numberOfElements r-NJ-value,
elementType floating-point
{ format-width 32, exponent-width 8 } }
Attribute: Access Méthod

85.5.7 R _TUB- coordinate transformation - User to base

This Named Variable object represents the value of the USER-BASE attribute of the Robot Arm object. T|
is the pose of the User expressed in the Base Coordinate System, or equivalently the transformation of
Coordinate System of the robot arm to that of the User. It is of type Pose.

to each

his value
the Base
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Object: Named Variable
Key Attribute: Variable Name = domain-specific {

domainiD "R_ARM",
itemiD "R_TUB" }

Attribute: MMS Deletable = FALSE
Attribute: Type Description = typeName vmd-specific "R_PSE"
Attribute: Access Method

is the po

R _TTM - coordinate transformation - Tool to MICS

e of the Tool expressed in the Mechanical Interface Coordinate System, or equivalently, the

This Nam}d Variable object represents the value of the TOOL-MICS attribute of the Robot Arm object.-This value

transform

Objeq

tion of the Mechanical Interface Coordinate System to that of the Tool. It is of type Pose.

t: Named Variable

Key Attribute: Variable Name = domain-specific {

Attril
Attrilb
Attril

This Name
is the pos

domainiD "R_ARM",

itemiD "R_TTM" }
ute: MMS Deletable = FALSE
ute: Type Description = typeName vmd-specific "R_PSE"
ute: Access Method

R_TBW - coordinate transformation - Base to World

 Variable object represents the value of the BASE-WORLD attribute of the Robot Arm object. This value
e of the Base Coordinate System expressed in\the World Coordinate System, or equivalently, the

transformation of the World Coordinate System to that.of the Base. It is of type Pose.

Objec
Key A

Attrib
Attrib
Attrib

8.5.5.10

t: Named Variable
\ttribute: Variable Name = domain-specific (
domainiD "R_ARMT,
itemiD "R_TBW™}
ute: MMS Deletable = FALSE
ute: Type Description = typeName vmd-specific “R_PSE"
ute: Access Method

R_ATUP -.actual Tool User point

It is derivgdCfrom the Robot Arm attributes, TOOL-MICS, MICS-BASE, USER-BASE, Actual Joint Value and

This Nami Variable object represents the value of the actual pose of the Tool in the User Coordinate System.
implementati S:
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Object: Named Variable
Key Attribute: Variable Name = domain-specific {

domainiD "R_ARM",
itemiD "R_ATUP" }

Attribute: MMS Deletable = FALSE
Attribute: Type Description = typeName vmd-specific "R_PSE"
Attribute: Access Method

8.5.5.11

This Named Variable object represents the value of the commanded TOOL-USER attribute of the_ Robot Ar
This object contains the value of the destination pose of the Tool in the User Coordinate..System. Thig
the actual pose if no motion is underway, or the pose to which the robot arm has been commanded most|

R_CTUP - commanded Tool User point

Object: Named Variable
Key Attribute: Variable Name = domain-specific {
domainiD "R_ARM",
itemiD "R_CTUP" }
Attribute: MMS Deletable = FALSE
Attribute: Type Description = typeName vmd-specific "R_PSE”
Attribute: Access Method

‘8.5.5.12 R_AMBP - actual Mechanical interface to Base position

This Named Variable object represents the value of the MICS-BASE attribute of the Robot Arm objeq
represents the actual position of the MICS with\respect to the base of the robot. It is derived from the R

attributes, Actual Joint Value and implementation specific parameters.

Object: Named Variable
Key Attribute: Variable Name ‘=’ domain-specific {
domainiD "R_ARM",
itemiD"" "R_AMBP" }
Attribute: MMS Deletable = FALSE
Attribute: Type Description = typeName vmd-specific "R_PSE"
Attribute: Access-Method

8.5.5.13_'R-SF - Speed Factor

991(E)

m object.
is either
recently.

tt, which
bbot Arm

This Named Variable object represents the value of the Speed Factor attribute of the Robot Arm object. This object

contains the value of the ratio of the programmed tool tip speed to the commanded speed. It is a dimer]

sion less

_number, normally unity
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Object: Named Variable

Key Attribute: Variable Name = domain-specific {
domainiD "R_ARM",
itemiD "R_SF" )

Attribute: MMS Deletable = FALSE

Attribute: Type Description = floating-point

{ format-width 32, exponent-width 8 }
Attribute: Access Method

8.5.5.14| R_PSTU - Programmed Speed of Tool - User coordinste system

This

Nampd Variable object represents the value of the Programmed Speed attribute of the Robot Arm object. This

object contains the programmed value of the tool speed.

Object: Named Variable
Key |[Attribute: Variable Name = domain-specific {
domainiD "R_ARM",
itemiD "R_PSTU" }
Attribute: MMS Deletable = FALSE
Attribute: Type Description = fldating-point
{ fprmat-width 32, exponent-width 8 }
Attribute: Access Method

8.5.5.15| R EEFU - End Effector in use

This

Named Variable object represents the value of the attributes of the End Effector currently in use. It is itself

an attribute of the Robot Arm object.

8.6.1

Object: Named Variable

Key [Attribute: Variable Name = domain-specific { .
domainiD "R_ARM",

itemiD "R_EEFY" }

AttriEute: MMS Deletable = FALSE

Attripute: Type Description (=\typeName vmd-specific "R_EEF"

Attribute: Access Method

Standardized Semaphore objects

R CTRL

This VMD-Specific Semaphore object may be used to represent a semaphore which has control over the robot arm

resource(s). Its applicability is in multiple host systems in which exclusive control, by one host, of all of the
physical resources of the VMD is required.
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Object: Semaphore

Key Attribute: Semaphore Name = vmd-specific "R_CTRL"

Attribute: MMS Deletable = FALSE
Attribute: Class = TOKEN
Attribute: Number Of Tokens = 1
Attribute: Number Of Owned Tokens
Attribute: List Of Owners
Attribute: List Of Requesters

ISO/IEC 9506-3: 1991(E)

8.7 Standardized Event Condition objects

8.7.1 R_RVS Robot VMD state change

This Event Condition object identifies the Event Condition of the VMD attribute Robot VMD State changing from

EXECUTING to any other value.

Object: Event Condition

Key Attribute: Event Condition Name = vmd-specific "R_RV.S"

Attribute:MMS Deletable = FALSE

Attribute: Event Condition Class = MONITORED

Attribute: State = ( initially ACTIVE )

Attribute: Priority = normalPriority

Attribute: Severity = normalSeverity

Attribute: Additional Detail = NULL

Attribute: List of Event Enroliment References
Attribute: Enabled = TRUE

Attribute: Alarm Summary Reports (= FALSE

Attribute: Monitored Variable Reference =

UNSPECIFIED

Attribute: Evaluation Interval.-=(local matter)

Attribute: Time of Last Transition to Active

Attribute: Time of Last.Transition to Idle

8.7.2 R SIV robot Safety interlocks Violated

This Event Condition object identifies the Event Condition when the VMD attribute Safety Interlocks| Violated

transitions from FALSE to TRUE.
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Object: Event Condition
Key Attribute: Event Condition Name = vmd-specific "R_SIV"
Attribute:MMS Deletable = FALSE

Attribute: Event Condition Class = MONITORED

Attribute: State = ACTIVE

Attribute: Priority = normalPriority

Attribute: Severity = normalSeverity

Attribute: Additional Detail = NULL

Attripute: Li ent R

Attribute: Enabled = TRUE
Attribute: Alarm Summary Reports = FALSE

Attribute: Monitored Variable Reference = UNSPECIFIED
Attribute: Evaluation Interval = (local matter)

Attribute: Time of Last Transition to Active

Attribute: Time of Last Transition to Idle

8.7.3 R_RLC robot Local Control changed

Key fttribute: Event Condition Name = vmd-specific "R_RLC"
Attribute: MMS Deletable = FALSE

Attribute: Event Condition Class = MONITORED

Attribute: State = ACTIVE

Attribbute: Priority = normalPriority

Attripute: Severity = normalSeverity

Attribpute: Additional Detail = NULL

Attribute: List of Event Enroliment References

ribute: Enabled = TRUE

ribute: Alarm Summary Reports = FALSE

ribute: Monitored Variable Reference y= UNSPECIFIED
ribute: Evaluation Interval = (local matter)

ribute: Time of Last Transition-to- Active

ribute: Time of Last Transition to Idle

8.74 R ARM - Robot armh-operation

This Even] Condition_gbject identifies the Event Condition when the R_ARM Program Invocation leaves the
RUNNING [state.
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Object: Event Condition

Key Attribute: Event Condition Name = vmd-specific "R_ARM"

Attribute: MMS Deletable = FALSE

Attribute: Event Condition Class = MONITORED
Attribute: State = ACTIVE

Attribute: Priority = normalPriority

Attribute: Severity = normalSeverity

Attribute: Additional Detail = NULL

— Attribute: List of Fvent Fnroliment References
Attribute:
Attribute:
Attribute:
Attribute:
Attribute:
Attribute:

882 RARM-

Enabled = TRUE

Alarm Summary Reports = FALSE

Monitored Variable Reference = UNSPECIFIED
Evaluation Interval = (local matter)

Time of Last Transition to Active

Time of Last Transition to Idle

8.8 Standardized Event Action objects

8.8.1 R _STC robot Status change

Object: Event Action
Key Attribute: Event Action Name = vmd-specific "R_STC"
Attribute: MMS Deletable ‘= FALSE
Attribute: Confirmed Service Request(=
Status { Extended Derivation =, FALSE )
Attribute: List of Modifier = NULL
Attribute: List of Event Enroliment References

Robot arm operation

This Event Action-object identifies the action taken when the R_ARM Program Invocation leaves the
state. This action -will provide Event Notification with the MMS GetPrograminvocationAttributes servi

Object: Event Action

Key. Attribute: Event Action Name = vmd-specific "R_ARM"
Attribute: MMS Deletable = FALSE

Attribute: Confirmed Service Request =

ISO/IEC 9506-3: 1991(E)

This Event Action object identifies the action taken when one.of the named events occurs. This action wijll provide
Event Notification with the MMS Status service resuit.

RUNNING
Ce result.

'—RM'}

Attribute: List of Modifier = NULL
Attribute: List of Event Enroliment References
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8.9 Standardized Event Enrollment objects

This part of ISO/IEC 9506 does not define any Standardized Event Enroliment objects for robot specific use.

8.10 Standardized Operator Station objects

This part|of ISO/IEC 9506 does not define any Standardized Operator Station objects for robot specific use,

8.11 Standardized Joumal objects

This part|of ISO/IEC 9506 does not define any Standardized Journal objects for robot specific use.

9 Robot conformance classes

9.1 General

This clause lists a set of MMS conformance classes for robot applications. The conformance classes are based
on model§ of robot applications. The list of applications are indicated by combining the class name with the type
of program loading method. Upload/download is for systems which can support remote uploading and downloading
of their devices directly. Secondary storage is for systems which can only be loaded from their local file store. All
classes contain the Base Conformance Class. ISO/IEC 9506-1 describes conformance on the basis of the behaviour
of the sefver or VMD. '

Flexible application of robots requires that they be connected to a network and have their activities coordinated
with other equipment. As described earlier, thére are two fundamental modes of operation of a robot - as a client
device arjd as a server device. The robot\may function in either or both modes simultaneously. However, the
services pnd conformance requiremerits) of the robot when acting as a client and responding as a server, are
considerdd separately.

This clause describes the minimal set of services and conformance requirements for a robot to function as a server
device. Allso presented are‘the’services and conformance requirements for enhanced performance of robots acting
as client pnd server devices.

9.2 RTbot server conformance
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9.2.1v General requirements

1991(E)

Minimum requirements for all MMS responders are prescribed in 17.9 of ISO/IEC 9506-2:1990. These minimum

requirements includes support for the responder role for

Initiate,
Conclude,

Abort,
Reject and
ldentify.

This requirement applies with equal force to any implementation claiming conformance (to’the abstract syntax

defined in this part of ISO/IEC 9506.

In the conformance classes which follow, the robot is acting as an MMS server connected to a refnote host

computer which acts as the MMS client.

9.2.2 Base Conformance Class

9.22.1 Static conformance requirements

The Base Conformance Class specifies the minimum.set of services that a robot shall provide to confgrm to this

part of ISO/IEC 9506. This conformance class forms a kernel of services that are included in all o
conformance classes.

ther robot

This conformance class is for robot servers that support only one association at a time. Robot servers that support
more than one association are considered to be in a higher conformance class (i.e. Multiple Hosts Class). These

higher conformance classes have @dditional requirements.

For the purposes of satisfying the requirements of the Robot Model described in clause 5, of the MMS model

mapping described in clause 6, and of the elements of the service procedures described in clause 7, t
user proposing or accepting establishment of an application association specifying the abstract syntax

he remote
defined in

this part of ISO/IEC 3506 shall have control of the R_CTRL semaphore immediately upon successful estdblishment

of the association..No explicit MMS service procedures for semaphores need to be supported in order
this conformance class. This automatic allocation of the R_CTRL semaphore to the remote MMS use
apply to any higher conformance classes in which multipie associatitons may be supported.

9222 Service conformance requirements

to satisty
does not
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9.22.2.1 Fixed requirements

The following services shall be supported in the Base Conformance Class.

Cancel
Status
UnsolictedStatus

In additioh to these services, a robot shall support either the set of serviceés specified in 9.2.2.2.2.1 or in
9.2.2.2.2]2.

9.222.2 Loading of Domains

922221 Upload/Download

This set gf services shall be supported by robots that use remote loading of their robot system controller from a
host systém. These services provide a way to.upload and download programs and data to/from the robot system

TerminateDownloadSequence
InitiateUploadSequénce
UplloadSegment
TefminateUploadSequence
ReguestDomainDownioad
ReguestDomainUpload
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