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rorewora

ISO (the International Organization for Standardization) and IEC (the
International Electrotechnical Commission) form thenspecialijed system
for worldwide standardization. National bodies that-are members of ISO
or |EC participate in the development of Internafional Standarnds through
technicai committees established by the respeciive organizafion to deal
with particular fields of technical activity~1S© and IEC technical com-
mittees collaborate in fields of mutual jipbterest. Other interrjational or-
ganizations, governmental and non-governmental, in liaisop with ISO
and IEC, also take part in the work.

In the field of information technology, ISO and IEC have eslablished a
joint technical committee, ISO/EC JTC 1. Draft Internationall Standards
adopted by the joint technical committee are circulated to national bod-
jes for voting. Publication/as an International Standard rgquires ap-
proval by at least 75 %. of the national bodies casting a vote.

International Standard ISO/IEC 9506-3 was prepared by Joint Technical
Committee I1SO/LFC/184, Industrial automation systems and infegration.

ISO/IEC 9506%¢onsists of the following parts, under the gengral title /n-
dustrial autémation systems — Manufacturing message specification:

— PRart 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 define conformance requirements for the robot when used in a network with
multiple clients. The messages are described using the method defined in ISO 8824.

This part of ISP I500 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 campyter
or client devicg on the network. The base class forms the "kernel” of conformance for robots in thesé-types of
networks. All jother conformance classes will be additions to the base class. This part of ISO/IEC 9506 4lso
provides the rpbot specific services and protocol including the abstract syntax notation for protocd! elemehts
which are undgfined in the MMS-General-Module.

This part of ISD/IEC 9506 also recognizes that the robot can act as a controller to devices connected to it slich
as vision systems and grippers. This part of ISO/IEC 9506 identifies the requirements for, cemmunications in sxch
a manner but does not identify MMS service and protocol conformance requirements™ar the robot when actjng
in a client role| These requirements are identified by the companion standard covering the device to which the
robot intends {0 communicate.

MMS is intendged to be used with yet other standards designed to achieve’a systematic and uniform approach| to
Open Systemg Interconnection of Information Processing Systems as_ defined in ISO 7498. As such, MM is
positioned within the application layer of the GSi model. It defineS/the Application Service Element and the
protocol requirpd to extend information systems networks to the ptogrammable control devices of the automated
factory environment. The services defined by MMS are generic aad intended to be referenced by the compan|on
standards, eagh of which is oriented towards a more specific'‘Class of application.

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

9 which references the conformance requirements of ISO/IEC 9506-1 and 2. Implementers of MMS for robots 3nd
robotic systems should have a thorough-understanding of MMS for proper implementation of this part of ISO/IEC
9506. Implementers should also have\a thorough understanding of the modeling, services and protocol defirled
in this part of JSO/IEC 9506. Users of robots and robotic systems are directed to the clauses on modeling dnd
services found|in this document.

Implementatio of this part of ISO/IEC 9506 reguires a minimum implementation of MMS. This is covered in Cla{se

For the purposg of this part of ISO/IEC 9506, the term "robot™ means "manipulating industrial robot™ as defied
in ISO/TR 8373. As used.in this part of ISO/IEC 9506, a robot will generally refer to the manipulator together wjith
its control system and any ancillary equipment, devices, sensors, or communications links, necessary for the robot
to perform its fask. Figure 1 illustrates the elements of the robot system as described in this part of ISO/IEC 9506
Since the definitions g D/TR 8 on de ihe robao ems with 3 single arm and this parto 2 > 95106
anticipates robots with multiple arms operating in a coordinated fashion, these definitions have been generalized.
The term "robot system controller” will refer to the (single) task program operating with the (possible multiple)
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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specification —

Part 3:
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Scope
s part of ISO/IEC 9506:

describes the model of a robot and how the attributes of the robot are mapped onto the
Virtual Manufacturing Device (VMD),

elements requiring companion standard specification by MMS,

defines robot specific standardized objects,

provides a description of conformance classes including a base class and several enhan

finitions are provided of the services and protocol of robots operating as a server in the abstract
this part of ISO/IEC 9506. The semantics of MMS services performed by robots while comm
er abstract syntaxes are not defined by this part,of ISO/IEC 9506. This part of ISO/IEC 9506 d

MMS service and protocol conformance requirements for a robot acting in a client role. These re
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2
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of
an
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ended to be identified by the companion standard covering the device to which the ro
nmunicate.

Normative Ref_erences

e following standards.contain provisions which, through reference in this text, constitute provisi

parties to agreéments based on this part of ISO/IEC 9506 are encouraged to investigate th
lying the most recent editions of the standards listed below. Members of ISO and IEC maint
ently valid_international standards.

D/IEC,9506-1:1990 Industrial automation systems - Manufacturing Message Specifi

defines the robot specific services and protocol including the abstract syntax notatio

attributes of a

n for protocol

ted classes.

syntax defined
nicating under
es not identify
quirements are
bot intends to

bns of this part

possibility of
in registers of

SO/IEC 9506. At the time of publication, the editions indicated were valid. All standards are subEct to revision,

E

ration - Part 1 -

Service-definition

ISO/IEC 9506-2:1990

ISO 7498:1984

Protocol specification

Reference Model

Industrial automation systems - Manufacturing Message Specification - Part 2 -

Information processiny systems - Open Systems Interconnection - Basic
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ISO/TR 8509:1985 Information processing systems - Open Systems Interconnection - Service
Conventions
1ISO 8824:1987 Information processing systems - Open Systems Interconnection - Specification

of Abstract Syntax Notation One (ASN.1)

ISO 8571:1988 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 ‘-’ Protpcol
specification for the Association Control Service Element

1SO DIS 10218’ Manipulating Industrial Robots - Standard for Safety
ISO/TR 83731988 Manipulating Industrial Robots -Vocabulary
1ISO 9787:1990 Manipulating Industrial Robots - Coordinate Systems and Motions

' To be published

3 Definitions

3.1 Generpl definitions

Clause 3 of ISO/IEC 9506-1:1990 and clause 3.of ISO/IEC 9506-2:1930 list a number of terms defined in|ISO
7498, in ISO/TR 8509, and in ISO 8824, as well as its own definitions. ISO/TR 8373 and ISO 9787 also define
a number of terms used in this part of ISOAEC 9506. These definitions are included in this part of ISO/IEC 9606
by reference.

3.2 Specific definitions

3.2.1 control program:

The inherent 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.
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3.2.2 cyde:

A single execution of a task program.

3.23 local control:

A boolean value which indicates whether or not it is possible for remote operations to effect chang

-3: 1991(E)

es in the state

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

Note: This definition is appropriate to MMS Companion Standards and is different from thatcontai
10218.
3.24 manipulating industrial robot [robot]:

An| automatically controlled, reprogrammable, multi-purpose, manipulative” machine with seve
fregdom, which can be either fixed in place or mobile for use in industrial' automation application

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

3.2.5 manipulator:

A machine, the mechanism or which usually. tonsists of a series of segments jointed or sliding
anqther, for the purpose of grasping and/or moving objects {(pieces or tools) usually in several degre
It may be controlled by an operator, a programmable electromic controller, or any logic system (fo
device, wired, etc.).

3.2.6 motion enabled:

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

3.2.7 , |_pose:

hed in ISO DIS

al degrees of

D.

ot” will mean

elative to one
es of freedom.
example cam

of a robot arm

Combination of position and orientation of a part of a robot (for example its mechanical inte
workpiece in a coordinate system.

rface) or of a
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remote operation:

An operation involving data acquisition or control operating over an OSI communication network using MMS

services.

3.29

As used in thi

which controls

3.2.10

A robot syste

robot arm:

§ 8

the manipulator.

robot system:

includes:

the ropot (hardware and software) consisting of the manipulator whether mobilé.or'not; power supply

control system;

- the end-effector(s);

- any efyjuipment, devices, or sensors required for the robot to perform-its'task;

- any cpmmunication interface that is operating and monitoring the robot, equipment, or sensors, as faf
these|peripheral devices are supervised by the robot control system.

3.2.11

The entire co

robot arm(s) 3

3.2.12 step

An atomic ele

Note: Thec

3.2.13 task

The set of mot
this type of progra

Note: an ap

robot system controller:

rol system of the robot, consisting of the (single) task program and the control program(s) for
d the auxiliary device(s).

ment of task program execution. It may or may not involve robot motion.

bncept of a step is dependent on the robotic programming language.

m is normally generated by the user.

plication is a general area of work, a task is specific within the application.

and

as

the

114
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4 Abbreviations

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

ACSE: Association Control Service Element

ISO/IEC 9506-3: 1991(E)

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

MICB: Mechanical Interface Coordinate System
MMB: Manufacturing Message Specification
OSl; Open System Intercoanection

PDU: protocol data unit

PICS: Protocol implementation conformance statement
Req request

Rs response

S: Selection

TR: Technical Report

U: user option parameter

VMD: Virtual Manufacturing Device

5 [Robot application description

5.1 Manufacturing configurations

511 General ‘considerations

The [conformance classes which are defined in clause 9 of this part of ISO/IEC 9506 are described independently
of the configurations in which they are used. The configurations described in this subclause are tutdrial in nature,

and predncluded to give insight into the rationale which underlies this part of ISO/IEC 9506. Actual donfigurations
canEI‘I' I o ¢ ot f . -

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 the present sense since they are not connected to the robot through OSI communication channels.
Rather, they 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
communicates with a robot. It requires only that the client has the capability to send the appropriate requests to
the robot and to receive responses from the robot.

5.1.2 Configuration ona: Robot server, single client

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

In simple implementations of Configuration one, there need be only one MMS assaciation. In more sophisticated
implementatior}s, there can be muitiple concurrent MMS associations.

An example is|the case where two MMS associations are used between the host and the robot for increaged
throughput.

Host
(Client)

Robot
(Server)

Figure 2 Robot server/single client

In configuration 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
(Client)

Host 2
(Client)

An
of 3

5.1

Inc
iss
acl

This
as 9
inte

An

larger system.

Robot
(Server)

Figure 3 Robot server/many clients

4 Configuration thwee: Robot client

bxample of this configuration is a host performing robot coentrol and a second host monitoring the robot as part

pnfiguration three, the robot is a client,to-one or more devices (see Figure 4). It is also possible [that the robot
multaneously a server to one or more host clients as in configurations one and two respectively. The robot in
ent capacity requires the ability to.act as an initiator of requests, rather than just as a responder.

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

pxample of this\configuration is a robot acting as a client to another system acting as a file s¢rver.
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5.1.5 Configuration four: Peer to peer

In configuratig
In this configu

5.2 Robot

Robot

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

n four, several robots are considered peers, and can aCY 3$ both clients and servers (see Figure

Figure 4 Robot client

ration each robot includes both client and server capabilities.

Robot

Robot

specific model

5.2.1 Robet physical model

Figure 5 Poer to peer

Robot

5).
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ISO/IEC 9506-

1.1 General

3: 1991(E)

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
be auxiliary devices whose activities are coordinated with the robot arm but are physically and logically separate
from the robot arm. In particular, the safety interlocks are one such auxiliary device of which the Emergency Stop

Buttion can be considered to be a component.

5.2

The
the
ope

The
com
prog
and

The
serv
the
(cal
the

The

{1.2 Robot arm

1.2.1 Robot arm subsystems

robot arm control program, and the end effector. The focus. of.'this part of ISO/IEC 9506
ation of this robot arm, together with coordinated control of(the auxiliary devices.

prises an axis of the robot. The joint is driven by an _actuator which is controlled by the robd
ram. This robot arm control program can be considered to have two main components, a sen
a path planner.

e are characteristics of the robot arm modeled in this part of ISO/IEC 9506 which equally af
omechanism and path planner subsystems. It is essential to know the number of joints of the m4

brated, not calibrated, or calibrating) and power state (arm power on/oif) is necessary for prope
Fobot system.

flow of information inta 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
state-expressed in joint values.

The commanded state is then input to the servomechanism subsystem which drives the

central element of a robot system is the robot arm which is compased of the manipulator, its power supply,

s the remote

manipulator is composed of a set of mechanical linkagés'and joints. Each link along with its agsociated joint

t arm control
bomechanism

fect both the
nipulator and

characteristics of each joint in order to perform the robot task. Knowledge of the nature of the calibration state

r operation of

e commanded

manipulator.
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Task Program

Programmed
Pose

v

Path Planner

Commanded

Joint Values

v

Servo Mechanism

Actual
Joint Values

v

Manipulator

Figure 6 Information: flow

5.2.1.2.2 [Path planner

The path planrjer subsystem accepts commands from the task program (or from other local sources) for motjon
of the manipulptor and converts these requests into a time series of servomechanism commands. In effect, the
path planner i responsible for convertinga desired manipulator trajectory expressed in terms of the position| or
speed of the fool tip into appropriate, Servomechanism commands. In order to express these motions i a
consistent fashion, a set of ccordinate systems are introduced with which to describe the robot arm. These are
described in detail in 5.2.2.

The path planfer is respanisible for monitoring certain characteristics of the manipulator motion and apply{ng
desired modifi¢ations. ‘Most notable of these is the control of the speed and acceleration of the tool tip.

The programmed. Speed is the speed normally resulting from the command input to the path planner from the task
program of the Tobot System controller. It is the normal tool tip speed established in the task program.

The speed factor is an override multiplication factor that is applied to alter the speed of the manipulator. The speed
factor will 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
programmed speed.

10
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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 the task
program?

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
adjusted upward or downward from the programmed acceleration.

Additional attributes of the path planner include a set of input values and output values. The input
path| planner describe the programmed state of the manipulator expressed in Euclidean space-incluging position,
velofity, and acceleration. The output values from a path planner describe the commanded state-of the manipulator

exp

ssed in joint space.

521.23 Robot arm servomechanism

The
the

calik

of li
isc
info

hk parameters relating it to the other joints in the kinematic chain which comprise the robot a

'mation from joint sensors. The servomechanism issu€s commands to drive the joint to a desi

morlitors the actual value as it moves.

5.2,

The

1.3 Auxiliary devices

robot auxiliary devices are robot task related subsystems that are directly controlled by the

values to the

robot arm servomechanism subsystem consists of a coupled set of servomechanisms, one fof each joint of
manipulator. The joints of a manipulator can be of revolute or prismatic type. Each joint can he individually
rated, can have upper and lower bounds on travel, can have a‘brake mechanism, and has an associated set

m. Each joint

ntrolled by a servomechanism which sends control signals to the joint actuator and may obfain feedback

red value and

robot system

controller. The control of auxiliary devices is integrated into the control of the robot task. The infqrmation used

ina

ove
proq]rams.

Not¢: Examples of auxiliary devices are safety interlocks, weld controllers, paint systems, water jet ¢

5.2,

vision systems; sensors, and grippers.

2 Robot coordinate system

ixiliary device control, for example specific parameters of the auxiliary devices, are an integral part of the
all parameters of the robget ‘task. Control of auxiliary devices can be implemented in one qr more robot

itter systems,

5.2.2.1 Conventions

The robot coordinate systems used by this part of ISO/IEC 9506 are the world, base and mechanical interface
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 commonly used coordinate systems are introduced in addition to the standardized coordinate systems; the
Tool Coordinate System, and the User Coordinate System. The Tool Coordinate System is used to define the
position of a rpbotic toot tend effector). The USer Coordinate System is used to provide an alternative frame of
reference for the robot arm other that the Base Coordinate System. Figure 7 illustrates the robot coordinate system
conventions.

XU
USER

f

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

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

5.2.2.3 The User Coordinate System (X, ¥,,'Z)

THe origin of the User Coordinate System'is positioned at a implementor defined point. The + Z,[and + X, axes
ar¢ implementor defined and perpendicular to each other. The + Y, axis is determined by the right hand rule.

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

x, represents a)translation along the X, coordinate ax:s.
Y. represents a translation along the Y, coordinate axis.

zrepresents a translation along the Z, coordinate axis.

lockwi . ] . .
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.
Mathematically, the description of the position and orientation of an object with respect to some coordinate

system is equwalent to the descnptlon of a transformatuon from the referenced coordunate system toa coordmate

system embedd

Of the five coor|
describe other

position and orif
describe the Kkir

o The Base

dinate systems described above, four are often used as reference coordinate systems in Wwhich
bbjects. The Tool Coordinate System is the coordinate system embedded in the object who
ntation is needed. This part of this Standard identifies five transformations which aré useful
ematic relationship of the components of a robot system. These are:

Coordinate System with respect to World Coordinate System transformation.

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

o The User|

o The Tool

o The Tool

Coordinate System with respect to Base Coordinate System transformation.

Coordinate System with respect to the User Coordinate System transformation.

5.3 Robot specific functions

5.3.1 Contrgl systems

5.3.1.1 Robot system controller

An essential ele
the operation o

ment of the robot system is the robot system controller which represents the inteAIIigence governi
the robot./The robot system controller is usually implemented through the adaptation of a mu

Coordinate System with respect to the Mechanical*Interface Coordinate System transformation.

€]
5€e
to

'
t-

computer baseq implementations, it may be the case that the underlying computer is used for more functions th|

purpose computer running one or more computer programs, but it can also be implemented by other means. |In
n
the control of igmmn_m:_\hmpan_ummlmuuwy_mmemed with those aspects of the compujer

operation which relate to robot operation. Robot operation, in this sense, mcludes the operation of all auxiliary
devices which are necessary for the robot to perform its 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

5.8.1.3.1 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

LOQADED

3 4

10 \1/ 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.

Load
Clear
Assign
Deassign

A o e

End of
Execution

Program Start

Some task program is placed into the robot system controller.
The task program is removed from the robot system controller.
One loaded task program is made ready for execution.

The inverse of Assign.

The robot is placed into the ROBOT-EXECUTING state.

The robot motion is halted and the robot is

returned to the ROBOT-LOADED state.

7. Program Reset A paused robot is returned to the ROBOT-READY state.
8. Pause Je_mhas_tempnrarih’: ceased-motion-
9

. Continue
10. Clear(abort

A paused robot has been returned to the ROBOT-EXECUTING state.
Same as clear, except the task program has not completed.

11. Clear(abandon) Same as clear, except the task program has not started.

12. Emergency
Action

Places the robot into a state in which manual
intervention is required.

53.1.3.2 Robot operation state description

5.3.1.3.2.1

The ROBOT-IDLH state corresponds to the state of the robat when the robot has no task program available withif
the system. This|state will occur when the robot is initially powered up.or when it has completed a task program

ROBOT-IDLE

execution and the task program is removed from the system.

53.1.3.2.2

The ROBOT-LOADED state corresponds to the state-of the robot when one or more task programs are availablg
within the system.

53.1.3.23

The ROBOT-READY state indiates that one of the task programs available for execution by the robot has beer

assigned.

53.1.3.24 |~ ROBOT-EXFCUTING

ROBOT-LOADED

ROBOT-READY

In the ROBOT-EXECUTING state the robot is in operation and its motion is enabled.

16
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5.3.1.3.25 ROBOT-MOTION-PAUSED
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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. In 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

3.1.3.3 Robot operation state transitions

.1.3.3.1 General

loc
ca
tra

In Fe description of the transitions which follow, it is assumed that all these state transitions mayj

hsitions are described in clause 6.

.1.3.3.2 Load

Th

comtroller may have several task programs within its memory; for the purposes of this transition,

ta

LOADED state. If there is at least one:such task program in memory, the robot remains in ROBOT-

as

5.3

th
Lo

Th{ transition occurs when a task program is removed from the robot system controller. If this t

| action. Many of these transitions can also be accomplished through“remote actions. The loca
se these transitions will not be further described. Remote actions using MMS services whid

occur through
actions which
h cause these

Load transition describes the act of loading'a‘task prpgram into the robot system controller. The robot system

however, only

programs which can operate and control the motion of the robot arm are considered. If thefe are no such
prdgrams within the robot system controller, this transition will take the robot from ROBOT-IDLE to ROBOT-

result of this transition.

.1.3.3.3 Clear

last or the{only such program, the robot is placed in ROBOT-IDLE state. Otherwise, it contin
DED with the remaining task programs.

1.3.34 Assign

LOADED state

ask program is
bes in 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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53.1.3.35

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

The Program Startis the fundamental operation of piacing the Tobot i Motion. AS a result of this transiton, the

robot moves int

5.3.1.3.3.7

As a result of log
state into the R
Assign transitio

5.3.1.3.38

A robot which is|in the ROBOT-MOTION-PAUSED state can be moved.to\the ROBOT-READY state by the Program

Reset transition

5.3.1.3.39

The Pause transition causes the robot to cease its movement. The task program may continue to execute or it mgy

stop.

5.3.1.3.3.10

The Continue t

EXECUTING state.

Program Start

b the ROBOT-EXECUTING state.

End of Execution

[

al actions within the robot system controller, the robot may move out of the ROBOT-EXECUTIN
BOT-LOADED state. Before the robot can be placed in the ROBOT-EXECUTING state again, 3
is required.

3

Program Reset

Pause

Continue

ansition willemove a robot from the ROBOT-MOTION-PAUSED state back into the ROBOT-

5.3.1.3.3.11

Clear (Abort)

The Clear transition can also be made from the ROBOT-MOTION-PAUSED 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.

18
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Clear (Abandon)

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.

53.1.3.3.13

T

538.1.4

In

Cco

te

programs the robot may run. If the robot is not in local control, the robot can still be running a tag

the ability to stop or otherwise modify that running task program‘does not reside in any local agent
are capable of having remote controllers may then have such.remote controllers take control of
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 of

is

Cy|

W
or
is

all

CO|

w
fi

Emergency Action

rle Emergency Action transition may occur from any state intc the MANUAL-INTERVENTION-R
as
ac|

a result of local or remote action. Recovery from this state can never be automatic and shall-req
kion of a human operator to place the robot into some other state.

Local control

ntrol. Being in local control means that some local agent, e.g. a himan operator at a control
ich pendant or equivalent, is exercising control. over what motiens the robot may make or

cle is the natural unit of robot operation.

of one of the auxiliary devices. Fundamental to this notion of steps is the idea of sequential op
composed of systems elements each of which performs elementary operations in a time ordered
robot systems allow/control based on individual steps; for those that do, this part of ISO/IEC
htrol procedures for handling individual steps.

hen the robot begins operation, it can be set to operate for a fixed number of cycles, or (if in s

FQUIRED state
uire the explicit

addition to the Robot State, the robot can be described as either being.in local control or not being in local

console or at a
bver what task
k program, but
. Robots which
the robot.

erations which

repeated regularly. Each cycle of robot Operation completes the task for which the robot is programmed. The

thin a cycle, more atomic actions of the robot can be distinguished. These atomic actions arg¢ referred to as
steps, and correspond to some. elementary motion of the robot or to some elementary action of th

e task program
eration; a robot
sequence. Not
9506 provides

tep mode) for a

d number of steps within a cycle. This latter mode is normally used only for debugging. Alternatively, the robot
cah be‘\placed in operation to perform the same cycle repetitively, without count, until some

:

tefminates the process.

external event

19
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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 Robot application specific context mapping

6.1 Mapping the robot model to the VMD object

6.1.1 Description of mapping procedure

This clause relates the general model of the robot, developed in clause 5, to the abstract model of the Virtup
Manufacturing Device (VMD) described,in ISO/IEC 9506-1. The uniform application.of'these abstract concepts to
real systems is jessential if the final goal of inter-operability is to be achieved. While this part of ISO/IEC 95Q6
cannot anticipate every variant of robot systems which are or could be manufactured, it provides general guideling
for associating glements of real systems with the abstract model that should be applicable for most robots.

[2)

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

a) An abstragt model of a set of real physical systems is-fir§t constructed. In this case, this is the modg
developed [in clause 5.

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

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

o

d) Finally, theg device specific abstract-object is related to the MMS abstract object.

This process is {llustrated in Figure \9:

In order to accommodate all the features of the robot model, extensions to the model of Program Invocations a
developed in 6.3. These| extensions permit the description of interworking between two classes of Progra
Invocations refefred to"as''Controlling’ and ‘Controlled’. The Controlled Program Invocation is used to model t
operation of thg physical device controllers including the robot arm control program. The Controlling Progra
Invocation is uspd\to’ model that specific Program Invocation which directs the operation of the robot syste
While a VMD can have several Controlling Program Invocations in existence, only one is identified as being
selected for operation at any specific time. In addition to the association of physical devices with Controlied
Program Invocations, each physical device is also mapped to a predefined Domain. This mapping is described in
6.2.
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6.1

6.112.1 Single arm robots

From the modeling point of view, the simplest robot/systems are those with only one arm. The VML
witEthe entire robot system, robot arm, robot system controller, and any auxiliary devices. The rob
program is modeled as a Controlled Program.Invocation associated with the motion hardware.
6.112.2 Multiple coordinated arm-robots

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

mo
mo

Thi
be
the

6.1.23

ISO/IEC 9506-

MMS MMS MMS Objects
Abstract & Attributes
Model (Extended)
N

3: 1991(E)

Real Robot Robot
Robot A
Robot System Objects &
System Model Attributes

Figure 9 MMS mapping process

2  Robot system characterization

Teled as a single VMD. In this case, there will be a single Controlling Program Invocation whic
ions of both arms.

$ modelingisiindependent of the visual appearance of the robot system. Two separate pieces of
Tnounted at two separate locations. If the action of the two is always in close coordination, a
praperymodeling concept.

) is associated
pt arm control

plligence such
ystem may be
h controls the

hardware can
Isingle VMD is

Muitiple independent arm robots

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

21
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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

The tasks which operate the auxiliary device

and can be th
Invocations.

6.13

6.1.3.1

Given the assd
by ISO/IEC 95
coordinated co|
this control is i
produce outpu

The Robot Op4
represented by
Invocation (Seg

p
7

The Robot VMD

Robot VMD attribute model

ciation of the VMD with the robot system, additional attributes.6f'the VMD (beyond those giy
06-1) have been defined to describe the robot. Since the eSsential nature of the VMD is
ntrol of the robot-arm and the auxiliary devices, the Controlling-Program Invocation which provid
dentified in the VMD. The Controlling Program Invocation-will, during the course of its executipn,
s which will be used as input to the Controlled Program“\Invocations:

ration State is derived from the condition of the hardware (whether motion is enabled or not)

Auxiliary devices

s do so in a coordinated ma

nner with the robot arm control pro

gram
am

en
the
es

as
a set of Controlled Program Invocations, and-from the state of the selected Controlling Program

6.3).

Object: YMD
All MMS (efined Attributes
Attribute: Safety Interlocks Violated’ (TRUE, FALSE)
Attribute: Robot Operation 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)
Attribute: Local Controf (TRUE, FALSE)
Attribute: Reference to Selected Controlling Program Invocation
6.1.3.2 no||m VMD sattribute description
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.3.2.1  Ssfety Interlocks Violated

-3: 1991(E)

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 the safety
interlocks is a local matter.

6.1.3.2.2 Robot Operation State

Th

6.]
.

Th

to

Th

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

Th
the
ph
hu

If U

which the robot is running under no direct control other than its task program.

Th
Ta

3.23 Any Physical Resource Power On
s attribute, of type boolean, indicates whether (TRUE) or not (FALSE) any (physical resource has
it. This attribute is the logical ‘OR’ of a similar primitive attribute of each.physical resource in|
3.24 All Physical Resources Calibrated

s attribute, of type boolean, indicates whether (TRUE) or\not (FALSE) all the physical resource

1.3.2.5 Local Control

s attribute, of type boolean, indicates whether (TRUE) or not (FALSE) some local agent has cq
physical resources of the system: Having control indicates the ability to cause actions wh
ysical resources and hence the attributes which represent those resources. Local Control can

ocal Control is FALSE;, control may reside in some remote agent. This condition can also reflec

ble 1 illustrates the relationship between these attributes.

s 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

power applied
the system.

5 in the system
).

ntrol of any of
ch change the
reflect either a

man operator or some autgmatic procedure, either of which inhubit the assertion of control remotely.

t a condition in

e value of the'Local Control attribute, the Robot VMD State, and the VMD Logical Status are interrelated.
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Table 1 Local control

Local Robot Operation VMD Logical Status
Control State
TRUE Any NO-STATE-CHANGES-ALLOWED or
LIMITED-SERVICES-PERMITTED or
SUPPORT-SERWVCES-ALLOWED
FALSE MANUAL- NO-STATE-CHANGES-ALLOWED or
INTERVENTION- LIMITED-SERVICES-PERMITTED or
REQUIRED SUPPORT-SERVICES-ALLOWED
Any other Any

Note:

6.1.3.2.6

This attribute
Program Invo
Control attrib

Selected Controlling Program Invocation

dentifies the Program Invocation which has been selected to control the operation of the robot.
cation represents the assigned task program (See 5.3.1.3.3.4). This Program Invocation hag its
ute equal to CONTROLLING (See 6.3.2.3) and has been selected through the use of the Select

While in Local Control, the VMD State can continue to change.)However, it is a local matter
how the state changes occur.

This

operation {Se¢ 7.4.4). If there is no such Program Invacation identified, this attribute shall have the value NONE.

6.2 Robot| specific objects that map.to Domains

6.2.1 Genpral

The robot, as
arm (or arms)

which represI

state of the r

modeled in this'part of ISO/IEC 9506, consists of a set of physical resources representing the r
and auxiliary devices. Each physical resource or group of resources shall be mapped to a Domain
nts that.resource. Each Domain shall have attributes associated with the control of the resource,
source’s power, and may have an attribute which indicates the state of calibration of the resoyrce.

The Robot Ar

bbot

m standardized Domain shall be associated with the robot arm resource, or in the case of multiple

arms, one Domain shall be associated with each such arm. This Domain shall-include within its definition all
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.

6.22.1 Robot arm attribute model

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

LS LA~ SONUONSS ULt &t

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

Thik abstract model contains only those attributes required for remote operation of the robot. Any|real robot has
mafy more attributes that are not included in this part of ISO/IEC 9506«
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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
Attribute : MICS-BASE - pose
Attribute : Ordered List Of Joint Description
Attrijute : Joint Type (REVOLUTE, PRISMATIC)
Attrijute : Calibrated (CALIBRATED, NOTCALIBRATED, CALIBRATING)
Attrijute : Joint Brakes (TRUE, FALSE)
Constraint : Joint Brakes = TRUE
Attrjbute : Brakes On (TRUE, FALSE)
Attriute : Upper Bound - Floating_point
Attrijute : Lower Bound - Floating_point
Attrigute : Joint Servo
Attrjbute : Actual Joint Value - Floating_point
Attribute| : Path Planner

Attribdte : USER-BASE - Pose

Attribdte : Desired TOOL-USER - Pose

Attribute : Speed Factor - Floating_point

Attribute : Programmed Speed - Floating_point
Attribdte : Acceleration Factor - Floating_point
Attribute : Programmed Acceleration - Floating_point

Attribute| : End Effector
Attribute : ID Number
Attribdte : Tool Descriptor
Attribute : TOOL-MICS - Pose

Note: Robot ferminology normally considers an axis to represent a joint and an associated link. Link informatioh is
a local [matter. For the purposes of this.abstract model joints and axes are identical.

6222 Lacal 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 attribute, 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) will move

ifa
if th

Thig

6.2]

Thig
to t

6.2]

This
Sys

e Motion Enabled attribute is TRUE.

12.6 Number Of Joints

attribute, of type integer, indicates the number of joints of the robot arfn.

2.7 BASE-WORLD

attribute, of type Pose, indicates the value of the transformation of the Base Coordinate Syster
he World Coordinate System.

12.8 Servomechanism

2.8.1 MICS-BASE

tem with respect to the.Base Coordinate System. It is derived from the Actual Joint Value

implementation specific parameters.

6.2

6.2]

2.8.2 Ovdered List Of Joint Description

balid command signal is presented to the path planner. The robot arm may be moving autonomously if and only

h with respect

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

attribute and

2.8.2.1 Joint Type

This attribute indicates whether the joint mechanism of the joint is revolute or prismatic.
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622822

This attribute

6.2.28.23

Calibrated

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

Joint Brakes

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

whether (TRU

6.2.28.24

This attribute,

6.2.28.25

This attribute,

6.2.2.8.2.6

This attribute,

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

Upper Bound

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

Lower Bound

of type floating -point, indicates the lower limit of travel for the joint.

Joint Servo - Actual Joint Value

of type floating point, indicates the actual value of the joint parameter. The value will be the lin

position or angular position depending upon the Joint Type.

6.2.29 Path Planner
6.2.2.9.1 USER-BASE
This attribute, [of type Pose, indicates the value of the transformation of the User Coordinate System with resg

to the Base C

6.2.2.9.2

bordinate System.

tes

ear

ect

| Desired TOOL-USER

This attribute, of type Pose, indicates the value of the desired pose ot the Tool Coordinate System with respect
to the User Coordinate System.
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62293 Speed Factor

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

3 5o Proe WCS coordinate

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 factor to'be applied to the Programmed
Acgeleration input to the path planner.

6.2.2.9.6 Programmed Acceleration

’Irhls attribute, of type floating point, identifies the magnitude of the programmed acceleratioTnof the MICS
cogrdinate system with respect to the Base coordinate_system as designated in the robot progra

6.2.2.10 End Effector

6.2.2.10.1 1D Number

Th'lts attribute, of type object identifier, identifies uniquely the end effector from all other end effectors within a
ain 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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623

6.2.3.1

Robot auxiliary device resource

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: Auxitiary Device
Attribute : Local Control (TRUE, FALSE)
Attributf : Device Power On (TRUE, FALSE)
Attribute : Device Calibrated (CALIBRATED, NOT-CALIBRATED, CALIBRATING)
6.2.3.2  Lpcal Control
This attributefof type boolean, indicates whether (TRUE) or not (FALSE) the auxiliary device resource is in |
control.
6.2.33 Device Power On
This attribute] of type boolean, indicates whether (TRUE) or not (FALSE) the auxiliary device resource has po
applied to it.
6.2.34 Device Calibrated

This attribute
to a particula

6.3 Robot

6.3.1

auxiliary device, then this\attribute does not exist.

specific objects-that map to Program invocations

Robet specific Program Invocations

pcal

wer

indicates whether the auxiliary:device resource as a unit is calibrated. If calibration does not apply

The model of

30

a Program Invocation is augmented to allow the concept of interworking of two related Program
Invocations 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

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 exegution. A value
of zero indicates that no error has been‘ recorded. The meaning of other values is a local matter, as§ is the method
of fesetting this attribute.

6.3.23 Control

This attribute indicates whether (CONTROLLING) this Program Invocation is intended to be cougled to another
Prr&m Invocation as being in control, or whether (CONTROLLED) this Program Invocation, after coupling,
normally receives control information from another Program Invocation (the Controlling Prggram'lnvocation). 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-CentrolledPrograminvocation—eolmanagermen or-an-activeauxiliary-device—can-be-rmodellgd as
another Controlled Program Invocation. Both these Program Invocation can be controlled simultaneously”by the
same Controlling Program Invocation which is often a user written program.

Note: It may not be required to implement Controlling and Controlled Program Invocation ,objects. In gome
applications it may be sufficient to refer to the robot arm by including the R_ARM Démain in the List of
DOM:I‘I References of a normal Program Invocation during the creation process. Doing.so, however, precludes
the abjlity to make the distinction between stopping the task program and stopping the robot arm motipn.

6.3.2.4 List of References to Controlled Program Invocations

of references 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 list may| be empty.

This attributd is present only if the Program Invocation has its Control attribute equal to CONTROLLING. Itis r list

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

6.3.2.6 Mode

This attributg is present only if the Program Invocation has its Control attribute equal to CONTROLLING. If pre
it indicates How the Program Invocation execution is governed. If the value of this attribute is FREE-RUN| the
Program Invgcation will stay in the RUNNING state until some local or remote event occurs which causes|it to
cease execution. If value of this attribute is CYCLE-LIMITED, an explicit counter is maintained containing the
number of cycles 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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6.3.2.7 Remaining Cydle Count

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 stepsremaining to beexecuted A sp-Limited Running
Mode. This attribute is undefined unless the Program Invocation is in the Mode.

6.3.2.9 Reference to Controlling Program Invocation

This attribute is present only if the value of the Control attribute is CONTROLLED. If present, it indicates the
Prpgram Invocation which acts as the Controlling Program Invocation for this\Program Invocation. |The referenced
Prpgram Invocation shall have its Control attribute value equal to CONTROLLING, and shall hav¢ included in its
List of Controlled Program Invocation Reference attribute a reference )to this Program Invocatjon. If no such
Prpgram Invocation exists, the value of this attribute shall be UNCONTROLLED.

6.3.3 Extensions to the Program Invocation state diagram

Far Program Invocations which have their Control_attribute equal to CONTROLLING, the Robot Invocation State
DiEgram (11.1.3 of ISO/IEC 9506-1:1990) shall-be’augmented. The IDLE state shall be subdividef to account for
the fact that the Controlling Program Invocation-may or may not be selected. The IDLE state diagram is given in
Figure 10.
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23.27 N 25
17
13 IDLE
Deselected >
15
15 101 \V 102 AN 15
Selecting Deselecting
103 104 AN 105
IDLE 15
Selected
1\ AN

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

Figure 10 IDLE state diagram

additional trapsitions in this diagram are:

101 Select Indication

102 Select Response(-)

103 Select Response(+)

104 Select Indication, parameter
1056 Select Response(-)

106 Select Résponse( +)

6.3.4 Robot operation states and the VMD

= deselect

The

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

criptions which

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:

6.34.2 ROBOT-DLE state

The robot has no Controlling Program Invocation in the VMD. The VMD attribute 'Reference‘to Selpcted Program
Invpcation’ has the value NONE. The R_ARM Program Invocation has its Reference to Controlling Program

Invpcation attribute equal to UNCONTROLLED. Otherwise, the VMD is fully operational.

6.343 ROBOT-LOADED state

The robot has one or more Controlling Program Invocations in the VMD. The VMD attribute Refererice to Selected
Prolgram Invocation has the value NONE. The R_ARM Program Invpcation has its Reference to Controlling Program

Invpcation 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 Contfolling Program

Invpcation. The R_ARM Program Invocation_Reference to Controlling Program Invocation attribute
samhe Program Invocation which is in the ADLE state.

6.3.45 ROBOT-EXECUTING state

references this

The robot has been placed in operation; motion is enabled and the arm may be moving. The Progfam Invocation
referenced by the VMD attribute Reference to Selected Program Invocation is in the RUNNING of 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 to Selected

Program Invocation is in the RUNNING or the STOPPED state.
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6.3.4.7 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 Description of Robot Operation state transitions

6.3.5.1 Gdneral

This subclausg
Operation Stat|
Model depend:
attribute) is cre
in the robot sy

6.3.5.2 Lopd - 1

If the Robot d
CONTROLLING
Program Invo
CreateProgra
value equal to
state and this

describes the sequence of MMS services which correspond to the transitions’of the Ropot
e Model (See Figure 8). The relationship between the MMS services and the Robot Operation State
5 on whether the Selected Program Invocation (the Program Invocation reférénced by the VMD
ated dynamically through MMS CreatePrograminvocation service, or is preexisting and predefined
stem controller. The transitions can be accomplished by MMS service \procedures as follows:

bes n¢t contain a predefined Program Invocation which has its Control attribute value equal| to
, the Robot will move from the ROBOT-IDLE state to°ROBOT-LOADED state by the creation df a
tion whose Control attribute value is equal to CONTROLLING. The MMS service employed is
nvocation. If the Robot contains a predefined-Program Invocation which has its Control attribyite
CONTROLLING, the Robot will pass directly,through this state at power up to the ROBOT-LOADED
kransition will not occur.

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

es from ROBOT-LOADED state either to the ROBOT-LOADED state or to the ROBOT-IDLE state| by

This transition

can only occur if a previous Load transition has occurred. Note also that subsequent deletion of the

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.

6.35.5 Deassign - 4

Thg Robot is moved from the ROBOT-READY state to the ROBOT-LOADED state by(déselecting the Controlling
Pro}ram Invocation which is referenced by the Reference to Selected Program Invocation attribute of the VMD.
Thg 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

Program Invocation which is referenced by the Reference to Selected Program Invocation attribute of the VMD.

Th}Robot is moved from the ROBOT-READY state to the{.ROBOT-EXECUTING state by starting the Controlling
Thg 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
opédration of the Program Invocation.
6.3.5.8 Program_Resast - 7

Thi 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 Invocatipn 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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6.3.5.10 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 service used is Resume.

6.3.5.11 Clear{Abort) - 10

The transition gf the Robot from ROBOT-MOTION-PAUSED state to ROBOT-IDLE state is the same as Clear excépt
that the Contrglling Program Invocation has not completed the most recent cycle. The MMS service used’is the

robot specific YMDReset Service.

6.3.5.12 ) - 11

The transition g¢f the Robot from ROBOT-READY state to ROBOT-IDLE state is the samg.ds Clear except that the
Controlling Program Invocation has not completed the most recent cycle. The MMS: service used is the rofot

specific VMDReset service.

6.3.5.13

Through some |ocal action, such as activation of the emergency $top circuit, the robot may move from any stdte

to the MANUAL-INTERVENTION-REQUIRED state. Any ProgramInvocations which are in the RUNNING state m
be removed frqm that state. However, the resulting state of these Program Invocations is a local matter. T
transition can glso be accomplished through the robot specific VMDStop service.

6.3.6

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

Y
is

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

A predefined Dgmain containing the.calibrate function and a predetined Program Invocation using that Domain ex

to perform calibration of the physical resource. While the R_CAL Program Invocation is executing, the Device
Calibrated attribute of the Domain representing the physical resource shall be set to CALIBRATING. Uppn
completion, the R_CAL Program Invocation shall be set to the IDLE state. If the calibrate function was successf{il,
the Device Caliprated attribute shall be set to CALIBRATED, otherwise to NOT-CALIBRATED. If all such physigal
resources have [this attribute equal to CALIBRATED, then the VMD attnbute All Physical Resources Calibrated shall

have the value |TRUE:

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

6.3

The)

6.3

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

8  Status reporting

8.1 VMD object status

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

8.2 Robot arm object status

MMS Read service. For each attribute value that can be accessed a’standardized Named Variable o

defi
attry

Add

of

63

The
of

Th:ftatus of the attributes of the robot arm that can be obtained:‘through MMS shall be obtaine

ed. Using the MMS Read service to read this Named Variable object shall provide the status of 1
bute.

8.3 Controliing Program Invocation object status

itional attributes of the MMS Program.invocation object have been defined in this standard. The y
hese attributes shall be obtained by using the MMS GetPrograminvocationAttributes service.

9 Spontaneous status reporting

status of objects-within the robot VMD can also be spontaneously reported. This can occur th
he MMS UnsolicitedStatus service or through the use of MMS EventNotification service.

Sta

by using the
ject has been
he associated

yalue or status

rough the use

dardized.names are defined for various Event Action objects and Event Condition objects. Thes¢ standardized
nanjes are.intended for, but not limited to, use with the EventNotification service to report

status. Event

notifications may be generated for conditions other than those with standardized names. It is not s
par{ of ISO/IEC 9506 when the UnsolicitedStatus and EventNotification services should be used.

ecified 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 of ISO/IEC 9506 does not define any additional MMS abstract objects.

7 Robot specific services and protocol

7.1 Robot ppplication context definition

For the purposp of being able to use an application which only contains the ACSE and MMS as ASEs, this part of

ISONEC 9506
2:1990.

7.2 Robot specific abstract syntax definition

This part of IS

{iso sta

to the abstract

7.3 Use of

D/IEC 9506 assigns the ASN.1 object identifier-value

nhdard 9506 part(3) mms-robot-syntax-versionl(1l)}

syntax defined in this clause.

7.3.1 Robot specific ASN.1 module definition

The MMS servi
defines the rof

ot services and protocol for those elements identified as requiring companion standard defini

ces and protocol were developed to be used by a wide range of manufacturing devices. This cIaTse

uses the object identifier value and the object descriptor value defined in 17.12 of ISO/NIEC 95D6-

tjon

in ISO/IEC 9506-2These 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.

Standard.

des|
cla
95(

Ma‘}v:y of the terms and abbreviations used in this clause use the terminology of MMS servi

se 5 of ISO/IEC 9506-1:1990 for general rules on how to interpret the service tables in this
6.

IMPORTS MMSpdu,

ParameterSupportOptions,

ServiceSupportOptions,

Identifier,

Integerl6,

StatusResponse

FROM MMS-General-Module-1

{iso standard 9506 part(2) mms-general-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
UnsolicitedStatus service provides a way for the robot to indicate to a host the generic status of its
having a status servicé request. 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 ir

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

c
riptions (see clause 5 of ISO/IEC 9506-1:1990 and clause 5 of ISO/IEC 9506-2:1990). In par3

3: 1991(E)

Robot Companion

and protocol
cular, refer to
art of ISO/IEC

its VMD. The
VMD without

the response.

Request.

Th
in tl

e request and

us service and
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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 V) U(=
Selected Program Invocation M M(=)

7.3.2.1.1.1 Robot VMD State

This parametey, of type integer, shall convey the value of the Robot VMD State attribute of the VMD. The Ra

VMD State attribute is defined in 6.3.4 and described in 5.3.1.3.

73.2.1.1.2 Robot Specific Status

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

Safety Interlocks Violated,

Any Physical Resource Power On,
All Physi¢al Resources Calibrated,
Local Control

These attributgs are defined in '6:1.3.2. Local Control is described in 5.3.1.4.

bot

73.2.1.13 Robot Specific Status Mask
This optional parameter, of type bitstring, shall convey the significance of the corresponding bit in the Robot

Specific Status 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

-3: 1991(E)

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

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)
selectedProgramInvocation CHOICE (
programInvocation [3) AMPLICIT 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),
allPhysjicalResourcesCalibrated (2),
localControl (3)
}

hed-Status is
the derivation

11111'B,

.3 Program lvocation management services and protocal

a3
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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 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, for the most
part, such messages are not evident to the remote MMS user except insofar as they cause the state of the
Program Invogati tered-

The model 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 reldted
Controlled Prdgram Invocation. In its response to the service request, a Controlling Program JAnvocation shall
incorporate info its response information appropriate to the Controlled Program Invocation. Theservice procedure
for these serv|ces directed at a Controlled Program Invocation are normal in that they do net propagate to other
Program Invodations.

The relationshjp between Program Invocations is many to one; a Controlling ProgramInvocation can control m'lany
Controlled Program Invocations; a Controlled Program Invocation can be controlied-by only one Controlling Progfam
Invocation at any specific time. See also the Select service in 7.4.4.

ePrograminvocation service

The CreatePrograminvocation service request shall be extendéd to allow the specification of the Control attrijute
of the Program Invocation being created. This shall *be accomplished by adding a parameter to |the
Invocation Request.

7.3.3.2.1 CS-CresatePrograminvocation-Reguest

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

Table 3 CS-CreatePrograminvocation-Request parameter

‘Parameter Name Req ind

Controt 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.

7.33.23 Extended service procedure

sucgessfully, the Control attribute shall be set in accordance with the value of the'Control parameter|in the service

The l£ervice procedure specified in 11.2.2 of ISO/IEC 9506-1:1990 shall be performed:.If that procedure completes
req

st and the value of the Error Code attribute shall be set to zero.

a) | If the Control parameter in the service request is CONTROLLING, the attribute value of the List pf References
to Controlled Program Invocations shall be set to an empty list:The Program Location attribute shall be set
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 Contralling Program

Invocation attribute shall be set to UNCONTROLLED:

73324 CrestePrograminvocation protocol

The| abstract syntax of the CS-CreatePrograminvocation-Request is specified below and desgribed in the
paragraphs that follow. Clause 5.5 of ISO/IEC 9506-2:1990 describes the derivations of all parameters for which
expljcit derivations are not provided in this clause.

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

}

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. The 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 pgrameter, of type character string, shall be present only if the Program Invocation has its Control
attribute value equal to CONTROLLING. If the Control attribute value 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 (Yee
9.4). The valug of this parameter shall indicate the starting location within the Program Invocation at which|to
begin executior). If the Start Location parameter is omitted from the service request, execution shall begin at the
first step of thg program. The meaning of the first progtam step or a default first step is a local matter. This
meaning shall he 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 followipg
parameters shajl be present.

7.3.33.13 No Limit

This parameter, 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 bL set to STEP-
LIMITED, and the value of the Remaining Step Count attribute shall be set to this parameter_value. The value of
thi§ 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.

7.33.3.2 CS-Start-Response

Thig 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)l The error checks of the service procedurexin 11.4.2 of ISO/IEC 9506-1:1990 shall be perfofmed.

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

the Start service request does not have the value CONTROLLING, verify that the Start Locatiop and Running
Mode parameters are not present. If either is present, return a Result(-). Otherwise, the remainder of the Start
service procedure of 11.4:2 of ISO/NIEC 9506-1:1990 shall be performed and the rest of this grocedure shall
be skipped.

c) If the Control attribute of the Program Invocation identified by the Program Invocation Nam}parameter of

d) If the Program Invocation identified by the Program Invocation Name parameter of the Start service request
has its Control_attribute equal to CONTROLLING, verify that the Program Invocation is refgrenced by the
Reference to Selected Program Invocation attribute of the VMD. If this is not the case, return 3 Result(-) and
skip the remainder of this procedure. Otherwise, the following steps shall be performed for each element on
the List.of References to Controlled Program Invocations attribute of this Program Invocatiof:

1)./Verify that the referenced Program Invocation has its Control attribute value equal to CONTROLLED and
vocation.

2) If 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)

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

1) If the No Limit parameter is selected in the service request, the Running Mode attribute of the Program

2)

3)

4)

5)

If the Progfam Invocation identified by the Program Invacation Name parameter of the Start service reque
has its Control attribute equal to CONTROLLED, and\the Program Invocation is bound to a Domain whid
represents|a robot arm, set the Motion Enabled attribute of the Domain to TRUE.

Invocafionmshaltbe et to FREE-RUN:

If the

If the

Invoca
Invoca

If the

conditi

Start

If the

location shall be used in the execution of the Program lAvocation.

73334

The abstract syntax of the CS-Start-Request is specified below and described in the paragraphs that follow. Claude
5.5 of ISO/IEC [9506-2:1990Q.describes the derivation of all parameters for which explicit derivations are n(
provided in this|clause.
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CS-Stark-Request ::= [0] CHOICE {

}

}

nor

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

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

Lpcation parameter shall be described in the PICS (See 9/4):

$tart Location parameter is absent from the servicerequest, the default value of the startin

Start protocol

1 NULL,

controtiing SEQUENCE—{

startLocation [0] IMPLICIT VisibleString OPTIONAL,
startCount (1) startCount DEFAULT cycleCount 1

Cycle Count parameter is selected in the service request, the Running Mode attribute”of tme
Progra:E Invocation shall be set to CYCLE-LIMITED and the Remaining Cycle Count attributé of t
Progra

tep Count parameter is selected in the service request, the Running Mode attribtite of the Programm
ion shall be set to STEP-LIMITED and the Remaining Step Count attributé of the Program

Btart Location parameter is present in the service request, the Vallue of this parameter shall
bn the program control information of the Program Invocation in-order to provide a starting point
for the|execution of the Program Invocation. The representation used’to convey the starting location
a local jmatter, and in general will depend on the programming language used. The format used for tHe

I ~+

e

S

-+
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StartCount ::= CHOICE ({

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

}
CS-Start-Response ::= NULL

transmitted.

7.3.3.3.4.1 Controlling Program Invocation

If t

mage.

7.3.3.34.2 Running Mode

The value of the Running Mode parameter shall be inferred by the choice made within the StartC

-3: 1991(E)

ne Control attribute of the Program Invocation has the value CONTROLLING,-the controlling ¢hoice shall be
e in the CS-Start-Request; if the Control attribute is CONTROLLED or NORMAL, the normal g¢hoice shall be

unt type. The

chdice of nolimit shall indicate that the Running Mode ‘shall be set to FREE-RUN. The choice of cylcleCount shall
indicate that the Running Mode shall be set to CYCLE-LIMITED and the Remaining Cycle Count atfribute shall be

set|to the value indicated. The choice of stepCount shall indicate that the Running Mode shall b
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 sha
valties nolimit ([0]) or cycleCount ([1]):

7.3.34 Stop service

This part of ISONEC 9506 defines no additional parameters for the Stop—Reqbest of Stop-Respon|

7.3.34.1 Extended service procedure

The

set to STEP-

be limited 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 bound to

a Domain which represents a robot arm, set the Motion Enabled attribute to FALSE.
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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 maintain the last programmed path. A third method of stopping the robot is provided by the VMDStop service

(See 7.4.2).

7.3.3.4.2 Stop protocol

This part of ISD/IEC 9506 does not define any syntax extensions for the Stop protocol specified in 1SO/I

9506-2.
CS-Sttop-Request ::= NULL
Ccs-siop-Response ::= NULL
7.3.35 service

The Resume se
execution was previously stopped.

7.3.3.5.1

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

Table 5 CS-Resume-Request parameter

ice allows a responding robot to resume execution of a Program Invocation from a point whd

EC

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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7.3.3.5.1.1 Resume Type

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.

This parameter shall be selected if the Program Invocation is to resume execution with the Running Mode attribute
undhanged.

7.3.3.5.1.3 Change Mode

Thik parameter shall be selected if the Program Invocation is to resume execution with the Running Mode attribute
chdnged to a new value. If this parameter is selected then one of the-following parameters shall also be present.

7.3.35.14 No Limit

Thin parameter, of type null, shall be chosen if the value of the Running Mode attribute is to be changed to FREE-
RUN.

7.3.3.5.1.5 Cycle Count

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

T?’E parameter, of type integer, shall be chosen if the value of the Running Mode attribute is to [be changed to
valpe 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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7.3.3.5.2

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) The error|checks of the service procedure of 11.6.2 of ISO/IEC 9506-1:1990 shall be performed.
b) If the reqpesting MMS user does not own the R_CTRL semaphore, a Result(-) shall be returned.

c) If the Control attribute of the Program Invocation does not have the value CONTROLLING, verify that the

d)

e)

f)

52

Resume Type parameter is not present. If it is present, return a Result(-). The remainder of the Resuine
service procedure of 11.6.2 of ISO/IEC 9506-1:1990 shall be performed and the rest of-this procedure shall

be skippef.

If the Prdgram Invocation identified by the Program Invocation Name parameter of the Resume service

request h
element ¢

1) Verify

that its Reference to Controlling Program Invocation attribute’ réferences this Program Invocation.

2) If the

referepced Controlled Program Invocation and move_it’into the RUNNING state.

3) If the

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

4) If the
Contrg
is a log
return

If Continue Mode is selected perform the following check. If the value of the Running Mode attribute of

Program |
value of t

s its Control attribute equal to CONTROLLING, the following steps shall be performed for edch
n the List of References of Controlied Program Invocation attribute of this Program Invocation:

that the referenced Program Invocation has its Control attribute value equal to CONTROLLED dnd

feferenced Controlled Program Invocation is in tHe IDLE state, perform a Start procedure for {he

referenced Controlled Program Invocation. is in the STOPPED state, perform a Resume procedyre

Controlied Program Invocation cannot be placed in the RUNNING state, then for every previous
lled Program Invocation of the list;.perform a Stop procedure. If any such Stop procedure fails| it
al matter how to treat this situation. A VMDStop procedure may be the appropriate action. Finally,
a Result(-) for this service request and skip the remainder of this procedure.

(wocation is CYCLE-LIMITED and the value of the Remaining Cycle Count attribute is zero, or if the
he Running Mode  attribute is STEP-LIMITED and the value of the Remaining Step Count attribyte

is zero, a Result(-) shall be.returned. Otherwise, the Resume service procedure described of 11.6.2 of ISO/IEC

9506-1:1

If the Change Mode parameter is selected in the Resume Type parameter, the attributes of the Program
] |

Invocatio

B30 shall be)performed.

shall be set as follows:

1) If the

ogram

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

the Program

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 gbs
Clauk

not

Notd: Because of the convention of the comment field in the{ConfirmedRequestPDU production in 7
9506-2:1990, if the normal choice of the CS-Resume-Request is selected, the CS-Resume-Re
be transmitted.

7.3.8.5.4.1 Controlling Program Invocation

If the Control attribute of the Program Invocation has the value CONTROLLING, the controlling ch

madg in the CS-Resume-Request; if the’ Control attribute is CONTROLLED or NORMAL, the norma

be made.

7.3.8.54.2 Resume Type

The

contjnueMode—~choice is made, the value of the Resume Type parameter shall be Continue |

char

e 5.5 of ISO/IEC 9506-2:1990 describes the
brovided 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

value of Resume Type parameter shall be inferred from the choice made within CS-Resume-R¢

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

s that follow.

rivations are

1 of ISO/IEC
quest will not

oice shall be
choice shall

quest. If the
Mode. f the

7.3.3543 Change Mode

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 bé performed.

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

c) The rempinder 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 part of ISO/IEC 9506 does not define any syntax extensions for the Reset protocol specified in ISO[IEC
9506-2.

Cs-Ieset-Request ::= NULL

Cs-Reset-Response ::= NULL

7.3.3.7 Kl service

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

7.33.7.1 Extended service procedure

The following _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.:13.8 DeletePrograminvocation service

Thiz part of ISO/IEC 9506 defines no additional parameters for the DeletePrograminvocation-Request or the
DelgtePrograminvocation-Response.

7.3.3.8.1 Extended service procedure
Thq following service procedure shall apply to the DeletePrograminvocation service.

a)| The error checks of the service procedure of 11.3.2 ofJSO/NEC 9506-1:1990 shall be performed.
b)| If the reqpesting MMS user does not own the R_CTRL semaphore, a Result(-) shall be returmed.

c)| If the Control attribute of the Program Invocation to be deleted has the value CONTROLLED,|and the value
of the Reference to Controlling Program Invocation attribute is not UNCONTROLLED, then verify that the
Program Invocation referenced by the Reference to Controlling Program Invocation attribute|is in the IDLE
state. If this is not true, return a Result(;) and skip the remainder of this procedure. Otherwisg alter the List
of References to Controlled Program lInvocations attribute of the Program Invocation refefenced by the
Reference to Controlling Program ‘Invocation attribute by removing the reference to the Progrem Invocation
about to be deleted.

d)| If the Control attribute of\the Program Invocation to be deleted has the value CONTROLLING,| then for each
Program Invocation which appears on the List of References to Controlled Program Invocations, replace the
value of the Reference to Controlling Program Invocation attribute with UNCONTROLLED.

e)| The remainder of'the service procedure of 11.3.2 of ISO/IEC 9506-1:1990 shall be performied.

7.3{3.82 DeletePrograminvocation protocol

This part 0 oes not define any syntax exiensions for the DeletePrograminvocation protocol
specified in ISONEC 9506-2.

CS-DeleteProgramInvocation-Request ::= NULL

CS-DeleteProgramInvocation-Response ::= NULL
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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-GctPrmnhvoaﬁmAtMu-Rmm

This part of IJO/IEC 9506 defines no additional parameters for the GetPrograminvocationAttributes-Request.

7.3.3.9.2 CS-GetPrograminvocationAttributes-Response

The structure |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 parameter, of type integer, shall contain the Error Code attribute of the Program Invocation.
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Control

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

733923

Controlling

This parameter value shall be selected if the value of the Control attribute of the Program
CONTROLLING. If this parameter is selected, the following additional parameters shall appear-

7.3{(39.24

List of Program Invocations

Invocation is

Thig 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 valuereference this Program In/

list j/may have zero or more elements.

7.33.9.25

Thi$ parameter, of type character string, shall indicate, \if present, the location of the program ex
Program Invocation is related to a sequential programming language. For those Program Invocations
related to a sequential programming language, -this’parameter shall be absent. Use of this parammeter shall be
aEribed in the PICS (See 9.4).

des|

7.3.3.9.2.6

Program Location

Running Mode

Thig parameter shall indicate the value of the Running Mode attribute of the Program Invocation.
the|value of Running Mode_ one of the following parameters shall be present.

7.33.9.2.7

Free Running

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

vocation. This

ecution if the
which are not

Depending on

7.3.39.2.8

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 Co
attribute of the Program Invocation. Implementation of the STEP-LIMITED Running Mode shall be defined in
PICS (See 9.4). If not supported, this choice may not be selected.

7.3.3.9.2.10 Controlled

This parametlr 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

unt
the

This parameter shall be present if and only if the value of the Control attribute of.thé Program Invocatiop is
CONTROLLED If present, it shall indicate the name of the Program Invocation which'is referenced by it Referehce
to Controlling Program Invocation attribute value. If no such Program Invocation.isteferenced, this parameter shall

have the valu¢ UNCONTROLLED.

7.3.3.9.2.12 Normal

This parametef value shall be selected if the value of the Contfol attribute of the Program Invocation is NORMAL.

If this parameter is selected, there are no additional parameters.

7.3.39.3 Extended service procedure

The service prpcedyre is that specified in11.9.2 of ISONIEC 9508-1:1990. The robot specific information of
Attribute Detajl shall be included in the response.

7.3.394 GetPrograminvocationAttributes protocol

The abstragct syntax of the CS-GetPrograminvocationAttributes-Request and
CS-GetPrograminvocationAttributes-Response is specified below and described in the paragraphs that follg
Clause 5.5 of |SOMEC 9506-2:1990 describes the derivation of all parameters for which explicit derivations

the

the
w.
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,
stepLimited [{2] IMPLICIT INTEGER
}

Y7

controlled (1] CHOICE ({
controllingPI (0] IMPLICIT Identifier, -- Reference to’/Controlling
none (1) IMPLICIT NULL -- uncontrolled

}, ’
normal [2) IMPLICIT NULL
} )
7.3.3.9.4.1 Control

The value of the Control parameter shall be inferred from the selection made in the control ¢lement of the
CS-GetPrograminvocationAttributes-Request. If the controlling/choice is made, the value of the Control parameter
shall be CONTROLLING. If the controlled choice is made, the value of the Control parameter shall be
CONTROLLED. If the normal choice is made, the value of.the Control parameter shall be NORMAL.

7.3.3.9.4.2 RunningMode

The value of the Running Mode parameter-shall be inferred from the choice made under runningModg. The Running

Mqde parameter shall take on the value’ FREE-RUN if the freeRunning choice is selected in the se

[vice response.

The Running Mode parameter shall.take on the value of CYCLE LIMITED if the cycleLimited choicp is selected in
thg service response. The Running-Mode shall take on the value STEP LIMITED if the stepLimited chpice is selected
in the service response. For systems which do not support the STEP-LIMITED Running Mode, the runningMode

choice shall be limited totvalues 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), are not used

in this part of ISOMIEC 9506, and are set equal to NULL. The services and protocol: correspo
prdductions are fully defined in ISO/IEC 3506-1 and ISO/IEC 9506-2, and do not require robot spec

ding to these
!;ic extensions.

They may be used directly in the abstract syntax defined in this part of ISO/IEC 9506.

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

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

CS-TerminateDownloadSequence-Request ::= NULL

Cs-D

Cs-G

CS-R

CSs-A

Cs-T

Cs-D

Cs-D

CS-G

CS-R

CS-D

CS-D

CS-A

CS-R

CsS-G

3= 2 e L

oreDomainContent-Request ::= NULL

tDomainAttributes-Request ::= NULL
fineEventCondition-Request ::= NULL
leteEventConditiﬁn-Requeet ::= NULL
tEventConditionAttributes-Request ::= NULL
portEventConditionStatus-Request ::= NULL
terEventConditionMonitoring-Request”: := NULL
iggerEvent-Request ::= NULL
fineEventAction-Request ::=(NULL
leteEventAction-Request., 3= NULL
tEventActionAttributes~Request ::= NULL
portEventActionStatus-Request ::= NULL
fineEventEnrollment-Request ::= NULL
leteEventEnrollment-Request ::= NUL
terEventEnrollment-Request ::= NULL
portEventEnrollmentStatus-Request ::= NULL

tEventEnrollmentAttributes-Request ::= NULL

CS-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

CS-GetCapabilityList-Request ::= NULL

ISO/IEC 9506-3: 1991(E)

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 ¢ := NULL
CS-RequestDomainUpload-Responsé. -t := NULL
Cs-LoadDomainContent-Response ::= NULL
CS-StoreDomainContent-Regponse ::= NULL
CS-DeleteDomain-Response ::= NULL
CS-GetDomainAttributes-Response ::= NULL
Ccs-DefineEventCondition-Response ::= NULL
CS-DeleteEventCondition-Response ::= NULL
CcSs-GetEventConditionAttributes-Response ::= NULL
CSrReportEventConditionStatus—-Response ::= NULL

CS-AlterEventConditionMonitoring-Response ::= NULL

CS-TriggerEvent-Respongse ::= 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 ::= NULL

CS-GetEventEnrollmentAttributes-Response ::= NULL

Cs-AcknowledgeEventNotification-Response ::= NULL

CS-GptAlarmSummary-Response ::= NULL
CS-RpadJournal-Response ::= NULL

Cs-IphitializeJournal-Response ::= NULL
CS-ReportJournalStatus—-Response ::= NULL
CS-CreateJournal-Response ::= NULL
Cs-DeleteJournal-Response ::= NULL
CS-G[

tCapabilityList-Response ::= NULL

CS-EyentNotification ::= NULL
CsAdditionalObjectClasses ::= NULL
EN-Additional-Detail ::= NULL

EE-A@ditional-Detail ::= NULL

JOU-Additional-Detail ::=(NULL
Cs-GetNameList-Request :t= NULL
Cs-GetNameList-Response ::= NULL

CS-Service-Error “¢:= NULL

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

7.4.1.1 General structure

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-
ConfirmedServiceRequest production, the specification of AdditionalService-Response within the
ConfirmedServiceResponse production, the specification of AdditionalUnconfirmedService within the
ror production.

the VMDStop,
VMDReset, Select and AlterPrograminvocationAttributes services. These services are described in 7.4.2 through

7.4.5. The abstract syntax for these services is specified by the AdditionalService-Request and the
AdditionalService-Response. There is no robot specific abstract syntax for the AdditionalUnconfifmedService or
fof the AdditionalService-Error.

74812 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
}

The AdditionalService-Request parameter shall identify the service type and the argument for that service. The
context tags provided identify. the service type. Definitions for each individual service specify the form of the
argument for the service thtough definition of a type, which is referenced by the AdditionalService-Request
prpduction. Each of the services in the AdditionalService-Request choice is a confirmed service

74813 Additional service response

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

ICE L
vMDStop [0) IMPLICIT VMDStop-Response,
vMDReset [1]) IMPLICIT VMDReset-Response,

select .[2] IMPLICIT Select-Response,
alterPI (3] IMPLICIT AlterProgramlInvocationAttributes-Response
}
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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.

AdditiohalService-Error ::= NULL

7415 Additional unconfirmed service

There are no afiditional unconfirmed services defined for this part of ISO/IEC 9506.

AdditiomalUnconfirmedService ::= NULL

742 VMDStop service

The VMDStop $ervice provides for a way to stop all control:activity at the responding robot and a way to put the
robot into a stgte where manual intervention is required,

The VMDStop Service is not intended to be equivalent to an Emergency Stop as defined in ISO DIS 10218. This
service does ngt provide the same service as a hardwired emergency stop. Use of this service can result in similar
actions from 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 df the componént service primitives is shown in Table 7.
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74211 Argument

There are no parameters in the argument of this service.

74212 Result{+)

Thi

specific parameters.

7.4.2.1.3 Resuit{-)

ISO/IEC 9506-3: 1991(E)

Table 7 VMDStop service
Parameter Name Req Ind Rsp Cnf
Argument M M(=)
Result( +) S S(=)
Result(-) S S(=)
Error Type M M(=

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

The Result(-) parameter shall indicate that the service request failed. The Error Type parameter, which is defined

in g

7422 Service procedure

res
int
be

sta
are

etail in clause 17 of ISONEC,9506-1:1990 provides the reason for failure.

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

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

emoved from the RUNNING state. The state of these Program Invocations is a local matter. The VMD logical
s-shall-be-sette . AP A MED-—TFhese-actions-and-theireffeetonthe-attributes of the VMD

summarized in Table 8.
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Table 8 VMD attributes / VMDStop

VMD Attribute State after Service Performed

Robot VMD State MANUAL-INTERVENTION-REQUIRED

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

7.4.23

The abstract sy
be specified by

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

parameters for

VMDStop-

VMDStop-

743

The VMDReset
provides the ab
of the VMD. In
service.

VMDStop protocol

VMDReset service

htax for the vMDStop choice of the AdditionalService-Request and AdditionalService-Response s
the VMDStop-Request and VMDStop-Response respectively. These types are specified below a

which explicit derivations are not provided in this clause.

Request NULL

Response ::= NULL

service provides a means to put the responding robot into an initialized state. This service al
|lity for the client to request that'the responding robot perform self-diagnostics in the initializati

In performing
maintain the ap
of this part of |

a
Elication association. However, the association should be maintained, if possible. It is not the inte

initialization routine’ or in performing self-diagnostics the responding robot may not be able

O/IEC 9506 for the connection to be broken as a result of this service.

7.4.3.1

Stl1lctll0

I
d
all

5O
pn

this sense all information (relating to physical status will have been validated as a result of this

to

The structure of the component service primitives is shown in Table 9.
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Table 9 VMDReset service
Parameter Name Req ind Rsp Cnf
Argument M M(=)
Extended Derivation M M(=
Result{+} S St=}
Status Response M M(=
Result(-) S S(=)
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.

7.43.1.2

Result({ +)

This parameter shall indicate. that the requested service has succeeded. The Result(+) parameter {or this service
includes the Status Response parameter used in the MMS Status service. The robot specific attributes of the VMD
shall be included in this response.

506-1:1990 provides the reason for failure.

which is defined
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7.43.2 Service procedure

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

a)
b)

c)

If the R_CTRL semaphore is not owned by the MMS user requesting this service, return a Result(-).
If the robot is in the ROBOT-EXECUTING state, return a Resulit(-).

If local conditions prevent completion of this service, return a Resuit(-).

d) Delete all

e) Place the

f) Perform a

parameter|

If any step of
Result(+) shall
described in 7.

7433

The abstract syintax for the vMDReset choice of the AdditionalService-Request and AdditionalService-Respon

is specified by t
described in th
parameters for

VMDReset

VMDReset

744

The Select ser
controlling the
Invocations. TH

VMDReset protocol

Select saervice

Program Invocations and Domains which are MMS Deletable.
Fobot into the ROBOT-IDLE state.

Status Service procedure (See 9.2.2 of ISO/IEC 9506-1:1990) using the Extended Derivati

this procedure fails, the service fails and a Result(-) response shall be réturned. Otherwise]
be returned containing the Status Response as augmented by the Robot Status Detail which|
2.1.1,

he VMDReset-Request and VMDReset-Response-respectively. These types are specified below a
e paragraphs that follow. Clause 5.5 of ISONEC 9506-2:1990 describes the derivation of
which explicit derivations are not provided\in this clause.

-Request ::= BOOLEAN -- Extended Derivation

-Response ::= Status-Response

vice provides~a means to identify a Program Invocation as the Selected Program Invocati
Robot VMD. It also binds the Controlling Program Invocation to a set of Controlled Progrd
e Select service also allows the deselection of a Controlling Program Invocation and the remo

of all ControlleT Program Invocations from the List of References to Controlied Program Invocations.

pn

s

be
hd
all

]
m
al

74441

Structure

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

ISO/IEC 9506-3: 1991(E)

Parameter Name Req Ind Rsp Cnf
Argument M M(=)
Controlling Program Invocation V) U(=
List of Program Invocations C Cl=]
Result(+) S S(=)
Result(-) S S(=)
Error Type M M(=)

7.44.1. Argument

Thig parameter contains the parameters of the Select service‘request.

74,4.1.11 Controlling Program Invocation

Thig parameter, of type identifier, indicates the:Controlling Program Invocation which is to be selecte
att'r{:ute of this Program Invocation shall have a value equal to CONTROLLING. If this parameter i

iti

be selected.

7.4,4.1.1.2 List of Program Invocations

E. The Control
not present,

icates that the present Controlling Program Invocation is to be deselected, and no Program Invocation is to

Thig parameter, of type list of identifier, indicates the Program Invocations which will be placed under the control
of the referenced.Controlling Program Invocation. This parameter shall be present only if the Contrglling Program

Invgcation parameter is present.

7.4{4.12 Result{ +)

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

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.

74.4.2 Service procedure

Upon receipt Jf 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 Result(-).

b) If the Coptrolling 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, retirn
a Result(-) and skip the remainder of this procedure.

Controlling Program Invocation parameter is not in the IDLE state, return a Besult(-) and skip the remainfler

c) If the CoEtrolling Program Invocation parameter is present and the Program_Invdcation indicated by the
of this procedure.

d) For each element of the List of References to Controlled Programy Invocations, verify that the Program
Invocation has its control attribute equal to CONTROLLED and that the value of the Reference to Controlling
Program |nvocation attribute is equal to UNCONTROLLED or equal to the Reference to Selected Program
Invocation attribute of the VMD. If any element of the list does.not meet this test, return a Resuit(-) and s ip
the remaihder of this procedure.

e) If the RefIrence to Selected Program Invocation attribute of the VMD is not NONE, verify that the Program
Invocation is in the IDLE state. If this is not true, retarn a Result(-) and skip the remainder of this procedufe.

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

the (ontrolling Program Invocation, set the Reference to Controlling Program Invocation |to

1) For eg[h Controlled Program Invocation on the List of References to Controlled Program Invocations|of
UNCONTROLLED.

2) Set th List of References-to Controlled Program Invocations to an empty list.

g) Set the Reference toSelected 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 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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If the List of Program Invocations parameter is not empty, then for each element of the list, set the 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.

Return a Result(+).

7443 Select protocol

The|

abstract syntax for the select choice of the AdditionalService-Request and AdditionalSérvice-Response is

spegified by the Select-Request and Select-Response respectively. These types are specified below jand described

int
whi

7.4 5 AlterPrograminvocationAttributes service

The

Invocation.

7.45.1 Structure

The

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

Select-Request ::= SEQUENCE ({
controlling [0] IMPLICIT Identifier OPTIONAL,
controlled [1] IMPLICIT SEQUENCE OF Identifier/OPTIONAL
-~ this field shall appear if and only if the(controlling field ip included

}
Select-Response ::= NULL

AlterPrograminvocationAttributes service\provides a means to alter certain attribute values|of a Program

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(=)
Controlling Program Invocation M M(=)
Running Mode Cc C(=)
No Limit S S(=)
Cycle Cgunt S S(=)
Step Coyint ] S(=)
S S(=)
Result( +)
] S(=)
Result(-) M M(=)
Error Typé
7.45.1.1 JArgument

This parametef contains the parameters of the AlterPrograminvocationAttributes service request.

7.45.1.1.1

This paramete
Program Invoc

745.1.1.2

The value of t
Depending on
be present.

745.1.13

Controlling Program Invocation

Running Mode

No Limit

, of type Ildentifier, shall identify the Pragram Invocation whose attributes are to be altered. T
tion shall have its Control attribute equal to CONTROLLING.

his parameter shallindicate the value for the Running Mode attribute of the Program Invocati
which Running Modé of the Program Invocation is selected, one of the following parameters shall

his

pN.

This parameter, 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

be set to STEP-

plementation
of the STEP-LIMITED Running Mode shall be defined in the PICS (See 9.4). If not supported, this choice may not
be kelected.

745.2 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(-) and skip
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 gf the Program
Invocation 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 Remawwng Cycle Count attribute of the Program
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 ¢f the Program

Invocation shall be set to STEP-LIMITED and the Remawwng Step Count attribute of the Program
Invocation shall‘be set to the value of the Step Count parameter.

7.45.3 AlterPrograminvocationAttributes protocol

The abstract syntax of the AlterPrograminvocationAttributes-Request and AlterPrograminvocationAttributes-
Regpunmmmm-omwﬁmmmmm—mw—awweé 9506-2:1990

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

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

The abstract syntax of StartCount shall be inferred from the selection made in the value of the Running“Mqde
parameter 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 950642 provides for a Init Request Detail parameter to be defined by companion standards. The structpre
of the Init 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(=)

This parameter shall be present if the abstract syntax defined in this part of ISO/IEC 9506 is proposed for ttus
instance of communication. Otherwise, it shall not be present. It shall contain parameters relating to
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.

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
i i i j isi mpatible with

ions of this part of ISO/IEC 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 value. The
qe in the indication primitive shall be less than or equal to the value in the request primitive, but not less than

7.5(1.2 Proposed Parameter CBB

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

7.5.1.3 Services Supported Caling

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

7514 Additional Services Supported, Caling

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

Th}parameter, of type bitstring, shall specify support by the Calling MMS user of a set of addifional services
syntax defined in this part of ISO/IEC 9506 on the application association.

The value of the parameter in the indication primitive shall specify the intersection of the set of additional services
supported by the Calling MMS user and the set of services supported by the MMS provider.

The assignmeént of a service to an individual bit of the bitstring type is specified in 7.5.3. A valug of one in the
ass|gned bit'shall indicate support for the corresponding service. A value of zero shall indicate non-support. Any
addjtional 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 receipt of that
service with a reject code of "UNRECOGNIZED SERVICE".

75


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

ISO/IEC 9506-3: 1991(E)
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 parametes shall be present if the abstract syntax defined in this part of ISONEC 9506 has been negotiated
for this instar::[e of communication. Otherwise, it shall not be present. It shall contain parameters relating| to

communicatior) 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 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 minor version number of this part of ISO/IEC 9506 which will be used in the
presentation context derived from -the abstract syntax defined in this part of ISO/IEC 9506 for this instancel of
communicatior). 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.

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 of this part of ISONIEC 9506 with smaller minor version numbers.

Major revision%of this part of ISO/IEC 9506 are reflected through the definition and registration of distinct abstract

75.2.2 Negotiasted Parameter CBB

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

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

7.5.24 Additional Services Supported Called

This parameter of type bltstnng, shall specn‘y support by the Called MMS user of a set of additional services

whigh

defined in th|s part of ISOIIEC 9506 on the apphcatron assocratron

sup)

asd

add

Support for confirmed services shall be defined as the ability to receivé a request indication and prd
service procedure defined for the responder role.

the

If a
ap

sery

7.53 Initiate protocol

Th

InitRequestDetail and InitResponseDetail types respectively. These types are specified below and d
paragraphs that follow. Clause-5.5-0of ISO/IEC 9506-2:1990 describes the derivation of all param

ex

gned bit shall indicate support for the corresponding service. A value of zero shall indicate non

g-abstract syntax

The| value of the parameter in the indication primitive shall specify the intersection of the set of additional services
lorted by the Called MMS user and the set of additional services supported by the. MMS proVider.

assignment of a service to an individual bit of the bitstring type is specified)in”7.5.3. A valug¢ of one in the

tional bits shall be ignored.

-support. Any

perly execute

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

ice with a reject code of "UNRECOGNIZED SERVICE".

abstract syntax of the Init Request Detail and Init Response Detail parameters shall be s:Ecified by the

icit derivations are not provided in this subclause.

InitRequestDetail ::= SEQUENCE
proposedVersionNumber (
proposedParameterCBB (
servicesSupportedCalling [
additionalsupportedCalling [

}
IfitResponseDetail ::= SEQUENCE {

{
0) IMPLICIT Integerl$,

1) IMPLICIT ParameterSupportOptionsg,
2) IMPLICIT ServiceSupportOptions,[
3] IMPLICIT AdditionalSupportOptio

— TegotiatedversionNumber — [0] IMPLICIT Integeris,;
negotiatedParameterCBB [{1]) IMPLICIT ParameterSupportOptions,
servicesSupportedCalled [{2]) IMPLICIT ServiceSupportOptions,

additionalSupportedCalled (3] IMPLICIT AdditionalSupportOptions
}

scribed in the
ers for which
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AdditionalsSupportOptions ::= BITSTRING {
vMDStop (0),
vMDReset (1),
select (2),

alterProgramInvocationAttributes (3)

}

7.6 End of module

The following END statement closes the module.

END

8 Robot specific standardized objects

8.1 General

generic to allc

and

sses of robots. The standardized objects refer to several different kinds of entities including Types,

This clause dejianes names and other attributes of standardized MMS.visible entities that are specific to robots

Domains, Pro

Each standard

listed are consjdered appropriate to be supported by_all tobot devices. However, if a object listed in this claus

supported in

ram Invocations, Named Variables, Semaphores, Event Conditions and Event Actions.

ed object defined in this clause has a standardized meaning associated with it. Not all the objects

is

robot, then it shall be supported~with the semantics specified in this part of ISO/IEC 95D6.
Conversely, if functionality which is identical with the semantics associated with one of these standardized obj
occur in an implementation, the standardized(name shall be used to identify that functionality. It is expected
non-standard mames will also be defined by the implementor or user in the course of developing applications.
of these non-standard names is a local°-matter.

ts
at
se

All standardizdd names definedinthis clause are prefixed with “R_" (R Underscore), the R indicating a memper
of this part of |ISONEC 9506;.and the underscore indicating a standardized name.

Note: This clduse includes definitions of Named Type objects. Whie such objects are not normally visible il an
impleme@ntation, they are included in order (1) to provide a convenient notation for complex types used by
more than’one standardized Named Variable object and (2) to provide guidance to implementors on

preferrJd

structure for local Named Variable objects.

the
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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

Thisgname shall be used to identify the Domain associated with the calibration procedure. The calibra

lion operation
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}

8.23 R SAFE

Thig name shall be used to identify the Domain associated with safety related equipment including, Qut not limited
to, }mergency Stop switches, light gates, pressure sensitive mats, etc.
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Object: D

omain

Key Attribute: Domain Name = "R_SAFE"

Attribute:
Attribute:
Attribute:
Attribute:
Attribute:

List of Capabilities

State

MMS Deletable = FALSE
Sharable = FALSE
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

permanently as

Object: PJogram Invocation

Key Attri
Attribute:
Attribute:
Attribute:
Attribute:
Attribute:
Attribute:
Attribute:

Attribute: Reference to Controlling Program Invocation

832 RCAL

This name identifies the Program Invogation which performs the calibration procedure. This Program Invocati

is permanently

Object: Program Invocation

Key Attriute: Program-Invocation Name = "R_CAL"
Attribute: |State

Attribute: |List of‘Domain References = {R_CAL)}

Attribute:
Attribute:

sociated with the R_ARM Domain.

ute: Program Invocation Name = "R_ARM"
State

List of Domain References = {R_ARM}
MMS Deletable = FALSE

Reusable = TRUE

Monitor  Attribute: Execution Argument
Error Code = O

Control = CONTROLLED

associated with the-R.CAL Domain. The calibration procedure is described in 6.3.6.

MMS_Deletable = FALSE
Reusable = TRUE

Attribute:
Attribute:
Attribute:
Attribute:

80

Monitor

Execution Argument
Error Code = 0O
Control = NORMAL

is
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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 (See 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 international standard
is established on the representation of the orientation in space, this type will be altered to|represent that
definition.

8.4.3 R _PSE -pose

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

—Object: Named-Fype
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" }
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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 value which represents the attributes of an end effector shall be described in terms of this type. This type
can be used td describe the end effector which is part of the robot arm (See 8.5.5.15) or of other end effectors
which are part| of the system.

Key Attribute: Type Name = vmd-specific "R_EEF"
Attribute] MMS Deletable = FALSE
Attribute:{ Type Description = structure { components {
{ comppnentName "IDNumber",
comppnentType objid },
{ comppnentName "ToolDescriptor”,
componentType visible-string 80},
{ comppnentName "TOOL-MICS",
componentType typeName vmd-specific "R_PSE"},
{ comppnentName "User-Detail",
nentType visible-string 512} } }

8.5 Standardized Named Variable objects

8.5.1 General definitions
The model of 4 robot system developed in_clause 5, distinguishes between

a) data valugs which are transférred between the task program and the robot arm control program referred|to
as Prograinmed values,

b) data valugs 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 ISO/IEC 9506, the following naming convention is used: If the object represents a Programmed
value, the variable name is of the form "R_Pxxx". If the object represents a Commanded value, the variable name
is of the form "R_Cxxx". If the object represents an Actual value, the variable 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 transformation which
will carry the Base Coordinate System into the Mechanical Interface Coordinate System.

85.2 Generic Named Variable objects

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

8.5/3 VMD specific standardized Named Variable objects

8.5/3.1 R_VPWR - power

This Named Variable object represents the value of the Any Physical-Resource Power On attribut¢ of the VMD.
This boolean variable shall be TRUE if power is applied to any physical resource in the VMD, FALSE otherwise.

Object: Named Variable

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

Attribute: Type Description = boolean

Attribute: Access Method

8.5/3.2 R _VCAL - calibrated

Thig Named Variable object represents the value of the All Physical Resources Calibrated attribute¢ of the VMD.

Object: Named Variable

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

Attribute: Type Description = boolean

Attribute: Access Method

8.5133 R_VLOCAL - VMD Local Control

This Named Variable object represents the value of the Local Control attnbute of the VMD.
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Object: Named Variable

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

Attribute: Type Description = boolean

Attribute: Access Method

8534 R_VSAFEV - Safety Interlocks Violated

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

Object: Named Variable

Key Attrijute: Variable Name = vmd-specific "R_VSAFEV"
Attribute:) MMS Deletable = FALSE

Attribute:| Type Description = boolean

Attribute:| Access Method

8.5.4 Domgin-specific standardized Named Variable objects

8.5.4.1 R_DPWR - Device Power On

This Named Variable object represents the value of the DevicéPowerOn attribute of the Robot Arm or other
Auxiliary Device object. This object has the value of TRUE if power is applied to the device.

Object: Named Variable

Key Attrijute: Variable Name = domain-specific{
domainiD ,

itemiD "R_DPWR" }
Attribute:|MMS Deletable = FALSE
Attribute:|Type Description = boolean
Attribute:|Access Method

8.5.4.2 R_DCAL - Device Calibrated

This Named Variable object represents the value of the DeviceCalibrated attribute of the Robot Arm object or ot
Auxiliary Devicp objéct: This object has the value of zero if the device resource is CALIBRATED, one if the device
resource is NOITCALIBRATED, 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

8.5:4-3—R-DLOCAL—~Device tocal-Control

This Named Variable object represents the value of the Local Control attribute of the RobotArm ¢bject or other

Auxiliary Device object. This named object is TRUE if the device resource is in local confrol, FAL

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

SE otherwise.

This Named Variable object represents the'value of the Number of Joints attribute of the Robot Arfm object. This

valle is an integer which specifies the:number of joints associated with a specific robot arm.

Object: Named Variable
Key Attribute: Variable'Name = domain-specific {
domainiD "R_ARM",
itemiD "R_NJ" }
Attribute: MMS.Deletable = FALSE
Attribute: Type Description = integer 8
Attribute:\Access Method

8.55.2° R JT - Joint Types

This Named Variable object represents the value of the Joint Type attribute of the Robot Arm object. This object
is an array of integers which identify the types of the joints of the robot arm. An array element of zero 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 {

Attribute:
Attribute:

domainiD "R_ARM",

itemiD "R_JT" }
MMS Deletable = FALSE
Type Description = array

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

Attribute:

Access Method

8553 R JCAL - Joints Calibrated

This Named Vlriable object represents the value of the Calibrated attribute for each of the joints imythe Ordered

List Of Joint D
each of the join

Object: N
Key Attrib

Attribute:
Attribute:

{ num
Attribute:

8554 R JBK - Brakes On

scriptions of the Robot Arm object. This array contains the value of the Calibrated attribute
ts. The ordering of the joint information corresponding to each joint in the robotis'a local matt]

amed Variable

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

MMS Deletable = FALSE

Type Description = array

perOfElements r-NJ-value, elementType boolean }

Access Method

This Named Va

TRUE. The ord

Object: Nz
Key Attrib

Attribute:
Attribute:

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

Attribute:

ring of the joint information“corresponding to each joint in the robot is a local matter.

med Variable

te: Variable Name( = domain-specific {
domainiD_"R_ARM",

itemiD\" "R_JBK" }

MMS Deletable = FALSE

Type Description = array

Access Method

iable object represents the value of the Joint Brakes attribute of the Robot Arm object. This arrgy
contains the vajue of the brakes status for each of the joints. An array element of zero indicates that no brak|
exist for the cofresponding joint (the Joint Brakes attribute is FALSE), an element of one indicates that the val
of the Brakes Qn attribute is FALSE and an element of two indicates that the value of the Brakes On attribute

for
pr.

ES
e
is

8.5.5.5 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

8.55.6 R_AJV - Actual Joint Values

Thig Named Variable object represents the value of the Actual-Joint Value attribute of the Robot Arn object. This

array contains the actual values of the joint coordinates. The‘ordering of joint information correspo

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 Method

8.5.5.7 R_TUB - coordinate transformation - User to base

nding to each

This|NamedVariable object represents the value of the USER-BASE attribute of the Robot Arm object. This value
is trk pose of the User expressed in the Base Coordinate System, or equivalently the transformatioF\ of the Base
Cootdi ) i
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Object: Named Variable
Key Attribute: Variable Name = domain-specific {

Attribute:
Attribute:
Attribute:

This Named V
is the pose o
transformation

Object: Named Variable

Key Attrib

Attribute:
Attribute:
Attribute:

8559 R

This Named Vatiable object represents the value of the BASEXWORLD attribute of the Robot Arm object. This val

is the pose of
transformation

Object: Ngmed Variable

Key Attrib,

Attribute:
Attribute:
Attribute:

8.5.5.10 R ATUP -‘sctual Tool User point

domainiD "R_ARM",
itemiD "R_TUB" }

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

iable object represents the value of the TOOL-MICS attribute of the Robot Arm object. ;This value
the Tool expressed in the Mechanical Interface Coordinate System, or equivalently, the
of the Mechanical Interface Coordinate System to that of the Tool. It is of type Pose.

ute: Variable Name = domain-specific {

domainiD "R_ARM",

itemiD "R_TTM" }

MMS Deletable = FALSE

Type Description = typeName vmd-specific "R_PSE"
Access Method

'BW - coordinate transformation - Base to World

e
the Base Coordinate System expressed .in\the World Coordinate System, or equivalently, the

pf the World Coordinate System to thatcof the Base. It is of type Pose.

ute: Variable Name = domain<specific (

domainiD "R_ARM",

itemiD "R_TBW"}

MMS Deletable = FALSE

Type Description = typeName vmd-specific "R_PSE"
Access Method

This Named Vaki
It is derived from

implementation
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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

ctual pose if no motion is underway, or the pose to which the robot arm has been commanded

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

Thig§ Named Variable object represents the valug of the MICS-BASE attribute of the Robot Arm
repriesents the actual position of the MICS with.respect to the base of the robot. It is derived from the Robot Arm
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

Thig

Nam iable object represents the val f th Factor attri

i$ Named Variable object represents the value of the commanded TOOL-USER attribute of the\Robpt Arm object.
i$ object contains the value of the destination pose of the Tool in the User Coordinate -System/ This is either

nost recently.

lobject, which

t. This object

contains the value of the ratio of the programmed tool tip speed to the commanded speed. It is a dimension 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 Named 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 Attripute: Variable Name = domain-specific {
domainiD "R_ARM",
itemiD "R_PSTU" }
Attribute{ MMS Deletable = FALSE
Attribute] Type Description = fldating-point
{ format-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 it

self
an attribute of| the Robot Arm object.

Object: btamed Variable

Key Attribute: Variable Name = domain-specific { .

domainiD "R_ARM";

itemiD "R_EEFU"™"}

Attribute] MMS Deletable = FALSE

Attribute] Type Description & typeName vmd-specific "R_EEF"
Attribute] Access Method

8.6 Standardized Semaphore objects

8.6.1 RCTRL

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

Thig Event Condition object identifies the Event Condition of the VMD attribute Robot VMD State

EXHCUTING to any other value.

Object: Event Condition

Attribute:MMS Deletable = FALSE

Attribute: State = ( initially ACTIVE )

Attribute: Priority = normalPriority

Attribute: Severity = normalSeverity

Attribute: Additional Detail = NULL

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

Attribute: Monitored Variable Reference =

Attribute: Time of Last.Transition to Idle

8.7(2 R_SIV robot Safety Interlocks Violated

Thig Event Condition object identifies the Event Condition when the VMD attribute Safety Inter

transitions from FALSE to TRUE.

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

Attribute: Event Condition Class = MONITORED

Attribute: Alarm Summary Reports(= FALSE

UNSPECIFIED

Attribute: Evaluation Intervalx=_(local matter)
Attribute: Time of Last Transition to Active

Changing from

locks Violated
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873 RRL

This Event Con

8.74

Object: Event Condition
Key Attribute: Event Condition Name = vmd-specific "R_SIV"

Attribute:
Attribute:

Attribute:
Attribute:
Attribute:
Attribute:
Attribute:

MMS Deletable = FALSE

Event Condition Class = MONITORED
State = ACTIVE

Priority = normalPriority

Severity = normalSeverity

Additional Detail = NULL

List of Event Enrollment References

Attribute: Enabled = TRUE

Attribu
Attribu
Attribu
Attribu
Attribu

Object: Ey

Key Attriute: Event Condition Name = vmd-specific "R_RLC"

Attribute:
Attribute:
Attribute:
Attribute:
Attribute:
Attribute:
Attribute:

te—Alarm-Summary-Reperts—FALSE

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

e: Time of Last Transition to Active

e: Time of Last Transition to ldle

C robot Local Control changed
dition object identifies the Event Condition when the VMD attribute.Local Control changes valte.

rent Condition

MMS Deletable = FALSE

Event Condition Class = MONITORED
State = ACTIVE

Priority = normalPriority

Severity = normalSeverity

Additional Detail = NULL

List of Event Enroliment References

Attrib
Attrib
Attrib
Attrib

Attribute: Time of Last Transition. to ‘Active

Attribu

This Event Co

RUNNING statg.

92

R_ARM - Robot arm.operation

e: Enabled = TRUE

e: Alarm Summary Reports = FAIKSE

e: Monitored Variable Reference_= UNSPECIFIED
e: Evaluation Interval = (local-matter)

e: Time of Last Transition to Idle

dition.object identifies the Event Condition when the R_ARM Program Invocation leaves the
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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 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

8.8 Standardized Event Action objects

8.8.1 R _STC robot Status change

This Event Action object identifies the action taken when ong of-the named events occurs. This actipn will provide
Event Notification with the MMS Status service resuit.

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

882 R _ARM - Robot.arm operation

This Event Action‘object identifies the action taken when the R_ARM Program Invocation leaves|the RUNNING
state. This action will provide Event Notification with the MMS GetPrograminvocationAttributes $ervice resuit.

Object: Event Action

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

Attribute: MMS Deletable = FALSE

Attribute: Confirmed Service Request =
GetPrograminvocationAttributes { "R_ARM".}

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 li

s a set of MMS conformance classes for robot applications. The conformance classes are ba

on models of qobot applications. The list of applications are indicated by combining the class name with the
of program loagding method. Upload/download is for systems which can support remote uploading and downloading
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 9508-1 describes conformance on the basis of the behaviour
of the server ¢r VMD. :

of their devic

ed
pe

Flexible applicption of robots requires that they be connected to a network and have their activities coordinated
with other eqUipment. As described earlier,-there are two fundamental modes of operation of a robot - as a cl
device and as| a server device. The robot may function in either or both modes simultaneously. However,
services and ¢onformance requirements of the robot when acting as a client and responding as a server,

considered se

This clause de
device. Also p
as client and

9.2 Robot

94

arately.

bcribes the minimal’set of services and conformance requirements for a robot to function as a se
resented arethe'services and conformance requirements for enhanced performance of robots ac
server deyices.

ent
the
are

fver
ling



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

ISO/IEC 9506-3: 1991(E)
9.2.1v General requirements

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
Tdentify.

This requirement applies with equal force to any implementation claiming conformance to_the gbstract syntax
defined in this part of ISO/IEC 9506.

In the conformance classes which follow, the robot is acting as an MMS serveryconnected to|a remote host
computer which acts as the MMS client.

9.2.2 Base Conformance Class

9.2.2.1 Static conformance requirements

The Base Conformance Class specifies the minimum-set of services that a robot shall provide to ¢onform to this
paft of ISO/NIEC 9506. This conformance class forms a kernel of services that are included in (all other robot
conformance classes.

This conformance class is for robot servers that support only one association at a time. Robot servers that support
mqre than one association are considéred to be in a higher conformance class (i.e. Multiple Hosts Class). These
higher conformance classes have ‘additional requirements.

For the purposes of satisfying the requirements of the Robot Model described in clause 5, of the MMS model
mdpping described in clause 6, and of the elements of the service procedures described in clausg 7, the remote
user proposing or accepting establishment of an application association specifying the abstract syptax defined in
this part of ISO/IEC 9506 shall have control of the R_CTRL semaphore immediately upon successful establishment
of the association. No explicit MMS service procedures for semaphores need to be supported in ¢rder to satisfy
this conformance*class. This automatic allocation of the R_CTRL semaphore to the remote MMS user does not
apply to any higher conformance classes in which multipie associations may be supported.

9.222 Service conformance requirements
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9.22.2.1 Fixed requirements

The following services shall be supported in the Base Conformance Class.

In addition to|these services, a robot shall support either the set of services specified in 9.2.2.2.2.1 of i
9.2.2.2.2.2.

9.2222 Loading of Domains

922221 Upload/Download

This set of services shall be supported by robots that use remote loading of their robot system controller fro
host system. These services provide a way-to-upload and download programs and data to/from the robot sys
controller.
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Cancel

Status
UnsolictedStatus
GetDomainAttributes
DeleteDomain

CreatePrograminvocation
DeletePrograminvocation

Start

Stop

Resum

Reset
GetPrograminvocationAttributes
Read '
Write
InformationReport
Select

InitiateownloadSequence
DownloadSegment
TermingteDownloadSegquence
InitiateUploadSequeénce
Upload$egment
TerminateUploadSequence
RequestDomainDownioad

RequestDomainUpload

a
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