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Preface 

This preface, as well as all footnotes and annexes, is included for information purposes and 
is not part of ISA-TR88.00.02. 
 
This document has been prepared as part of the service of ISA--The Instrumentation, 
Systems, and Automation Society--toward a goal of uniformity in the field of instrumentation. 
To be of real value, this document should not be static but should be subject to periodic 
review. Toward this end, the Society welcomes all comments and criticisms and asks that 
they be addressed to the Secretary, Standards and Practices Board; ISA; 67 Alexander Drive; 
P. O. Box 12277; Research Triangle Park, NC  27709; Telephone (919) 549-8411; Fax (919) 
549-8288; Email: standards@isa.org. 
 
The ISA Standards and Practices Department is aware of the growing need for attention to 
the metric system of units in general, and the International System of Units (SI) in particular, 
in the preparation of instrumentation standards. The Department is further aware of the 
benefits to USA users of ISA standards of incorporating suitable references to the SI (and the 
metric system) in their business and professional dealings with other countries. Toward this 
end, this Department will endeavor to introduce SI-acceptable metric units in all new and 
revised standards, recommended practices, and technical reports to the greatest extent 
possible. Standard for Use of the International System of Units (SI): The Modern Metric 
System, published by the American Society for Testing & Materials as IEEE/ASTM SI 10-97, 
and future revisions, will be the reference guide for definitions, symbols, abbreviations, and 
conversion factors. 
 
It is the policy of ISA to encourage and welcome the participation of all concerned individuals 
and interests in the development of ISA standards, recommended practices, and technical 
reports. Participation in the ISA standards-making process by an individual in no way 
constitutes endorsement by the employer of that individual, of ISA, or of any of the standards, 
recommended practices, and technical reports that ISA develops. 
 
CAUTION — ISA adheres to the policy of the American National Standards Institute with regard to 
patents. If ISA is informed of an existing patent that is required for use of the standard, it will require 
the owner of the patent to either grant a royalty-free license for use of the patent by users complying 
with the document or a license on reasonable terms and conditions that are free from unfair 
discrimination.  
 
EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS DOCUMENT, THE USER IS 
CAUTIONED THAT IMPLEMENTATION OF THE DOCUMENT MAY REQUIRE USE OF 
TECHNIQUES, PROCESSES, OR MATERIALS COVERED BY PATENT RIGHTS. ISA 
TAKES NO POSITION ON THE EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT 
MAY BE INVOLVED IN IMPLEMENTING THE DOCUMENT. ISA IS NOT RESPONSIBLE 
FOR IDENTIFYING ALL PATENTS THAT MAY REQUIRE A LICENSE BEFORE 
IMPLEMENTATION OF THE DOCUMENT OR FOR INVESTIGATING THE VALIDITY OR 
SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD 
CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE DOCUMENT FOR 
THE USER’S INTENDED APPLICATION. 
 
However, ISA asks that anyone reviewing this document who is aware of any patents that may impact 
implementation of the document notify the ISA Standards and Practices Department of the patent and 
its owner. 

Additionally, the use of this document may involve hazardous materials, operations or equipment. The 
document cannot anticipate all possible applications or address all possible safety issues associated 
with use in hazardous conditions. The user of this document must exercise sound professional 
judgment concerning its use and applicability under the user’s particular circumstances. The user 
must also consider the applicability of any governmental regulatory limitations and established safety 
and health practices before implementing this document. 
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Foreword 

 
The ISA88 committee has defined a batch standard series that provides terminology and a 
consistent set of concepts and models for batch manufacturing plants and batch control.  These 
standards, however, were not defined in the context of Packaging machines, or machines that 
perform discrete operations.  As the ISA-88 batch standards continue to evolve, the context of the 
standard models may be extended to include the entire plant, integrating the software definitions of 
batch, packaging, converting and warehousing.  Currently, as noted in this report there is a need to 
begin consideration of the ISA-88 standards in the context of differing automated machinery. 
 
This is an informative document.  This document contains definitive implementation examples of 
definitions and models in order to establish a common presentation and high level software 
architecture or layout.  The terms and definitions used in this document are harmonized, as 
much as possible, with ISA-88; the document is not definitive in this respect.  The models 
used, and applied, in this document are an extension of the models presented in ISA-88 and are 
shown how they are applied to differing machine functionality.  Discrete machine functionality is 
expressed graphically in several situations and described. The intent of this document is to propose 
specific implementation options and indicate a preference for a specific set of machine types. 
 

Abstract 
 

The “standard” method of programming discrete machines is generally considered to be 
solely dependent on the machine and the software engineer, or control systems programmer. 
This constant change offers little additional value and generally increases the total costs, 
from the designing and building of the process to operating and maintaining the system by 
the end user.  This Technical Report on the implementation of ISA-88 in discrete machines 
breaks this paradigm and demonstrates how to apply the ISA-88 standard to discrete 
machine states and modes.  The implementation of the standard will create a standard 
programming methodology as well as consistent method to install, communicate, operate, 
and maintain a piece of unit/machine.  This Technical Report gives examples of general and 
specific machine state models and procedural methods.  The report cites real control 
examples as implementations, and provides specific tag naming conventions; it also cites a 
number of common terms that are consistent with batch processing and ISA-88. 
 

Key Words 
State machine, state model, mode manager, machine state, unit control mode, PackML, state 
commands, command tags, status tags, administration tags, base state model, state engine, 
functional programming, modular programming, machine control software, discrete machine 
software, PackTags, Weihenstephan, Production Data Acquisition, PDA, ISA88, and TR88.
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Introduction 

When the ISA-88 standard is applied to applications across a plant, there is a need to align 
the terminologies, models, and key definitions between different process types; continuous, 
batch, and discrete processes.  Discrete processes involve machines found in the packaging, 
converting, and material handling applications.  The operation of these machines is typically 
defined by the OEM, system integrator, end user, or is industry specific. 
 
A task group with members from technology providers, OEMs, system integrators, and end 
users was chartered by the OMAC (Open Modular Architecture Control)/ISA Packaging 
Workgroup.  The task group generated the PackML guidelines as a method to show how the 
ISA-88 concepts could be extended into packaging machinery.  This technical report is 
intended to build upon and formalize the concepts of the PackML guidelines and to show 
application examples. 
 
The purpose of the technical report is to 
 

a) Explain functional state programming for automated machines; 

b) Identify definitions for common terminology; 

c) Explain to practitioners how to use state programming for automated machines; 

d) Provide actual implementation examples and templates from automation 
control vendors; 

e) Identify a common tag structure for automated machines in order to: 

1) Provide for Connect & Pack functionality; 

2) Provide functional interoperability and a consistent look and feel 
across the plant floor; 

3) Provide consistent tag structure for connection to plant MES and 
enterprise systems.  
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Machine and Unit States: An Implementation Example of ISA-88  
 

1 Scope 

Since its inception, the OMAC Packaging Machine Language (PackML) group has been using 
a variety of information sources and technical documents to define a common approach, or 
machine language, for automated machines.  The primary goals are to encourage a common 
“look and feel” across a plant floor, and to enable and encourage industry innovation.  The 
PackML group is recognized globally and consists of control vendors, OEM’s, system 
integrators, universities, and end users, which collaborate on definitions that endeavour to be 
consistent with the ISA88 standards and consistent with the technology and the changing 
needs of a majority of automated machinery.  The term “machine” used in this report is 
equivalent to an ISA88 “Unit”.  
 
This has led to the following: 

1. A definition of machine/unit state types. 
2. A definition of machine/unit control modes. 
3. A definition of unit control mode management. 
4. State models, State descriptions, and transitions. 

 

2 References 

The following documents contain provisions that are referenced in this text. At the time of 
publication the editions indicated were valid. All documents are subject to revision, and 
parties to agreements based on this technical report are encouraged to investigate the 
possibility of applying the most recent editions of the reference documents indicated below.  
 
⎯ ISA-88.00.01-1995,.Batch Control Part 1: Models and Terminologies 

⎯ ANSI/ISA-88.00.02-2001 Batch Control Part 2: Data Structures and Guidelines for 
Languages 

⎯ ANSI/ISA-88.00.03-2003 Batch Control Part 3: General and Site Recipe Models and 
Representation 

⎯ ANSI/ISA-88.00.04-2006 Batch Control Part 4: Batch Production Records 

⎯ ISA Draft 88.00.05 Batch Control - Part 5: Implementation Models & Terminology for 
Modular Equipment Control 

⎯ IEC 61131-1 Standard for programmable logic controllers (PLCs), General Information 

⎯ IEC 61131-3 Standard for programmable logic controllers (PLCs), Programming 
Languages 

⎯ IEC 61131-4 Standard for programmable logic controllers (PLCs), User Guidelines 

⎯ PLCopen TC5 Safety Certification  

⎯ Weihenstephan Standard – Part 2 Version 2005 
http://www.wzw.tum.de/lvt/englisch/Weihenstephaner_Standards_GB.html 

⎯ ANSI/ISA-95.00.01-2000 Enterprise–Control System Integration Part 1: Models and 
Terminologies 

⎯ ANSI/ISA-95.00.02-2001 Enterprise–Control System Integration Part 2: Object Model 
Attributes 

⎯ ANSI/ISA-95.00.05, Enterprise-Control System Integration Part 5: Business-to- 
Manufacturing Transactions 

⎯ DIN 8782, Beverage Packaging Technology: Terminology Associated with Filling Plants 
and their Constituent Machines  
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3 Overview 

3.1 Introduction 
Automated machine programming is typically done by software engineers, machine 
designers, and system integrators.  The form and style of the machine software ranges from 
modular, to monolithic in nature.  The objective of this report is to specify the application of a 
common software methodology that is consistent with the modular programming of automated 
machinery as described in the ISA-88 draft standard.  The naming of specific software 
components, or operational aspects, is dependent on the needs of the automated machine.  
This report shall be interpreted in a general sense to encompass all automated machinery.  It 
is focused on the overall operation and functionality of automated machines. This document 
enables a consistent method of machine interconnection and operability.  The diagrams and 
examples shown in the report are specific in terms of the functionality they provide but can be 
implemented in various ways to fit most automated machinery and machine controllers; 
therefore the figures do not follow the standard UML guidelines for depiction of software flow. 
 
If automated machinery is modelled in an ISA-88 physical hierarchy, the example mapping 
shown in Figure 1 is possible. The example in this document will assume that a machine can 
represent the unit level in the ISA88 hierarchy. 
 

 
Figure 1: Automated Machines applied to ISA88.00.01 Physical Model  

 
Furthermore, the objective of this document is to provide a definition of machine (unit) modes 
and states, as well as state models corresponding to the different machine (unit) modes.  In 
this example application of ISA-88, the use of the state model and unit modes are extensible, 
but the methods governing the way in which the modes and states are used is not.  This 
technical report demonstrates the flexibility and ease in which this method can be 
implemented in terms of ISA88, as well as how it provides the “common look and feel” 
desired in automated machines. This model only constrains the standard names and 
semantics for commonly used high level machine states as per a Base State Model.  
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The ISA-88 standard describes example modes and states as applied to equipment entities 
and procedural elements. This report identifies unit/machine modes and states which should 
be considered an extension of the examples in the ISA-88 standard in order to meet the 
needs of automated machine processing. 
 
3.2 Personnel and Environmental Protection 
 
The Personnel and Environmental Protection control activity provides safety for people and 
the environment. No control activity should intervene between Personnel and Environmental 
Protection and the field hardware it is designed to operate with. Personnel and Environmental 
Protection is, by definition, separate from the higher level control activities in this document. 
It may map to more than one software level of the equipment as desired. 
 
A complete discussion of personnel and environmental protection, the classification of these 
types of systems, and the segregation of levels of interlocks within these systems is a topic of 
its own and beyond the scope of this document.  
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4 Unit/Machine States 

4.1 Definition 
A Unit/Machine state completely defines the current condition of a machine. A Machine state 
is expressed as an ordered procedure, or programming routine, that can consist of one or 
more commands to other Procedural Elements1 or equipment entities, or consist of the status 
of a Procedural Element1 or equipment entity, or both. In performing the function specified by 
the state the Machine state will issue a set of commands to the machine Procedural 
Elements1 or equipment entities which in turn can report status.  The Machine state will 
perform conditional logic which will either lead to further execution within the current machine 
state or cause a transition to another state. The Machine state is the result of previous 
activities that had taken place in the machine to change the previous state. 
 
Only one major processing activity may be active in one machine at any time2. The linear 
sequence of major activities will drive a strictly sequentially ordered flow of control from one 
state to the next state – no parallel states operating on the same equipment entity are 
allowed to be active in one machine at the same time. 
 
Note: At a lower level, the minor sub-activities (or control procedures) that are combined to form a major activity at 
the machine operation level, may indeed be taking place in parallel as well as in sequence as defined in ISA- 88 
for equipment phases. 

 
4.2 Types of States 
 
For the purposes of understanding three machine state types are defined:  
 
• Acting State:  A state which represents some processing activity.  It implies the single or 

repeated execution of processing steps in a logical order, for a finite time or until a 
specific condition has been reached.  In ISA-88 these are referred to Transient states, 
those states ending in “-ing”. 

• Wait State:  A state used to identify that a machine has achieved a defined set of 
conditions.  In such a state, the machine is maintaining a status until transitioning to an 
Acting state or the Dual state.  In ISA-88 this was referred to as a Final or Quiescent 
state. 

• Dual State:  A Wait state that is causing the machine to behave as in an Acting state.  
The Dual state is representative of a Machine state that can be continuously transitioning 
between Acting and Waiting, and Looping, as defined by the logical sequence required.  
As noted in ISA-88, the Execute, or Running state, is a Transient state.  This Machine 
state has been re-characterized to also include the diversity of operation found in 
packaging and discrete machines. 

 
4.3 Defined States 

There are a fixed number of states defined in the Base State Model. This report establishes 
an example enumerated set of possible Unit/Machine states illustrated in the figure below, 
Figure 2. As shown this set of states has similarity to the ISA-88 example states, but has 
additional states defined for machine processing.  

————————— 
1 Term Procedural Element defined (ISA-88) 

2 A “major processing activity,” corresponds to the term Equipment Operation as defined in ISA-88. 
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Value
Unit / Machine 

States Wait Acting
<not defined> 1 Clearing x
Stopped 2 Stopped x
<not defined> 3 Starting x
Idle 4 Idle x
Paused 5 Suspended x
Running 6 Execute x x
Stopping 7 Stopping x
Aborting 8 Aborting x
Aborted 9 Aborted x
Holding 10 Holding x
Held 11 Held x
Restarting 12 Unholding x
Pausing 13 Suspending x
<not defined> 14 Unsuspending x
<not defined> 15 Resetting x
<not defined> 16 Completing x
Complete 17 Complete x

ISA 88.01 
Example 

Procedural 
States

Technical Report Equipment States

 

Figure 2: Example States for Automated Machines  

 
Formal definitions of theses states are given below: 
 

Table 1 : Complete List of Machine States  

 
State Name Description 

STOPPED State Type: Wait 
The machine is powered and stationary after completing the 
STOPPING state.  All communications with other systems are 
functioning (if applicable). A Reset command will cause an exit from 
STOPPED to the RESETTING state. 

STARTING State Type: Acting 
This state provides the steps needed to start the machine and is a 
result of a starting type command (local or remote).  Following this 
command the machine will begin to Execute. 

IDLE 
 

State Type: Wait 
This is a state which indicates that RESETTING is complete.  This 
state maintains the machine conditions which were achieved during 
the RESETTING state, and performs operations required when the 
machine is in IDLE. 

SUSPENDING State Type: Acting 
This state is a result of a change in monitored conditions due to 
process conditions or factors. The trigger event will cause a 
temporary suspension of the EXECUTE state.  SUSPENDING is 
typically the result of starvation of upstream material in-feeds (i.e., 
container feed, beverage feed, crown feed, lubricant feed, etc.) that 
is outside the dynamic speed control range or a downstream out-
feed blockage that prevents the machine from EXECUTING 
continued steady production. During the controlled sequence of 
SUSPENDING the machine will transition to a SUSPENDED state. 
The SUSPENDING state might be forced by the operator. 

Copyright The Instrumentation, Systems, and Automation Society 
Provided by IHS under license with ISA Licensee=JGC Gulf International Ltd/5973537001, User=Singh, Raghvendra

Not for Resale, 03/17/2009 08:01:05 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
`
,
,
`
,
,
,
`
,
`
,
,
,
`
,
,
`
`
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ISA TR88.0.02 2008

http://www.avadocuments.com/doc/isa-tr88-0-02-2008
http://www.avadocuments.com/doc/isa-tr88-0-02-2008


 – 17 –  ISA–TR88.00.02 

 Copyright 2008 ISA. All rights reserved. 

State Name Description 
SUSPENDED State Type: Wait 

The machine may be running at a relevant set point speed, but 
there is no product being produced while the machine is waiting for 
external process conditions to return to normal. When the offending 
process conditions return to normal, the SUSPENDED state will 
transition to UNSUSPENDING and hence continue towards the 
normal EXECUTE state. 
 
Note: The SUSPENDED state can be reached as a result of abnormal external 
process conditions and differs from HELD. HELD is typically a result of an operator 
request or an automatically detected machine fault condition that should be 
corrected before an operator request to transition to the UNHOLDING state will be 
processed. 

UNSUSPENDING State Type: Acting 
This state is a result of a machine generated request from 
SUSPENDED state to go back to the EXECUTE state.  The actions 
of this state may include ramping up speeds, turning on vacuums, 
and the re-engagement of clutches.  This state is done prior to 
EXECUTE state, and prepares the machine for the EXECUTE state.

EXECUTE State Type: Dual 
Once the machine is processing materials it is deemed to be 
executing or in the EXECUTE state.  Different machine modes will 
result in specific types of EXECUTE activities.  For example, if the 
machine is in the Production mode, the EXECUTE will result in 
products being produced, while in Clean Out mode the EXECUTE 
state refers to the action of cleaning the machine. 

STOPPING State Type: Acting 
This state executes the logic which brings the machine to a 
controlled stop as reflected by the STOPPED state. Normal 
STARTING of the machine can not be initiated unless RESETTING 
had taken place. 

ABORTING State Type: Acting 
The ABORTED state can be entered at any time in response to the 
Abort command or on the occurrence of a machine fault.  The 
aborting logic will bring the machine to a rapid safe stop.  Operation 
of the emergency stop will cause the machine to be tripped by its 
safety system.  It will also provide a signal to initiate the 
ABORTING State. 

ABORTED State Type: Wait 
This state maintains machine status information relevant to the 
Abort condition. The machine can only exit the ABORTED state 
after an explicit Clear command, subsequently to manual 
intervention to correct and reset the detected machine faults.    

HOLDING State Type: Acting 
When the machine is in the EXECUTE state, the Hold command 
can be used to start HOLDING logic which brings the machine to a 
controlled stop or to a state which represents HELD for the 
particular unit control mode. A machine can go into this state either 
when an internal equipment fault is automatically detected or by an 
operator command. The Hold command offers the operator a safe 
way to intervene manually in the process (such as removing a 
broken bottle from the in-feed) and restarting execution when 
conditions are safe. To be able to restart production correctly after 
the HELD state, all relevant process set-points and return status of 
the procedures at the time of receiving the Hold command must be 
saved in the machine controller when executing the HOLDING 
procedure. 
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State Name Description 
HELD State Type: Wait 

The HELD state holds the machine's operation while material 
blockages are cleared, or to stop throughput while a downstream 
problem is resolved, or enable the safe correction of an equipment 
fault before the production may be resumed. 

UNHOLDING State Type: Acting 
The UNHOLDING state is a response to an Operator command to 
resume the EXECUTE state.  Issuing the Unhold command will 
retrieve the saved set-points and return the status conditions to 
prepare the machine to re-enter the normal EXECUTE state.  
 
Note:  An operator Unhold command is always required and UNHOLDING can 
never be initiated automatically. 

COMPLETING State Type: Acting 
This state is an automatic response from the EXECUTE state.  
Normal operation has run to completion (i.e., processing of material 
at the infeed will stop). 

COMPLETE State Type: Wait 
The machine has finished the COMPLETING state and is now 
waiting for a Reset command before transitioning to the 
RESETTING state. 

RESETTING State Type: Acting 
This state is the result of a RESET command from the STOPPED or 
complete state.  RESETTING will typically cause a machine to 
sound a horn and place the machine in a state where components 
are energized awaiting a START command. 

CLEARING State Type: Acting 
Initiated by a state command to clear faults that may have occurred 
when ABORTING, and are present in the ABORTED state before 
proceeding to a STOPPED state. 

 
 
4.4 State Transitions and State Commands 

4.4.1 Definition 

A State transition is defined as a passage from one state to another.  Transitions between 
states will occur as a result of a local, remote, or procedural State command.  State 
commands are procedural elements that in effect cause a state transition to occur. 

4.4.2 Types of State Commands 
State commands are comprised of one or a combination of the following types: 
 

• Operator intervention 
• Response to the status of one or more procedural elements 
• Response to machine conditions 
• The completion of an Acting state procedure 
• Supervisory or remote system intervention 
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4.4.3 Examples of State Transitions 
An Example Transition Matrix for local or remote State commands generated by an operator   
is shown in Table 2.  After every Acting state, as can be seen in Table 2, a procedural 
element is required that will indicate the Acting state is complete, or a command is required 
to stop or abort the Acting state.  The State Complete indication within the Acting state 
procedure will cause a state transition to occur. 
 
Similarly, an Example State Command Matrix of machine conditions activating a State 
command is shown in Table 3.  The objective of this table is to depict the machine conditions 
that will cause a state transition using the commands defined in Table 2. 
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          State Commands         State 
Current State Start Reset Hold Un-Hold Suspend Un-Suspend Clear Stop Abort Complete 
IDLE STARTING       STOPPING ABORTING   

STARTING        STOPPING ABORTING EXECUTE 

EXECUTE   HOLDING  SUSPENDING   STOPPING ABORTING COMPLETING 

COMPLETING        STOPPING ABORTING COMPLETE 

COMPLETE  RESETTING      STOPPING ABORTING   

RESETTING        STOPPING ABORTING IDLE 

HOLDING        STOPPING ABORTING HELD 

HELD    UNHOLDING    STOPPING ABORTING   

UNHOLDING        STOPPING ABORTING EXECUTE 

SUSPENDING        STOPPING ABORTING SUSPENDED

SUSPENDED      UNSUSPENDING  STOPPING ABORTING   

UNSUSPENDING        STOPPING ABORTING EXECUTE 

STOPPING         ABORTING STOPPED 

STOPPED  RESETTING       ABORTING  

ABORTING          ABORTED 

ABORTED       CLEARING     

CLEARING                 ABORTING STOPPED 

Table 2 : Example Transition Matrix of Local or Remote State Commands 
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            Example Machine Conditions           
Current State Operator 

Start 
Carton 

Magazine 
Low 

Carton 
Magazine 

Full 

Downstream 
Not Ready 

Downstream 
Ready 

E-Stop No 
Product 
Present

Product 
Present 

Operator 
Stop 

Product 
Count 

Reached 

Clear 
Faults 

IDLE Start     Abort   Stop    

STARTING      Abort   Stop    

EXECUTE  Hold  Suspend  Abort Suspend  Stop Complete   

COMPLETING      Abort   Stop    

COMPLETE      Abort   Stop    

RESETTING      Abort   Stop    

HOLDING      Abort   Stop    

HELD   UnHold   Abort   Stop    

UNHOLDING      Abort   Stop    

SUSPENDING      Abort   Stop    

SUSPENDED     UnSuspend Abort  UnSuspending Stop    

UNSUSPENDING      Abort   Stop    

STOPPING      Abort       

STOPPED      Abort       

ABORTING             

ABORTED           Clear 

CLEARING           Abort           

Table 3: Example Matrix of Machine Conditions Initiating a State Command 
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4.5 State Model 
A State model completely defines the behaviour of a machine in one unit control mode.  In a 
State model, states are arranged in an ordered fashion that is consistent with the specified 
operation of the machine. The specific states required are dependent on the machine 
operation. 
 
The compilation of all defined functional states and their transitions is called the Base State 
Model.   
 
4.5.1 Base State Model 
The Base State Model represents the complete set of defined states, state commands, and 
state transitions.  All unit control modes will be defined by subsets of the base state model. 
The Base State Model is depicted in the figure below: 
 

 
 
SC = State Complete 
 

 = Wait State 
 

 = Acting State 
 

 = Dual State 
 
States within the dark gray outline can transition to the STOPPING state or the ABORTING state. 
States within the light gray outlined can transition to ABORTING state. 
 

Figure 3: Base State Model Visualization  
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5 Modes 

The ISA-88 standard provides a set of modes for equipment entities and procedural 
elements. This report establishes modes for automated machines that are considered 
different than the ISA-88 procedural modes (automatic, semi-automatic, and manual). The 
ISA-88 Procedural modes describe the way procedures operate.  Procedural modes are not 
common in automated machinery. They are provided for in this report by noting they may 
exist, but are not considered in the scope of this work and are not included in the tag table. 

For automated machines, the example in this report establishes Unit/Machine modes in order 
to allow a machine designer to adjust the set of states, state commands, and state transitions 
a machine may follow given different operating circumstances. The set of defined 
Unit/Machine control modes is shown in Figure 4 and described below. 

ISA 88.01 Unit / Machine 
Example Modes Control Modes Value

Undefined 0
Producing 1
Maintenance 2
Manual 3
<future reserve> 4
<future reserve> 5
<future reserve> 6
<future reserve> 7

<not defined> <future reserve> 8
<future reserve> 9
<future reserve> 10
<future reserve> 11
<future reserve> 12
<future reserve> 13
<future reserve> 14
<future reserve> 15
User Defined 1 16
User Defined 2 17
User Defined n n

Technical Report

 

Figure 4: Unit/Machine Control Modes  

5.1 Unit/Machine Control Modes 
A Unit/Machine control mode is an ordered subset of states, state commands, and state 
transitions that determines the strategy for carrying out a unit/machine’s process. 
 
Typical Unit control modes are Automatic, Semi-Auto, Manual, Index, Jog, Clean, Dry Cycle, 
etc.  The distinguishing elements between these Unit control modes are the selected subset 
of states, state commands, and state transitions. 
 
The ordered procedures within the states will be unique for the Unit control mode that the 
state resides in.  For example, in a Production Unit control mode the definition of executing in 
a filling machine will mean it is producing product.  In the Manual Unit control mode the 
definition of the Executing state may be dry cycling, or jogging/indexing. The Executing state 
defines the functional operation of the Unit control mode.  States of identical names may 
have different functions in different Unit control modes.  
 
Examples of Unit control modes are: 
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Producing Mode 
This represents the mode which is utilized for routine production.  The machine executes 
relevant logic in response to commands which are either entered directly by the operator or 
issued by another supervisory system. 
 
Maintenance Mode 
This mode may allow suitably authorized personnel the ability to run an individual machine 
independent of other machines in a production line.  This mode would typically be used for 
faultfinding, machine trials, or testing operational improvements.  This mode would also allow 
the speed of the machine to be adjusted (where this feature is available). 
 
Manual Mode 
This provides direct control of individual machine modules.  This feature is available 
depending upon the mechanical constraints of the mechanisms being exercised.  This feature 
may be used for the commissioning of individual drives, verifying the operation of 
synchronized drives, testing the drive as a result of modifying parameters, etc. 
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5.2 Unit / Machine Control Mode Management 
Automated machinery has Unit control modes other than Production, as noted earlier.  Each 
unit control mode has its own state model.  In order to manage the change from one mode to 
the next, a mode management routine must be defined.  The mode management routine 
determines how, and in what state a machine may change Unit control modes; i.e., the mode 
management routine includes interlocks that prevent the machine changing Unit control 
modes when in inappropriate states.  
 
Unit control mode management enables the machine designer to manage unit control mode 
transitions.  Specification on transitions between unit control modes is left to the user, but 
typical transition points are at wait states.  The specification of the unit control mode manager 
is such that no state or control functions are carried out in this upper level routine.  The intent 
of the mode manager is to logically supervise when a change in mode can be done, 
command a mode change, and report status of the change request. All considerations of a 
mode manager must be consistent with prevailing safe practices and standards.  
 
Transitions between Unit control modes can occur at only pre-programmed states as a result 
of a 

o local or remote operator command; 
o remote request from another automated unit; 
o State change.  This is generated by change of state of one or a number of machine 

conditions, either directly from I/O or completion of a logic routine.  
 
EXAMPLE:  If a filling machine has COMPLETED its production run in AUTO mode in a given number of cases it        
may change to the CLEANING mode to begin a clean cycle. 

 

 
Figure 5: Multi-Mode Example Diagram (Producing Mode States)

Mode Management  

Producing Mode 
 State Functions  

Resetting Function  

Starting Function 

Aborting Function 

Clearing Function 

Unsuspending Function 

Completing Function 

Unholding Function 

Suspending Function 

Execute Function 

Holding Function 

Stopping Function 

Producing Mode

Maintenance Mode

Manual Mode 

Suspended Function 

Idle Function 

Held Function 

Complete Function 

Stopped Function 

Aborted Function 
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6 Common Unit/Machine Mode Examples 

6.1 Producing Mode 
The Base State model above can be used to define a Producing mode that is used in order to 
deliver control of routine processing and production.  It is recognized that machines also 
require maintenance, calibration, and setting up.  To address this requirement two example 
modes of operation are shown below: Maintenance and Manual.  Because there can be any 
number of possible modes for an automated machine a User mode example is also shown.  
The User mode example is based on the Weihenstephan PDA (Production Data Acquisition) 
standard. 
 
6.2 Maintenance Mode 
Maintenance mode allows suitably authorized personnel the ability to run an individual 
machine independent of other machines in a production line.  This would typically be used for 
faultfinding, machine trials, or testing operational improvements.  It is expected that, because 
the machine will generally operate in its usual manner, it will need to undergo some or all of 
its routine starting up procedures.  Maintenance mode will follow a recognized unit state 
model. 
 
By way of example, one possible Maintenance Mode State model is shown in Figure 6 below.  
It is recognized that individual machine manufacturers may have good reason to develop 
other versions of Maintenance Mode State models.  Typically modes, such as Maintenance 
mode are developed as containing a subset of the unit states in the Base State Model.  The 
unit state names remain consistent but the function of the states has been modified to be 
consistent with the mode function. 
 

 
Figure 6:  Maintenance Mode State Model 

 
As can be seen above, the unit state model proposed for maintenance operations is a subset 
of the previously defined Base State model.  The essential difference between the Base State 
model and Maintenance Mode State model is the absence of a SUSPENDED state in 
Maintenance mode.  It is envisaged for certain line types that the SUSPENDED state is not 
required, as its function is to provide for a wait state for incoming material.  In this example 
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Maintenance mode is not designed for routine production and hence no SUSPENDED state is 
available.  The function of EXECUTE state has also taken on new meaning, in that 
EXECUTING production may not require the same logic as EXECUTING in maintenance. 
 
In the figure below, the Maintenance mode execution model is shown.  Only unit state 
functions represented in the state model for the Maintenance mode will be executed.  The 
Maintenance mode state functions are not necessarily the same functions as those in other 
modes, even though the unit states are named the same – they may be uniquely referenced 
for the mode they are associated with.  Programmatically, the functions for each unit control 
mode are executed only when the respective unit control mode has been chosen by the Mode 
Management routine.  
 
 

 
Figure 7:  Maintenance Mode Execution Model  

 

Mode Management  

Producing Mode 

Maintenance Mode

Manual Mode 
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6.3 Manual Mode 
Manual mode provides suitably authorized personnel the ability to operate individual 
subordinate equipment controls (such as drive logic) within the machine under manual 
pushbutton control.  Such controls in this mode may be on a "hold-to-run" basis such that 
removal of the run signal will cause the drive to be stopped.  The ability to perform specific 
functions will be dependent upon mechanical constraints and interlocks.  Manual mode will be 
of particular use for setting up the machine to work.   
 

 
Figure 8: Manual Mode State Model 

 
The predefined unit state model associated with Manual mode can again be defined as a 
subset from the Base State Model.  Common synonyms for this unit control mode are Inch, 
Jog, or Index. Figure 8 illustrates a Manual mode in which the EXECUTE states of 
subordinate equipment controls (such as drive logic) are shown within the EXECUTE state.   
 
In Figure 9, the Manual mode execution model is shown.  Only unit state functions 
represented in the state model for the Manual mode will be executed.  The Manual mode 
state functions are not necessarily the same functions as those in other modes, even though 
the unit states are named the same – they may be uniquely referenced for the mode they are 
associated with.  Programmatically, the functions for each mode are executed only when the 
respective unit control mode has been chosen by the Mode Management routine.  
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Figure 9:  Manual Mode Execution Model 
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6.4 User Mode 
Any unit control mode can be defined which provides a required function for the machine.  
The unit control mode provides for suitably authorized personnel operating the machine 
under pushbutton control, or for a remote system operating the machine as part of an 
integrated work center.  This report recommends the approach in which all unit control modes 
are based on a fixed set of enumerated machine states. The name of the state(s) may be 
customized to provide the operator with an intuitive or descriptive name for the state(s), but 
the function of the state(s) is consistent with and a subset of the general definition of the 
Base State Model.   
 
Below is a depiction of the Weihenstephan standard harmonized to the Base State Model in 
this report.  In this User mode example the EXECUTE state is renamed the OPERATING 
state to be consistent with the terminology used in the Weihenstephan model.  As can be 
seen the Base State model included states that were collapsed to be consistent with the 
Weihenstephan standard.  The state commands are not defined as causing individual or 
undefined states; they are commands to implementation logic that describes the 
corresponding state transitions.  There may be multiple conditions that cause a state 
transition but they do not cause unique machine states, they cause implementation specifics 
within the given framework of given states.  
 
 

 
Note: OPERATING state is equivalent to an EXECUTE state; Prepared, Lack, and Tailback 
conditions provide for the machine to go into the SUSPENDING state by activating the Suspend 
command. 

Figure 10: Automatic Weihenstephan State Model 
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7 Automated Machine Functional Tag Description 

7.1 Introduction to PackTags 
PackTags provide a uniform set of naming conventions for data elements used within the 
procedural elements of the Base State Model.  As seen earlier in the document the Base 
State Model provides a uniform set of machine states, so that all automated machinery can 
be looked at in a common way.  PackTags are named data elements used for open 
architecture, interoperable data exchange in automated machinery.    This document includes 
the fundamental names of the data elements as well as the data type, values, ranges and 
where necessary, data structures.  PackTags are useful for machine-to-machine 
(intermachine) communications; for example between a Filler and a Capper.  PackTags can 
also be used for data exchange between machines and higher-level information systems like 
Manufacturing Operations Management and Enterprise Information Systems. 
 
This report defines all the PackTags necessary to navigate through a state model, as well as 
those that are required to define and manipulate the unit control mode.  This report also 
defines a list of PackTags that will provide necessary information that might be available from 
a machine.  The use of all PackTags is needed to be consistent with the principles for 
integrated connectivity with systems using this same implementation method. 1 
 
7.2 Tag Types 
PackTags are broken out into three groups; Command, Status and Administration.  Command 
and Status tags contain data required for interfacing between machines and line control for 
coordination, or for recipe/parameter download.  Command tags are written to and consumed 
by the machine program, as the “Information Receiver”, while Status tags are produced by 
and read from the machine program. Administration Tags contain data collected by higher 
level systems for machine performance analysis, or operator information.2  Generally 
informational data is passed using OPC on a standard Ethernet-based communications 
network. 
 

• Command Tags are prefixed by “Command.” 
• Status Tags are prefixed by “Status.” 
• Administration Tags are prefixed by “Admin.”. 
 

  
Figure 11: Tag Information Flow 

————————— 
1 Required tags are those necessary for the function of the automated machine or the connectivity to supervisory 
or remote systems.  
 

2 Each grouping of data should be in a contiguous grouping of registers to optimise communications. 
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7.3 PackTags Name Strings 
In defining tag names, this document uses the common practice of substituting underline 
characters for spaces between words.  Optionally, underscores may also be used in place of 
the “dot” notation for legacy systems that do not support structured tagnames.   
 
The first letter of each word is capitalized for readability.  While IEC 61131 is not case 
sensitive, to ensure inter-operability with all systems it is recommended that the mixed case 
format be adhered to.  
 
Thus, the exact text strings that should be used as tag names should be as follows:  
 

o Status_StateCurrent 
o Status.StateCurrent 

 
7.4 Data Types, Units, and Ranges 
The following are the typical data types used for the tags: 
  

o Integer – 32 bit, signed decimal format 
o Real – 32-bit IEEE 754 standard floating point format (maximum value of 16,777,215 

without introducing error in the integer portion of the number) 
o Binary – Bit pattern  
o String – null-terminated ASCII,  80 characters default 
o Time – ISO 8601:1988 24hr Time data type, beginning at 00:00:00. 
o Date – ISO 8601:1988 Date data type YYYY-MM-DD 
 

7.4.1 Structured Data Types 
o PACKMLV30 – is a placeholder for the machine unit name, and is the top level in the 

PackTag structure. 
o PMLc – is the collection of all command tags in the PackTag structure. 
o PMLs – is the collection of all status tags in the PackTag structure. 
o PMLa – is the collection of all administration tags in the PackTag structure. 
o Interface – is a collection of tags that are used to describe communication command 

values between machines using the PackTag structure. 
o Descriptor – is a collection of tags that are use to describe parameters in the machine 

unit. 
o Product – is a collection of tags used to describe the product that the machine is 

making. 
o Ingredient – is a collection of tags used to describe the raw materials that are needed 

for the product. 
o Alarm – is the collection tags needed to describe alarm events. 
o TimeStamp – is the collection of the Time and Date tags. 

 
7.5 Tag Details 
The following section is a summary listing of the tags.  Tag definitions are detailed below: 
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Table 4: Command Tags  
      TAGNAME DATATYPE 

UnitName      UnitName PACKMLv30 

 Command     UnitName.Command PMLc 

  UnitMode    UnitName.Command.UnitMode Int (32bit) 

  UnitModeChangeRequest    UnitName.Command.UnitModeChangeRequest Bool 

  MachSpeed    UnitName.Command.MachSpeed Real 

  MaterialInterlocks    UnitName.Command.MaterialInterlocks Bool Struct 

  CntrlCmd    UnitName.Command.CntrlCmd Int (32bit) 

  CmdChangeRequest    UnitName.Command.CmdChangeRequest Bool 

  RemoteInterface[#]    UnitName.Command.RemoteInterface[#] Interface 

   Number   UnitName.Command.RemoteInterface[#].Number Int (32bit) 

   ControlCmdNumber   UnitName.Command.RemoteInterface[#].ControlCmdNumber Int (32bit) 

   CmdValue   UnitName.Command.RemoteInterface[#].CmdValue Int (32bit) 

   Parameter[#]   UnitName.Command.RemoteInterface[#].Parameter[#] Descriptor 

    ID  UnitName.Command.RemoteInterface[#].Parameter[#].ID Int (32bit) 

    Name  UnitName.Command.RemoteInterface[#].Parameter[#].Name String 

    Unit  UnitName.Command.RemoteInterface[#].Parameter[#].Unit String 

    Value  UnitName.Command.RemoteInterface[#].Parameter[#].Value Real 

  Parameter[#]    UnitName.Command.Parameter[#] Descriptor 

   ID   UnitName.Command.Parameter[#].ID Int (32bit) 

   Name   UnitName.Command.Parameter[#].Name String 

   Unit   UnitName.Command.Parameter[#].Unit String 

   Value   UnitName.Command.Parameter[#].Value Real 

  Product[#]    UnitName.Command.Product[#] Product 

   ProductID   UnitName.Command.Product[#].ProductID Int (32bit) 

   ProcessVariables[#]   UnitName.Command.Product[#].ProcessVariables[#] Descriptor 

    ID  UnitName.Command.Product[#].ProcessVariables[#].ID Int (32bit) 

    Name  UnitName.Command.Product[#].ProcessVariables[#].Name String 

    Unit  UnitName.Command.Product[#].ProcessVariables[#].Unit String 
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      TAGNAME DATATYPE 

    Value  UnitName.Command.Product[#].ProcessVariables[#].Value Real 

   Ingredients[#]   UnitName.Command.Product[#].Ingredients[#] Ingredient 

    IngredientID  UnitName.Command.Product[#].Ingredients[#].IngredientID Int (32bit) 

    Parameter[#]  UnitName.Command.Product[#].Ingredients[#].Parameter[#] Descriptor 

     ID UnitName.Command.Product[#].Ingredients[#].Parameter[#].ID Int (32bit) 

     Name UnitName.Command.Product[#].Ingredients[#].Parameter[#].Name String 

     Unit UnitName.Command.Product[#].Ingredients[#].Parameter[#].Unit String 

     Value UnitName.Command.Product[#].Ingredients[#].Parameter[#].Value Real 
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