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ABSTRACT                           

Designing flexible, multi-products process cells control is a rather challenging issue. A really structured approach is mandatory to get the wished control system able to handle such processes, and the ISA S88 standard brings some guidelines to help this design.

While the flexibility increases, it becomes more difficult to manage efficiently the actuators interlocks in order to allow their action only in compatible situations. A process executing smoothly a unique automated procedure could be well tested, bug-free and can open and control valves at the right time. The problem arises when exception handling, multiple procedures, operator direct control or safety interlock system interaction multiplies the possible situations to check. 

First issued in 1988, ASTRID is a formalized bottom-up approach, based on analytical check-up of material and energy flows, to define secured automation objects based on elementary equipment pieces. Compliant with S88, it helps to modularise its lowest physical entities (Equipment and Control modules). 

The result is a highly structured Operational Requirements Specification, which guarantees the operation safety, guides the process control design and supports the Operational Qualification.

This paper will present the main features of this methodology, the successes and issues after more than 10 years of development and implementation experience. This methodology, initiated by RHONE POULENC, tends to spread with the more and more recognition and application of S88.

INTRODUCTION

In times past, plants were designed for specific products. However, operating procedures, which describe how to make these products, were (are!) never fully defined when designing the process control system.

Nowadays, things are changing. Michael Saucier taught us about the Future of Process Industries, which will have to think in term of Products with Customer and Strategy as the only constraints and Process with optimized resource occupation as the goal. Our plants are no more designed for simple product or range of products. They must present their services without any product reference whatever is the original design of its Process Cells. Product making rules will no longer be the reference for developing equipment control systems.

On the other hand, optimizing resource usage means flexibility, which means that resources are dynamically used for making different products one after each other or at the same time in a process cell. The safety issue is a main concern for preventing products to be mixed by opening the wrong valve. 

These are the main concerns, which lead to ASTRID development. Isn’t it the S88 background too? Yes, it is. However, ASTRID has focused on a very specific part of the S88 scope, and we will see that ASTRID may contribute to define some good engineering practices that can directly comply with S88 implementation.

The story begins at the end of 1988. At these times, Health, Safety and Environment RHONE POULENC Management in collaboration with JEAN-MICHEL RAYON introduced a new methodology to develop Operation Specifications for multi-product process cell.

It was almost the date of birth of SP88! However, ASTRID promoters never mind about S88 work and developed their method without any references to it.  Only a little while ago they tried to present ASTRID in a compatible scheme against S88. 

This work was supported by RHONE POULENC “Process Control Safety” WG, and concerned the 3 components of the decision making process in plant operation: 

· Operator, 

· Safety interlock system

· Control system
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The objectives were simple: Define a way for safe operation with or without automation of a multipurpose process cell. The goals, setup with 
Field people where a method:

· Allowing Operation/ Control tasks description 
· based on process equipment rather instrumentation
· Independent of level of automation (fully automated, manual…)

· Usable and understandable by Product Engineer and Operator, valid for Control system engineer

· Using modular, hierarchized objects, allowing easy re-configuration of Process Cell

· Using a strong formalism: no ambiguity, no redundances) to, to communicate (understand each other), to qualify (validation)

· Covering the whole lifecycle of the control system: Specification, Design, Implementation, Maintenance

PRODUCT PROCESSING vs EQUIPMENT CONTROL: NO LONGER MIXED-UP

The basic assumption of ASTRID is that Product processing cannot longer be thought at the engineering level. A main issue in traditional control system development is that control system engineer has to know and understand all the expected process behavior in order to design its system. 

· He has to possess a high-level and wide range of skills to make its job, and 

· The operating procedures are never fully completed when developing the control system

The first step is to assume that a Process Cell may be ran at the Equipment Level (“Semi-automatic”), allowing the operator to “speak” with its process cell in terms of process functionalities.  In fact, it is the most common way to drive the process cells (much more often than full manual and full automatic operation!)

The second step is to consider a process cell as a set of stand-alone equipment with capabilities and their links, not a product making system.  

Thus, ASTRID matches the Product / Process segregation of S88 (as well as all any other workable batch methodology!)

SAFE OPERATION vs FLEXIBILITY: GET OUT THE RISK

When services are requested from the process cell, corresponding equipments are to be allocated to the initiating Recipe Procedural Element. The challenge is to allocate the only needed piece of equipment while preventing an isolating device shared with an adjacent resource (free or allocated by another RPE) to be opened. A classic S88 approach would induce a process cell modularization, which is a compromise between flexibility (allowing the finest granularity for allocation) and the complexity of recipes. 
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At the limit, the best flexibility is obtained when equipments, as seen from the recipe, are only elementary equipment modules offering poor, basic functionalities. With such a highly flexible Process Cell, the Process Engineer will have to deal with complex recipes, the operator will have difficulties to manage a lot of small procedural entities running concurrently and Process control Engineer will have to deal with complex synchronization between procedural element and potentially between systems. 

The other extreme situation is a rigid equipment control, which only allow some parameterization and does not allow any concurrent batch to be ran into the process cell. We won’t care about this case: we need flexibility and a fine allocation is mandatory.

Here, the most challenging issue is to guarantee a safe operation of actuators that are contiguous to 2 differently allocated equipments and that can be either controlled by the control system, the safety system and the operator.

Any automated system requires interlock mechanisms to prevent wrong operation. How to define all situations extensively? On which criteria? A matrix approach will be less and less suitable when the complexity of the process cell configuration increases.

Because of the (quite) universal uniqueness of the path allocation to a specific stream, the “path management” approach of ASTRID addresses this issue without any additional brainstorming
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OBJECT approach: ENSURE SPECIFICATION PRODUCTIVITY AND CONSISTENCY 

The last concern of ASTRID promoters was to get en efficient method which would avoid to pay more for quality. The cost of development is shared between specification, design and qualification: 

· More your specification are detailed and well written, less is the qualification cost

· More your specifications are compact and consistent, less is the design cost

The object approach was an obvious way, and ASTRID pioneers felt that as well as SP88 fellows. ASTRID is an inherent object oriented methodology, while the implementation could involve non-object capable systems (we will recall this issue later)

THE SOLUTION: FLOW ANALYSIS PHILOSOPHY

Thinking ASTRID means thinking Process at a fundamental level first. The Process cell is first seen as a system defined by :

· Inputs and Outputs: Material and Energy “Sources” and “Sinks”

· “Containers”: Transformation nodes (pumps, vessels, reactors, exchangers) and Transfer elements (material flow lines and Energy streams)

· Contents: Path (static) or Material Flows (dynamic)
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This suggests the following process analysis study, as a framework of ASTRID method: 

1. Identify containers, name “Resources”

2. Identify all realistic Paths: 

The path includes the (non-exclusive) combination of containers involved in the path. Any container may be included in many paths, path are defined with a total freedom and may overlap. The combination of Path, attached containers and corresponding behavior is named a “Function” 

3. Create Recipe (outside the scope of ASTRID):

Recipes will act on Functions (by assembling and sequencing paths) to run the process cell according the product making rules. All needed functions must be defined in order to execute the recipes on target Process Cell 

OK FOR PHILOSOPHY, BUT HOW to use in practice?

The process defined by ASTRID for developing operational specification is simple and straightforward. :

Basic Engineering

At the erection stage of a system lifecycle, empty blackboard. The method works as follow:

1. Identify, highlight on P&ID and name containers or RESOURCES 

This is an analytical work exclusively based on installed equipments and their connections. ASTRID implementation guide provides concrete and formalized guidelines to define Resources. A Resource is a set of process elements that forms a closed process section. 4 types are defined: 

· Utility (Steam shared by multiple units), 

· Energy (double-envelop, exchangers), 


· Sky (vacuum, or inerting system), 

· Flow (transfer). Each one has specific features regarding shared use and interlocks.
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2. Identify and name Paths or FUNCTIONS
All realistic paths are built by combining Resources. Some “brain” is needed to provide an extensive set of process cell basic functions. At this step, it is already possible to check if a particular “recipe” may be executed on this process cell: all requested equipment procedural elements (i.e. function, or paths) must be defined in order to map the recipe.

Note that there is not any reference to instrumentation at this stage. We do not worry if a valve is hand operated or remote-controlled at this stage of the specification.

3. Attach DEVICES to Resources

At this stage, we have to begin to mind about control elements: all instruments are attached to its supporting resources. Some rules are defined to enforce consistency between applications. For instance, ASTRID recommends that a closing valve which is contiguous to 2 resources is attached to the “upstream” resource .

4. Describe FUNCTIONS and RESOURCES behaviour

The last step is top document each object to define its specific behaviors.

Maintenance and Evolution

A process cell is seldom frozen in its actual configuration. Equipments and connections lines may be added, deleted, modified.

· The incidence on operation specification is confined 
within the corresponding Equipment object. This is the benefit of the modularization (any similar method will bring that)

· New equipments means new resources, and new paths will be available. Their specification will directly provide new process functionalities that will be usable by new or modified recipes

THE 4 ASTRID OBJeCTS AND THEIR relationships

We have now a good feeling on what is ASTRID to present an overview of its model
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1. Devices (V1, V2…)

At the lowest level, Devices are instruments or group of instruments attached to the process equipments. They can be measuring devices as well as actuators. 

Basic control is performed at this level: auto/manual modes, discrepancies, inherent interlocks. Control loops may be considered at this level.

2. Resources (R1, R2…)

This “abstraction layer” provides the only way for the procedure to control devices.

Practically, Resources group devices together. The permanent (static) links between Resources and Devices is the process cell configuration representation that supports the operation specification (and later the control system implementation).

One of the most valuable concept here is the “lock” that inherently protect the operation of an actuator which is located at the boundary between 2 resources: while it can be operated by only one resource, the other resource can be allocated for a particular “process function” only if it is part of the same path.

Basic control may also be performed at this level.

3. Functions (F1, F2…)

This is the highest object in the process operation description. As seen previously, a function is the expression of a path, which combine contiguous resources together to produce a “stream” that provide some process functionalities.

The function allocates the configured resources only when it executes, leaving resources (equipment elements) available for other functions. The level of freedom here is high, because one can define restricted functions from small paths (i.e. S88 phases) or very large process operations involving complex paths (i.e. S88 procedure). 

4. Recipe

At the highest level, the recipe orchestrates the execution of functions through a standardized interface. We are now outside the ASTRID scope.

5. Information flows

Robust, bi-directional information flows are automatically propagated top-down (parameters, function and resources allocation, actuator control) and bottom-up (Actuators interlocks and modes, events) between owning and subordinated objects, from recipe to actuators and vice-versa.

ASTRID vs S88 : HOW they fit together

ASTRID has been developed without any reference to SP88 work. However, SP88 members as well as ASTRID promoters were confronted to the same problems and constraints. It is not surprising that the ASTRID model is not so far of the S88 physical model.
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Well, these models are quite different! However, they match more than it appears, and divergences are not critical:

· ASTRID Device and Resource match S88 Control modules definition. This is obvious for Devices, while Resource summarizes Devices (Control module that contains other control modules). Like S88 control modules, Devices and resources do not perform procedural control

· S88 Equipment Module does not exist as a physical, tangible entity in ASTRID. However, a Function allocates resources at run time: the group of resources involved during the execution and the defined behavior of this combination correspond to the Equipment module definition (made up of control modules, can execute procedural control).

· The only difference is that the control modules are not definitively attached to a particular Equipment Module: ASTRID proposes some kind of “dynamic Equipment Module” created when the corresponding process function is needed. (this is not forbidden by S88!)

· The S88 concept of UNIT, which allows flexibility, is not inherently supported by ASTRID. However, this “incompatibility” is easily solved (e.g. a simple attribute attached to the resources, a compatible function definition). As a result, transfers are managed with an incomparable easiness: a “transfer” function with parameterized origin and destination may be defined without compromising the plant flexibility instead of running synchronized phases attached to different units.

· The procedural hierarchy is not formalized by ASTRID. In fact, many S88 compliant systems only deal with “Equipment phase” which can be more or less complex and may correspond to any procedural level. ASTRID allows the definition of function of any complexity, that can overlap (a function providing an “Equipment Unit Procedure” may be seconded by functions providing the  “Equipment phase” involved in the previous one, allowing alternative recipe strategies and exception handling). 

In fact, ASTRID had never conflicted with S88 when trying to implement an S88 Batch manager.
IMPLeMENTATION SUCCESSES AND ISSUES

Implementation and Successes

After more than 10 years of development and practice, the method is quite mature: (to be updated)16 plants, 30 process cells, 82 PLCs or DCS controllers, 25000 Digital I/O, 3200 Analog I/O

However, these numbers appears to be low. The method has propagated very slowly within Rhone Poulenc plants themselves. The RP INDUSTRIALISATION division had no power to enforce the methodology usage, and People do not spontaneously change their habits. No promotion had ever been done to spread the method. However, never a department, which jumped into the method, left it later. Conversely, ASTRID users all become fans!

Nowadays, more and more companies chose this methodology advocated by integrators, and sometime by system vendors. The proven reliability of the process cells operated according ASTRID guidelines, the total agreement of operators, the engineering process improvement and the simplicity of the method were quite its only promoters. 

The recent efforts of the FBF to raise the level of conscience about Batch control seem to help ASTRID, as well as S88 to spread among French process industry.

In addition, ASTRID was recently chosen by RODHIA for its new Holmes Chapelle Plant in UK, and thus become its international spreading.

Bellow some of the companies (Chemical, Pharma, Food & beverages), where ASTRID is already in use: (to be updated) ICMD, ADVENTIS PHARMA and RHODIA (from RP) ,PASTEUR MERIEUX, SANOFI, DANONE, LU…

Issues

We could mention some issues that are shared with S88. They are often linked to human perception and agreement with the methods. 

The main issue concerning ASTRID is to design the control system to comply with all specified features.

Modern systems are still not fully “object enabled” and a strict compliance with the ASTRID model is not always straightforward. While switching to IEC61131-3, most of the old DCS have lost their “out of age” but powerful and flexible textual languages for modern graphical editors with strict algorithmic restrictions and sometimes poor Object Oriented Programming support.

ASTRID has been implemented with some of the leading control systems (6 DCSs, 9 PLCs), involving an extensive set of hardware and software structures and languages.

Inherent propagation of information and device interlocking seem to be the most unbearable feature for many systems. 

In any way, the consistency and the completeness of specification always permit a compliant implementation, at a variable application “elegance” and validation cost.

Conclusion

ASTRID addresses a small subset of S88: Equipment control. It complements the standard in an intentionally fuzzy area and gives some concretization to S88 concepts. Although developed without any concern about S88, it fit rather well in its models: most of the actual ASTRID implementations are S88 aware and compliant.

Some of the features that change ASTRID users into fans are:

· Actuator interlocks focused on safe operation without compromising flexibility. Contiguous equipment are protected at the lowest control level.

· Dynamic and optimized allocation of resources (control elements) by functions (e.g. phases) materialized by a path (visible on HMI mimic diagrams)

· Easy material transfer management: a simple function may deal with all the transfer operation without decreasing flexibility

· Equipment base specification (not instruments): early Product/Process matching control, clear and consistent specification

· Fully defined state diagrams and propagation modes for each category of objects, (But opened to evolution: minimal requirements + user defined states and transitions)

· Inherent, object based information propagation and summarization (inherent batch info tracking)

· SO SIMPLE!

The future of ASTRID depends on 2 factors

· Bringing together ASTRID and S88: the ASTRID terminology could match more closely the S88 terminology, and the ASTRID objects may be formalized within the S88 model. Some still oppose ASTRID and S88 ASTRID as competing methodologies, that is not true: ASTRID promotion can only rely as S88 support, not on competition with such recognized standard. 

ASTRID promoters were always careful and modest, advising the method only for the intended multipurpose chemical processes. The flow analysis was applied successfully on other processes (such as conditioning units) and could be generalized. 

· Development of basic resources in process control systems in order to make ASTRID mechanisms support at the design phase easier. Although any system may support ASTRID, the choice is often dictated by the availability of an “ASTRID engine” developed for a previous implementation. Some of control system vendors already propose ASTRID libraries.
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