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1.Introduction : 

This paper describes about the development of a component based generic  framework for developing industrial automation applications, making it scalable, reusable and modular . The problem specifying the need of the framework and then solution to the problem with the component based framework for typical IAC application is discussed. The paper also  analyze the  software development environment for industrial automation application using this framework.

2.Problem:

The complex system such as the process control often required not only to work properly, but also to be portable to multiple platform and be easily adaptable to multiple set of components. Unless care is taken it is easy to propagate dependence on certain component  or platform details throughout the system. This  result in greatly  increase in maintenance cost, system fragility, increase in development time.

3.Solution:

To address the above problem there is a requirement  of framework which will be open, modular, extendible, portable, scalable, maintainable, reusable and more important rapid development. All these requirements are taken care by the component based framework. The component form the building block of the framework. The components implement domains [1]. In other words each domain is represented by one or more components having set of classes and objects related by subject matter. The framework development for the process control system is divided into three steps: Domain Identification, Component development for domain Implementation, and Architecture design.

3.1 Domain Identification: The Industrial automation application can be divided into primarily seven domains .These seven domains with the description and their component  classes and implementation are given below [2]:

1.Application: The concept inherent in the specific problem domain reify into a set of related class or object.

Component  classes: Control algorithm, monitoring, data acquisition .

Component implementation: Production management, Quality management, Report logs, Historisation.
2.Distributed: The concept related to distributed object, data and control flow in distributed system.

Component classes :Distributed object, Distributed message, naming , service.

Component implementation: CORBA, COM, DCOM, DDE.

3.Graphical user Interface GUI: The concept related to display of information and monitoring of user input.

Component classes: window, scrollbar, bitmap, Mouse click, Button.

Component implementation: Windows, Java.

4.Database: The concepts related to storage and persistence of monitoring and acquired process control data.

Component classes: read data , write data, open ,close, save , delete.

Component implementation: File system, SQL, OPC.

5.Protocol: The concept related to reliable transmission and reception of message across a communication node.

Component classes :protocol message, frame, message transaction, CRC.

Component implementation: CAN Open, Modbus, Profibus, Device Net, Control Net, TCP .

6.Operating System OS: The concept related to management of task ,resource and scheduling     control.

Component classes: Threads, Mutex, Barrier, Heap, Stack.

Component implementation: Linux, QNX, Vxworks, WinCE.

7.Hardware(Device Driver): The concept related to control and monitoring of hardware device.
Component classes:Register, Interrupts, address, port.

Component implementation : 68K(Motorola), i386 (Intel).

3.2 Component development for Domain Implementation:

While designing the components to implement the certain required behavior of the above mentioned process control domains , one should take care of component  requirement specification

  such as [1] :

· Interface: The architecture defines the relations the component has with other components.

       Each relation defines an interface that the component should support. This interface can                                 either be a provided interface, through which the component offer functionality to other components, or a required interface through which the component request functionality from component that it requires for its correct functioning.

· Functionality: The component should provide certain functionality on its provided interfaces. Some of the functionality can be fulfilled by functionality that the component obtains through its required interface, but generally a considerable part is implemented inside the component. The component functionality should be specified as part of the component requirement specification.

· Quality: Unless the component provide certain performance, reliability and maintainability properties, the architecture as a whole will be unable to fulfil its requirement. Consequently, it is important to specify the quality attributes that the component should fulfil.

· Variability: The required points of variability, i.e aspects of the functional or quality requirements that need to be variable, are specified in the component requirement specification. 

The components which are the building blocks of the framework are basically made of the three objects[5] : Data flow , state transition ,and interface.

Data flow object are the derived type of atomic object, they are directly implemented in the C++ source code. Data flow object read input signals, generate output signal, and use reference signals. Input and output signal pass data to and from the component. Reference signals are often used for parameters such as gains or files name. Typical in the Industrial automation it is implemented as Proportional-Integral-Derivative (PID) controller.

State transition: The complex systems are strategically guided. The strategic control is the process of reacting to the events. The state diagram is used to show the states essentially representing where the system spends time waiting for the event. Possible events that could occur while waiting and the action to take in case of those events are attached to the state transition objects. 

Interface are the key  to modular design. They are also the key to merging top down  design with bottom up synthesis. Since these interfaces can be attached to many different objects, they provide a layer of abstraction between the external behavior of an object and its implementation. This provides a platform for programming and enables massive software component reuse.  
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 Fig 1 Basic Component construction

3.3 Architecture Design:

The architecture design is the process of  converting a set of requirement into a software architecture that fulfil, or at least facilitates the fulfillment of the requirements[1]. The functionality based architecture design for the Industrial automation control system defines the interfaces of the system to the external entities and the behavior the system should exhibit at the interface . These entities may be located at lower level, a higher level or at the same level. 

The generic component based framework architecture mainly consists of three components:

1. The core component implements the domain specific behavior and specify the architecture for the domain entities.

2. The Industrial automation application modules which is made of one or more component shown in the figure 1,  implements the industrial automation application ( Figure 5 ).

3. The domain components implements the domains mentioned in section  3.1.

The Generic component based framework is conceptually build in layered architecture fashion, moving inside out  shown in Figure 2 below .The inner most layer(Ring0) is the basic component Figure 1.The layer above it (Ring 1) is made of different Modules, which contain different components to implement control/business logic. The layer above it (Ring 2) is the Core component of the framework which contains different modules, this layer provides abstraction interface between various domains frame work on the ring 3 and the application modules in the ring 2.The outer most layer ring 3 contains  the different domains framework(such as GUI, Database, Operating system OS etc) interface which are configured as per the  requirement specifications. 



    Fig 2:Conceptual building of generic component based framework..
The Generic framework architecture can be  seen by  four views :

1. General view.

2. Structural view.

3. Application point of view.

4. Domain (System) point of view.

The Figure 3 below show over all general view of  Generic Industrial automation system framework defining the system context in form of domains .



















Fig 3:General  view of Generic framework for the Industrial automation control system
The  structural view is shown in Figure 4.The core component in the framework is the driver module, providing the run time environment for driving the business specific modules which are plugged into  the framework slot,  thus implementing the business domain. The core component also provides the interfaces, to various configurable other domains specific and business specific module abstractions,  to be used by the other domain components and business specific modules . The lines with arrows in the Figure 4 indicates the data flow in the framework. The modules are the processes performing different tasks in form of components for the processes. The  core component is responsible for the resource allocation and management such as data object  instantiation,  data structure,  prioritized task handling ,  process scheduling  etc.     


















Fig 4 :Structural view of Generic framework. 
The Figure 5 shows the  framework from the application point of view. The Industrial automation application  of  Robot Cartesian control required for different work cells is used to demonstrate the use of the framework from application development point of view. The  robot cartesian control application is build in the module. The modules are build of various application components  Figure 4.The modules are object builds from Procedural(Functional)  design, and are used to develop object oriented system. Thus the module bridge the procedural and object –oriented design.

The typical Industrial automation application are both event and cyclic programs which are naturally thought of procedurally (for instance PID controller).On the other hand, larger subsystems are most often best modeled as object.  



























Fig 5:Application point of view  of Generic framework for the Industrial automation control system
The typical implementation of the frame work is shown in Figure 6 below [3].The Figure below also views the frame work from domain (system) point of view. This show how  generic frame work allows distribution of  the responsibilities  such as real time database, control, monitoring to real time OS such as Vxworks, QNX, RTLinux and responsibility such as GUI to window, taking advantage of the feature of the different OS’es. This gives the flexibility .The components can be added to or removed  from  frameworks making it scalable as per  requirements.

 

Fig 6: Domain (system) point of view  of Generic framework for the Industrial automation control system
4.Analysis of the process control system software design and development using Generic  framework .

The Industrial automation software development cycle  can be divided into five phase: Get a specification, Design, Simulate, Code, Map.   To develop the industrial automation software using the generic framework, it require three environment  :Control system Design Environment (CSDE), Component Design Environment (CDE) and the Distributed Run –time Environment(DRE) [4].

· The CSDE workbench support  the entire control system development cycle including design, simulation, coding and mapping , in a way known as “ top-down design” (or “ design by component decomposition”) followed by “bottom –up implementation” (or “ implementation by component composition”).

· The CDE workbench develop the components as per the requirement specification, thus providing the repository of reusable component to CSDE to implement various domains of the industrial automation. The CDE support the design and code part of the software life cycle.

· The CSDE will use DRE  to install and map the process control application code generated  ,based on the requirement specification and using  the  generic  framework , to the target system and network.

The Figure 7 shows the main steps of control system development cycle and interrelationships with its user and other work-packages .  


                 Fig 7:Use case diagram for process control system developmet cycle.

The Figure 8 shows the flowchart of process control software engineering incorporating the unified framework.



























Fig 8: The flowchart of process control software engineering

5.Conclusion:

The PC based and embedded control system are fast replacing the traditional proprietary PLC’s and DCS’s, due to cheaper hardware cost and  with advent of advanced featured  Real Time Operating System. This paper discusses the need of the framework and solution to meet the challenges such as to reduce time for Industrial automation software development , making the  architecture easily extendible, and reducing maintenance cost. This paper analyses the software development cycle ,showing how reusable component can be used using the generic framework which will help in rapid development lifecycles required in today and also in coming future business world. 
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