CONCEPTUALISATION OF A LOGIC BASED SUPERVISORY SYSTEM FOR ADJUSTMENT OF AGRICULTURAL MACHINERY OPERATION PARAMETERS

Andrzej Kusz* - Andrzej W. Marciniak* - Jacek Skwarcz*
Summary

Paper presents conceptualisation of decision problems involving adjustment of machinery operations parameters in the form suitable for implementation as logic based systems. Supervisory system is conceptualised as a knowledge system consisting of a rule base, working memory for collecting temporal facts, an inference engine and communication interfaces. A rule base is a set of Horn clauses, and inference engine works according to WAM (Warren Abstract Machine). Knowledge is represented using I-st order predicate calculus. 

Key words: agricultural machinery operation, logic based knowledge systems

Introduction

The paper presents possibilities of applying logic based technology for a machines supervisory system. Presented conceptualisation is built upon a high generalisation level where the object of processing, processor and the type of “receptor–effector” system are not instantiated. A situation is considered where a given kind of processing is possible and supervising is reduced to adjusting operating parameters to a changing situation in a way that allows for a high quality of processing.

Definitions

An object of action (processing) is a physical entity that undergoes transformation in course of a given action. That object is represented by its category, name and state. The state is defined as a set of facts related to a given category of the object. 

The object that performs the action is called a processor. It consists of sensors, effectors and control. There is no distinction whether processor is entirely artificial or includes a human operator. Action object is described by his category and name pointing to its structure and state. 

The state of action object concerns its technical state (degree of its elements wearout) and functional state. It is assumed that technical state is good enough to enable given work. Functional state is a group property of action object, processor and direct environment where processing takes places. Functional state is partially controlled by operation parameters. If all other factors that influence functional state are normal and we observe functional disturbances it means that operation parameters take inappropriate values.

The quality of operation is used as evaluating category of processing (transformation of action object from initial state to the final state). For example, as a measure of processing quality we can take yield loses, energy consumption, etc.

It is assumed that processing quality is observable if the action object is equipped with a device for direct or indirect measuring of quality parameters. In generally, processing quality is represented as a certain set of facts specific for a given process. According to the earlier assumptions, the causes of processing quality decrease are local or temporal changes of processing object or its environment which are sufficient for operating parameters to become inappropriate. In that case operation parameters can be properly corrected. We assume that technical state of processing object hasn’t changed.

Structure and function of supervisory system

Supervisory system is conceptualised as a knowledge system consisting of a rule base, working memory for collecting temporal facts, an inference engine and communication interfaces with sensor and effectors of the action object, [1]. A rule base is a set of Horn clauses, and inference engine works according to WAM (Warren Abstract Machine).

Knowledge is represented using I-st order predicate calculus. System operates according to the following scenario:

1. Before the start of processing, operation parameters are set according to facts describing the object of processing and its environment.

2. After the start, quality of processing is observed and eventual deviations are used for correction of operation parameters in empirical “change and test” cycle.

3. Step 2 is repeated to achieve a satisfying result. If it is not achievable then system proceeds to step 4 or 5.

4. The cause of impossibility to achieve a required quality by changing operation parameters is local or temporal deviation of processing object, so decision problem is continue processing or wait for disappearance of the observed deviation.

5. The cause of decrease of processing quality is an inappropriate functional state of processing object caused by a transient (removable) internal state of processor, so we have to break processing and reconstruct required functional state.

6. If the situation described in steps 4 or 5 doesn’t hold, it implies that one of initial requirement for processing doesn‘t hold.

The above scenario implies that we have two types of rules:
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Systém design

Specification of the above conceptualisation (ontology of supervisory system for machinery operation) requires its transformation to formal notation. There can be used one of many representations like CG (Conceptual Graphs) and equivalent CGIF (Conceptual Graphs Interchange Format), KIF (Knowledge Interchange Format), PC (Predicate Calculus), [2]. The first and last notations are used for production of machine interpretable source code. 

Prior to building ontology of machine operation supervisory system, we have to create hierarchy of categories of processing objects, processors and processes. Then for each category we have to specify lists of facts describing states of processing object, its environment, processors and group properties of all of them. It is necessary for representation of facts. 

Similarly, we have to specify description of processing quality, i.e. determine its measures parameterised according to earlier distinguished categories of processing objects, processors and processes. For each category of processor we have to specify a set of operating parameters in form: name of parameter, type, set or range of its values. There should be considered possible dependencies or interactions among parameters.

Further step of design is specification of rules according to earlier described meta rules. It is worth of notice that specific rules still have qualitative nature, for example in a case of rules that determine corrections of operation parameters, their conclusions generate recommendations like “increase” or “decries” parameter value.

Systém implementation

Described system can be implemented as “client–server” with possible intermediate layers, using one of many standard Prolog distributions with necessary extensions. Server part should be located on high performance machine. For client part it is only necessary to be able to receive and interpret alphanumeric strings (“thin client”). For communication there can be used TCP/IP protocol and wireless connections.
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