Advances in Greenhouse Environment Control

Guest Editorial

In the First IFAC Workshop on Control Applications and Ergonomics in Agriculture (CAEA’98), which took place in Athens, Greece in June 1998, a sincere attempt was made to bring together the disciplines of Systems Engineering and Agricultural Engineering in the hope that the fusion will lead to improved understanding and co-operation of experts in the corresponding fields. The Guest Editors were challenged by the Editor in Chief of COMPAG to bring a representative sample of these presentations to print in the hope that they will inform readers of the journal of ongoing research as well as provide motivation for further research and development activity in the field of greenhouse environment control. The Guest Editors must concede that it has not proved possible to present a comprehensive account of all the techniques of greenhouse environment control currently in use or under development in the limited space allowed for this Special Issue. The process of selecting and reviewing the final versions of the papers in this Special Issue proved much lengthier and considerably more difficult than had been anticipated since the authors were given the opportunity to revise, improve and extend their original presentations.

Fundamental to the success of modern Agribusiness in addition to efficient production management and increased productivity, is the quality of the product. Increasing demands for product quality necessitate new and improved approaches to greenhouse environment control since traditional techniques can no longer be relied upon to meet these demands. Greenhouse environment control is an area of considerable research activity. Until recently, greenhouse control was quite primitive and was based on simple on-off controllers that controlled the basic variables. This was followed in the eighties with systems capable of more precise control but which were still dependent on human interaction and expertise to meet product and production objectives. 

Most recently however, greenhouse environment control systems are becoming increasingly sophisticated, exploiting many of the advanced control methodologies and tools of industrial control, modern control theory and computational intelligence. Computer and communications technologies are closely related to these developments. Experts in biological systems are now being exposed to these tools, while at the same time systems engineers have been increasingly involved in transferring their expertise to agricultural systems. Domain experts can and must work even closer to develop better and more intelligent systems capable of increased efficiency and autonomy so as to meet tomorrow’s global challenge. This interdisciplinary Cupertino cannot but lead to more effective and efficient agricultural systems which will support sustainable and quality production in the next millennium. 

As we enter the 21st century, we are becoming increasingly aware of our reliance on computer-based systems. The operational environment of agribusiness is changing rapidly and computers, automation and robotics are taking over many of the menial and tedious tasks that were formerly the exclusive domain of the human. The agricultural sector is being rapidly transformed into an industry of major importance that relies heavily on modern technological developments and advanced industrial management. The new reality ranges from information systems to embedded control systems, essential components of the workplace of the future. Agriculture has not remained indifferent to this trend and is presently actively investing in the new technology for the new generation of plant and animal factories. Indeed agriculture is regarded as one of the growing consumers of Information, Electronics, Control and Communication Technology which is poised to reap these benefits through improved productivity and product quality. 

In order to meet the increasing complexity of agricultural systems, it is necessary to address the issues of their control with increasingly sophisticated methodologies. This has led to the new and promising field of Precision Agriculture, which is the result of applying advanced information technologies to the management of processes and farms. The goal of Precision Agriculture is to improve the efficiency of operation and the quality and consistency of agricultural products by compensating for the variability and uncertainty of the environment. Precision Agriculture relies on precise monitoring of the process (sensors, images, quantity, quality, co-ordinates of individual plants or animals etc.), prediction of the end result using biological production models and computational tools to evaluate different production and control scenaria that can maximise overall efficiency and profit. 

Exploitation of the new technologies clearly takes well-trained operators. A common problem that is encountered in practice, however is the fact that the end-user of these systems is usually the manager of the operation who is unlikely to possess the necessary knowledge of systems and control concepts and indeed, has little time to invest in comprehending the new methods. We are thus faced with the challenging problem of developing innovative solutions in which smart user interfaces can understand, train, and guide the operator so that this new class of systems can achieve wider acceptance. 

Classical design techniques have been used extensively in designing greenhouse environment controllers. Yet despite the progress in the field of systems and control, such techniques still prevail, leaving much to be desired. Such techniques offer ready solutions that at best can only be viewed as compromises. Attempts have been made to use modern control techniques to improve the quality of control yet their very complexity has led to their limited application in the field to date. Hopefully these endeavours will come to fruition in the near future. Following their successes in the process industry, new techniques based on Soft Computing and Computational Intelligence are finding their way into Agriculture. Several of its soft-computing formalisms, such as Artificial Neural Networks and Knowledge Based Systems are being implemented with significant success
. These Intelligent Systems do work and are gaining increasing acceptance! Though no one would claim that Intelligent Control is a panacea for every conceivable control problem in Agriculture, it must be considered seriously in future developments. The objective here is to exploit their tolerance for imprecision and uncertainty, characteristics of the Agricultural environment. These techniques offer tractability, robustness and low cost. The relatively new field of evolutionary programming has exploded in recent years as a result of the ready availability of powerful and inexpensive computational platforms. This new field promises solutions that were but a dream only a few years ago. 

Given the power of Soft Computing and the wide acceptance of conventional control approaches, the question arises on how we could benefit from both worlds. Can we develop new solutions using hybrid systems to achieve new orders of control accomplishments for society in the next century? Can the hierarchical approach, based on synergistic intelligent agents using layered subsystems of increasing or decreasing intelligence, yield solutions to some of the pressing problems in the field? We believe that such hybrid systems, which can make best use of existing knowledge about the process, will open up new horizons and lead to even further developments in the field. Our challenge is to find solutions to such complex practical problems. 

The collection of papers in this Special Issue represents a sampling of research activity in the field of greenhouse environment management and control with papers from acknowledged experts in the field that span a wide range of approaches. All approaches have a common goal, that of improving the greenhouse environment for the benefit of the end-consumer. 

An overvew:
Van Straten et al. discuss the application of optimal control methods for greenhouse cultivation. The penetration in practice of these methods is still quite modest due to a lack of experimentally proven advantages, clear assessments of the risks involved, as well as several theoretical limitations. An alternative approach is proposed which can reduce operational cost without relying on crop models, and is likely to penetrate the market first. A decision support system built along gradually increasing insight in long term crop growth and development aspects is proposed. 

On advanced modeling

Young at al. present some recent developments in modelling and control of the climate and ventilation of greenhouses. The authors propose an innovative databased mechanistic approach using experimental data to derive dynamic models of a greenhouse without prior assumptions on the physical nature of the system. The model not only explains the observed data well, but it is also in a form that can provide the basis for the design of advanced control systems optimised in terms of Linear Quadratic and multi-objective cost functions. Linker et al. propose the use of hybrid modeling in which artificial neural networks using radial basis functions are used in learning to identify failures in a greenhouse. Early detection of malfunctions in a greenhouse is clearly of great significance where productivity and product quality cannot be compromised. 

On control methods

Goggos et al. present the design of simple control agents for greenhouse environment control. The fusion of hierarchical control and Computational Intelligence appears extremely promising and it is anticipated that this area will bring about major changes in the way complex systems can be controlled to effect. Setiawan et al. discuss the design of greenhouse temperature controllers using Pseudo Derivative Feedback. The authors present a comparison on the performance of a conventional two term (PI) controller and a controller using Pseudo-Derivative Feedback (PDF). The authors claim that PDF shows superior performance on handling load changes in greenhouses. Arvanitis et al. present a new adaptive technique for the control of the temperature in a greenhouse whose parameters vary with operating conditions. The proposed controllers are derived through solution of either the pole-placement or the linear quadratic regulation (LQR) problem and use multirate controllers in which the greenhouse temperature is sampled many times over a fundamental sampling period. The proposed scheme estimates the unknown parameters of the greenhouse on-line from sequential data on the greenhouse temperature and the heating power, which are recursively updated. 

On control applications

Sigrimis et al. propose a new technique for energy saving in greenhouses which requires limited knowledge about the specific plant. Effective tools with which to implement the desired greenhouse control strategy are presented. The proposed system can easily be customised by the end-user so that different weather scenaria and averaging periods can be investigated. Zolnier et al. consider the steady state constraints on air temperature, dew-point temperature and ventilation rate in plant growth and propagation chambers in the control of vapour pressure deficit (VPD). These constraints apply to any controlled environment subjected to significant radiation in which both air temperature and humidity can be simultaneously manipulated. The results of the analysis on the psychrometric and ventilation constraints and their interactions can be used as a basis for automatic control systems to maintain either the air or the crop-air VPD. Finally, Gieling et al. discuss the problem of controlling irrigation water to match transpiration demand. Water demand is treated as a disturbance in a feedback system designed with a conventional three-term controller. Systems with long time delays in the feedback loop and three-term controllers alone cannot meet instant load changes, except on average. The addition of feedforward to the controller results in drastically improved results and merits further investigation. 
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