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ABSTRACT
‘Evngineering of automated tools for the agro-food industries and the rural world
 activities have to pick up two challenges: to answer the immediate important problems
related to the situation of these industries, and to imagine the tools that their
professionals will need next century.
Creating or modifying automated tools in the next few years will be made taking into
account parameters either technical (environment protection, health and safety), or
social and economical (investment, employment). There will be a strong interaction
with disciplines like ecology, medicine, ergonomy , economy, psycho-sociology, etc..
The partners for such a research, tools manufacturers and users, should have an early
involvement in its content, in order to find rapidly the solution to the drastic problems
they are meeting.
On a longer term, during the next 20 years, there will be an important evolution of the
rural space management and of the food processes. This will imply the emergence of
new types of activities and know-how’s, with lines of automated tools to be invented
and developed, like: micro-systems for organic localised tasks,- mobile and adaptive
equipments highly autonomous for natural space actions, - devices for perception,
decision and control reproducing automatically the expert behaviours of human
operators.
Design of such automated tools need to overcome technological difficulties like the
automation of the expert-decision process, or the management of complex design.
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INTRODUCTION

Engineering of automatic systems for the Bio-industries (agriculture, food processing,

biological process industries) has to pick up 2 challenges:

*1* To find technological answers to the immediate needs of these various industries,
related to their somewhat difficult situation in the developed agriculture areas of the
world :

* over-equipment and low investment potential of the agricultural farms,

* automation consequences on employment,

* control of interactions with the environment, health and safety of operators,

etc.

*2* to imagine and to design the automated tools of the professionals of the rural world
and of the Bio-industries of the 21st century. To put on the market these tools in 2010
implies that their first concepts should be generated today. It is necessary to imagine
the needs of these citizens of a world full of technical sophistication and of
robotisation, where relationships between mankind and machines will have strongly
evolved toward a different balance. Generic systems can be foreseen, and their
practical development for the users implies a variety of technical difficulties to be
solved by research and industry, like :

* the design and the implementation of automatic expert-decision systems at

.the farm level or on-board of machines,
* or the design methods to combine multidisciplinary expertises needed for

automated intelligent machinary.
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AUTOMATIC SYSTEMS TO HELP SOLVING THE EXISTING PROBLEMS

Creating or modifying automated tools in the next 10 years has more than ever to take
into account the fields of constraints which are specified in item 1 above, in their
software and hardware design processes. These constraints are either technical ones
(environment protection, health and safety), either economical and social (finance,
employment). Their translation in term of engineering implies a strong interaction with
other disciplines concerned with these aspects: ecology, medicine, ergonomy,

economy, psycho-sociology, etc.

Automation - employment relationship

The development of automation in the rural world and the bio-industries has been
related to systematic efforts:
*to gain competitiveness, with very significant successes in the last 3 decades,
*to reduce the laboriousness of the tasks, still too high in many of the involved

human activities.

This has been done in accordance with other industries: these factors will probably stay
priorities for all the developed-economy societies, and will have to be translated for the
rural world and the bio-industries in term of R and D in automation and information
technology. However the word "automation" has a bad fame, since it has been related
to those of "loss of employment” in the most recent period of industrial and rural
development, when it has implied over-intensification and dehumanisation of the

production structures and of the tasks.



In other areas of industrial activities, after a systematic attraction for automation, its
plus-and-minus are more cautiously evaluated, implying in some cases that human
operators are repositioned around computerized and robotized production lines. To
propose a new automated function in industry means more and more to propose a new
tool gnd its human operator. In the same way, the appropriateness of the various
schemes of automation for the production systems in the rural world and the bio-
industries should be carefully evaluated with specialists of industrial labour

organisation.

A special attention has to be paid to specific-to-rural-world psychological and
sociological factors. In particular, those dealing with the attractiveness of rural jobs for
future young professionals who have to be motivated. In the competition with other
industries jobs, the decision of these young people is to be related to the qualification
of the tasks, which involves the tools which are proposed for them. If all new jobs for
young people in the overall economy imply the use of automated and computerised
tools and systems, rural activities will have to be equipped with such systems if we

want a renewal of rural workers.

Finally, in an analysis of the relationship employment-automation, it should be
necessary to include the competition of agricultural production systems with high-
availability / low-cost labour conditions: because it might imply either migration of the
rural populations attracted by developed and computerised areas of the world, or
transfer of part of the agricultural production systems toward low labor cost countries
out of expensive automated production. Forecast on these aspects are difficult because

related to strongly ethic and political decisions.
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Over-equipment / low-investment potential

As any other entrepreneur, the farmer investments choices are related to his dynamism
and competitiveness. The evolution toward automation of its production, with new
devices like the site specific farming ones, will be a key point to stay in production in
most cases, according that the existing equipment on the farm is paid back (or can be

adapted to new technologies), and that the new one are affordable by the farm budget.

It implies technical and economical decisions for the farmer which need to be aided by
decisions support tools taking into account the specificity of these rural and agro-food
businesses. These decision processes are more than ever complex. Mainly because the
automated systems which are going to be proposed for the farm are involving not only
direct production actions, but also actions on the the supervision, the decisions making
and the organisation of this production : on these second type of actions economical
figures are difficult to evaluate, in order to define how much income or confort they

bring to the farmer.

There is a need for decision tools and models able to tackle such complexity. General
commercial software and communication tools which are available products for
technico-economical decision making are not well adapted to this situation. They need

a significant amount of R and D investments.
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Interaction with the natural environment

Pollution due to rural and bio-industries activities are related directly to the processes
involved, or to the tools and inputs used to run them. To reduce these well known by

the public side effects of agriculture, automation can be extensively applied.

Soil compaction or excessive noise can be reduced through on farm standardised tests
in order to make manufacturers apply technological solutions which are generally well

known.

Pollution of water and air, which is focusing public attention, is related to processes
such as fertilising or plant protection spraying. A significant part of this pollution could
be rapidly reduced through the application of automation to conventional types of
equipments. The concept of site specific farming SSF is a very powerfull one, since it
leads to gain flexibility in the automatic distribution of chemical and organic inputs,
according to the local minimum needs. The amount of researches around the world on
SSF has exponentially increased during the last five years, due to the availibilty at

every-day-lower cost of Global Positioning Systems GPS.

GPS installed on machine and farm, together with a variety of sensors and data
acquisition systems, enable to automatically map in the local computers a set of data
on the weather, fields, plants, animals and crops. These data then are used to control
the production input applications, either manually by the farmer actions, either

automatically with on machine systems.
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Operators health and safety

In parallel with the effects on the environment, those on the health and safety of the
operators and neighbour population should be paid attention. Research to limit or get
rid of any hazard have to be developed in the same spirit: appropriate modification of
the existing type of equipments with automated devices should solve a significant part

of the problems.

This research should consist in:
* Research on appropriate standardised on-farm automatic testing procedures,
when the effects on health and safety are clearly identified.
* Technological innovations on existing type of machinery to enhance comfort
and safety: machine operator interface is a crucial aspect of these needed
developments. An intelligent and ergonomical relationship has to be
established between them in order to match the performances of similar

systems in other heavier industries.

Partners of the short term research on automated systems for bio-industries

The main partners of this research on the most immediate problems are the automated
tools manufacturers and users. They have to be involved very early in the R and D
process, although they are nowadays meeting significant economical difficulties in

many countries.

This means that research operators have to help directly equipment industry and
farmers in the development of innovative automated tools. Indeed, their economical
fragility does not allow them to tackle the cost of the short term R and D which is
absolutely needed by the drastic evolution of the rural world and of most of the bio-

industries in many countries of the world.

~ 148



TO DEVELOP THE AUTOMATED TOOLS FOR THE YEAR 2010

Evolutions of the agriculture and of the bio-industries

By an analysis of the prospective literature, one can define the following potential

evolutions for the next 20 years:

* a strong modification of the use of the rural space, involving a management
and a supervision of the natural spaces which are going to be put out of

agricultural production.

* an evolution of the agricultural activities diversifying the production modes.
The most probable activities appear to be the following:

+ intensive and integrated in the agro-food business

+ extensive occupying the natural space

+ speciality agriculture with high added value

+ forestry and non-food industrial crops

* an evolution of the food habits and processes, with higher constraints on
quality, health, safety, and product sophistication in order to follow the
requirements of the developed countries consumer. She and he will understand

more and more that food is one of the few keys for personal management of
her/his health.

* the bursting development of a biological type of industry, using the

knowledge on bio-processes in high scale industrial productions.
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The above activities are schematically defined in this text by the word "Bio-industries".
They involve the human operators with their tools, in activities implying objects,

beings and environments which are biological and natural.

A need for high technology automated systems for 2010 bio-industries

The important evolutions defined above, imply emergence of new networks of
activities, and, at least, a significant modification of the production modes during the
next decades. They will be followed by the development of new automated

technologies which are still to be invented.

The history of the R and D technological developments in the bio-industries has
shown, until now, that a delay of 15 to 20 years was needed between the invention of a

really new concept and its actual extensive use on the market.

Examples can be found in the developments of the grain combines, the grape
mechanical harvesters, the robotic harvesting systems, or the machine vision systems

in the food industry.
Even if the innovation integration process will be speeded up by the new information

communication systems, the developments of tools needed by the operators of bio-

processes in 2010 have to be started now - the patents are being put now.
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The technological debates

The prospective debates are conducted in various places like conferences and journals,
but also in the frame of heavy continental research programs. The proposed ideas and
solutions are generally extrapolations of technological innovations developed by other
powerful sectors (military, medicine, industrial automation, automobile industry), or
inventions made in advanced engineering laboratories. As demonstrative examples, a
few of these proposed concepts have been selected. This selection does not intend to be
exhaustive: it has been done retaining the themes and concepts which are the most

often cited or discussed.

EXAMPLES OF PROSPECTIVE NEW CONCEPTS FOR AUTOMATION

Micro-systems for organic localised tasks

These types of systems are already at advanced research stages in medical engineering.
They are small devices implanted or circulating around or inside organs of plants or
animals. They will be an extrapolation of the already developed implants and sensors
for animals and plants proposed by research and industry. Their simplicity and their
cost should allow to spread them widely in order to interact with other agents and

processes in their nearby environments.
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Mobile equipments for adaptive tasks

These equipments will help the rural professionals to manage the production and the
environment in the vast areas they will be in charge of. There will be a large range of
artificial organisms due to their complexity, their sizes and powers. They will be
directly or remotely controlled, or totally autonomous. They will carry enough
intelligence power to handle the complexity of their tasks and the hazards they will

meet.

These machines of the 2010 rural world are announced by the pick-and-place type
robots recently developed for bio-processes, like the cow milking or the fruit picking
robots. They are pre-figured by the mobile robots and the automatic guided vehicles in

use in other industries (see reference 1, Sevila, 1993).

Automatic devices for sensing, for supervision, decision and control

They will be able to reproduce the behaviour of the expert-human operators acting on
the bio-processes, which involves multi-sensing perception, and reflex and intuitive
actions, based on a long training and experience. It will be especially the case for the
devices helping operators or replacing them when absent, either in environment
management, or in control of quality and process in the food industry. Starting from
the on-going researches on machine vision, physical or bio-chemical sensors, or human
perception simulation, devices acting on-site at reduced cost should arrive on the

market continuously during the next two decades.
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TECHNOLOGICAL DIFFICULTIES TO BE SOLVED
FOR THE FUTUR AUTOMATED SYSTEMS

To bring to the rural fields the various automated tools which are described above, a

set of technological difficulties have to be solved.

Two of them have been selected here :
* the design and the implementation of automatic expert-decision systems at
the farm level or on-board of machines,
* the design methods to combine multidisciplinary expertises needed for

automated intelligent machinary.

Automatic decision systems

Simulations of human perceptions and decisions on complex objects and tasks have
been necessary as soon as the very first automated system was developed. For real time
and on-machine use, such simulations can not be until now as complex and powerful as
those which may be found in other areas of artificial intelligence applications (see

reference 3, Armande et al, 1994).

On farm or on-board computers of agricultural automates can handle knowledge based
software's of low level of complexity. This will change rapidly and on board
simulation of human expertise will become more and more common. Nowadays
tractors or combines have internal diagnostic software's giving the driver advises and
warnings, using internally sensed information's. They will soon take more and more
global machine operating decisions, taking into account sensors for external

information's.
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For these operating decision making, combination of the basic and previously learned
know-how, with the sensors information's, is still an entire field of research activity for
agricultural machines. Especially when those sensors are complex (e.g. image features
extraction's or GPS base mapping systems), and have to be combined between
themselves to obtain an appropriate data base for decision making. New techniques
like sensors fusion, fuzzy logic, or artificial neural networks are often appropriate to
modelise the complexity of human behaviours on natural objects and phenomena : they
often allow easier real time on-board implementation when appropriate components

are used.

The need for complex design management methods

As shown in the previous chapters, agricultural automated systems are continuously
increasing in complexity, because they include knowledge's coming from more and
more disciplines and crafts (not only mechanics, plant-animal sciences and economy,
but also electricity, electronics, automation, informatics, artificial intelligence, optics,

image processing, physics of sensors, etc.).

Designers of automated systems for agriculture and the bio-industries have to face this

complexity on various aspects :

* In running their own practice in the designing process :
+ how to manage the increasing multidisciplinarity of the designing
teams?
+ how to simulate the machine functioning to identify designing

problems?
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* In the design of the machine control system itself,

* In the design of the machine integration in the farm system (technically,
humanly, economically),

* In the maintenance of such complex systems at the farm level.

Similar complexity has been handled by heavy organisations, with important means,
for expensive developments like in the design of planes, rockets, satellites, cars, etc..
The various expertise's needed in these hundred- to thousands-members teams of
designers are combined using :
* appropriate design work organisation,
* heavy computing systems based on Concurrent Engineering methods for
+ combined data management, all information's on the system being
appropriately managed to help coherence between the various sub-
developments,
+ multi-engineering assistance, each of the involved disciplines having
its own CAD, computer aided design system, interfaced data on the
system coming for other groups,
+ decision aids, especially for the managers of the groups, inter-groups and
project, to run the overall development efficiently until the automated system

is designed and delivered.

Only part of these methods and tools can be afforded by the agricultural mechatronic
industry, because of the following reasons :
* size of the designing teams, and time available for the design of a new
system are much lower.
* flexibility to user needs fluctuations, and reactivity to market competition
have to be much higher,
* design costs have to be much lower due to the price paid by the user for the

machines, and to the size of the targeted market
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* knowledge's of biological and environmental disciplines are essential for the
design of agricultural mechatronic systems, and they are difficult to involve, to

handle and to modelise in such computerised organisations.

Without all these powerful design tools and methods to overcome complexity in the
design of agricultural mechatronic systems, a solution for this industry is to partly rely
on its teams know-how. This one has to be patiently built through the successes and
failures of the various systems developments in one company history. It is of strategic
importance for the research and development policy of these companies to develop a
certain level of understanding of what is happening in a complex and multi-
disciplinary design process, and what are the key aspects which have to be secured (see

Sevila et al, 1994).

The key aspects deal with

* the most sensitive steps of the process where special care or checking have to be
secured : prospective evaluation of risk, or organisation of the design management
might depend on them,

* the appropriate profile of the specialists needed at the various steps of the design for

the necessary tasks.
This information is essential to define policies for : * recruiting specialists, * buying

CAD systems, * building a sub-contractors network, * starting new ventures on the

market.
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CONCLUSION : NEED FOR MULTI-DISCIPLINARY APPROACHES

The 2 challenges which have to be picked up by research on automated systems for the
bio-industries have been schematically described. They both lead to multi-disciplinary

approaches for the researchers.

Involving foreign scientific disciplines

The situations of the rural world and of the agro-food industries oblige rapidly to adapt
the existing tools in use, and to evaluate their role in the companies, enterprises and
farms. These works have evidently to be made with out-of-the-engineering community
partners. Languages and working procedures will have to match to each other, in order

to be able to rapidly include these disciplines in the design processes.

Multi-technological disciplines

Developing automated tools for the bio-industries implies to gather various
technological disciplines in the designing teams. Such multi-technological
developments are identified in two main scientific communities:
artificial life
For the robots and complex machines, which are actually artificial organisms, and
which functioning imitates more and more living organisms.
Artificial Intelligence
For the perception, decision and control devices which will be designed according to

human behaviour.
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These 2 scientific domains are very rapidly growing, and the basic problems brought to

them by Bio-Engineers are complex and original.

Interactions with biological disciplines

In the design of tools for bio-industries, it is necessary to take into account not only
fields of knowledge and of know-how of technological nature, but also those dealing
with living beings and biology, where models and certainties are basically different.
Tools design processes have to take them into account. Reciprocally, these biological

disciplines are adapting their own processes to ease the tools developments.

These mutual adaptations are really creative. It is quite common to find research in
biology, almost abandoned because of lack of appropriate tools and methods, suddenly
boosted by the appearance of a new automation technology, especially sensing devices.
A significant example is given by the bursting use of image analysis in these

laboratories.

To pick up the 2 challenges to be solved, Bio-Engineers have to evolve from an

approach which is

” H g 114

to a different behaviour more

n ; I, ”
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