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Propositions
1.

The use of a milking robot merely to free the farmer from the technical procedure of
attaching teat cups does not exploit to the full the robot's real potential in the dairy.

this thesis
2.

While the industry has invested in recent years a lot of effort in developing techniques for
robotic milking, the development and validation of a re-shaped management concept and
tools are still at an early stage.

this thesis
3.

The daily capacity of the milking robot should be measured in terms of number of milkings
rather than number of cows in the herd.

this thesis
4.

Individual milking frequency can be used as an additional and efficient tool in the control
of milk production.

Maltz and Metz, 1994
5.

Tracing the cows' behaviourial pattern by the number of visits to different sites in the barn
can be used as an additional factor to improve management decisions.

6.

The individual cow management approach allows us to handle each cow as a production unit
on the one hand and as a living creature with its own needs on the other.

7.

The continuous monitoring of individual data, its analysis and presentation increase the
detection sensitivity of irregularities in cows' condition and performance and therefore,
strengthen the contact between the herdsman and the cow.

8.

The fact that more and more promising research topics being conducted at the universities
and research institutes are financed by the private sector may slow down the transfer of
know-how.

9.

When presenting the performance of a system developed by him, the scientist would always
stress that research and development is still needed. However, if the same system is
presented by a salesman the audience might get the impression that it is the perfect one.
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Abstract
The control and management system in the milking robot milking farm
Devir S., 1995
The research and development described in this thesis was directed towards the technical and
managerial integration of the milking robot into the dairy farm. First a concept and tools for the
milking robot dairy farm were developed. A set of parameters was introduced which represents V
the individual cow's production and behaviour pattern in addition to herd and automatic milking
system capacity characteristics. Then, a series of three field tests was conducted to validate the
automatic milking system management concept, and the tools for its implementation. The aim was
to assign an individual milking frequency and concentrates supplementation regime to each dairy
cow in a loose housing system. Attention was focused on the implementation of an individual
production and behaviour-based strategy, using cow traffic, milking frequency and individual
concentrates allocation as the control tools. In all field tests, the milking robot was available for
milking and concentrates allocation for 24 hours a day. The cows visited voluntarily a selection unit
which was installed before the milking robot, where an on-line milking and concentrates
allocation decision was made. In the first and second field tests, cows were milked between two
to five times daily, based on daily fixed and pre-determined milking frequency and concentrates
allocation. In the third field test the daily milking frequency, two to six times daily, and
concentrates allocation were based on frequent evaluation of cow behaviour and production
performance. The methods and results described can be used as management guidelines for the
loose housing milking robot dairy farm.
Ph.D. Thesis, Department of Farm Management, Wageningen Agricultural
Hollandseweg

University,

1, 6706 KN Wageningen, The Netherlands and Department of Animal

Husbandry/Animal Health and Reproduction, Wageningen Agricultural University, Marijkeweg 40,
6709 PG, Wageningen, The Netherlands.
The work for this thesis was accomplished in: Livestock Engineering Department, DLO Institute
of Agricultural and Environmental Engineering IMAG-DLO, P.O.Box 43,6700 AA, Wageningen, The
Netherlands.
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1. Introduction
Milking robots are being developed and sold in a number of countries in Europe (Ipema et al.,
1992; Dalebout, 1993; Rossing et al., 1994). More than 30 commercial milking robots have been
installed in commercial and experimental dairies all over the world (Devir, 1995). The milking
robot was developed to replace the manual work involved in cluster attachment in the
conventional milking parlour or to replace the milking parlour itself (Ipema et al., 1992; Sonck and
Donkers, 1995). However, the integration of the milking robot into the dairy farm opens up more
possibilities in the development of dairy farm management.
Until now, nutrition has been the main mean of controlling production. The milking robot now
offers the opportunity to use individual milking frequency as an additional tooL Appropriate barn
lay-out and controlled cow traffic routine ensure that each cow can be milked voluntarily,
according to her rhythm, without any human involvement. New technology enables increasingly
more individual on-line data to be acquired and processed. Expert systems can then analyze such
performance data for each cow and implement appropriate management decisions accordingly
(Maltz and Metz, 1994).
All the above enables us to control production and make it more efficient by implementing
decisions on milking, concentrates allocation and cow traffic on an individual basis. We can
therefore refer to the system as an automatic milking system rather than a milking robot.
The integration of the milking robot into the dairy farm is still at an early stage. The hypothesis
that cows voluntarily visit a milking robot throughout the day over a longer period has not yet
been tested (Mottram, 1992). No fully-integrated management solution for the automatic milking
system has been tested, validated or reported either by the milking robot companies or by any
research institute.
2. Objectives of the study
The objective of this thesis research is to fill the gap between the milking robot, which is already
a commercial product, and the fully-automatic control and management concept and tools which
are currently not available.
A fully integrated dairy control and management system for the loose housing dairy, using a
milking robot, was developed and validated in three field tests. The system described in this thesis
offers a management solution for a loose housing dairy of up to 80 cows where no grazing
management is applied. The experience gained from the field tests may also contribute to the
integration of the milking robot into larger dairies, with or without grazing management.
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3. Background
This research project was conducted under the research programme "Integration of innovative
technologies in dairy farming" of the Agricultural Research Department of the Netherlands (DLONL). The thesis research project was carried out at the Division of Buildings and Environmental
Technology of the DLO Institute of Agricultural and Environmental Engineering (IMAG-DLO),
Wageningen, The Netherlands. The tests under field circumstances were conducted at the IMAGDLO experimental dairy farm, "De Vijf Roeden", Duiven, The Netherlands.
The research is also a part of the Eureka Project "CIMIS" (Complete Integrated Milking System),
a cooperation between Dutch and French research and development institutes and industries.
The expert-system for the individual concentrates supplementation and milking frequency is a
joint development of IMAG-DLO and the Israeli Research Organization, ARO, the Volcani center,
Bet-Dagan, Israel.
4. Outline of the thesis
Chapter 2 describes the automatic milking system management concept and tools. This chapter
discusses the need for operational and process control adapted to the automatic milking system
dairy environment, in which the heart of the management concept is an individual approach based
on each cow's performance. Chapter 3 describes the first short-term fully integrated field test. The
aim was to test the feasibility of individual parameter decisions for on-line control of milking and
concentrates supply. The milking robot was available for 24 hours a day, based on voluntary cow
visits to the automatic milking system. Chapter 4 describes the second field test. Here the aim was
to maximize the automatic milking system capacity, under high and different milking frequency
strategy, all controlled by a new version of the dairy control and management system. Another
aim was to observe and analyze the cows' behaviour under the milking and concentrates
supplementation routine used. Chapters 5 and 6 describe the management and production aspects
respectively of a seven month field test. The aim was to assign automatically a pre-determined
milking frequency and an individual concentrates supplementation regime using two management
concepts. The first concept was based on a fixed milking frequency and feeding routine according
to usual Dutch practice. The second concept was the variable individual high milking frequency
and concentrates allocation, which was evaluated daily using an expert-system. Chapter 7 discusses
the strategic and operational aspects of automatic milking management within the scope of the
thesis. Chapter 8 summarizes the main points from the three field tests in the light of the newly
developed dairy control and management system. Finally, the main conclusions of this thesis are
presented.
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Abstract
The introduction of automatic milking technology, including on-line individual data acquisition
and processing, requires adaptation of dairy management methods. Automatic milking systems
allow the individual cow to be milked and fed according to her production performance and
potential in order to achieve maximal profits with minimal resources.
Because the farmer is not actually present each time a milking or feeding decision is needed,
a new generation of control and management systems has been designed to assume the short-term
dairy management and operational control. The overall management control still remains with the
farmer or herdsperson, who is supported by the dairy control and management system. The paper
discusses the influence on dairy management of the integration of the individual automatic
milking and feeding systems. Then, the concept of a dairy control and management system, which
includes a decision support and expert system, is described. A prototype, which enables automatic
milking and feeding routines, was developed and tested.
Key words: automatic milking, dairy management, decision support system, expert system
Abbreviation key: A M S = automatic milking system, DCMS = dairy control and management
system, D M S = dairy management system, DSS = decision support system, ICS = individual
concentrates supplementation
1. Introduction
Integration of the milking robotics into the dairy farm frees the farmer from the labor of
milking and, with supplementary tools and adjusted management methods, leads to an automatic
dairy production system in which the individual cow is an "individual production unit". New
technologies enable increasingly more individual on-line data to be acquired and processed.
Because each cow can be milked and fed individually according to her own rhythm and
performance, production efficiency is likely to increase (Maltz et al., 1992).
Today, modern dairy farms use dairy management systems (DMS) as a support system to advise
the herdsperson on the overall control of dairy management (Bywater, 1981). Dairy on-line
controlled subsystems, such as individual self feeders for concentrates and automatic teat cup
detachment, are usually autonomous ("stand-alone") systems.
Because the farmer is not present each time a milking or feeding decision is needed, a new
generation of integrated dairy control and management systems (DCMS) has been designed. The
DCMS is more than a support system to be consulted by the herdsperson. Short-term use of the
DCMS should enable automatic control of the daily feeding and milking routine. For the long
term, DCMS should extract from each individual cow, within the constraints of the cow's biological
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and behaviourial characteristics, the maximum production (milk) with the minimum resources
(feed, labour, milking machine time etc.).
The current European robotic milking systems are planned to be integrated in loose housing
system dairies. When zero-grazing management is used, computerized individual feeding and
milking systems enable an automatic daily routine in the dairy (Richard and Mark, 1988). Under
grazing management, the flexibility of the management system to cope with different milking and
feeding regimes is a slightly restricted. The dairy routine can not be fully automated in this case.
Because the first five automatic milking systems (AMS) were sold commercially this year, the
development of management methods and tools for the automatic milking dairy farm is a new
task. Such a development must be accompanied by further field tests to provide insight into the
effects and profitability of flexible individual milking and feeding routines.
This paper deals with the effects of the AMS on dairy management and dairy management
supporting systems. The paper concentrates on the zero-grazing A M S approach. The first part of
the paper briefly introduces the present state of dairy management functions and tools. The
problems of A M S dairy management functions and tools are discussed in the second part. The third
part includes a description of a DCMS prototype concept and architecture that was developed and
tested at Instituut voor Mechanisatie, Arbeid en Gebouwen-Dienst Landbouwkundig Onderzoek,
Wageningen, The Netherlands. The fourth part discusses some research perspectives concerning
the new DCMS methods and tools.
2. Dairy management and dairy DMS
2.1. Management functions
Management can be divided into three basic functions: planning, implementation and control,
which together create the management cycle (Kay, 1986). Planning provides the mode of
operation to accomplish the farmer's goals (Huirne, 1990) and can be subdivided into levels
according to the planning horizon. The farmer's long-term management and investment planning
is at the strategic level (Huirne, 1990). During the tactical planning, the farmer plans the dairy
management to obtain optimal results within the given or proposed farm structure (Huirne, 1990).
Implementation is the execution of planned activities, and control measures performance and
compares it to standards.
De Hoop (1988) suggests a modified version of the management cycle (Fig. 1). The strategic and
tactical planning are included within the planning function. Strategic plans involve defining of
objectives, farm organization and production alternatives, financing and risk analysis. Tactical
planning may include nutrition, roughage production, health care, reproduction, milk production,
cattle replacement, labor and cash flow.
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The operational function contains the short-term management activities: planning, execution
(i.e., "implementation" in the management cycle described), and short-term control (Fig. 1). The
operational function involves roughage production, nutrition, health care, reproduction, milk
production, cattle replacement and cash administration (De Hoop, 1988). Within short-term
control, two types of control can be distinguished.
First is short-term process control, the examination of the performance of a process in order to
decide which actions to take (Bergstrom, 1988). Short-term process control in the dairy farm is
restricted today by autonomous subsystems based on recent microelectronics applications in the
dairy farm (Jahns and Speckmann, 1992). Short-term process control consists of five main sections
(Cobben et al., 1987): 1) nutrition, including individual concentrates and roughage feeders,
weighing and mixing wagons, and water supply; 2) production control, including milking parlors,
and weighing cows; 3) animal health control, such as mastitis and body temperature; 4) fertility,
estrus detection, and birth control; 5) environmental control, including ammonia emission and
climate.
The second type of control is short-term management control, which refers to decisions or
actions that are taken to control the evolution over time of the system being controlled. Shortterm management control involves daily feeding management based mostly on free access to
roughage at the bunk (during the non-grazing period). Roughage distribution can be manual or
computerized with controlled weighing systems (e.g., weighing and mixing wagons). Concentrate
supplementation can be integrated into the total mixed ration at the bunk or individually
supplemented through self feeder. The self feeder are located in the milking parlour or at the
feeding area. In the latter case the cows' access to the self-feeders is voluntary. Milking routine
is fixed and is based on two or three times daily milking of all lactating cows in the milking parlor.
Milking times are usually fixed according to the farm labor constraints.
Overall control function is a medium-term control of the farm and involves measuring
performance and comparing it with standards (Huirne, 1990)(Fig. 1). The farmer uses lists of items
needing attention and periodically DMS reports to improve management decisions at the herd and
the individual cow (Maltz et al., 1992).
32.2. Management Tools
Using management systems may improve dairy profits (Lazarus et al., 1990). Farmers use DMS
combined with data processing to improve management decisions (Dale et al., 1988, Heinrichs,
1989). Most DMS used in herd management are database type (Heinrichs, 1989). The DMS produces
a wide range of reports and action and attention lists that are generally based on a growing
number of automatic on-line and off-line acquired data, such as milk yield, milk conductivity, milk
temperature, cow's activity, body temperature, body weight, tissues impedance, concentrates

