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Preface

Specialists from more than a dozen countries attended the International Symposium
on Prospects for Automatic Milking, held in Wageningen, The Netherlands in
November 1992. This symposium followed three earlier meetings on the subject of
Automation in Dairying, held in 1978, 1982 and 1987.
The symposium was the first to deal with automatic milking in broad multidisciplinary terms. Apart from the many engineering questions raised by automatic milking,
substantial attention was paid to milk quality, milk production and the health of cows,
behaviourial reactions and welfare of cows, computerized management programmes,
the role of the stockman, integrating automatic milking systems into farms and the
economic constraints of such developments.
Indeed, automatic milking is likely to cause substantial changes in dairy farming just
as milking machines did when they were first introduced. The dairy farm will become
less dependent on the input of physical labour and will need a higher input of advance
technological knowledge. Higher investments will also be required. But there are
advantages too: for example, flexibility in milking frequency combined with higher
yield, and - at least under condition of good management - better prospects for the
welfare of individual cows. It is a great challenge to continue and bring to completion
the technological development associated with automatic milking systems, and to do
this in close cooperation with various disciplines, whilst taking into account the
farmer's needs, the animal's requirements and the need for economic benefits.
These proceedings include papers on all oral and poster presentations made at the
symposium. A number of posters focus directly on the themes of the sessions, whilst
other deal more broadly with the topic. Together, the oral and poster presentations
give a good overview of thepresent state of knowledge.
Various persons contributed to the preparation of these proceedings. Members of the
organizing committee as well as other anonymous referees helped to review the papers
included here. The contributions of W. Rossing and A.H. Ipema in the development of
the scientific programme, and A.C. Lippus, who took care for the final editing of the
manuscripts, require particular acknowledgement.

J.H.M. Metz
Chairman of the ScientificProgramme Committee

Introduction

During the third symposium on "Automation in Dairying" held in Wageningen in
September 1987 the state of the art of automation on dairy farms was reviewed. It
became clear that many new techniques and technologies were topics of research.
Robot milking was one such topic. Research and development in commercial
companies and research institutions have continued and progress has been achieved.
Today we know that robot milking influences many aspects of dairy farming. Therefore, I want to stress that automatic milking is more than the robot that attaches the
clusters.
Going back into the history of machine milking Dodd & Hall (1992) note that the
modern milking machine was invented a century ago! It was pioneered in Scotland,
refined in Australia and perfected in many countries, particularly in l^ew Zealand,
U.S.A., U.K. and Sweden. The story is remarkable. No other machine in livestock
farming has such a close biological association! During the first half of this century,
machine milking was largely ignored as a research topic and progress depended largely
on the ideas of inventors and manufacturers.
In many institutions and company laboratories research is being done on a large
variety of technical and biological themes related to the milking process. This contrast
favourably to the first half of this century. The delegates to this symposium, who come
from different disciplines, are proof of this. The automatic milking system is the last
step towards the complete automation of the milking process. Yet we must remember
that this system can greatly change the activities on the dairy farm.
The physiological and behaviourial aspects of automatic milking systems require the
attention of the relevant scientists. These aspects are crucial if we are to improve the
health, welfare and productive lives of the most important production factors in the
dairy operation: the cows.
However, there has also been criticism. For example, De Hoogh (1991): "What on
earth is agricultural research doing with respect to the milking robot? Is this an
efficient location of those scarce production factors, science and technology?" These
questions must be evaluated against the background of the scale of production and
production surpluses. I have already said we must applaud the fact that scientific
research is paying some attention to the automatic milking system. In my opinion this
could lead to improvements in the social and working conditions on dairy farms. And,
unlike biotechnological research in plant science and dairy science, automatic milking
systems form a logical step forward.

The topic dealt with in the present symposium is "Prospects for Automatic
Milking". The state of the art revealed in these proceedings supports the idea that
modern dairy production and sustainability can be combined.
A.A. Jongebreur,
Chairmanof the Organizing Committee
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1. Techniques of the milking process

The automation of milking as a key issue in future
oriented dairy farming

H. Schön*, R. Artmann** &H. Worstorff***
*
**
***

Technical University of Munich, Institute of Agricultural Engineering,
Vöttinger Straße 36, D-8050 Freising-Weihenstephan, Germany
FAL, Institute of ProductionEngineering, Braunschweig-Völkenrode,
Germany
Technical University of Munich, Institute of Physiology, FreisingWeihenstephan, Germany

Summary
Technical innovation in agricultural engineering and animal husbandry, based on
electronics has led to further improvements in dairy farming. Computer-based production includes computerized animal feeding, monitoring of yield, health and milking.
Further improvements have to be achieved in the milking process. Machine milking
should match mechanics with very sensitive physiological reactions in order to achieve
complete, gentle and fast milk removal. However, even partially automated systems
have so far lacked essential factors related to stimulation, main milking phase, overmilking and udder evacuation. The last step towards complete computerized dairying is
the automation of milking. Automated cluster attachment has not yet been perfected,
but technical solutions have been proposed. When these problems are overcome new
forms of dairy farming can be established. Computer-based dairying will allow simple,
more natural forms of dairy husbandry, improve labour productivity and reduce the
workload on family farms. It may also accelerate the adjustment of farm sizes all over
Europe but will not necessarily lead to larger-scale industrialized dairy production.
Keywords: computer-based dairying, milking robot, stimulation, main milking phase,
udder evacuation, economics of automation.

Introduction
Technical innovation is a decisive factor in the continuing progress of agricultural
productivity (Figure 1). To date three major phases can be recognized in this process
(Schön, 1991):
1. The objective of the first phase was to provide a sufficient food supply to the
population. The prime task of agricultural engineering was to maximize plant and
animal yields. The tie stall system was preferred in dairy farming, which allowed
intensive, individual feeding and control.
2. Mechanization of agricultural production to offset the migration of labour to
other, better paying industries, was the primary goal of the second phase. Initially
this included the attempt to further mechanize the tie stall system, but soon it
became clear that sufficient labour productivity could only be achieved in free
stall barns with milking parlours.
3. We are now in the third phase, of employing artificial intelligence in agricultural
production. This provides the opportunity to further reduce production cost, but
also to better satisfy ecological and environmental requirements.
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Figure 1. Yieldandlabourproductivity in German agriculture since1800(source: Statistical
Yearbooks).

These three phases clearly show that two new conceptual approaches have now entered
the future development of dairy operations (Schön & Boxberger, 1991):
1. The transition from the tie stall to the free stall system achieved significant gains
in labour productivity but also introduced additional obstacles to the individual
feeding and control of the animals. Computer-based systems of animal identification, feed rationing and herd supervision allow a more natural, species oriented
form of animal husbandry with a superior utilization of the genetic production
potential.
2. In the past the dairy farmer was compelled to a continuous labour schedule
without any interruption, which eventually could cause severe vocational stress.
This constraint also led to a production rhythm, determined by considerations of
human labour, rather than by the physiological requirements of the animals. A
"process control" by the animal, coupled with an "observation function" of the
dairy farmer becomes increasingly possible in fully automated, computer controlled dairy farming.

Computer-based systems in dairy farming
The main sectors for computer-based control in dairy farming have been classified
as (Figure 2):
• animal feeding;
• monitoring of animal performance and health;
• milking.

onfarm computer

4*

^

•> _ _
feed
rationing

s

production monitoring

^ ^ ^ » =production mangement
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Figure 2. Computer based systemforproductionmanagement andmonitoring indairyfarming.

Animal identification
A prerequisite for automated animal identification is the development of cheap
identification hardware and software, which can be integrated into the computer control system for free stall barns. The first symposium on "Automation in Dairy
Farming" held in 1976 in Wageningen established a number of essential results
(Anonymous, 1976) in this area. Miniaturized responders are currently being tested.
They are implanted in the animal's ear region (Figure 3) and transmit a code, which is
received by an antenna for identification in the control computer. They last the entire
lifespan, from calf to carcass (Pirkelmann et al., 1992).

Identification
DM/unit

90 - 120

1000 - 1500

60 - 80

1000 - 1500

10 - 20
\^_^ j)

Receiver
DM/unit

( 5 )

stationary 1000 - 1500
monitor 2000 - 3000

Figure 3.Identificationsystems.

Computer controlled feed rationing for dairy cows
Two computer-based methods of automated feed rationing are currently in use:
• individual concentrate rationing and milk yield measurement by control computer,
complied with free roughage consumption (Artmann, 1988; Pirkelmann & Wendl,
1989);
• individual concentrate and roughage rationing based on milk yield measurements
(Anonymous, 1983).
10

Computer-based monitoring of animal performance
The monitoring of animal performance is a significant component of computerbased dairy farming. It uses specific sensors to collect and store physiological data
indicating health and productivity status. The second symposium on "Automation in
Dairying" provided important contributions to this (Anonymous, 1983).
The automatic recording of body temperature from continuous measurements of milk
temperature or the recording of milk quality from measurements of its electrical
conductivity are important criteria for evaluating the general health of dairy cows
(Schlünsenetal., 1987).
Metabolic disorders are indicated by an immediate reduction of roughage intake
followed by a significant and measurable loss of body weight. The electrical conductivity of the milk changes after a certain time-log in this case.
The milk temperature and the activity record are positive factors for oestrus detection, coupled with milk conductivity as a rejection factor. An oestrus evaluation system
based on these measurements was developed by Maatje et al. (1983) and is now used
in dairy farming.

Current state of art of milking technology
The mechanization of the milking process is a key issue in dairy production. In
addition to labour conditions and milk quality, it significantly affects animal yield and
health. Thus, development work has to match mechanics with complex, very sensitive
physiological reactions. Intelligent, computer-based control might help to reduce
shortcomings. On the other hand, over 50 years of more or less intensive development
have not yet led to really adequate man-operated procedures.
Partial automation of milking
In the 1960s, the need to minimize labour input and workload made high throughput
rates a priority. In the meantime, however, we face increasing demands based on
ethology, environmental compatibility, product quality and economics which often
counteract traditional means of rationalization by omitting work elements.
Udder Stimulation. The access of the milking machine is limited to the small quantity of cisternal milk, and continuous supply from the alveolar region can only be
gained by cooperation of the cow. Physiologists agree that hormonal reactions of milk
ejection and the rate of udder pressure increase require about 1 min pre-stimulation at
two milMngs per day (Bruckmaier et al., 1992). Thus, both for an optimal milk
release with a bimodality rate of no more than 5% for the herd and to minimize time
required for routine work an adequate general mechanization of milking is required.
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The time-controlled positive pressure system was the first to stimulate via its moving liners, but the load it exerts on the teat is no longer compatible with today's
conception of animal treatment. A flow-controlled technique appeared some years later
but has to be considered as a stimulation aid because it does not allow proper prestimulation time (Figure 4; Göft & Dethlefsen, 1992). At present, the vibration system
is the only cluster technology to match skilled manual udder preparation on a herd
basis (Karch, 1990). For various reasons recent "stimo"-pulsators from different
companies have not yet reached the necessary performance (Worstorff & Prediger,
1992).
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stimulation routine
Figure 4. Bimodalityandstimulationroutine (n=2116).
Main milking phase. The main milking phase must start immediately after successful pre-stimulation and support the established milkability (including muscle tone
relaxation) by a gentle machine action. More work is needed on type and stability of
vacuum application and liners in order to counteract teat tissue reactions like swelling
and hyperkeratosis as well as existing cell count problems.
Overmilking. On average, overmilking for 2 min with a variation of 0-10 min
between cows seems to be quite common (Worstorff et al., 1992). Even flowcontrolled machines tend to exceed the 200 g/min threshold by 1min and more for the
whole udder, which implies a higher deviation for individual quarters (indicatorinduced overmilking). In order to limit milking time and related tissue load, flowcontrolled pulsators should switch to steady release at 400 g/min if followed by
machine stripping. Indicators should generally not create vacuum losses.
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Udder evacuation and automatic cluster removal. At two milkings/day, about
400 g of available milk (0-2 kg) will stay in the udder if not gained by machine
stripping, and this will affect lactation yield and probably udder health (Ebendorff et
al., 1989). Automatic stripping devices have been developed and can likewise improve
cluster position. Thus, teat cup removal should primarily be installed in addition to
automatic stripping.
Flow controlled main milking phase
In milking machine research complete, gentle and fast milk removal must also be
the target of flow controlled approaches. Present designs, however, shorten the release
phase at higher flow rates and act contrary to information from milk flow profiles
within pulsation cycles (Schmidt, 1986). Generally, milking parameter control has to
be improved if the main milk flow is to be followed closely by vacuum application.
Nevertheless, even recent efforts to improve milkability by flow control seem to offer
limited return relative to basic solutions such as vibration stimulation and automatic
stripping.
Relation to breeding objectives
Research and development of milking technology should always be related to genetic
progress. At present, flow rates and flow distribution -as defined by milk flow
profiles- need discussion: If a rate of 3 - 4.5 kg/min (Grindal & Hillerton, 1991)
could be sustained for a few minutes, high yields could be milked fast and with
reduced teat stress by relatively simple handy machines. Extreme peak rates, on the
other hand, tend to increase mastitis prevalence, have only limited influence on
milking time and demand cluster designs beyond reasonable requirements.

Automation ofmilking
The last step towards the full computer-based control of dairy farming, namely the
automatic cluster attachment to the udder has not been completed yet, but technical
solutions for all other equipment or process elements have been proposed (Figure 5).
Recent developments in sensor and computer technology including robotics have
removed at least the technical barriers for the completion of this final step (Rossing &
Ipema, 1988).
The process element "cluster attachment" can be divided into two parts:
1.localizing the teats
2. cluster handling and positioning.
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prepare udder
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Figure 5. Time requirementfor milking (4x4 auto tandemparlour).

Localizing the teats
A two-stage sensing process has been found feasible for localizing the teat positions
(Artmann, 1990):
'
• the approximate position of the udder is determined in the first step (udder position);
• theprecise position of each teat is determined in the second step (teat position).

contour of Ihe udder
ultra sonic array

vision syslem

/A \
teat position |
triangulation
light grid array

ultra sonic

vision system

^ - , ,

Figure 6. Sensoricformeasuring the teat location.
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The udder position can be derived from the position of the cow in the milking stand
(Figure 6). Simple and cheap systems employing mechanical or electronic location
sensors can be used with advantage. More precise results are obtained if the udder
contours are measured directly with contact sensors or mapped from ultrasound and
video co-ordinates determined by a microprocessor.
The following methods have been used to localize teats:
• optical sensors and emitters, which can signal the entry of a teat into their beams of
alignment;
• ultrasound sensors, which allow the computer evaluation of teat positions from their
reflection sectors;
• video cameras, which allow computer evaluation of the teat positions from image
co-ordinates.
The last two methods employ triangulation procedures, which in the case of method 3
are still too slow to meet control timing requirements.
Cluster attachment
Cluster attachment can be achieved in different ways (Figure 7). If cluster and
robotic elements are from separate units, then one robot can serve several milking
stands. If both elements are combined in one unit, then each milking stand requires an
independent system.
robot ond milking technique

single
]cups

| end-etlector |

^

^

\

one cup [

| single leot cups]

Figure 7.Assemblage ofanautomaticmilking system.
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Animal position
Most cows are milked from a side position in conventional milking stands. Adjacent
stands are laid out for milking from the rear of the cow. For fully automated milking
the equipment access could be provided from the floor of the stand. These different
forms of milking stands are illustrated in Figure 8. Most parlour developments favour
the tandem stands. For medium size herds they are combined with an automated
concentrate dispenser, whose "self service" feature attracts the animals to enter the
milking stand without further technical support.
Pilot scale experiments with automated milking
Some firms and a number of research stations are currently conducting pilot-scale
experiments with automated milking under normal farming conditions. Interest is
mainly focused on the animals' reactions to automatic cluster attachment. The experimental results show that animal movements need to be monitored with special sensors
to trigger successful cluster attachment at a moment of statistically sound calmness.
Further technical and ethological investigations are/needed to bring the systems closer
to practical application. The technical feasibility of automatic cluster attachment has
been proved empirically (Schillingmann, 1992).

number
robots
per
^à
place
^

1

i

Figure 8.Arrangementofmilking stands androbot.
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Conclusions
Automation as an incentive for new forms of dairy farming
Computer-controlled systems with automated milking and concentrate dispensers for
animal "self-service" have proven their technical feasibility (Rabold, 1986). They
established a new concept with the following advantages for medium-size dairy operations:
1. Computer-based systems satisfy the desire of the dairy cows to move freely and to
form a herd. At the same time they allow the close monitoring of animal performance and related individual feed rationing. This is a new concept, which was not
available with the old tie-stall systems and their unnatural confinement.
2. Automated dairying improves labour conditions. Human observation and control are
still needed, but the input is not tied to a rigid daily schedule irrespective of normal
working periods. Labour loads, especially in family type dairy operations, can thus
be significantly reduced.
3. The physiological requirements and biorhythm of the dairy cows determine the
timing of feed consumption and milking, which improves animal 'comfort and
performance. Dairy production is no longer dependent on human work patterns,
which do not relate well to the animal needs.
The advantages listed above can be realized in the design of new dairying operations. The climate and space requirements of the animals can be accommodated to a
significantly greater degree since human labour can be minimized. Experiments have
shown that dairy cows prefer to rest on bedding even at low temperatures outdoors
rather than on a bare and cold floor in a barn. Thus a very simple structure providing
ample bedding and protection against wind, draughts and precipitation would suffice
the animals. The building does not need to be insulated.
Future designs will feature spacious barns and yards rather than the traditional
confined narrow housing. Computer-based control of the animals will form an integral
part of this more natural concept of dairying.
Economic consequences
Milking robots will affect the economic conditions of dairying in two ways:
• The milk yield of a herd will rise by 10 to 20% due to the more natural milking
frequency;
• Labour requirements can be significantly reduced by the automation of milking.
Figure 9 shows that labour requirements can be reduced by approximately twothirds by the introduction of the milking robot. Additionally the remaining work will
be easier and not bound to a rigid time schedule. These advantages, however, can only
be gained with significant capital expenditures, as shown in Figure 9. According to
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Doluschitz & Kugler, (1992) the capital requirement will rise from DEM 1600,
DEM/cow to DEM 6000, DEM/cow in smaller operations and from DEM 1050,
DEM/cow toDEM 2600, DEM/cow inalarger herd with 90cows.
The difference inproduction cost between conventional and robotized dairying is the
main criterion fortheir economic feasibility.
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Figure9. Labourand capitalrequirementfor conventional and automated milking (source:
Doluschitz etal., 1992).

The major cost factorsare:
• herd size;
• milk yield increase and;
• labour wages.
Figure 10shows theproduction cost perlitre milk for conventional andautomated
systems. Themodel calculations indicate that a 30-cow dairy farm canprofit from a
milking robot only when wages of labourers arevery high andthemilk price can be
raised by0.11 DEM/1.
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Figure 10. Total cost changes by automation of milking,expressed in litre milk (source:
Doluschitz, 1992).

Significant cost advantages can be gained by a 60-cow operation. Then even when
wages are low the production costs of conventional operations are not exceeded. These
estimates show that herd size should be adjusted to 60 cows and above for the
profitable utilization of a milking robot. Smaller operations can profit if labour costs
are excessive. It appears that the technical progress of the milking robot can thus be
fully exploited by family-run dairy farms.
Changes in farm structure
After the installation of a milking robot the production volume of family farms will
increase due to the improved labour productivity. An estimate by Isermeyer shows that
a dairy farm with a labour input of 1.5 man years for 60 cows can increase the herd
size to 100 cows. This will require the acquisition of an additional milk quota (Figure
11). Under these conditions the larger herd will yield a significantly higher profit
(income) even at quota prices of 0.20 DEM/1. This expansion would not be possible
without the milking robot.
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Figure 11. Economiefeasibility ofextendingproduction indairying (source: Isermeyer, 1990).
The options for operational expansion are limited in the EC (Figure 12), where the
average herd size is 19cows per farm. This means that 43% of all dairy cows are kept
in herds of 30 cows or less. Only 10% of the cows are in herds of more than 100
cows. Farm sizes vary greatly among the EC states: in former West Germany 62% of
the dairy cows are on small farms and only 1% on large farms, whereas in the United
Kingdom approximately 50% of all cows are kept on large farms.
•

< 30 cows

D
(West)

NL

O > 50 cows

GB

F

I

Percentage of dairy cows per herd size

Figure 12.Dairyfarm classification intheEC.
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Resume
Computer-based production control and the milking robot will induce fundamental
changes in dairy farming. Labour productivity and workload on family farms will be
significantly improved. Computer-based controls will allow simple, more natural forms
of dairy husbandry satisfying the new regulations for animal and environmental protection. Automation will accelerate adjustment of farm sizes all over Europe, but will not
necessarily lead to large industrialized dairy production. Rather it can be expected that
dairy farms will generally expand to a size that will sustain a secure and adequate
income to the employed members of family-owned operations.
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Summary
The automatic system consists of a robot, a milking-box and an upgraded personal
computer as master computer. The robot has been constructed from components used
for industrial robots and has three linear axles and one rotatory axle, all driven by
asynchronous motors with integrated encoders in a four-quarter-positioning mode. The
gripper, milking-box, sensor technology and electronics, including software, were
developed in our institute. So far, the system has been tested in two trials with cows.
At last, 94% of the teat cups were successfully attached. No difference in animal
behaviour compared to manual milking could be observed. However, an unacceptable
amount of time was spent on attaching teat cups. In order to reduce the time investment, a multiple cup gripper was tested and the sensor technique was improved.
Keywords: Automated milking, milking robot, teat localization, ultrasonic sensor,
vision system.

Introduction
Because of milk quotas, the high degree of working stress and daily barn duties
which are time-intensive and must be performed at specific times, dairy farmers need
to use existing production reserves and to invest in automation. The development of
automatic milking systems serves both objects. Such systems can improve profitability
of milking production (Doluschitz & Kugler, 1992; Isermeyer, 1991; Langbehn &
Wahlers, 1990; Parsons, 1988) and working expenditure as well as reducing or removing the time obligation.
Late in 1987, the Institute of Production Engineering decided to contribute to the
development of automatic milking systems. Since no product suitable for this applica-
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tion could be bought at the time, it was decided to develop the system in-house; this
has the advantage of giving great flexibility during application trials.
Project concept, stage of technical development, experience with the system to date
and ongoing further development are presented in this paper.

Concept
For the concept of an automatic milking system (Artmann, 1991) it was assumed that
cows are kept in cubicle houses. A clever arrangement of the different functional areas
(lying, eating, watering, milking) will ensure that the cows visit an automatic
milking-place several times a day.
To a large extent, this can be achieved by feeding concentrate. Practical experience
with automatic concentrate feeders shows, however, that this measure is not sufficient
to ensure that every lactating cow voluntarily visits the milking-place twice a day. So
it is necessary to get the animals to move from the lying area along the milking-places
or through them, respectively, to the fodder, if necessary to the drinking trough and
from there back to the lying area, by a rearranging the functional areas. The use of
water intake as a controlling instrument must bé tested most exactly since a resulting
depression of yield cannot be excluded.

t* milking boxes
robot ~—"

control
room [~~
-"

tr

^

Figure 1. Computer controlled cubicle housefor dairy cows.
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Using the foregoing considerations the layout of a cubcle house was designed (Figure
1). On the way to their fodder, the cows pass through a computerized device which
diverts them to the fodder, or to the milking-place, or to the collecting yard (problem
cows). The animals return to the lying area after having eaten. The arrangement of the
cubcle house interior as shown here also permits the integration of an automatic
driving-aid, should this be necessary.

Stage of technical development
Figure 2 shows the present layout of the automatic milking system (Artmann &
Schillingmann, 1989) in a loose housing system at our experimental station. Figure 3
shows top and side views of the technique used.

robot
deep litter housing

_Ä

milking
_ box
inlet—

roughage

outlet--J7J_
''concentrates-box
controller

animal area

technique area

Figure 2.Location ofmilking robot inloose housing system.
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side-view

deep litter

Figure 3.Designoftheautomaticmilkingsystem.

The robot to attach the teat cups was built from standard components (Figure 4).
Three axles consist of extruded aluminium shapes whose carriages are moved by gear
belts and asynchronously controlled induction motors. The driving mechanism allows a
four-quadrant-operation in Cartesian space. An additional turning gear permits rotation
on the z-axle.
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Figure 4. Schematized robotand working area.

The milking-box corresponds to a raised auto-tandembox with entry and exit doors
on the sides. To it we added feeding equipment for two types of concentrate and the
necessary milking technique, plus a job computer controlling all processes at the
milking-box and communicating with the master computer. The box had to be raised
because all the milking equipment had been installed underneath (Figure 5). First the
tubes got entangled and jammed while the teat cups were being retracted, so the
removal device was transfered to the top of the milking box.
The milking technique applied includes a sensor technique to record milk quantity,
temperature, conductivity and vacuum level and to separate deviant milk. The vacuum
sensors serve both as attaching control and as a signalling system if the teat cups fall
off.
We are testing two alternative sensor technique systems to recognize the position of
the teats (Artmann et al., 1991).
The ultrasonic system consists of up to 8 ultrasonic sensors. The procedure to
recognize the position of the teats is as follows: One by one sensors the emit a sound
impulse in the course of which all sensors act as receivers. Up to 3 echoes per sensor
are measured and evaluated.
The second sensor technique is based on a vision system. It consists of CCD camera, laser diode with collimater, vision processing card and the PC already mentioned.
First of all, a picture is taken under natural light conditions via the CCD camera, then
the laser diode is switched on, so that a light line is projected on the udder at the
height of the teats. Then a second picture with subsequent picture subtraction is taken.
The binary picture is evaluated by the software and the position of the teats is calculated.
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vacuum cylinder
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Figure 5. Attach/detach unitforteat cups.

Resultswiththesystem
Mechanically and electronically of the milking system works satisfactorily. With the
robot a repetition accuracy of ± 1 mm is achieved, which is sufficient for the purpose
of this application. The stick-slipeffect of the linear sliding axles and the loose working
in the reducing gears inserted between motor and gear belt drive, at low speed, are
unsatisfactory. A solution without gears would improve accuracy. Sporadic problems
occur with regard to the axle control. We assume they are due to time problems of the
purchase axle control cards. So far we have not been able to localize the error, since it
does not occur systematically and the software is stored on the card.
So far, only the ultrasonic sensor technique has been tested in animal experiments.
We remain under the measurement accuracy of ± 1 mm stated by the manufacturer.
The range of the repetition accuracy is around 0.2 mm. It has become became apparent that the temperature sensor measuring air temperature, and thereby the velocity of
sound, reacts too slowly. Hence, a reference distance (inclined plane to z-axle) is
measured and used for calculating the velocity of sound.
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In the experimental results presented, first the approximate position of the teats was
registered and in a second step one teat was aimed at and followed with the help of
sensors. For this procedure two sensors were used; Their sound lobes crossed over the
opening of the teat cup to be attached, Figure 6.
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Figure6. Accuracy of measuredposition obtained withtwo ultrasonic sensors(object: round
iron0 25 mm)

The robot is directed on the basis of the calculated deviations between teat and cup
centre. At present, the sensors can redirect the robot up to the relative velocity of 181
mm/s. The most important results obtained in practical application are to do with
success of attaching teat cups, animal behaviour, influence on quantity and changes in
milk quality, respectively (Schillingmann, 1991 & 1992).
As shown in Figure 7, the success rate of attaching the teat cups could be raised
from 70% at the end of the first experiment to 94%, the mean value of the second
trail, thanks to an improved search program. It is completely unsatisfactory that on
average, 7.2 minutes per cow are necessary for the attaching. The use of the one cup
gripper is one of the main causes for this slowness. Four drives from the cup magazine to the udder and back are required, during which the position data of the teats are
lost every time and consequently have to be redetermined.
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Figure 7. Success rate of attachment of the teat cups. '
Figure 8 classifies the motion behaviour of the cows during attaching and milking, in
lengthwise (x) and crosswise (y) direction to the longitudinal axis of the animal.
Astonishingly, the cows are calmer during milking by the robot than during milking by
hand. Subjectively assessed, no differences could be observed.
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Figure 8. Behaviour of the cows during attaching andmilking
30

Compared with milking without a robot, no changes in milk quantity and temperature and only minor changes in electrical conductivity could be observed.

Further developments
As mentioned earlier, the time required to attach the teat cups is completely unsatisfactory. A major reason for this is the considerable time required for the drives to get
the cups.
Attaching a single gripper as fast as possible (teach-in) takes about 100 s, sensorguided attaching takes 260 s and attaching to the real animal takes on average up to 7
minutes. Gripper variants able to take up all cups at once and to hand them over
sequentially have been developed in our institute (Schillingmann & Artmann, 1991). At
present, the technique presented in Figure 9 below is being tried out. The process of
attaching is as follows. The teat cups hanging in the cup magazine are pulled in the
gripper.
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Figure 9. Grippers developedfor allteat cups.

While driving down, the robot rotates the gripper 180 degrees and drives in a
favourable position under the cow. In doing so first the position of the teats is determined and then all 4 cups are sequentially attached. The cup to be attached is released
by the turning of the gripper head. While driving to the next teat the released cup is
replaced by the next cup which is pushed by a pneumatic conveyor belt.
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