
CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 1 

 

XVIIth World Congress of the International Commission  
of Agricultural and Biosystems Engineering (CIGR) 

Hosted by the Canadian Society for Bioengineering (CSBE/SCGAB) 
Québec City, Canada   June 13-17, 2010  

USING THE CUELA SYSTEM TO STUDY WORKLOAD IN AGRICULTURE 
 

MAREN KAUKE1, INGO HERMANNS2, ULRIKE HOEHNE-HÜCKSTÄDT2, ROLF 
ELLEGAST2, MATTHIAS SCHICK

 
1 

1 Agroscope Reckenholz-Tänikon Research Station ART, Tänikon, CH-8356 Ettenhausen, Switzerland, 
maren.kauke@art.admin.ch 
2

 

 Institute for Occupational Safety and Health of the German Social Accident Insurance (IFA), Alte 
Heerstrasse 111, D-53757 Sankt Augustin, Germany. 

CSBE100950 – Presented at Section V: Management, Ergonomics and Systems 
Engineering Conference 
 
ABSTRACT Although work-related musculoskeletal disorders occur with above-average 
frequency in dairy farmers in particular, little is known about the effects of different 
milking systems or of the equipment of modern milking parlours on the physical loads 
experienced by the milker. The aim of the investigations is therefore the qualitative and 
quantitative recording of the loads arising in the milking parlour, in order to deduce from 
these optimisation strategies for the design of the milking parlour as well as for the 
milker’s approach to work. These optimisation strategies in turn form the basis for 
preventing long-term damage to health. To determine load, we used the person-specific 
CUELA system, which records body movements and ground reaction forces by means of 
mechanical-electronic sensors. The feasibility study presented here served to examine the 
suitability of the CUELA system for agricultural measurements under practical 
conditions. Four male test persons were studied during two milking periods each in the 
auto-tandem and herringbone milking parlours. Based on these measurements, disturbing 
influences and resultant measuring errors were determined, quantified and further 
reduced by modifying the system. In total, 98 % of the data was used for further analyses. 
The validated data permits us to make initial statements on the effects of the milking 
method and of the individual approach of the various milkers on their posture, and hence 
on load. In addition, these data form the planning basis for further studies on workload 
during milking. 
 
Keywords: workload, agriculture, milking, milking parlour, method validation, CUELA 
system.  
 
INTRODUCTION Work-related musculoskeletal disorders occur with above-average 
frequency in dairy farming (Lundqvist, 1988; Pinzke, 1999; Stål, 1999); according to 
surveys of Swedish dairy farmers, 83 % of men and 90 % of women are affected 
(Pinzke, 2003). 

The structural development of agriculture is leading to a growth in farm size, and 
consequently to increasing mechanisation and automation. Although this makes work 
easier, it also leads to monotonous, frequently repeated work sequences. Stål (1999) 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 2 

investigated this aspect using the example of the work process of milking, and noted that 
the lopsided, repetitive activities in the milking parlour frequently led to health problems 
in the forearm and wrist area, particularly in female workers. Furthermore, studies on 
workload in the milking parlour show that high static loads in combination with extreme 
body postures occur particularly during cleaning of the udder and attachment of the 
milking cluster (Pinzke et al., 2001). In addition, the speed of work is extremely high, and 
both postures providing relief as well as breaks are very rare (Stål et al., 2003). So far, 
little is known about the effect of type of milking parlour on this state of affairs. 

Within the framework of the ‘Farm Workload’ project, we examine the milking-parlour 
workplace, qualitatively and quantitatively recording the loads that arise. Our aim is to 
derive optimisation strategies for the ergonomic design of the milking parlour based on 
the results, thereby preventing long-term damage to health. 

Answering these questions requires a method enabling a detailed and objective recording 
of body posture under practical conditions. Although a wide array of methods for 
conducting body-posture and load studies are already known from both industry and 
agriculture, the direct-observation methods used to date in agricultural practice are poorly 
suited for the detailed recording of body posture. Owing to their increased technical 
input, modern measuring techniques are frequently unsuitable, or suitable only to a 
limited extent, for use on working farms, and are thus primarily used under standardised 
conditions in the laboratory. 

To date, workload on farms has been recorded within the framework of ART projects 
(e.g. Riegel and Schick, 2003) using the direct-observation method OWAS (Ovako 
Working Posture Analysing System, Karhu et al., 1977, Stoffert, 1985), since it allows 
for the simple and rapid identification of body postures that are harmful to health 
(Pinzke, 1997). However, the OWAS method is unsuitable for the planned analysis of 
workload in milking, since it does not depict arm and hand posture in sufficient detail. 
This means that in particular, the relevant loads on the upper limbs in different milking 
systems cannot be assessed and compared with one another. In addition, this method is 
naturally subject to the subjective influence of the observer. Even when there are 
videorecordings for detailed analysis, hand-arm movements often appear too complex to 
be documented correctly and continuously over the working time through simple 
observation.  

In the attempt to discover an objective method for analysing physical load during 
milking, the CUELA system (an acronym formed from the German equivalent of 
‘Computer-supported recording and long-term analysis of movements of the 
musculoskeletal system’; Ellegast, 1998; Hoehne-Hückstädt et al., 2007) was identified 
via extensive literature research (Kauke and Schick, 2007) as a possible means of 
measurement. Developed at the Institute for Occupational Safety and Health (IFA) in 
Germany, this method has already been used in numerous studies on workload in 
industrial workplaces (e.g. Ellegast and Hermanns, 2006; Hoehne-Hückstädt et al. 2007). 
To date, however, it had never been used on farms. 

In order to examine the possible uses of the CUELA system in the farming sphere, 
particularly in the ergonomic analysis of the work process of milking, and to obtain, if 
applicable, initial findings on the problem of ‘Workload in modern milking parlours’, a 
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feasibility study was commissioned by the German Federation of Agricultural 
Professional Associations. 

MATERIALS AND METHODS 

The CUELA System CUELA is a mechanical-electronic system enabling the continuous 
recording and analysis of physical load factors such as body and joint movement 
sequences, working postures and moved masses (Ellegast, 1998; Hoehne-Hückstädt et 
al., 2007; Ellegast et al., 2009). With the aid of mechanical components, test persons are 
fitted with different sorts of sensors (potentiometers, gyroscopes, inclinometers, 
accelerometers) as well as a memory unit allowing movements (= degrees of freedom) of 
the upper limbs, spine and lower limbs to be measured in high resolution (sampling 
rate: 50 Hz). Whereas only the angles in the sagittal plane are measured in the case of the 
lower limbs, the shoulder/arm system includes all the degrees of freedom of the arm 
movements (Table 1). Ground reaction forces are determined by means of in-shoe 
pressure sensors. In addition, the measurement is recorded on video. 

Table 1. Summary of the degrees of freedom of joints/body parts and of measured 
movements 

Joint/Body Part Movements Positive/Negative Values 

Head Inclination 
Side inclination 

+ forwards / - backwards 
+ to the right side / - to the left side 

Cervical vertebrae Flexion / extension + forwards / - backwards 
Thoracic and lumbar 
spine (separate) 

Inclination 
Side inclination 

+ forwards / - backwards 
+ to the right side / - to the left side 

Torso 
Flexion / Extension 
Lateral flexion 
Torsion 

+ forwards / - backwards 
+ to the right side / - to the left side 
+ to the right side / - to the left side 

Hip joint Flexion / Extension + forwards / - backwards 

Knee joint Flexion / Extension + forwards / - backwards 

Shoulder blade  Depression / Elevation, 
Anterior / Posterior 

+ down / - up 
+ forwards / - backwards 

Shoulder joint 
Adduction / Abduction 
Flexion / Extension 
Inner / Outer rotation 

+ towards the body / - to the side 
+ forwards / - backwards 
+ inner rotation / - outer rotation 

Elbow joint Flexion / Extension + flexion / - extension 

Forearm Pronation / Supination + inwards / - outwards 

Wrist Radial- / Ulnar duction 
Flexion / Extension 

+ inwards / - outwards 
+ flexion / - extension 

 

The analysis is computer-supported by the software associated with CUELA, known as 
WIDAAN (an acronym formed by the initial two letters of the German words for Angle-
Data-Analysis). Among other things, this software enables static postures to be 
determined, angular velocities and selected forces to be calculated, and various statistical 
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analyses to be compiled. In addition, and by means of motion-picture reconstruction, the 
software enables the display of a three-dimensional computer figure, the display of a 
freely selectable combination of the measuring data as time-dependent graphs, and 
parallel to this, the display of the video image (Figure 1). 

 

Figure 1. Detail of picture: Illustration of the measurement via WIDAAN. 

Moreover, measurement intervals in the angle diagram can be highlighted according to 
activity, work cycle or other criteria. An automated assessment of the degree of loading 
can be performed according to the OWAS method (Karhu et al., 1977; Stoffert, 1985), 
and of the degrees of freedom of individual regions of the body or upper-limb joints, with 
reference to the standards or the work-economics literature (Drury, 1987; EN 1005-1; 
EN 1005-4; ISO 11226; McAtamney and Corlett, 1993). 

Using WIDAAN, for each degree of freedom the corresponding frequency distributions 
(5th, 25th, 50th, 75th and 95th percentile) can be determined and depicted in a boxplot 
diagram. The characteristic frequency distributions as well as the respective standard 
deviations were calculated for each test person, milking system and work interval. 

Experimental Design The feasibility study was conducted in Achselschwang, an 
experimental station of the Bavarian State Research Centre for Agriculture, in whose 
milking barn two different types of milking parlours were to be found: 
• Herringbone milking parlour (HMP) 2x8 (Biomilker; positioning aid) 
• Auto-tandem milking parlour (ATD) 2x3 (Biomilker; positioning aid) 
Four male test persons (P) of different ages, heights and stature were examined during 
one milking time in the morning and evening each (Table 2). All test persons were 
experienced milkers who milked in at least one of the milking-parlour types on a regular 
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basis. Eight cows were milked per measurement in the HMP on each side, and about 4-6 
cows were milked per side in the ATD. 

Table 2. Summary of the test persons’ traits. 

  Sex Age Height 
[cm] 

Weight 
[kg] Handedness Usual Milking System 

P1 Male 46 168 72 Left-handed HMP (conventional) 

P2 Male 61 167 89 Right-handed ATD (conventional) 

P3 Male 44 187 89 Right-handed HMP (Biomilker) 

P4 Male 33 179 91 Ambidextrous ATD (conventional) 
 

Five milking routines were defined as so-called ‘work intervals’ (Table 3) and 
highlighted accordingly following measurement in WIDAAN. This allows us to conduct 
comparative analyses for each milking system and work interval. 

Table 3. Description of the work interval 

Work Interval Description 

Pre-milking Approaching the animal, milking 2-3 jets of milk from each 
quarter into the strip cup 

Cleaning udder Teats and base of udder are cleaned with a damp cloth 

Attaching milking 
cluster The cluster is taken hold of, attached and adjusted 

Dipping Test grip of udder, then dipping the teats in the dip cup 

Waiting / Ancillary 
activities All other activities as well as waiting times 

 

Evaluation An initial review of the collected data took place within the framework of the 
highlighting of the work intervals in WIDAAN. Errors arising were identified and 
rectified, or excluded from further analyses; in addition, potential sources of error were 
identified on the basis of the videorecordings. 

Using WIDAAN, comparative box plots were created for the various work intervals in 
both milking parlours from the measurement data of individual body and joint angles. 
The box plot, which describes the characteristic percentiles (5th, 25th, 50th 75th and 95th 
percentile) of the distribution, thus conveys an impression as to the range in which the 
data lie and how they are distributed. The measurement data were checked for plausibility 
on the basis of the box plots. Apart from the assessment of the body- and joint angle, it 
was also borne in mind whether the body posture was static or dynamic. Furthermore, the 
potential influencing factors of test persons’ trait, measurement (evening/morning), 
milking parlour type and milking parlour side were assessed. 
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Additionally, after the measurements there was a subjective evaluation by the test persons 
within the framework of a standardised interview. 

RESULTS AND DISCUSSION All four test persons rated the CUELA system as 
practical and none felt that it had an adverse effect on their milking work. The shoulder 
sensors occasionally came into contact with the milking-parlour structure, but according 
to the test persons this did not hamper them in their work. This is also reflected in the 
quality of the data gleaned, 98 % of which it was possible to feed into a further analysis 
after the initial review. Although errors occurred occasionally in the course of the 
measurements, some of them were reversible; thanks to the combination of 3D computer 
figure, videosynchronisation and angle graphs, differences arising e.g. from a change in 
the position of the sensor on clothing can be recalibrated. Figure 2 provides an overview 
of the affected sensors or groups of sensors as well as the relative percentages of errors 
over total time, averaged across all test persons and measurements. 
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Figure 2. Relative percentage of correctable and non-correctable errors (with standard 
deviations) over total time, averaged across all test persons and measurements. 
(Abbreviations: SJ = Shoulder Joint, Ir = Inner rotation, Rd = Radial duction) 

Faults in the area of the shoulder sensors were primarily caused by the contact with the 
milking-parlour structure. Flexion/extension and adduction/abduction movements were 
those mainly affected. This measuring error occurred especially often with Test Person 4, 
whose shoulder-movement sensors were exactly at the height of the milking-parlour 
structure on account of his height of 179 cm. The IFA is currently re-engineering the 
attachment of the shoulder sensors, especially the protruding mechanical structure. 

Test person 2’s left hip-joint sensor required correction as it had slipped out of place. 

Faults in the wrist sensors were caused by extreme movements of the wrists leading to a 
loosening of the sensor attachment. The IFA has now optimised wrist-sensor attachment. 
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Faults in radial adduction of the wrist occurred solely in the case of Test Person 1, and 
were also brought about by a loosening of the sensors owing to extreme hand movements. 

Faults in the recording of left forearm pronation were largely reversible and affected Test 
Person 2 alone. The cause was presumed to be an extreme movement of the forearm or 
wrist leading to a jamming of the shaft. 

The visual analysis of the box plots with respect to the plausibility of the measured data 
revealed the adopted body postures and movements to be comprehensible. For the 
‘Attaching milk cluster’ work interval, however, the expected static position of the arm 
positioning the cluster under the udder whilst the teat cups are attached with the other 
hand was not verified by WIDAAN. The software only recognises postures as static when 
the movements are performed slowly and the angle values fluctuate by +/– 5 degrees. 
During the attachment process, however, elbow flexion and shoulder-joint flexion are 
influenced by the necessary accompanying movements of the torso. Consequently, there 
are fairly large fluctuations in angular value, and static postures are no longer recognised 
as such. 

Alternatively, static postures can be identified and quantified during measurement with 
the WIDAAN ‘Expert Marker’ analysis tool, by, for example, time intervals over 4 to 10 
seconds or longer during which unfavourable angular values occur being marked. Here, 
the definition of the unfavourable angular zone would be ‘right shoulder-joint 
flexion ≥ 50 degrees’, ‘right elbow flexion ≤ 50 degrees’, or ‘right shoulder -joint 
flexion ≥ 50 degrees and right elbow flexion ≤ 50 degrees’. The situations thus defined as 
static postures are marked as intervals and displayed, and may be made available for 
further analysis.  

Figure 3 shows, by way of example, the comparative box plots for Test Person 2, degree 
of freedom ‘radial duction of the left wrist’ during the activity ‘Attaching milking cluster 
in ATD right or left’ for measurements 1 and 2. In some cases there are differences 
between measurements 1 and 2 of the same test person. These differences may be down 
to the influence of evening or morning milking time, or to habituation to milking parlours 
which in some cases are unfamiliar or to the CUELA system itself. Considerable 
fluctuations may also occur within a measurement, however (e.g. Fig. 3, 
Attaching2_ATDleft). These may be attributable inter alia to the size of the cow, the 
shape of the udder, or the udder-floor distance. Furthermore, the detailed videoanalysis of 
the working methods of the four test persons showed that execution was subject to 
individual fluctuations from milking routine to milking routine. Movement sequences are 
never performed in exactly the same way, but vary in part. As already mentioned, this 
may be down to the different udder shapes or behaviour of the animals. There is also the 
possibility, however, that slight changes in the movement sequences are unconsciously 
employed to prevent strain from the repetitive activity. 
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Figure 3. Comparative box plots of the degree of freedom ‘Radial duction of the left 
wrist’ for Test Person 2 during ‘Attaching of milking cluster’ in the ATD, left or right 
side, during measurement 1 (attaching1) and 2 (attaching2). (Red = unfavourable body 
posture, yellow = dubious, green = favourable). 

In particular, the upper-limb movement data for the individual work intervals varied 
strongly among the four test persons, inter alia as a function of their handedness. 
Accordingly, Test Person 1 preferred working with his left hand, whilst Test Persons 2 
and 3 used their right hands predominantly. Test Person 4 changed hands frequently, 
especially when changing from the right to the left side of the milking parlour. With 
regard to the attaching of the milking cluster, it was at first assumed that all test persons 
would perform this activity in a very similar manner. In point of fact, with Test Person 1, 
it was always the right hand that held the cluster, whilst Test Person 3 always held the 
milking cluster in the left hand. Test Person 4 worked with either the right or left hand, 
depending on which side of the milking parlour he was on. Test Person 2 changed grip 
during attachment, holding the cluster first with one hand, then with the other. The highly 
individual way in which the activities were performed makes a comparison between the 
milking parlours, milking systems and milking-parlour sides very difficult. 

CONCLUSION AND FUTURE PROSPECTS All in all, the results of the feasibility 
study argue for the practical suitability of the CUELA system and the consequently 
objective assessment of workload during milking. Although the odd fault occurred during 
data collection, the causes were identified and remedied. The results thus far achieved 
make plain the benefit and applicability of the CUELA system for the objective 
measurement and assessment of workload in the milking parlour. At the same time, 
however, it has become clear that the experimental design must be correspondingly 
adapted or expanded for data collection under practical conditions, since the trial 
conditions cannot be applied in as standardised a manner as in the laboratory. 

Thus, in any further studies for the assessment of the workload of the milker as a function 
of milking-parlour design, in addition to the characteristics of the milking parlour, the 
influencing variables of the cow (size, udder shape, distance between teats, udder-floor 
distance) will also be taken into consideration. Furthermore, a distinction will no longer 
be drawn as to whether the test persons work in a right- or left-handed fashion, but rather 
as to which hand they use to perform the activity in question.  
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Studying workload when milking under practical conditions with CUELA and a 
sufficiently large group of test subjects in combination with the extensive recording and 
analysis of influencing variables permits us to make detailed qualitative and quantitative 
statements on the workload of the milker in the milking parlour. Ultimately, these 
findings enable us to formulate milking-parlour design optimisation strategies that 
prevent long-term health damage. 
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