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R.M. de Mof, P.H.F.M. Verhoeven P.H. Hogewerfand A.H. Ipem&

! Wageningen UR Livestock Research, P.O. Box 65, 8200 AB Lelystad, The Netherlands

2 Eindhoven University of Technology, P.O. Box 513, 5600 MB Eindhoven, The Netherlands
rudi.demol@wur.nl

Abstract

Acceleration sensors in a Wireless Sensor NetwMiSN) were used to monitor the
behaviour of dairy cows. The data processing frol &cceleration into behaviour
classification (lying, standing or walking) was bdson a two-steps method: first the
distinction between lying and standing/walking wassed on the computed average values
during standing and the calculated distance froendtiual values and the standing average.
Secondly the distinction between standing and wglkivas based on the variance in 10
successive measurements. With this method bothode-mata processing and state-based
triggering are possible. This classification wastdéd during one day with three cows were
video recordings were available as reference ddta.calculated behaviour corresponds highly
with the observed behaviour, the distinction betwbgng and standing/walking is the same
during 99.15% of the time. 99.5% Of the observetking periods have a matching calculated
walking period (if measurements are available).
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Introduction

Monitoring the behaviour of dairy cows is of impante for different purposes. Changes in
daily activity are useful indicators of pain assded with lameness as lame cows are less active
(O'Callagharet al., 2003). Behaviour characteristics as total lyingetand lying synchrony are
possible indicators for the assessment of dairyscowlfare (Fregonesi & Leaver, 2001).
Occurrences of a disease can influence the behayiaurichonet al., 2000). Behaviour
monitoring can also be important to meet qualitgureements, e.g. to proof that milk
originates from cows in pasture.

Behaviour monitoring may be done by visual obséownat but this method is not practical

within the available time of the herdsman and therdasing herd sizes. The application of

accelerometers in Wireless Sensor Networks (WSNakesy it possible to automate the
monitoring of behaviour. Behaviour is classifiedlgag, standing or walking. Nodes attached
to legs of a cow can measure the acceleration and the data to a base station (possibly via
other cows). Important aspects for an efficientafS&/SNs are:

— on-node data processing: it is more efficient tocpss data on the node and transmit only
the aggregated data in the network as the datasféram the network is most energy-
consuming task;

— state-based triggering: process data only whenishiglevant, e.g. reduce the measuring
frequency when a cow is lying, as the energy usebsalowered when the frequency and
contents of the data processing tasks depend authent state.
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The objective of this paper is to describe a mettowdbehaviour classification in dairy cows

that is suitable for on-node data processing amdstiate-based triggering in a WSN, and to
describe the test results.

These results originate from the WASP project (BMissly Accessible Sensor Populations’,
www.wasp-project.org), where possible applicatioh8¥SNs have been investigated. One of
the two chosen scenarios in the WASP project vietection of health problems with focus

on claw health and locomotion' (De Mailal., 2007, Lokhorset al., 2008).

Material and methods

The acceleration data were collected at the exmgeriah farm "Waiboerhoeve" of Wageningen
UR in Lelystad (The Netherlands). A part of the iclds stall was fenced off and three
Holstein-Friesian cows were kept in that part dyrone day (Figure 1). Each cow was
equipped with two nodes: one at the right hindded one at the left hind leg (Table 1). The
acceleration was measured with 50 Hz in three dawes: X, Y and Z. Ten successive
acceleration measurements comprise one messag&odlks could transmit their messages to
four static nodes and one base node in an obsemvedom on the first floor of the stable
building. Video data were recorded with three casmefwith fixed position). The video
recordings were analysed with dedicated softwareldid Observer, www.noldus.com) to
record the true behaviour of the cows. The obsetvedaviour was compared with the
calculated behaviour based on the acceleration data

three cameras
height 1 en 2 from slats approx. 5 m
height 3: in feeding fence approx. 1 m from slats

_________________ four static nodes %X
1 one base node ¥

height of static nodes from slats approx. 5 m
height base node from slats approx. 6 m

16/17 § 14/15

2

water trough * ;

waiting room

milking parlour

Figure 1. Overview of the situation in the barn during the experimental period.
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Table 1. Cows and nodes involved in the experiment.

Nr CowID Characteristics Node at left hind leg da right hind leg
1 3246 Spotted cow marked with a X 105 106

3 3272 Black cow marked with a | 101 102

4 3830 Spotted cow marked with a O 103 104

The measured acceleration is used to calculatdehaviour, classified as lying, standing or
walking. This is done with a two-steps method:

First a distinction is made between lying and sitagiavalking. Therefore the accelerometers
were used as tilt sensors. If the cow is not acagie, the only influence is the gravity. This
influence will be zero when the sensor is perpandrcto the gravity; a changing value reflects
the turning of the sensor in the gravity field.idtpossible to calculate the angle when the
acceleration sensors are calibrated (adeiMol et al., 2009a), but here a method is used that
does not rely on calibration. The acceleration sef&s limited freedom when the cow is
standing (or walking). The range of measuremenssniall when the leg is vertical. The sensor
has a wider range when the cow is lying as theckag point in any direction then. It is
assumed that the variance of the acceleration sakiemall during standing and the actual
values are close to the average values. For angureraent a distinction can then be made
between lying and standing by calculating the Eligh distance with the average values. The
behaviour is classified as standing/walking whep tlistance is below a threshold; the
behaviour is lying when the distance is above asitwild. The value of this lying/standing
threshold depends on the measurement units ano basset in practical circumstances.
Secondly, when a cow is standing/walking the dcstom between standing and walking is
based on the fact that the sensor hardly movesglstanding. The behaviour is classified as
walking when the variance of ten successive measmts in one or more dimensions is
above a threshold and the behaviour is classifeedstanding otherwise. The value of the
standing/walking threshold also has to be chosen.

Results
Observed behaviour

Observations were done on 20 May 2010, startiry@@ hr in the morning and ended around
16.00 hr after milking. A still of the video is shio in Figure 2.
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Figure 2. Sill of the video recording from Camera 1 at 9:01 hr: the three cows in the right part of
the boxes are object of research: Cow 3272 is lying, Cow 3246 is standing in a cubicle and Cow
3820 is standing at the feeding fence.

The results of the analysis of the video recordiimgsy 10:00 hr till 11:00 hr with the Noldus
Observer software are depicted in Figure 3.

Time {-Himm:ss.DD)
[Elapsed] +0:00:00.000 +0:10:00.000 +0:20:00.000 +0:30:00.000 +0;40:00.000 +0:50:00.000 +1:00:00.000
Il Il Il Il 1

Observation10-11hr [i=  Cow behaviour group
Selection Result 1

Observation10-11hr |=  Cow behaviour group
Selection Result 1

observation10-11hr |5 Cow behaviour gioup
Selection Result 1 Lying
Event log002 Standing
Cow 3246 wlking

Figure 3. Visualization of the analysis of the video recordings between 10:00 and 11:00 hr of Cow
3830 (upper), 3272 (middle) and 2346 (lower); for each cow the white middie bar represents
standing, the higher bar represents lying and the lower outliers represent walking.

Calculated behaviour: lying and standing/walking

The measurements of six nodes have been usedcudatel the behaviour of the cows (Table

1). Acceleration was measured with a frequency®H3z, the average value per second was
used to calculate the behaviour. As an examplentbasured values in two dimensions of
Node 103 are given in Figure 4. Node 106 stoppedtioning after 10:10 hr. The system

crashed around 13:15 hr, therefore there is a bretile measurements around that time.

The average value of the acceleration when thewasvobserved standing was calculated for
each node. For example right lower graph in Figlirehows the measured acceleration per
second of Node 103 during standing, the averageesatiuring standing for the X, Y and Z

values were 1818, 2199 and 2468 respectively.
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All'Y and Z acceleration (per sec) of node 103
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Figure 4. All measured acceleration values for the Y and Z dimension of Node 103 (upper graph);
divided into measurements during lying (lower left graph) and during standing/walking (lower
right graph).

The calculated behaviour is standing when the Hiaeli distance with the average during

standing is less than a threshold, otherwise lyifige value of this threshold that has been
applied in this research is 300 (for all nodes).
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Comparison of calculated and observed behavioung lgnd standing/walking

There is a great similarity between the observeatl @lculated behaviour, as can be seen in

Figure 5, 6 and 7. Some small deviations occur when

- there are outliers in the calculated behaviour whre behaviour is deviating during
1 second; these outliers could be filtered outlgasi

Observed behaviour cow 3246

standing/walking

T T T T T T
9 10 1 12 13 14 15 16

Calculated behaviour node 105

standing/walking

N A

T T T T T T
9 10 1 12 13 14 15 16

Calculated behaviour node 106

standing/walking

Jo o

T T T T T T
9 10 1 12 13 14 15 16

Figure 5. Comparison of observed behaviour of Cow 3246 (upper graph), calculated behaviour of
Node 105 attached to the left hind leg of Cow 3246 (middle graph) and calculated behaviour of
Node 106 attached to the right hind leg of Cow 3246 (lower graph).

- there are deviations around the moment of behavobiange, the observed moment of
change is a few seconds earlier or later thandlmilated moment;

— there are no accelerations measurements availakbfleeomoment of behaviour change (e.qg.
Cow 3830 around 10:40 hr).

Major deviations occur when the sensor is not waykproperly, e.g. the results of Node 106

after 10:10 hr are unreliable; this node did naoiction any more after 10:10 hr. The results of

the comparison of the observed and calculated lha&imaare given in Table 2. From these

results, it can be concluded that the calculatéthbieur is the same as the observed behaviour

in 99.15% of the time. The results of Node 106rareused in this overall result.
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Observed behaviour cow 3272

standing/walking

lying |

T T T T T T
9 10 11 12 13 14 15 16
Calculated behaviour node 101

standing/walking } } J

lying |

T T T T
9 10 1 12 13 14 15 16

Calculated behaviour node 102

standing/walking . e —
lying _| L _ J

T T T T
9 10 1 12 13 14 15 16

Figure 6. Comparison of observed behaviour of Cow 3272 (upper graph), calculated behaviour of
Node 101 attached to the left hind leg of Cow 3272 (middle graph) and calculated behaviour of
Node 102 attached to the right hind leg of Cow 3272 (lower graph).

Table 2. Comparison of observed and calculated lying and standing/walking behaviour (per
second) per cow/node.

Cow Node measurements calculated calculated = calculatedt similarity
behaviours observed observed

3246 105, left 22783 20121 19874 247 98.8%
106, right 8900 6140 5178 962 84.3%

3272 101, left 23047 17968 17870 98 99.5%
102, right 20578 17752 17620 132 99.3%

3830 103, left 20921 17550 17408 142 99.2%
104, right 22797 16976 16829 147 99.1%
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Observed behaviour cow 3830
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Figure 7. Comparison of observed behaviour of Cow 3830 (upper graph), calculated behaviour of
Node 103 attached to the left hind leg of Cow 3830 (middle graph) and calculated behaviour of
Node 104 attached to the right hind leg of Cow 3830 (lower graph).

Calculated behaviour: standing and walking

During standing/walking, the behaviour is subdidda standing and walking based on the
variance of ten successive measurements. The coalking when the variance is higher than
a threshold (in one or more dimensions), otherwtaading. In this research the applied value
for this threshold is 400. The values for standangl walking are averaged per second for the
further analysis. An example of the results is give Figure 8, where the observed and
calculated standing and walking behaviour of Cow@®8uring 10 minutes is depicted. The
walking values are only included in the analysisewlhe one-second average exceeds 0.5, that
is when walking is detected during a major patheftime.

In general, the observed walking intervals do n@riap with the calculated walking intervals
due to imperfect time synchronization. But it iStgleasy to match observed walking intervals
with calculated walking intervals by shifting thene line a bit.
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Observed behaviour cow 3830 at 14:10
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Figure 8. Comparison of observed standing and walking behaviour of Cow 3830 (first and third
graph), calculated behaviour of Node 103 attached to the left hind leg of Cow 3830 (second
graph) and calculated behaviour of Node 104 attached to the right hind leg of Cow 3830 (fourth
graph), all during a 10 minutes interval from 14:10 till 14:20 hrs. The calculated walking values
are averaged per second and a cross is added when the one-second average exceeds 0.5.

Comparison of calculated and observed behavioand#stg and walking

Results of the comparison of the observed and ledbmli standing and walking behaviour are
included in Table 3.

In total 151 walking periods have been observedhWie left-side nodes all walking periods
match with calculated moving periods if measuremeavailable (there are no measurements
available in 13 cases). With the right-side nodisbat one walking periods match (no
measurements in 26 cases), there is one non-mgtciaise for Node 104 attached to Cow
3830. So if measurements are available, 99.5% ef dhserved walking periods have
a matching calculated moving period.

There are a lot of moving periods that do not matth an observed walking period. Mostly
these are very short intervals. These probablyespond with leg movement during standing
(or during the process of lying down or standing. Umese non-matching periods may better be
classified as 'moving legs' instead of ‘walking'.
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The method used is suitable for on-node procesasgt needs only one message of ten
successive measurements. The results make cldathéhanethod can be used for state-based
triggering as moving behaviour is (almost) alwaggedted during walking (and also sometimes
during standing).

Table 3. Comparison of observed and calculated standing and walking behaviour (per second)
per cow/node.

Cow Node percentage of number of walking periods number of
moving time total with matching without calculated
during standing number calculated measure- moving periods
/walking walking periods ments not walking
3246 105, left 7.2% 26 19 7 349
1086, right 6.2% 8 18 138
3272 101, left 4.8% 44 40 4 230
102, right 4.8% 41 3 248
3830 103, left 3.0% 51 49 2 35
104, right 4.1% 45 5 66
Discussion

The calculated behaviour is the same as the olb&efeaviour during most of the time. Small
differences can be filtered out (if they last onlye second), have less influence (exact time of
behaviour change) or were caused by the off-lineutation method. During this experiment
the calculations were done off-line, the calculagiavill be done on node level during practical
implementation to reduce the effects of packet h&sng signal transmission and to reduce
the radio traffic (Lokhorsg¢t al., 2010).

During this experiment the observed behaviour wasa and has been used to calculate the
average value during standing. This is not possibleractical circumstances. But the average
value might as well be calculated during periodemkhe cow is known to be standing, e.g.
during milking or in the waiting room before millignTherefore this method is also applicable
when the observed behaviour is not known.

The nodes were attached to outer side of the hegd Ih practical circumstances, the node
might rotate around the leg (to the inner side)sThd not happen in this experiment and the
effects on behaviour classification are not knowet yhis should be studied. The effects will
be temporarily if the standing averages are updagdlarly (e.g. during each milking).

Defect sensors will give bad behaviour classifmagi (e.g. Node 106). It will not always be
clear when a sensor is defect. This might be sobsedetermining the trustworthiness of the
sensor data (Gometal., 2011).

When a cow is walking this can be recognized bydixecribed method to distinguish standing
from moving. This relation is one-way: moving isvalys detected during walking, but moving
does not imply walking as there can be other simiélg movements. So this method is suitable
for state-based triggering, moving detection carth@estarting point of locomotion analysis
(de Molet al., 2009b) as the cow may be walking then.

The time synchronization between the video recgsliand the acceleration recordings was
a practical problem in this research. Incorrectirignieads to false behaviour classifications
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around the moment of behaviour change. It also mak@ecessary to include a time shift to
match observed and calculated walking intervalsin§merfect time synchronization made it
more difficult to show the evidence of the methadgd, but it is no problem at all for the
practical application: the interval lengths arereor and the exact moment of walking is
irrelevant (but the number and length of walkingg#s can be relevant).

Conclusions

The proposed method for the behaviour classifioatizased on the distance between the
actual value and the computed average during stgndjives good results, the similarity
between observed and calculated behaviour is u®8%6. A clear distinction between lying
and standing/walking can be made. When the cowalkimg then moving is detected, but the
other way round is not always true: moving can disodetected during standing (e.g. leg
movements). Detection of moving is an effective hodtto initialize locomotion analysis. Bad
results can occur when the sensor is defect. Thethod is suitable for use in practical
applications of Wireless Sensor Networks as thénatktnakes on-node processing possible as
well as state-based triggering. For practical aapion there should be periods were the cow is
known to be standing (e.g. during milking).
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