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Detection of activity rhythm anomalies in relation
to pre-pathological conditions or stress

L

ike humans, diurnal animals are active during the day and rest at night. This rhythm is altered during
stress or illness. With the development of precision breeding, many sensors are available to monitor
the activity of the animals 24 hours a day. It remains difficult to determine when activity becomes
abnormal. We applied Machine Learning tools to positioning sensor data obtained from dairy cows. We
use the Fourier transform to model activity variations (resting, standing, eating, ...) during the day into a
sinusoid. We compare the sinusoids of two consecutive days: A too big difference generates an anomaly.
This method produces less than 20% false alarms. It can detect 90 to 100% of anomalies due to a health
problem, often one to two days before clinical signs are detected by caretakers. The method also makes it
possible to detect 60 to 70% of anomalies due to stress. Such a detection is likely to help farmers make
quick decisions: seek additional information to diagnose the problem, isolate the animal, or even treat it,
without waiting for the appearance of clinical disorders.

Like humans, diurnal animals are active during
the day and rest at night. This rhythm is altered
during stress or illness (often before the onset of
clinical signs). Identifying such disturbances
could help farmers look for additional signs to
identify the cause of the disorder, which are
essential to good herd management, and take
prompt corrective action (e.g., isolate the animal,
treat it).
Detecting disturbances in the activity rhythm
requires continuous observations.

Thanks to the development of Precision Livestock
Farming, sensors are now available to monitor
animal activity 24 hours a day. it is still difficult to
detect exactly when the rhythm begins to be
disturbed. Nicolas Wagner's thesis, co-funded by
the Phase Department and the Université
Clermont Auvergne, aimed to propose a method
to detect anomalies in activity rhythm in relation
to a state of illness, stress, or a reproduction event
(heat, calving).

Légend: Example of a 36-h series of cow activity modeled by a Fourier transform. Continuous line: activity level
calculated from the basic activities (weighted sum of time spent "resting", "standing" or "eating", without unit). Dotted
lines: Fourier transform of the first (in black) and last (in red) 24-h segments of this 36-h series. If the distance between
these 2 transforms is too important then we consider that there is an anomaly.

We used data from cow positioning sensors to estimate their activity (resting, standing, eating). We
weighted the different activities to estimate the level of activity of the cow during the different hours of the
day. We had 4 datasets from commercial or experimental farms, with a total of 120,000 cow xdays for
which we had access to records of all health and other events. We were looking for a method that could
classify the rhythm observed on a given day on a given cow as normal or not, the normal rhythm
corresponding to a day without a particular event and the abnormal rhythm on a day when the cow was
sick, disturbed (e.g. by a change of pen), in heat or calving.
Recent Machine Learning algorithms were tested before we developed the FBAT (Fourier-Based
Approximation with Thresholding) method, which is adapted to rhythmically changing time series. We used
the Fourier transform to model the activity variations during the day into a sinusoid. We compared the
sinusoids of two 24-hour series shifted by 12 hours: a too large difference generates an anomaly. This
method produced less than 20% false alarms. It made it possible to detect 90 to 100% of anomalies due to
a health problem or heat - one to two days before the detection of clinical signs. The method also made it
possible to detect 60 to 70% of anomalies due to stress.
The development of the method continues by integrating fuzzy logic, which seems to clearly reduce the
number of false alarms. It remains to identify the specificities linked to the different disorders with a view to
distinguish disease, stress, calving, heat. We are in contact with two precision livestock farming companies
that could use our method to refine the alerts theyir systems transmit to farmers.
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