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EXECUTIVE SUMMARY 

 
 

Background 
In the frame of SmartCow project, INRAE has provided access to its Research 
Installations “Herbipôle” and “INRAE Le Pin” through Trans National Access 
(TNA).  

Objectives 
This Deliverable aims at describing the TNA provided by INRAE during the 
SmartCow project. 

Methods 
The Deliverable is composed of a table summarising the TNA provided by the 
Research Installation (RI) and by the reports of activities provided by the TNA 
users who accessed this RI. 
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1 TNA provided 

Name of the TNA 
project 

Name of 
TNA user 

Organisation 
of TNA user 

Country 
of TNA 
user 

Installation from 
the RI 

Start date End date Number of 
units of access 
provided 

From grassland 
biodiversity and grass 
conservation to the 
animal's microbial 
ecosystem and to milk 
and cheese quality 

Dr. Berard 
Joël 

ETH Zurich Swiss Mowed meadows; 
pasture; feed bins; 
... 
 
48 dairy cows 

01/05/2019 26/07/2019 576 cow.week 

Impact of physically 
effective fiber 
concentrations on 
chewing behavior, 
rumen microbial 
protein synthesis, and 
nitrogen efficiency in 
cows 

Ruth 
Heering 

University of 
Hohenheim 

Germany Digestibility stalls 
 
4 fistulated dairy 
cows 

2/1/2020 30/6/2020 48 cow.week 

cowEffect of 
phytogenic 
compounds on dairy 
cow methanogenesis 
and performances 

Pourazad 
Poulad 

Delacon 
Bioteknik 
GmbH 

Austria Feed bins; 
GreenFeed (n= 2) 
 
56 dairy cows 
 
 

03/02/2020 10/05/2020 784 cow.week 

VITALCOW Martina 
JAKOB 

Leibniz 
Institute for 
Agricultural 
Engineering 

Germany Dairy Herd 01/04/2019 14/04/2019 80 cow.week 
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and 
Bioeconomy 

REPROSMARTCOLLAR Ignacio 
GOMEZ 
MAQUEDA 

Digitanimal Spain Suckling and Dairy 
Herds 

22/01/2020 30/06/2021 758 cow.week 
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2 Final reports of the each TNA provided 

2.1 TNA 1: Berard Joël (ETHZ) 

Objectives/Hypothesis 
 
Grassland farming systems are increasingly emerging as the strongest future options for ruminant 
livestock systems. Although the benefits of the grassland-based milk production have been 
demonstrated, in-depth knowledge is lacking in understanding the underlying mechanisms of 
interactions between ecosystems, feeds, animals, milk and cheese.   
This project proposes to study the effect of the botanical diversity of pastures and forage 
conservation methods on the rumen microbiota, which will affect the microbiota of faeces, litter, teat 
skin and subsequently of milk and raw milk cheese. We hypothesize that more biodiverse pastures 
with elevated levels of plant secondary compounds will increase the abundancy and diversity of 
rumen microbial species. This will support the proper functioning of the rumen and therefore have 
a positive impact on animal health and on compositional and sensory quality of milk and cheese. We 
rely on one of the major paradigms of ecology, namely that stability in natural systems is based on 
biodiversity and synergy between species or functional groups capable of differential responses. We 
also assume that different feed conservation methods (drying and ensiling) have a strong impact on 
rumen ecosystem and consequently also on milk and cheese properties. 
This project will provide answers to important questions concerning the effects of pasture 
biodiversity and forage conservation methods on the microbiota of milk and the properties of dairy 
products. This project will allow to study, at different levels from plant communities to cheese, how 
farm, milk and cheese microbiota respond to their environment in terms of community structure and 
orientation of their metabolism. 
 
Material and methods 
 
Forty-eight dairy cows (24 Holsteins and 24 Montbéliardes) that calved between October 2018 and 
March 2019 have been divided into 4 balanced lots in terms of breed and parity (16 primiparous - 
32 multiparous), milk production measured during the first week of may, calving date and SCC. 
 
The 48 cows involved in the trial were kept in the same pen from the beginning of April.  
Sampling for the "covariate" of the two batches of cows going out to pasture took place on May 6, 9 
and 10 when all animals receive a ration of hay and concentrates. Sampling for the "covariate" of the 
other two lots took place during week 21 when the cows still received the same ration of hay and 
concentrates.  
 
The rest of the trial is splitted into two periods. 
 
BIODIV test (June): effect of floristic diversity 
 
The objectives of the BIODIV trial are: 
- To study the assembly of microbial communities from the soil to the ripened cheese on two very 
contrasting plots in terms of plant biodiversity 
- To understand the effect of plant biodiversity on the ruminal bio-hydrogenation of grass lipids and 
on the sensory properties of ripened cheeses. 
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Twenty-four cows corresponding to two of the 4 groups grazed from May 10 on two plots with very 
different levels of plant biodiversity; the “Montagne Florac” plot (MF), whose vegetation, particularly 
diversified, is similar to that of a upland summer semi-natural pasture and a plot of permanent 
grassland with very little diversity (“Bas Florac” : BF). In both groups, the animals grazed, without 
any feed supplements other than minerals. On the MF plot, which is later than the BF plot, the cows 
first grazed at the bottom of the plot and were gradually directed upwards towards the top of the 
plot where they remained exclusively from 1 June at the latest until 26 June. A part of BF has been 
mowed on week 18 in order to offer good grazing condition  and herbage at a phenological stage 
comparable to those of the more tardive MF pasture.. 
 
Cheese samples and production have been carried out in sub-batches of 4 cows (2 Holsteins, 2 
Montbeliardes) balanced according to milk production, which will constitute the statistical unit. 
Cheese production focused on the study of the assembly of microbial communities of the milk from 
the cow sub-batches and the corresponding mixing milk: during each manufacturing day, the 3 milks 
from the sub-batches of 4 cows have been processed in parallel as well as the mixing milk from the 
batch (4 tanks in parallel). Six days of production have been carried out between June 11 and 25, 
using a technology similar to that of Cantal. 
 
CONSHERB test (July): effect of the grass conservation method 
 
The objectives of the CONSHERB trial are: 
- To understand the effect of the way the grass is exploited on the ruminal bio-hydrogenation of the 
grass lipids and on the sensory properties of milk and ripened cheeses. 
 
From May 24, the 24 cows of the two lots remaining indoors will receive feed, either grass silage 
(brought back from Theix) or hay (Bas Florac from June 2018). 
From July 1, silage and hay have been replaced respectively by silage and hay made around end of 
May on the same plot (“Borie Bas”plot). The two grazing cow lots in the BIODIV trial have been 
remixed on June 26 to 2 groups by balancing the origin (1/2 MF, 1/2 BF) and considering the other 
grouping criteria. From 26 June, one group (the PAT group) grazed the regrowth of Borie Bas, after 
mowing for hay and silage. The other group (Ha) was fed indoor with fresh herbage cut on the same 
“Borie bas” plot. 
 
As for the BIODIV test, cheese samples and production have been carried out in sub-batches of 4 cows 
(2 Holsteins, 2 Montbéliardes) which will constitute the statistical unit. Cheese production focused 
on studying the effect of herbage exploitation: during each day of production, 4 milks corresponding 
to a sub-batch of each of the 4 diets have been processed in parallel. Three days of production have 
been carried out between July 16 and 23, using a technology similar to that of Cantal. 
 
For the BIODIV and CONSHERB tests, samples from animals and plots have been taken during the 
weeks of cheese production. They will be used mainly to describe microbial communities 
(prokaryotes and eukaryotes) using a high-throughput amplicon sequencing approach. The latter 
will be analysed on the floor, grass and lying areas in contact with the udder as well as in ruminal 
fluid (collected by oesophageal tube), faeces (rectal sampling), teat surface (sampled with wipes), 
mixed milk from each batch (only BIODIV) and each sub-batch and the corresponding refined 
cheeses. The characterization of these different microbial communities will be completed by analyses 
of the composition of the forage (botanical composition, nitrogen, walls, tannins and fatty acid 
profile), ruminal liquid (pH, volatile and total fatty acid profiles), faeces (nitrogen, walls), individual 
milk (classical biochemical analyses and fatty acid profiles etc), mixed milk (classical biochemical 
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analyses, volatile compounds, fatty acid profiles, sensory analyses) of the corresponding cheeses 
(classical biochemical analyses, sensory analyses, volatile compounds, colour, rheology). 
 
Expected outcomes, innovation/impact of the results 
 
The most innovative expected outcome is the comprehension of the microbial flux form the 
environment (pasture, litter, water, soil, teats, etc) to the rumen, the milk and the cheese. This flow 
is still almost unexplored and its investigation represents a relevant scientific innovation. 
Furthermore, the effect of the pasture biodiversity level and the exploitation mode of the herbage 
(fresh grazes or fed indoor, and conserved as hay or as silage) will allow to understand how farming 
practices can affect the microbial flow. A change in microbial flora in the rumen or in the dairy 
products is expected as well to change the characteristics of derived dairy product. The comparison 
of chemical composition and sensory properties of milk and cheese as affected by the microbiological 
flow will another innovative result. The acquired knowledge about the microbiological link between 
environment and dairy products will help to understand and highlight the link between a terroir, the 
related farming practices and specific characteristics of dairy products. 
 
Dissemination plan 
 
One Ph.D. student, Elisa Manzocchi, from ETH Zurich is directly involved in this experiment. The 
results will be part of her Ph.D thesis. The data obtained will be published in at least two scientific 
papers in peer-reviewed journals and will be presented at scientific international conferences (e.g. 
on animal nutrition, animal production, milk processing and food microbiology). The involved 
research groups and platforms will be in charge of the dissemination of the results via their websites, 
leaflets and training sessions they organize for students, technicians and farmers. We anticipate 
strong interest from the public for this type of innovative research at the interface of basic and 
applied sciences resulting in direct benefits for farmers, consumers and society. Research highlights 
will also be communicated to stakeholders and lay persons in end-user meetings, in press releases 
and by interviews in public media. In addition, our research project will be presented during 
AgroVet-Strickhof Conference to relevant stakeholders. This project will also be presented and 
discussed in the boards of GIS “Filières Fromagères sous IG” and RMT “Fromages de terroirs” 
(gathering all French PDO and PGI cheeses) and results will be disseminated through their website 
and by training sessions. 
 
 

2.2 TNA 2: Ruth Heering and Uta Dickhöfer (University of Hohenheim) 

 
Project aim: The project aims to unravel the processes underlying the effects of an increased dietary 
physically effective fiber (peNDF) concentration on chewing behavior, rumen fermentation, 
fractional passage rates, efficiency of microbial protein synthesis, and partitioning in nitrogen 
excretion in dairy cows. Fostering the inherent ability of ruminants to recycle nitrogen and/or 
increasing the efficiency of rumen microbial protein synthesis would be of ecological and economic 
benefit. The greater peNDF concentration may increase saliva production and thereby maintain 
rumen health. 
 
Hypothesis: The hypotheses were the following: (1) At a negative rumen nitrogen balance level, 
increasing peNDF concentration promotes rumen fermentation and microbial protein synthesis via 
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enhanced nitrogen recycling. (2) A quadratic effect of increasing dietary peNDF concentration on 
digestibility and performance will be expected. 
 
Results and dissemination: Results will contribute to a better understanding of the interrelation of 
physical, behavioral, metabolic, and digestive processes in order to promote animal welfare and 
health, increase nitrogen use efficiency, and mitigate nitrogen emissions from dairy production. They 
could provide a basis for complementary projects (e.g. at European level) on how different 
carbohydrates, fiber, and nitrogen sources interplay with the particle size of the diet, animal 
behavior, and health, as well as emissions from dairy systems. The findings will at first be presented 
on national and international scientific conferences on ruminant behavior and herbivore nutrition. 
Results will be published in one research article in open access international peer-reviewed journals 
and will be part of a PhD thesis. In addition, results may contribute to an environmentally friendlier 
and more economical use of protein feed resources and thus be interesting to relevant stakeholders 
such as dairy farmers or feed industry. 
 
Other comments: This SmartCow project was a great opportunity for our working group as it gave 
us the possibility to work with another research team, which gave rise to expertise exchange. Further, 
it has gave the PhD student good insight in working with fistulated animals and with another 
research group during the student’s stay in INRA Theix. The visits to INRA before the start of the 
experiment have helped in the preparations of the experiment so that both parties were in agreement 
and a smooth start of the experiment could be accomplished. However, as mentioned in the previous 
progress report, administrative issues related to the TNA agreement, associated partnership 
agreement, the research stay of Ms. Heering, and the reimbursement of travel costs were labor and 
time-intensive, partly due to the fact that the procedures and requirements were not fully clear. 
Maybe this could be organized centrally and supported by better guidance by the SmartCow project. 
 

2.3 TNA 3: Pourazad Poulad (Delacon) 

 
The main objective of the project 
In ruminants Methane (CH4) production derives from microbial fermentation of feed (carbon 
dioxide and hydrogen) in the anaerobic environment in the rumen and hindgut. Diet composition 
and feed intake are the main factors influencing CH4 production in ruminants. Diets with a high 
forage portion, rich in structural carbohydrates result in a higher CH4 production compared to 
rations with higher levels of non-structural carbohydrates. Several in vitro studies indicate the 
inhibitory effect of plant extracts and essential oils (EO) on methane production. However, 
considerable in vivo studies on the underlying modes of action and on long-term efficacy are 
missing. Plant extracts and EO have been proposed as substitutes for chemical feed additives for 
CH4 reduction due to their potential as modifiers of rumen fermentation. These effects may derive 
from selective reduction of CH4-producing microbes and from antioxidant properties. EO like 
thyme oil, clove oil and anise oil have shown inhibitory effects on methanogenic Archaea and 
consequently methane production in the rumen. Tannins are used in ruminant nutrition to increase 
protein utilization. This effect is obtained though binding of tannins to dietary proteins, then 
become ‘rumen-escape’ proteins available in the small intestine. Tannin interaction with proteins, 
metal ions, and amino acids in ruminants can depress activity of methanogenic microbes in the 
rumen and thus decrease CH4 emissions. Saponins influence CH4 production and protein 
metabolism in the rumen by their toxic effect on protozoa.  
 
The hypothesis that are tested  
In the planned study a blend of essential oils, plants extract, tannins and saponins will be used to 
study their effects on performance and methane production in dairy cows. It is intended to study 
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the impact of 3 different prototypes on: zootechnical performances of the dairy cows (dry matter 
intake (DMI), milk yield and composition, body weight) and enteric CH4 production, 
The results of this study could help to get a more detailed insight into the mechanisms of natural 
feed additives on animal performance and enteric methane production.  
 
The main scientific outcome, innovation/impact of the results 
 

(i) Animal performances 

During the whole experimentation, milk yield, live body weight, feed intake and methane emission 
were measured daily. Milk composition was determined twice a week up to March 11th. Due to 
Covid-19 epidemic, they had to be stopped between March 11th and April 20th (week 7 to 11 
included - excepted on April 6th, where samples were frozen for future analysis). From April 20th, 
they were performed once a week up to the end of the experiment. 
It has been contractualized that Delacon will receive a raw dataset and assume the statistical 
analysis of the results. The dataset transmitted to Delacon contained all individual values on intkae, 
milk yields and milk composition. A pre-analysis of this dataset has been done by INRAE. Regarding 
milk yield and composition, feed intake and body weight, it showed that the different blends of 
essential oil delivered to the cows through the concentrates have no effect on these parameters. 
This means, at least, that the tested compounds does not impair milk production and are as 
palatable as the control concentrate, which does not contain any essential oil. Further analysis have 
to be carried out by Delacon GmbH to get more details.  
 

(ii) Methane emission 

It has been contractualized that Delacon will receive a raw dataset and assume the statistical 
analysis of the results. For CH4 emissions, it contains details on visits (sheet visit_Data) and daily 
averaged data of CH4 and CO2 emissions for each animal (sheet Rolling_Avg_CH4 and 
Rolling_Avg_CO2).  
 
Nevertheless, a visual inspection of daily CH4 emissions data, pooled per week and per treatment, 
has been performed: 
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How do you expect to disseminate the results 
Although the objective of the proposed collaboration between INRA-Theix and Delacon Biotechnik 
GmbH represents an initial and essential part of a product development process within Delacon, the 
company own R&D department is highly interested in publication of trial results in international peer 
reviewed journals (preferably in Dairy Science). Moreover, introducing new results to the relevant 
scientific community, via contributions at international congresses as oral and/or poster 
presentations, perfectly align with the freshly adapted internal publication strategy of Delacon 
Biotechnik GmbH. In this context, these data have been presented as a poster in an international 
conference (EAAP 2020). In agreement with Delacon, they also have been integrated in the Smartcow 
database with corresponding MIR spectra of milk, NIR spectra of faeces, natural isotope abundance 
in plasma (13C) in order to access the potential of these proxies to predict methane emissions in 
dairy cows. These data are under publication in the Journal of Dairy Science. They will be also 
presented as oral communication in national (Journées 3R) or international conferences (EAAP 
2022).  
 
Any suggestions to improve the TNA procedure 
Need to formalize the way to communicate with the user (frequency especially) while writing the 
agreement between the facility and the partner 
 

2.4 TNA 4: Martina JAKOB (ATB Leibniz) 

 
Background information: 
The carotenoid content of human skin gives information about the health status and the stress level, 
and it can be measured by multiple spatially resolved reflection spectroscopy. A non-invasive, 
handheld device, developed by Opsolution, a partner in the team, was developed for measurements 
on the palm of humans. The sensor is available on the market now and is continually improved. 
The planned study wanted to find out, whether the carotenoid content in the skin of cows can give 
similar information using the same sensor. For this, 40 cows were selected at INRA Du Pin to be 
measured on each teat for two weeks on a daily basis. The teats of the selected cows showed little 
pigmentation, because dark spots cannot be used for the spectroscopic measurements. 
 
Course of trial: 
The trial started on the first of April, when Dr. Martina Jakob arrived at INRA Du Pin with the sensor 
and equipment. During her stay, the measurements were carried out during each milking period to 
train all persons measuring later on. Measurements finished on the 14th of April. 16 sets of data were 
achieved during that time.  
The sensor and equipment stayed with INRA for another two weeks in case of mastitis on one of the 
cows in the samples. No case of mastitis occurred during this period. 
 
Preliminary results: 
2427 successful measurements were obtained. The values indicating the carotenoid content of the 
skin were calculated by the sensor developers.  
INRA Du Pin research station provided detailed cow data such as breed, feed intake, ratio 
components, heat events, days in lactation and milk yield.  
Carotenoid content values and cow data were put together for evaluation and statistical analysis.  
 
Summary and consequences for upcoming trials: 
A large range between the teats was noticed and statistical analysis is not very promising. We did see 
a significant influence of the feed (grass vs. silage) on the carotenoid contents: 
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Nevertheless, the large range of values (4,5 up to 22,7) shows that the teat may not be the appropriate 
spot for measuring. This will be taken into account for the upcoming trials within the SmartCow 
project. 
 
This study was completed by two other trials : one in Teagasc (September 2019) and a last one in 
SRUC (March, July 2020). You can read the final report of this study on SRUC report. 
 
An article is in validation in JDS Communications. 
 
 

2.5 TNA 5: Ignacio GOMEZ MAQUEDA (Digitanimal) 

 

BACKGROUND  
The profitability of beef, and especially dairy farms, depends greatly on the reproductive efficiency 

of cows. Timely and accurate detection of oestrus and calving events are essential for livestock 

farmers, who are increasingly relying on automated systems based on sensors for the detection of 

reproductive events. However, these devices are not generally suitable for rangeland systems, since 

they require energy supply and wireless connection. Low-power wide-area network (LPWAN) 

technology stands out as a suitable alternative for rangeland systems, nevertheless, this technology 

has some limitations, such as the message size and frequency. 

The SmartCow TNA project “Detection of calving and oestrus in cattle by smart collars suitable for 

rangeland systems” carried out at INRAE Le Pin is aimed at developing artificial intelligence 

algorithms for detecting calving and oestrus events in cattle based on GPS and accelerometer data 

gathered, processed, and transmitted by smart collars suited for rangeland systems. High frequency 
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data is needed in order to detect reproductive events; however, energy and connectivity constraints 

are major obstacles for the implementation of these tools in rangeland systems. Providing smart 

collars with edge computing capabilities could help to overcome these obstacles. 

Two independent studies have been performed within this project at INRAE Le Pin facilities, where 

high quality data has been gathered to develop artificial intelligence algorithms for the detection of 

reproductive events. The proposed conditions for both studies were: 

1) Calving monitoring: 45 smart collars (3D-accelerometers) were placed on pregnant cows 3 to 

4 weeks prior to calving. One week before the expected calving date, these cows were moved 

to calving pens, where they were filmed 24 hours a day in order to collect behavioral labels 

for the development of artificial intelligence algorithms for calving detection based on 

accelerometer data. 

2) Oestrus monitoring: 80 smart collars (GPS and 3D-accelerometers) were placed on open dairy 

heifers for 6 weeks. These free-ranging heifers had open access to pasture areas. Some visual 

observation sessions were arranged for gathering information on the cows’ behaviours that 

could be potential signs of heifers’ heat.  

The COVID-19 pandemic has had a significant impact on the project. In March 2020, the experiments 

were interrupted due to the lockdown, restarting in January 2021. Since then, the project tasks have 

been adapted to the situation. Although the initial project schedule was delayed, the planned tasks 

have been completed. 

METHODOLOGY 

Every reproductive event that has occurred within any of the two studies (calving and oestrus 
monitoring) has been assigned to a particular experiment. Each experiment is defined by the 
following relationship: collar - animal - reproductive event - date, so that each experiment, consisting 
of the data collected by a smart collar mounted on a cow that was due to have a reproductive event 
on a specific day, is uniquely identified. 
The smart collars used in the project have been adapted to the requirements for the detection of 
reproductive events, mainly focusing on gathering high frequency data. Smart collars with 3-D 
accelerometers have registered data every 100 ms, while smart collars with GPS have registered data 
every 2 minutes. The smart collars include a SD card where the data is stored with an associated 
timestamp that is provided by an internal chronometer. 
 

OESTRUS DETECTION 
Data collection 
In the oestrus monitoring experiments, smart collars with GPS and 3D-accelerometers have been 
mounted on open heifers for 6 weeks. These heifers have also been fitted with heat detection collars 
provided by INRAE Le Pin. Throughout this time, frequent live observations of the cows have been 
arranged for the detection of specific behaviours that could be potential signs of heat. The confirmed 
date of heat, as indicated by the heat detection collars, and the visual observation of behaviours have 
been registered in an Excel file. At the end of the 6-week period, the smart collars were removed from 
the heifers. Once the collars were removed, the farm manager and his team at INRAE Le Pin retrieved 
the data from the collars’ SD card. 
Data processing 
GPS and accelerometer data have been gathered in the oestrus monitoring experiments. However, 
up to this point, the data analysis has been only focused on the GPS data. First of all, a diagnosis of 
the device functioning has been performed. After this, the GPS coordinates have been filtered and 
resampled for obtaining the heifers’ locations in fixed, two-minute intervals. Two different 
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approaches have been tested for trying to capture indirectly any signs of heat, such as the heifer 
restlessness or the heifer standing to be mounted by other heifers. The first approach is based on the 
analysis of the distances travelled by heifers on different time windows, while the second approach 
is based on the analysis of the proximity between different heifers. 
The analysis of the distances travelled by heifers has been performed comparing different time 
windows. Slicing time windows with an 8-hour length have been used, meaning that for every 8-hour 
period (0 - 8, 1 - 9, 2 - 10, …) the distance travelled by the heifers has been calculated. Then, this 
slicing time windows have been compared for different days to check whether there have been any 
significant differences. On the other hand, the analysis of the proximity between heifers has been 
tested. In this case, given that the trajectories have been resampled for fixed timestamps, the distance 
to the closest heifer at every 2-minute interval has been calculated and analyzed. 

CALVING DETECTION 
Data collection 
In the calving monitoring experiments, the smart collars have been mounted on pregnant cows (both 
beef and dairy cows) 3 to 4 weeks before calving. One week before the expected calving date, cows 
were moved to the calving pens. A few hours after calving, the smart collars were removed from the 
cows. The farm manager at INRAE Le Pin and his team registered in a Google Drive file all the 
information required (event datetime, animal ID, …) and retrieved the data from the collars’ SD card. 
IP cameras in the calving pens were used for filming the cows’ behaviours 24 hours a day, however, 
some video recordings have been lost due to technical issues with the IP cameras. Nevertheless, the 
available recordings have provided high quality reference data for modelling the cows’ behaviours 
using 3-D accelerometers. The video recordings of each experiment have been splitted into 15 
minutes long files and stored in a Google Drive folder. 
BORIS software has been used to label the cows’ behaviours based on the available video recordings. 
BORIS is a free, open-source software for video/audio coding and live observations. This software 
includes the following functionalities: definition of ethograms and exclusion matrices. Ethograms 
describe the basic behaviours that aim to be modelled. Exclusion matrices consider mutually 
exclusive behaviours. These functionalities are provided within BORIS software to facilitate the 
labelling process. Finally, the generated labels have been exported in xlsx format and uploaded to a 
Google Drive folder. 
Data processing 
The first step in the information analysis process is the diagnosis of the device functioning. The errors 
found mainly consisted in reboots of the device and corrupt or incomplete records. After fixing the 
existing errors, a visual exploration of the accelerometer data is made to check if the experiment has 
been completely captured. If the uninstallation timestamp of the device has not been registered, it is 
not possible to assume that the reproductive event has been captured. One of the main reasons 
behind incomplete experiments is a possible battery drain. 
The next step in the analysis is the synchronization of the accelerometer timestamp with the video 
recordings. For this, videos have been inspected for characteristic movements of the animal that 
might be easily recognizable in the accelerometer data, for example, calf licking. Two of these points 
in the time series are used for the synchronization, one at the beginning of the labelled dataset and 
the other at the end of it. This method ensures that the accelerometer data is perfectly fitted to the 
labels. 
Once the accelerometer time series has been synchronized with the labels, different statistics are 
calculated in order to proceed with the analysis. For this, an exhaustive search was conducted on 
different variables used in scientific studies based on accelerometers. In the end, more than 100 
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statistics or features were calculated based on the raw measurements recorded by the 
accelerometer. 
These statistics are computed in different time windows ranging from 5 to 60 seconds. The idea 
behind this approach is to define an efficient aggregation strategy for smart collars used in rangeland 
systems. 
Data modelling 

The data processing sets the stage for extracting quality information from the data itself. This has 
been done using different data science techniques such as Principal Component Analysis (PCA), 
feature selection techniques, linear regression or multiclass classification. Every technique has been 
used in order to detect differences between behaviours or to directly estimate the current behaviour 
of the animal given its computed features in each time window. 
PCA gives an initial idea of how easily some behaviours are distinguished from others, while feature 
selection techniques allow to remove those features that do not contain relevant information in order 
to reduce the noise input to the models. 
Linear regression was used in an attempt to estimate the proportion of behaviours in each time 
window. As this focus did not offer satisfactory results, we opted for a multiclass classification to 
estimate animal behaviour. Specifically, decision trees and logistic regression are the classification 
models used for its simplicity and its ease of export to any future commercial device that estimates 
animal behaviour in real time. 

PRELIMINARY RESULTS 

OESTRUS DETECTION 
Altogether more than 146 experiments were carried out, detecting more than 90 heat events. The 
analysis of the distances travelled on sliding time windows suggest that there is not a specific pattern 
for heat detection shared among all the cows that have been monitored. The distances travelled can 
vary significantly depending on the available grazing area or the management type. Figure 1 shows 
the accumulated distance travelled by a cow on 8-hour intervals. In this case, the pattern is easily 
recognizable. On May 2, the day of the oestrus event, the distance travelled at midnight by the cow 
was way higher than the other days. However, most of the experiments carried out in the project do 
not show this clear pattern. 

 
Figure 1. Accumulated distance travelled by a heifer in a time window of 8 hours. 

The analysis of the proximity between heifers has not yielded good results. Figure 2 shows the 
distance between a particular heifer and the closest heifer in every 2-minute interval. The main 
purpose of this analysis was to try to identify whether the heifer on heat has been closer to other 
heifers, as an indirect sign of the heifer being mounted by other heifers. However, the complexity of 
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the signal and the randomness of the proximity between heifers makes it difficult to find any patterns 
for heat detection. 

 
Figure 2. Distance between a heifer and its closest heifer within the herd in a time window of 2 minutes. 

CALVING DETECTION 
In total, 92 calving events were captured in the experiments. Several results and knowledge 
improvements have been achieved through its analysis depending on the phase of the modelling 
process. In Figures 3 and 4, PCA is applied to the data obtained from two different experiments, 
showing in different colours some of the behaviours labelled. The small points of each figure 
represent each observation recorded while the big ones represent the centroid of the observations 
for that behaviour. It is clear that, when there are enough observations of the animal lying in a lateral 
position, this behaviour is clearly differentiated from the rest. Besides, walking and grazing seem to 
be quite similar with each other while licking the calf, standing up or lying down are more 
distinguishable. 

 
Figure 3. PCA applied to data obtained from a calving experiment. Enough points to distinguish the behaviour lying 

lateral. 
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Figure 4. PCA applied to data obtained from a calving experiment. Not enough points to distinguish the behaviour Lying 

lateral. 
For the feature selection, Boruta (Kursa & Rudnicki, 2010) was used following two different 
approaches: one considering only the windows size used to compute the features (Boruta_1) and 
other considering the windows size and the behaviour (Boruta_2). That is, in the first approach all 
the behaviours were used together while in the second each behaviour was isolated and then the 
features that best classified it were selected. Major improvements were achieved in the multiclass 
classification when applying any type of Boruta selection. 
Finally, the tests carried out to classify the labelled behaviours through a multiclass classifier showed 
different performances depending on the time windows selected. The performance of the different 
classifiers evaluated has been assessed using a generalization of the Matthews correlation coefficient 
(MCC) to multiclass problems (Gorodkin, 2004). 

Table 1. Results achieved for the multiclass classification per time window, model and feature selection approach. 

Time window 

(seg) 
Model Features selection MCC 

55 Logistic Regression Boruta_2 0.861211 

50 Logistic Regression Boruta_2 0.849644 

45 Logistic Regression Boruta_2 0.847411 

60 Logistic Regression Boruta_2 0.833869 

15 Decision Tree Boruta_1 0.815417 

35 Logistic Regression Boruta_1 0.815242 

10 Decision Tree Boruta_2 0.813254 

25 Logistic Regression Boruta_1 0.809285 

5 Logistic Regression Boruta_1 0.809223 

40 Logistic Regression Boruta_2 0.806986 
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30 Logistic Regression Boruta_1 0.789571 

20 Logistic Regression Boruta_2 0.789070 

       

CONCLUSIONS 

The main difference between calving and oestrus experiments lies in the availability of video 
recordings. The accelerometer data combined with the labels obtained from video recordings in the 
calving monitoring experiments have proven to be very valuable information for the classification of 
behaviours, creating a new research line within the Digitanimal team. However, the preliminary 
results obtained from the analysis of high frequency GPS-data for heat detection suggest that GPS 
collars are not the best approach.   
Also, it is important to note that this is an ongoing project and there is still much work to do. The 
classification of behaviours will facilitate the detection of changes in the state of the animal and, 
therefore, the detection of reproductive events. Therefore, the classification of behaviours is a first 
step towards the detection of heat and calving events. 
Moreover, the outcomes of the SmartCow TNA project will enable the improvement of Digitanimal’s 
experimental and commercial devices. The errors found in the data received from the experiments 
of this project helped to improve the performance of the smart devices used. Besides, new 
experiments are being carried out with the models developed estimating the animal behaviour in 
real time, with the objective of designing new commercial products. 
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