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SUMMARY

Some elements of health and welfare monitoring integrated automatic system have been
developed and tested at large uninsulated loose housing cowsheds in Estonia. The paper describes
preliminary results of these tests, in particular the analysis of relationships between animals’
health, microclimate and productivity. It is possible to work out integral automatic health and
welfare control system for dairy cattle as a part of precision livestock farming framework.
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OBJECTIVE

Objective of the study was to create and test an automatic network-connected data acquisition
system for:
1) monitoring microclimate, health status and productivity of dairy cows in large uninsulated
cowsheds;
2) determining relationships between these parameters.

METHODS

The outlines of automatic monitoring system of animal welfare parameters
and it’s testing in large farm

The main information sources at the dairy farm for animal welfare assessment are:
1. data received by the controllers of milking parlour or automated milking system central
control unit (Alpro Windows, STRANGKO) — milk yield, milk quality, health status, and
S0 on;
2. measurement results of inner climate parameters (temperature, humidity, illumination, gas
content of the air) of the animal sheds and milking parlour;
corresponding weather data;
observation results of animal behaviour in the milking parlour and sheds;
measurements of weight changes of the animals;
measurements of leg load variations depending on the health status;
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7. breathing frequency and heart thythms measurements data;
8. body temperature measurements data of the animals;
9. health status assessment based on the observations, and so on.

The accessibility of the data depends mainly on the possibilities of measurements at the given
farm and in case of complex solution the existence of local measurement system is needed. The
measurement data is accessible both by the farm personnel and animal welfare researchers.

That is achieved by connecting all farm computers, including milking parlour central control
server, into local network (LAN). Computers responsible for additional measurements compose
local research network (RLAN). The server in RLAN, usually computer with MS Windows
Server 2003 operation system, does the administration of both networks. Measurement devices
and data-loggers are connected to the network through Ethernet-switches. As some of the systems
are wireless, corresponding WiFi-routers are also needed.

For remote control, measurements and collected data transfer from different farms to animals’
welfare researchers, every farm’s LAN has to have an access to the Internet. The most suitable
way for that is establishing persistent connection to some Internet service provider by the
telephone line with ADSL-modem.

To access local network and Internet, research network server is equipped with two network
cards — one for connection with local network switch and the other for connection with ADSL-
modem. Server should be configured as router and remote access server.

For more secure data transfer from research network to remote users, including researchers in
Estonian University of Life Sciences, Virtual Private Connection (VPN) should be used.

Another possibility to access research network server is Remote Desktop service, but in this
case there should be active Transactions Server (in farm or in University local network) that
issues licenses to Remote Desktop users.

The third way is to use Virtual Network Connection (Real VNC) software that in case of farm
network enables remote researcher to use the resources of the RLAN server and to connect
through it to other local computers without interrupting the work of local users (contrary to
Remote Desktop).

VPN, Remote Desktop and VNC connections are needed only for farm’s local network
administration and measurements control. To monitor the results of the measurements and to copy
data files to workstations in EULS network it is more convenient to use Web Server Services of
RLAN server, creating farm’s Internet-homepage with appropriate design.

The measurement devices at the farm may be grouped by their connectivity to the computers:

1. Devices that are controlled and from which data is received through local computer
network. In our case that were data-logger WebDAQ/100 with Web-server functionality
and video-cameras NC1000-W 10, also with Web-servers. In addition to that Web-cameras
are wireless.

2. Devices that transmit measurement data by radio channel to the receiver, connected to
LAN computer by RS-232 or USB interface. To that group belong automatic wireless
weather-stations La Crosse WS2305 and MicroLog data-loggers with temperature, air
humidity and illumination sensors for microclimate parameters measurements.

3. Devices that are connected directly to LAN computer by RS-232 or USB interface. The
typical device belonging to this group is data-logger Spyder that may be used for
measurements of signals coming from dairy-cows leg load sensors (kvasipiezoelectric mat,
tensoresistive scales).
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Figure 1. Farm’s local network and Internet connectivity configuration

Figure 1 shows the configuration of farm’s LAN, Internet-connection of this network and
possibilities to access it from the EULS network and remote mobile workstations.

In case of such data-acquisition system structure all measurements results and data in milking
parlour control system database are accessible through the farm’s LAN and also to remote users in
EULS network or elsewhere. To ensure appropriate level of security system servers should be
equipped with firewall and virus protection software.

The first research network was created in summer of 2005 at AS Tartu Agro Vorbuse farm,
where the milking parlour control system (DeLaval Alpro) database and backup files were copied
regularly (once per day) to RLAN server. In 2006 automatic wireless weather station, video
cameras and data-loggers for temperature, air relative humidity and illumination level
measurements in sheds and milking parlour were added to the system. Measurements results and
all other data are available at the farm’s Internet homepage.
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Figure 2. Relationships between ambient extreme temperatures and milk production per cow in
summer (a) and winter (b)

At Pae Farmer farm and Torma POU farm automatic wireless weather stations and data-loggers
for temperature, air relative humidity and illumination level measurements in sheds and milking
parlours were installed.

At AS Estonia Kortsi farm the same measurement devices are used. In addition to that in
December 2005 and January 2006 observations and video recordings of animals’ behaviour
during the process of customisation were made. The data received is not entirely analysed yet.

RESULTS

There were two extremely cold periods in January and February of 2006, when outdoor
temperature dropped as low as —28.6 °C. Cold periods lasted about a week each. In summer
maximum temperature reached 33.3 °C. Relationship between extreme outdoor temperatures and
daily milk production per cow are given in Figure 2.

It appeared that during extremely cold period average daily milk production per cow dropped
about 4 kg and remained low for a couple of days after the temperature had risen. The lower the
outdoor temperature the bigger the decrease in milk production was. The same but in smaller
scale appeared during hot period. This indicated the existence of thermal stress during these
periods.

To study relationship between milk production and diseases of cows, milk production decrease
of 20% was set as alarm level. The occurrence of diseases and corresponding number of low milk
production alarms before diagnosis of disease are given in Table 1. The most frequent diseases
were dyspepsia, mastitis, metabolic diseases and uterine infection. Corresponding decrease in
milk yield was more evident in winter period and appeared in about 41% of cows with mastitis,
18% of cows with dyspepsia, 35% of cows with metabolic diseases and 11% of cows with uterine
infection.
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Table 1. Diseases and low milk production alarms in winter and summer

January-February June-July
Disease No of | No of alarms up Y No of | No of alarms up to %
cases to 6 days before ’ cases 6 days before ’
Abortion 1 1 100
Abscess 2 1 50
Dyspepsia 67 12 18 40 0 0
Enteritis 9 0 0 1 1 100
Exhaustion 16 6 38
Intoxication 1 0 0
Leg diseases 15 5 33 23 7 30
Mastitis 71 29 41 82 15 18
Metabolic diseases 54 19 35 12 3 25
Peritonitis 1 0 0
Respiratory diseases 21 0 0
Rumen atony 6 5 83 2 1 50
Tetany 1 1 100
Trauma 1 0 0 8 1 13
Udder trauma 1 25 1 0 0
Uterine inflammation 45 5 11 42 3 7

It’s evident that an association exists between climate conditions, productivity and cows’ health.
Based on the automatically registered climate and production data the changes preceding the
disease can be recorded. Compared to the climate and production data corresponding to the
healthy cows the relative risks and odds ratios as measures of the degree of association can be
evaluated and their statistical significance tested. As the previous studies are showing the
generalized linear models with logistic link function are suitable tools to model multifactor
disease incidences. In future the changes in climate and production should be incorporated into a
single complex model including also their interactions and possible confounding factors like
cows' age and/or feeding. The adjusted relative risks calculated from the model coefficients
express more precise and unbiased associations between climate conditions, productivity and
disease incidences.

CONCLUSION

Automatic computer network systems can be used for monitoring of environment, health and
production data of cows. The Internet access enables to analyse and evaluate relationships
between these data remotely.
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