№4 (3), 2021

ISSN: 2682 – 9517 (print) ISSN: 2683 – 0930 (online)

Models of functional parameters (physical and
physiological) integrated into cyber-physical
management systems in animal husbandry
Belma Gaazi1

Plamen Daskalov2

Tsvetelina Georgieva3

bgaazi@uni-ruse.bg

daskalov@uni-ruse.bg

cgeorgieva@uni-ruse.bg

1,2,3

Department of Automatics and Mechatronics, University of Ruse, Ruse, Bulgaria

Abstract. The paper reviews existing models to
obtain basic biological parameters applied in dairy
cow farming. The influence of heat and cold stress in
dairy cows and the models of heat exchange and
moisture exchange in cow farming are considered.
The latest modeling technologies are reviewed,
which can enable a new generation of enterprisespecific approaches and cyber-physical systems to
be developed that will support future farmers for
intelligent agriculture. The use of models can be seen
as a type of decision-making support methodology
or as an innovation process needed in agricultural
production systems, namely biological processes
such as heat balance in cows, which in turn will
facilitate farm management and advisory services.
The negative effect of thermal stress situations
which reduce productivity in animals has been
assessed.
Keywords: model, heat, moisture, cow, heat stress.
I. INTRODUCTION

Smart agriculture envisages the use and
implementation of information and communication
technologies for more efficient, productive and
profitable agricultural enterprises. These new
technologies must be rationally combined to provide
reliable real-time information. The main requirements
for any livestock building are that it creates the
necessary living conditions of the environment
according to the physiological needs of the animals kept
in it by technological modeling of natural microclimatic
factors and achieving the desired man-made
environment [35]. Modeling is a research tool that can
be applied to production systems in cow farms to make
more effective use of scientific information, for
experimental research that allows the study of a large
number of alternatives under different conditions.
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Prerequisites for the use of this research tool are the
availability of appropriate models and sufficient
quantitative information to obtain valid results.
Decision-making support methods, which include
models for calculating different parameters of
agricultural activities, alone or in combination with
other models, offer a new and modern approach.
The environmental conditions in animal husbandry
must provide an optimal environment for animals,
which in turn affects the growth, consumption of feed,
which determines the economic efficiency of
production. One of the main components of increasing
productivity in agriculture is the choice of appropriate
management technology and it is related to the
efficient and economical use of energy resources with
the potential to reduce production costs. The aim is not
to select the biologically optimal environmental
parameters specified in the norm [45], but to calculate
the cost-effective parameters in relation to factors
influencing it.

Fig. 1. Cyber-physical system in precision agriculture
[46]
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To achieve precise control in the production
environment, three tasks presented in Fig. 1 are
important: 1) monitoring of environmental parameters;
2) analysis of the observed data and decision-making,
accompanied by modeling and optimization and 3)
application of control mechanisms.
The purpose of this article is to present an overview
of current developments in the modeling of physical
and physiological processes in animal husbandry and
cow breeding in order to integrate them into a cyberphysical system with a concept of intelligent
management.
II. ENVIRONMENTAL PARAMETERS - THE MAIN

FACTOR IN CYBER-PHYSICAL SYSTEMS FOR
INTELLIGENT MANAGEMENT OF ANIMAL HUSBANDRY

The thermal comfort of dairy cows is not only of
interest for research in tropical countries, but also in
temperate climates, such as Bulgaria, where there are
also high ambient temperatures in the summer months
that cause thermal stress in animals. In a study [18] it
was found that at THI values lower than 72, cows are in
conducive environmental conditions. At THI values
between 75 and 78, the animal organism is subjected to
heat stress, but its mechanisms of thermoregulation
manage to cope, while at THI above 78 the stress is
assumed to be so high that it is impossible for cows to
maintain thermoregulatory mechanisms or normal
body temperature. Figure 2 presents a table with the
thermal indices of dairy cows for different variations of
temperature and relative humidity of the environment.

A. Main parameters characterizing the microclimate

and animal welfare in cow farms
Dairy cows feel comfortable in cool weather [19], so
in the temperature range from -20 °C to + 20 °C they
feel good, but when the temperature rises above 18 °C
to 28 °C the reduction in milk yield reaches 35% and for
below -10 °C to -20 °C the reduction is up to 5-7%. In the
literature, the most significant microclimatic factor
influencing the production of milk in cows is the
temperature in combination with humidity or the socalled temperature-humidity index (THI) [28, 29]. Due
to this fact, high temperatures in combination with high
humidity are particularly important for dairy cows and
can be critical, both in terms of animal comfort and of
economic nature. This thermal stress indicator (THI) can
be used as an indicator of the climatic conditions in the
growing environment given in (1) [30]:
THI = 0,72(W+D)+40,6

(1)

where W is wet bulb temperature, °C and D is dry bulb
temperature, °C.
Brügemann [33] suggested two different equations
for calculating the temperature-humidity index for
dairy cows, and in (2) the calculation is made by hourly
measurements of temperature (T) and relative
humidity (RH):
THIBo=(1,8T°C+32)-(0,55-0,0055RH%)(1,8T°C-26)
(2)
while in (3) calculating THI is based on the use of the
maximum daily temperature (Tmax) and the minimum
daily relative humidity (RHmin):
THIRa=(1,8Tmax°C+32)-(0,55-0,0055RHmin%).
(1,8Tmax°C-26)

(3)

Fig. 2. THI heat index for lactating cows
Air velocity is also a significant parameter to be
taken into account in lactating cow production
buildings [23]. The combination of high relative
humidity and low air velocity has a negative effect on
food intake, milk protein and milk fat [34].
B. Effect of heat stress on dairy cows

It has been experimentally established [3, 23] that
summer heat stress reduces milk yield and feed intake,
and therefore changes the composition of milk and
adversely affects the physiological functions of Holstein
lactating cows raised in Mediterranean climates. The
effect of the hot season on milk production was studied
[4] in 40 Holstein cows. The test was performed on a
dairy herd located in central Italy, with twenty cows
observed for six weeks from March to April; the other
20 were observed for six weeks from June to August. In
the summer, cows recorded higher rectal temperatures
and lower milk yields. In addition, cow's milk in the
summer is lower in crude protein and casein.
Through research [9, 23] it was found that the
conditions of low (Low THI) and high (High THI)
temperature-humidity index have a negative effect on
the physiological state of lactating Holstein cows,
causing oxidative stress, hormonal imbalance and
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reaction of an inflammatory process in the body.
Therefore, environmental management is necessary for
the health of lactating cows in extreme weather
conditions.
Table I presents the negative effect of high ambient
temperature on the physiological, behavioral and
metabolic status of cows [5, 6, 9].

temperature, on the other. The values for the
characteristic points are different for different animals.
All this applies to newborn calves, which, if well
dried, in low humidity and the presence of warm and
dry bedding slightly tolerate sub-zero temperatures.

TABLE I. EVALUATION OF THE EFFECT OF HIGH
TEMPERATURES ON COWS

Physiological
Elevated
internal
temperature
Accelerated
respiration
and
endocrine
changes [6]
Fast
heartbeat [7]

Increased
water intake

Increased
sweating [6]

Behavioral
More time
spent in
search of
shade [8]
Longer
standing
time and less
grazing [8]
More visits
to water
troughs [8]
Cows
become
aggressive
when shade
is limited [8]

Metabolic
Reduced feed
intake [6]
Reduced
growth and
milk
production [7,
23]
Increased
metabolic
glucose and
less use of
fatty acids
Hormonal
imbalance [9]

Inflammatory
response and
oxidative
stress of the
body [9]

C. Evaluation of the influence of temperatures in
different climatic regions in Bulgaria on dairy cows
Conditions in animal housing can be very different
even within the same country with different climatic
regions. This will lead to a large difference in the
microclimatic parameters of the barns, mainly due to
differences in humidity levels and air flow rate in the
barns where the animals are kept. It is therefore
proposed to calculate heat and moisture release from
animals, with the exception of animals kept outdoors.
Fig. 3 shows graphically the principle of the
relationship between heat production and body
temperature, on the one hand, and ambient
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Fig. 3. Thermoneutral zone for livestock [19]
It can be said that all livestock in Bulgaria is raised in
regions where the average temperature in January is
below 0 °C. The effect of cold conditions on the
productivity and efficiency of dairy cows and cattle has
been assessed, and we can say that they are extremely
cold-resistant and rarely subject to climatic conditions
below their lower critical temperature. Despite the
absence of a challenge to hypothermia in cattle, there
are significant seasonal fluctuations in the level and
efficiency of livestock, which are likely to result from
hormonal and adaptive changes due to mild cold stress
[11]. Among these changes, the major ones are the
increased rate of metabolism at rest, and hence the
increased need for energy to maintain, and the
increased rate of passage of the digestive system, which
leads to reduced digestive efficiency. In the cold, there
is a stimulation of appetite, which may partially
counteract the reduced level of production, but not the
reduced efficiency of utilization of food energy.
Cold temperatures have no significant effect on
reducing milk and cow productivity. The cows are coldresistant, provided they are strong and protected from
wind and moisture [12].
III. MODELING OF PHYSICAL PROCESSES IN ANIMAL
HUSBANDRY

Agricultural mathematical models try to emulate a
complex biological environment that can be integrated
into cyber-physical systems for intelligent
management. There are many classes of models such as
[13]: statistical, mechanistic, deterministic, stochastic,
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dynamic and simulation, which can be used to explain,
understand and improve the overall functioning of the
biological system. The use of models can be seen as a
type of decision-making support methodology or as an
innovation process needed in agricultural production
systems, namely biological processes such as heat
balance in cows, which in turn will facilitate farm
management and advisory services. Such models are
poorly developed in our country and still have no
application in the field of animal husbandry.
Heat transfer is a spontaneous process in which heat
is transferred from warmer objects to colder ones.
There are four types of mechanisms for heat exchange
in animals: (1) conductivity, (2) convection, (3)
radiation, and (4) evaporation [16]. Conductivity,
convection and radiation are the so-called sensible heat
[25]. When the ambient temperature is below the
animal's body temperature, the heat will be dissipated
from the body surface by radiation and convection, and
if the cow is lying on a cool floor, the heat will be
distributed through conductivity. Another way to heat
loss is evaporation (sweating and breathing), also called
latent heat. Total heat production is the amount of
latent and sensible heat loss. In the model for the heat
release process, in addition to these four types of
organic mechanisms, it is necessary to include the
ecological parameters for connecting the microclimate
(air temperature, wind speed, etc.) to the physiology,
behavior and morphology of animals. With such a large
number of independent variables, it is obvious that it
would be useful to have a parameter that can predict
heat transfer and assess how the animal would "feel" in
this environment [16].
One of the classical models for heat and moisture
production in animals and body temperature for
animals is given by [1] Mount (1973), where the total
heat production from animals can be considered
constant, with the sensible heat decreasing and latent
heat increasing in parallel with the increasing ambient
temperature, which is explained by the law of heat
transfer. This relationship between total, sensible and
latent heat in relation to ambient temperature is also
presented by [2] CIGR (2002) described in Table II. for
calves, cattle, heifers and cows. Under thermoneutral
conditions (20 °C) for most adult farms animals, the
total heat dissipation Ftot, depends mainly on:
- Weight of the animal ‘m’;
- Production (milk, meat, eggs, fruit);

TABLE II.

HEAT TRANSFER MODELS

№ Mathematical model
1

Source

Ф𝑡𝑡𝑡𝑡𝑡𝑡
[2]
= 6.44𝑚𝑚0.70
CIGR
13.3𝑌𝑌2 (6.28 + 0.0188𝑚𝑚) 2002
+[
] , 𝑊𝑊
1 − 0.3𝑌𝑌2
- calves
Ф𝑡𝑡𝑡𝑡𝑡𝑡
= 7.64𝑚𝑚0.69
23
+ 𝑌𝑌2 [
𝑀𝑀
57.27 + 0.302𝑚𝑚
- cattle
− 1] [
] , 𝑊𝑊
1 − 0.171𝑌𝑌2
Ф𝑡𝑡𝑡𝑡𝑡𝑡
= 7.64𝑚𝑚0.69
23
+ 𝑌𝑌2 [
𝑀𝑀
57.27 + 0.302𝑚𝑚
− 1] [
]
1 − 0.171𝑌𝑌2
+ 1.6. 10−5 𝑝𝑝3 ,
𝑊𝑊
Ф𝑡𝑡𝑡𝑡𝑡𝑡
= 6.6𝑚𝑚0.75 + 22𝑌𝑌1
+ 1.6. 10−5 𝑝𝑝3 ,
𝑊𝑊

heifers

-Cows

Ф𝑡𝑡𝑡𝑡𝑡𝑡 = Ф𝑠𝑠 + Ф𝑙𝑙 → Ф𝑙𝑙
= Ф𝑠𝑠
− Ф𝑡𝑡𝑡𝑡𝑡𝑡

2

Ф𝑠𝑠
= 0,8(1000
+ 12(20 − 𝑡𝑡)) − 0,38𝑡𝑡 2
𝐻𝐻𝐻𝐻
= (𝑀𝑀𝑀𝑀 − 𝑅𝑅𝑅𝑅)/86,400

HE - Average daily heat
production , (W)
𝐻𝐻𝐻𝐻 = 𝑐𝑐ℎ . 𝐵𝐵𝐵𝐵 0,75 /3,6 ,
W
"
"
"
𝑞𝑞𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
= 𝑞𝑞𝑠𝑠𝑠𝑠𝑠𝑠
+ 𝑞𝑞𝑙𝑙𝑙𝑙𝑙𝑙

"
𝑞𝑞𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
- Heat loss through
respiration, (W,m2)
"
𝑞𝑞𝑠𝑠𝑠𝑠𝑠𝑠
= 𝑉𝑉𝑡𝑡 𝑅𝑅𝑅𝑅𝜌𝜌 𝑐𝑐𝑝𝑝 (𝑇𝑇𝑇𝑇𝑒𝑒
− 𝑇𝑇𝑇𝑇𝑎𝑎 )
/𝐴𝐴

- Concentration of energy in the feed.
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[20]
2021

Comment

Y2 – average
daily growth:
-0.5 kg / day
(calves);
-0.6 kg / day
(heifers);
-0.7-1.1 kg /
day (cattle);
Y1- milk
production,
kg/day.
P - days of
pregnancy.
M- energy
content in
MJ dry
matter.
Ф𝑡𝑡𝑡𝑡𝑡𝑡 – total
heat
transfer, W
Ф𝑠𝑠 - sensible
heat
transfer, W
Ф𝑙𝑙 - latent
heat
transfer, W

ME – daily
metabolizing
energy
intake (J);
RE - daily
retained
energy (J);
86,400 - is
the time in
sec. per day.
сh - heat
production
coefficient
44.1 for
highly
production
cows (daily
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milk yield
over 30 kg),
38.7 for
intermediate
production
cows (daily
milk yield
<30 kg) and
29.7 for dry
cows.

"
𝑞𝑞𝑙𝑙𝑙𝑙𝑙𝑙
= 𝜆𝜆𝑉𝑉𝑡𝑡 𝑅𝑅𝑅𝑅(𝜒𝜒𝑒𝑒 − 𝜒𝜒𝑎𝑎 )
/𝐴𝐴

𝜒𝜒𝑎𝑎 , 𝜒𝜒𝑒𝑒 - Absolute
humidity of
inhaled/exhaled air, g m3
RR - Respiration rate,
breath s-1
Vt- Tidal volume,
m3breath-1
3

𝑞𝑞𝑠𝑠
=

(𝑇𝑇𝑏𝑏 − 𝑇𝑇𝑎𝑎 ) − 𝛼𝛼𝑅𝑅𝑠𝑠𝑠𝑠 𝑅𝑅𝑛𝑛
𝑅𝑅𝑡𝑡 + 𝑅𝑅𝑐𝑐 + 𝑅𝑅𝑠𝑠𝑠𝑠

[21]
2011

Tb - body temperature
(K),

Ta - air temperature (K),
α – model’s parameter;
Rse is the thermal
resistance of the
boundary layer (m2 K W 1
),
𝑅𝑅𝑠𝑠𝑠𝑠 = (5,3 − 7𝑣𝑣 0,6 )−1
4

𝑄𝑄𝑑𝑑𝑑𝑑
=

𝑑𝑑

𝜆𝜆𝑑𝑑

1

+ 𝑅𝑅𝑑𝑑𝑑𝑑

(𝑇𝑇𝑑𝑑 − 𝑇𝑇𝑏𝑏 )𝐹𝐹𝑑𝑑𝑑𝑑

[22]
2014

Qdb - heat flow between
a balance-differential
element and thecow’s
body (W)

qs - sensible
heat flux,
Wm-2
v – wind
speed, (m s1
),
Rn is the net
radiation
flux,
Rt е thermal
resistance of
the tissue
(m2 K W-1)
Rc is the
thermal
resistance of
the coat (m2
K W-1)
Rdb –
resistance to
heat transfer
between the
beding and
the cow's
body (m2
K/W),
Tb – body
temperature(
°C)

5

𝐴𝐴𝑐𝑐
𝐺𝐺𝑒𝑒 = (𝐶𝐶 + 𝐿𝐿 − 𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎 )
𝐴𝐴𝑠𝑠
+ 𝐸𝐸
𝐶𝐶 =
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𝜌𝜌𝑐𝑐𝑝𝑝
(𝑇𝑇 − 𝑇𝑇𝑎𝑎 )
𝑟𝑟𝐻𝐻 𝑐𝑐

[26]
2000

𝐺𝐺𝑒𝑒 - the heat
flow from
the animal to
the
environment
(Wm−2),
Сconvection

𝐿𝐿 =

𝜌𝜌𝑐𝑐𝑝𝑝
(𝑇𝑇 − 𝑇𝑇𝑟𝑟 )
𝑟𝑟𝑅𝑅 𝑐𝑐

heat flux,
(Wm−2),

𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎 = (1 − 𝜌𝜌𝑐𝑐 )𝑆𝑆𝑖𝑖
𝐸𝐸 =

L - radiant
heat flux,
Wm−2

𝜌𝜌𝑐𝑐𝑝𝑝
∆𝑒𝑒
𝛾𝛾𝑟𝑟𝑣𝑣𝑣𝑣

𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎 - the
radiation
absorbed by
the animal
(Wm−2 )

E - the heat flux from
evaporation (Wm−2)

6
𝐺𝐺𝑆𝑆 =

𝜌𝜌𝑐𝑐𝑝𝑝
(𝑇𝑇 − 𝑇𝑇𝑂𝑂 )
𝑟𝑟𝑂𝑂 𝑐𝑐

𝐸𝐸𝑆𝑆 =

[27]
2005

𝜆𝜆𝐸𝐸𝐶𝐶
3600

λ=2500.7879–2.3737tA
7

𝑀𝑀 = ±𝐾𝐾 ± 𝐶𝐶 ± 𝑅𝑅 + 𝐸𝐸

M - metabolic heat
production

𝑞𝑞𝑟𝑟 = 𝛿𝛿𝐴𝐴1 𝐹𝐹𝐴𝐴 𝐹𝐹𝐸𝐸 (𝑇𝑇14 − 𝑇𝑇24 )
𝑄𝑄𝑒𝑒 = 𝑘𝑘𝑒𝑒 𝐴𝐴𝑒𝑒 𝑉𝑉 𝑛𝑛 (𝑝𝑝𝑠𝑠 − 𝑝𝑝𝑎𝑎 )
𝑞𝑞𝑒𝑒𝑒𝑒 = ℎ𝐴𝐴𝑒𝑒𝑒𝑒 𝑉𝑉 𝑛𝑛 (𝑡𝑡𝑠𝑠 − 𝑡𝑡𝑎𝑎 )
𝐾𝐾 = 𝐴𝐴ℎ𝑐𝑐 (𝑡𝑡𝑠𝑠 − 𝑡𝑡𝑎𝑎 )

[30]
2002

𝐺𝐺𝑆𝑆 – total
loss of
sensible
heat, (Wm−2)
𝐸𝐸𝑆𝑆 - Heat
transfer from
evaporation,(
Wm−2)
qr – heat
transfer by
radiation, W
А1 - is the
surface area
in cm2 ;
Qe - heat
loss by
evaporation
W
qev- heat loss
from
convectionW
K - heat
transfer by
conductivity,
W

The representative formulas in Table II are derived
from various literature sources, presenting the
mathematical description of the heat production of
lactating cows.
Li et al. [10] show that cattle have a deviation in feed
intake from the models proposed by CIGR. The
measured heat and moisture production were
compared with the CIGR models for forecasting heat
and moisture production to assess representativeness.
The average total heat output of mature bulls (1.38 W /
kg) and the sensible heat output (1.20 W / kg) for them
are higher than the results of the CIGR models. The
results of this study show that existing models on CIRG
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are insufficient to represent heat and moisture
production for modern cattle and dairy cows.
Bruce [6] has designed a model for predicting heat
balance in cattle simulating animal energy for different
variations in environmental conditions. Heat is
dissipated through the four types of heat dissipation
mechanisms: conductivity; convection; evaporation
and radiation. If the metabolic heat cannot be
dissipated, then the body temperature will rise. The
model presented by Bruce is applicable to other
researchers, allowing different combinations of special
environmental conditions. The following equations (4)
(5) (6) and (7) are presented respectively: Qb - heat
transfer from the body to the skin, Rn - heat transfer by
radiation, C - heat transfer by convection and Es - heat
loss by evaporation of moisture through the skin.
Qb=(Tb-Ts)/Ib

(4)

Rn=(1-ηb)Sn

(5)

C=(k.Nu/d)(TC-Ta)

(6)

Es=λ.ρa.hv(χs-χa)

(7)

where: Tb и Ts- are the temperature differences
between the body and the skin, °C; Ib – body tissue; k –
thermal conductivity of air, W/mK; Nu – Nusselt
number; d- diameter of simulated animal, m; Ta – air
temperature, K; Tc – temperature of coat, K; λ – latent
heat of vaporisation, J/kg; ρa – density, kg/m3, hv –
mass transfer coefficient, m/s; (χs-χa)- difference in
moisture content of the air at the skin, kg/kg.
Animals have different ways of changing heat
balance: behavioral, physiological, and metabolic are
described in Table 1. Some behavioral and nutritional
changes can be specified in the model input as specified
by the user, while others cannot. The model developed
by Bruce is useful for predicting the heat balance of
cattle raised in different conditions. The results show
that in typically hot summer conditions, 600 kg of dairy
cows in the UK producing 20 kg of milk will be able to
maintain heat balance, even in extreme outdoor
conditions, but these conditions will lead to reduced
feed intake and as a result productivity.
Holstein cows are doing well with heat stress by
dissipating latent heat and evaporation is the main way
to eliminate excess heat when the air temperature
overshoot 30 °C [15]. Skin evaporation is responsible
for 80% of the total latent heat loss, while the rest is
eliminated by respiratory vapors. The model for

predicting latent heat loss based on physiological and
climatic variables can be used to estimate the
contribution of evaporation to thermoregulation and
the model can only be based on air temperature and in
this case should be used only for a simple characteristic
of the evaporation process.
A study was performed in a laboratory at the
University of Brazil [17] on five male Nellore cattle
weighing 750 ± 62 kg, with similar ages for 20 days.
Physiological and climatic measurements obtained
from an indirect calorimetry system using a face mask
were performed. Respiratory parameters, surface and
rectal temperature were recorded continuously.
Metabolic, sensible and latent heat transfer were
calculated from these measurements.
From the experimental measurements it was found
that under conditions of shade and air temperature in
the range of 24 to 35 ° C, metabolic heat production,
respiratory rate of Nelore cattle remain stable, which is
indicative of low energy costs for thermoregulation.
"
The equations given from (8) to (12) are: 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚
"
metabolic heat, Wm-2; 𝑞𝑞𝑒𝑒𝑒𝑒 - latent heat loss from the
"
"
respiratory system; 𝑞𝑞𝑠𝑠𝑠𝑠𝑠𝑠
- sensible heat flux; 𝑞𝑞𝑟𝑟𝑟𝑟
- heat
"
exchange by radiation; 𝑞𝑞𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
− heat flow by convection.

where An (m2) is the body surface area of the animal;
volumes of O2, CO2, and CH4 (L s−1) were calculated using
a Haldane transformation; BW is the body weight of the
animals (kg); λ is the latent heat of water vaporization
(J g−1), RR is the respiratory rate (breaths s−1), and ΨA
and ΨE is the absolute humidity (g m−3) of the
atmosphere and exhaled air, respectively; ε is the
emissivity of animal surface, σ is the Stefan-Boltzmann
constant, TS (K) is the coat surface temperature, and TRM
(K) is the mean radiant temperature; hC is the
coefficient of convection (W m−2 K) and TA is the air
temperature (K).
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A three-dimensional conductivity model [14] has
been developed, simulating the cooling of heat-loaded
dairy cows. The model uses a method of computational
fluid dynamics to characterize the airflow field
surrounding the animal model. The heat exchange
between the animal and the cooled water mattress, as
well as between the animal air and the ambient air is
determined by solving the energy equation. The 3-D
conductivity model was validated against experimental
temperature data and the compliance was very good
(mean error 4.4%). Sensitivity analysis was performed
between heat losses (sensible and latent) in terms of air
temperature, relative humidity, air velocity and skin
surface moisture level to determine which of the
parameters affects heat flow more than others. The
results show that heat flux is more sensitive to air
temperature and skin surface moisture level and less
sensitive to relative humidity. Equation (14) is latent
heat loss, (W) due to water evaporating from the skin
surface.
Qevap=λj”βAs

(14)

j”=(Cskin-Co)/[(1/hm)+(δ1+δ2)/D]

(15)

usually taken into account in food prediction models
[31]. Table III shows feeding models for dairy cows.
TABLE III. FEEDING MODELS FOR DAIRY COWS [31]
№
1

Milk yield and weight are the main indicators of feed
intake needed to meet a cow's energy needs.
Therefore, metabolic weight and daily milk yield are

𝐷𝐷𝐷𝐷𝐷𝐷 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 / ∑ 𝑓𝑓𝐷𝐷𝐷𝐷𝑖𝑖 𝑆𝑆𝑆𝑆𝑖𝑖

+ 3,2956(1
− 𝑒𝑒 (−1,2758(𝑝𝑝−1+𝑑𝑑/365)) )]
∗ 𝑒𝑒 0,3983(1−𝑒𝑒

SV Grass
(clove)
silage

−0,0504𝑑𝑑 )

} (1 − 0,06907

∗ (𝑔𝑔/220))
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 - Feed intake capacity
(Satiety Units/day);
𝑓𝑓𝐷𝐷𝐷𝐷𝑖𝑖 - fraction of feed i in the diet
on DM basis; 𝑆𝑆𝑆𝑆𝑖𝑖 - Satiety Value of
feed I;
p – parity number; d – is days in
lactation; g – is days of gestation.
𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺
𝐷𝐷𝐷𝐷
−45)+0,991.10−3
10
2
𝐷𝐷𝐷𝐷
( −45) −
10
0,3321.10−3 (𝐶𝐶𝐶𝐶−170)

−1,613.10−3 (

−3

SV Maize
silage

MODELING ANIMAL NUTRITION

Models predicting the feed intake from dairy cows
are a useful tool for optimizing the distribution of feed
and formulating their daily rations. Food intake has a
significant impact on the productivity of dairy cows and
therefore feeding patterns are useful if they can be
combined with other models. They can be used to
develop and evaluate nutrition strategies aimed at
achieving high milk production, improving economic
parameters and minimizing food costs [31].

46

Dry matter
intake

Mathematical model

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
= {[8,0838

where λ is the latent heat of vaporization of water at
the temperature of the skin surface (kJ/kg), β is percent
of skin surface that is wet, and j” is total mass flux of
water vapor that evaporates from the skin surface
(kg/m2 s); Cskin is the concentration of water vapor
(kg/m3) at the skin surface which is a function of skin
temperature (Tskin), Co is the concentration of water
vapor (kg/m3) of ambient air, hm is convective mass
transfer coefficient (m/s), δ1 is thickness of the hair coat
(m), δ2 is thickness of a thin film of air layer above the
hair coat (m), and D is mass diffusion coefficient of
water vapor (m2 /s).
IV.

Type of
nutrition

2

SV Cereal
whole crop
silage
SV
Concentrate
SV Straw
Dry matter
intake

)
+1,551.10 (𝐶𝐶𝐶𝐶−240)
= 𝑒𝑒 (
DM – Dry matter concentration, g
DM/kg;
CP - Crude protein concentration,
g/kg DM;
CF - Crude fibre concentration, g/kg
DM.
𝑆𝑆𝑆𝑆𝑀𝑀𝑀𝑀
𝐷𝐷𝐷𝐷
−33)+
10
𝐷𝐷𝐷𝐷
−3
2
2,962.10 ( −33). −0,559.10−3
10

−216,58.10−3 −2,737.10−3 (

(𝑑𝑑𝑑𝑑𝑑𝑑−695)
= 𝑒𝑒 (
dOM - in vitro digestible organic
matter concentration, g/kg DM
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

)

−3 +5,216.10−3 (𝐶𝐶𝐶𝐶−283))

= 𝑒𝑒 (−113,2.10

𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑒𝑒 (−1,1483+1,335.10

−3 (𝐶𝐶𝐶𝐶−140))

𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 1,66

𝐷𝐷𝐷𝐷𝐷𝐷 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐷𝐷𝐷𝐷𝐷𝐷 / ∑ 𝑓𝑓𝐷𝐷𝐷𝐷𝑖𝑖 𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖

FICDFU = Feed intake capacity (Fill
Units/day);
𝑓𝑓𝐷𝐷𝐷𝐷𝑖𝑖 - fraction of feed i in the diet
on DM basis;
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Primiparous
cows

Multiparous
cows

Grass silage
and hay

Maize and
cereal
whole crop
silage
Concentrate
Straw
3

Dry matter
intake

4

Dry matter
intake
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𝑅𝑅𝑅𝑅𝑅𝑅 = 0,7 + 7,86. 10−3 𝑑𝑑
− 6,553. 10−5 𝑑𝑑 2
+ 2,113. 10−7 𝑑𝑑 3
− 2,452. 10−10 𝑑𝑑 4
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 4,965 + 1,3788𝑁𝑁𝑁𝑁𝑁𝑁𝑟𝑟
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
=1
+ (𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 6000)6,6667. 10−5
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖 - Fill units of feed i.
𝐹𝐹𝐹𝐹𝐹𝐹𝐷𝐷𝐷𝐷𝐷𝐷Primiparous

= 5,55
− 2,22𝑒𝑒 −0,04𝑑𝑑
+ 0,006(𝐵𝐵𝐵𝐵
− 500)
+ 0,0003(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
− 6500) + 0,15𝐿𝐿
PMYH - potential milk yield in the
herd (kg/year)
𝐹𝐹𝐹𝐹𝐹𝐹𝐷𝐷𝐷𝐷𝐷𝐷multiparous = 7,08
− 2,95𝑒𝑒 −0,047𝑑𝑑
− 0,0033𝑑𝑑
+ 0,006(𝐵𝐵𝐵𝐵
− 575)
+ 0,0003(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
− 6500) + 0,15𝐿𝐿
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 0,85 − 0,44(0,0989𝐷𝐷𝐷𝐷
− 0,00347. 𝐶𝐶𝐶𝐶%
− 0,369)
4,2
∆𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = ( 4,2
+ 0,1. 𝐷𝐷𝐷𝐷% − 3
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
− 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷))
𝐷𝐷𝐷𝐷𝐷𝐷𝐺𝐺 = 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 + ∆𝐷𝐷𝐷𝐷𝐷𝐷𝐿𝐿𝐿𝐿𝐿𝐿
+ ∆𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
DFUu - uncorrected Fill Units; DE Digestible energy (MJ/kg DM);
CF% - Crude fibre content (% of
DM); DFULEG - correction for legume
content; DFUDM - correction for DM
content.
𝐷𝐷𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊 = 0,79 − 0,44(0,0989
∗ 𝐷𝐷𝐷𝐷
− 0,00347. 𝐶𝐶𝐶𝐶%
− 0,369)
𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶 = 0,22
𝐷𝐷𝐷𝐷𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 0,90

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
= [0,0185𝐵𝐵𝐵𝐵 + 0,305𝑀𝑀𝑀𝑀(0,4
+ 0,15𝑀𝑀𝑀𝑀%)]𝑇𝑇𝑇𝑇. 𝑀𝑀𝑀𝑀𝑀𝑀
BW = body weight; MY = Milk yield
(kg); MF% = % milk fat; TF and Mud
were assumed both to be assumed
1.
𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑅𝑅𝑅𝑅𝑅𝑅. 𝐹𝐹. 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁. 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
− 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
+ ∑ 𝐶𝐶𝑖𝑖

= (−0,744 ∑ 𝐶𝐶𝑖𝑖 + 𝐹𝐹 ∑ 𝐶𝐶𝑖𝑖
2

+ 0,023 (∑ 𝐶𝐶𝑖𝑖 ) )

5

Dry matter
intake

6

Dry matter
intake

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
.1
6,555

/𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
RIC = Roughage intake capacity;
F = feed factor (F = 1 for stall fed
cows);
Cj = concentrate allowance
concentrate i (kg DM/d) d = days in
lactation;
NELr - content of roughage
(MJ/kgDM);
pFCM = potential 305 d FCM yield
(kg).
𝐷𝐷𝐷𝐷𝐷𝐷 = 0,076 + 0,404𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
+ 0,013𝐵𝐵𝐵𝐵
− 0,129𝑊𝑊𝑊𝑊
+ 4,12𝑙𝑙𝑙𝑙𝑙𝑙. 𝑊𝑊𝑊𝑊
+ 0,14𝑀𝑀𝑀𝑀
CDMI = concentrate DMI (kg/d);
BW = body weight (kg);
WL - week of lactation;
MY - milk yield (kg/d).
𝐷𝐷𝐷𝐷𝐷𝐷
= (−0,293 + 0,73𝐹𝐹𝐹𝐹𝐹𝐹
+ 0,0968. 𝐵𝐵𝐵𝐵 0,75 )
∗ (1 − 𝑒𝑒 (−0,192𝑊𝑊𝑊𝑊+3,67) )
FCM = 4% fat corrected milk yield
(kg/d)

V. MODELING MILK PRODUCTION

Many studies show that temperatures between 025 °C do not affect milk production. It has been found
[25] that the calculation of the reduction in milk
production as a function of hot climate is based on the
temperature-humidity index (THI) (16), as a daily
average.
Мdec=1,075-1,7436NL+0,02474NL.THI

(16)

THI=tdb+0,36tdp+41,2

(17)

where, 𝑀𝑀𝑑𝑑𝑑𝑑𝑑𝑑 − reduction of daily milk yield, kg/day;
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tdb - - dry bulb temperature, °C;

ACB - All cows in the barn.

tdp - dew point temperature, °C;

In order to model a management system for
application in an animal farm, the requirements and the
environment, which is specific for the different types of
farms and the animals kept in them, must be clearly
emphasized and defined. This definition is "basic" and
plays an important role in analysis and modeling, as it
defines the purpose of the system and derives different
solutions and assumptions [39]. The model is based on
a systematic approach, which means that the farm is
observed as an open system, with production,
technological, economic and social subsystems.
Therefore, it is necessary to perform a systematic
analysis of the farm, aimed at identifying and analyzing
all material and information flows, production
processes and their relationships [40]. Data collection is
carried out through visual inspections, interviews with
the farmer and his workers and in-depth analysis of the
farm's financial data, including balance sheets and
profit and loss statements.

NL - normal milk production, kg/day.
The gamma function described by Wood [32] is one
of the most popular models used to describe the
lactation curve (18):

yn=a.nbe-cn

(18)

where yn = milk yield per day ‘n’, ‘a’ are scaling
coefficient to represent the yield at the beginning of
lactation, and ‘b’ and ‘c’ are factors related to the slope
and reduction of the lactation curve.
VI. INTELLIGENT MANAGEMENT IN COW BREEDING

The management of a modern cow farm is based on
a large amount of data on all aspects of the farm. The
information provided by various sensors is crucial for
decision-making: animal welfare, average daily rations,
grazing and reproduction. Such systems [38] provide
quick access to all the necessary information at any
time to check the welfare of animals by receiving
notifications directly to a computer or smartphone.
Basic indicators for the comfort of cows
The main indicators of comfort in dairy cows are the
positions they occupy [36]. To assess the comfort of the
animals, a comfort index can be used to determine the
conditions on the farm to assess: cow comfort index
(CCI), stable use index (SUI) and standing in the barns
index (SSI) [37].
These indices are essential for determining the
comfort of dairy cows and, their correct interpretation
and application in animal evaluation and behavior
systems can contribute to improving their comfort and
well-being, which in turn will lead to increased
productivity efficiency. The equations (19) CCI - Cow
comfort index (20) SUI - Stall usage index and (21) SSI standing index of cows are give comfort indices.
CCI= (CLD/CSLC).100

(19)

SUI=(CLS/CNF).100

(20)

SSI=(CSFL/ACB).100

(21)

CLD - Number of cows lying down in stalls;
CSLC - Number of cows standing or lying within a
cubicle;
CLS - Number of cows lying in stalls;
CNF- Number of cows not feeding;
CSFL - Number of cows standing or with front legs in the
barn;

48

VII. ECONOMIC OPTIMIZATION AND RISK ASSESSMENT
IN CYBER-PHYSICAL SYSTEMS IN COW BREEDING

The mathematical models used to simulate the
effects of agricultural policy on the farm are built as
maximization solutions, including the purpose of the
farmer, namely expected profit from production or
expected usefulness of profit under certain restrictive
conditions and certain current market prices in the
specific area in agriculture [44]. For this purpose, it is
essential to determine the objective function, which
must be optimized in order to obtain the economically
optimal (maximum) value for the farm by the following
methods [41, 42]: Linear Programming (LP) , Positive
Mathematical Programming (PMP), quadratic
programming (QP) and others.
In addition to maximizing profits, there are
mathematical models based on the economic
consequences of risk factors, such as different types of
animal diseases [43] and how they would affect profits
and what approaches to reduce this risk need to be
taken.
Economic optimization models are usually
developed for the specific situation of the farmer, so
that they can be used as tools to support effective
management decisions and the associated costs and
benefits according to selected different types of
options.
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VIII.

CONCLUSION

For the conditions of Bulgaria there is no complete
cyber-physical system for intelligent management of
physical and physiological processes in dairy cows. The
cyber -physical system must include models that
involve environmental parameters. These models
describe and economically optimize the physiological
processes in the lactation of cows (feeding and milk
production). The system must be designed to generate
intelligent management and risk assessment solutions
in a cow farm. An analysis has been made and the main
parameters influencing productivity in lactating cows
have been defined. Mathematical models suitable for
integration into a cyber-physical system, for calculating
economic parameters, optimization and management
in the field of dairy cow have been considered.
AKNOWLEDGEMENT
"The research leading to these results has received
funding from the Ministry of education and science
under the National science program INTELLIGENT
ANIMAL HUSBANDRY, grant agreement No. Д0162/18.03.2021/".
REFERENCES
[1] Mount, L.E. The concept of thermal neutrality. In:
J.L. Monteith, and L.E. Mount (Ed.) Heat Lossfrom
Animals and Man. p 425. Butterworths, London,
1974.
[2] CIGR Handbook of Agricultural Engineering Volume
II, American Society of Agricultural Engineers, 2002
[3] R. Bouraoui, M. Lahmar, A. Majdoub, M. Djemali,
R. Belyea. The relationship of temperaturehumidity index with milk production of dairy cows
in a Mediterranean climate; Anim. Res. 51, 479–
491, 2002.
[4] U. Bernabucci, N. Lacetera, B. Ronchi, A. Nardone.
Effects of the hot season on milk protein fractions
in Holstein cows; Anim. Res. 51 25–33, 2002.
[5] T. Saizi, M. Mpayipheli, P.AyodejiIdowu. Heat
tolerance level in dairy herds: a review on coping
strategies to heat stress and ways of measuring
heat tolerance; J AnimBehavBiometeorol, 7:39-51,
2019.
[6] R. McGovern; J. M. Bruce. A Model of the Thermal
Balance for Cattle in Hot Conditions; J. agric. Engng
Res., 77 (1), 81-92, 2000.
[7] Larry E. Chase. Climate Change Impacts on Dairy
Cattle; Climate Change and Agriculture: Promoting
Practical and Profitable Responses 2014.
[8] K. E. Schütz , A. R. Rogers , Y. A. Poulouin ,N. R. Cox
and C. B. Tucke. The amount of shade influences
the behavior and physiology of dairy cattle;
American Dairy Science Association, 2010, J. Dairy
Sci. 93 :125–133 doi: 10.3168/jds.2009-2416.

[9] Han Li, Yifeng Zhang, Rong Li, Yan Wu, Dingran
Zhang, Hongrun Xu, Yangdong Zhang, Zhili Qi.
Effect of seasonal thermal stress on oxidative
status, immune response and stress hormones of
lactating dairy cows; Animal Nutrition 7, 216-223,
2021.
[10]J. Li, A. R. Green, D. W. Shike. Heat and moisture
production of beef cattle based on acclimation
period and modern genetics; 2017 ASABE Annual
International Meeting - Spokane, United States,
Duration: Jul 16 2017 → July 19, 2017.
[11]B. A. Young. Cold Stress as it Affects Animal
Production; Journal of Animal Science, Volume 52,
Issue 1, January 1981, Pages 154–163
[12]https://govedovad.com/2019/02/24/%D0%BD%D
0%B8%D1%81%D0%BA%D0%B8-%D1%82%D0%
B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D
1%82%D1%83%D1%80%D0%B8-%D0%B8%D0%BA%D1%80%D0%B0%D0%B2%D0%B8/
[13]https://agfundernews.com/agriculture-modelinga-replacement-for-sensors-on-farm.html
[14]Kifle G.Gebremedhin, Binxin Wu, K.Perano.
Modeling conductive cooling for thermally
stressed dairy cows, Journal of Thermal Biology,
Volume 56, 91-99, February 2016.
[15]Alex Sandro Campos Maia, Roberto Gomes da
Silva, Cintia Maria Battiston Loureiro. Latent heat
loss of Holstein cows in a tropical environment: a
prediction model; R. Bras. Zootec., v.37, n.10,
p.1837-1843, 2008.
[16]Physical Processes in Ecosystems, University of
Washington Center for Quantitative Science,
Updated by the TrEnCh Project 2020-09-21
[17]Cíntia Carol de Melo Costa1, Alex Sandro Campos
Maia;, Sheila Tavares Nascimento, Carolina
Cardoso Nagib Nascimento, Marcos Chiquitelli
Neto, Vinícius de França Carvalho Fonsêca.
Thermal balance of Nellore cattle, Int J
Biometeorol, 62:723–731, 2018.
[18]D. Dimov, T. Penev, Iv. Marinov. Temperaturehumidity index – an indicator for prediction of heat
stress in dairy cows; Veterinarija ir Zootechnika,
78(100):10-5, 2020.
[19]Ст. Станев. Свободно – боксовото отглеждане,
по- добри условия и за кравата, и за човека.
[20]Jinghui Li, Vinod Narayanan, Ermias Kebreab,
Serdal Dikmen, James G. Fadel. A mechanistic
thermal balance model of dairy cattle; Biosystems
engineering 209, 256-270, 2021.
[21]L.F. Souto, J.F.Meneses, J.M.Bruce. Prediction of
the energy balance and milk production of grazing
cows in the Azores for autumn and spring calving;
Biosystem engineering 110, 57-65, 2011.
[22]J. Radon, W. Bieda, J. Lendelová, S. Pogran.
Computational model of heat exchange between
dairy cow and bedding; Computers and Electronics
in Agriculture 107, 29–37, 2014.
[23]Д. Пр. Димов; Влияние на микроклимата и
някои
технологични
параметри
върху
индексите на комфорт при свободно
отглеждани крави за мляко; Автореферат на
дисертация, 2017.
[24]G.L. Hahn. Dynamic responses of cattle to thermal
heat loads. J. Anim. Sci. 77, 10–20, 1999.

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIIT)

49

№4 (3), 2021

ISSN: 2682 – 9517 (print) ISSN: 2683 – 0930 (online)

[25]M. Qvarnström, Estimation of production losses
and measures to reduce thermal stress in airy
production under tropical conditions - results of a
field investigation; Thesis Alnarp 2002.
[26]Turnpenny J.R., McArthur A.J., Clark J.A.,Wathes
C.M.; Thermal balance of livestock 1. A
parsimonious model; Agricultural and Forest
Meteorology 101, 15–27, 2000.
[27]Maia A.C., daSilva R.J., Battiston Loureiro C.M.;
Sensible and latent heat loss from the body surface
of Holstein cows in a tropical environment; Int J
Biometeorol, 50: 17–22, 2005.
[28]Ekine-Dzivenu D.C., Mrode R.; Evaluating the
impact of heat stress as measured by temperaturehumidity index (THI) on test-day milk yield of small
holder dairy cattle in a sub-Sahara African climate;
Livestock Science 242, 104314, 2020.
[29]Dikmen S., Hansen P.J.; Is the temperaturehumidity index the best indicator of heat stress in
lactating dairy cows in a subtropical environment?;
J. Dairy Sci. 92:109–116
[30]Kadzere C.T., Murphy M.R.,Silanikove N., Maltz E.;
Heat stress in lactating dairy cows: a review;
Livestock Production Science 77, 59–91, 2002.
[31]Ronald Zom; The development of a model for the
prediction of feed intake and energy partitioning in
dairy cows; PhD thesis, Wageningen University,
Wageningen, NL, 2014.
[32]M. Tekerli, Z. Akinci, I. Dogan, A. Akcan; Factors
Affecting the Shape of Lactation Curves of Holstein
Cowsfrom the Balikesir Province of Turkey; Journal
of Dairy Science Volume 83, Issue 6, 1381-1386,
June 2000.
[33]Brügemann K., Gernand E., König von Borstel U.,
König S.; Defining and evaluating heat stress
thresholds in different dairy cow production
systems; Archiv Tierzucht 55, 1, 13-24, 2012, ISSN
0003-9438
[34]Zhou M., Aarnink A. J., Huynh T. T. T., van Dixhoorn
I. D. E.,Groot Koerkamp P. W. G.; Effects of
increasing air temperature on physiological and
productive responses of dairy cows at different
relative humidity and air velocity levels; Journal of
Dairy Science. Available online 17 November 2021.
[35]Х. Христев. Естествена устойчивост при
животните. Академично издателство на АУ
Пловдив, 128, 2007.
[36]D. Dimov, I.Marinov. Сomfort indicators in freestall housing of dairy cows; Acta Universitatis

50

Agriculturae et Silviculturae Mendelianae
Brunensis, 67(4): 1099 – 1107
[37]Dimov D., Gergovska Z., Marinov I., Miteva Ch.,
Kostadinova G.,Penev T., Binev R.; Effect of stall
surface temperature and bedding type on comfort
indices in dairy cows; SYLWAN., 161(8). ISI Indexed
[38]Chivarov S., Chivarov N., Chikurtev D., Matus Pleva
M.; Cost oriented software system for animal
husbandry smart automation; 978-1-6654-26619/21/$31.00 ©2021 IEEE
[39]Sørensen C.G , Fountas S., Nash E., Pesonen L.,
Bochtis D., Pedersen S. M., Basso B., Blackmore S.
B., Conceptual model of a future farm
management information system; Computers and
Electronics in Agriculture, Vol. 72, Issue 1, 37-47,
June 2010.
[40]Husemann C., Novković N., Vukelić N.; The model
of farm management information system: a casestudy of diversified german farm; deturope – the
central european journal of regional development
and tourismVol.4, Issue 1, 2012, ISSN 1821-2506
[41]Záhradník М., Brestenský V., Huba J.;Interactive
model of a dairy farm: short communication;
Slovak J. Anim.Sci.,52, (1): 39-46, 2019.
[42]Carpentier А., Gohin А., Sckokai Р., Thomas А.;
Economic modelling of agricultural production:
past advances and new challenges; Review of
Agricultural and Environmental Studies, 96-1, 131165, 2015.
[43] Van Schaik G., Nielen M., Dijkhuizen A.; An
economic model for on-farm decision support of
management to prevent infectious disease
introduction into dairy farms; Preventive
Veterinary Medicine 51, 289-305, 2001.
[44]Gaazi B., Daskalov P., Georgieva Ts., Kirilova E.;
Dynamic Model for Determining Technological and
Economic Parameters for Precision Pigs Farming;
International Journal of Modeling and
Optimization, Vol. 8, No. 5, October 2018.
[45]Veterinary and zoo-hygiene requirements for
livestock holdings for farm animals, Ordinance No
44 / 20.04.06, SG No. 41 / 19.05.06.
Ветеринарномедицински
и
зоохигиенни
изисквания към животновъдните обекти за
отглеждане на селскостопански животни, съгл.
Наредба No44/20.04.06, ДВ бр.41/19.05.2006.
[46]https://www.smartagrihubs.eu/latest-news/Thefundamentals-for-digital-farming-are-being-laidout

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIIT)

