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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 enterprise-
specific 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.
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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.
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Fig. 1. Cyber-physical system in precision agriculture
[46]

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIIT) Jil



Ji"
Ne4 (3), 2021 ISSN: 2682 — 9517 (print)

ISSN:: 2683 — 0930 (online)

INSTITUTEOF / W o &
INFORMATICS 3
AND INNOVATIVE // /
TECHNOLOGIES Jio o
A .

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 cyber-
physical system with a concept of intelligent
management.

II. ENVIRONMENTAL PARAMETERS - THE MAIN
FACTOR IN CYBER-PHYSICAL SYSTEMS FOR
INTELLIGENT MANAGEMENT OF ANIMAL HUSBANDRY

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 °Cto -20 °Cthe 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 so-
called 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.

Briigemann [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):

THIg,=(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):

THIre=(1,8 Trax*C+32)-(0,55-0,0055R Hyin%).
(1,8Tms®C-26)  (3)
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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.

relative humidity (%)
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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 | presents the negative effect of high ambient
temperature on the physiological, behavioral and
metabolic status of cows [5, 6, 9].

TABLE I. EVALUATION OF THE EFFECT OF HIGH
TEMPERATURES ON COWS
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Physiological | Behavioral Metabolic
Elevated More time Reduced feed
internal spentin intake [6]

temperature search of

shade [8]

Accelerated Longer Reduced
respiration standing growth and
and time and less milk

endocrine grazing [8] production [7,
changes [6] 23]
Fast More visits Increased
heartbeat [7] to water metabolic
troughs [8] glucose and
less use of
fatty acids
Increased Cows Hormonal
water intake become imbalance [9]
aggressive
when shade
is limited [8]
Increased Inflammatory
sweating [6] 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

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.
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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 cold-
resistant, 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, TABLEIl.  HEAT TRANSFER MODELS
u‘nderétand and improve the overall functioning of the Ne| Mathematical model | Source | Comment
biological system. The use of models can be seen as a
L . 1| Ot [2] Y.-average
type of decision-making support methodology or as an 0.70 . ,
innovation process needed in agricultural production = 644m CIGR | daily growth:
. . 13.3Y,(6.28 + 0.01881 2002 | -0.5kg/day
systems, namely biological processes such as heat + [ (calves);
balance in cows, which in turn will facilitate farm 1-03L -calves | -0.6 kg/'day
management and advisory services. Such models are o, (h;eifers);
poorly developed in our country and still have no — 7 64m069 0.7-1.1kg/
application in the field of animal husbandry. 23 day (cattle);
Heat transfer is a spontaneous process in which heat * Y2 Y1- milk
is transferred from warmer objects to colder ones. ][57 27 + 0.302m - cattle | production,
There are four types of mechanisms for heat exchange 1-0171, V ke/day.
in animals: (1) conductivity, (2) convection, (3) o P - days of
radiation, and (4) evaporation [16]. Conductivity, _t;t64m0,69 ;'\)/nlregnancy.
convection and radiation are the so-called sensible heat ' 23 co-nizr?trgi:
[25]. When the ambient temperature is below the + Yz - MJ dry
animal's body temperature, the heat will be dissipated 57 27 +0.302m heifers matter
from the body surface by radiation and convection, and ] [ 1-0.171Y, D, —‘total
if the cow is lying on a cool floor, the heat will be +16.105p3, W heat
distributed through conductivity. Another way to heat transfer, W
loss is evaporation (sweating and breathing), also called Do @, - sensible
latent heat. Total heat production is the amount of = 6.6m°%75 + 22Y, -Cows || oot
latent and sensible heat loss. In the model for the heat +1.6.1075p3, w transfer, W
release process, in addition to these four types of @, - latent
organic mechanisms, it is necessary to include the Do = D5 + 0 = O, heat
ecological parameters for connecting the microclimate = s transfer, W
(air temperature, wind speed, etc.) to the physiology, ~ Pror
behavior and morphology of animals. With such a large @,
number of independent variables, it is obvious that it _ 0,8(1000
would be useful to have a paramet'er that can predl'ct +12(20 - 1)) — 0,38¢2
heat transfer and assess how the animal would "feel" in
this environment [16]. 2 | HE [20] ME — daily
One of the classical models for heat and moisture = (ME — RE)/86,400 2021 | metabolizing
production in animals and body temperature for HE - Average daily heat enerey
animals is given by [1] Mount (1973), where the total oroduction , (W) intake (J);
heat production from animals can be considered RE - daily
constant, with the sensible heat decreasing and latent HE = ¢,.BW®75/3,6, retained
heat increasing in parallel with the increasing ambient w energy ();
temperature, which is explained by the law of heat . . .
transfer. This relationship between total, sensible and resp = Gsen + Qrat 86,400 - is
latent heat in relation to ambient temperature is also ; the time in
presented by [2] CIGR (2002) described in Table II. for Aresp” I.-Iea.t loss throzugh sec. per day.
calves, cattle, heifers and cows. Under thermoneutral respiration, (W,m’) o - heat
conditions (20 °C). for most adult farms animals, the Qoon = V.RR,c, (Tv, phroduction
total heat dissipation Ftot, depends mainly on: —Tv,) coefficient
- Weight of the animal ‘m’ /A 44.1 for
highly
- Production (milk, meat, eggs, fruit); production
- Concentration of energy in the feed. cows (daily
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Qiae = AViRR(Xe — Xa) milk yield = &(T -T) heat flux,
/A over 30 kg), R (Wm),
38.7 for ]
Xa»Xe -Absolute intermediate Saps = (1= pc)S; L- radiant
humidity of production pc, heat_;‘lux,
inhaled/exhaled air, g m* cows (daily E= Yor fe Wm
o milk yield S . _the
RR - Respiration rate, <30 kg) and E - the heat flux from abs
breath s* 29.7 for dry evaporation (Wm) radation
: absorbed by
V- Tidal volume, COWS. the animal
m3preath (Wm-2)
qs [21] | gs-sensible 6 [27] | Gs~total
_ (T, —Ty) —aReR, | 2011 | heat flux, pc, 2005 | loss of
R +R.+R, wm-2 Gs == (Tc =To) sensible
v—wind heat, (Wm_z)
To - body temperature speed, (m s . AE, Eg - Heat
(), b, $ 73600 transfer from
Ta- air temperature (K), Rn is the net A=2500.7879-2.3737tx evapigratlon,(
radiation wm)
a —model’s parameter; flux, 7| M=+K+C+R+E [30] | gr—heat
Rse is the thermal Re € thermal M - metabolic heat 2002 :;Z?;Iiegnb)(,v
resistance of the ;Eselst?::ucs of production A -is the
2 -
i))i)undary layer (m* KW (MK WA 0 = 8A.F,Fy(TE — TH) Is:;f;(;e area
Rcis the _ n .
Ry, = (5,3 — 7v%6)71 thermal Qe = keAeV"(Ps ~ Pa) I?)is S;at
resistance of Qer = WALV (ts — t,) evaporation
the coat (m? W
KW K= Ahe(ts = ta) qev- heat loss
Qap [22] Rab — from
- 1 (T, —T,)F, | 2014 | resistance to E?nr\]/s;:ionw
-+ Rap heat transfer
between the transfer by
Qub - heat flow between beding and ssnductwlty,
a balance-differential the cow's
element and thecow’s body (m2
body (W) K/W), The representative formulas in Table Il are derived
from various literature sources, presenting the
Tb —body mathematical description of the heat production of
temperature( | Jactating cows.
© Li et al. [10] show that cattle have a deviation in feed
C = Ac C+L—S,) [26] | G,-the heat intake from the models proposed by CIGR. The
¢ A abs 2000 | flow from measured heat and moisture production were
+E the animal to compared with the CIGR models for forecasting heat
pe the_ and moisture production to assess representativeness.
C==—2(T.-T,) environment The average total heat output of mature bulls (1.38 W/
T (Wm-), kg) and the sensible heat output (1.20 W / kg) for them
C- are higher than the results of the CIGR models. The
convection results of this study show that existing models on CIRG
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