Analysing Animal Behaviour using Infrared Radiometry
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ABSTRACT: It is accepted that the infrared radiometry has potential in observing and organizing animal life behaviour.
While doing such kind of studies a few issues normally rise. We have studied such issues in this work. Also, we took sample
data for measuring the solid angles with many animal kinds.
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1. Introduction

In modern times, infrared radiometry has entered many sectors: human and veterinary medicine, agriculture, livestock, energy,
construction, security, defense and military, search and security activities, state border control, space research, etc.

Much of modern medicine such as rheumatology and dermatology use infrared radiometry to provide diagnostic information. It
is also used in the investigation of vascular dysfunction, wounds from burning, frosting as well as in the fight against cancer [1-
4].

Infrared radiometry is a technique for remotely measuring temperature in a certain area of space. The aim is to capture, visualize
and record changes in temperature [5-10]. Raising the surface temperature of the skin leads to an increase in body radiation. This
is the result of increased metabolic activity, which in turn can be caused by inflammatory, metabolic and toxic factors. It has long
been known that this may be a natural indicator of disease or a variety of deviations from normal life processes [11-14].
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Infrared radiometry makes it possible to monitor and control the health status of animals in the wild [15-24]. A healthy organism
is characterized by an even distribution of temperature between different parts of the body. Many pathological processes and
illnesses arise through local changes in heat production, altering the pattern of blood flow in affected organs or tissues. Thanks
to blood flow and the conductive transfer of heat from body depth to its surface, infrared images are thought to be able to reflect
deeply the body processes [11,12].

In wildlife, radiometry can be used for early diagnosis and monitoring of severe contagious diseases such as foot and mouth
rabies, for example. It was found that a rise in body temperature could occur before the onset of clinical symptoms. There are
studies showing the possibilities of infrared radiometry to detect very serious and deadly diseases in animals such as plague,
influenza, tuberculosis and others. It is essential for medicine, ecology, animal husbandry and all related sciences and econom-
ics to obtain quick and reliable information on the factors that affect animal populations and their interactions with the surround-
ing environment [ 13]. Infrared radiometry enables remote monitoring of the physical and physiological parameters of different
animal species. It is a non-invasive, non-contacting and harmless method of visualization, both day and night, as the luminance
in the visible spectrum is not essential. The ability to perform such observations on animals, in their natural habitat, from the air
makes it a very preferred and important mechanism for various research.

2. Theory

The light propagation in a scattering and absorption medium can be strictly studied by using the classical electrodynamic
theory and the partial coherence theory. We prefer to use the radiometric (energy) approach to the analysis of the respective
phenomena, which is clearer in terms of physics and simpler in terms of mathematics [5,6,25]. This approach leads to the
composition of the so-called propagation equation. This equation can be used only in the cases contained in the scope of
proper application of radiometric concepts.

In order to analyze the situation, we use the spectral density of the elementary area emission in the whole half-space 27 sr
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If the emitting body is in thermal equilibrium with the environment (1), the Planck law is used (Planck law for black body
radiation)
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where the constants are defined [25]:

¢, = 2nc?h = 3,74.107%Wm? ,
c; = ch/ky =1,44.107°mK .

In the expression, the * denotes that we refer to a black body.

For a better analysis of the situation, in the space we use a dimension which is related not only to the elementary radiation area
like in (1) but also to the solid view angle and observation angle
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If the radiation area is isotropic, then the relation between the formulae is simplified to

Ly, T) = ZM;(A,T)
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In nature, bodies are more or less different from the idealization of the black body. Therefore, we use the emissivity coefficient

M, (AT)

e(A,T) = Ve ©)

When we are considering a situation on Earth [26-28], it is always necessary to take into account the influence of the atmo-
sphere. As an example, we will study the atmospheric channel of one specific radiometric system situated between the emitting
surface and the aperture of the receiving antenna (figure 1).
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Figure 1. General set-up of a wild animal radiometric investigation (1- radiometric device; 2-solid view angle of the radiometric
device; 3- solid view angle of the animal investigated; 4-essential area of the wild animal surface which produces radiation
(target); S-radiation from the surface on which the animal is located (scene), htarget - distance to the target, hscene distance
to the scene)

The propagation environment is characterized by volume coefficients of scattering and absorption, with an ensemble scattering
indicatrice and the respective temperature. In this paper we will not consider the polarization effects during light propagation.

In the volume between the source and the measuring device, we can observe interactions of optical radiations with the
atmospheric substance and energy transformations. The most essential ones among them are the scattering and absorption.
The unified effect termed extinction (the reducing of energy) is often used.

Another important effect is that the substance in the volume between the source and the measuring device is a source of heat
radiation whose energy is distributed along the spectral scale, depending on the temperature in that volume. One part of this
radiation is directed to the receiver and added to the radiation of the object investigated.

The third essential effect is that, in the volume between the source and the receiver, it is possible for other radiations to enter,
which are propagated along different spatial axes. Some of them can be determined by independent outside sources, while
others are the result of multiple scattering of the radiations from the aerosol particles and the molecules of the gases.

The task of propagation can be formulated as a differential equation [25]
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where a® is the atmosphere scattering coefficient, a(® is the atmosphere absorption coefficient. Lasmmred is the ingredient
determined by the scattering from other sources. We will assume, in our case, that this ingredient is too low and rewrite (6)
without it.

%’1 =—(a® +a@)L, +a@1L;. @)

In order to derive the flux which would enter the photoreceiver, we have to solve (7) and multiply by the values of the aperture
and the solid angle

4’/1,r =4, 0, LA (Z) (8)
We derive the solution of the differential equation by assuming that the atmospheric scattering and absorption coefficients are
constants in terms of space and spectrum. This is possible because the distance is relatively small and we are also using a small

part of the spectrum.

We also assume that the sources of radiation are isotropic. After these assumptions, we derive an expression for the optical flux,
which enter the receiver (we use (1)..(8))

@, = A, 2, 7, {e{exp[-(a® + a@)Z[}U(T; A1, 2,) +
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where
U(Ts Ay, Ap) = fjlz Ly (A, T)dA "

and 7, is the transparency of the receivers optics.

We can summarize that the flux is formed by two main ingredients in (9): the one from the targets and the one from the atmosphere
b =90, +9, (11)

3. Numerical Investigation

In order to make the general theory useful, we will consider a specific example with a radiometric investigation of a deer. The solid
angle of the radiometric device is fixed. The angle, however, at which we see the considerable part of the hat we are interested
in, changes depending on the height. For this reason, in order to make a more accurate assessment of the entering of different
optical fluxes in the entrance aperture of the receiver, we modify (11) to

(‘bt,total =P, ('Q =0 ;Z=h ) + ‘pscene(g =0, -0 ;7= hscene) (12)
and

d)a,total = qba,t('(2 =0 ;Z= ht )+ (pa,scene (-Q =0, -0 ;Z= hscene) (13)

In order to derive a plausible numerical simulation, we use the literature about the respective wild animal, in this case the deer.
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Most of the objects investigated have a complex shape, which leads to measurement errors. Bodily surfaces also have a serious
impact. The presence of fur has a significant influence on the surface temperature of the body and, accordingly, is of significant
importance. Animals with thick fur are poorly visible, while those whose body is barely covered with fur are more suitable for
research. The density of the fur, the individual features of the fur, its length and purity have a significant impact. The purity of
the surface of the examined tissues is important, as is their coloring. For example, the presence of moisture, grease, dust
adhesion or other physical particles on the surface of the skin affect the measurement results.

Behavioral factors also have an impact. Observations and studies of wildlife are accompanied by many problems due to the
unique biological and behavioral traits of different species, such as hiding in hiding places. The behavior and reactions of
wildlife species resulting from changes in environmental factors cannot be predicted. Serious influence is also caused by
intrinsic factors such as sweat evaporation, vascular perfusion, local tissue metabolism. The stress factor is essential and can
seriously affect the results of the research.

For this reason, radiometric analyses should be performed in a natural environment when the subject is adapted to the environ-
ment.

For the simulation, we select the following data [28,29]: T, =293K, T, =313K, Tien =293K, 1, =8um, 1, = 13um, & = 0,99,
Escene = 0,98, @ = 0,03km™, ¢(@ = 0,4km™*, 0, = 6.1073s7, 4, = 8.10"5m?2, 7, = 1.

Using (2) and (4) we perform numerical integration of expression (10). For this we use Scilab [30]. After that we perform
calculations for (12) and (13). Part of the results are shown in the following Table 1.

hscenelm] | 10,13 12 14 16

D, [W], 2,7027 | 1,8598 | 1,3304 | 9,9848.
T=313K 1005 109 | 100 1006

Paoter | 73266 | 6,1923 | 1,0035 | 1,2445
W1, 109 |10 | 1005 | .10

T=293K

Table 1. Part of Simulation Data

We are particularly interested in the comparison of the flux coming from the target with the sum of the fluxes from the atmosphere
and the flux from the scene. The results are shown graphically in figure 2.

4. Conclusion

Applying high-level infrared imaging opens up new serious possibilities. The method allows for large areas and many objects
to be covered. It is a reliable mechanism for counting populations, detecting and registering habitat areas, exploring migratory
processes, identifying the ways and rules for moving in large herds, studying the natural habitat of certain groups, and animal
breeds in the wild. In this case, it is important to note that radiometry is used not for accurate temperature measurements but for
detecting objects with temperatures significantly different from those of the surrounding environment (figure 2). It also provides
us with a good opportunity to find new-borns or small ones hidden in the forest.
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Figure 2. Simulation for one type of target with temperature 313K and emissivity coefficient 0,99 (wild animal) and different
temperatures for a scene with emissivity coefficient 0,98 and atmosphere

References

[1] Soroko, M., Cwynar, P., Howell, K., Yarnell, K., Dudek, K. & Zaborski, D. (2018) Assessment of saddle fit in racehorses using
infrared thermography. Journal of Equine Veterinary Science, 63,30-34 34 [DOI: 10.1016/j.jevs.2018.01.006].

[2] Lahiri, B.B., Bagavathiappan, S., Jayakumar, T. & Philip, J. (2012) Medical applications of infrared thermography: A review.
Infrared Physics and Technology, 55,221-235 [DOI: 10.1016/j.infrared.2012.03.007] [PubMed: 32288544].

[3] Faye, E., Dangles, O. & Pincebourde, S. (2016) Distance makes the difference in thermography for ecological studies. Journal
of Thermal Biology, 56,1-9 9 [DOI: 10.1016/j.jtherbio.2015.11.011] [PubMed: 26857971].

[4] Cilulko, J., Janiszewski, P., Bogdaszewski, M. & Szczygielska, E. (2013) Infrared thermal imaging in studies of wild animals.
European Journal of Wildlife Research, 59, 17-23 23 [DOI: 10.1007/s10344-012-0688-1].

[5] Schlessinger, M. (1994). Infrared Technology Fundamentals. CRC Press: Boca Raton.

[6] Miller, J. (2012). Principles of Infrared Technology: A Practical Guide to the State of the Art. Springer Science+Business
Media.

[7] Diakides, M., Bronzino, J. & Peterson, D. (2012). Medical Infrared Imaging: Principles and Practices. CRC Press: Boca
Raton.

[8] Zibordi, G., Donlon, C. & Parr, A. (2014). Optical Radiometry for Ocean Climate Measurements. Academic Press: Cambridge.
[9] Zhang, Z., Tsai, B. & Machin, G. Radiometric temperature measurements: I1. Applications. Academic Press: Cambridge (2009).
[10] Wolfe, W. (1998). Introduction to Radiometry. SPIE Press.

[11] Tattersall, G. (2016) Infrared thermography: A non-invasive window into thermal physiology (Review). Comparative Bio-

34 Journal of Data Processing Volume 12 Number 2 June 2022




chemistry and Physiology Part a Molecular & Integrative Physiology, Elsevier, 202, 78-98.

[12] Hilsberg-Merz, S. (2008), Ch. 3 Infrared thermography in zoo and wild animals. In: Zoo and Wild Animal Medicine, 6th edn.
Elsevier: Amsterdam.

[13] Perez de Diego, A. P. Sanchez- - - -Vizcaino. The Use of Infrared Thermography as a Non-invasive Method for Fever
Detection in Sheep Infected with Bluetongue Virus, The Veterinary Journal, Elsevier, vol. 198, p.182, 186 (2013).

[14] Gates, D. & Schmerl, R. (2012). Perspectives of Biophysical Ecology. Springer Science+Business Media.

[15] Hodnett, E. (2005) Thermal imaging applications in urban deer control. Wildlife Damage Management Conferences Proc.,
106, 141-148.

[16] Havens, K. & Sharp, E. (2015). Thermal Imaging Techniques to Survey and Monitor Animals in the Wild: 4 Methodology.
Academic Press: Cambridge.

[17] Jorgensen, S. (2000). Thermodynamics and Ecological Modelling. CRC Press: Boca Raton.
[18] Hewitt, D. (2011). Biology and Management of White-1Tailed Deer. CRC Press: Boca Raton.

[19] Havens, K. & Sharp, E. (2015). Thermal Imaging Techniques to Survey and Monitor Animals in the Wild: 4 Methodology.
Academic Press: Cambridge.

[20] Faye, E., Dangles, O. & Pincebourde, S. (2016) Distance makes the difference in thermography for ecological studies.
Journal of Thermal Biology, 56, 1-9 [DOI: 10.1016/j.jtherbio.2015.11.011] [PubMed: 26857971].

[21] Kotrba, R., KniZkova, 1., Kunc, P. & Bartos, L. (2007) Comparison between the coat temperature of the eland and dairy cattle
by infrared thermography. Journal of Thermal Biology, 32,355-359 [DOI: 10.1016/j.jtherbio.2007.05.006], p.355.

[22] Weissenbdck, N.M., Weiss, C.M., Schwammer, H.M. & Kratochvil, H. (2010) Thermal windows on the body surface of
African elephants (Loxodonta africana) studied by infrared thermography. Journal of Thermal Biology, 35, 182—188 [DOI:
10.1016/j.jtherbio.2010.03.002], p.182.

[23] Thompson, C.L., Scheidel, C., Glander, K.E., Williams, S.H. & Vinyard, C.J. (2017) An assessment of skin temperature
gradients in a tropical primate using infrared thermography and subcutaneous implants. Journal of Thermal Biology, 63,49-57
[DOI: 10.1016/.jtherbio.2016.11.005] [PubMed: 28010815].

[24] Beaver, J., Harper, C., Kissell, R., Jr, Muller, L., Basinger, P., Goode, M., Manen, F.V., Winton, W. & Kennedy, M. (2014).
“Aerial Vertical- Looking Infrared Imagery to Evaluate Bias of Distance Sampling Techniques for White-Tailed Deer”, Wildlife
Society Bulletin, Wiley, Vol. 38, pp. 419—427.

[25] Ferdinandov, E. (1993) (in Bulgarian). Basics of Optoelectronics, Technika.

[26] Hodgson, J.C., Baylis, S.M., Mott, R., Herrod, A. & Clarkeet, R.H. (2016) Precision wildlife monitoring using unmanned aerial
vehicles. Scientific Reports, 6,22574 [DOI: 10.1038/srep22574], pp.1- 7 [PubMed: 26986721].

[27] Entrop, A.G. & Vasenev, A. (2017) Infrared drones in the construction industry: Designing a protocol for building thermog-
raphy procedures. Energy Procedia, 132, 63—68 [DOI: 10.1016/j.egypro.2017.09.636].

[28] Dereniak, E. & Boreman, G. (1996). Infrared Detectors and Systems. Wiley: Chichester.

[29] Moen, A.N. (1968) Surface temperatures and radiant heat loss from white-tailed deer. Journal of Wildlife Management, 32,
338-344[DOI: 10.2307/3798979].

[30] Gomez, C. (2012). Engineering and Scientific Computing with Scilab. Springer Science+Business Media.

Journal of Data Processing Volume 12 Number 2 June 2022 35




