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ABSTRACT  

Efficient livestock production is fundamentally dependent on timely detection of health disorders and 

optimization of reproductive performance. Conventional diagnostic techniques, although widely 

practiced, are often invasive, labor - intensive, and limited in detecting early physiological changes. 

Infrared Thermography (IRT), a non - invasive imaging techniqu e, has emerged as a promising tool 

for real - time monitoring of physiological and pathological conditions in livestock. It operates by 

detecting infrared radiation emitted from body surfaces and converting it into thermal images that 

reflect underlying meta bolic activity, blood flow, and inflammatory responses. This article provides 

an overview of the principles and applications of IRT in livestock farming, including estrus detection, 

mastitis diagnosis, thermal stress evaluation, and welfare monitoring. Sci entific evidence indicates 

that IRT enhances reproductive efficiency, enables early disease detection, and improves animal 

welfare. The integration of IRT with precision livestock farming technologies offers a  scalable  and 

data -driven approach for improvin g productivity and sustainability in livestock farming . 
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INTRODUCTION  

Livestock production systems are undergoing a paradigm shift toward precision -based management, 

where real - time monitoring of animal health and reproduction is important   for maximizing 

productivity. Reproductive inefficiency, delayed disease diagnosis , an d environmental stress are 

among the major constraints affecting dairy and pig production systems globally. Traditional 

diagnostic approaches such as visual estrus detection, rectal thermometry and laboratory -based 

diagnostics are often subjective, time -consuming, and require handling of animals, which may induce 

stress and alter physiological responses.  Infrared Thermography (IRT) has emerged as a powerful, 

non - invasive diagnostic tool that allows rapid and contactless assessment of animal health and 

repro ductive status. The technique is based on detecting infrared radiation emitted by body surfaces 

and translating it into thermographic images. Since temperature variations are closely linked to 
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physiological processes such as blood flow, inflammation, and m etabolic activity, IRT provides 

valuable insights into animal health and productivity  (Bewley et al., 2008; Montanholi et al., 2015) .  

First applied in veterinary science during the 1960s, IRT experienced limited uptake due to 

the high cost and poor resolution of early cameras. Advances in uncooled microbolometer detector 

technology have since reduced camera costs by more than 90%, while improving thermal sensitivity 

to below 0.05°C. Useful advancements in sensor technology, image processing, and arti ficial 

intelligence have further enhanced the applicability of IRT in livestock farming. Contemporary 

veterinary applications span mastitis detection in dairy cattle, reproductive monitoring in swine, 

lameness diagnosis in horses and ruminants, welfare ass essment under heat stress, and automated 

on- farm surveillance integrated with milking robots and identification systems. It is increasingly 

being used as a tool for early disease detection, reproductive monitoring, and welfare assessment, 

thereby contribut ing to improved farm management and economic efficiency  (Stewart et al., 2007) . 

IRT has the ability to provide stress - free, contactless, and accurate monitoring of animals, making 

it particularly suitable for large -scale and automated farming systems. This  review critically 

appraises its prospects, potential applications and methodological gaps that must be bridged before 

IRT can be adopted as a standardized diagnostic tool in livestock practice.  

Principles of Infrared Thermography  

Infrared thermography operates on the principle that all objects with a temperature above absolute 

zero (0 K) emit infrared radiation  across a spectrum determined by their surface temperature . This 

radiation lies within the electromagnetic spectrum between  visible light and microwave radiation. 

The intensity of emitted radiation is directly proportional to the temperature of the object and is 

governed by physical laws such as Planckôs radiation law and the StefanïBoltzmann law . Thermal 

cameras capture this radiation and convert it into visual thermograms, where each pixel represents 

a temperature value. Biological tissues  like mammalian skin and mucous membranes have high 

emissivity (approximately 0.98), making them suitable for accurate thermographic measur ements  

(Stewart et al., 2007; Montanholi et al., 2015) . Temperature variations detected through IRT are 

indicative of changes in blood circulation, metabolic activity, and inflammatory processes.  Healthy 

animals display bilateral thermal symmetry across co rresponding body regions. Disruption of this 

symmetry ða thermal "hot spot" or asymmetry ðis the primary diagnostic indicator in veterinary 

thermography. Regions of particular clinical relevance include the udder quarters (mastitis), the 

periocular area (fev er correlate), the coronary band and hoof (laminitis, foot rot), the perineum and 

vulva (estrus), and limb joints (synovitis, arthritis). The non -contact nature of IRT eliminates the 

need for physical restraint, thereby reducing stress - induced variability in measurements. However, 

accurate interpretation requires standardized conditions, including controlled environmental 

temperature, absence of direct sunlight, and proper camera calibration.  
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Fig ure 1:  Diagrammatic representation of Infrared Thermographic Imaging Process in Livestock 

System  

 

Applications of Infrared Thermography in livestock farming  

1 . Estrus Detection and Reproductive Monitoring  

Accurate detection of estrus is critical for improving conception rates and reducing calving 

intervals in livestock (Diskin and  Sreenan, 2000). Infrared thermography provides a reliable method 

for detecting estrus by identifying temperature changes associated with hormonal fluctuations 

(Hurnik et al., 1985; Talukder et al., 2014). Elevated estrogen levels during estrus increase bl ood 

flow to reproductive organs, resulting in a measurable rise in vulvar temperature (Talukder et al., 

2015). Studies in cattle, buffalo, and goats have demonstrated significant increases in surface 

temperature during estrus, with strong correlations betw een thermographic readings and hormonal 

profiles. These thermal patterns can indicate reliable  timing of artificial insemination, thereby 

improving fertility outcomes. Unlike conventional methods that rely on behavioral observation, IRT 

provides objective and quantifiable data. Its application in reproductive management reduces labor 

dependency, improves breeding efficiency, and minimizes non -productive days.  

2. Mastitis Detection and Udder Health Monitoring  

Mastitis remains one of the most economically sig nificant diseases in dairy cattle (Halasa et 

al., 2007). Early detection is essential to prevent production losses and maintain milk quality 

(Seegers et al., 2003). Inflammatory processes associated with mastitis lead to increased blood flow 

and elevated u dder surface temperature, which can be detected using IRT (Polat et al., 2010; Berry 

et al., 2003). Research indicates that thermographic imaging can detect temperature differences of 

1ï2.5°C between healthy and infected udder quarters, enabling early iden tification of subclinical 

mastitis (Polat et al., 2010). Studies have reported sensitivity and specificity values of approximately 

0.80 and 0.81 for mastitis detection using IRT (Colak et al., 2008). IRT can be integrated with 

automated milking systems and  RFID-based identification technologies to enable continuous 

monitoring of udder health (Bewley et al., 2008). This approach reduces reliance on manual 

inspection and enhances herd - level disease management.  
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