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Abstract 

Early detection of diseases in animals is an important issue in the management of group-

housed livestock. In recent years, many studies have focused on reducing losses from respiratory 

diseases which lead to death and reduced productivity in livestock. Because, respiratory diseases 

in pigs are complex diseases that cause significant economic losses. Presently, a large-scale 

outbreak of African swine fever has been spreading in many countries, has caused huge economic 

losses in East Asia countries. Effective management is an important factor in reducing the risk of 

respiratory disease, and it is important to identify a pig with a respiratory disease as soon as 

possible. Some previous studies have shown that early detection of porcine disease is possible, 

such as discriminating the wellness of the pig based on visual information, as lethargy, loss of 

appetite, tremors, and weight loss. Livestock breeders monitor them to identify these changes, 

such as weight loss, emissions, vomiting, skin, and respiration rates, in individual pigs 

systematically. However, it may not be possible for inexperienced workers such as breeders to 

identify these symptoms accurately in a large group of animals. In production filed of breeding 

pig in mass concentration, the diagnoses of respiratory illnesses had been attempted. For instance, 

to assess coughs, the sound monitoring and real-time monitoring has been installed in the 

breeding houses. The reagent cost of conventional monitoring is too expensive, and affected to a 

significant increase in production costs. With the development of the modern livestock industry, 

early detection of health anomalies is critical for the management of group-housed livestock 

animals such as pig. It is necessary to develop technologies to analyze the biological signals in 

pig using early detection systems to minimize the damage and loss of livestock caused by 

respiratory diseases. 

In this thesis, the overview of the early detection system in animal. This system is employed 

the BCS with online system for finding respiratory disease, and a wireless recording system to 

make collection of BCS are developed. Usually, the vital data, such as respiratory and heart 

sounds were analyzed for the early detection of pig respiratory diseases. Experimental results 

showed that BCS was able to provide vital information regarding respiratory and heart sounds. 

Moreover, we confirmed that respiratory and heart sounds can be effectively extracted by 

recording BCS from the tip of ear under comparing the signals collected from BCS using other 

body positions. FM transmission system was adopted to record the BCS of pigs before and after 

inoculation with PRRS. Through comparing the spectrograms of sounds obtained before and after 

inoculation, it was confirmed that the respiration rate decreased and respiratory intensity 

increased after PRRS infection. In addition, acoustic analysis results using zero crossing and 

MFCC suggested the possibility of diagnosing PRRS in its early stages. Although the database 

is not large enough to provide enough samples to rule out individual differences, the detection of 

respiratory disease is confirmed to be effective. Therefore, a system can be developed using the 

analysis of acoustic features. This system will also pay an important role in stockbreeding in 
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future.  
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1. Introduction 

 

In the first chapter of this thesis, we will first introduce the basis and development of animal 

respiratory sounds, then introduce some methods for the diagnosis of respiratory diseases, and 

focus on a study that uses cameras and microphones to monitor animal coughs and sneezes to 

detect diseases. The purpose and advancement of this study are summarized and explained at the 

end of the first chapter by comparing with current methods. 

 

1.1. Research Background 

The health management of anomalies is an important issue in group-housed livestock. Any 

epidemic disease will bring huge economic loss and far-reaching impact to the farm. How to 

control the disease in the primary stage before the outbreak and effectively deal with it before 

the large-scale outbreak is a major issue. In particular, the vocalization of sick pigs could indicate 

respiratory diseases, which are one of the main causes of mortality among pigs and loss of 

productivity in intensive pig farming [1] . To minimize the damage caused by various respiratory 

diseases, it is necessary to develop technology for collecting and analyzing livestock data. Sound 

analysis is of considerable importance, because it helps to classify and quantify coughs. Sound 

production by animals is a candidate bio signal that can be measured easily at a distance, thereby 

not causing any additional stress to the animals [2] . Furthermore, in recent years, sound analysis 

has become an increasingly important tool to interpret the behavior, health condition, and will 

being of animals. Along with monitoring animals using wireless sensor network technology, a 

rich variety of studies have been reported on sound analysis: applied to animal sounds in general, 

and to farm animals and pigs in particular. The bio-acoustic study by Gutierrez et al. [3] was 

aimed at classifying the different pig wasting diseases through sound analysis with emphasis 

given to differences in the acoustic footprints of coughs, and they stated that their study could be 

useful in supporting an early detection method based on the on-line cough counter algorithm for 

the initial diagnosis of sick animals in breeding farms. In fact, several excellent studies were 

proposed for the detection of cough sounds in a pig house. For example, Hirtum and Berckmans 

performed some experiments under laboratory conditions and introduced algorithms to detect 

cough sounds and to classify the animals as ill or healthy. Guarino et al. detected different cough 

events in field conditions with an accuracy of 86.2 % using a simple algorithm, and by applying 

on-line monitoring of continuous sound registration. extended existing cough identification 

methods and proposed a real-time method for identifying sick pig cough sounds [4,6]. However, 

we still require further elaboration to this detection problem and recognition of pig wasting 

diseases using sound data in audio surveillance systems. 

Respiratory diseases in pigs are complex diseases that cause significant economic losses. 

Effective management is an important factor in reducing the risk of respiratory disease. 
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Respiration is a physiological process where an organism acquires oxygen and removes carbon 

dioxide [7] . Therefore, it is important to identify a pig with a respiratory disease. Some previous 

studies have shown that early detection of porcine disease is possible using an obvious way, such 

as discriminating the wellness of the pig based on visual cues, such as lethargy, loss of appetite, 

tremors, and weight loss. Experienced breeders can easily identify these changes, such as weight 

loss, emissions, vomiting, skin, and respiration rates, in individual pigs. However, it may not be 

possible for inexperienced workers to accurately identify these symptoms in a large group of 

animals [8] . Usually, there is another method of detecting diseased pigs. For example, multiple 

molecular diagnostic tests can be adapted to animal diseases quickly and practically; this method 

discriminates the respiratory diseases of pigs by using real-time polymerase chain reaction (PCR). 

Each respiratory disease virus has a specific DNA that can be detected using real-time PCR. This 

method is helpful in the fast, sensitive, and specific diagnosis of four related pathogens [9] . 

However, the reagent cost is too expensive and will lead to a significant increase in production 

costs; moreover, it is difficult to use this method in large quantities on farms. With the 

development of modern pig breeding in the direction of mass concentration, the diagnoses of 

respiratory illnesses had been attempted in previous studies by assessing coughs through sound 

monitoring using a microphone and real-time monitoring camera installed in the breeding house 

[10,11]. In this system, it is easy to achieve detection based on changes in the behavior of the pig 

caused by respiratory diseases. However, when the number of pigs is large, the environmental 

noise caused by the pig itself will have a great impact on the diagnostic value of the system. With 

the increasing demand for camera equipment, equipment costs will increase.  

With the development of the modern livestock industry, early detection of health anomalies 

is critical for the management of group-housed livestock, such as pigs. It is necessary to develop 

technologies to analyze the biological sounds in pigs using early detection systems to minimize 

the damage and loss of livestock caused by respiratory diseases [12] . In contrast, similar to 

respiratory disease in humans and other species, respiratory disease in pigs is often the result of 

a combination of primary and opportunistic infectious agents [13]. A few decades ago, a 

diagnosis was made by doctors who relied on their hearing to detect some symptomatic signs in 

the respiratory sounds [14]. However, with the development of digital solutions in recent years, 

breath sound analysis has drawn much attention because of its diagnostic capabilities. Digital 

signal processing techniques have been widely used to calculate the features of a lung sound for 

both diagnostic and treatment assessment purposes [15] . Pulmonary auscultation provides useful 

information for the differentiation between healthy and diseased respiration [16] . Because 

auscultation depends on the skill of each doctor, untrained doctors have a high chance of 

misdiagnosis. Therefore, only a professionally well-trained doctor can recognize the 

abnormalities [17,18]. Computers can be trained to accurately recognize the abnormalities using 

modern advanced artificial intelligence technology [19] .  

Presently, a large-scale outbreak of African swine fever has been spreading in many countries, 
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which has caused huge economic losses in countries such as China and Japan. African swine 

fever (ASF) is a highly infectious hemorrhagic fever virus in domestic pigs and wild boars, 

causing serious economic and production losses [20] . Thus, we contemplated whether we could 

collect a pig’s biological information using an early detection system before large-scale infection 

and take preventive measures using artificial intelligence technology to minimize the potential 

loss. The purpose was to establish an early detection system for respiratory diseases in pigs based 

on BCS. In this thesis, we described the possibility of early detection of respiratory diseases with 

a newly developed wireless system that records transmitted sounds, such as respiratory and heart 

sounds, in pigs from biological signals. Considering its practical application in the future, the 

sensor is sufficiently small to be installed on the ear tags. Simultaneously, we recorded BCS for 

many healthy pigs through experiments and constructed a database [21] . Using the porcine 

reproductive and respiratory syndrome (PRRS) virus inoculation test, we verified the feasibility 

of an acoustic analysis to diagnose the disease [22] . In addition, an extended BCS database of 

the PRRS virus transmitted in pigs was constructed. The effectiveness of feature parameters for 

diagnosis has been proved by acoustic analysis. This has laid a foundation for establishing an 

early diagnosis system for respiratory diseases in pigs. 

 

1.2. Method for diagnosing respiratory diseases in pigs 

Respiration is a physiological process where an organism acquires oxygen and removes 

carbon dioxide. Therefore, it is important to identify a pig with respiratory disease. Some 

previous studies have shown that early detection of porcine disease is possible using an obvious 

way, such as discriminating the wellness of the pig based on visual cues, such as lethargy, loss of 

appetite, tremors, and weight loss. Experienced breeders can easily identify these changes, such 

as weight loss, emissions, vomiting, skin, and respiration rates, in individual pigs. However, it 

may not be possible for inexperienced workers to accurately identify these symptoms in a large 

group of animals. Usually, there is another method of detecting diseased pigs. For example, 

multiple molecular diagnostic tests can be adapted to animal diseases quickly and practically; 

this method dis-criminates the respiratory diseases of pigs by using real-time polymerase chain 

reaction (PCR) [23]. Each respiratory disease virus has a specific DNA that can be detected using 

real-time PCR. This method is helpful in the fast, sensitive, and specific diagnosis of four related 

pathogens. However, the reagent cost is too expensive and will lead to a significant increase in 

production costs; moreover, it is difficult to use this method in large quantities on farms [24] . 

With the development of modern pig breeding in the direction of mass concentration, the 

diagnoses of respiratory illnesses had been attempted in previous studies by assessing coughs 

through sound monitoring using a microphone and real-time monitoring camera installed in the 

breeding house [25] . In this system, it is easy to achieve detection based on changes in the 

behavior of the pig caused by respiratory diseases. However, when the number of pigs is large, 

the environmental noise caused by the pig itself will have a great impact on the diagnostic value 
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of the system. With the increasing demand for camera equipment, equipment costs will increase. 

In the advance study, they propose an efficient data mining solution for the detection and 

recognition of pig wasting diseases using sound data in audio surveillance systems. In this 

method, they extract the Mel Frequency Cepstrum Coefficients (MFCC) from sound data with 

an automatic pig sound acquisition process, and use a hierarchical two-level structure: the 

Support Vector Data Description (SVDD) and the Sparse Representation Classifier (SRC) as an 

early anomaly detector and a respiratory disease classifier, respectively. The experimental results 

show that this new method can be used to detect pig wasting diseases both economically (even a 

cheap microphone can be used) and accurately (94 % detection and 91 % classification accuracy), 

either as a standalone solution or to complement known methods to obtain a more accurate 

solution. 

 
Figure 1: Picture of a pig house installed a stationary CCTV with an audio sensor [2] 

 

1.3. Research purpose and thesis construction 

In this study, we try to use piezoelectric sensors to obtain the conduction sound in animals, 

and use the sensors attached to the animal ear tag to collect BCS of individual animals in the 

group. On the basis of continuous experiments and improvement of equipment, a BCS database 

of healthy pigs was established, and a database of respiratory diseases was established by 

injecting virus (PRRS). Through acoustic analysis, it was found that there was an intentional 

difference in the respiratory sound of pigs before and after the disease, which could be used as a 

characteristic quantity to judge whether pigs were infected with PRRS. We expect that through 

artificial intelligence technology, we can realize early diagnosis and provide specific solutions 

for solving problems through the establishment of characteristic quantity. 

  In this chapter 1, we introduce the background of the research and the progress of the current 

research. We can conclude that in the development of animal husbandry, the early diagnosis and 

countermeasures of infectious diseases are very important, not only for the management of 

animal husbandry, but also for the control of diseases and the reduction of economic losses. In 

the next chapter, we will introduce the main respiratory diseases in pig breeding, and introduce 



10 
 

the existing diagnosis methods and countermeasures [26]. 

  



11 
 

2. Respiratory disease and its diagnostic method in animals 

 

2.1. Background 

The most important concern in the medical domain is to consider the interpretation of data 

and perform an accurate diagnosis. Bronchitis, pneumonia and many other pulmonary diseases 

cause respiratory disorders which affect respiratory systems. Diagnosis of these diseases is 

facilitated by pulmonary auscultation by using a stethoscope. This method depends on 

individuals hearing capability, experience and ability to differentiate the sounds. The quantitative 

measurement and permanent record of the related parameters is difficult. The recording and 

analysis of the respiratory sounds may quantify the changes in abnormal respiratory sounds in 

respiratory disorders. The signal processing techniques may be used for diagnostic information. 

Pulmonary disease is a major cause of ill-health; chronic obstructive pulmonary disease 

(COPD) and asthma have been estimated to affect the adult population. Pulmonary infections 

such as acute bronchitis, pneumonia, and interstitial lung disease increasing [27]. The diagnosis 

of these common chest diseases is facilitated by pulmonary auscultation using a stethoscope. The 

diagnosis of these diseases is facilitated by pulmonary auscultation using a stethoscope which 

has many limitations such that it depends on individuals' own hearing, experience and ability to 

differentiate between the different sounds. The quantitative measurement and permanent record 

of the diagnosed diseases is difficult. The computerized methods for recording and analysis of 

the respiratory sounds may overcome some of the limitations of auscultation using a stethoscope. 

An analysis of respiratory sounds may quantify the changes in different respiratory acoustic in 

various diseases. The use of digital signal processing techniques may lead to deep insight to get 

related diagnostic information. 

 

2.2 Types and characteristics of pig respiratory diseases 

    Firstly, the pig's respiratory system begins at the nostrils and enters two nasal passages. They 

include the dorsal and ventral parts of the turbinate (Figure 2). The ventral turbinate consists of 

four fine main bones, two on each side separated by cartilage. You can imagine there are four 

curlers in the nose. The respiratory tract is covered by a photo synovial membrane called mucous 

membranes because it is soaked in viscous mucus. It is also covered with tiny hair-like structures 

that can brush mucus across the surface in a wavy motion. They move mucus from the nasal 

cavity, bronchial tree, and trachea to the larynx, where it is swallowed. The bones of the turbinate 

heat up the air drawn through the nose because they are spool-shaped and cause turbulence. This 

throws out larger particles that stick to the mucus and sweep down the throat. As the diameter of 

many branches of the bronchi decreased, they had a similar effect on a larger number of tiny 

particles. The mucus elevator then takes them down the throat. Only the different smallest 

particles reach the alveoli, where alveolar macrophages engulf and clear them. Inside, the nasal 



12 
 

cavity leads to the pharynx (larynx), a common passage for food and air. Food is swallowed by 

the esophagus and air is sucked into the throat at the back of the throat. The larynx controls the 

inhalation and exhalation. It enters the trachea, which passes down into the thoracic cavity, where 

it divides into two bronchi. The bronchi branch into smaller bronchi and continue to branch, 

becoming smaller and smaller, becoming bronchioles, which terminate in very small air sacs 

called alveoli. Oxygen passes from the alveoli to the bloodstream and carbon dioxide is expelled. 

The lungs are divided into seven lobes, as shown in Figure 2 [27]. 

 

 

Figure 2: The respiratory system of pig [27] 

 

Respiratory diseases in pigs can be classified into two broad categories, depending on the 

degree and duration of the dominant disease. The other is a disease that persists in large Numbers 

of pigs. The first can be costly, but the losses are limited, not sustained. They include swine flu, 

swine fever, pneumonic pseudorabies, porcine circovirus related diseases, and porcine 

reproductive and respiratory syndrome. Disease-causing viruses may persist in the population, 

but outbreaks of dominant diseases are often self-limiting. In the following article, we will 

introduce several common pig respiratory apparatus diseases and corresponding treatment. And 

will focus on one of the most damaging porcine diseases in economic terms named PRRS. 

 

2.2. Types and characteristics of pig respiratory diseases 
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I. Atrophic Rhinitis (Progressive Atrophic Rhinitis, PAR) 

Causes and Mode of transmission: 

Progressive atrophic rhinitis (PAR) is caused by the bacteria Pasteurella multocida, which 

is found in the respiratory tract of pigs. The strain that causes PAR produces a powerful toxin, 

pinotoxin, which is responsible for disease changes. Once the toxin is produced and absorbed, it 

affects bone production and remodeling and has a lasting effect, which is most evident in the 

rapidly growing nasal bone of the pup. These were destroyed, not recovered, resulting in a 

distorted nose, of which PAR is recognized. It cans transmission from pigs to pigs by drinking 

water contaminated by contaminated pigs and by organisms that breathe in the air. It can survive 

for days in a cool, moist environment and can spread between pig farms and feedlots, as well as 

contaminated clothing and tools.  

Treatment and prevention: 

   Trimethoprim, ampicillin, tetracycline, cefuroxifuran or enoxacin are appropriate for the 

treatment of acute piglet disease. If animals can't suck, they should be supported with extra food 

and electrolytes. Diseases of weaned piglets can be treated with an injection of water medicine. 

Initial control measures depend on giving piglets antibacterial agents at ages 3, 10, and 21 days. 

At-risk weaned piglets may be given a course of antimicrobial treatment in feed or water. Drug 

therapy is the most effective way to treat a group of animals entering the airspace in a total entry 

and total exit system. Cultures of nasal swabs were used to identify infection and identify the 

absence of toxin genes, as well as the routine screening of nasal samples at slaughter. These 

techniques have been used to identify carrying pigs in affected herds that can be culled for 

pollution-free herds [28] . 

 

II. Enzootic pneumonia (EP) (Pleurisy) 

Causes and Mode of transmission: 

Enzootic pneumonia is caused by mycoplasma pneumonia infection in pigs. Mycoplasma 

pneumonia is a small, shapeless, delicate bacterium that is difficult to grow in the laboratory. 

This organism grows on cells in the trachea, bronchi, and bronchioles (the hard airways of the 

lungs) of non-immune pigs, attaches to the cilia (active pulsing hairs), paralyzes them, causes 

their loss, and causes the accumulation of respiratory secretions in the lowest part of the lungs 

and in pneumonia. Inflammatory cells and antigen-producing cells surround the affected airways, 

as seen in pneumonia. The immune system developed and pneumonia eventually disappeared 

after a few months, although antibodies could be detected in the blood and mycoplasma persisted 

in the respiratory tract of the recovered pigs. Porcine to pig transmission is usually achieved by 

inhaling these aerosols, but it can also be achieved through direct porcine to pig contact or 

through contaminated water or newly contaminated fence furniture such as toys or ropes. High 

humidity, low airspeed, no turbulence, no direct sunlight and low temperatures help spread. 

Treatment and prevention: 
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Enzymatic pneumonia can be treated with valnimorin, thiumulin, lincomycin, ivrosin or 

tylosin, and enoxacin or maboxacin. Breeding stock without enzyme pneumonia should be 

vaccinated prior to transfer to infected farms. The disease can be eradicated by population 

reduction and supplemented with feed from pigs without the enzyme pneumonia. Yeast-free 

pneumonia farms must use yeast-free pneumonia-free breeding animals, must be located at least 

3.2 km from any other pig farm (microorganisms can be transmitted via aerosols), must maintain 

barriers and ensure that visitors have not recently come into contact with pigs[29] . 

 

III. Pleuropneumonia (app) 

Causes and Mode of transmission: 

Pleuropneumonia is caused by actinobacillus pleuropneumoniae, a gram-negative rod-shaped 

bacterium that produces pili (filaments), protective capsules, and at least four toxins (APXI, 

APXII, which is produced in the body to haemolytic and destroy red blood cells, killing cells and 

APX IV, and is essential for pathogenicity). Infections are spread through pig-to-pig contact, 

aerosols, contaminated drinkers and contaminated clothing. The microbe does not survive long 

after drying but can survive for days in clean water. Infecting a clean farm is usually done by 

transporting pigs. 

Treatment and prevention: 

Clinically affected animals are treated with injections because they do not eat or drink too 

much, making medication with feed and water largely ineffective. Penicillin, cephalexin, 

ampicillin, ampicillin, amoxicillin, terramycin, doxycycline, trimethoprim sulfadiazine, temorin, 

flubenicol, enoxacin, cefutifur and linogum are available for registration. Treatment may be 

repeated for 3 days. Affected pigs may have to drink water through a stomach tube. Lung damage 

in treated pigs may persist until slaughter, reducing productivity. Treatment with antibiotics in 

feed or water at entry to control disease by eliminating early infection, especially if full in and 

out air space or site storage is carried out, and inoculation of sows with the exterminated whole-

cell vaccine protects their piglets from the serotypes present in the vaccine. Pleural pneumonia 

does not spread very far by aerosol, and separation is usually effective [30] . 

 

IV. Mulberry Heart Disease (MHD) 

Causes and Mode of transmission: 

Mulberry heart disease was caused by the deficiency of vitamin E (alpha-tocopherol) in the 

diet, while the content of methionine and cysteine in the diet was low and the fat content was 

high, which aggravated mulberry heart disease. Alpha-tocopherol is both an antioxidant and a 

stabilizer of membrane lipids. Specific losses of membrane-bound arachidonic acid and linolenic 

acid occur in vitamin E deficiency associated with low dietary levels of these acids. The main 

clinical symptom of this complex defect appears to be the effect on energy metabolism. The most 

severely affected cells in pigs are hepatocytes (hepatocytes) and muscle cells in heart muscle and 
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skeletal muscle. The syndrome is the result of congestive heart failure with pericardial effusion. 

Mulberry hearts were not transmissible, but appeared in the same batch of pigs raised 

continuously under the same conditions and on the same rations. 

Treatment and prevention: 

   High levels of vitamin E (2-3 times the recommended level) can prevent progression of the 

disease and indicate vitamin E deficiency. Injection of alpha-tocopherol or alpha-tocopherol 

selenium preparations is valuable in affected animal groups. Vitamin E is also a component of 

the fat-soluble vitamin mixture. Vitamin E can be returned to normal in a few hours by injection, 

but it may take up to two weeks to replenish with feed [31] . 

 

V. Porcine Circovirus Infection, Post-weaning Multisystem Wasting Syndrome (PMWS) 

and Porcine Dermatitis and Nephropathy Syndrome (PDNS) 

Causes and Mode of transmission: 

Porcine circovirus infection is almost ubiquitous. PCV is a small, drug-resistant, circular, 

single-stranded DNA virus that can grow in a variety of pig cell lines. The virus thrives in pigs' 

intestines, respiratory tract, macrophages (white blood cells that kill bacteria) and T and B 

lymphocytes (which control immunity). Infections, usually oral and nasal, transplacental or 

venereal, occur when infection of lymphocytes allows high levels of the virus to accumulate in 

the blood. Not all cases have clinical symptoms. PCV2 infection appears to have an incubation 

period of 10-14 days, and in PMWS can cause jaundice, liver and kidney swelling, and 

granulomatous lesions in a wide range of tissues. The affected pigs developed clinical symptoms 

of antibodies within 2-4 weeks. PDNS may occur in elderly pigs with weak antibody response 

and high viral levels, and is associated with bleeding from many organs, leading to high mortality. 

Treatment and prevention: 

There is no treatment. Only secondary bacterial infections should be controlled, and 

individual animals can be removed from the herd and cared for when they return to normal 

growth. This is not possible on any large scale, and high mortality rates tend to persist in farm 

conditions. When an epidemic occurs, strict hygiene and management shall be carried out in all 

directions. Since the virus spreads in feces, it is slow to spread within buildings but not easily 

from building to building, thus preventing transmission within farms. The use of oxidizing 

disinfectant on boots, appliances and dips may be sufficient to reduce the chances of diffusion. 

The basis for preventing the consequences of infection is reducing viral load through vaccination, 

but not preventing infection. PDNS may be similar to swine fever in clinical and autopsy. If there 

is any doubt about the status of the disease or the risk of swine fever, consult the national 

veterinary authority [32] . 

 

VI. Swine Influenza (SI) 

Causes and Mode of transmission: 
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Swine flu is caused by influenza a virus, a mucilaginous virus with an RNA and protein core 

and surface antigens of Hemagglutinin (H) and Neuraminidase (N). It can grow on embryonic 

eggs or some pig cell lines. Influenza viruses are sensitive to heat, dryness, cleaning agents and 

disinfectants. The virus is highly variable and constantly changes its surface proteins. Swine flu 

is typically associated with the a (H1N1) virus, with different H1N1 strains appearing in Europe 

and many other parts of the world. Some strains cause more serious disease in pigs, and some 

have been linked to human infections. The virus entered the respiratory tract and multiplied 

rapidly in the endobronchial cells until 24 hours after infection, when most of the cells were 

infected and myxoid pus appeared in the bronchioles. The infection largely disappeared by day 

9. The infection strips the endobronchial lining, preventing the secretion from being cleared, and 

causes pneumonia with other respiratory pathogens. The influenza virus is transmitted from pigs 

to pigs through nose and mouth to nose contact, droplets infection and aerosols in pigpens or air 

spaces, and from contaminated drinkers, feeders and toys. The virus survives longer in cool, 

moist environments, longest in cool mud, but dies in warm, dry environments. Maternal 

immunity protects pigs from disease up to 4 months of age, but does not prevent it. The recovered 

pigs may be carriers of the virus and may transmit the infection to uninfected pigs. Transmission 

from farm to farm is usually a means of carrying pigs, but aerosol infections can occur, especially 

in pigs that have access to open air conditions or those that live outside. Influenza viruses can be 

transmitted to pigs from humans and birds. 

Treatment and prevention: 

    There is no cure for swine flu. Secondary infections of bacteria can be treated with injections 

of antibiotics because food and water intake is unstable during acute illness. Segregation of 

serum-negative herds and purchase of serum-negative herds can prevent the introduction of 

disease; Infected pigs, mainly by introduction, can carry the virus for up to 12 weeks after 

infection. Wind, birds and infected workers can all get the disease, so isolation does not provide 

complete protection. The complete elimination of enzyme-infected pigs must be achieved 

through population reduction and supplementary feeding [33] . 

 

VII. Enzootic pneumonia (EP) (Pleurisy) 

Causes and Mode of transmission: 

Yeast pneumonia is caused by infection with Mycoplasma hyopneumoniae. There are pili 

(filaments) on the cell surface, but no cell wall (present in most bacteria). Mycoplasma 

hyopneumoniae is usually resistant to penicillin, sensitive to drying, but can survive for up to 17 

days in rain. This organism grows on cells of the non-immunized pig's trachea, bronchi and 

bronchioles (hard airways of the lungs), attaches to the cilia (active pulsating hair), paralyzes 

them, and causes respiratory secretions at the lowermost part of the lungs. Accumulated in 

pneumonia. It is present in the blood but does not cross the placenta. Inflammatory cells and 

antibody-producing cells surround the affected airways, often in the pneumonia. As the immune 
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system develops, pneumonia eventually disappears after a few months, although antibodies can 

be detected in the blood and mycoplasma persists in the respiratory tract of the recovered pig. He 

is shed in the form of droplets or aerosols from the respiratory tract of infected pigs. The spread 

between pigs and pigs is usually achieved by inhaling these aerosols, but also by direct contact 

between pigs and pigs, or by contaminated water or newly contaminated fenced furniture such 

as toys or ropes. achieve. High humidity, low airspeed, no turbulence, no direct sunlight and low 

temperatures help to spread. In fences and in a single air space, these factors are less important 

than direct contact with infected pigs, but between buildings and farms, they are an important 

contributor to infection transmission. The spread between buildings and farms is primarily 

through the movement of infected pigs, but contaminated clothing and vehicles can lead to the 

introduction of infections. Under favorable atmospheric conditions (dark, cool, humid day or 

night, almost no wind), in the absence of hedges or other turbulence causes, infection can be from 

point sources eg,) infected farms, especially when forced Ventilation, or from vehicles 

transporting infected pigs, can travel up to 9 kilometers downwind. 

Treatment and prevention: 

    Enzymia pneumonia can be treated with nymoline, thiolin, lincomycin, evoprofen or tylosin 

and enrofloxacin or marbofloxacin. Tetracyclines can prevent this disease. Thiomycin and valerin 

can eliminate Mycoplasma hyopneumoniae in animals. The damage does not fade immediately. 

Control is based on methods of reducing disease, such as full entry, full management of residence 

or location, isolation, treatment of the population upon entry into the airspace, or use of low 

levels of effective treatment over a period of time (if registered). Some effective inactivated 

vaccines can be used to prevent disease. Vaccines with enzyme-free pneumonia should be 

vaccinated before being transferred to an infected farm. The disease can be eradicated by a 

reduced population and supplemented feed with pigs without enzyme pneumonia. The disease 

has been eradicated from smaller farms by partial population reduction and treatment of stocks 

with sulphur and fentanin. Serological monitoring confirmed no infection. A yeast-free 

pneumonia farm must use a breeder without yeast pneumonia. It must be located at least 3.2 km 

from any other farm (microorganisms can be spread by aerosol), must maintain a barrier, and 

ensure that visitors have not been exposed to pigs recently [34] . 

 

VIII. PRRS - Porcine Reproductive and Respiratory Syndrome (Blue Ear Disease) 

Causes and Mode of transmission: 

PRRS is caused by an aneurysm. Strains found in Europe (Lelystad virus EU1 and EU2, 3 

and 4) are related to strains found in the United States and Canada (NA type), but the differences 

between them are large enough to affect diagnosis and vaccine protection. Differences in viral 

nucleic acid sequences affect the diagnosis of polymerase chain reaction (PCR), and viral 

proteins vary widely, so monoclonal antibodies from one strain cannot always be used to 

diagnose infection from another. In addition to the two PRRS viruses, a highly pathogenic strain 
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of NA virus has emerged in China, which is a missing mutant strain capable of causing a 20 

percent mortality rate. The virus can grow in laboratory alveolar macrophages (lung defense cells) 

and artificial cell cultures and lyse (kill) some, but not all, cells within 12 hours. The virus infects 

pigs through respiratory tract or insemination and thrives in the cytoplasm of alveolar 

macrophages and many other related cells, including vascular endothelial cells. Even after the 

immune system has developed, it will quickly reach the place in the blood where it can be found. 

It proliferates and kills alveolar macrophages, leaving the lungs defenseless and leading to 

pneumonia. The virus can enter the reproductive tract from 72 days of pregnancy into the fetus, 

into boar semen. Recovered pigs produce antibodies, but may carry the virus for up to 12 weeks 

and shed the virus in secretions. 

Treatment and prevention: 

   PRRS is a viral disease, so there is no specific treatment. Supportive measures can reduce the 

loss, including 7 days before the outbreak of litter use of aspirin, check all 4 to 5 weeks pregnancy, 

timely feed-back the early abortion sows, allow 21 days before feeding again after 72 days, and 

after weaning, supplement the sow ration in order to reduce the losses, illness and use artificial 

insemination to supplement the natural services, because of the semen quality may reduce. 

Conservation can reduce losses, but it cannot prevent wild-type virus colonization. Infection can 

be eradicated by depopulating and supplementing or expanding uninfected areas on farms, 

together with a population antibody profile to determine the location of active infection. The way 

to eliminate them is to close them down and introduce new animals for a few months. Mass 

vaccination with or without population closure may also be effective. Isolation prevents infection, 

but aerosols can spread up to 500 meters, sometimes over longer distances. PRRS is one of the 

most economically harmful pig diseases [35] . 

There are many other known respiratory diseases in pigs, and their emergence and spread 

can be financially costly. How to treat it is the question, and if you stop the spread of the virus is 

the risk that the whole world has to face. Respiratory disease in pigs is common in modern pork 

production worldwide and is often referred to as porcine respiratory disease complex (PRDC). 

PRDC is polymicrobial in nature and results from infection with various combinations of primary 

and secondary respiratory pathogens. As a true multifactorial disease, environmental conditions, 

population size, management strategies and pig-specific factors such as age and genetics also 

play critical roles in the outcome of PRDC. While non-infectious factors are important in the 

initiation and outcome of cases of PRDC, the focus of this review is on infectious factors only. 

There are a variety of viral and bacterial pathogens commonly associated with PRDC including 

porcine reproductive and respiratory syndrome virus (PRRSV), swine influenza virus (SIV), 

porcine circovirus type 2 (PCV2), Mycoplasma hyopneumoniae (MHYO) and Pasteurella 

multocida (PMULT). The pathogenesis of viral respiratory disease is typically associated with 

destruction of the mucocilliary apparatus and with interference and decrease of the function of 

pulmonary alveolar and intravascular macrophages. Bacterial pathogens often contribute to 
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PRDC by activation of inflammation via enhanced cytokine responses. With recent 

advancements in pathogen detection methods, the importance of polymicrobial disease has 

become more evident, and identification of interactions of pathogens and their mechanisms of 

disease potentiation has become a topic of great interest. For example, combined infection of 

pigs with typically low pathogenic organisms like PCV2 and MHYO results in severe respiratory 

disease. Although the body of knowledge has advanced substantially in the last 15 years, much 

more needs to be learned about the pathogenesis and best practices for control of swine 

respiratory disease outbreaks caused by concurrent infection of two or more pathogens. This 

review discusses the latest findings on polymicrobial respiratory disease in pigs [36] . 

 

2.3. Common diagnostic methods 

Firstly, Swine fever (CSF) is a highly infectious disease that causes significant losses to pig 

populations worldwide. The disease occurs in many parts of Asia, Central and South America, 

and parts of Europe and Africa. Some countries have eradicated the disease (Australia, the United 

States, Canada, within the European Union), but it still occasionally recurs (South Africa, 

Germany, the Netherlands, the United Kingdom). The initial diagnosis of CSF is based on the 

veterinarian's knowledge of clinical symptoms and autopsy results. Many of the symptoms are 

not completely CSF related and may vary depending on the virus strain, the pig's age and health. 

Laboratory diagnosis of CSF is essential because clinical symptoms may be confused with other 

pig diseases. Both the international OIE and the European Union have approved the diagnostic 

manual, which defines sampling methods and diagnostic procedures for confirming the disease. 

This method is only suitable for laboratory diagnosis after the death of sick pigs, and it is difficult 

to realize early diagnosis [37] . 

 Secondly, as another respiratory disease named PRRS, it is a viral infection between sows 

that affects the reproductive capacity of sows, leading to pneumonia in young pigs and increased 

mortality. This is a global problem that affects the global pig industry and is economically 

significant: the total cost of pig farming in the US alone is estimated at $664m a year. To address 

these challenges, a key part of the strategy is to develop and implement reliable, accurate and 

timely diagnostic procedures. Reverse transcriptase polymerase chain reaction (RT-PCR) is the 

preferred test, but one disadvantage of RT-PCR is that the window of detection after virus 

infection varies between the sampled tissues and between animals. Another method is 

immunohistochemistry (IHC) combined with microscopy to detect PRRSv in tissues from the 

lungs, lymph nodes, thymus, tonsils, spleen and kidneys. Sensitivity is highest in the early stages 

of infection, but gradually decreases beyond 28 days after infection (DPI), so 90 days after 

infection is not recommended. Although IHC is effective in identifying vertically transmitted 

viruses in piglets, it may not be effective for some genetically diverse isolates. With the 

development of detection technology, detection of PRRSv specific antibody in serum is the most 

commonly used method to diagnose PRRS, but oral liquid or muscle exudate can also be used. 
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Although this antibody test can identify new PRRSv infections, it is not suitable for monitoring 

previously infected herds because it cannot distinguish between new infections, previous 

infections or antibodies produced by inoculation [38] . 

 There are many other detection methods, such as indirect fluorescent antibody (IFA) method, 

which is similar to IPMA method, but captures anti-PRRSv antibody with fluorescent labeled 

secondary antibody test, and as with virus test, field test strips can now detect PRRSv specific 

antibody (using viral N protein). Such as to control and eliminate PRRSv infection in pig herds, 

routine surveillance and disease diagnosis must be combined. Although a range of techniques are 

available to diagnose PRRSv infection, no test is 100 % reliable in all conditions and in all animal 

[37]. With the development of new technologies, it is increasingly important to ensure that the 

right animals are tested at the right time and explained correctly to optimize the effective 

management and prevention or control of outbreaks. In another research, a musical approach to 

provide an automatic heart disease detection system is proposed. The aim is to develop an 

automatic heart sound signal analysis system to help doctors diagnose heart murmur in early life. 

Heart murmurs are the first symptoms of heart disease. It is found that higher-order spectra such 

as bi-spectrum and Wigner bi-spectrum give the best results [39] . 

   Although all of the above methods can diagnose swine diseases with high accuracy, they 

cannot provide diagnosis and treatment suggestions before or at the primary stage of infection. 

Such diagnosis results can only be in the loss, how to eliminate the source of infection, or block 

the route of infection, but cannot achieve early diagnosis. In the following chapters. Firstly, we 

will introduce what is BCS and what is the difference between BCS and voice. Then we will 

propose a new diagnosis method, using BCS to make the system realize the real-time online 

observation of individual, and expect to realize the purpose of early diagnosis through artificial 

intelligence technology. 
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3. Fundamental of sound and its analysis method 

 

3.1. Speech and BCS    

  Speech is an air-conducted signal and is easily influenced by the surrounding noise. In contrast, 

body-conducted speech is a solid propagated signal and is less influenced by noise. Figures 4 (a) 

and 4 (b) demonstrate the word, /Asahi/, obtained from the database of JEIDA which contains 

100 local place words. They were uttered by a 20-year-old male. Speech was measured 30 cm 

from the mouth using a microphone, and BCS was extracted from the upper lip with an 

accelerator. The both sound is recorded at the same time. 

From the Figures 4 (a) and (b), we can see that speech generally provides a clear signal; however, 

BCS is not always clear because it lacks a high frequency component of 2 kHz or more. On the 

other hand, there are important differences between normal speech and BCS. Normal speech is 

easily influenced by noise. On the other hand, BCS is characterized by solid propagated sounds 

such as those between skin and bone, and so it is not influenced by noise in the air. However, 

these signals are of low quality compared to normal speech in respect of fundamental frequency, 

high-frequency component, or power. Therefore, we aimed to construct a recognition system 

using BCS so that speech can be clearly discerned even under noisy conditions [40] . 

 

3.2. Frequency analysis 

Sound analysis is the determination of frequency components in complex sound waves. In 

the 19th century, Joseph Fourier developed the mathematics that formed the basis of frequency 

analysis. He showed that any periodic sine function, no matter how complicated it was, could be 

represented as a sum of its frequency components. These frequency components consist of a 

fundamental frequency and harmonic frequencies associated with the fundamental frequency. 

Fourier's theorem says that no matter how complex a sound is, it's possible to break it down into 

its frequency components, that is, to determine the different frequencies of the sound, and how 

many of each frequency component there are. Fourier analysis begins with the fundamental 

frequency of the sound; the frequency of the longest repeated pattern of sound.  

Sound waves can be analyzed according to their amplitude and frequency. The loudness of 

a sound corresponds to the amplitude of a wave, measured in decibels. The frequency of sound 

waves affects the pitch we hear. Most music sounds are made up of the superposition of many 

frequencies, which are called partial tones or simple partial tones. The lowest frequency of a 

given sound is called the fundamental frequency. For a vibrating object like a tuning fork, this is 

also the natural resonance frequency of the sound source. Part of the tone is an integral multiple 

of the fundamental frequency, known as harmonics. A sound with twice the fundamental 

frequency is called a second harmonic, which is one octave higher than the fundamental 

frequency. 
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(a)  Airborne sound 

 

(b) BCS 

Figure 3: Spectrogram of airborne sound and BCS [40]  
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(a) Amplitude and frequency of a sine wave 

 

(b) Amplitude and frequency of two signals 

 
(c) Amplitude and frequency of a square signal 

 
(d) Amplitude and frequency of a random signal 

Figure 4: Analyses of amplitude and frequency [41]  

  



24 
 

In the top of Figure 4, a sine wave of large amplitude and wavelength is showing up as a 

single frequency with a high level at a low frequency. The second figure shows how a sum of 

two signals shows up as a sum also in the frequency domain. The third figure shows a square 

signal (complex but periodic). The last figure shows a random signal (complex and not 

periodical). Most natural sound signals are complex in shape. The primary result of a frequency 

analysis is to show that the signal is composed of a number of discrete frequencies at individual 

levels present simultaneously [42] . Otherwise, Fourier analysis starts with the fundamental 

frequency of the sound - the frequency of the longest repetition pattern of the sound. All the 

remaining frequency components can be obtained by Fourier analysis, harmonic frequency - an 

integral multiple of the fundamental frequency. The so-called integral multiple means that if the 

fundamental frequency is F0, each harmonic frequency is a non-negative integer (n + 1)*F0. 

Fourier transform is a mathematical operation used to determine the frequency components of 

sound in digital filter and frequency analysis software. It is accurate enough to be the basis of 

filter and sound effects. 

 

3.3. Acoustic features using human perceptional characteristics 

The common parameters of speech analysis are: formant amplitude and frequency, which are 

several areas of energy concentration in the short-term power spectrum of speech. The center 

frequency of the area is called formant frequency, and there are three to five formants in general 

speech. The amplitude of these formant frequency components is called the formant amplitude. 

Sometimes, the bandwidth from the center to the 3 dB point is called the formant bandwidth. The 

parameters of formant completely determine the properties of vowels in pronunciation. he speech 

parameters obtained by time domain method and linear prediction method are called linear 

prediction parameters. The linear prediction parameter is the time domain analysis parameter of 

speech, which can accurately obtain the transmission characteristics of the channel. The formant 

parameters can be obtained by the relationship between the time domain and frequency domain 

parameters, and by the conversion of the linear prediction parameters. Another group of 

parameters can be obtained by using linear prediction parameters, which is called reflection 

coefficient. Reflection coefficient has better numerical stability than linear prediction parameters. 

Another set of coefficients can also be obtained from the linear prediction parameters, which are 

called line spectrum pair parameters. They not only retain the characteristics of time-domain 

calculation, but also have the connotation of reflecting the resonance peak frequency 

characteristics. Group of Cepstrum parameters can be obtained by using homomorphic signal 

analysis method. Cepstrum parameters are considered to be more suitable for speech recognition. 

Speech analysis technology is often used in speech coding compression, forming a variety of 

medium speed, low-speed coding new programs. For example, sub band coding, switching 

coding, adaptive prediction coding, multi pulse excitation linear prediction coding, code 

excitation linear prediction coding, etc. Speech recognition is also based on the results of speech 
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analysis. The classification and recognition of parameters can lead to different recognition results 

by using different parameters. Using speech analysis technology, we can also design and 

manufacture various kinds of correction instruments for pronunciation, which can be used for the 

treatment of diseases of pronunciation organs or the training of deaf mute. he commonly used 

instruments for speech analysis are speech graph instrument, which is used for the analysis and 

recording of speech dynamic spectrum. The real-time digital speech plotter is a new kind of 

speech plotter. The more commonly used method of speech analysis is to use a general 

microcomputer to add speech processing settings, which are calculated by special software. 

In this thesis, we hope that through speech analysis, find out breath sounds before and after 

the sick animals or heart sounds have different characteristics, through to find diagnosis based 

on the quantity of these characteristics, the basis is characteristic. Combined with the analysis of 

human voice system, we know that human voice signals contain a lot of emotional phonemes. 

We can not only recognize what the speaker is saying, but also guide the speaker's mood through 

artificial intelligence. In this study, we hope that through real-time online observation of animal 

biological signals (BCS) and analysis and comparison of characteristic quantities, early diagnosis 

of animal respiratory apparatus diseases can be made. We believe that the characteristic quantity 

will be found in the following two analysis methods: zero crossing and MFCC. 

 

Zero crossing 

Simply put, the number of times a signal passes zero in a time step. Zero crossing is a point 

where the sign of a mathematical function changes (e.g. from positive to negative), represented 

by an intercept of the axis (zero value) in the graph of the function. It is a commonly used term 

in electronics, mathematics, acoustics, and image processing. In alternating current, the zero 

crossing is the instantaneous point at which there is no voltage present. In a sine wave or other 

simple waveform, this normally occurs twice during each cycle. It is a device for detecting the 

point where the voltage crosses zero in either direction. Zero crossing is important for systems 

which send digital data over AC circuits, such as modems, X10 home automation control systems, 

and Digital Command Control type systems for Lionel and other AC model trains. Counting zero 

crossing is also a method used in speech processing to estimate the fundamental frequency of 

speech. By looking at different speech and audio waveforms, we can see that their smoothness 

varies greatly depending on the content. For example, voiced sounds are smoother than unvoiced 

ones. Therefore, smoothness is an information feature of the signal. A very simple method to 

measure the smoothness of the signal is to calculate the number of zeros in the signal segment. 

Speech signals oscillate slowly. For example, a 100 Hz signal passes zero 100 times per second, 

whereas a voice-fricative signal passes zero 3,000 times per second. To calculate the zero 

crossing rate of a signal, the symbols of each pair of continuous samples are compared. In other 

words, for a signal of length N, you need order N. Such calculations are also very simple to 

implement, making zero crossing an attractive measure for low-complexity applications. 
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In this thesis, zero crossing is a simple counting method of quantifying the frequency 

component of a signal easily. This parameter has been used in front-end processing in voice 

activity detection or speech recognition for detecting voiced and un-voiced sections. The 

parameter was expected to provide a characteristic feature of BCS in diseased pigs because the 

number of zero crossing will be increased when the respiratory sound is strongly affected by 

turbulent flows. 

 

 

Figure 5: Zero crossing 

 

MFCC: Mel-Frequency Cepstrum Coefficients 

The first step in any automatic recognition system is to extract the features, which are the 

components of the audio signal that help identify the content, and discard all other components 

that carry background noise, emotion, and other information. The main understanding of speech 

is that human sounds are filtered by the shape of the vocal tract, including the tongue and teeth. 

The shape determines the sound. If we can accurately determine the shape of the phoneme, this 

will give us an accurate representation of the phoneme production. The shape of the sound track 

is reflected in the envelope of the short-time power spectrum, and Mel frequency Cepstrum 

coefficient (MFCC) is working to accurately represent this envelope. This page will provide a 

short tutorial on MFCC. MFCC is a widely used feature in automatic speech and speaker 

recognition. They were introduced by Davis and Melmelstein in the 1980s and have been on the 

cutting edge ever since. Before MFCCs was introduced, linear predictive coefficients (LPCs) and 

Linear Predictive Cepstrum Coefficients (LPCs) were the main feature types of automatic speech 

recognition (ASR), especially HMM classifiers. This page introduces the main aspects of MFCCs, 

why they are a good feature of ASR, and how to implement them. 

   MFCCs feature extraction process includes: The audio signal is pre-weighted, framed and 
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windowed. Then, FFT gives you the spectrum. The spectrum is obtained by Mel filter bank. At 

last, MFCC characteristics are obtained by Cepstrum analysis on Mel-spectrum. Through this 

MFCC feature extraction process, sound can be described by a series of Cepstrum vectors, each 

of which is the MFCC feature vector of each frame. 

The following formula can be used to implement the Mel-frequency. 

𝑀𝑒𝑙(𝑓) = 2595 ∙ log 1 +
𝑓

700 (1) 

MFCC extraction steps are as follows: 

1. Pre-emphasis: the speech signal initially passes through a high-pass filter and has the 

following characteristics: 

𝐻(𝑧) = 1 − 𝜇 (2) 

2. Frame blocking: n samples are combined into a single observation unit called frame 

blocking with Hamming window. 

s (𝑛) = s(𝑛) ∗ w(𝑛) (3) 

3. Fast Fourier transform (FFT): transform time domain signal into frequency domain energy 

distribution. 

4. Triangular window band pass filter: calculates the output energy of each filter. These n-

triangle band-pass filters are linear in the Mel-frequency coordinates. 

m(𝑙) = 𝑊𝑙(𝑘)|𝑋𝑛(𝑘)|
( )

( )
(4) 

5. Discrete cosine transform (DCT) is applied to the result of Mel-frequency for calculating 

logarithmic energy of the output of DCT to the filter. 

Then, MFCC has 13 dimensions of Cepstrum coefficients as perceived to model as human 

perception. We aim to compare each pair of the levels to get the features as a criterion for judging 

whether there is a disease or not. The diagnosis of respiratory disease is performed by listening 

to breath sounds using a stethoscope by a doctor who can hear the differences in sounds between 

healthy and diseased animals. Therefore, it was expected that discrimination using parameters 

that model human perception was possible. As a parameter for modeling human perception, 

MFCC is proposed as a representation of the short-term power spectrum of a sound based on the 

cosine transform of a log power spectrum on the mel-scale [41]. 

This parameter expresses the spectrum envelope, such as the characteristics of the oral and 

nasal cavities, using the output of filter banks. In conventional speech or speaker recognition, 

this parameter used 1st to 13th order coefficients to represent characteristics of pronounced 

articulators. Therefore, we aimed to compare each pair of orders to obtain the features as a 

criterion for judging whether the pig is healthy. Specifically, the significance of each pair of 13 

cepstral coefficients between healthy and diseased animals was calculated. It could be introduced 

as a feature parameter for the identification of a pig’s diagnosis if there is a large difference in 

parameters between healthy and dis-eased animals. 
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Early detection system for respiratory disease in animals 

 
The purpose of this study is to detect abnormal pigs through real-time online detection of 

respiratory sounds and heart sounds before large-scale infection of respiratory diseases, and to 

prompt livestock management personnel to deal with them through the system. In the future, the 

system can provide specific disposal measures when artificial intelligence is added. This chapter 

first gives a brief introduction to the proposed system, and then, due to the particularity of the 

animals raised in groups, we adopt wireless BCS to eliminate noise interference. Because the 

purpose of this study actually facing the livestock industry in the future to adopt, can't increase 

the burden of animals, lest cause animals in the decline of economic value to avoid increase the 

working intensity of managerial personnel, can only be installed on the existing pig ear tag our 

sensors and equipment, so we design a wireless system for acquisition of BCS. 

 

3.4. Composition of the proposal recording system 

    In this thesis, we propose an early detection system to identify pigs infected with respiratory 

diseases (Figure 6). This system is composed of a piezoelectric sensor, an FM transmitter, an li-

ion battery, FM receiver, and a data recorder. The system can wirelessly record the body-

conducted sound using a piezoelectric sensor. Biological data is needed to individually observe 

and detect the pigs that are infected with diseases. There is also a lot of noise such as the grunts 

of other pigs in the sty. Therefore, we decided to employ the body-conducted sound that is robust 

to noise. An accelerometer is generally used to record body-conducted sound in humans but too 

expensive to use in pigs [38]. The piezoelectric sensor is more affordable than the accelerometer. 

Moreover, we use an FM communication system that enables us to ignore the effects of the 

movement of the pigs. Near Field Communication (NFC) was used to configure the FM 

transmitter and receiver within a frequency range of 76.0 to 108.0 MHz in 0.05 MHz steps, to 

yield 640 bands (640 devices can be used simultaneously). The FM transmitter has a size 

equivalent to the ear tags that are used for livestock identification. This makes it easy to introduce 

this system to farmers. The amplification factor can be adjusted from 1 to 8 on the FM Transmitter 

board. Since the frequency range of body-conducted sound is low, the transmitter can emphasize 

low frequencies. The board can record using 2 channels while the amplification factor can be 

adjusted separately for each channel. Using the propose system, we aim to extract respiratory 

and heart sounds from biological signals. 
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Figure 6: Proposal system 

 

    BCS signal in this system of online acquisition is just one part of the whole system, analysis 

of the collected signal, extract the characteristics of different types of respiratory disease, and by 

large amounts of data extraction and analysis, can carry on the early diagnosis of pig disease 

types, and with the help of artificial intelligence technology, the result of the early diagnosis of 

diffusion to provide prevention and treatment of solution. 

In the other hand, BCS is a sound that it is very difficult to be affected by the environmental 

noise. Because the direct contact method is used to collect signals, it is advantageous to conduct 

real-time monitoring for individuals acting alone and eliminate mutual interference. BCS spread 

through bone, skin, muscle and blood. In this case, there is no noise which is spread by the air. 

This is the good point to use BCS. BCS characteristics are well maintained in the low frequency 

range to avoid the influence of ambient noise. In our proposal system, we hope to eliminate the 

influence of noise in the recording stage, and use contact sensors to avoid interference between 

individuals. So we employed BCS construct this censoring system. 

   Otherwise, Breath sounds come from the lungs when you breathe in and out. These sounds 

can be heard using a stethoscope or simply when breathing. Breath sounds can be normal or 

abnormal. Abnormal breath sounds can indicate a lung problem, such as: obstruction, 

inflammation, infection, fluid in the lungs, asthma, etc. Listening to breath sounds is an important 

part of diagnosing many different medical conditions. Earlier, manual detection was used which 

was not a dependable method to detect lung diseases due to various reasons like low audibility 

and difference in perceptions of different physicians for different sounds. Modern computerized 

analysis yield results with much higher accuracy and thus a better treatment can be given to 

patients suffering from various kinds of lung diseases. 
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3.5. BCS wireless recording system  

In the group-housed livestock, pigs walk around in the piggery, and it is difficult to record 

the biological signals in the usual way. It is necessary to collect biological signals, such as barks 

and action sounds of other pigs, for each individual pig separately in noisy environments. This 

recording system is composed of a piezoelectric sensor, an FM transmitter, a Li-ion battery, an 

FM receiver, and a data recorder. The system can wirelessly record the body-conducted sound 

using a piezoelectric sensor. Biological data is needed to individually observe and detect the pigs 

that are infected with diseases. There is also a lot of noise such as the grunts of other pigs in the 

sty. Therefore, we employed the body-conducted sound that is robust to noise. An accelerometer 

was once used to detect a body-conducted sound in humans [25], however, the instrument is too 

expensive to use for pigs. The piezoelectric sensor is more affordable than the accelerometer. 

Moreover, we employed an FM communication system that enables us to ignore the effects of 

the movement of the pigs. Near Field Communication (NFC) was used to configure the FM 

transmitter and receiver within a frequency range of 76.0 to 108.0 MHz in 0.05 MHz steps, to 

yield 640 bands. The FM transmitter has a Suitable size to the ear tags that are used for livestock 

identification. This makes it easy to introduce this system to farmers. The amplification factor 

can be adjusted by 8 steps on the FM Transmitter board. Since the frequency range of body-

conducted sound is narrow around low-frequencies, the transmitter can emphasize low 

frequencies (below 100Hz). The board can record using 2 channels while the amplification factor 

can be adjusted separately for each channel. Using the proposed system, we aim to extract 

respiratory and heart sounds from biological signals. 

 MEMS microphones are also known as microphone chips or silicon microphones. The 

pressure-sensitive diaphragm is etched directly onto a silicon wafer using MEMS technology and 

is usually equipped with an integrated preamplifier. Most MEMS microphones are variations of 

the capacitive microphone design. In this system, MEMS microphones are only used initially as 

a control group. 

Figure 7 is the composition of our proposal collection system, it consists of several parts: 

recorder, wireless receiver, piezo sensor, wireless transmitter, and MEMS microphone. 

Piezoelectric sensors are devices that measure changes in pressure, acceleration, temperature, 

strain, or force by converting them into electrical charges using piezoelectric effects. In this thesis, 

piezoelectric sensors are used as a collection carrier for BCS. 
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Figure 7: Transducers with FM transmitter for the system 

 

3.6. Evaluation of sound recording on human body 

    As a preliminary experiment, we designed an experiment to verify that this system can 

record the body-conducted sound in humans. The microphone was set on a tripod about 15 cm 

from the mouth. The sensor and the stethoscope microphone were placed on the left chest of the 

participant and mounted on his skin with medical tape. The recording was done in a quiet room 

at Hiroshima City University with the research participant seated on a chair and breathing 

naturally.  

    We evaluated this system to compare signals from the microphone and the piezoelectric 

sensor. Figure 8 shows a waveform and a spectrogram recorded from the microphone. The 

spectrogram shows that the power gets stronger during inhalation. However, the power from the 

piezoelectric sensor cannot be shown on a spectrogram (Figure 9). Accordingly, we converted 

the waveform recorded from the sensor to power by squaring the absolute value, then extracted 

the peaks from the power. The result is as shown in Figure 10. The solid line shows a linear 

interpolation of the peaks. We can observe fluctuations in the peak during inhalation. We hence 

confirmed that respiratory sounds can be recorded using piezoelectric sensors by extracting the 

peaks in the power.  
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Figure 8: Waveform and Spectrogram recorded from the microphone 

 

 
Figure 9: Waveform and Spectrogram recorded by the piezoelectric sensor 
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Figure 10: Peaks in the power recorded by the piezoelectric sensor 

 

Figure 11: Waveform and Power recorded by the stethoscope microphone 

 

Figure 32: Waveform and Power recorded by the piezoelectric sensor 
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Fig. 10 and 11 show the waveform and the power from the data recorded by the stethoscope 

microphone and the piezoelectric sensor. The white circles in Fig.11 indicate the power peaks in 

the lower section. The waveform is shown in the upper row and the power in the lower row. We 

can see the peaks in power appearing at constant intervals in Fig.11 we believe that the peaks 

represent the heart sounds shown as white circles in Figure 12. The black asterisks indicate the 

power peaks in the piezoelectric sensor. The white circles indicate the interval between the peaks 

of the stethoscope microphone in the lower section. Furthermore, similar peaks can be seen in 

the power recorded by the piezoelectric sensor. The lower section of Figure 12 shows the peaks 

from the stethoscope microphone and the piezoelectric sensor. The black asterisks indicate the 

power peaks from the piezoelectric sensor while the white circles indicate the intervals between 

the peaks in the power from the stethoscope microphone. We observe that the respective peaks 

are in agreement. This confirms our theory that the piezoelectric sensor can record heart sounds. 

 

3.7. Evaluation of sound recording on the ear tip 

In this system, our pre-set goal is to make the sensor integrated with the ear tag on the 

pig's ear, as shown in Fig.13 (a) and (b), which is used to mark the ear tag on the pig. 

  

(a) Conventional ear tag       (b) Ear tag with microphone an wireless transmitter 

Figure 13: Ear tags [39] 

 

At first, we have to develop FM wireless connection as front-end part for the system. The 

system requires to robustness of sound with unwired connection for pig in a group-housed. 

Following sub-sections shows the experiments for signal recording of pig. The system collects 

sound from two types of microphones which are MEMS microphone and Piezo microphone as 

airborne and body-conducted speech, and then transmits these sounds via FM wireless 

connection. Sounds are measured from ear-mark as speech, the center of the back and nearby 

mouth as body-conducted speech respectively. 

In this experiment, it was confirmed that the respiratory frequency was detected more than 
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the voice. From the consistency with MEMS microphone, it can be seen that the piezoelectric 

sensor in Fig. 14 and Fig.15 well recorded the breath sound of pigs, and from the ear of pigs, the 

breath sound was also well recorded. Under the result, we have confirmed that breathing is 

synchronized on the sounds. In addition, middle back is the best location because the location 

confirms high SNR compared with three positions. So we conclude to expect that piezo 

microphone can measure breathing sound and heart sound. 

 
Figure 14: Spectrogram of sound and BCS 

 
Figure 15: Detection peak for respiratory sound  
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3.8. Conclusion 

Through this experiment we confirmed possibility of measuring breath sound from body-

conducted speech with Piezo microphone which can measure correctly around earmark and 

backbone. As the future works, we will investigate not only the different of breath sound from 

healthy and sick pig but also the other sound of pig such as coughing, sneezing and so on and 

improve the piezo sensor to recorder better quality sound from the earmark of pig for developing 

the system with correct detections.  
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4. Experiment 1: Extraction for respiratory and heart sound in 

healthy animals 

Through this experiment, we first hope to establish a BCS database for healthy pigs. Then 

we hope that through voice analysis, we can identify and extract breath and heart sounds from 

the BCS collected on the ear labels of pigs. We will conduct a comparative experiment between 

ordinary speech and BCS collected at the same time to determine the reliability of the signal. 

 

4.1. Experimental setup 

To extract respiratory and heart sounds from pigs, the body-conducted sound and respiratory 

sound were recorded simultaneously with the wireless connection of FM recording system. As 

an experimental subject, a 10-week-old pig at the National Agriculture and Food Research 

Organization was supine after sedation and then placed on the transducers to the subject. Figure 

16 shows the pig with one MEMS microphone as a normal microphone and three piezoelectric 

sensors. In this experiment, MEMS is used to confirm whether the piezoelectric sensor 

successfully recorded the biological signals. The respiratory sounds were collected from the 

MEMS microphone located on the nose of the pig, and the body-conducted sounds were 

measured from the piezoelectric sensors located on a tip of the ear, root of the ear, and near the 

cervical vertebra. For farm use, the microphone could be incorporated into an ear tag; usually the 

ear tag is installed at the tip of the ear if the recorded data from the tip of the ear is irreplaceable 

in this experiment, the location of the ear root set as a comparison is not used in future data 

analysis. In our proposal system, we anticipated that the biological signals of the pigs will be 

reviewed online, it is necessary to identify the optimal position on the pig to improve signal 

transmission. Sounds were recorded via wireless connection using a recorder (Cymatic Audio 

LR-16). 

 
Figure 16: Each position of sensors  
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4.2. Extraction of the pig's breath sounds and heart sounds 

To detect respiratory disease in pigs, we expected a distinct difference in the characteristics 

of respiratory sounds between sick and healthy pigs [12]. These differences would include 

respiratory rate, and beats of breathing, as well as the intensity of the respiratory sounds of 

breathing. We hypothesized that by observing these respiratory characteristics, we can make an 

early diagnosis of respiratory disease. 

Figure 17 shows the waveform and power of the sound recorded from the nose and Figure 18 

shows the waveform and power of body-conducted sounds recorded from the tip of the ear. As 

Figure 17 (b) shows, strong exhalation, and weak inspiration peaks are repeated. Moreover, in 

the red circle of the body-conducted sounds in Figure 18 (b), a strong peak appears at the same 

time as the red circle in Figure 17 (b). Compared with these points of circles, it was confirmed 

that respiratory sounds can be extracted from the data. And we can find these strong exhalations 

and weak inspiration peaks are repeated from the data from the root of the ear. 

We hypothesized that irregular heart sounds would be identified in respiratory disease, 

causing a high mortality after the illness. After suffering from respiratory disease, it will result 

in systemic disease would be expected to alter cardiac function and heart sounds. These effects 

can cause changes in the characteristics of the heart sound. Recording respiratory sounds and 

heart sounds by the device, and comparing the features of respiratory and heart sounds of pigs 

before and after disease, will improve the accuracy of early diagnosis of swine respiratory disease. 

Figure 19 shows the waveform and power of body-conducted sounds recorded near the 

cervical vertebrae. The peak appearing in Figure 19 (b) can be confirmed as a heart sound based 

on the time interval. As can be confirmed by the red arrows in Figure 18 (b) and Figure 19 (b), 

these peaks can be confirmed with synchronous intervals. It was showed the heart sounds can be 

extracted from body-conducted sounds collected from the tip of the pig’s ear. Based on this result, 

we found the possibility to identify the heart sounds of a pig.  
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(a) Waveform 

 

 (b) Power 

Figure 17: Sound from tip of nose 

 
(a) Waveform 

 

(b) Power 

Figure 4: Body-conducted sound from tip of ear 

 

(a) Waveform 

 

(b) Power 

Figure 19: Body-conducted sounds from cervical vertebrae  
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4.3. BCS database of healthy pigs 

The same experiment was carried out on pigs of different ages. The conducted sound from 

the birth of 2 weeks to the weight of 120 kg (about 3 months) was collected. And has carried on 

the data reorganization, has disclosed the database in the project interior, has provided for 

everybody joint research use. We shared this database with other research teams in our research 

group. 

 

Table 1: Database of healthy pig 

Name Position Sensor type 

Sound in Ch 1 
Near the mouth MEMS Microphone 

Sound in Ch 2 

BCS in Ch 3 
Center of back Piezo sensor 

BCS in Ch 4 

BCS in Ch 5 
The ear tip Piezo sensor 

BCS in Ch 6 

 

4.4. Conclusion 

A wireless transmission was developed and respiratory and heart sounds were measured for 

early detection of pig respiratory diseases. Experimental results showed that body-conducted 

sounds can express respiratory and heart sounds. In addition, when comparing the signals 

collected from body-conducted sounds from other data, respiratory and heart sounds can be 

extracted from the body-conducted sounds from the tip of the ear. By being able to record sounds 

from the tip of the ear, we expect to make an integrated module installed on ear tags. Since 

changes in respiratory rate and heart rate are important parameters do identify diseases, it is 

expected to be utilized for the actual system.  
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5. Experiment 2: Extraction for respiratory and heart sound in 

disease animals 

Through this experiment, we first hope to establish a BCS database of diseased pigs. Then, 

we hope to identify and extract respiratory sounds and heart sounds from the BCS collected from 

the ear tags of pigs through voice analysis. By comparing the acoustic analysis of BCS before 

and after virus infection, we can extract characteristic quantities. The following is the specific 

content of our experiment: 

 

5.1. Experimental setup 

To test real-time recording, we carried out a re-cording experiment. With the improved 

recording system adopting sub-GHz communication, the subjects of experiments were 4 SPF 

piglets at 5 weeks of age (at the time of inoculation). They were individually inoculated with 2 

mL of the virus solution (10-5 TCID 50 /mL) of the PRRS virus Kagoshima strain. These 

experiments were carried out without sedation and anesthesia. In this experiment, we confirmed 

that infection was established in all subjects based on clinical symptoms and autopsy findings. 

The sounds were recorded using a MEMS microphone and piezo sensor at 44.1 kHz and 16 bits. 

 

5.2. The extraction of the sick pig's breath sounds and heart sounds 

     To establish an early detection system that can discriminate if a pig has respiratory diseases 

based on respiratory and heart sounds, which were extracted from BCS, we used the scheme 

following the flow chart shown in Figure 20. The system uses a piezo sensor to record the BCS 

of pigs wirelessly. In order to realize the system, we discussed signal measurement location in 

pigs for BCS to record respiratory sounds [39]. In this proposed system, we should collect pigs 

of different age and weight, extract the characteristic feature, train the system to be a veterinary 

surgeon, and construct an online observation system with artificial intelligence to provide early 

warning of possible infection in pigs. Further, the system should be compatible with the 

management system for the current livestock industry to intelligently provide management 

personnel with handling suggestions. Therefore, in this study, we focused on discriminating and 

identifying respiratory disease using BCS in pigs in the early stages of disease. In particular, we 

used an experiment to record the BCS of pigs with a respiratory disease named PRRS. PRRS is 

one of the most economically harmful diseases in the pig industry and is widespread worldwide 

[40]. In the group-housed environment, pigs move around in piggeries, and it is difficult to record 

biological signals using conventional methods, such as directly using a microphone; we 

employed a wireless recording system to record the BCS of pigs. It is necessary to accurately 

record each pig’s biological signals separately in the noisy environment that contains other pigs’ 

snorts and action sounds [41, 42]. 
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          (a) pigs is quiet                        (b) Pigs in action 

Figure 20: Position of sensors in experiment 

 

5.3. BCS database of Sick pig inoculated by PRRSv 

Porcine reproductive and respiratory syndrome (PRRS) is among the most economically 

significant swine infectious diseases (1,2). The role of pig meat and swill feeding in PRRS virus 

(PRRSV) transmission is questioned as international trade in pork expands (3). The enveloped 

virus is between 50 and 65 nm in diameter and is classified in the Arteriviridae family within the 

order Nidovirales. It contains a single-stranded positive-sense RNA of approximately 15 kb in 

length that encodes at least 9 open reading frames (ORF). There are 2 recognized PRRSV 

genotypes: North American (genotype 2, VR-2332 prototype) and the European (genotype 1, 

Lelystad prototype). Both have similar genomic organizations, but are genetically and 

antigenically distinct (5). In Canada, the North American genotype has been reported in lineages 

typical of vaccines (Ingelvac PRRS ATP, Ingelvac PRRS MLV) and of the MN-184 wild types 

[43] . Porcine reproductive and respiratory syndrome is mainly characterized by reproductive 

failure in sows and respiratory illness in pigs of all ages. These clinical signs vary markedly 

between herds and depend on the virulence of the infecting strain. In eastern Europe and China, 

new highly pathogenic subtypes of PRRSV have been reported. 

Porcine reproductive and respiratory syndrome virus is highly contagious in pig herds. It can 

be transmitted by direct contact or by infectious aerosols. Vaccines have been used to limit the 

propagation of the disease, but are often found inefficient. The virus can also persist for months 

in the target cells of the monocyte and macrophage lineages of an infected animal, despite the 

immune protection. Transient detection of PRRSV in pig meat following experimental 

transmission has been observed. The virus was isolated in vitro from 6 out of 1049 sample pools 

of fresh meat, while others failed to detect PRRSV in 472 pig carcasses tested by PCR [43]. 

In countries currently free of PRRS, the risk of importing the PRRS virus in fresh pork is a 

concern. Some early import risk analyses for chilled or frozen meats have concluded that virally 

infected pig meat could represent a source for the introduction of the virus in PRRS-free countries. 

These analyses were notably based on a study from lelystad, the Netherlands, showing the 
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transmission of PRRSV through oral uptake of infected porcine muscular tissues by naïve 

recipients). In 2003, Magar and Larochelle led a study to investigate whether pig meat could 

harbor PRRSV and if so, whether viruses in positive meats could infect the animals when fed to 

SPF pigs. In their study, analyses and bioassays were performed with meat conserved at ultra-

low temperatures [44] . It was argued that these experiments were performed in optimal 

conditions for virus survival in meat. For instance, van der Linden et al. showed that freezing 

meat at −23°C  and then thawing it decreased the virus titers in the majority of PRRSV infected 

muscle samples. The present study was undertaken to reproduce conditions in commercial 

settings under which meat would be cut, packaged, and stored in a frozen state for many weeks, 

similar to overseas import or export conditions. It provides additional knowledge on PRRSV 

prevalence, survival in pig meat, meat viral load, and transmission from meat to naïve piglets. 

 The experiment was designed in this way. First, we recorded the in vivo transmission of the 

first four pigs inoculated with PRRS virus on the first day, and then injected PRRS virus. Then, 

on the third day, the fifth day, the seventh day and the tenth day after the injection of the virus, 

the conducted sound in pigs was recorded. Through the dissection of pigs, we confirmed that all 

the subjects were infected with PRRS. First of all, we collated the data and established a database 

of sick pigs. Based on the basic acoustic analysis, we found that the breathing of pigs started 

from the first day to after the disease. The first picture above is a 60 second segment of the pig's 

internal conduction sound recorded on the first day of the experiment. The following picture is 

the pig's breath sound recorded on the third day after the inoculation of the virus. We can see it 

clearly. The intensity of breathing is increased. The difference between the fifth and seventh days 

after inoculation was more obvious, and the intensity of respiration was increased. 

  



44 
 

 

(a) BCS before inoculation          (b) BCS on the third day after inoculation 

 

 (c) BCS on the seventh day after inoculation   (d) BCS on the seventh day after inoculation 

Figure 21: Comparisons of before and after inoculations 

 

5.4. Statistical analysis of feature parameters 

    The Tukey HSD ("honestly significant difference" or "honest significant difference") test is 

a statistical tool used to determine if the relationship between two sets of data is statistically 

significant, that is whether there's a strong chance that an observed numerical change in one value 

is causally related to an observed change in another value. In other words, the Tukey test is a way 

to test an experimental hypothesis. Through the analysis of the result of zero crossing and MFCC, 

we get the following result as Figure 23 to 26 shown. 

The analysis was performed based on respiratory sounds recorded before virus inoculation, 

and 3, 5, 7, and 10 days after inoculation. Figure 26 (a) to (d) shows comparisons of the 

spectrograms of BCS taken from the tip of ear from before inoculation and 7 days after 

inoculation. The number of breaths in 20 seconds was 10 before inoculation and five 7 days after 

inoculation. As can be seen in the black frame of the spectrogram, the respiratory frequency 
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before inoculation is approximately 0.5 Hz and at 7 days after inoculation, it is approximately 

0.25 Hz. Decreased respiratory frequency and increased respiratory intensity were seen in 

animals with PRRS. In addition, we analyzed the acoustic features, zero crossing and MFCC (1) 

to (3), for BCS recorded from the tip of the ear and using Tukey-Kramer's HSD (Honestly 

significant difference) test before and after inoculation [45]. As shown in Fig. 28 (a) to (d), 

significant changes in recorded signals were confirmed before and after inoculation. Based on 

the statistical analysis of zero crossing, as shown in Fig. 28, a significant difference was observed 

from the third day after inoculation. As the time after inoculation increased, it became more and 

more obvious.  

However, according to the analysis results of MFCC (1) shown in Fig. 32 (b), the level of 

the significant difference was not very large, but with the pas-sage of time, it increased and the 

trend of a significant difference becomes increasingly reliable and can be confirmed. Similarly, 

the analysis of MFCC (2) and (3) also confirmed the level of significant differences be-tween 

before inoculation and 3 days after inoculation increased with time and the reliability also 

increased. In other words, with respect to Zero crossing and MFCC (1) to (3), pigs inoculated 

with a virus showed significant differences between before inoculation and 3 days after 

inoculation in this experiment; these significant differences can be used as characteristic features 

to analyze for the early detection of PRRS respiratory disease. This experiment confirmed the 

establishment of PRRS infection after analyzing the BCS. At the end of the experiment, the 

validity of the diagnosis was confirmed by dissecting the lung of the dis-eased pig. Since the 

number of experimental individuals is small and the database is not large enough, the method of 

excluding individual differences is not dis-cussed in this thesis. After confirming viral infection 

through the observation of conduction sounds in pigs, zero crossing and MFCC analysis indicate 

the possibility of diagnosing disease, including PRRS at an early stage.  
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Figure 22: Variance analysis of unidirectional configurations of zero crossing 

 

Table 2: Significance report of zero crossing 

Day1   Day2 significant 

difference 

Standard error of 

significance 

Lower confidence 

limit 

Upper confidence 

limit 

P value 

5 1 4.798488 0.2597734 4.07259 5.524385 <.0001* 

10 1 3.212238 0.2597734 2.48634 3.938135 <.0001* 

3 1 3.044950 0.2597734 2.31905 3.770847 <.0001* 

7 1 2.928781 0.2559246 2.21364 3.643924 <.0001* 

5 7 1.869707 0.2559246 1.15456 2.584849 <.0001* 

5 3 1.753538 0.2597734 1.02764 2.479435 <.0001* 

5 10 1.586250 0.2597734 0.86035 2.312147 <.0001* 
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Figure 23: Variance analysis of unidirectional configurations of MFCC (1) 

 

Table 3: Significance report of MFCC (1) 

  

Day1  Day2 significant 

difference 

Standard error of 

significance 

Lower confidence 

limit 

Upper confidence 

limit 

P value 

5 1 3.382125 0.2640609 2.644247 4.120003 <.0001* 

5 3 2.617188 0.2640609 1.879309 3.355066 <.0001* 

10 1 2.321750 0.2640609 1.583872 3.059628 <.0001* 

5 7 1.878390 0.2601486 1.151444 2.605336 <.0001* 

10 3 1.556812 0.2640609 0.818934 2.294691 <.0001* 

7 1 1.503735 0.2601486 0.776789 2.230681 <.0001* 
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Figure 24: Variance analysis of unidirectional configurations in MFCC (2) 

 

Table 4: Significance report of MFCC (2) 

Day1   Day2 significant 

difference 

Standard error of 

significance 

Lower confidence 

limit 

Upper confidence 

limit 

P value 

1 5 1.122438 0.0422122 1.004482 1.240393 <.0001* 

1 7 0.842471 0.0415868 0.726263 0.958679 <.0001* 

3 5 0.825756 0.0422122 0.707801 0.943712 <.0001* 

1 10 0.568906 0.0422122 0.450951 0.686862 <.0001* 

10 5 0.553531 0.0422122 0.435576 0.671487 <.0001* 

3 7 0.545790 0.0415868 0.429582 0.661998 <.0001* 

1 3 0.296681 0.0422122 0.178726 0.414637 <.0001* 

7 5 0.279967 0.0415868 0.163759 0.396174 <.0001* 

10 7 0.273565 0.0415868 0.157357 0.389773 <.0001* 

3 10 0.272225 0.0422122 0.154269 0.390181 <.0001* 
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Figure 25: Variance analysis of unidirectional configurations in MFCC (3) 

 

Table 5: Significance report of MFCC (3) 

Day1   Day2 significant 

difference 

Standard error of 

significance 

Lower confidence 

limit 

Upper confidence 

limit 

P value 

3 5 0.2084025 0.0101346 0.180083 0.2367220 <.0001* 

3 7 0.1978581 0.0099844 0.169958 0.2257580 <.0001* 

3 10 0.1732762 0.0101346 0.144957 0.2015957 <.0001* 

1 5 0.1127738 0.0101346 0.084454 0.1410932 <.0001* 

1 7 0.1022293 0.0099844 0.074329 0.1301292 <.0001* 

3 1 0.0956287 0.0101346 0.067309 0.1239482 <.0001* 

1 10 0.0776475 0.0101346 0.049328 0.1059670 <.0001* 
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(a) BCS before inoculation               (b) BCS before inoculation 

(3 seconds from the head part at (a)) 

 

 (c) BCS 7 days after inoculation             (d) BCS 7 days after inoculation 

(3 seconds from the head part at (c)) 

Figure 26: Comparisons of body-conducted sounds before and after inoculations 
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(a) Zero crossing                          (b) MFCC (1) 

 

 (c) MFCC (2)                           (d) MFCC (3) 

Figure 27: Descriptive statistical values for zero crossing and MFCC (1) to (3) 

Tukey-Kramer's HSD test was performed between before and after inoculation on each 

recording day. * Indicates significance at the 5 % level, ** indicates significance at the 1 % 

level. 

 

5.5. Conclusion 

In this study, a wireless recording system was developed and respiratory and heart sounds 

were analyzed for the early detection of pig respiratory diseases. Experimental results showed 

that BCS provides information regarding respiratory and heart sounds. Moreover, when 

comparing the signals collected from BCS using other body positions [46] , respiratory and heart 

sounds can be effectively extracted by recording BCS from the tip of ear. We used then used a 

recording system and FM transmission to record the BCS of pigs before and after inoculation 

with PRRS. Through comparing the spectrograms of sounds obtained before and after inoculation, 

it was confirmed that the respiration rate decreased and respiratory intensity increased after PRRS 

infection. In addition, acoustic analysis results based on Zero crossing and MFCC suggested the 

possibility of diagnosing PRRS in its early stages. Although the database is not large enough to 

provide a sufficient number of samples to rule out individual differences, the detection of 

respiratory disease using zero crossing and MFCC is confirmed to be effective. Therefore, a 
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system can be developed using the analysis of acoustic features. Otherwise, As the updating and 

development of wireless technology, in order to meet the collection of low frequency to achieve 

more accurate, we have included the hardware has also improved, at the time of the first and the 

second experiment, FM communication mode that is used by the acquisition of data in three 

experiments, we put the data communications changed sub-GHz way, this way faster data 

transmission, and power consumption is small, data storage space is bigger, because sub-GHz 

control convenient communication methods, but the presence of delay of data real-time 

transmission, we developed on the basis of experiment and improve the ear tag and a size of 

sensor, The new ear-tag sensor uses Bluetooth technology for data communication, which is 

faster and safer. At the time of writing this thesis, the verification experiment is in synchro. 

    In future work, by being able to record sounds from the tip of the ear, we hope to install an 

integrated module on the ear tag that is small and light enough, and can be powered to maintain 

real-time data acquisition for approximately a month. Changes in respiratory and heart sounds 

are important parameters to identify diseases after identifying the characteristic qualities of 

different respiratory diseases. We hope to establish a complete database to fully realize early 

detection as soon as possible. The system is expected to be utilized in real livestock farms. 
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6. Conclusion 

In this study, on the premise that BCS is used in the early diagnosis system, firstly, the 

feasibility of piezoelectric sensor technology used in BCS inclusion is confirmed through human 

experiments, and the validity of extracting breath sound and internal conduction sound from 

signals is confirmed through data analysis. Because of its application in animal husbandry, the 

behavior and uncontrolled range of animals determine that we can only use wireless access to 

data. In this study, we first used frequency modulation communication technology to establish 

pig BCS health database including experiments, and then improved the communication 

technology to adopt more reliable and stronger anti-interference sub GHz wireless 

communication transmission Methods: BCS database of PRRSV infection was established. In 

order to further enhance the compatibility and anti-interference ability of wireless data 

transmission, we are going to use Bluetooth data transmission mode in the next step. Based on 

the data obtained from experiments and acoustic analysis, the following conclusions are drawn. 

 BCS can be obtained by piezoelectric sensor, from which breath sound and heart sound 

signals can be extracted. 

 The sensor installed on the pig ear label also successfully recorded the BCS of the pig 

at the tip of the pig ear and successfully extracted the breath sound and heart sound 

signals [47] . 

 From FM mode to sub GHz mode, and then to Bluetooth mode, the wireless recording 

device has successfully experimented with the miniaturization of the recording 

hardware, making it a reality to integrate with the ear tag set. 

 Through PRRS virus inoculation test and acoustic analysis of BCS of pigs inoculated 

with PRRS virus, it was found that there was significant difference between BCS and 

MFCC (1-3) before and after inoculation. It was confirmed that zero cross and MFCC 

(1-3) were the characteristic quantities to judge whether pigs were suffering from PRRS 

respirator disease. 

 

6.1. Realization of wireless BCS recording system in pigs 
We constructed a body conducted sound recording system using FM transmission and 

recorded the body conducted sound of pigs before and after inoculation with PRRS. By 

comparing spectrograms of data obtained before and after inoculation, it was confirmed that the 

respiration rate decreased, and the respiratory intensity increased after PRRS infection. In 

addition, the analysis results based on zero crossing and MFCC suggest the possibility of disease 

(PRRS) diagnosis in the early stages. Therefore, an early detection system can be developed 

using the analysis of acoustic features. 

We have achieved an initial goal. We have successfully integrated the real-time online 

recording system into a size that can be installed on the ear mark of pigs, and successfully 
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established the BCS database of healthy pigs and pigs suffering from PRRS respiratory diseases, 

and found the characteristic quantity of respiratory sounds for diagnosing PRRS diseases of pigs 

by using acoustic analysis from the database. Because the ultimate goal of the system is to carry 

out the early diagnosis of the pig respirator disease, so the research has to continue. In terms of 

hardware, the durability of the battery has to be strengthened, and the anti-interference ability of 

communication needs to be improved. On the other hand, the database also needs to be 

supplemented. There are many kinds of respiratory diseases in pigs. It is necessary to analyze 

and process the acoustic data of each kind of respiratory disease for accurate diagnosis. With the 

increase of disease types, the extraction of disease characteristics will require more refinement. 

 

6.2. Review and establishment of feature parameter for early diagnosis of pig 

respiratory diseases 

On the chapter 2 of this thesis lists a lot of respiratory diseases in pigs. It is very difficult to 

accurately determine what diseases pigs have through the analysis of respiratory sounds in many 

diseases. Therefore, the respiratory sound database of each disease is very important. To establish 

a good database, through the analysis and statistics of data, to find out the sound characteristics 

of different diseases, through the mechanical learning of the system, to constantly supplement 

new data, to carry out in-depth learning, so as to improve the accuracy of the system for diagnosis, 

which is our goal in the next stage. In this thesis, the authors set up a BCS database of porcine 

respiratory diseases (PRRS), and found the characteristic quantity that provided diagnostic basis 

by acoustic analysis (zero crossing and MFCC). We confirmed that the respiration rate decreased, 

and the respiratory intensity increased after PRRS infection. In addition, the analysis results 

based on zero crossing and MFCC suggest the possibility of disease (PRRS) diagnosis in the 

early stages. Therefore, an early detection system can be developed using the analysis of acoustic 

features. 

 

6.3. Prospects for the use of AI technology in early detection systems in the future 

Artificial intelligence (AI) is the simulation of human intelligence processes by machines, 

especially computer systems. These processes include learning (the acquisition of information 

and rules for using the information), reasoning (using rules to reach approximate or definite 

conclusions) and self-correction. Particular applications of AI include expert systems, speech 

recognition and machine vision [48] . Nowadays, there are also many researches in application, 

for example, N. Houssami and his team have done the application of artificial intelligence (AI) 

in early detection of breast cancer: a study to evaluate the potential scope of AI in breast 

screening practice. The research on artificial intelligence for disease diagnosis is basically 

limited to human beings, and then human beings are the top of the food chain. Our requirements 

for food are also the highest and richest. We must pay attention to the safety of food and meat. 

The role of artificial intelligence in the early diagnosis of animal husbandry will be huge and full 
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of value 

In this proposed system, we hope to analyze the transmission sound data of pigs of different 

ages and weights, extract the characteristic quantity, train the data, and establish an online 

observation system with artificial intelligence to provide early warning of possible infection of 

pigs, compatible with the current livestock industry management system to intelligently provide 

management personnel with handling suggestions and methods. We hope it's a veterinarian who 

doesn't know about fatigue, keeps learning, enhances his diagnostic ability, and can accurately 

provide treatment and management programs. 

   The goal is to achieve early detection, so it is a very important part of the system in the future 

to be able to deal with early detection reasonably. In this part, we hope to adopt the way of 

artificial intelligence through the active learning function of the system. 

  



56 
 

References 

[1]  E.M.A.M. Bruininx, C.M.C. Van Der Peet-Schwering, J.W. Schrama, L.A. Den Hartog, H. 

Everts, A.C. Beynen, “A tool for monitoring the individual feed intake of group-housed 

weanling pigs”, Journal of Animal Physiology and Animal Nutrition, 85, pp. 81-87. 2001. 

[2]  Jonguk L, Byeongjoon N, Suin J, Daihee P, Yongwha C and Hong-Hee C, “Stress Detection 

and Classification of Laying Hens by Sound Analysis”, Asian-Australasian Journal of 

Animal Sciences (AJAS), pp. 592-598, 2015. 

[3]  Gutierrez, W.M, Kim, S, Kim, D.H, Yeon, S.C and Chang, H.H.“Classification of Porcine 

Wasting Diseases Using Sound Analysis”, Asian-Australasian Journal of Animal Sciences, 

pp.1096-1104,2010. 

[4]  C. Yongwha, et al., “Automatic Detection and Recognition of Pig Wasting Diseases Using 

Sound Data in Audio Surveillance Systems”, Sensors, 13(10), pp.12929–12942. 2013. 

[5]  S.T. Ahmed, H.-S. Mun, H. Yoe, Yang C.-J, “Monitoring of behavior using a video-

recording system for recognition of Salmonella infection in experimentally infected growing 

pigs”, An International Journal of Animal Bioscience, 9, pp.115-121, 2015. 

[6]  Hussein M and Richard S., “Acoustic detection of respiratory conditions”, United States 

Patent, US6443907, 2002. 

[7]  Z. Moussavi, “Fundamentals of Respiratory System and Sounds Analysis”, Morgan & 

Claypool Publisher, Manitoba, 2006. 

[8]  J. Earis, “Lung sounds”, Thorax, Vol. 47, pp. 671-672, 1992. 

[9]  H. Pasterkamp, S.S. Kraman, and G. Wodicika, “Respiratory Sounds”, American Journal of 

Respiratory and Critical Care Medicine, Vol. 156, pp. 974‑987, 1997. 

[10]  A. S. Xie, F. Jin, S. Krishnan, and F. Sattar, “Signal feature extraction by multi‑scale PCA 

and its application to respiratory sound classification”, Medical and biological Engineering 

and Computing, Vol. 50, pp. 759‑68, 2012. 

[11]  O. Abdel-Alini, N. Hamdy, and M. A. El-Hanjouri, “Heart disease diagnosis using heart 

sounds”, Proceedings of the Nineteenth National Radio Science Conference, pp.19-21, 2002. 

[12]  Y. Chung, S. Oh, J. Lee, D. Park, H. Chang, and S. Kim, “Automatic Detection and 

Recognition of Pig Wasting Diseases Using Sound Data in Audio Surveil-lance Systems”, 

Sensors, 13(10), pp. 12929–12942, 2013. 

[13]  Susan L. Brockmeier, Patrick G. Halbur, Eileen L. Thacker, “Porcine Respiratory Disease 

Complex”, American society for microbiology,2002. 

[14]  A. M. Joshua, D. S. Celermajer, M. R. Stockler, “Beauty is in the eye of the examiner: 

reaching agreement about physical signs and their value”, Internal medicine journal, pp178-

187,2005. 

 

[15]  J.E. Earis, B.M. Cheetham, “Current methods for computerized respiratory sound analysis”, 



57 
 

Eur. Respir. Rev., 10, pp.586–590, 2000. 

[16]  O. Carvalho and C. Gonçalves, “Comparative Physiology of the Respiratory System in the 

Animal Kingdom”, The Open Biology Journal, 4, pp. 35–46, 2011. 

[17]  M. R. Muirhead, T. J. L. Alexander, and J. Carr (Ed), Managing Pig Health: A Reference for 

the Farm - 2nd Edition, 5m, 2013. 

[18]  I. Holko, J. Urbanova, T. Holkova, and V. Kmet, “Diagnostics of main bacterial agents of 

porcine respiratory diseases complex (PRDC) using PCR”, Vet, Med. – Czech, 49 (2), pp. 

35–41, 2004. 

[19]  S. T. Ahmed, H. S. Mun, H. Yoe, and Yang C. J., “Monitoring of behavior using a video 

recording system for recognition of Salmonella infection in experimentally infected growing 

pigs”, An International Journal of Animal Bioscience, 9, pp. 115–121, 2015. 

[20]  E.M.A.M. Bruininx, C.M.C. Van Der Peet-Schwering, J.W. Schrama, L.A. Den Hartog, H. 

Everts, and A.C. Beynen, “A tool for monitoring the individual feed intake of group-housed 

weanling pigs”, Journal of Animal Physiology and Animal Nutrition, 85, pp. 81–87, 2001. 

[21]  H. B. Janke, “Diagnosis of viral respiratory disease in swine”, Swine Health and Production, 

pp. 116–120, 1995. 

[22]  M. Hussein and S. Richard, “Acoustic detection of respiratory conditions”, United States 

Patent, US6443907, 2002. 

[23]  C. Ramakersab, J. MRuijtera, R. H.L.Depreza, A. F.M. Moorman, “Assumption-free 

analysis of quantitative real-time polymerase chain reaction (PCR) data”, Neuroscience 

Letters, pp.62-66,2003. 

[24]  R.W. Jordan and J.M. Roe “An experimental mouse model of progressive atrophic rhinitis 

of swine”, Vet Microbiol., 15, 103(3-4), pp.201-207, 2004. 

[25]  J. I. Eze, C. Correia-Gomes, J. Borobia-Belsué, A. W. Tucker, D. Sparrow, D. W. Strachan 

and G. J. Gunn, “Comparison of Respiratory Disease Prevalence among Voluntary 

Monitoring Systems for Pig Health and Welfare in the UK”, PLoS One, 10 (5), 2015. 

[26]  J. ARoth. “Veterinary Vaccines and Their Importance to Animal Health and Public Health”, 

Procedia in Vaccinology, pp 127-136, 2011. 

[27]  E. L. Sassu, J. T. Bossé, T. J. Tobias, M. Gottschalk, P. R. Langford and I. Hennig Pauka. 

“Update on Actinobacillus pleuropneumoniae—knowledge, gaps and challenges”, 

Transboundary and Emerging Diseases, 2017. 

[28]  Francisco J. Pallares, Michael J. Yaeger, Bruce H. Janke, Guillermo Fernandez and Patrick 

G. Halbur, “Vitamin E and selenium concentrations in livers of pigs diagnosed with 

mulberry heart disease”, J Vet Diagn Invest, 14, pp.412–414, 2002. 

[29]  H. Jiang, D. Wang, J. Wang, S. Zhu, R. She, X. Ren, J. Tian, R. Quan, L. Hou, Z. Li, J. Chu, 

Y. Guo, Y. Xi, H. Song, F. Yuan, L. Wei, and J. Liu, “Induction of Porcine Dermatitis and 

Nephropathy Syndrome in Piglets by Infection with Porcine Circovirus Type 3”, Journal of 

Virology, 10.1128/JVI.02045-18, 2019. 



58 
 

[30]  Vincent A.L., Ma W., Lager K. M., Janke B. H., and Richt J.A., “Swine influenza viruses a 

North American perspective”, Adv. Virus Res., Volume 72, pp.127-154, 2008. 

[31]  Van. Staaveren N., Vale A.P., Manzanilla E.G., Teixeira D.L., Leonard F.C., Hanlon A., and 

Boyle L.A., “Relationship between tail lesions and lung health in slaughter pigs”, Prev. Vet. 

Med., Volume 127, pp.21-26, 2016. 

[32]  S.M. Goyal, “Porcine reproductive and respiratory syndrome”, J. Vet. Diagn. Invest., 5, 656-

664, 1993. 

[33]  A. M. Amiri and G. L. Armano, “Heart Sound Analysis for Diagnosis of Heart Diseases in 

Newborns”, APCBEE Procedia, Volume 7, pp.109-116, 2013. 

[34]  K. Dietze, J. Pinto, S. Wainwright, C. Hamilton, and S, Khomenko, “Porcine Reproductive 

and Respiratory Syndrome (PRRS)”, EMPRES Bulletin, (5), 2011. 

[35]  J.E. Earis and B.M. Cheetham, “Current methods for computerized respiratory sound 

analysis”, European Respiratory Review, 10, pp. 586–590, 2000.  

[36]  Asli Mete and İlknur Hatice Akbudak, Functional Anatomy and Physiology of Airway, 

10.5772/intechopen.77037, 2018. 

[37]  S. Lalitha, D. Geyasruti, R. Narayanan and Shravani M., “Emotion Detection Using MFCC 

and Cepstrum Features”, Procedia Computer Science, Volume 70, Pages 29-35, 2015. 

[38]  Gerhard D., “Audio Signal Classification: History and Current Techniques; Technical 

Report TR-CS 2003-07; Department of Computer Science”, University of Regina: Regina, 

Canada, 2003. 

[39]  J. M. Swenson, D. R. Fischer, S. A. Miller, G. J. Boyle, J. A. Ettedgui and L. B. Beerman, 

“Are Chest Radiographs and Electrocardiograms Still Valuable in Evaluating New Pediatric 

Patients With Heart Murmurs or Chest Pain? ”, Official journal of the American academy 

of pediatrics, 1997. 

[40]  S. Ishimitsu, M. Nakayama, T. Yoshimi, and H. Yanagawa, “Noise-robust recognition 

system making use of body-conducted speech microphone”, AES 122nd Convention, Thesis 

ID: 7105, Austria Center Vienna, Austria, 2007. 

[41]  H. Wang, Y. Xu, and M. Li, “Study on the MFCC Similarity-based Voice Activity Detection 

Algorithm”, Proceedings of the 2nd IEEE International Conference on Artificial 

Intelligence, Management Science and Electronic Commerce (AIMSEC), pp. 4391–4394, 

2011. 

[42]  B. Widrow, K. Duvall, R. Gooch, W. Newman, “Signal cancellation phenomena in adaptive 

antennas: Causes and cures”, IEEE Transactions on Antennas and Propagation,pp 469-478, 

1982. 

[43]  P. Raymond, C. Bellehumeur, M. Nagarajan, D. Longtin, A. Ferland, P. Müller, R. 

Bissonnette and C. Simard, “Porcine reproductive and respiratory syndrome virus (PRRSV) 

in pig meat”, Can J Vet Res., 81(3), pp.162–170, 2017. 

[44]  H. Pharo and S.P. Cobb, “The spread of pathogens through trade in pigmeat: overview and 



59 
 

recent developments”, Risk Analysis–Animals, MAF Biosecurity New Zealand, Ministry of 

Agriculture and Forestry, pp.139-148, 2011. 

[45]  H. Wang, Y. Xu, and M. Li, “Study on the MFCC Similarity-based Voice Activity Detection 

Algorithm”, Proceedings of the 2nd IEEE International Conference on Artificial 

Intelligence, Management Science and Electronic Commerce (AIMSEC), pp. 4391–4394, 

2011. 

[46]  Y. Cheng, K. Narusawa, S. Iijima, M. Nakayama, S. Ishitmitsu, A. Ishida, and O. Mikami, 

“Fundamental research of an early detection system to find respiratory diseases for pigs 

using body-conducted sound”, Proceedings of the 13th International Conference on 

Innovative Computing, Information and Control (ICICIC2018), ICICIC2018-SS06-06, 

2018. 

[47]  K. Narusawa, C. Yibing, S. Ishimitsu, and S. Iijima. “Development of a respiratory disease 

detection system for livestock using body-conducted sound”, Proceedings of The 25th 

International Congress on Sound and Vibration (ICSV25), Japan, 2018. 

[48]  N. Houssami, G. K, jones, N. Noguchi and C. I. Lee, “Artificial Intelligence (AI) for the 

early detection of breast cancer: a scoping review to assess AI’s potential in breast screening 

practice”, Expert Review of Medical Devices, 16(5), 2019. 

 

  



60 
 

Publication List 

I: Journal articles 

[1]  Kazunari Tsuchiya, Shunsuke Ishimitsu, Yoshiko Morinaga, Cheng Yibing, Kenta 

Narusawa, Satoshi Iijima, Masashi Nakayama, Osamu Mikami, Michihiro Takagi, Hiroaki 

Inoue and Aiko Ishida, “Study on Disease-Detection Methods Using Body-Conducted 

Sounds in Livestock”, International Journal of Biomedical Soft Computing and Human 

Sciences (IJBSCHS), Vol.2, No.2, pp.65-73, 2020. (In print) 

[2]  Yibing Cheng, Kenta Narusawa, Satoshi Iijima, Masashi Nakayama, Shunsuke Ishimitsu, 

Hiroaki Inoue, Aiko Ishida, Michihiro Takagi and Osamu Mikami, “Development of an 

Early Detection System for Respiratory Diseases in Pigs”, International Journal of 

Biomedical Soft Computing and Human Sciences (IJBSCHS), Vol. 24, No.2, pp.49-56, 2019. 

 

II: Reviewed proceeding of International Conference 

[1]  Cheng Yibing, Kenta Narusawa, Satoshi Iijima, Masashi Nakayama, Shunsuke Ishimitsu, 

Aiko Ishida and Osamu Mikami, “Fundamental Research of An Early Detective Respirator 

System for Finding Pig Disease”, Proceedings of 25th International Congress on Sound and 

Vibration (ICSV25), 4 pages, Japan, 2018. 

[2]  Kenta Narusawa, Cheng Yibing, Satoshi Iijima, Masashi Nakayama, Shunsuke Ishimitsu, 

Aiko Ishida and Osamu Mikami, “Development of a Respiratory Disease Detection for 

Livestock Using Body-Conducted Sound”, Proceedings of 25th International Congress on 

Sound and Vibration (ICSV25), 5 pages, Japan, 2018. 

[3]  Cheng Yibing, Kenta Narusawa, Satoshi Iijima, Masashi Nakayama, Shunsuke Ishimitsu, 

Aiko Ishida and Osamu Mikami,” Fundamental Research of an Early Detection System to 

Find Respiratory Diseases for Pigs Using Body-Conducted Sound”, The 13th International 

Conference on Innovative Computing, Information and Control (ICICIC2018), ICIC 

Express Letters Part B: Applications, Volume 10, Number 8, China, pp.737-742, 2019. 

 

III: Non-reviewed proceeding of International Conference 

[1]  Cheng Yibing, Kenta Narusawa, Satoshi Iijima, Masashi Nakayama, Shunsuke Ishimitsu, 

Hiroaki Inoue and Osamu Mikami, “Fundamental research for an early detection system to 

find respiratory diseases in pigs”, Proceedings of RISP International Workshop on 

Nonlinear Circuits, Communications and Signal Processing 2018, USA, 3 pages, 2018. 

[2]  Cheng Yibing, Kenta Narusawa, Satoshi Iijima, Masashi Nakayama, Shunsuke Ishimitsu, 

Hiroaki Inoue and Osamu Mikami, “Diagnostic System for Respiratory Diseases of Pigs 

Using Body-Conducted Sound”, Proceedings of RISP International Workshop on Nonlinear 



61 
 

Circuits, Communications and Signal Processing 2019, USA, 3 pages, 2019. 

 

IV: Non-reviewed proceeding in domestic conferences in Japanese 

[1]  成澤健太, 成亦兵, 石光俊介, 飯島聡志, 中山仁史, 井上寛暁, 石田藍子, 三上修, 

“ブタにおける体内伝導音を用いた呼吸器病罹患早期発見システムのための基礎的

検討”, 第 20 回 IEEE 広島支部学生シンポジウム, 2018. 

[2]  成澤健太, 成亦兵, 石光俊介, 飯島聡志, 中山仁史, 井上寛暁, 石田藍子, 三上修, 

“家畜における音声・体内伝導音による呼吸器病発見に関する基礎検討”, 日本音響

学会 2018 年春季研究発表会, 2018. 

[3]  成亦兵, 成澤健太, 飯島聡志, 中山仁史, 石光俊介, 井上寛暁, 三上修, “ブタの体内

伝導音を用いた生体信号抽出方法の検討”, 日本音響学会 2019 年春季研究発表会, 

2019. 

[4]  成澤健太, 成亦兵, 石光俊介, 飯島聡志, 中山仁史, 井上寛暁, 石田藍子, 三上 修, 

“ブタにおける体内伝導音を用いた呼吸器病罹患早期発見システムのための基礎的

検討”, 日本音響学会 2019 年春季研究発表会, 2019. 

  



62 
 

 

Acknowledgment 

Firstly, I would like to deeply thank to my advisor Prof. Shunsuke Ishimitsu for his guidance 

and full support. I would like to thank Prof. Hisato Fujisaka, Prof. Shigang Li and Dr. Masashi 

Nakayama for their kind comments on this thesis. 

I would also like to say thank you to Dr. Satoshi Iijima for his kind support, and thanks also 

for the help of team member Mr. Kenta Narusawa. We also would like to express our heartfelt 

thanks to NARO researchers who provided assistance for our experiment and provided piglets 

for the experiment, such as Dr. Hiroaki Inoue, Dr. Aiko Ishida, Dr. Michihiro Takagi and Dr. 

Osamu Mikami.  

This research was supported by grants from the Project of the Bio-oriented Technology 

Research Advancement Institution, NARO (National Agriculture and Food Research 

Organization).  

Finally, my heartfelt appreciation goes to my wife and my family for their support and warm 

encouragement. 


