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Abstract— Malodor emission from the poultry farms is a 

serious issue for the environment. This research proposes a 

fundamental study of malodor monitoring in the poultry farms 

using gas detecting equipment and electronic nose (e-nose) 
system in-lab developed for measurement and analysis of the 

livestock farm odors. This electronic nose consists of eight gas 

sensors, specifically selected for the main volatile compounds 

emitted from livestock farms. The main components of this      

e-nose include a sensor chamber, a sensor array, a 

microcontroller, a signal conditioning circuits and wireless 

sensor networks. Our e-nose machine can classify different 

odors and quantify the odor level. Principal component 

analysis and hierarchical cluster analysis pattern recognition 

technique were used to interpret the acquired data. In this 

paper, a poultry farm was studied by using a portable e-nose 

and an e-nose station that can perform real-time monitoring of 

the odor. Furthermore, a gas detector equipment was applied 

to measure ammonia, hydrogen sulfide and volatile organic 

compounds. The results have shown that electronic nose is able 

to identify the source of malodor, classify different odors and 

monitor malodor in real-time in poultry farm. Ammonia gas 

was found mostly inside the poultry house, where it accounts 

for the largest source of malodor.  

Keywords— lectronic Nose, electronic nose station, neural 

network, livestock farms, poultry farms, ammonia 

I. INTRODUCTION 

Malodor emission from livestock farms is a 

controversial issue particularly when the farm is located 

nearby residential areas. This can induce conflicts between 

farmers, local authorities and local residents. In 2019, a total 

number of 350 complaints were received by the Pollution 

Control Department directly related to the malodor emission 

in Thailand. 

Major malodor sources in the farm are arisen from the 

farm waste and chicken manure. The odor emission is 

influenced by various parameters such as temperature, 

humidity, wind speed and direction, season and distances. 

Other factors include type of chicken, housing system, 

building structure, ventilation system, bedding materials, 

flow rate, type and amount of feed and animal activity level, 

manure handling system, building management (cleaning, 

disinfection procedures) and cleaning practices [1].  

 In general, the odorous compounds are generated and 

accumulated in the waste collection and storage systems 

where feces and urine are decomposed by bacteria under 

anaerobic conditions. There are four chemical classes of 

VOC: volatile fatty acids (VFA), indoles and phenols, 

amines, and sulfur-containing compounds [2].  

 To reduce emissions of gases and malodor, a legal 

protocol is applied in Europe: An advisory code of good 

agricultural practice (COGAP) to reduce NH3 emissions. The 

framework COGAP comprises six sections: 

1. Nitrogen (N) management 

2. Livestock feeding strategies (to reduce N excretion) 

3. Reduced emissions from housing systems 

4. Reduced emissions during manure storage 

5. Reduced emissions during and after spreading 

6. Reduced emissions from mineral-N fertilizers 
 

 
Fig. 1. Environment monitoring in livestock farm 

 Fig. 1 shows an overview illustration of environmental 

monitoring in livestock farms using different analysis 

techniques, incl. gas detector, portable e-nose, e-nose station 

and drone, which is used to create maps of livestock farms 
in this work. Over the past few years, drones have become 

central of various industries and have multiple uses, which 

include; aerial photography, precision crop monitoring, 

military uses, environment monitoring, delivery etc.  

For detection of the malodor in livestock farms, there is 

a conventional method called “sensory test by human nose”, 

which lacks of the ability to obtain quantitative data. 

Electronic nose (e-nose) is an alternative technology, which 

provides advantages such as quantitative analysis, rapid 

measurement, high sensitivity and reproducibility, objective 
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identification of odor with no bias. E-nose technology has 

been significantly developed over the past decades and is 

applied in various industries, e.g., agriculture, food and 

beverage industry, medicine and health-care, military, 

environment monitoring, including livestock industries.  

II.  METHODOLOGY 

A. Portable Electronic Nose 

In this study, our in-lab developed e-nose system was 
used to analyze the malodor in poultry farm. The e-nose 
consists of eight metal oxide gas sensors (shown in Table 1) 
and three major parts: sample delivery system, detection 
system (gas sensor array) and signal processing system. At 
the operating temperature around 200-250°C, these gas 
sensors respond to reducible gases and increase their 
conductivity. The sensing mechanism can be described with 
the following reactions [3]: 

e + O2 → O(s)-          (1)  

R(g) + O(s)-  → RO(g) + e              (2) 

where e is an electron from the conduction band of oxide 

sensor. R(g) is reducible gas, s and g represent surface and 

gas, respectively. The above equation implies that oxygen is 

physico-chemically adsorbed on the sensing material and 

consequently the conductivity becomes lower [3]. The 

conductivity and resistivity are given by   

σ = 1/ρ = enµ              (3) 

where e is the charge on the electron (1.6022 x 10-19 C), 

n the carrier (electron or hole) concentration (cm-3) and µ 

the carrier mobility (cm2 V-1 s-1). The resistance change 

between electrodes are converted into output voltage signal 

and digital signal, which will be analyzed by classification 

algorithm. Sensing response (S) is calculated with equation 

(4):  

            (4)  

Rf Resistance of gas sensor (reference gas)  

Rs Resistance of gas sensor (sample odor) 

Table I. LIST OF SEMICONDUCTOR GAS SENSORS 

No. Sensor ID Target Gas 

1 TGS 816 Combustible Gases 

2 TGS 2600 Air pollutants (Hydrogen, Ethanol etc.) 

3 TGS 823 Organic Solvent Vapor 

4 TGS 2602 Air pollutants (VOCs, Ammonia, H2S) 

5 TGS 826 Ammonia 

6 TGS 2610 Butane, Propane 

7 TGS 2620 Alcohol, Solvent vapors 

8 TGS 2444 Ammonia 

 

Principal component analysis (PCA) and hierarchical 

cluster analysis (HCA) were applied to analyze and 

visualize the characteristic odor of the samples.  

B. Gas Detector  

A gas detector (model GX-6000, Japan) was used to 

detect three target gases: ammonia (NH3), hydrogen sulfide 

(H2S) and volatile organic compounds (VOCs). The gas 

detector consists of two electrochemical sensors for NH3 

and H2S detection and one PID sensor for VOCs detection. 

Basically, electrochemical sensor detects the electron that is 

transferred during an electrochemical reaction [4]. The 

target gas diffuses through a membrane followed by its 

interaction at the surface of sensing electrode resulting in 

either an oxidation or reduction mechanism [4]. The electric 

signals are generated and interpreted as current changes with 

respect to gas concentration.  

C. Location 

The poultry farm selected for this study is located in the 

central region of Thailand. Five locations inside the farm 

and one location in the nearby village had been investigated 

the odor by using an electronic nose and gas concentration 

by using a gas detector (see Fig. 1 and 2) 

The poultry houses were enclosed with concrete 

materials and canvas. The temperature is controlled under 

32°C and relative humidity under 70% with a cooling 

system (cooling pad) and ventilation system.   
 

 
1) Housing room 

 
2)  Manure storage 

 
3) Biogas 

 
4) Downwind point 

 
5) Oxidation pond 

 
6) Village 

Fig. 2. Measured locations in poultry farm 
 

III. RESULTS AND DISCUSSION 

A. Electronic Nose 

The data analysis was performed by using mathematical 
algorithms; Principal Component Analysis (PCA) and 
Hierarchical Cluster Analysis (HCA). Sensing response 
received from the resistance change was converted into odor 
concentration (Odor Unit, OU) as shown in Table II.  



 

Fig. 3. Average percentage change in resistance of 8 semiconductor gas 
sensors used in electronic nose 

Fig. 3 shows the sensing responses of eight gas sensors 

obtained from e-nose. To investigate the odor concentration, 

total sensing response of each location will be calculated.  

Table II TOTAL SENSING RESPONSE AND ODOR UNIT  

No. Place name Total sensing response (%) OU 

1 Housing room 531 15 

2 Manure storage 499 10 

3 Biogas 513 12 

4 Downwind point 505 11 

5 Oxidation pond 484 9 

6 Village 443 3 
 

 In Fig. 4, the measured locations are shown with the odor 
unit. Location 1 (inside a housing room) shows highest odor 
concentration with 15 OU, indicating the most influential 
odor source. Others locations in the farms also show high 
odor concentration with 9-12 OU, while it is only 3 OU in 
the village. 

 
Fig. 4. Odor unit of measured locations in poultry farm 

In Fig. 5, PCA illustrates the discrimination of 6 data 

groups. The first principal component (PC1) expresses 

61.6% and the second principal component (PC2) 35.2% of 

total variance in data. Based on the test results, the data 

groups can be further clustered into two groups; poultry 

farm odor (location 1-5) and the surrounding odor (village).  

 

 

Fig. 5. Two-dimensional PCA plot of 6 odor sources in the poultry farm  

The hierarchical cluster analysis (HCA) diagram as 

shown in Fig. 6 has confirmed the discrimination between 

the poultry odor and the surrounding odor with least 

similarity. Hierarchical cluster analysis (HCA) is a 

technique for performing data exploratory analysis. HCA 

attempt to separate data into specific groups based on 

similarity criterion and a distance metric.     

 

Fig. 6. Cluster analysis of 6 odor sources in poultry farm 

B. Gas Detector 

Gas concentration results of ammonia (NH3), hydrogen 

sulfide (H2S) and volatile organic compounds (VOCs) are 

summarized in Table 3 and compared with the odor level 

(OU) to determine the correlation between these parameters 

(Fig. 7).   

Table III GAS CONCENTRATION MEASURED BY GAS DETECTOR 

No. Place name 
Concentration (ppm) 

NH3 H2S VOC  

1 Housing room 4 0 0 

2 Manure storage 4.5 0 0.2 

3 Biogas 4 3 1.4 

4 Downwind point 3.5 0 0.6 

5 Oxidation pond 2.5 0 0 

6 Village 0 0 0 



 Ammonia (NH3), hydrogen sulfide (H2S) and volatile 
organic compounds (VOCs) were detected with the gas 
detector (model GX-6000, Japan). All locations in the farm 
were found with the ammonia (NH3) concentration around 
2.5-4.5 ppm. H2S was found in biogas plant (location 3) with 
3 ppm, due to the decomposition of livestock manure. VOCs 
were detected in locations 2, 3 and 4 with low concentration 
(0-1.4 ppm).   

C. Comparison between Electronic Nose and Gas Detector  

 Odor concentration measured with an electronic nose and 
ammonia concentration with a gas detector are compared in 
Figure 7. The correlation between odor and ammonia gas 
using linear regression yields the coefficient of determination 
(R2) of 73%, which indicate that two variables have a 
moderate correlation.   

 

 

 

 

 

 

 

 

 

 
 

Fig. 7. Comparison between odor (OU) unit and NH3 concentration (ppm) 

D. Odor Monitoring by Using an Electronic Nose Station 

Apart from the portable electronic nose and gas detector, 

an e-nose station was employed in this research for real-time 

monitoring of the malodor emitted from poultry farm. The     

e-nose station has similar components (a sensor chamber, a 

sensor array, a microcontroller, a signal conditioning 

circuits and wireless sensor networks) and working principle 

as the portable e-nose. Odor concentration, wind, 

temperature and humidity were recorded and transmitted to 

the cloud operating system via wireless transmission. 

LoRaWan was used as IoT data communication system 

between transmitter node (e-nose station) and receiver node 

(computer). The raw signals received from e-nose were 

calculated into percentage of sensing response and total 

sensing response. The total sensing response can be 

converted to odor level (Odor unit; OU) using an artificial 

neural network (Radial basis function; RBF) to learn the 

pattern of e-nose signal and human sensory result. This 

method can create a prediction model of e-nose. With an e-

nose station, the odor level and direction of the odor source 

were analyzed. In this farm, the e-nose station yields the 

odor level between 2-10 OU, which is illustrated in Fig. 8.  

 

 
Fig. 8. Odor concentration from electronic nose station 

IV. CONCLUSION 

Malodor source identification using an electronic nose 

and gas detector was studied in this paper. The e-nose 

consists of a gas sensor array, signal and data acquisition, 

signal processing and pattern recognition. Odor emission 

from the poultry farm has been detected with both portable 

and station e-noses. The acquired data were interpreted with 

PCA, cluster analysis as well as in term of the sensing 

performance. PCA diagram shows two data groups, which 

distinguish two different odor pattern (poultry farm odor and 

surrounding odor). The housing room is the most crucial 

source of malodor in the poultry farm with the odor level of 

15 OU, followed by the biogas, the downwind point, the 

manure storage and the oxidation pond with 12, 11, 10, 9 

OU, respectively. Harmful gases (ammonia, hydrogen 

sulfide) are also generated at these locations due to the 

decomposition of livestock manure.   

The e-nose station is an accurate online method for odor 

monitoring and provides a high precision too. It can be 

concluded, that all measured locations in this poultry farms 

are the source of malodor and NH3 emissions. Compared 

between the odor results and NH3 emissions, both values 

exhibit a linear regression with moderate correlation.   

Ammonia (NH3) affects the ecosystem, environment and 

health of birds and human. It can be minimized by housing 

type, aerobic and anaerobic conditions, manure handling 

practices and litter amendment, resulting in reduced 

malodor.  
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