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 ABSTRACT 
 

Stress in animals can be defined as internal and external body response to environmental 

effects. Stressed cattle after slaughtering produce meat with less than the normal amount of 

glycogen with undesirable taste and colour, which is called 'dark meat’. Dark meat is not 

appropriate for human consumption which causes massive economic losses in the global meat 

industry. Cattle under stress exhibit high metabolic rate, heart rate, respiration rate, and skin 

temperature. These physiological changes have been used in many studies as stress indicators 

for measuring stress in cattle before slaughtering such as blood tests and rectal temperature. 

These current measurement methods are invasive and are considered as wasting time and effort 

when dealing with a very large number of cattle on a farm. Several researchers used Infrared 

thermography technology (IRT) as an alternative non-invasive method for detecting stress pre-

slaughtering through measuring temperature for eyes region. So far little research has been 

carried out to detect pre-slaughter stress automatically in cattle with dark-meat prediction. 

Therefore, the main aim of this research is to develop a new fully automated system for 

detecting stress pre-slaughtering and predicting dark meat.  

Multi-view face detection in cattle with enhancement of the accuracy of detection rate. Multi-

view face detection is achieved through using three Support Vector Machine (SVM) classifiers, 

which are established by using Histogram Oriented Gradient (HOG) as features and SVM for 

classification. Detected face is used as the Area of Interest for eyes segmentation. 

A novel segmentation approach to automatically identify the eyes of cattle regardless of the 

position of the animal in relation to the camera. This proposed novel method includes 

foreground identification using edge difference. A new method for thresholding based on 

histogram processing is also proposed. After eye segmentation, eye localization and 

temperature measurement will be the last stage of the proposed method. 

Lastly, Support Vector Machine (SVM), Logistic Regression (LR), Naïve Bayes (NB), 

Decision Tree (DT) are developed as machine learning algorithms for stress assessment and 

predicting dark-cutting. The results show that the proposed system based on the Decision Tree 

model can be used to detect stress with a dark-meat prediction with significant accuracy in term 

of Specificity, Recall and F-measure. 



v | P a g e  

 

DEDICATION 
 
 
 
 
 
 

 
To who gave me endless love support and encouragement my parents: Ahmed Jaddoa and 

Saadiyah Ismael  

Also, To my beloved supervisor: Assoc.Prof. Adel Al-Jumaily  
 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi | P a g e  

 

TABLE OF CONTENTS 
 

 
CERTIFICATE OF ORIGINAL AUTHORSHIP .....................................................................ii 

ACKNOWLEDGEMENTS ..................................................................................................... iii 

ABSTRACT .............................................................................................................................. iv 

DEDICATION ........................................................................................................................... v 

TABLE OF CONTENTS .......................................................................................................... vi 

LIST OF FIGURES ................................................................................................................... x 

LIST OF TABLES ................................................................................................................. xiii 

THESIS ACRONYMS ........................................................................................................... xiv 

LIST OF PUBLICATIONS ..................................................................................................... xv 

Chapter 1 Introduction .......................................................................................................... 2 

1.1 Introduction ............................................................................................................. 2 

1.2 Research Problem .................................................................................................... 3 

1.3 Research Questions and Objectives ......................................................................... 4 

1.4 Research Contributions............................................................................................ 5 

1.5 Research Significance.............................................................................................. 6 

1.6 Thesis Structure ....................................................................................................... 6 

Chapter 2 Background and Literature Review ..................................................................... 8 

2.1 Introduction ............................................................................................................. 8 

2.2 Literature review protocol ....................................................................................... 9 

2.3 Meat quality ............................................................................................................. 9 

2.3.1 PH ........................................................................................................................ 9 

2.3.2 Meat colour ........................................................................................................ 10 

2.4 Meat quality and stress pre-slaughtering ............................................................... 10 

2.4.1 Impacts of stress pre-slaughtering on PH, colour, and dark meat ..................... 10 

2.4.2 Impacts of stress pre-slaughtering on eating quality.......................................... 11 

2.5 Stress physiology in animals ................................................................................. 11 

2.6 Physiological indicators of stress in animal .......................................................... 11 

2.7 Invasive techniques for measuring stress indicators.............................................. 12 

2.8 Non-invasive techniques for measuring stress indicators...................................... 13 

2.9 Stress evaluation using Infrared Thermography .................................................... 13 

2.9.1 Pre-slaughter stress detection using IRT and its impact on meat quality .......... 16 

2.10 Inflammation and Illness Diagnosis Based on IRT ............................................... 16 



vii | P a g e  

 

2.11 Temperature and Its Relationship with Feed Efficiency ....................................... 19 

2.12 Automated system for detecting stress .................................................................. 20 

2.13 Critical analysis ..................................................................................................... 21 

2.14 Conclusion ............................................................................................................. 22 

Chapter 3 Machine Learning, Computer Vision and Image Processing ............................ 23 

3.1 Introduction ........................................................................................................... 23 

3.2 Infrared Thermography.......................................................................................... 24 

3.3 Computer-Aided Diagnosis system ....................................................................... 27 

3.4 Pre-processing ....................................................................................................... 28 

3.5 Segmentation ......................................................................................................... 28 

3.5.1 Thresholding Segmentation ............................................................................... 29 

3.5.2 Edge based Segmentation .................................................................................. 30 

3.5.3 Region-based Segmentation............................................................................... 31 

3.5.4 Clustering-based Segmentation ......................................................................... 32 

3.6 Automatic segmentation in Infrared thermography............................................... 33 

3.6.1 Eye Segmentation .............................................................................................. 37 

3.6.2 Inner canthus segmentation................................................................................ 42 

3.7 Thermal Features and Statistical Analysis............................................................. 42 

3.8 Computer Vision.................................................................................................... 43 

3.8.1 Face Detection using Infrared Thermography ................................................... 44 

3.9 Machine Learning Classification ........................................................................... 49 

3.9.1 Supervised Learning .......................................................................................... 50 

3.9.2 Unsupervised Learning ...................................................................................... 50 

3.9.3 Semi-supervised Learning ................................................................................. 51 

3.9.4 Reinforcement Learning .................................................................................... 51 

3.9.5 Classification of supervised learning ................................................................. 51 

3.10 Evaluation Metrics Techniques ............................................................................. 56 

3.11 Confusion Matrix ................................................................................................... 56 

3.12 Applications ........................................................................................................... 57 

3.12.1 Fever and infection diagnosis ............................................................................ 57 

3.12.1 Stress detection .................................................................................................. 61 

3.13 Proposed Methodology .......................................................................................... 62 

3.13.1 Acquisition protocol........................................................................................... 63 

3.13.2 Pre-processing .................................................................................................... 64 

3.13.3 Multi-view Face detection ................................................................................. 65 

3.13.4 Automatic Segmentation .................................................................................... 65 



viii | P a g e  

 

3.13.5 Temperature Features Analysis.......................................................................... 65 

3.13.6 Diagnosis algorithm ........................................................................................... 66 

3.14 Conclusion ............................................................................................................. 66 

Chapter 4 Multi View Face Detection in Cattle ................................................................. 67 

4.1 Introduction ........................................................................................................... 67 

4.2 Background ............................................................................................................ 67 

4.3 Current Research ................................................................................................... 69 

4.4 Data Collection ...................................................................................................... 71 

4.5 The Proposed Methodology................................................................................... 72 

4.6 Pre-processing ....................................................................................................... 73 

4.7 Image scanning ...................................................................................................... 74 

4.7.1 Image pyramids .................................................................................................. 74 

4.7.2 Sliding Windows ................................................................................................ 74 

4.8 Feature extraction .................................................................................................. 75 

4.9 Classification ......................................................................................................... 76 

4.9.1 Training and Testing .......................................................................................... 76 

4.10 Post-processing ...................................................................................................... 77 

4.11 Results and Analysis .............................................................................................. 78 

4.12 Discussion .............................................................................................................. 81 

4.13 Conclusion ............................................................................................................. 82 

Chapter 5 Automatic Eye Segmentation in Cattle .............................................................. 83 

5.1 Introduction ........................................................................................................... 83 

5.2 Background ............................................................................................................ 83 

5.3 Proposed Segmentation Methodology ................................................................... 85 

5.3.1 Foreground localization and Noise Elimination ................................................ 86 

5.3.2 Multi-view Face Detection ................................................................................ 88 

5.3.3 Eye Segmentation .............................................................................................. 89 

5.3.4 Eye Localization ................................................................................................ 91 

5.4 Experimental Results and Performance Evaluation .............................................. 94 

5.4.1 Quantitative analysis .......................................................................................... 96 

5.4.2 Qualitative analysis ............................................................................................ 98 

5.5 Discussion .............................................................................................................. 98 

5.6 Conclusion ............................................................................................................. 99 

Chapter 6 Stress Evaluation in Cattle ............................................................................... 100 

6.1 Introduction ......................................................................................................... 100 

6.2 Methodology ........................................................................................................ 100 



ix | P a g e  

 

6.3 Data Collection .................................................................................................... 101 

6.4 Data Cleaning ...................................................................................................... 102 

6.5 Feature Selection ................................................................................................. 103 

6.5.1 Physiological Features ..................................................................................... 103 

6.5.2 Thermal Features ............................................................................................. 104 

6.6 Machine Learning Algorithms............................................................................. 107 

6.6.1 Support Vector Machines (SVM) .................................................................... 107 

6.6.2 Naïve Bayes (NB) ............................................................................................ 107 

6.6.3 Decision Tree (DT) .......................................................................................... 108 

6.6.4 Logistic Regression (LR) ................................................................................. 108 

6.7 Results ................................................................................................................. 108 

6.7.1 Support Vector Machine Results ..................................................................... 109 

6.7.2 Naïve Bayes Results ........................................................................................ 110 

6.7.3 Decision Tree Results ...................................................................................... 111 

6.7.4 Logistic Regression Results ............................................................................. 112 

6.8 Discussion ............................................................................................................ 112 

6.9 Conclusion ........................................................................................................... 113 

Chapter 7 Conclusion and Future works .......................................................................... 114 

7.1 Thesis Summary .................................................................................................. 114 

7.2 Research Contributions........................................................................................ 116 

7.3 Conclusion and Future Research ......................................................................... 117 

REFERENCES ...................................................................................................................... 119 

 

 

 

 

 

 

 

 



x | P a g e  

 

LIST OF FIGURES 
 

Figure 2. 1: Conventional method for stress evaluation[86]. ................................................. 14 

Figure 2. 2: Stress evaluation using infrared thermography ................................................... 22 

Figure 3. 1: General components of CAD system. ................................................................. 28 

Figure 3. 2: General catgorization for automatic segmentation methods[132] ...................... 34 

Figure 3. 3: Diagram of a computer vision system [161] ....................................................... 43 

Figure 3. 4: Machine learning classification types. ................................................................ 50 

Figure 3. 5: Machine learning classification types[15]........................................................... 52 

Figure 3. 6: Random forest algorithm. .................................................................................... 55 

Figure 3. 7: Examples of fever detecion[191]. ....................................................................... 58 

Figure 3. 8: Influenza detection CAD system using visible and thermal image processing 

with classifcation model [195]. ................................................................................................ 59 

Figure 3. 9: Stress detection system using thermal image processing. ................................... 62 

Figure 3. 10: The proposed Methodology for stress evaluation in cattle. .............................. 63 

Figure 3. 11: Infrared thermal images collection[217] ........................................................... 64 

Figure 4. 1: The Proposed Face detection method includes pre-processing, image scanning, 

feature extraction, classification and post-processing. ............................................................ 72 

Figure 4. 2: Pre-processing stage using Histogram equalization: (a) Input image with 

grayscale, (b) Histogram for input image, (c) image after apply Histogram equalization,(d) 

Histogram for processed image. .............................................................................................. 74 

Figure 4. 3: Image sliding windows with size 64x64 across image in different scale and 

position till find face region. .................................................................................................... 75 

Figure 4. 4: HOG features for cattle face: (a) Input image with grayscale, (b) HOG for input 

image. ....................................................................................................................................... 76 

Figure 4. 5: Classification procedure: (a) Training procedure, (b) Testing procedure. .......... 77 

Figure 4. 6: Histogram distribution of temperature values for eye region in cattle: (A) 

Histogram distribution for mean of minimum temperature, (B) Histogram distribution for 

mean temperature, (C) Histogram distribution for maximum temperature. ............................ 78 

Figure 4. 7: Face detection rate: (A) current method using two classifiers, (B) Proposed 

method using three classifiers. ................................................................................................. 80 

Figure 4. 8: Face detection with different posit ions: (A) Face region with side direction, (B) 

Frontal face with up nose, (C) Frontal face with aside nose, (D) Frontal face with clear nose 

and eyes , (E)Far frontal face with hidden nose, (F)Frontal face with down nose. ................. 81 

Figure 5. 1: The Structure of the proposed method ................................................................ 85 

Figure 5. 2: Results of foreground localization :(a) original image,(b) intensity distribution in 

vertical direction, (c) background elimination, (d) results of median process......................... 87 



xi | P a g e  

 

Figure 5. 3: Noise elimination: image with foreground(a), binary image(b), final image with 

noise elimination(c). ................................................................................................................ 87 

Figure 5. 4: Multi-view face detection: (a) image with foreground, (b) image with detecting 

face, (c) cropping face region. ................................................................................................. 89 

Figure 5. 5: Eye segmentation process .................................................................................... 90 

Figure 5. 6: Eye segmentation :(a) Histogram for image without noise,(b) Identify peak and 

valley, (c) Global thresholding, (d) Masking, (e) Blob refinement based on hottest spot,(f) 

Last masking represent eye segmentation................................................................................ 91 

Figure 5. 7: Post-processing process :(a) obtain dimensions for hottest region ,(b) eye region 

extraction based on height and width of hottest region, (c)eye localization. ........................... 93 

Figure 5. 8: Eye detection results with showing maximum temperature of eye region:(a) eye 

detection in frontal view with showing one eye,(b) eye detection in frontal view with showing 

two eyes, (c) eye detection in far frontal view with showing two eyes, (d) eye detection in 

side view, (e) blob refinement based on hottest spot,(f) last masking represent eye 

segmentation. ........................................................................................................................... 94 

Figure 5. 9: Eye segmentation :(a to d) original images,(e to h) Otus segmentation results, (i 

to m) FCM segmentation results,, (n to q) Max entropy segmentation results, (r to f)results of 

proposed segmentation method................................................................................................ 96 

Figure 6. 1: Classification methodology for stress evaluation.............................................. 101 

Figure 6. 2: Data collection procedure: stage (1) physiological measurement for cattle before 

slaughtering, stage (2) temperature measurement using IRT for eye region of cattle before 

slaughtering, stage (3) PH and meat colour data measurement for cattle carcass after 

slaughtering. ........................................................................................................................... 101 

Figure 6. 3: Subjects data summery: (a) subjects health type, (b) subjects gender. ............. 102 

Figure 6. 4: Data distribution of physiological features: (a) Histogram distribution for fat of 

muscles, (b) Histogram distribution for size of muscles, (c) Histogram distribution for fat 

colour, (d) Histogram distribution for meat colour, (d) Histogram distribution for meat 

colour, (e) Histogram distribution for PH, (f) Histogram distribution for rib fat. ................. 104 

Figure 6. 5: Procedure for thermal features extraction: (a) face detection and eye 

segmentation, (b) temperature features extraction from eye region. ..................................... 105 

Figure 6. 6: Data distribution of temperature values for stressed cattle: (a) histogram 

distribution for mean of minimum temperature, (b) histogram distribution for mean of 

maximum temperature, (c) histogram distribution for mean of mean temperature. .............. 105 

Figure 6. 7: Data distribution of temperature values for stressed cattle: (a) histogram 

distribution for mean of minimum temperature, (b) histogram distribution for mean of 

maximum temperature, (c) histogram distribution for mean of mean temperature. .............. 106 

Figure 6. 8: Results visualization for stress classification using SVM: (a) Result visualisation 

for Precision, Sensitivity, F-measure, (b) ROC curve and AUC for SVM results. ............... 109 

Figure 6. 9: Results visualization for stress classification using Naïve Bayes: (a) Result 

visualisation for Precision, Sensitivity, F-measure, (b) ROC curve and AUC for Naïve Bayes 

results. .................................................................................................................................... 110 



xii | P a g e  

 

Figure 6. 10: Result visualisation for Stress classification using Decision Tree: (a) Result 

visualisation for Precision, Sensitivity, F-measure, (b) ROC curve and AUC for Decision 

Tree results. ............................................................................................................................ 111 

Figure 6. 11: Results visualization for stress classification using Logistic Regression: (a) 

Result visualisation for Precision, Sensitivity, F-measure, (b) ROC curve and AUC for 

Logistic Regression results. ................................................................................................... 112 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii | P a g e  

 

LIST OF TABLES 
 

Table 1. 1:Infrared camera models [8] ...................................................................................... 3 

Table 2. 1: Stress and correlation with temperature................................................................ 15 

Table 2. 2: Inflammation, Illness, and Correlation with Temperature .................................... 18 

Table 2. 3: Feed efficiency and correlation with temperature. ............................................... 20 

Table 3. 1:The emissivity of human skin [124] ...................................................................... 26 

Table 3. 2: Sobel mask. ........................................................................................................... 30 

Table 3. 3: Roberts mask. ....................................................................................................... 30 

Table 3. 4: Prewitt mask. ........................................................................................................ 31 

Table 3. 5: Summery of general categorization of image segmentation methods [134]. ....... 32 

Table 3. 6: Summery of automatic segmentation methods used in medical IRT[132]. .......... 34 

Table 3. 7: Summery of eye segmentation methods used in medical IRT.............................. 38 

Table 3. 8: Summery of face detection methods.................................................................... 48 

Table 3. 9: Performance metric calculations ........................................................................... 56 

Table 3. 10: Summery of Automated system based on Infrared thermography. .................... 60 

Table 4. 1: Face Detection Result. .......................................................................................... 79 

Table 5. 1: Results of Segmentation Methods. ....................................................................... 97 

Table 6. 1: Stress classification using SVM. ........................................................................ 109 

Table 6. 2: Stress classification using Naïve Bayes .............................................................. 110 

Table 6. 3: Stress classification using Decision Tree............................................................ 111 

Table 6. 4 shows results of Logistic Regression in detecting stressed and healthy cattle ..... 112 

Table 6. 4: Stress classification using Logistic Regression. ................................................. 112 

Table 6. 5: Stress classification summery ............................................................................. 113 

 
 
 
 
 
 
 
 
 



xiv | P a g e  

 

THESIS ACRONYMS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AI Artificial Intelligence 
ANN Artificial Neural Network 
e-Health Electronic Healthcare 
F1 F1 Score 
FN False Negative 
FP False Positive 
IRT Information Technology 
IT Infrared Thermography Technique  
KNN k-nearest Neighbours Algorithm 
LNN  Linear Neural Network  
ML Machine Learning  
MLP  Multi-Layer Perceptron  
RL Receiver Operator Curve 
ROC Reinforcement Learning  
SVM Support Vector Machine 
TN True Negative  
TP True Positive 
VSM Vital Signs Monitor 
WSN wireless sensor networking  



xv | P a g e  

 

LIST OF PUBLICATIONS 
Journal Paper (Under review): 
 
M. A. Jaddoa, A. Al-Jumaily, L. Gonzalez and H. Cuthbertson, “Novel automatic eyes 
segmentation in cattle based on intensity features and edge processing using infrared 
thermography images”. URL: https://link.springer.com/journal/11042 Paper Submission: 16 April 
2019  
 
Conference Paper: 
 
M. A. Jaddoa, A. Al-Jumaily, L. Gonzalez and H. Cuthbertson, "Automatic eyes localization in 
thermal images for temperature measurement in cattle”, 12th International Conference on 
Intelligent Systems and Knowledge Engineering URL: 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8258765&isnumber=8258711. 
 
Jaddoa, M.; Al-Jumaily, A.; Gonzalez, L. and Cuthbertson, H. (2019). Automatic Temperature 
Measurement for Hot Spots in Face Region of Cattle using Infrared Thermography. In 
Proceedings of the 16th International Conference on Informatics in Control, Automation and 
Robotics - Volume 1: ICINCO, ISBN 978-989-758-380-3, pages 196-201. 
DOI:10.5220/0007810101960201,URL:https://www.scitepress.org/PublicationsDetail.aspx?ID=
s1eU9W7jntE%3d&t=1. 
 
Book Chapter: 
 
M. A. Jaddoa, Cuthbertson H, Al-Jumaily A. Multi View Face Detection in Cattle Using Infrared 
Thermography. In Applied Computing to Support Industry: Innovation and Technology: First 
International Conference, ACRIT 2019, Ramadi, Iraq, September 15–16, 2019, Revised Selected 
Papers 2020 Jan 7 (Vol. 1174, p. 223). Springer Nature 
 
 

 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8258765&isnumber=8258711
https://www.scitepress.org/PublicationsDetail.aspx?ID=s1eU9W7jntE%3d&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=s1eU9W7jntE%3d&t=1

	Title Page
	Certificate of Original Authorship
	Acknowledgements
	Abstract
	Dedication
	Table of Contents
	List of Figures
	List of Tables
	Thesis Acronyms
	List of Publications



