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ABSTRACT

Agriculture has evolved over the past 50 years, with the recent use of techniques like precision
agriculture. For pig farms, precision agriculture assists farm caretakers to monitor the health and
well-being status of all animals in a continuous manner throughout the day. Adopting precision
agriculture has its difficulties but using precision technologies to monitor the health and well-being
of pigs can improve managing a pig farm and, by extension, the pork supply chain. Part of
managing a pig farm are Quality Management Systems (QMS) and certifications. QMS’s specify
production standards, where certifications indicate the degree to which these standards are
complied. Recently, QMS solutions incorporated traceability which resulted in an abundance of
animal ear tagging and paperwork. Although it may sound commendable, the abundance of
paperwork is a frustration for farmers. Unfortunately, QMS related administration for pig farmers
cannot be neglected. The consequence of not complying with quality standards can mean
substantial fines, or imprisonment. The aim of this research is to develop a management system

for quality compliance that reduces the time spent on administration processing.

A critical artefact methodology research design was followed including three critical artefacts that
produces a final artefact. The first critical artefact makes use of a systematic literature review
(SLR) to identify current uses of Internet of Things systems in pig farming. The second artefact
involves time studies and value stream mapping for current state analysis. The third critical
artefact involves a focus group to identify thematic patterns in discussions surrounding Pork360
quality standards. Results from the SLR, time studies, and focus group were used to formulate
system design requirements for the final artefact. The SLR shows that there is a growing interest
in pig precision agriculture but revealed a research gap pertaining to research of pig precision
farming in Africa. Moreover, precision agriculture technologies assist farm operations to be
conducted remotely, but data inaccuracies, impractical technology, and farmer scepticism causes
adoption failure. This research found that Pork360 standards do add value to a pig farm’s
operations but requires several administrative processes to be up to date. Due to this, the farm
managers struggle to tend to these administrative processes along with disruptive unforeseen
operational events and, more simply, not having enough time for it. Moreover, having an effective
administrative structure is heavily dependent on the farm manager. From the three critical
artefacts, a list of system requirements is compiled. The research then set out to design and

develop a prototype administrative system using the defined set of system requirements.

The novelty of this research can be found in its identified system requirements. The system design
requirements encapsulate all critical artefact findings to be used in a practical setting specifically

for the pig farming industry. The identified barriers of technology, the factors to consider for



administrative processes, and the human interface attributes are what the research contributes
to the endeavour of finding a solution to integrating Quality Management Systems (QMS) with pig

farm operations while using Information and Communication Technologies.

For further research, it is recommended to investigate I0T as a solution to integrating QMS with
farm operations. Furthermore, it is recommended to include implementation and training material

in this investigation. Knowledge management systems can also be considered for future research.

Keywords: Administrative system; Precision technology; Pig farming; Quality Management
Systems; South Africa; Systematic Literature Review; Time Study; Focus Group; V-Model



STATEMENT OF CO-AUTHORS

To whom it may concern,

The listed co-authors hereby give consent that Johan Christiaan van Dyk may submit the
manuscript as part of this dissertation titled, “Exploring the future of precision farming: a
systematic literature review” for the degree Master in Engineering in Industrial Engineering, at
the North-West University (NWU).

‘ %ﬁ ‘] 22 November 2024 Stellenbosch

Meelan Roopa Date Signed at

rﬂ%’ 25 November 2024 Stellenbosch

Dr Mia Mangaroo-Pillay Date Signed at




ACKNOWLEDGEMENTS

On this journey there has been several wonderful people that | would like to express my gratitude

to:

My amazing wife, Tarren van Dyk. Thank you for grounding me when | start floating away in
worries, for comforting me in times when | am weary, and strengthening me to see something
to its end.

My loving mother, Rika van Dyk. Thank you for encouraging me to be confident and taking
the bull ‘life’ by the horns. Thank you for your love and support that brought me to this position.
My father, Deon van Dyk. Thank you for showing me the impact of diligence and contentment.
I am grateful for your wisdom and advice that helps me stay on the straight and narrow.

My supervisor, Dr Ockert Koekemoer. Thank you for your enthusiasm and contribution. Both
encouraged me to make this possible.

My co-supervisor, Meelan Roopa. You have helped me tremendously with my academic
journey for which | am truly grateful. Thank you for your patience, assistance, and academic
insight that have enabled me to achievements | would not have dreamed of.

My co-supervisor, Dr Mia Mangaroo-Pillay. Thank you for your affirmations and your
creativity. Both inspired me to think ‘out-of-the-box’, a skill | learned to cherish.

My employer, CP Kriek. Thank you for your generosity and giving me the opportunity to make
this happen.

Thank you to all time study, focus group, and survey participants! This would not have been
possible without your time, expertise and valuable knowledge.

Thank you to my Lord and Saviour Jesus Christ for showing me the truth is worth seeking.
Thank you for tending to my spirit in times of anxiety, and for your provision in times when it

was needed. | would not have seen this to its end without your support.



“The Road goes ever on and on,
Down from the door where it began.
Now far ahead the Road has gone,

And | must follow, if | can,
Pursuing it with eager feet,
Until it joins some larger way
Where many paths and errands meet.
And whither then? | cannot say.”

—J.R.R Tolkien, Lord of the Rings



TABLE OF CONTENTS

Contents

ABSTRACT 1

ACKNOWLEDGEMENTS .iiuiieiieireirerrerresressresrrnsssssrsssssssssnssssssssssesssesssessmessssssseasesmearenres v
CHAPTER 1 INTRODUCTION ..ot iiiiereresmess s s smsssmsssmsssmsssmsssmsssmsssasssmsssmsssasssmsssmsssnnssnnns 3
1.1. BACKGROUND ..cuiciiiiiciris s s smsssmsssmsssmsssmsssmsssmsssmsssnsssnsssnsssnsssnsssnnssnnssnns 4
1.2 PROBLEM STATEMENT ..ttt s s smsssmssmasmasmnsmnssmnssmnssmnnsmnnsmns 6
1.3. OPPORTUNITY STATEMENT e itiicircrrerreeres s s sasssssssasssnsssnsssnsssnssenssenssensses 6
1.4. A 1 6
1.5. (0] T 1 = O 1 Y = 6
1.6. 11 O 1 SN 7
1.7. FIELDS OF STUDY cuieuieutturteraurnrmusmurssrssrssssassassnssassasssssssssassassassassassassssssnssassnnse 8
1.8. I Y I S 9
1.9. OUTLINE OF CHAPTERS ..ttt s s s s s e smn s e smn s s s e 10
1.10. CHAPTER SUMMARY ittt sie s s s s s s smnsmn s smns smn s smn s smnssmnssmnnsnns 10
CHAPTER 2 LITERATURE REVIEW. ...t itiiiiiiirermrsersssesas e sessessnssssssassassassessassassssssnssanse 11

Vi



2.1.

221

2.2.2

2.2.3

2.2.4

2.2.5

2.25.1.

2.2.6

2.26.1

231

2.3.2

2.3.3

234

241

24.1.1.

2.4.2.

2.5.1.

INTRODUCTION .iiiiiiiiiissesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnn 12

CRITICAL ARTEFACT METHODOLOGY ....ciiiiimmmmreassssisssissnsssssssssssssssssssasses 13
SYSTEMATIC LITERATURE REVIEW .. 14
WORK STUDY .euiiiiiiiisemesssiiniinnnsssssssssssssssssssss s sssssssssss s ssssssssssssssnnn 16
TIME STUDY ttteeeuiiiiiiinrsneesssinnssssssssssssssss s s s ssssssss s s smassssass s s e s s s s mmnsssssnss 17
R ] Y e 18
LIKEIt SCAIE..... . e e e 19
FOCUS GROUP. ... iiiieiiiineeiisirsesis s s s s s s s s s s nas s e nmansssnnnns 20
THEMALIC ANAIYSIS ... 21
PORTER’S VALUE CHAIN ... e e e e e e 22
VALUE STREAM MAPPING. ... iieceere e ers s re e se s s e e s e e s e emmsnn s 23
BUSINESS PROCESS MAPPING NOTATION e iiieeeeeere e remmse e se e eeeeas 25
PRESSURE-STATE-RESPONSE MODEL ....ciiiiiciiieeeeeeee e e meee e e e e 27
THE ADVANCED V-MODEL ....iiieeaiireiceeere s re e s e s s e s s s e e s nemmann s 28
White box and black DOX teStiNG ........ccoovviiiiiiiii 29
SYSTEM ARCHITECTURE ... rrcece s rr s s rr s s s s s s r s s s e s s nnmann e 30
PRECISION FARMING ...ooeceiiirriesasrremssassrsmasssssrnasssssrsmsssssssmnssssssnmsssssesmnssssnnnns 32

Vii



2.5.2. PIG FARMING ADMINISTRATION ..iiiiiiiitissessssssssssssssssssssssssssssssssssssssssssssssnnn 32

2.6. CHAPTER SUMMARY ..iiiiiiseeeesiiiinisrssssssssins s s s sssssssssssss s ssssnnsnns 33
CHAPTER 3 RESEARCH DESIGN..ciiteuuiiiiiiiiinseesssininisrsssssssssssss s ssssssssssss s ssssssssssssssnnns 34
3.1 OVERARCHING RESEARCH DESIGN ..ccuuuiiiiiiiiinreesinsssnnsssssssssss s sssnsnes 35
3.2. SLR METHOD (CAL) wuuuunnsnnnnnssnsnnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnses 36
3.3. CURRENT STATE ANALYSIS (CA2) uuunnnsnnnnnnnnssssssssssssssssssssssssssssssssssssssnes 37
3.4. QUALITY STANDARDS (CA3) cuuuuuununnnnssnnsnnnssssssssssssssssssssssssssssssssssssssssssssssssses 38
3.4.1. Research Approach ... e 39
3.4.2. RESEArCh Strategy ........cooviiiiiiiiiii 40
3.4.3. RESEArch Setting.........covviiiiiiiiiii 40
3.4.3.1. Entrée and establishing reSearCher roles ... 40
3.4.3.2. ST 0] o] [T Vo [ TP PP PP 41
3.4.3.3. Data ColleCtion MENOGS ..........eeiiiiiiieii et e e 41
3.4.3.4. RECOrAING Of GALA. .. .. s 41
3.4.3.5. Data @NAIYSIS ... ———————— 42
3.4.3.6. Strategies to ensure data quality and integrity ..........cccooee i 42
3.4.3.7. REPOItING OF HALA .....eeiiiiiiiee ettt st e et e e e s nebeeeeanes 43
3.5. VERIFICATION AND VALIDATION METHODS ....ceeciiireeeeerrrmeeseremeseremmnnn s 43
3.6. PROTOTYPE DESIGN (FAL) iiiiiieeucsarserrrrssmnssssssssserrssnmssssssssssssssssnssssssssssnnnes 43
3.7. e N | P 44



3.8. CHAPTER SUMMARY .. s s s 46

CHAPTER 4 SYSTEMATIC LITERATURE REVIEW......coiiiinnnsssssssssssssssssssssssssssssnes 47
CHAPTER 5 CURRENT STATE ANALYSIS ...usssssssssssssssssssssssssssssssssssssssssses 62
5.1. CURRENT STATE ANALYSIS .esssssssssssssssssssssssssssssssssssssssssssssses 63
5.1.1. Porter's Value Chain..........cccccoiiiiiiii 63
5.1.2. BPMN of weekly administration ...............cooiiiiiiiiiii e 64
5.1.3. High-level VSM of weekly administration ............ccoooooeviiiiiiiiiiiieeeecceeceee e, 66
5.1.4. Time studies on weekly administration ..............ccccviiiieii e e e, 67
5.2. FINDINGS ..emeeeee s sessssssssss s sssss s s s smnn s s s e s s mmnn e e e s e s s n s nnnnns 69
5.2.4. CHAPTER SUMMARY .coiiiiiiiiisssnsss s ssssss s s sssssssssss s s s s sssssssssssssssssssssnsas 70
CHAPTER 6 QUALITY STANDARDS ANALYSIS . re e re s e e e s s e e s 71

6.1. INTRODUCTION .euiieicrceireessrrmssrsssssemsssrmssssnssssemssssmsssssmssssmsssssnsssemssssnnsssenssrens 72

6.2. QUALITY STANDARDS ..ceiieecirceirresrr s rsssssrmss s sm s sems s s mas s semsssemssssnnsssemsssennns 72

6.2.1. EXISting Standards ... 72

6.3. METHOD OF ANALYSIS AND RESULTS ..ceuiiiiiiecerrrrmesserrmessssesmssss s ee e nenas 73
6.3.1. CALEYOTISALION ...ttt 74
6.3.2. Consolidated CO-OCCUITENCE ANAIYSIS .......uuuuuuuuuiiiiiiiiiiiiiiiiiiiiiiiieeieieaeeeeeeeeeeeneee 75
6.3.3. Pork production quality standards awareness and top standards for compliance77
6.3.4. Rating and reasoning the difficulty of Pork 360 administration .......................... 78



6.3.5. The paper load for Pork 360 compliance and administration operations............ 80
6.3.6. The approximate time or percentage spent on administration per week............ 81
6.3.7. Additional insights surrounding administration ...............ccoeevvvviiiiiini e, 82
6.3.8. The value of paperwork for farm operations despite disliking it......................... 83
6.3.9. Administration methods that were helpful and unhelpful ..................nnnnn. 84
6.4. DISCUSSION OF RESULTS ..ciiiiiiitessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnn 85
6.4.1. Consolidated analysSiS diSCUSSION .........uuuuuuuuuumuiiiiiiiiiiniienrennnnnnennenenrnreeees 85
6.4.2. Questions analysis diSCUSSION ........cccoveuiiiiiiii e e e e e arrs 86
6.4.3. DISCUSSION SUMMAIY.....cciiiiiiiiiiiiiiiie ettt 87
6.5. FORMULATED CENTRAL THEME ...cceeeiiieeeeeeeeeeeeessseesessssssssssssssssssssssssssnssnnnns 88
6.6. CHAPTER SUMMARY ..euuunnnnnnnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 89
CHAPTER 7 SYSTEM DESIGN ..cuiiceiiiieiiriesrrsessrrmssrssssssmsssrmssssemssssmssssnnsssemssssnsssssnssssnssssnnsss 920
7.1. RE-EXAMINATION OF PROBLEM AND PROTOTYPE DESIGN METHOD.... 91
7.2. SYSTEM REQUIREMENTS ..ceiicecireesrrmessrsassssmsssssssssemssssmssssemsssemssssnnsssemsssennns 91
7.2.1. SystematiC IErature FEVIEW ............uuuuuuiiiiiiiiiiiiiiiiiiii b eeeeeeeeeee 92
7.2.2. CUrrent State ANAIYSIS .......uuuuuuieiiiiiiiiiiiiiii bbb 92
7.2.3. Quality Standards ANAIYSIS ..........uuuuuumuiiiiiiiiiiiiiiii e 93
7.2.4. System Design ReqUIFEMENTS .......cooiiiiiiiiiie e 93
7.3. SYSTEM ARCHITECTURE......cccscnnnnnnnnnnsnnsnnsssssssssssssssssssssssssssssssssssssssnnes 94
7.4. DETAIL DESIGN ..iiiiiiiieeieeteeeesesssssssssssssssssssssssssssssssssssssssssssssssssssssmmsssssssssmssnnnn 96



7.4.1. LT g oo 1] PSS 97
7.4.2. Pork 360 Standards SCreeN.........cccviiiiiiiiiiii e 99
7.4.3. CRECKIIST SCIEEN.... .ttt aabssbbaessbnesennnnes 103
7.5. DEVELOPED FINAL ARTEFACT oiiititiessisssssssssssssssssssssssssssssssssssssssssssssssssnne 106
7.5.1. (U LST=T  o o 1] g IR o = T= o I 106
7.5.2. Pork 360 Standards SCreeN..........ccuuviiiiiiiiiii e 107
7.5.3. (O 01T K 1S ST o] 1= T 1N 109
7.6. CHAPTER SUMMARY ..cuusnnnnnsnssnnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 110
CHAPTER 8 VERIFICATION AND VALIDATION.....ccctisssnnnsssnsssssssssssssssssssssssssssssssssssssssnnns 111
8.1. VERIFICATION AND VALIDATION ..ciiiiirrssssssssssssssssssssssssssssssssssssssssssssssssnnnas 112
8.2. SYSTEMATIC LITERATURE REVIEW (CAL)uciiiiieeeeeecrarseerressmmsssssssssssnrsnnanes 112
8.3. CURRENT STATE ANALYSIS (CA2) ceeieeeerirererrremmssssssssssrrsssmmsssssssssssnesnnnnns 113
8.4. QUALITY STANDARDS ANALYSIS (CAS3) ceiieerrrremmnssssasssrrrrrsmmssssssssssenssnnnnns 115
8.5. CHECKLIST APPLICATION (FAL) ciiiiieeeeeeesssserrersmmssssssssserssssmmsssssssssssnssnnnnns 116
8.5.1. White box testing using Unit testing/Test Cases ............cccvvvviiiiiiiiiiiiiiieeiinee, 116
8.5.2. Black box testing using Regression and Integration testing ............ccccccvvveeeee. 118
8.5.3. SYSTEIM TESTING ...ttt 119
8.6. CHAPTER SUMMARY ..cuennnnnnnnnssnnnssssssnsssssssssssssssssssssssssssssssssssssssssssssssssnns 120
CHAPTER 9 CONCLUSION AND RECOMMENDATIONS.....ccccttrrnnnnnnnnnnnnsnnnnnnsnsnssssssssnnnns 121

Xi



9.1. REVISITING THE PROBLEM ..cciiiiiiissesss s nnsssssssss s ssnnnes 122
9.2. REVISITING THE ARTEFACTS ...ci i ccssserrrs s ssssssssssss s ssssssss s s ssssssnnnes 122
9.3. CONCLUDING REMARKS ...cicssssrrrssssssssssssssss s sssssssssss s s s ss s sssmssss s s 123
9.4. N 124
9.5. RESEARCH IMPLICATIONS ...ciiiiiiiiissssssrs s ssssssssssss s sssssssssss s s s sssssssssnnnes 124
9.6. RECOMMENDATIONS ...cuuieeteresinsnssssssssss s sssssssssssss s s ssssssss s s s sssssssssnnnns 125
L N 127
APPENDIX 134

A.l. EthiCS letter (1) ..oooveiiieeeeieee 134
A.2. PORK 360 Consumer Assurance and Traceability Standards for Farms ........ 136
A.3. Survey for Current State Analysis verification and validation .......................... 153
A4, EhiCS 1Etter (2) ..oooeiiiieeieee 154

Xli



LIST OF TABLES

Table 1. Steps on conducting a Systematic Literature Review adapted from Xiao and Watson
(20019 e 14

Table 2. Suggests number of cycles (Freivalds and Niebel, 2009) .........cccooeviiiiiiiiiiiieeeereeeees 17
Table 3. Five general stages of conducting a survey adapted from Czaja and Blair (2005) ..... 18
Table 4. Likert scale data analysis procedures adapted from Boone JR and Boone (2012)..... 19
Table 5. Focus group approaches (De Vos et al., 2011a) ......ccceieeeiiiieiiiiiinie e eeeeeeenes 20
Table 6. Four basic steps for focus groups provided by (De Vos et al., 2011a) ...........ccevveeeeee 21
Table 7. Six phase approach to thematic analysis adapted from Braun and Clarke (2012)...... 21
Table 8 Sample of Value stream mapping symbols provided by Jacobs and Chase (2018) .... 24

Table 9. Sample of Business Process Modelling Notation symbols provided by Aagesen and
Krogstie (2015) ..oovuiiiiiii et e e e e e e e e r e e aaaaaaee 25

Table 10. Advanced V-Model Categories and definitions provided by (Mathur and Malik,

Table 11. Unit testing strategies provided by (GeeksforGeeks, 2023d) ........c.coovvvviiiiiieeeriinnnn, 29
Table 12. Layer description provided by (Da Xu et al., 2014) ..........oovviiieeiiieiiiicee e, 31
Table 13. Service-oriented architecture layers and descriptions provided by (Li et al.,

Table 14. Chapter location of Critical artefacts (CA) and the Final artefact (FA) ...................... 36

Table 15. Steps on conducting a systematic literature review provided by Xiao and

Table 16. Steps to conduct a Focus Group according to Powell and Single (1996) ................. 39
Table 17. Ethical principles provided by (Roestenburg et al., 2021) .......cccoooeiiiiiiiiiiiiiiieeeeeeens 44
Table 18. Pork360 Procurement objectives not included in the weekly process ...................... 65
Table 19. TIME StUAY VAIUES......coovii et e et e e et e e e e e e e e eaa s 68
Table 20. List of Pork 360 C.A.T for farms 0bjectives ..., 72

Xiii



Table 21.

Table 22.

Table 23.

Table 24.

Table 25.

Table 26.

Table 27.

Table 28.

Table 29.

Table 30.

Table 31.

Table 32.

Table 33.

Table 34.

Participant expertise distribUtion ............cooiiiiiiiiii e 73
LIST OF COUES. ...ttt e e e e e e e e a e s 74
Identified system requirements from the SLR ............cviiiiiiii e, 92
Identified system design requirements from the current state analysis..................... 92
System Design RequiremMents SUMMATY ......ccoeeeeivieriiiiiieieeeeeeeeeiiiies e e e e e eeernnaaeaeeaes 93
Pseudo code and decision logic for user [0gin SCreen........ccoocoevvvveviiiiii e eeeceeiiinn, 97
List of Quality Standards related to weekly administration ............ccccceeeeeeeeiiiiiiiinnnnn. 99
Pseudocode and decision logic of Pork 360 Standards Screen ...........c.ocoeevvvvvvinnnnn. 99
Pseudo code and decision logic of Checklist Screen ..........cccoooeevvviiiiiiiiiinie e, 104
Reviewers’ responses for SLR manuscript .........coovviiiiiiiiiiiiiiieeceeceen e 112
SUINVEY FESPONSES ...t eeeeteeetitie e e e e e et eaee e e e e et e eeeee e e e e et eeanena i a s e e eeeeeennnnn e e eeeeas 113
White box testing of developed application ... 117
Regression and Integration testing checklist............cccccc 118
System requirements CNECKIIST .............uuuiuiiiiiiiiiiiii e 119

b\%



LIST OF FIGURES

Figure 1. High level of Pork Supply Chain (Author’'s own compilation)................cccccviiiiiinininnns 4
Figure 2. Pressure State RESPONSE MOUE! .........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiie e 7
Figure 3. Domains of Industrial and System Engineering adapted from Salvendy (2001)........... 8

Figure 4. Knowledge areas of Industrial and Systems Engineering adapted from the Institute of

Industrial and Systems Engineering Body of Knowledge (IISE).............cc....... 9
Figure 5. Literature review theme analySiS ..............uuuuuuuiiuimuiiiiiiiiiiiiiiieiieeeee e 12
Figure 6. Critical artefact methodology adapted from Bowen (2009) ............euvvvevimmivmminirininnnnns 13
Figure 7. Diagram of Porters value chain (MiNndTOOIS) ...........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiieieieeeeeeees 23
Figure 8. Pressure-state-response model extracted from Staff (2001).............uvvvmveviiiiiiininnnnnns 27
Figure 9. Advanced V-Model provided by Mathue and Malik (2010)...........c.cccceeeeeiiiirriiiiiiinnnnn. 28
Figure 10. Critical Artefact Methodology adapted from Bowen (2009) ..........cccccceeeieeeeiiiiiniinnnnn. 35
Figure 11. Time Study Form adapted from Freivalds and Niebel (2009)..........cccceeeeeriiiiininnnnnn. 38

Figure 12. Advanced V-Model adapted from Advancements in the V-Model (Mathur and Malik,

20010, .ottt ettt ettt ettt ettt ettt ettt 44
Figure 13. Porters Value Chain applied to farm in case study...........cccoovviiiiiiiiiniicenccceiiiinnn, 63
Figure 14. Pork360 standards categorised in Porters Value chain.............cccccooeeeeiiiiniiiiinnnnnn. 64
Figure 15. BPMN of weekly adminisStrative ProCESS .........ceviiieiiiiiiiiiiie e eeeeeeeeee e 65
Figure 16. Value Stream Map of weekly administration ................ccceoiiiiiiiiiiiiii e, 66
Figure 17. Box plot of conducted time StUAIES .........coeeiiiiiiiiiee e 69
Figure 18. Participant level of expertise distribution...............oooo i, 74
Figure 19. Category structure for thematic analysis adapted from (Nili et al., 2017) ................ 74

Figure 20. Sentiment vs Code co-occurrence Sankey diagram developed in Atlas.ti ver.



Figure 21.

Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.

Figure 39.

Identified codes from sentiment Sankey diagram vs all codes co-occurrence Sankey

diagram developed in Atlas.tiver. 24.1.1.........cooiiiiiiiiiiiiccee e, 77
Sankey diagram for Question 1 and 2 developed in Atlas.ti ver. 24.1.1. ................. 78
Sankey diagram for Question 3 developed in Atlas.tiver. 24.1.1. ...........cc..ceeevreene 79
Sankey diagram for Question 4 and 5 developed in Atlas.tiver.24.1.1. .................. 81
Sankey diagram for Question 7 developed in Atlas.tiver.24.1.1. ...........ccccoeeeeveeenne 82
Sankey diagram for Question 8 developed in Atlas.tiver. 24.1.1. ...........cc..cceevreenne 83
Sankey diagram for Question 9 developed in Atlas.tiver. 24.1.1. ..........ccccceeeeienene 84
Co-occurrence table for all codes according category sentiment ............cc..cccceeeenee 88
Advanced V- Model method with related SECiONS ............ceevveviiiiiiiiiiiii e 91
Service-oriented system arChiteCtUre.............ouuviiiii i e 95
System Entity Relationship Diagram.............ccooviiiiiiiiiiiiiiiiieeeee 96
Context diagram of the USer 10gin SCreEN ...........ccovvvviiiiiiiiiiiiiiieeee 98
Context Diagram for Pork 360 Standards SCreen ............ccceeeeveeevivieiiiiiiinieeeeeeeennns 103
Context Diagram for CheckliSt SCreen ... 105
USEI [OQIN SCIEEM ... 106
Screenshot of Pork 360 Standards screen reminder prompt..........cccccvvevvevveeennnnn. 107
Screenshot of Pork 360 Standards main SCreen............cccvvvvviiiiiiiiiiiiiiiiiiiiiieieeee, 108
Screenshot of Pork 360 Standards submission prompt ...........cccccvviiiiiiiiiiiiinnnn. 109
Screenshot of Checklist SCreen...........v 110



CHAPTER 1
INTRODUCTION

This chapter provides context to the problem to be researched and how it is addressed by the
aim and objectives. Moreover, it defines the scope, ethical considerations, novelty, and research

opportunity.



1.1. Background

The agricultural, forestry, and fishing industries form part of the primary sector and involves the
production and trade of farmed crops, livestock, fish for food, and wood. Furthermore, fishing,
forestry and agriculture are considered as key sectors for the South Africa economy. This is
evident as Stats South Africa indicates that the agriculture, forestry and fishing industry jointly
increased by 15.9% through the 3 and 4™ Quarters of 2022 (StatsSA, 2022, StatsSA, 2023).

Agriculture has evolved over the past 50 years, with the recent use of techniques like precision
agriculture. Precision agriculture is defined as "the application of modern information technologies
to provide, process and analyse multisource data of high spatial temporal resolution for decision
making and operations in the management of crop production” (Fuglie, 2016). In South Africa, the
aforementioned industries planned to make use of precision agriculture. The study by Fuglie
(2016) shows that between 2016-2018, 52.9% of the agriculture industry, 18.3% of the forestry
industry and 0% of the fishery industry made use of precision agriculture. This indicates that
technology and systems used for data analysis and decision making in the agricultural industry
are being incorporated. For animal farming, precision agriculture is used for animal protection.
Systems that involve data capturing through sensors are used for animal monitoring purposes to

ensure animal security and health (Onyango et al., 2021).

Amongst the mentioned industries, agriculture is considered the largest industry in South Africa.
In 2017, animals and animal products made 52% of the total South African agricultural income of
which pigs were the third most sold animals (StatsSA, 2020). It is important to note that there are
several parties involved in the pork supply chain. Figure 1 includes a high-level process diagram

illustrating the parties involved in the pork supply chain.

/ AN
/ N\
/ \
| ©»
\ /
\ / )
: Pork processing Retailer or
\  Pigfarm / Slaughterhouse and packaging wholesaler Customer
~—

Figure 1. High level of Pork Supply Chain (Author’s own compilation)

This research study’s scope within the pork supply chain will be the pig farm, demarcated with a

dashed ellipse in Figure 1.



For pig farms, precision agriculture assists farm caretakers to monitor the health and well-being
status of all animals in a continuous manner throughout the day. Although technology can be
useful to produce healthy pigs, a study that developed a sensor board which can be mounted on
the pig's ear found health regulations as a development challenge (Pandey et al., 2021).
Moreover, collecting and analysing large quantities of field data with cross validation by farmers

is also a challenge and hinders technology adoption (Pandey et al., 2021).

Adopting precision agriculture has its difficulties, but using these technologies to monitor the
health and well-being of pigs can improve managing a pig farm and, by extension, the pork supply
chain. Part of managing a pig farm are Quality Management Systems (QMS) and certifications.
QMSs specify production standards, where certifications indicate the degree to which these
standards are complied (Trienekens and Wognum, 2013). To own a piggery in South Africa, three
policy documents that include standards that should be complied with. They are:

e Agricultural Product Standards Act 119 of 1990
e Foodstuffs, cosmetics and disinfectants act 54 of 1972
o Meat Safety Act 40 of 2000

Furthermore, there are a variety of certifications available in South Africa such as Pork360 which
is associated with the South African Pork Production Organisation (SAPPO), and A Greener
World South Africa (AGWSA). A significant aspect of QMSs is health management on a pig farm,
as a combination of QMSs may help to optimise service processes for the improvement of farm
and health management as well as the final product. However, a challenge that farmers face is
the coordination of various QMSs and certifications, as each QMS is certified and audited

separately (Trienekens and Wognum, 2013).

Recently, QMS solutions incorporated traceability which resulted in an abundance of animal ear
tagging and paperwork. The traceability motive aims at monitoring animal movement and the
controlling of exotic disease outbreaks (Gregory and Grandin, 2007). Although it may sound
commendable, the abundance of paperwork is a frustration for farmers (Escobar and Demeritt,
2017). Furthermore, it has been found that record keeping violations are the most common breach
of animal welfare regulations in England (Escobar and Demeritt, 2017). Similarly in the Western
Cape Province of South Africa, it has been found that on 51.4% of pig farmer keep records of
their pigs and 27.5% of pig farmers do not tag their pigs (Cupido, 2020). Another study found that
in the Western Cape Province of South Africa, from a sample size of 160 farmers only half kept
records (Mathobela et al., 2024). One study suggests that the reason for this is that farmers do
not consider paperwork as an importance for animal welfare. Conversely, farmers deem it as a

hindrance to proper animal care (Overstreet and Anneberg, 2020).
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An additional challenge for paperwork is the required hours it demands. In a study published in
1994 it has been found that farmers spend an average of 21.46 hours per week on work done
related to paperwork (Woodburn et al., 1994). Interestingly, a Gemba walk was conducted on the
farm (used as a case study in this research), where assistant managers shared that approximately
2 hours per day is spent on administration. It was also found that the piggery manager spends

approximately 4 hours per day on administration.

Unfortunately, QMS related administration for pig farmers cannot be neglected. The consequence
of not complying with quality standards can mean substantial fines, or imprisonment. Furthermore,
the pork supply chain risks producing lower quality meat, and will be unable to mitigate possible
disease outbreaks. Both can have a negative health effect on the customer community.

1.2. Problem statement
The piggery is experiencing long administration processing times for quality compliance.

1.3. Opportunity statement
Given the outlined studies in section 1, the combination of QMS and information technologies

could provide an opportunity to significantly reduce processing times for quality compliance.

1.4. Aim

The aim of this study is to develop a prototype administrative management system for quality

compliance that contributes to the reduction of time spent on administration processing.

1.5. Objectives

In order to achieve the aim of this study, the following objectives have been set:

01 Perform a systematic literature review (SLR) to identify current uses of Internet of Things
systems in agriculture.

02 Determine the current state of the piggery, using Time studies, value stream mapping,
and other tools.

03 Accumulate quality standards provided by partners in the value stream.

04 Collate System Design requirements from SLR, time studies, and quality standards.

O5 Design a prototype system

O6 Test the developed prototype system.



1.6. Scope

Figure 2 displays a pressure state response (PSR) model which provides a framework for the
scope of the research. To ensure the farm business adheres to certification standards, the farm
maintains compliance with yearly audits. Currently, to maintain administrative standards,
administration is done manually. There are occasions where the auditing event has occurred, and
the business fails to comply with standards which results in the hiring of a temporary consultant
to remedy identified problems and enable the farm to remain certified. Other responses include
technological solutions for administration, such as Microsoft Teams.
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Human activities State of the Response of

on standard

swine market.
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with group administration temporary
standards to I is done administrator
participate  in Required manually. Changes to to comply with
resources administration

standards.

Develop an

communicated
administration

hub on acloud.

Corrections are made.

Figure 2. Pressure State Response model

The scope of the research is to assist the farm in maintaining quality compliance while reducing
manual efforts and incorporating technological solutions. Therefore, the standards the farm is
accountable to, the administration involved, and available technology that can facilitate the
management thereof fall within the scope of the research. For the duration of the dissertation, the

term ‘pig farm’ will be used which refers to ‘swine farm’.



1.7. Fields of Study

Industrial Engineering includes various fields. Seminal works by Salvendy (2001) specifies four
basic areas namely: operations research, human factors engineering, management systems, and
manufacturing systems engineering as illustrated in Figure 3. Each of these areas coincides with

basic knowledge and/or application areas i.e., Statistics, Psychology etc.
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Figure 3. Domains of Industrial and System Engineering adapted from Salvendy (2001)

Despite this, by 2021 the four basic areas were expanded by the Institute of Industrial and
Systems Engineering (IISE). IISE introduced 14 knowledge areas which are included in Figure 4.
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Figure 4. Knowledge areas of Industrial and Systems Engineering adapted from the Institute of Industrial and
Systems Engineering Body of Knowledge (IISE)

In view of the domains (Figure 3) and knowledge areas (Figure 4) of industrial and systems
engineering, the research will be conducted within the field of industrial engineering. Dashed lines
are included in Figure 3 and Figure 4 which illustrate the focus areas of the proposed research
namely, the management system domain (Figure 3), Quality and Reliability Engineering, Supply
Chain Management, Information Engineering, and System & Design Engineering (Figure 4).

These areas are supported by the basic area of Organisation behaviour.

1.8. Novelty

Precision agriculture in pig farming is under-researched within the South African context. This
study aims to explore this by analysing current pig precision farming literature. Furthermore, the
collection of design requirements for the design, development, and testing of a prototype
administrative system will be performed. The developed system aims to contribute to precision
farming in an administrative context. Moreover, this study aims to showcase industrial engineering

work in precision farming.



1.9. Outline of Chapters

In Chapter 1 the dissertation introduces the problem it seeks to investigate, and the research
design followed. To provide more literature on research methods introduced in Chapter 1, Chapter
2 provides a literature review which discusses each method pertaining to the dissertation, its value
to the dissertation, and its alignment to objectives of the dissertation. Chapter 3 provides more
detail on the research design the dissertation aims to follow. Chapter 4 includes the systematic
literature review conference paper and acts as the first critical artefact (CAl) as part of the
research design discussed in Chapter 3. Chapter 5 discusses the current state of the piggery and
acts as the second critical artefact (CA2). Chapter 6 provides an analysis on Pork 360 quality
standards discussed in a focus group and acts as the third critical artefact (CA3). Chapter 7
includes a discussion on the design and development of a final artefact (FAL) by first compiling
identified system requirements from Chapter 4, 5, and 6. Chapter 8 includes the verification and
validation of work conducted in Chapters 4, 5, 6, and 7. Lastly, Chapter 9 discusses findings
throughout the dissertation, provides recommendations for further research, and conclusions.

1.10. Chapter Summary

This chapter introduced the research problem, aim, and objectives. Moreover, the chapter
provided the research scope and its relevance to Industrial Engineering research. Lastly, the
chapter illuminated the novelty of the research, this being the contribution the research makes to

precision agriculture in pig farming literature.
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CHAPTER 2
LITERATURE REVIEW

This chapter explores literature on tools and concepts used for data collection and analysis
pertaining to the research.
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2.1. Introduction
Theoretical concepts and methods that pertain to this research are discussed in this chapter.

Figure 5 illustrates the sections of literature investigated on v