SLIIT

Discover Your Future

Predicting Crop Yields: Harnessing IoT Sensor Data
for Accurate Forecasting and Sustainable
Agricultural Planning

A.Kulesh.B.M.Abhayasundara
( Reg, No.: MS23006584 )

A THESIS
SUBMITTED TO
SRI LANKA INSTITUTE OF INFORMATION TECHNOLOGY
IN PARTIAL FULFILMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
MASTER OF SCIENCE IN INFORMATION TECHNOLOGY

December 2024



| certify that | have read this thesis and that in my opinion it is fully adequate, in scope and in quality, as a

thesis for the degree of Master of Science.

Prof. Anuradha Jayakody

Approved for MSc. Research Project:

MSc. Programme Co-ordinator, SLIT

Approved for MSc:

Head of Graduate Studies, FoC, SLIT



DECLARATION

This is to certify that the work is entirely my own and not of any other person, unless explicitly
acknowledged (including citation of published and unpublished sources). The work has not
previously been submitted in any form to the Sri Lanka Institute of Information Technology or to

any other institution for assessment for any other purpose.

SIgN:
A.Kulesh.B.M.Abhayasundara

DAt e,



ABSTRACT

Development of a Framework for Legal Reseasch using Text Mining

A .Kulesh.B.M.Abhayasundara
MSc. in Information Technology
Supervisor: Prof. Anuradha Jayakody
December 2024

This research introduces a novel approach to precision agriculture by integrating 10T technology
and machine learning algorithms to enhance crop health prediction, suitability forecasting, and
crop yield prediction for rice, maize, mango, and watermelon. Utilizing real-time data from in-
field sensors monitoring soil moisture, nitrogen, phosphorus, potassium, pH, temperature,
humidity, and rainfall, the Agro-Sense system enables continuous and dynamic crop monitoring.
This innovative system provides timely, data-driven insights previously unavailable with
traditional models.  Machine learning  algorithms,  specifically = XGBoost and
RandomForestClassifier, predict crop health and forecast suitability with improved accuracy over
conventional methods. By incorporating real-time sensor data, the Agro-Sense mobile app
optimizes nutrient management, reducing fertilizer waste. This research addresses the limitations
of previous models, which often rely on static datasets and fail to account for diverse environmental
factors. Unlike conventional methods, Agro-Sense continuously adjusts predictions based on
evolving environmental parameters, making it highly adaptable to different crops and regions. The
system's specific health assessments and suitability forecasts offer farmers actionable insights for
informed, sustainable agricultural decisions. Agro-Sense presents a scalable, loT-driven
framework that bridges gaps in existing crop prediction methods, enhancing both crop health
prediction and suitability forecasting for sustainable farming practices. Future advancements
should expand predictive capabilities to optimize resource use and enhance crop health across

diverse environments.

Keywords - Crop yield prediction, loT-based agriculture, Machine learning in agriculture, Nutrient

management, Precision agriculture, Real-time data, Sustainable farming.



ACKNOWLEDGEMENT

While at the Sri Lanka Institute of Information Technology, | have been fortunate to have
exceptional mentors and unwavering support from my family, friends, and colleagues.

| am deeply grateful to Prof. Anuradha Jayakody, who has been an outstanding mentor. His
guidance, constructive criticism of my ideas and writing, access to his extensive network of
contacts, support, and the freedom to pursue my own projects under his research account have been
invaluable throughout this journey.

I would like to extend my heartfelt gratitude to my father, Pulasthi Abhayasundara, and my mother,
Disna Weerawardana, for their unconditional love, encouragement, and belief in my potential.
Their unwavering support has been the foundation of my success. My uncle, Prof. Praneeth
Abhayasundara, and my aunt, Subani Weerawardana, have also been constant sources of
inspiration and guidance, and | am incredibly thankful for their contributions to my academic and
personal growth.

| am also indebted to my colleague, Mrs. Ramani Jayasooriya, for her collaboration, insights, and
encouragement throughout this journey. Her support has been instrumental in helping me navigate
challenging times during my research.

To all of you, I extend my deepest thanks for your unwavering support and belief in my work.



TABLE OF CONTENTS

DECLARATION ..ottt bbb bbb bbb bbbt b bbb i
ABSTRACT .ttt e bbb b bt e bt £ e b e E e b £ b e b £ AR e R b R £ koA £ bR e bbbt bt b e b et e iii
ACKNOWLEDGEMENT ..ottt ettt bbbt bbbt b et b ettt e iv
TABLE OF CONTENTS ...ttt bbb bbbt b bbbt Vv
I A0 o U= OSSPSR viii
LISE OF TADIES. ...t b b ettt b bbb n e ne X
(@8 T o) (= i 1 (oo 1 o o PSPPSR 1
1.1 BACKGIOUNG. ...tttk b bbbttt e bt bbb n et e s et 1
1.1.1 Importance of Crop Yield PrediCtion...........cocviiiiiiiiieieice e 1
1.1.2 10T usage in Contemporary AQriCUITUIE ..........ooviiviieiei et 2
1.1.3 Al and ML applied in innovative practices within todays agriculture............cccooeeveveiiveveseecnene. 3
1.1.4 The Influence of Modern Agriculture on Crop Yields ..........ccocooeieieiiiniiiineeeeee 4

1.2 RESEAICH PTODIEM... .ottt bbbt neene et 7
1.2.1 Why This RESEArCH IMAIEIS ......ccueiiiiiiiiiie ettt ettt te st s re e e be e e stesneenenras 8

1.3 Objectives And ReSEArch QUESLIONS ........cueviiriiiiiiieiieiiesi ettt ane s 9

L ] (1o )T o] oL OSSPSR 10
1.5 THESIS SLIUCLUIE OVEIVIBW........cuiiiriiieieteieitt ettt 10
Chapter 2 LItEratUure REVIEW .......coiiiiiiiiie ettt sttt be et sbe e s be s ae e st e sbe et e sbeeneesbesaeenne e 12
2.1 Introduction t0 10T iN AGFICUITUIE .....ecuviiiecece et sttt sreerae it 13
2.2 10T Sensor Technoloies fOr AQFICUITUIE .........ccoiiiiiieee s e 15
2.3 Data Collection and INTEGIation ............cueiiiiiieiiieieie et 18
2.4 Data Analytics for Crop Yield PrediCtion ... 20
2.5 Accuracy and Reliability of Predictive MOGEIS ...........ooeiiiiiiiieeeee e 22
2.6 Impact of Data on Crop Management PraCtiCeS..........oeieieeiineresesie e st 25
2.7 Sustainable AgriCUTUre PIANNING ..o e 28
2.8 Challenges and Limitations of 10T in AQriCUITUIE ...........c.coiiiiiiiiee e 30
2.9 Future Trends and INNOVALIONS ..........covoiiiiiiiie e 32
2.10 Addressing Research Novelty: A Comparative Analysis of Existing Case Studies...............c.co...... 35
Chapter 3 METNOAOIOQY ... ..ottt bbbttt et b neene s 38
3.1 Introduction to the MethodoIOgY .........ccvciiiiiiii s 38
3.1.1 Purpose of the MethodOIOgY.........ccciiiiiiiiiiie e 38
3.1.2 Overview Of the RESEAIrCN DESIGN ......cccviiiiiiieiieieieieie ettt 38
3.1.3 Justification of the RESEarch DESIGN.........c.oiiiieiiieee e e 39

3.2 ReSANCH PRIlOSOPNY ... 41

0 7 I = o1 13 1= Yo [o 0 YR= T (o @ ] (o] a0 SRR 41
3.2.2 Justification of Research PhilOSOPNY ..........ooiiiioiiii e 41



3.3 RESEAICH APPIOACI ... ittt n et nne e 43

3.3.1 Inductive Vs. DeducCtiVe APPrOaCh.........cccoviiiiieiiii ettt 43
3.3.2 Justification 0f the APPIrOACH.........cccuciiiiccc et 44
34 RESLAICH SIFALEOY .. veveueeiietieiiiti ettt bbbt b ettt b et n s 46
3.4. 1 EXPEriMENTAL DESIGN .....eviiiieieitee ettt bbbttt n e ere s 46
KR O 1T T 11 | SR 46
3.4.3 Longitudinal Vs. Cross-SECONAL...........cccouiiiiieiiii ettt 47
3.5 Data COlECtioN IMENOAS .........oouiiiiieiieieies bbbttt n e 49
3.5.1 Primary Data COHECHION .........cccueiiiicie et sttt e st sra e nnas 49
3.5.2 Secondary Data COIECHION ..........ceciiiiiecicce et sttt sre e e nas 50
3.5.3 INSIIUMENT DESIGN ...ttt ket ekt bbbttt ettt bttt n e neere s 51
3.5.4 SAMPIING METNOUS.......cuiiiiieiiieiei ettt ene s 51

B 5.5 POt SEUAY ...t bbbt bbbttt 52
3.6 Data ANAlYSIS TECNNIGUES......c.eitiiiiiterieieieiee ettt sttt b et ettt e eneereans 53
3.6.1 Quantitative Data ANAIYSIS........ccueiriieiiiiiriisie et 53
3.6.2 QuAlitative Data ANBIYSIS..........oieieiiiiiii et 76
3.7 Research TOOIS and TECHNIGUES.........ccueiiieiieiiisie sttt ans 77
T 0 I T I I 0 TSRS 77
3.7.2 Mobile Application connected t0 FIFEDASE ..........ccevieiiiiiiisire e 80
3.7.3 Machine Learning AlIGOrthmsS. ..o 80
3.7.4 Traing and Validation............ccooviiiiiiic ettt re s pe e e 81
3.8 Reliability and VaAlIITY ........ccooviiiiiiiee bbb 82
BBl REIIADIIITLY ...t bbb 82
BLBL2 VALY ...ttt bbbttt ere s 82
3.8.3 Strategies for Addressing Data Transmission and Environmental Challenges .............. 83
3.9 Limitations of the Methodology .........ccuoiiiiii e 84
3.9.1 Challenges ENCOUNTEIEM .........coviiiieiieiiiie sttt ettt ene s 84
3.9.2 Limitations Of the STUAY DESIGN ........cciiiiiriie et 84
3.9.3 Steps t0 Mitigate LIMITatioNS.........ccveieieeieie ettt nees 84

L0 =T o (T g ST ] £ 86
4.1 Results of Primary and Secondary Data Collections for AQro-Sense..........cocvevvreerereneenesieeieneens 86
4.1.1 lot Sensors used for Data Collection in Agro-Sense Native Android APP .........ccccoevivvieinee 86
4.1.2 Primary Data Collected from 10T Sensors was fruitful ..............cccooovioriiieiieeee e, 87
4.1.3 Use of Secondary Data from Kaggle online dataset store for Enhanced Analysis ...........ccccoc.... 88
4.1.4 Comparison of Datasets (Primary and SECONAAIY) .........ccccveveiieiireiiee e 89
4.2 Agro-Sense Equipment and its profound INFrastruCtUre ............coovviiiieicicice e 95
4.3 Linking Firebase Real-Time Databaseto Agro-SenseAndroid Native APP...........ccocoovieieicinnnn. 101

Vi



4.3.1 Linking Firebase Real-Time Database to Agro-Sense Android Native APP..........c.ccccccevvennene. 101

4.3.2 Real-time Updates a0VANTAGE ........coeiieieiiiiie ettt sttt sre et s reeneesresne e 105
4.3.3 Android APP Integration (AQrO-SENSE)........ccieiverieieeieieseesie e seesre e e saesresraesresreesee e sreeee e 106

4.4 Crop Health Prediction and Forecast Model OULCOMES...........ccoviririrerieinieese s 114
4.5 Challenges and Limitations in Real-Time Crop Yield Prediction faced with Agro-Sense APP......117
4.5.1 Sensor failures and Data inconsistencies that happend...........ccccovvveieieiie e 117
4.5.2 Latency and Network Issues in the SyStem aroused...........ccccvevveviiiiereiieiese e 118
4.5.3 Integration ChallENGES. ........couiiiiieieieee e 118
4.5.4 Challenges in Creating and Configuring Arduino Equipment for Crop Yield Prediction ......... 119
CRAPLEN 5 DISCUSSIONS .....vviveeteite ittt et e sttt et e s te e e e beste e e e s beeseesbeebeesbesbease e besaeeseestaestestaessestesseeneesteaneeeas 121
5.1 INterpretation OF RESUITS........ciiiiiie ettt nre s 121
5.1.1 Aligning with Literature on loT and Machine Learning for Agriculture.............cc.ccoceoevennnnnn. 121
5.1.2 Advancing the Use of Real-Time Data.........c.ccccciveiiiiiiiii e 122
5.1.3 Addressing Gaps in Model Accuracy and Scalability ............ccccooiieiiiiiniie 123
5.1.4 Filling the Gap in Sustainable Agricultural Planning ...........c.ccoceriiiiiiiiinecee 124
5.1.5 Enhancing Machine Learning Techniques for Agricultural Prediction ...........c.ccccoevevevieinennnn, 125

5.2 Connecting Research QUestions With OUICOMES...........eiveiiiiiriieniesiese e 126
5.2.1 ReSEArCh QUESTION L.....ciuiiiieieiieiieite st sie sttt s te et ste et s e teste e e e steeraenbesreeneenresneenee e 126
5.2.2 ReSEAICH QUESTION 2.....c.uiiiiiie ettt ettt sttt sta e et e s e e testeeaesteetaesbesseeneenresneenee e 128

5.3 Technical and Model RESIIICHIONS. .........ciiiieiiiieie ettt st esaesneeneeneas 132
5.4 Developing FULUIE DIFECLIONS ........ccueieieieieeesese sttt sttt st e e neeneeneas 134
5.4.1 Extension to Different Areas and REGIONS ..........cceiiiiiiiiireieniesieseeeee e 134
5.4.2 Advances required in the 10T turf and models shaped wWith ML ...........c.cccovveiiiiiicicic i, 135

(@8 T o) (= R O] g Tod 11T o o SRS 137
S (2] 0= USSR 140
AN 0] 1= T S 145
Appendix A: Detailed Sensor SPECITICALIONS. ...........civiiiie e 145
Appendix B: Qualitative ANalySIS ProOT ...........coiiiiiiiiiis s 147

vii



List of Figures

Figure 2.1 10T Sensor Technologies for AQrCUITUIE..........ccccveii i 15
Figure 2.2 Impact of 10T Data on Crop Management PraCtiCeS..........ccvveveveeiieiiiiee e e sre e 26
Figure 2.3 Sustainable Agricultural PIanning............cccoiiiiiioiiiiie et 28
Figure 2.9 Al powered PreCiSion AQIICUITUIE. ...........coi i st 34
Figure 2.10 Conceptual Diagram of the WNOIE PrOCESS..........cciierieieieiiiiiiese e 37
Figure 3.4 N, P, K values compared With the CrOPS ...........cuiiiiiiiiieieiee e 47
Figure 3.5 ChoSen field fOr tESING ........coiiiiiriei e 52
Figure 3.6.1 Time frames of Collected data..........ccucvuiiieieiiiieece e 53
Figure 3.6.2 Phosphorus (P) Requirements for Different Crops ........cccceeeeveeiieeeieneere e 55
Figure 3.6.3 Scatterplot fOr the CrOPS ......cciiiiii s be et re e e 55
Figure 3.6.4 Variance 0f the FOUI CrOPS ..ottt re e e 56
Figure 3.6.5 The workflow for Health Prediction ...........c.cceeirirerinienieieieeeeseseseseesee e 56
Figure 3.6.6 The workflow for Forecasting suitable Crop ..........cccevveeerineeiienieeereseee e 57
FIQUIrE 3.6.7 OULIIEr COAE EXLIACE ..ecuviitiirieiecie ettt ettt et te s teete e e s re et e s beeaa e tesbeeaaesteessentesteessensesrnenes 58
Figure 3.6.8 NOrmalization COOE EXEIACT ..........ceiveiviie ettt sre et esbeeteesbesreeseesne e 59
Figure 3.6.9 Misisng Value adjuStMENnt COUE .......uivirriirirrierierieie e etee ettt se e ae e be e enseeesneenes 59
Figure 3.6.10 Heatmap of factor relationships .......c.ocvvvecieriiieeec e e 60
FIgUre 3.6.11 Cross-Validation ........cccceeeeiiiiieeieiiseerte et et st e e teeve et s e eaesteeaa e tesbeeaaestessaentesteessensessnenes 61
Figure 3.6.12 Performance MELHIC .......ccvecuereeieiieeete st te e seee e ste st e te s e et esaessa e e sseesaesteesaensesseensasessnenes 61
Figure 3.6.13 Hyperparameter TUNING......cccveeecieeeetecte e ste st etesteeteebesteesaesbesasesessaeasestesssentesteessensessnenes 62
Figure 3.6.14 Nitrogen factor bar Chart fOr Crops......ccieeieiiieecececeece et s 63
Figure 3.6.15 Phosphorus factor bar chart for Crops ... 63
Figure 3.6.16 Potassium factor bar chart fOr Crops..........ccooviiiieneiee e 64
Figure 3.6.17 Mango Sinhala extract with English translation..............ccocoviinininciiees 65
Figure 3.6.18 Mango temperature, rainfall and pH ... 65
Figure 3.6.19 Mango NPK VAIUES ..........ccoiiiiiiiiiiee ettt 66
Figure 3.6.20 Maize temperature and PH...........ccovoiiiiiiii et 67
Figure 3.6.21 Maize NPK VAIUES ......ccooiiiiiiic ettt sttt et sbe et et s reennenee e 67
Figure 3.6.22 Watermelon Sinhala extract with English translation..............ccccccoeviiiiiieiie e, 68
Figure 3.6.23 Watermelon temperature, rainfall and pH..........ccooooiii i 69
Figure 3.6.24 Watermelon NPK VAIUES...........coiiiiiiiiise e 69
Figure 3.6.25 Rice soil temperature, rainfall and pH.............cooiiii i 70
Figure 3.6.26 Former Model Performance COMPAriSON.........ccuierieieieininiisiesie st 71
Figure 3.6.27 Latest Model Performance COmMPAariSON..........c.eovieiieieeieneseee st eee st ee e see e 72
Figure 3.6.28 Predicted Vs. Actual Health STatuS ............ooooiiiiiiie e 72
Figure 3.6.29 Time SErieS Chart L ........oo ittt seeer e e e e see e 73
Figure 3.6.30 TimMe SEIES CRAM 2 .......coiiiiiiiiieiieieieee ettt 73
Figure 3.6.31 Crop COoNTUSION MALIICES. .......eiuiviieieiieiesiese sttt sttt sb ettt b b nn e 74
Figure 3.6.32 Crop Suitability FOr&CaStING.........ccueviiiiiiiiiiiie e 75
Figure 3.7.1 NPK sensor got from iNterNet STOrE .........ccvecveriereeciereeeesie st ete et re e be e eeeseeenes 77
Figure 3.7.2 pH sensor got from iNtErNEt STOME .......cciiiecieriiiieeree et nes 78
Figure 3.7.3 Humidity Sensor got from MArket ..............ccoiiiiiiiieiece e 78
Figure 3.7.4 Soil Moisture sensor Bought frOM STOTE ..........cccuiiiirieiiiei e 79
Figure 4.1.1 Primary Data from the scientific qUIPMENT .........ccooiiiiiiiiiiie e 88
Figure 4.1.2 Secondary Dataset from Kaggle..........ccoiveviiiiiieie it 89



Figure 4.1.3 Kaggles Dataset With 21 crop data........ccccceecierieeeriiseeieseeeee ettt 91

Figure 4.1.4 Modified Primary DAtaSet...........ccccciiiiieiieieeie s ste ettt sre e re e sae e ne e 92
Figure 4.1.5 Summary statistics for the distinCt elemMentS ..........ccoovieiiiiiiic i 93
Figure 4.1.6 Key Correlations Affecting Crop Yield PrediCtions...........ccocovviireieieieiinnecseeeeeee 93
Figure 4.1.7 The figure ShOWS the 4 Crops NUEMENTES. .........coiiieieieieieese e 94
Figure 4.1.8 Ratio of nutrients valid for the frUtS............cocooiiiiicii e 94
Figure 4.2.1 The 10T EqQUipment PrototyPe NO.L.........ccoiiiiiirierieieesese e 95
FIQUIE 4.2.2 OLED SCIEEN......eeiviiteetie sttt ettt et e et e st e te e be s be e st e besae et e steeneesbeeteesbesbeeseestesneetesraeneeseas 98
Figure 4.2.3 Agro-Sense BIOCK DIAQIam ........ccviiiiieiiiieeie et ste e se e sre st s be et sre e be e sresraennennas 99
Figure 4.3.1 How the database 00KS..........cccveiiiiiic ittt reenaenae s 101
Figure 4.3.2 QR COUE CECKET ... .ot te e s rearae e 103
Figure 4.3.3 History Filter in AQr0-SENSE ..........coviiiiiiiiie et 103
Figure 4.3.4 Dataflow from SENSOIS t0 APP ..........oiiiiiiice s 104
Figure 4.3.5 Flash Screen and LOGIN SCrEEN .........cviiiiiiiiieieiee e 106
Figure 4.3.6 SIgNUP aN0 RESEL..........ciiiiiiiieieieees ettt 106
Figure 4.3.7 The live VEIW OF the Crop STALS........ccoviiiii et 107
Figure 4.3.8 QR code register and DEVICE GULL..........cccveiiiiiciiiiiiierc et 108
Figure 4.3.9 Unhealthy Crops LOOK and StatiStiCS.........cceciiiieiiiiiiieii sttt 109
Figure 4.3.10 Healthy Crops LOOK and STatiStICS .........cccueiiiiieiiiiiiieiestecie ettt st sre e sresrae e 109
Figure 4.3.11 History StatiStiCS VISUAIIZAtION.............ccuiiiiiiieicieee s 110
Figure 4.3.12 Mango SUitability TOMECAST............eiveiiiiiiiiie e 111
Figure 4.3.13 Rice SUItaDIlIty TOTECAST. .........eiveieeeieiee s 112
Figure 4.3.14 Watermelon suitability fOrECASL...........cccviiiiriiiiee s 112
Figure 4.3.15 Maize suitability FOrECAST........c.coiiiiic it 113
Figure 4.4.1 Error Distribution in PrediCtions...........cocccveiiiicieiecie sttt 114
Figure 4.4.2 Model Comparison Classification Heatmaps ..........cccccveiiiriieiesieie et 114
Figure 4.4.3 Model Performance Metrics Bar Charts............cccceiiiieiiiiiie et sre v 115
Figure 4.4.4 Performance MatriX TOI CIOPS ........oveiiiiiriiite ettt 115
Figure 4.4.5 Older Time series COMPAriSON CRAS .........c.cciiiieiiiiiiieic e sre et 115
Figure 4.4.6 New Time Series COMPAriSON CRAITS...........cciiiieiiiiiiie et sre st ste et sresbe e e eraenne s 116
Figure B1 Survey conducted for Validation.............c.coeiieiiiiciiicce ettt sttt 147
Figure B2 PartiCiPantS CRarT..........cuoiiiiiiiieieieee ettt 147
Figure B3 SENSOr FEEADACK. .........ciiiiiiiiti ittt 147
Figure B4 App Suitability TOr FarMErS ..........ooiiiiiii s 148
Figure B5 App Preference fOr TArMEIS ..o 148
Figure B6 ML MOGel GCCUIACY ..........iiiiiiieiieee ettt sttt sttt e st e tesneeeesaeenee e 148
Figure B7 FaCtOr SUFFICIENCY ......ccueeiiie ettt ettt sttt esbesne e tesbeeeesaeeneenneas 148
FIQUIE B8 APPD TOF BNU USEIS ...ttt bbbttt b et et 149
Figure B9 App TOr MakKing GECISIONS. ........civiiiiiiiiiiiisiesieeie sttt 149
Figure B10 Feedback fOr apPrOaCh ........ccoiiiiiicsse e 149
Figure B11 IMProvements NEEUET. .........coiiiiiieieiii sttt bttt 149
FIQUIE BL2 SUQGQESTIONS. .. ..cuveueeiietieiietisie ettt sttt b bbbttt b bbb e e s eneans 150
FIQUIE BL3 FINAI FESPONSE. ......eiueeiietietisie sttt bttt bbbttt b et bt e b ens 150



List of Tables

Table 4.1 Datasets’ COMPAIISON........c.civiiiiireiieitieieseeeesteseessesteseestesteesesteassessesseessestesssessesseessessesssessesses 90
Table 5.2 Research Questions and KeY OULCOMES.........cciviveiiieeieieeiesieseesee e see e sraesae e erae e e eaeseeens 130
Table 5.3 MOl RESIICLIONS .......ocveieieiiiiiieste bbbttt sr b e 132
Table A.1 Distinct sensors used to get primary data reCOTUS. ........coervereieirineriesese e 145



