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ABSTRACT

AgriSense: An loT-Integrated Crop Recommendation and Price

Forecasting System Using Machine

Godfrri Croos
MSc. in Information Technology

Supervisor: Dr. Harinda Fernando

December 2025

Sri Lankan smallholders make planting and selling decisions in the presence of shifting monsoon
patterns and volatile local markets. AgriSense is an end-to-end system that integrates a low-cost
IoT field device with cloud-based machine learning to support both crop selection and price
planning. The device collects plot-level measurements of soil chemistry and condition, together
with ambient data and location, and streams these to a backend designed to tolerate intermittent
rural connectivity. In the cloud, a supervised crop-recommendation model trained on a soil feature
set produces a ranked shortlist of suitable crops with calibrated probabilities. A companion price-
forecasting model, trained on historical price series from the Colombo market, estimates near-term
prices in LKR/kg for the expected harvest window using seasonal signals, calendar effects, and
macroeconomic indicators. This project adopts region-aware train/test splits for crop
recommendation and rolling, time-ordered evaluation for the Colombo price series. Reported
metrics include accuracy and macro-F1 for recommendation, and mean absolute error, root mean
squared error, mean absolute percentage error, and coefficient determination for pricing. The
contribution is a deployable pipeline that turns live, plot-level telemetry into defensible crop
choices and a harvest-time price outlook grounded in Colombo market dynamics, enabling more
informed, data-driven decisions for farmers in Sri Lanka and providing a practical foundation for

extension to additional regional markets.



ACKNOWLEDGEMENT

I am deeply grateful to my supervisor, Dr. Harinda Fernando, for steady guidance, clear feedback,
and the freedom to explore ideas while keeping this work focused. His advice shaped both the

research design and the writing.

I also thank the Department of Agriculture, Sri Lanka, for providing access to the market price

datasets used in this study. Their support made the data-driven components of this thesis possible.



TABLE OF CONTENTS

DECLARATION ...ttt ettt sttt et sb ettt sb e e bt entesbeenbesanenaeens i
ABSTRACT ...ttt ettt et h et e a e s bt et s e s bt et e st e ebe et eatenaeebeenees il
ACKNOWLEDGEMENT ..ottt ettt ettt et st e e beenaesseenseeneesneennens v
TABLE OF CONTENTS ..ottt sttt ettt et st e st e et e e esseensesneenneenseennesseenes \%
LIST OF FIZUIES ...eieieie ettt ettt e et e e st e e st e e e st e e essseeessaaeessaeessssaeasseeensseeennseeas viii
LISt OF TADIES ...ttt ettt ettt et et e et e st et enae e 1
Chapter 1 INTrOUCTION ......eevuiiiiieiiieieeeie ettt ettt et e et e e etaeesbeessaeensaeesseenseensseenseas 1
LT INEEOAUCTION ...ttt b et sttt et be et st e bt e b e st e nae e 1
1.2 BACKZIOUNG ...ttt ettt e st e e ebeestaeesbeentaeensaessaeenseensnesnseas 2
1.3 ReSearch Problem........cc.coiiiiiiiiiieeeee ettt 4
1.4 Research AIm and ODBJECTIVES ....c..eeuiiruiiiiiiiiniieieeiiereeeet ettt 5
1.5 Research Questions and Hypotheses........ccc.ouiiiiriiriiiiriiiicienceciccece e 6
1.6 SCOPE & LIMITATIONS. ....eutieiieeiiieiie ettt ettt ettt ettt e ettt e et e bt e eabeesseesabeesbeeenbeesnaeenseas 7
Chapter 2 Literature REVIEW .......cccuviiiiiiiiiie ettt tae e e e sveeesareeesnveeenes 10
2.1 Review Of EXIStNG WOTK ....cccuiiiiiiiiiiiieciie ettt ettt et eveessaesreesseeensee e 10
2.1.1 Crop RecoOmMMENAAtION .......cccvieriiieiieiieeiieie ettt seeeeteesaeeeaeessaeebeesseeesseenens 10
2.1.2 PriCe FOT@CASLING ...cuvvievvieiieeiiieitieeieerite ettt et et e ete et e eebeesseeeabaesaaeesseessaesnsaensseenseesns 12

2.2 Identification 0f ReSEarch Gap.........cccocveviieiiieiiieiieiie ettt ee 13
Chapter 3 MethOdOIOZY ......coeoiiiiiiieeiie ettt et e e e e et e e s baeesseeesnseeesaseeennseeenns 16
3.1 RESCAICH DIESIGN ...ttt ettt ettt e st e et e saaeenbeeeneeeneeas 16
3.2 Data COlLECION. .....eeiiieiieeiie ettt ettt et et e e st e et esat e e bt e s sbeenbeesaaeenbeesnneenneas 17
3.2.1 Crop Recommendation Dataset ............coccvievieriiniiiiniiniieeeceeieseeeee e 17
3.2.2 Price Forecasting Dataset ..........cocueeueeierieniiiienieniieentesiceteet ettt 18

3.3 Data PrepPrOCESSINE ... .eevteiuiieiieeiie ettt ettt ettt sit e et e st et e sbt e et e e sbeeeabeesbeeeabeesaaeeaneas 19
3.4 Feature ENGINEETING .....ccccuvieiiiieiiie et esieeertee et e iveeetteeseeeeentteesssaeesnseeessseeennseeensseesnsseens 20
3.5 Machine Learning MoOdEIS .........cc.oiiiiiieiiiieiiieciee et s 23
3.5.1 Crop Recommendation MOdEl...........coocuiiiiiiiiiiiieiieeieeee et 23
3.5.2 Price Forecasting MoOdel.........cc.ooiiiiiiiiiiiiiiciccececetee et 24

3.6 Theoretical and Conceptual Frameworks...........ccocieiieiiiiiiiriiiiieeie e 25
3.6.1 Theoretical FrameworK...........cccoiviiiiiiiiiiiniiieee e 26
3.6.2 Conceptual Framework...........cocioiiiiiiiiiiieiee e 27

3.7 SyStem ATCRITECTUTE .......eiiiiiiiiiii ettt e 28
3.8 Evaluation Metrics and Experimental Setup .......c.ccocvveeiiieeiiieeiiieeieeeee e 29
3.9 Ethical ConsSid@rations.........coouiiiiieiiieiieiiee sttt ettt ettt ettt e sbee et e saeeeeeas 30



Chapter 4 System Implementation and DeSi@N..........cceeeviiieiiieeiiieeieeeee e e 31

4.1 SYSLEIM OVEIVIEW ...ttt ettt ettt et ettt e s abe e bt e sabe e bt e eabeebeesabeesbeesnbeesseesnbeesaeeans 31
4.2 TOT DSIZN ..ttt ettt ettt ettt e b e st e e bt e e et e e bt e st e e bt e enbeesneesabeenneeens 33
4.3 SOTEWATE DESIZN ..cuveieiiiiiiieiieeiie ettt ettt et ettt eebeebeeeebeebaesnbeesseeesseesssesnsaesssaans 34
4.4 MODIIE APPLICALION ..evviiiiieiiieeiieeiieeie ettt et te et eebeestaesabeesseeesseessseensaennsaans 35
4.5 Integrations Of COMPONENLS .......ccueeriiiiiieriieiieeiieitee et eseeeteesteeeseessaesbeesseessseesseesseesseeans 37
4.6 Workflow of Data from SenSor t0 AP ....cccveeriieriieiieeiieiie ettt ettt ere et e v sneeseesaae e 40
4.7 Security, Reliability, and Connectivity Handling ..........c..ccoooieiiiiiiiiiiiiiiieieeeeeee 42
4.8 System Implementation in Field ..........cccooiiiiiiiiiiii e 44
Chapter 5 ResUltS & ANALYSIS ....iciiiiiiiieiiiieeiiie ettt ettt e e s eeeesbaeesaeeessseeesaseeessseeenns 46
5.1 Crop Model RESULLS.........coiiiiiieie ettt ettt 46
5.2 Price MOdel RESULLS ......couiiiiiieiieieieeee et sttt 48
5.2.1 Training vs Validation LOSS .........cceeriiriiiiieiiieiieeie ettt eneees 48
5.2.2 Predicted v Actual SCAtter........ceuiiuieiiiieiieieeieeee et 49
5.2.3 Ttem-Level Error ANALYSIS ......cccveiciieriieeiieiieeie ettt ete et sae e seaeesseessneensaas 50
5.2.4 Ttem-Level Forecast: Raw (Red) ........cooviiiiiiiiiiiiiec e 52
5.2.5 Item-Level Forecast: SamDba...........cociiiiiiiiiiiiiiieeieee et 53
5.2.6 Item-Level Forecast: Green Gram ...........ccoceeiiieiiienieeiienie ettt esee e 54
5.2.7 Item-Level Forecast: RaW (WHIte) .......c.ccovviiiiiiiiiiiiieiie et 56
5.2.8 Item-Level Forecast: Red Dhal...........cccoooiiiiiiiiiiiiceeeeceeee e 57
5.2.9 Item-Level Forecast: Nadu ........cooouiiiiiiiiiiiieeeeee e 58
5.2.10 Item-Level Forecast: Cowpea White........c..coovuiieiiiieiiieeiieeieeeie e 60
5.2.11 Item-Level Forecast: Butter Beans............ccoccoiiiiiiiiiiniiiiiiicececceeeseen 61
5.2.12 Ttem-Level Forecast: Keeri Samba..........cccooueiiiiiiiiiiiiniiiiiceeeeeeeee e 62
5.2.13 Item-Level Forecast: Red COWPEa .........ooueeiiriiniiiiiniiinieciceeceee et 64

5.3 System PerfOrmance..........c.ooiuiiiiiiiiieiiieie ettt ettt et e 65
5.4 Analysis and INterpretation ............ceeiiiiriieiieeieee et et 66
Chapter 6 DISCUSSION ....cc.eiruiiiiiiieiieieete ettt ettt ettt sb et sat e bt et e bt e sbeebeeatesaeebeeanes 69
6.1 Alignment with Objective and Prior Work ...........ccoooviieiiiiiiiiiee e 69
6.2 StUAY LIMIEAtIONS ..eeeiiiiiiiieeciie ettt e e e e et e e et e e essaeeenseeeesseeessseeessseesnsseens 70
6.3 Explaining Anomalies and Deviations..........cccceccuieeiiieeiiieeiiie e 71
CRapter 7 CONCIUSION. ....ccciiiiiiieecieeeetee et e esteeeseteeestaeeeseaeeetseeesaeeessaeeasaeesssaeessseeeasseeessseeensseesns 72
RETETEICES ...ttt ettt et b et be et et sbe et eanes 74
FN 0] 0153116 £ OO PORRSO PRSPPI 76
Appendix 1: Crop Recommendation Model Code...........cccoeririiiiiiiiiiiiiieiiieecieeee e 76

Vi



Appendix 2: Price Forecasting Model Code .........c.oooviiiiiiiieiiieeieecieeceeee e 79
Appendix 3: AgriSense Engine Code...........ooocuiiiiiiiiiiiieiiie ettt 83
Appendix 4: T0T DeviCe COde ....ccuuiiiiiieiiiieeiie ettt ettt e e e e sree e ree e seseeeenes 88
Appendix 5: Mobile App Code — AndroidManifest.Xml ............ccoeveeiriinieiiienieeiienie e 93
Appendix 6: Mobile App Code - SignInjava .........cccceevuieeiieiieiiieieeeee e 94
Appendix 7: Mobile App Code - activity sign in.Xml.........ccceeeieriieiiieniiiiienieeieesee e 96
Appendix 8: Mobile App Code — MainACtIVILY.JaAVA.......cccueerieriieiieeieenie et eeiee e seeeeaee e e 99
Appendix 9: Mobile App Code — activity main.Xml........c.cccccuveeviieeiiieeieeeieeeee e 100
Appendix 10: Mobile App Code — LiveFragement.java.........cccceccveeeviieeciieeeiieeeiie e 101
Appendix 11: Mobile App Code — fragement live.Xml.........cccoooviieeiiiiiiiiecieccee e, 105
Appendix 12: Mobile App Code — HistoryFragement.java ............cccoeceeeiieniiiiienieeiieeeee, 115
Appendix 13: Mobile App Code — fragement history.Xml.........c.cccoveviieiieniiniienieeiienieeen 121
Appendix 14: Mobile App Code — AnalyticsFragement.java.........ccccoceevvieriiiiienieenieenreenen. 123
Appendix 15: Mobile App Code — fragment analytics.Xml ...........cccooevrevrieriiiiieniiieiienieenen. 127

vii



List of Figures

Figure 1: ReSearch DESIN .....c..oouiiiiiiiiiiiiiiiecieeceeee ettt et st 17
Figure 2: Crop Recommendation Dataset...........cceevuerieriiiiiniiniiieiieieciesceeee e 18
Figure 3: Price Forecasting Dataset .........cc.eoouerieiiiiiniiieiiesieieeteeee e 19
Figure 4: Crop Dataset PreproCeSSING.......cuuviiiuiieiiiireeiiieeeiieeeieeesieeesteeeseveeeseaeesaeeesseeessseeessseeenes 20
Figure 5: Label to Item MappPing ........cceeeeieeeiiieiiiieeeiieeeieeesiee et eesteeeseveeestaeesaaeesseeessseeessseeenns 21
Figure 6: Harvest Days MapPINg.......cccueeevveeiiieeeiieeeiieeeieeesteeesteeeseveeeseaaesssaeessneesssseessseeessseeanns 22
Figure 7: Best AIZorithm SeleCtion .........cccueivcuiiiiiiiieeiieeee e eeaee e 23
Figure 8: AgriSense SYStEM OVEIVIEW .....c..eevcuiieririeeeitieeeiieesieeesteeeseteeessveeessseessseessseesseeesseeanns 32
FIgUIC O: TOT DESIGN....uviiiiiiiiiiieeiee ettt ettt et e et e et e et e e e saaeensaeesssaeesssseessseeessseeenns 34
Figure 10: AGLISENSE ADPD wouveeuteriiiniiiieeitete ettt ettt ettt et st ettt et sbe et saeesaeebeeanes 37
Figure 11: Device Implementation on field ...........cocoeiiiiiiiiiiniiieeee e 45
Figure 12: Device Implementation on field ...........ccoooeiiiiiiiiiiiiiieee e 45
Figure 13:Classification REPOTT........cc.eoiiiiiiiiiiiiiiiiitciectestee et 46
Figure 14: Confusion MatIiX ........ooeeriirieniieierienieeie ettt ettt ettt e st e e et e saeenbeeneas 47
Figure 15: Training vs Validation LOSS .......cceeueririiniiiiieierieeeeeeeeeee e 49
Figure 16: Predicted vS ACtUal SCALET........cecuiruiiiiieieiieieeie et 50
Figure 17: Item-Level Performance............coooviiiiiiiiiiiieieeeeeeeeee e 52
Figure 18: Actual vs Predicted Price for Red (RaW) .......cccvveiiieniiiiiiiciieiiecieceeee e 53
Figure 19: Actual vs Predicted Price for Samba...........cocoeviiiiiiiiiiiiieiieeeeeee e 54
Figure 20: Actual vs Predicted Price for Green Gram...........ccoceeievieneriienienieeieseeeeee e 56
Figure 21: Actual vs Predicted Price for Raw (White) .........ccceeviiiiiiiiiiiiiieeieciiecieeeecee e 57
Figure 22: Actual vs Predicted Price for Red Dhal...........cccoooiiiiiiiiiiniiieeeeeee, 58
Figure 23; Actual vs Predicted Price for Nadu ..........ccooiiiiiiiiiiiiiiiiccceceeee 59
Figure 24: Actual vs Predicted Price for Grapes ........coccoeeueeiiiniiiiiiiieiieeniceieeieeeeeeeeesee 61
Figure 25: Actual vs Predicted Price for Butter Beans.........c..cccccovuiiiiniiiiniinininiiccceeee, 62
Figure 26: Actual vs Predicted Price for Keeri Samba...........ccccooviiniiniiiiniininiiiiciccceee, 63
Figure 27: Actual vs Predicted Price for Red COWpea .........coceevueviiiiiniiiiiniiicciciceececceen 65

viii



Table 1: Research Gap Analysis

List of Tables



