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ABSTRACT 

The hectic life cycle of human beings and negligence of health are the main causes for 

non-communicable diseases. Healthy diets help to prevent various non- communicable 

diseases such as diabetics, pressure, cholesterol etc. However, due to busy life cycle, 

people do not have time to consult dietitians and get their meal plans. The diet 

recommendation system can solve this issue by providing a fingerprint distance 

response. In this study, we developed ontology based Recurrent Neural Network-

LSTM model for diet recommendation in Sri Lankan context. This system 

recommends diet plans for breakfast, lunch and dinner based on user’s calorie 

requirement, macronutrient needs, user preference, cultural background, dietary 

restriction and disease information. We developed ontology, which is consist with food 

related information including their nutrients values. Then we developed RNN –LSTM 

model to predict target macronutrient values based on user information such as age, 

BMI, BMR and diseases information. The RNN-LSTM model demonstrated high 

performance with an R-squared value of 0.9704, a Pearson correlation coefficient of 

0.9869, a mean squared error of 0.0209, a mean absolute error of 0.1239, and a root 

mean squared error of 0.1703. These metrics indicate that the RNN-LSTM model 

provided accurate predictions with a strong positive linear relationship between the  

actual and predicted value. Additionally, the RNN-LSTM model was compared with 

the KNN model using the same dataset. The RNN-LSTM model outperformed the 

KNN model across all evaluation metrics. Using content-based filtering and cosine 

similarity between target nutrient values and food nutrient values, system recommends 

the food for three meals. This recommendation properly aligns with the nutrients needs 

and calorie needs. Finally, we can conclude that there is greater potential for future 

work in the field of food recommendation using Artificial Intelligence. Future work of 

this study involves further development of an ontology based RNN model combined 

with micro nutrient needs. 

 

Keywords:  Diet Recommendation, Recurrent Neural Network (RNN), Long Short-

Term Memory (LSTM),Ontology 

  



v 

TABLE OF CONTENTS 

 

Declaration .................................................................................................................... i 

Dedication .................................................................................................................... ii 

Acknowledgement.......................................................................................................iii 

Abstract ....................................................................................................................... iv 

Table of Contents ......................................................................................................... v 

List of Figures ...........................................................................................................viii 

List of Tables............................................................................................................... ix 

List of Abbreviations.................................................................................................... x 

List of Appendices ...................................................................................................... xi 

Chapter 1 ...................................................................................................................... 1 

Introduction .................................................................................................................. 1 

1.1 Prolegomena ....................................................................................................... 1 

1.2 Objectives ........................................................................................................... 2 

1.3 Background and Motivation ............................................................................... 3 

1.4 Problem Statement ............................................................................................. 4 

1.5 Proposed Solution .............................................................................................. 4 

1.6 Resources Requirements .................................................................................... 5 

1.7 Structure of the Thesis ....................................................................................... 5 

1.8 Summary ............................................................................................................ 5 

Chapter 2 ...................................................................................................................... 7 

Literature review on development and challenges In the recommendation system..... 7 

2.1 Introduction  .................................................................................................. 7 

2.2 Recommendation System  ............................................................................. 7 

2.3 Ontology Development.................................................................................. 8 

2.4 Major developments in recommendation system with machine learning 

techniques. ................................................................................................................ 9 

2.5 Future and Next Steps of ontology based recommendation system using 

Machine Learning .................................................................................................. 14 

2.6  Summary ......................................................................................................... 16 



vi 

Chapter 3 .................................................................................................................... 17 

     Technology Adapted For Diet Recommendation system ..................................... 17 

3.1 Introduction ...................................................................................................... 17 

3.2 Introduction to Technology in Diet Recommendation..................................... 17 

3.3 Technology adapted for Ontology Development ............................................. 18 

3.4 Technology  used for Machine Learning Model Development ....................... 20 

3.5 Technology  Used in Recommendation System .............................................. 24 

3.6 Summary .......................................................................................................... 25 

Chapter 4 .................................................................................................................... 26 

An Approach To Diet Recommendation System For Sri Lankan.............................. 26 

4.1 Introduction ...................................................................................................... 26 

4.2 Hypothesis ........................................................................................................ 26 

4.3 Input ................................................................................................................. 27 

4.4 Output............................................................................................................... 28 

4.5 Process.............................................................................................................. 28 

4.6 Features ............................................................................................................ 32 

4.7 Users................................................................................................................. 32 

4.8 Summary .......................................................................................................... 33 

Chapter 5 .................................................................................................................... 33 

Research Design ......................................................................................................... 34 

5.1 Introduction ...................................................................................................... 34 

5.2 Top-level architecture ...................................................................................... 34 

5.3 Ontology........................................................................................................... 36 

5.4 Machine Learning Engine ................................................................................ 36 

5.5 Recommendation System ................................................................................. 37 

5.6 User interface ................................................................................................... 38 

5.8 Summary .......................................................................................................... 38 

Chapter 6 .................................................................................................................... 40 

Implementation .......................................................................................................... 40 

6.1 Introduction ...................................................................................................... 40 

6.2 Overall Implementation ................................................................................... 40 

6.3 Ontology  Model Implementation .................................................................... 42 



vii 

6.3 Machine Learning Engine ................................................................................ 46 

6.4  Recommendation System Implementation...................................................... 48 

6.5 Summary .......................................................................................................... 50 

Chapter 07 .................................................................................................................. 52 

Results And Evalution................................................................................................ 52 

7.1 Introduction ...................................................................................................... 52 

7.2 Machine Learning Model Evaluation............................................................... 52 

7.3   Results of Recommendation System .............................................................. 56 

7.4 Summary .......................................................................................................... 60 

CHAPTER 08............................................................................................................. 60 

Conclusion And Future Works................................................................................... 62 

8.1 Introduction ...................................................................................................... 62 

8.2  Conclusion....................................................................................................... 63 

8.3 Implications ...................................................................................................... 64 

8. 4 Limitation ........................................................................................................ 65 

8. 5 Future Works ................................................................................................... 65 

8.6 Summary .......................................................................................................... 66 

References .................................................................................................................. 67 

Appendix – A: Questionnarie ................................................................................. 70 

Appendix – B:  Ontology Graph ............................................................................ 72 

Appendix – C: Source code of model Architecture ............................................... 73 

Appendix – D: Source code of  recommendation .................................................. 74 

 

  



viii 

LIST OF FIGURES 

 

Figure Description Page 

Figure 3.1 Cosine similarity between vector v1 and v2 24 

Figure 4.1 Process Diagram 31 

Figure 5.1 Proposed System Architecture 35 

Figure 6.1 Flow chart of overall implementation 41 

Figure 6.2 Foods and nutrients content  42 

Figure 6.3 Classes hierarchy of the ontology 43 

 Figure 6.4 Data properties available in the ontology 45 

Figure 6.5 “Halapa” individual 46 

Figure 6.6 RNN model 47 

Figure 6.7 Ontology  loading function 48 

Figure 6.8 Recommendation Function 49 

 Figure 6.9   Web interface  50 

Figure 7.1 Training and Validation Loss over Epochs for RNN 
Regression 

53 

Figure 7.2 Model Evaluation output 53 

Figure 7.3 Scatter Plot of Predicted vs Actual Value 54 

Figure 7.4 Nutrient target prediction  54 

Figure 7.6 Recommendation output1 56 

Figure 7.7      Recommendation output2 57 

Figure 7.8     Recommendation output3 58 

Figure 7.9 
  

    Recommendation output4 59 

  



ix 

LIST OF TABLES 

 

  

Table Description Page 

Table 3.1 RNN layer types and their technological justification 22 

Table 6.1  Object properties in the ontology 44 

Table 7.1 RNN LSTM and KNN model Comparison    55 



x 

 

LIST OF ABBREVIATIONS 

Abbreviation   Description 

RNN    Recurrent Neural Network  

LSTM      Long Short-Term Memory 

BMI                          Body Mass Index 

BMR                                       Basal Metabolic Rate 

WHO                                      World Health Organization 

NCD                                       Non- Communicable Diseases  

CF                                          Collaborative filtering 

CBF                                       Content based filtering 

ML                                         Machine Learning       

OWL                                      Web Ontology Language       

AI                                           Artificial Intelligence             



xi 

  

LIST OF APPENDICES 

 

Appendix Description Page 

Appendix - A Source code of model Architecture 63 

Appendix - B Ontology Graph 65 

Appendix - C Source code of model Architecture 66 

Appendix - D Source code of  recommendation 74 


