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ABSTRACT 

 

Student Name / NPM       : Verdiansyah Ayus Aprilyan / 22081010015 

Thesis Title                       : Visualization of Minute-Level Solar Radiation 

Prediction in Medan City Using a CNN–GRU 

Model 

Advisor                             : 1. Dr. Faisal Muttaqin, S.Kom, M.T 

 2. Yisti Vita Via, S.ST. M.Kom 

 

This study develops a hybrid CNN-GRU model to predict per-minute solar radiation 

in Medan City to support the operational efficiency of Solar Power Plants (PLTS). 

The proposed model integrates three 1D CNN layers with 64, 32, and 16 filters to 

extract spatial features and two GRU layers with 50 and 32 units to capture long-

term temporal dependencies in time-series data. The dataset consists of local 

meteorological data from Medan City with seven main features, processed through 

data filtering, missing value interpolation, smoothing, MinMaxScaler 

normalization, and sliding window sequencing. Systematic hyperparameter tuning 

identified the optimal configuration with a window size of 30, a learning rate of 

0.001, a batch size of 512, and a data split ratio of 90% for training, 5% for 

validation, and 5% for testing. The final model achieved high prediction 

performance with an R² of 0.9923, an RMSE of 12.9430, an MAE of 6.3709, and a 

MAPE of 8.50%, demonstrating its effectiveness in accurately predicting minute-

level solar radiation. The prediction results were further visualized through an 

interactive web-based system using Folium and TimestampedGeoJson, providing a 

spatio-temporal digital map of Medan City with per-minute animation, color 

gradients representing solar radiation intensity, and daily and monthly prediction 

dashboards. 

 

Keywords: Solar Radiation, CNN-GRU, Deep Learning, Spatio-Temporal 

Visualization, Medan City, Solar Energy 

  



 
 

xiii 
 

ACKNOWLEDGEMENTS 

 

Praise and gratitude to the author to the presence of God Almighty for all 

His grace, love, and inclusion so that the author can complete the thesis entitled 

"Visualization of Minute-Level Solar Radiation Prediction in Medan City Using a 

CNN–GRU Model " properly and on time. This thesis was prepared as one of the 

requirements to obtain a Bachelor's degree in Computer Science at the Informatics 

Study Program, Faculty of Computer Science, National Development University 

"Veteran" East Java. 

In the process of preparing this thesis, the author received a lot of help, 

support, guidance, and motivation from various parties. Therefore, on this occasion 

the author would like to express his deepest gratitude to: 

1. Dr. Faisal Muttaqin, S.Kom., M.T., as the main supervisor who has taken 

the time, energy, and mind to provide direction, input, and guidance during 

the process of preparing this thesis.  

2. Yisti Vita Via, S.ST., M.Kom., as a companion supervisor who has provided 

advice, motivation, and guidance with patience during the research and 

thesis writing process.  

3. Prof. Dr. Ir. Akhmad Fauzi, M.MT., IPU., ASEAN.Eng., as the Rector of 

the "Veteran" National Development University of East Java who has given 

the author the opportunity to study at this university.  

4. Prof. Dr. Ir. Novirina Hendrasarie, M.T., as the Dean of the Faculty of 

Computer Science, National Development University "Veteran" East Java 

who has provided support during the author's education.  

5. Dr. Intan Yuniar Purbasari, S.Kom., M.Sc., as the Head of the Informatics 

Study Program who has provided direction and support during the lecture 

period.  

6. All lecturers, laboratories, and the academic community of the Faculty of 

Computer Science, National Development University "Veteran" East Java 

who have provided very valuable knowledge, experience, and learning 

during the author's study period.  

7. Beloved family, especially the author's parents who always give prayers, 

affection and priceless sacrifices so that the author can complete this 



 
 

xiv 
 

education. Thank you also to the author's brother, Vanny Ayus, who always 

provides moral and material support, and Vinna Ayus who always helps and 

accompanies the author during the thesis preparation process.  

8. Fadiya Aulia Hafshoh and Syawalna Zahwa Zahir Nalacheda, writer's best 

friends since junior high school who always provide support, motivation, 

and enthusiasm in various conditions.  

9. Rangga Ardiansyah Putra Arifin, who has helped a lot, accompanyd, and 

provided support during the process of working on this thesis.  

10. The writer's closest friends and colleagues during lectures, namely Milen 

Juventus Dappa Deke, Talitha Atha Anastasya, and Agatha Diani Putri 

Saka, who always provide encouragement, help, share knowledge, and 

create many valuable memories during the lecture period.  

11. Friends of the Informatics Study Program and all students of the "Veteran" 

National Development University of East Java who have provided support, 

togetherness, and valuable experience during the lecture period until the 

preparation of this thesis.  

12. Bank Indonesia has provided support through scholarship programs so that 

writers can continue their education well. Thank you also to the big family 

of the Indonesian New Generation (GenBI) UPN "Veteran" East Java and 

GenBI East Java who always provide motivation, support, and opportunities 

to develop. 

13. All parties who cannot be named one by one have provided assistance, 

support, prayers, and contributions in the process of preparing this thesis. 

The author realizes that this thesis still has limitations and welcomes 

constructive criticism and suggestions for improvement. The author hopes this 

thesis will provide useful insights and serve as a reference for future research. 

 

   Surabaya, July 06, 2026 

 

 

VERDIANSYAH AYUS APRILYAN 

NPM 22081010015 



 
 

vi 
 

TABLE OF CONTENTS 

 

APPROVAL SHEET ........................................................................................................ ii 

APPROVAL SHEET ....................................................................................................... vi 

STATEMENT OF ORIGINALITY .............................................................................. viii 

ABSTRACT...................................................................................................................... x 

ACKNOWLEDGEMENTS ............................................................................................ xii 

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

LIST OF FIGURES......................................................................................................... xi 

LIST OF TABLES ....................................................................................................... xvii 

LIST OF CODES ...........................................................................................................xix 

LIST OF ATTACHMENT .............................................................................................xxi 

CHAPTER I INTRODUCTION ...................................................................................... 1 

1.1 Research Background ................................................................................................ 2 

1.2 Problem Formulation ................................................................................................. 4 

1.3 Research Objectives .................................................................................................. 5 

1.4 Significance of the Study ........................................................................................... 5 

1.5 Scope of the Study .................................................................................................... 6 

CHAPTER II LITERATURE REVIEW ......................................................................... 7 

2.1 Previous Studies ........................................................................................................ 8 

2.2 Characteristics of Solar Radiation and the Tropical Climate in the City of Medan ......14 

2.3 Time Series Forecasting ...........................................................................................15 

2.4 Local Data Sources and Quality, and the Challenges They Pose .................................17 

2.5 Data Preprocessing and Handling .............................................................................18 

2.6 Convolutional Neural Network (CNN) ......................................................................21 

2.7 Gated Recurrent Unit (GRU) ....................................................................................24 

2.8 Hybrid CNN-GRU Model ........................................................................................31 

2.9 Model Evaluation Methods: RMSE, MAE, MAPE, R² ..............................................33 



 
 

vii 
 

2.10 Overfitting and Regularization ................................................................................35 

2.11 Feature Selection ....................................................................................................35 

2.12 Windowing / Sliding Window In Time Series..........................................................36 

2.13 Spatial-Temporal Visualization Of Radiation Prediction ..........................................36 

2.14 Graphical User Interface (GUI) ...............................................................................38 

2.15 Website ..................................................................................................................38 

CHAPTER III SYSTEM DESIGN AND IMPLEMENTATION....................................40 

3.1 Description of Case Studies and Their Urgency .........................................................40 

3.2 Research Stages .......................................................................................................40 

3.3 Literature Studiesaaa ................................................................................................41 

3.4 Data Acquisition ......................................................................................................42 

3.5 Preprocessing Data ...................................................................................................43 

3.5.1 Filtering Data .....................................................................................................44 

3.5.2 Filling Missing Value .........................................................................................45 

3.5.3 Smoothing (moving average)..............................................................................46 

3.5.4 Normalization (MinMaxScaler) ..........................................................................48 

3.5.5 Sliding Window .................................................................................................49 

3.5.6 Split Data...........................................................................................................51 

3.5.7 Create Data Train ...............................................................................................51 

3.5.8 Reshape Data .....................................................................................................52 

3.6 Feature Extraction With CNN ...................................................................................52 

3.6.1 Input Data ..........................................................................................................52 

3.6.2 Convolusi Layer 1D ...........................................................................................53 

3.6.3 RelU Activation .................................................................................................54 

3.6.4 MaxPooling .......................................................................................................55 

3.6.5 Output Feature Vector ........................................................................................55 

3.6 Creation of GRU ......................................................................................................56 



 
 

viii 
 

3.6.1 Input Feature Map ..............................................................................................57 

3.6.2 Set Learning Rate...............................................................................................57 

3.6.3 Set Layer GRU ..................................................................................................57 

3.6.4 Model Training ..................................................................................................58 

3.7 Model Evaluation .....................................................................................................65 

3.7.1 Create Data Test ................................................................................................65 

3.7.2 Reshape Data Test .............................................................................................66 

3.7.3 Prediction ..........................................................................................................67 

3.7.4 Normalization ....................................................................................................68 

3.7.5 Error Values ......................................................................................................68 

3.7.6 Plotting Results ..................................................................................................69 

3.8 Trial Scenario...........................................................................................................70 

3.9 Analysis and Visualization of Results .......................................................................71 

CHAPTER IV TESTING AND ANALYSIS ...................................................................75 

4.1 Preprocessing Data ...................................................................................................76 

4.1.1 Dataset Reading ....................................................................................................76 

4.1.2 Cleaning & Interpolation .......................................................................................79 

4.1.3 Smoothing Data.....................................................................................................81 

4.1.4 Data Normalization ...............................................................................................82 

4.1.5 Storage of Preprocessing Results ...........................................................................84 

4.2 Time Series Data Formation .....................................................................................85 

4.2.1 Sliding Window ....................................................................................................86 

4.2.2 Split Data ..............................................................................................................87 

4.3 CNN-GRU Model Architecture ................................................................................89 

4.4 Training Implementation and Model Evaluation ........................................................92 

4.4.1 70:15:15 Data Split Testing ...................................................................................94 

4.4.2 80:10:10 Data Split Testing ...................................................................................97 



 
 

ix 
 

4.4.3 90:5:5 Data Split Testing .......................................................................................99 

4.4.4 Split Data Test Results......................................................................................... 102 

4.4.5 Testing a Learning Rate of 0.1 ............................................................................. 104 

4.4.6 Testing a Learning Rate of 0.01 ........................................................................... 106 

4.4.7 Testing a Learning Rate of 0.001 ......................................................................... 109 

4.4.8 Learning Testing Results ..................................................................................... 110 

4.4.9 Batch Size Testing 128 ........................................................................................ 112 

4.4.10 Batch Size Testing 256 ...................................................................................... 115 

4.4.11 Batch Size Testing 512 ...................................................................................... 118 

4.4.12 Batch Size Test Results...................................................................................... 118 

4.4.13 Testing Window Size 5 ...................................................................................... 120 

4.4.14 Testing Window Size 15 .................................................................................... 120 

4.4.15 Testing Window Size 30 .................................................................................... 123 

4.4.16 Window Size Test Results ................................................................................. 126 

4.4.17 CNN-GRU Architecture Testing CNN Variations 1 Layer 16 Units .................... 127 

4.4.18 CNN-GRU Architecture Testing CNN Variations 1 Layer 32 Units .................... 128 

4.4.19 CNN-GRU Architecture Testing CNN Variations 2 Layer 16 and 32 Units ......... 131 

4.4.20 CNN-GRU Architecture Testing CNN Variations 2 Layer 32 and 16 Units ......... 133 

4.4.21 CNN-GRU Architecture Testing CNN Variations 3 Layer 16, 32, and 64 Units ... 136 

4.4.22 CNN-GRU Architecture Testing CNN Variations 3 Layer 64, 32, and 16 Units ... 139 

4.4.23 CNN-GRU Test Results CNN Variations ........................................................... 142 

4.4.24 CNN-GRU Testing GRU Variations 1 Layer 32 Units ........................................ 144 

4.4.25 CNN-GRU Testing GRU Variations 1 Layer 50 Units ........................................ 146 

4.4.26 CNN-GRU Testing GRU Variations 2 Layer 32 and 50 Units ............................. 147 

4.4.27 CNN-GRU Testing GRU Variations 2 Layer 50 and 32 Units ............................. 150 

4.4.28 CNN-GRU Testing GRU Variations 3 Layer 32, 50, and 64 Units ...................... 152 

4.4.29 CNN-GRU Testing GRU Variations 3 Layer 64, 50, and 32................................ 155 



 
 

x 
 

4.4.30 CNN-GRU Variation Testing Results ................................................................. 158 

4.4.31 CNN Testing ..................................................................................................... 159 

4.4.32 GRU Testing ..................................................................................................... 162 

4.4.33 Model Test Results ............................................................................................ 165 

4.4.34 Analysis of Results ............................................................................................ 166 

4.5 Website Implementation ......................................................................................... 169 

4.6 Testing the Implementation of Website Prediction Feature ...................................... 175 

CHAPTER VI CONCLUSION ..................................................................................... 179 

5.1 Conclusion ............................................................................................................. 180 

5.2 Development Suggestions....................................................................................... 181 

BIBLIOGRAPHY ......................................................................................................... 182 

ATTACHMENT ............................................................................................................ 188 

 

  



 
 

xii 
 

LIST OF FIGURES 

 

Figure 2. 1 Time Series Components ..................................................................................15 

Figure 2. 2 Data Preprocessing...........................................................................................18 

Figure 2. 3 Convolutional Neural Network (CNN) .............................................................22 

Figure 2. 4 Gated Recurrent Unit (GRU) ............................................................................25 

Figure 2. 5 Hybrid CNN-GRU Model ................................................................................32 

Figure 2. 6 Spatial-Temporal Visualization Of Radiation Prediction ...................................37 

Figure 3. 1 Research Stages ...............................................................................................41 

Figure 3. 2 Data Acquisition Flowchart ..............................................................................42 

Figure 3. 3 Flowchart Preprocessing Data ..........................................................................44 

Figure 3. 4 Flowchart Extraction Feature With CNN ..........................................................52 

Figure 3. 5 GRU Creation Flowchart ..................................................................................57 

Figure 3. 6 Model Evaluation Flowchart ............................................................................65 

Figure 3. 7 Plotting Between Actual Results Graph and Predictions ....................................70 

Figure 3. 8 Wireframe GUI Admin Features .......................................................................72 

Figure 3. 9 Wireframe GUI in the Form of a Website .........................................................72 

Figure 4. 1 Dataset Reading Results ...................................................................................78 

Figure 4. 2 Missing Value Dataset .....................................................................................79 

Figure 4. 3 Cleaning Results ..............................................................................................80 

Figure 4. 4 Data Before Smoothing ....................................................................................81 

Figure 4. 5 Data After Smoothing ......................................................................................82 

Figure 4. 6 Data Size Normalization Results ......................................................................83 

Figure 4. 7 Normalization Result Data (Input Feature) ........................................................83 

Figure 4. 8 Normalization Results Data (Target) .................................................................84 

Figure 4. 9 Preprocessing Results.......................................................................................85 

Figure 4. 10 Sliding Window Results .................................................................................87 

Figure 4. 11 Data Sharing Results ......................................................................................89 

Figure 4. 12 CNN-GRU Model Architecture ......................................................................91 

Figure 4. 13 Split Data Proportion Evaluation Results 70:15:15 ..........................................94 

Figure 4. 14 Curve Loss Proportion Split Data 70:15:15 .....................................................95 

Figure 4. 15 Prediction VS Actual Proportion Split Data 70:15:15 ......................................95 

Figure 4. 16 Scatter Plot of Data Proportion 70:15:15 .........................................................96 

Figure 4. 17 Split Data Proportion Error Distribution 70:15:15 ...........................................96 



 
 

xiii 
 

Figure 4. 18 Split Data Proportion Evaluation Results 80:10:10 ..........................................97 

Figure 4. 19 Curve Loss Proportion Split Data 80:10:10 .....................................................98 

Figure 4. 20 Prediction VS Actual Proportion Split Data 80:10:10 ......................................98 

Figure 4. 21 Scatter Plot of Data Proportion 80:10:10 .........................................................99 

Figure 4. 22 Split Data Proportion Error Distribution80:10:10 ............................................99 

Figure 4. 23 Split Data Proportion Evaluation Results 90:5:5 ............................................ 100 

Figure 4. 24 Curve Loss Proportion Split Data 90:5:5 ....................................................... 100 

Figure 4. 25 Prediction VS Actual Proportion Split Data 90:5:5 ........................................ 101 

Figure 4. 26 Scatter Plot of Data Proportion 90:5:5 ........................................................... 101 

Figure 4. 27 Split Data Proportion Error Distribution90:5:5 .............................................. 102 

Figure 4. 28 Comparative Metrics Comparison Recap Evaluation of All Data Split Scenarios

 ....................................................................................................................................... 102 

Figure 4. 29 Results of the Evaluation with a Learning Rate of 0.1.................................... 104 

Figure 4. 30 Loss Curve Learning Rate 0.1....................................................................... 104 

Figure 4. 31 Predicted vs. Actual Learning Rate 0.1 ......................................................... 105 

Figure 4. 32 Scatter Plot Learning Rate 0,1 ...................................................................... 105 

Figure 4. 33 Error Distribution for a Learning Rate of 0.1 ................................................. 106 

Figure 4. 34 Results of the Evaluation with a Learning Rate of 0.01 .................................. 107 

Figure 4. 35 Loss Curve Learning Rate 0.01 ..................................................................... 107 

Figure 4. 36 Predicted vs. Actual Learning Rate 0.01........................................................ 108 

Figure 4. 37 Scatter Plot Learning Rate 0,01 .................................................................... 108 

Figure 4. 38 Error Distribution for a Learning Rate of 0.01 ............................................... 109 

Figure 4. 39 Results of the Evaluation with a Learning Rate of 0.001 ................................ 110 

Figure 4. 40 Comparison of Evaluation Metrics of All Scenarios Learning Rate ................ 111 

Figure 4. 41 Evaluation Results Batch Size 128 ................................................................ 112 

Figure 4. 42 Curve Loss Batch Size 128 ........................................................................... 113 

Figure 4. 43 Prediction VS Actual Batch Size 128 ............................................................ 113 

Figure 4. 44 Scatter Plot Batch Size 128 ........................................................................... 114 

Figure 4. 45 Error Distribution Batch Size 128 ................................................................. 114 

Figure 4. 46 Evaluation Results Batch Size 256 ................................................................ 115 

Figure 4. 47 Curve Loss Batch Size 256 ........................................................................... 116 

Figure 4. 48 Prediction VS Actual Batch Size 256 ............................................................ 116 

Figure 4. 49 Scatter Plot Batch Size 256 ........................................................................... 117 

Figure 4. 50 Error Distribution Batch Size 256 ................................................................. 117 



 
 

xiv 
 

Figure 4. 51 Evaluation Results Batch Size 512 ................................................................ 118 

Figure 4. 52 Comparison of Evaluation Metrics of All Scenarios Batch Size ..................... 119 

Figure 4. 53 Evaluation Results Window Size 5 ............................................................... 120 

Figure 4. 54 Evaluation Results Window Size 15 ............................................................. 121 

Figure 4. 55 Curve Loss Window Size 15......................................................................... 121 

Figure 4. 56 Prediction VS Actual Window Size 15.......................................................... 122 

Figure 4. 57 Scatter Plot Window Size 15 ........................................................................ 122 

Figure 4. 58 Error Distribution Window Size 15 ............................................................... 123 

Figure 4. 59 Evaluation Results Window Size 30 ............................................................. 123 

Figure 4. 60 Curve Loss Window Size 30......................................................................... 124 

Figure 4. 61 Prediction VS Actual Window Size 30.......................................................... 124 

Figure 4. 62 Scatter Plot Window Size 30 ........................................................................ 125 

Figure 4. 63 Error Distribution Window Size 30 ............................................................... 125 

Figure 4. 64 Comparison of Evaluation Metrics of All Scenarios Window Size ................. 126 

Figure 4. 65 CNN-GRU Evaluation Results CNN Variation 1 Layer 16 Units ................... 128 

Figure 4. 66 CNN-GRU Evaluation Results CNN 1 Layer 32 Units Variation ................... 128 

Figure 4. 67 Curve Loss  CNN-GRU Variations CNN 1 Layer 32 Units ............................ 129 

Figure 4. 68 Prediction VS Actual CNN-GRU Variation CNN 1 Layer 32 Units ............... 129 

Figure 4. 69 Scatter Plot CNN-GRU Variations CNN 1 Layer 32 Units ............................ 130 

Figure 4. 70 CNN-GRU Error Distribution CNN Variation 1 Layer 32 Units .................... 130 

Figure 4. 71 CNN-GRU Evaluation Results CNN 2 Layer 16 and 32 Units Variations....... 131 

Figure 4. 72 Curve Loss  CNN-GRU Variations of CNN 2 Layer 16 and 32 Units............. 131 

Figure 4. 73 CNN-GRU Actual VS Prediction CNN 2 Layer 16 and 32 Units ................... 132 

Figure 4. 74 Scatter Plot CNN-GRU Variations of CNN 2 Layer 16 and 32 Units ............. 132 

Figure 4. 75 CNN-GRU Error Distribution CNN 2 Layer 16 and 32 Units ........................ 133 

Figure 4. 76 CNN-GRU Evaluation Results CNN 2 Layer 32 and 16 Units Variations....... 134 

Figure 4. 77 Curve Loss CNN-GRU Variations of CNN 2 Layer 32 and 16 Units.............. 134 

Figure 4. 78 Prediction VS Actual CNN-GRU CNN Variation 2 Layer 32 and 16 Units .... 135 

Figure 4. 79 Scatter Plot CNN-GRU Variations of CNN 2 Layer 32 and 16 Units ............. 135 

Figure 4. 80 CNN-GRU Error Distribution CNN 2 Layer 32 and 16 Units ........................ 136 

Figure 4.81 CNN-GRU Evaluation Results of CNN 3 Layer 16, 32, and 64 Units Variations

 ....................................................................................................................................... 136 

Figure 4.82 Curve Loss CNN-GRU Variations of CNN 3 Layers 16, 32, and 64 Units ...... 137 

Figure 4.83 CNN-GRU Actual VS Prediction CNN 3 Layer 16, 32, and 64 Units .............. 137 



 
 

xv 
 

Figure 4. 84 Scatter Plot CNN-GRU Variations of CNN 3 Layers 16, 32, and 64 Units ..... 138 

Figure 4. 85 CNN-GRU Error Distribution CNN 3 Layer 16, 32, and 64 Units .................. 139 

Figure 4. 86 CNN-GRU Evaluation Results of CNN 3 Layer 64, 32, and 16 Units Variations

 ....................................................................................................................................... 139 

Figure 4. 87 Curve Loss CNN-GRU Variations of CNN 3 Layers 64, 32, and 16 Units ..... 140 

Figure 4. 88 CNN-GRU Actual VS Prediction CNN 3 Layer 64, 32, and 16 Units ............. 140 

Figure 4. 89 Scatter Plot CNN-GRU Variations of CNN 3 Layers 64, 32, and 16 Units ..... 141 

Figure 4. 90 CNN-GRU Error Distribution CNN 3 Layer 64, 32, and 16 Units .................. 141 

Figure 4. 91 Comparison of Unit Scenario Evaluation Metrics CNN-GRU Variations of CNN

 ....................................................................................................................................... 142 

Figure 4. 92 CNN-GRU Evaluation Results of GRU Variation 1 Layer 32 Units ............... 144 

Figure 4. 93 Curve Loss CNN-GRU Variations GRU 1 Layer 32 Units ............................. 144 

Figure 4. 94 Prediction VS Actual CNN-GRU Variation GRU 1 Layer 32 Units ............... 145 

Figure 4. 95 Scatter Plot CNN-GRU Variations GRU 1 Layer 32 Units ............................ 145 

Figure 4. 96 CNN-GRU Error Distribution GRU Variation 1 Layer 32 Units .................... 146 

Figure 4. 97 GRU 1 Layer 50 Units Evaluation Results .................................................... 147 

Figure 4. 98  CNN-GRU Evaluation Results of GRU 2 Layer 32 and 50 Units Variations.. 147 

Figure 4. 99 Curve Loss CNN-GRU Variations of GRU 2 Layer 32 and 50 Units.............. 148 

Figure 4. 100 CNN-GRU Actual VS Prediction 2 Layer 32 and 50 Units .......................... 148 

Figure 4. 101 Scatter Plot CNN-GRU Variations of GRU 2 Layer 32 and 50 Units ........... 149 

Figure 4. 102 CNN-GRU Error Distribution GRU 2 Layer 32 and 50 Units....................... 149 

Figure 4. 103 CNN-GRU Evaluation Results of GRU 2 Layer 50 and 32 Units ................. 150 

Figure 4. 104 Curve Loss CNN-GRU Variations of GRU 2 Layer 50 and 32 Units ............ 150 

Figure 4. 105 CNN-GRU Actual VS Prediction 2 Layer 50 and 32 Units GRU Variations . 151 

Figure 4. 106 Scatter Plot CNN-GRU Variations of GRU 2 Layer 50 and 32 Units ........... 151 

Figure 4. 107 CNN-GRU Error Distribution GRU 2 Layer 50 and 32 Units....................... 152 

Figure 4. 108 GRU 3 Layer 32, 50, and 64 Units Evaluation Results ................................. 152 

Figure 4. 109 Curve Loss  GRU 3 Layer 32, 50, and 64 Units ........................................... 153 

Figure 4. 110 Prediction VS Actual GRU 3 Layer 32, 50, and 64 Units ............................. 153 

Figure 4. 111 Scatter Plot GRU 3 Layer 32, 50, and 64 Units ............................................ 154 

Figure 4. 112 GRU 3 Layer 3 Error Distribution 32, 50, and 64 Units ............................... 155 

Figure 4. 113 GRU 3 Layer 64, 50, and 32 Units Evaluation Results ................................. 155 

Figure 4. 114 Curve Loss  GRU 3 Layers 64, 50, and 32 Units ......................................... 156 

Figure 4. 115 Prediction VS Actual GRU 3 Layer 64, 50, and 32 Units ............................. 156 



 
 

xvi 
 

Figure 4. 116 Scatter Plot GRU 3 Layers 64, 50, and 32 Units .......................................... 157 

Figure 4. 117 GRU Error Distribution 3 Layers 64, 50, and 32 Units................................. 157 

Figure 4. 118 Comparison of Evaluation Metrics of All GRU Unit Scenarios .................... 158 

Figure 4. 119 CNN Evaluation Results ............................................................................. 160 

Figure 4. 120 CNN Loss Curve ........................................................................................ 160 

Figure 4. 121 CNN Predictions VS Actuals ...................................................................... 161 

Figure 4. 122 Scatter Plot CNN........................................................................................ 161 

Figure 4. 123 CNN Error Distribution .............................................................................. 162 

Figure 4. 124 GRU Evaluation Results ............................................................................. 163 

Figure 4. 125 GRU Loss Curve ........................................................................................ 163 

Figure 4. 126 Prediction VS Actual GRU ......................................................................... 164 

Figure 4. 127 Scatter Plot GRU........................................................................................ 164 

Figure 4. 128 GRU Error Distribution .............................................................................. 165 

Figure 4. 129 Login Page ................................................................................................. 169 

Figure 4. 130 Admin Page Manage Dataset Features ........................................................ 170 

Figure 4. 131 Admin Page Dataset Upload Feature ........................................................... 171 

Figure 4. 132 Today's Prediction Feature User Page ......................................................... 172 

Figure 4. 133 User Page Heatmap .................................................................................... 173 

Figure 4. 134 Month Prediction Feature User Page ........................................................... 174 

Figure 4. 135 User Details Page Per Day. ......................................................................... 175 

Figure 4. 136 User Details Page As Per Day In July 2021 ................................................. 176 

 

 

  



 
 

xviii 
 

LIST OF TABLES 

 

Table 2.1 Previous Studies .................................................................................................11 

Table 3. 1 Weather Dataset Per Minute in Medan City........................................................42 

Table 3.2 Computational Data Simulation ..........................................................................44 

Table 3.3 Data Simulation After Missing Value Filling ......................................................46 

Table 3. 4 Data Simulation After Smoothing ......................................................................47 

Table 3. 5 Data Simulation After Normalization .................................................................49 

Table 3.6 Data Sequence Simulation ..................................................................................50 

Table 3.7 Data Scenario Sharing ........................................................................................51 

Table 3.8 Simulating Sliding Window Data in Sequence 1..................................................53 

Table 3.9 CNN Process Results in Sequence 1, Sequence 2, and Sequence 3 .......................56 

Table 3.10 Tuning Hyperparameter GRU ...........................................................................58 

Table 3. 11 GRU Parameter Simulation .............................................................................58 

Table 3.12 GRU and Dense Layer Calculation Results .......................................................61 

Table 3. 13 Error Calculation Results for Each Sequence ....................................................61 

Table 3.14 Weight Renewal Simulation .............................................................................64 

Table 3.15 Simulation Data Test ........................................................................................66 

Table 3. 16 Hidden-State Simulations ................................................................................67 

Table 3.17 Layer Model Hyperparameter Tuning Test Scenario ..........................................70 

Table 4.1 Number of parameters and layer composition ......................................................92 

Table 4.2 Comparison of Evaluation Results of Split Data Scenario .................................. 103 

Table 4. 3 Comparison of Scenario Evaluation Results Learning Rate ............................... 111 

Table 4. 4 Comparison of Scenario Evaluation Results Batch Size .................................... 119 

Table 4. 5 Comparison of Scenario Evaluation Results Window Size ................................ 127 

Table 4. 6 Comparison of Architectural Scenario Evaluation Results CNN-GRU Variations of 

CNN ............................................................................................................................... 143 

Table 4. 7 Comparison of GRU Architecture Scenario Evaluation Results......................... 158 

Table 4. 8 Results of CNN-GRU, CNN, and GRU Model Performance Comparison ......... 165 

Table 4. 9 Optimal Parameters of Final Model ................................................................. 166 

Table 4. 10 CNN-GRU, CNN, and GRU Model Comparison ............................................ 168 

Table 4. 11 Actual Data Comparison Results and Prediction Results Website .................... 176 

 

 



 
 

xx 
 

LIST OF CODES 

 

Code 4.1 Dataset Reading ..................................................................................................76 

Code 4.2 File Merging .......................................................................................................77 

Code 4.3 Interpolation .......................................................................................................79 

Code 4.4 Smoothing ..........................................................................................................81 

Code 4.5 Normalization .....................................................................................................82 

Code 4.6 Preprocessing Data Storage .................................................................................84 

Code 4.7 Sliding Window ..................................................................................................86 

Code 4.8 Hyperparameter Configuration ............................................................................88 

Code 4.9 Split data ............................................................................................................88 

Code 4.10 Model CNN-GRU .............................................................................................90 

Code 4.11 Training Implementation ...................................................................................92 

Code 4.12 Model Evaluation Implementation .....................................................................93 

 

 

 

  



 
 

xxii 
 

LIST OF ATTACHMENT 

 

Attachment 1.Letter of Certification of Plagiarism Check Results ..................................... 188 

 


	98a00f63ef2de56311eb8f683d4353cc32e7b6cf65a54a2ddb250c6d8760a598.pdf
	f9c1c831632a7efa90825c2d3f44fa3ed8185fe98558e31b3ab1ecb4a3296ea1.pdf
	98a00f63ef2de56311eb8f683d4353cc32e7b6cf65a54a2ddb250c6d8760a598.pdf

