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ДОДАТОК А 

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

Вихідний код розробленого програмного засобу 

 

 

using Newtonsoft.Json; 

using System.Data; 

using System.Windows.Forms; 

using static DiplomMagistr.Form1; 

using Microsoft.ML; 

using Microsoft.ML.Data; 

using Microsoft.ML.Transforms.TimeSeries; 

using Keras.Layers; 

using Keras.Models; 

using Keras.Models; 

using Keras.Layers; 

using Keras.Optimizers; 

using Numpy; 

using System; 

using System.Collections.Generic; 

using System.Linq; 

using System.Windows.Forms; 

using Keras; 

 

namespace DiplomMagistr 

{ 

    public partial class Form1 : Form 

    { 

        public Form1() 

        { 

            InitializeComponent(); 

            //InitializePictureBox(); 

        } 

        private void InitializePictureBox() 

        { 

            this.pictureBox1 = new PictureBox(); 

            this.pictureBox1.Location = new Point(10, 10); 

            this.pictureBox1.Size = new Size(800, 400); 

            this.pictureBox1.BackColor = Color.White; 

            this.Controls.Add(this.pictureBox1); 

        } 

 

        private async void button1_Click(object sender, 

EventArgs e) 

        { 

            // Load data for the last 14 days 

            List<GroupedData> groupedDatas = new 

List<GroupedData>(); 

            for (DateTime time = DateTime.Now.AddDays(-20); time 

<= DateTime.Now; time = time.AddDays(1)) 

            { 
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                List<GroupedData> groupedData = await 

loadDay(time); 

                groupedDatas.AddRange(groupedData); 

            } 

 

            // Example input data 

            float[] inputSeries = groupedDatas.Select(g => 

g.AverageValue).ToArray(); 

 

            // Window size for time series 

            int windowSize = 144; 

 

            // Number of predicted values 

            int horizon = 144; 

 

            // Predict 144 values 

            float[] predictedSeries = Forecast(inputSeries, 

windowSize, horizon); 

 

            // Draw the graph of previous and predicted values 

            DrawGraph(groupedDatas, predictedSeries); 

            // Display predicted temperature in 10 minutes and 1 

hour 

            DisplayPredictions(predictedSeries); 

 

        } 

        private void DisplayPredictions(float[] predictedSeries) 

        { 

            // Calculate forecast for 10 minutes and 1 hour (10 

minutes = 1 step, 1 hour = 6 steps) 

            float predictionIn10Minutes = predictedSeries.Length 

> 0 ? predictedSeries[0] : float.NaN; 

            float predictionIn1Hour = predictedSeries.Length >= 

6 ? predictedSeries[6] : float.NaN; 

 

            // Display result in TextBox 

            textBox1.AppendText($"Predicted temperature in 10 

minutes: {predictionIn10Minutes} °C\n" + Environment.NewLine); 

            textBox1.AppendText($"Predicted temperature in 1 

hour: {predictionIn1Hour} °C\n" + Environment.NewLine); 

 

            // Scroll TextBox to the last line 

            textBox1.SelectionStart = textBox1.Text.Length; 

            textBox1.ScrollToCaret(); 

        } 

 

        public static float[] Forecast(float[] series, int 

windowSize, int horizon) 

        { 

            // Create ML.NET context 

            MLContext mlContext = new MLContext(); 

 

            // Convert input data to ML.NET data format 
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            var data = series.Select((value, index) => new 

TimeSeriesData { Value = value }).ToList(); 

            IDataView dataView = 

mlContext.Data.LoadFromEnumerable(data); 

 

            // Configure the training process with an increased 

window size 

            var pipeline = mlContext.Forecasting.ForecastBySsa( 

                outputColumnName: "ForecastedValues", 

                inputColumnName: "Value", 

                windowSize: windowSize, // Increase window size, 

e.g., to 288 

                seriesLength: series.Length, 

                trainSize: series.Length, // Use all data for 

training 

                horizon: horizon, // Predict for one day (144 

points) 

                confidenceLevel: 0.95f, 

                confidenceLowerBoundColumn: "LowerBoundValues", 

                confidenceUpperBoundColumn: "UpperBoundValues"); 

 

            // Train the model 

            var model = pipeline.Fit(dataView); 

 

            // Create a forecasting engine 

            var forecastingEngine = 

model.CreateTimeSeriesEngine<TimeSeriesData, 

ForecastOutput>(mlContext); 

 

            // Get the forecast 

            var forecast = forecastingEngine.Predict(); 

 

            // Return the predicted values as an array 

            return forecast.ForecastedValues; 

        } 

 

        private void DrawGraph(List<GroupedData> historicalData, 

float[] forecastedData) 

        { 

            Bitmap bitmap = new Bitmap(pictureBox1.Width, 

pictureBox1.Height); 

            Graphics g = Graphics.FromImage(bitmap); 

 

            // Clear the background 

            g.Clear(Color.White); 

 

            Pen penHistorical = new Pen(Color.Blue, 2); // Draw 

historical data in blue 

            Pen penPredicted = new Pen(Color.Red, 2);   // Draw 

predicted data in red 

            Pen penGrid = new Pen(Color.LightGray, 1); 

            Font font = new Font("Arial", 8); 

            Brush brush = Brushes.Black; 
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            int margin = 40; 

            int graphWidth = pictureBox1.Width - 2 * margin; 

            int graphHeight = pictureBox1.Height - 2 * margin; 

 

            // Determine the minimum and maximum values for 

proper scaling 

            float maxValue = Math.Max(historicalData.Max(d => 

d.AverageValue), forecastedData.Max()); 

            float minValue = Math.Min(historicalData.Min(d => 

d.AverageValue), forecastedData.Min()); 

 

            // If minValue is too close to maxValue, set minimum 

boundaries 

            if (minValue == maxValue) 

            { 

                minValue -= 1; 

                maxValue += 1; 

            } 

 

            // Scaling for Y-axis 

            float yScale = graphHeight / (maxValue - minValue); 

 

            // Scaling for X-axis for historical data 

            float xStepHistorical = (float)graphWidth / 

(historicalData.Count + forecastedData.Length - 1); // To 

account for predicted data as well 

 

            // Starting X-coordinate for predicted data 

            float xOffsetPredicted = margin + 

(historicalData.Count - 1) * xStepHistorical; 

 

            // Draw the grid 

            DrawGrid(g, margin, graphWidth, graphHeight, 

penGrid); 

 

            // Draw historical data (in blue) 

            DateTime lastDate = DateTime.MinValue; // For 

tracking day changes 

            for (int i = 0; i < historicalData.Count - 1; i++) 

            { 

                float x1 = margin + i * xStepHistorical; 

                float y1 = pictureBox1.Height - margin - 

(historicalData[i].AverageValue - minValue) * yScale; 

 

                float x2 = margin + (i + 1) * xStepHistorical; 

                float y2 = pictureBox1.Height - margin - 

(historicalData[i + 1].AverageValue - minValue) * yScale; 

 

                g.DrawLine(penHistorical, x1, y1, x2, y2); 

 

                // X-axis labels for historical data (only when 

the day changes) 
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                if (historicalData[i].Time.Date != 

lastDate.Date) 

                { 

                    lastDate = historicalData[i].Time; 

                    

g.DrawString(historicalData[i].Time.ToString("MM-dd"), font, 

brush, x1 - 20, pictureBox1.Height - margin + 5); 

                } 

            } 

 

            // Draw predicted data (in red) 

            lastDate = DateTime.MinValue; // Track day changes 

for predicted data as well 

            for (int i = 0; i < forecastedData.Length - 1; i++) 

            { 

                float x1 = xOffsetPredicted + i * 

xStepHistorical; 

                float y1 = pictureBox1.Height - margin - 

(forecastedData[i] - minValue) * yScale; 

 

                float x2 = xOffsetPredicted + (i + 1) * 

xStepHistorical; 

                float y2 = pictureBox1.Height - margin - 

(forecastedData[i + 1] - minValue) * yScale; 

 

                g.DrawLine(penPredicted, x1, y1, x2, y2); 

 

                // X-axis labels for predicted data (only when 

the day changes) 

                DateTime predictedTime = 

historicalData.Last().Time.AddMinutes((i + 1) * 10); 

                if (predictedTime.Date != lastDate.Date) 

                { 

                    lastDate = predictedTime; 

                    g.DrawString(predictedTime.ToString("MM-

dd"), font, brush, x1 - 20, pictureBox1.Height - margin + 5); 

                } 

            } 

 

            // Display the graph in PictureBox 

            pictureBox1.Image = bitmap; 

        } 

 

        // Method for drawing the grid 

        private void DrawGrid(Graphics g, int margin, int 

graphWidth, int graphHeight, Pen gridPen) 

        { 

            int numHorizontalLines = 10; 

            int numVerticalLines = 10; 

 

            // Vertical grid lines 

            for (int i = 1; i <= numVerticalLines; i++) 

            { 



73 

 

                int x = margin + i * graphWidth / 

numVerticalLines; 

                g.DrawLine(gridPen, x, margin, x, margin + 

graphHeight); 

            } 

 

            // Horizontal grid lines 

            for (int i = 1; i <= numHorizontalLines; i++) 

            { 

                int y = margin + i * graphHeight / 

numHorizontalLines; 

                g.DrawLine(gridPen, margin, y, margin + 

graphWidth, y); 

            } 

        } 

 

        // Data class for input values 

        public class TimeSeriesData 

        { 

            public float Value { get; set; } 

        } 

 

        // Data class for output values 

        public class ForecastOutput 

        { 

            public float[] ForecastedValues { get; set; } 

            public float[] LowerBoundValues { get; set; } 

            public float[] UpperBoundValues { get; set; } 

        } 

        public async Task<List<GroupedData>> loadDay(DateTime 

startTime) 

        { 

            string filename = 

$"Data/SensorData_{startTime.ToString("yyyy-MM-dd")}.json"; 

            List<GroupedData> groupedDataReturn = new 

List<GroupedData>(); 

            if (File.Exists(filename)) 

            { 

                groupedDataReturn = 

ReadDataFromJsonFile(filename); 

            } 

            else 

            { 

                string homeAssistantUrl = 

"http://192.168.1.135:8123"; // Your Home Assistant address 

                string token = 

"eyJhbGciOiJIUzI1NiIsInR5cCI6IkpXVCJ9.eyJpc3MiOiI4NmNiOTY4NTM3ND

Y0NzFiOTc4ZjBkMDdiZWNhODU5YiIsImlhdCI6MTcyNzA0NzU4NSwiZXhwIjoyMD

QyNDA3NTg1fQ.veVXKUc43MWbpnZJeYtmEcQS4-VAV0eylz68-b9Wfrc"; // 

Your token 

                string entityId = "sensor.room_temperature"; // 

Your sensor ID 
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//DateTime startTime = DateTime.Parse("2024-09-22T00:00:00"); // 

Day start 

 

                HttpClient client = new HttpClient(); 

                

client.DefaultRequestHeaders.Add("Authorization", $"Bearer 

{token}"); 

                client.DefaultRequestHeaders.Add("Accept", 

"application/json"); 

 

                string apiUrl = 

$"/api/history/period/{startTime.ToString("yyyy-MM-

ddTHH:mm:ss")}?filter_entity_id={entityId}&minimal_response"; 

 

                HttpResponseMessage response = await 

client.GetAsync(homeAssistantUrl + apiUrl); 

 

                if (response.IsSuccessStatusCode) 

                { 

                    string jsonResponse = await 

response.Content.ReadAsStringAsync(); 

 

                    // Deserialize JSON into list of SensorState 

objects 

                    var data = 

JsonConvert.DeserializeObject<List<List<SensorState>>>(jsonRespo

nse); 

 

                    if (data != null && data.Count > 0) 

                    { 

                        List<SensorState> allData = new 

List<SensorState>(); 

                        // Process each object in the array 

                        foreach (var stateList in data) // Since 

you receive arrays of arrays 

                        { 

                            allData.AddRange(stateList); // 

Combine all data into one list 

                        } 

 

                        // Group data into 10-minute intervals 

                        var groupedData = allData 

                            .Where(x => 

float.TryParse(x.State.Replace(".", ","), out _)) // Filter 

values that can be parsed as float 

                            .GroupBy(x => new 

DateTime(x.LastChanged.Year, x.LastChanged.Month, 

x.LastChanged.Day, x.LastChanged.Hour, x.LastChanged.Minute / 10 

* 10, 0)) // Group by 10-minute intervals 

                            .Select(g => new GroupedData // Use 

an explicit class instead of an anonymous type 

                            { 

                                Time = g.Key, 
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                                AverageValue = g.Average(x => 

float.Parse(x.State.Replace(".", ","))) 

                            }) 

                            .ToList(); // Convert to list 

 

                        // Call save method by passing 

List<GroupedData> 

 

                        // Scroll the TextBox to the last line 

                        textBox1.SelectionStart = 

textBox1.Text.Length; 

                        textBox1.ScrollToCaret(); 

 

                        // Save data to a file named by current 

date 

                        if (startTime.Date != DateTime.Now.Date) 

                        { 

                            SaveDataToJsonFile(groupedData, 

filename); 

                            groupedDataReturn = 

ReadDataFromJsonFile(filename); 

                        } 

                        else 

                        { 

                            groupedDataReturn = groupedData; 

                        } 

                    } 

                    else 

                    { 

                        textBox1.AppendText($"No data found for 

{startTime.ToString("yyyy-MM-ddTHH:mm:ss")}\n" + 

Environment.NewLine); 

                    } 

                } 

                else 

                { 

                    textBox1.AppendText($"Request error: 

{response.StatusCode}\n" + Environment.NewLine); 

                } 

            } 

            return groupedDataReturn; 

        } 

        public class GroupedData 

        { 

            public DateTime Time { get; set; } 

            public float AverageValue { get; set; } 

        } 

        private void SaveDataToJsonFile(List<GroupedData> data, 

string fileName) 

        { 

            try 

            { 

                string json = JsonConvert.SerializeObject(data, 
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Formatting.Indented); 

                File.WriteAllText(fileName, json); 

                textBox1.AppendText($"Data successfully saved to 

file {fileName}\n" + Environment.NewLine); 

            } 

            catch (Exception ex) 

            { 

                textBox1.AppendText($"Error saving data to file: 

{ex.Message}\n" + Environment.NewLine); 

            } 

        } 

 

        private List<GroupedData> ReadDataFromJsonFile(string 

fileName) 

        { 

            try 

            { 

                if (File.Exists(fileName)) 

                { 

            // Read file content 

                    string json = File.ReadAllText(fileName); 

 

            // Deserialize JSON into list of GroupedData objects 

                    var data = 

JsonConvert.DeserializeObject<List<GroupedData>>(json); 

 

            // Display data in TextBox (if needed to display) 

                    textBox1.AppendText($"Data from file 

{fileName}:\n" + Environment.NewLine); 

 

                    // Return data 

                    return data; 

                } 

                else 

                { 

                    textBox1.AppendText($"File {fileName} not 

found.\n" + Environment.NewLine); 

                    return new List<GroupedData>(); // Return 

empty list 

                } 

            } 

            catch (Exception ex) 

            { 

                textBox1.AppendText($"Error reading data from 

file: {ex.Message}\n" + Environment.NewLine); 

                return new List<GroupedData>(); // Return empty 

list in case of error 

            } 

        } 

 

        // Class for deserializing the response 

        public class SensorState 

        { 
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            [JsonProperty("entity_id")] 

            public string EntityId { get; set; } 

 

            [JsonProperty("state")] 

            public string State { get; set; } 

 

            [JsonProperty("last_changed")] 

            public DateTime LastChanged { get; set; } 

        } 

 

        private async void button2_Click(object sender, 

EventArgs e) 

        { 

            List<GroupedData> groupedDatas = new 

List<GroupedData>(); 

            for (DateTime time = DateTime.Now.AddDays(-20); time 

<= DateTime.Now; time = time.AddDays(1)) 

            { 

                List<GroupedData> groupedData = await 

loadDay(time); 

                groupedDatas.AddRange(groupedData); 

            } 

 

            float[] inputSeries = groupedDatas.Select(g => 

g.AverageValue).ToArray(); 

 

            var (X_train, y_train) = 

PrepareDataForLSTM(inputSeries, sequenceLength: 10); 

 

            var model = BuildLSTMModel(); 

            model.Compile(optimizer: new Adam(), loss: 

"mean_squared_error"); 

            model.Fit(X_train, y_train, batch_size: 32, epochs: 

50, verbose: 1); 

            NDarray prediction = model.Predict(X_train); 

            float[] predictedSeries = 

prediction.GetData<float>(); 

 

            // Draw the graph of previous and predicted values 

            DrawGraph(groupedDatas, predictedSeries); 

 

            DisplayPredictions(predictedSeries); 

        } 

        private static Sequential BuildLSTMModel() 

        { 

            var model = new Sequential(); 

 

            // LSTM 

            model.Add(new LSTM(50, return_sequences: true, 

input_shape: new Shape(10, 1))); 

            model.Add(new LSTM(50, return_sequences: false)); 

            model.Add(new Dense(25)); 

            model.Add(new Dense(1)); 
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            return model; 

        } 

 

        private (NDarray, NDarray) PrepareDataForLSTM(float[] 

data, int sequenceLength) 

        { 

            List<NDarray> X = new List<NDarray>(); 

            List<float> y = new List<float>(); 

 

            for (int i = 0; i < data.Length - sequenceLength; 

i++) 

            {                

X.Add(np.array(data.Skip(i).Take(sequenceLength).ToArray())); 

                y.Add(data[i + sequenceLength]); 

            } 

 

            NDarray X_train = 

np.array(X.ToArray()).reshape(X.Count, sequenceLength, 1); 

            NDarray y_train = np.array(y.ToArray()); 

 

            return (X_train, y_train); 

        } 

    } 

} 


