JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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MiHicTepcTBO OCBITU | HayKK YKpaiHU
XapKiBCbKUIM HaLLIOHAaNbHUIN YHIBEPCUTET PasioeNeKTPOHIKK
Kadenpa EOM

«ApXiTeKTypa KoMmn'IOTEPHOI CUCTEMU KEPYBaHHA
MiKpOKaimaTom 6yanMHKa 3 BUKOPUCTAHHAM 3acobiB
MaLUMHHOrO HaBYaHHA»

KBanidikauitHa poboTa
Opyruii (marictepcbKuit) piseHb

BuKoHas: KepiBHUK:
cT. rp. CMim-23-1 aou. kag. EOM
3ybeHko A.P. IBaweHKo I.C.

AKTYanbHicTb pobotu

Posnopin exeprii

TeHepauin enekTpoeHeprii

Cuctema KepyBaHHS, iKa BUKOPUCTOBYE
NPOrHo3yBaHHAYacoBUX PAAIB,
[,03BO/IAE 3HU3UTU BUTPATU Ha
eHeprocnoXXnuBaHHsA, MiHiMi3yBaTu
BM/IMB Ha JOBKINAA, @ TAKOX
3abe3neunTv KoMPOpPTHI yMOBM ANs
MeLLKaHLiB.
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IcHyroui piweHHs

Cucremu Ha ocHOBI
loT-cucremu MaLMHHOTO
HaBYaHHSA

MexaHiuHi EnexkrtpoHHi
TepmocTati TepmocTtatu

SARIMA

IHTeNeKTyaIbHi CUCTEMU € HACTYMHUM €TanoM Yy PO3BUTKY TEXHOJIOTI KepyBaHHSA
MiKPOKNiMaTOM, MOEAHYIOYM aHaNi3 BEIMKMX 0BCAriB AaHMX i3 NPOrHO3yBaHHAM Ha OCHOBI
MaLLUMHHOTO HaBYaHHSA.

TTocTaHoBKaA 3aAaaMi

MeToto poboTn € po3pobka KOMM'tOTEPHOI CUCTEMU KepyBaHHA MIKPOKAIMATOM, fAKa
CNUPAETbCA Ha 4YacoBi pAaM 3i6paHUX ICTOPUYHMX [AHUX LWOAO MIKPOKAIMaTY.
JocnigeHHA BUKOPUCTAaHHA METOAiIB MALIMHHOIMO HaBYaHHA ANA KOPOTKOCTPOKOBOFO
NMPOrHO3yBaHHA MNapameTpiB  MIKPOKAIMATy 3 MeTol ONTUMI3auii  ynpasAiHHA
cMcTeMamm onaneHHs, BEHTUAALT Ta KOHAULIOHYBAHHSA.

¢ BukopuctaHHsa moaenet ARIMA, SARIMA Ta LSTM ans aHanisy Ta BU3SHa4YeHHsA
HanedeKTUBHILIOI Moaeni NPOrHo3yBaHHA TeMMNePaTypU Ta BONIOTOCTi HA OCHOBI
YaCoBMUX PAAIB, OTPMMAHUX 3 ICTOPUYHUX AAHUX

+* Po3po6Ka cuctemu, ska aganTtye poboTy KAIMaTUYHMX CUCTEM 10 3MiH YMOB Y

ﬂpMMiLIJ,eHHi, SHUXKYHOUYU eHeprocnoXxXmnBaHHA.



Home Assistant
| T | ‘ '
. ) - . - IHTerpayin s

HepoctynHe

Vol:52,6 V
PB:2,139 kW

T 67.2% ' 4"
outow §: | -
— I ! | f
[ 691 W |
CaN——
5

NodeMCU

Arduino 3 Po3ymHa
TEPMOMETPOM Tepmorosiosa Tuya nigkntovyeHun no UART
AHT10 [0 KOHAuLioHepy
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Peanisauis nporHosysaHHs

Anroputm poboTu: Mogeni NnporHo3yBaHHA:
* 3aBaHTa)eHHA AaHUX. * ARIMA

* [ligroToBKa AaHMX. * SARIMA

e 36epekeHHA aaHux y danni. * LSTM

3anyck mogenen NnporHo3yBaHHA.

Cxema B3AeEMOAIl enemeHTIiB cuctemu
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OUiHFOBAHHA TOYHOCTI Mopaeneu NporHo3yBaHHA

[Nna ouiHIOBAaHHA TOYHOCTI MPOrHO3yBaHHA BUKOPUCTOBYBA/IMCA HACTYMHI METPUKMN:

¢ Mean Absolute Error (MAE): cepeaHs abcontoTHa NOMUAKA MiXK MPOrHO30BaHUMU Ta
GaKTUYHUMM 3HAYEHHAMM;

¢ Root Mean Square Error (RMSE): cepeaHbOKBagpaTUYHA MOMW/IKA, AKA aKLLEHTYE
yBary Ha Be/IMKUX BiAXUNEHHAX;

¢ Mean Absolute Percentage Error (MAPE): cepegHs abcontoTHa NpoLeHTHa NOMW/IKaA,

L0 AEMOHCTPYE TOYHICTb Y Bi4COTKOBOMY BUPAMKEHHI.

AHani3 pesynbraris

Pesynbtatn ARIMA Ta Pesynbtatn SARIMA Ta Pesynbtatn LSTM Ta
GaKTUYHI 3HAYEHHSA baKTUYHI 3HaYEeHHA baKTUYHI 3HaYeHHA

Mogenb LSTM Kpalle BigTBOPIOE peanbHi TpeHAM, 0cobanMBO Yy BUNAAKaX LWBUAKUX 3MiH
Temneparypu.

SARIMA Bigo6paKae Ce30HHiI KOZIMBAHHA, a/le MOXKe BiACTaBaTU MPU PiSKMUX 3MiHaX.

ARIMA peMOHCTPYE 3ara/ibHy TeHAEHLt0, ane ii TOYHICTb 0bMeXKeHa y CKNafAHUX YMOBaXx.

10



TTopiBHAHHA 3HaYeHb MeTPUK TOYHOCTI

MopisHAHHA MAE MopisHAHHA RMSE MopisHAHHA MAPE

66

Pesynbtatn nigkpecntootb nepesarn mogenenn SARIMA ta LSTM Hag ARIMA y 3apayax

NPOrHO3yBaHHA YacOBUX PAAIB, 0COBANBO ANA AAHUX i3 CKNAAHUMMU 3aNEKHOCTAMM.

OUiHIOBAHHA TOMHOCTI mofaeniew NpOrHo3yBaHHA

LSTM 0.28 0.40 2.1

BpaxyBaHHA Ce30HHOCTI BuCOKa TOUHICTb ANA CKNafHICTb Yy HaNaWTyBaHHI
NepioanYHUX AaHuUX napamertpis
LSTM HaBuaHHA Ha BEIMKKUX AaHUX BUCOKa rHYYKICTb, Bucoki o6uncntosanbHi

aflanTUBHICTb BUTPaTU

11

12



BucHosku

Po3po6neHo KOMN'tOTEPHY CUCTEMY KepyBaHHA MIKPOKNIMATOM i3 BMKOPUCTAHHAM
mogeni LSTM, Aka aBTOMATUYHO peryatoe TemnepaTtypy Ha OCHOBI AaHux i3 Home

Assistant 4yepe3 APl. Cuctema 3abesneuyye 36ip, aHania i nNPOrHO3yBaHHA
Temnepatypn, AEMOHCTPYIOUYM BWUCOKY TOYHICTb |  [A03BONAKYM  3HUIUTU
€HeprocnoXmnBaHHA.

OTpuMaHi pe3ynbTaTM NiATBEPAXKYIOTb edEeKTUBHICTb BUKOPUCTaHHA LSTM ana
NPOrHO3yBaHHA MIKPOKANIMaTy, WO CNpuAE KOMPOPTHOMY MPOXKMBAHHIO Ta
eHeproedeKTUBHOCTI.

Mopanblli fOCNIAKEHHA MOXKYTb BKAOYATU A04ATKOBI NAapamMeTpu, TaKi AK BONOTICTb i

CO;, a TaKOXX BMBYEHHA IHWMUX a/ITOPUTMIB MALLMHHOIO HaBYaHHA ANA NOPIBHAHHA
iXHbOT e(eKTUBHOCTI.

13
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using
using
using
using
using
using
using
using
using
using
using
using
using
using
using
using
using
using

JIOJIATOK B

Buxigauit kog po3po0eHOro MpOorpaMHOTo 3acoly

Newtonsoft.Json;
System.Data;
System.Windows.Forms;
static DiplomMagistr.Forml;
Microsoft.ML;
Microsoft.ML.Data;
Microsoft.ML.Transforms.TimeSeries;
Keras.Layers;

Keras.Models;

Keras.Models;

Keras.Layers;
Keras.Optimizers;

Numpy;

System;
System.Collections.Generic;
System.Ling;
System.Windows.Forms;
Keras;

namespace DiplomMagistr

{

public partial class Forml : Form

{

public Forml ()

{
InitializeComponent () ;
//InitializePictureBox () ;

}

private void InitializePictureBox()

{
this.pictureBoxl = new PictureBox () ;
this.pictureBoxl.Location = new Point (10, 10);
this.pictureBoxl.Size = new Size (800, 400);
this.pictureBoxl.BackColor = Color.White;
this.Controls.Add(this.pictureBoxl) ;

private async void buttonl 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);

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

{
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time



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);
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// 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 predictionInlOMinutes = predictedSeries.Length
> 0 ? predictedSeries[0] : float.NaN;
float predictionInlHour = predictedSeries.Length >=
6 ? predictedSeries[6] : float.NaN;

// Display result in TextBox

textBoxl.AppendText ($"Predicted temperature in 10
minutes: {predictionInlOMinutes} °C\n" + Environment.NewLine) ;

textBoxl.AppendText ($"Predicted temperature in 1
hour: {predictionInlHour} °C\n" + Environment.NewLine);

// Scroll TextBox to the last line
textBoxl.SelectionStart = textBoxl.Text.Length;
textBox1l.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 = wvalue }).TolList():;

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 (pictureBoxl.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 = pictureBoxl.Width - 2 * margin;
int graphHeight = pictureBoxl.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 1s 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 yl = pictureBoxl.Height - margin -
(historicalData[i] .AverageValue - minValue) * yScale;

float x2 = margin + (i + 1) * xStepHistorical;
float y2 = pictureBoxl.Height - margin -
(historicalbData[i + 1].AverageValue - minValue) * yScale;

g.DrawlLine (penHistorical, x1, yl, x2, v2);

// X-axis labels for historical data (only when
the day changes)
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if (historicalData[i].Time.Date !=
lastDate.Date)

lastDate = historicalDatal[i].Time;

g.DrawString (historicalData[i] .Time.ToString ("MM-dd"), font,
brush, x1 - 20, pictureBoxl.Height - margin + 5);
}
}

// Draw predicted data (in red)
lastDate = DateTime.MinValue; // Track day changes
for predicted data as well
for (int 1 = 0; i < forecastedData.Length - 1; i++)
{
float x1 = xOffsetPredicted + 1 *
xStepHistorical;
float yl = pictureBoxl.Height - margin -
(forecastedData[i] - minValue) * yScale;

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

float y2 = pictureBoxl.Height - margin -
(forecastedDatal[i + 1] - minValue) * yScale;

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

// X-axis labels for predicted data (only when
the day changes)
DateTime predictedTime =
historicalData.lLast () .Time.AddMinutes((i + 1) * 10);
if (predictedTime.Date != lastDate.Date)
{
lastDate = predictedTime;
g.DrawString (predictedTime.ToString ("MM-
dd"), font, brush, x1 - 20, pictureBoxl.Height - margin + 5);
}
}

// Display the graph in PictureBox
pictureBoxl.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 1 = 1; i <= numVerticallines; 1i++)

{
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int x = margin + i * graphWidth /
numVerticallines;
g.DrawlLine (gridPen, x, margin, x, margin +
graphHeight) ;
}

// Horizontal grid lines
for (int 1 = 1; i <= numHorizontallines; 1++)
{
int y = margin + 1 * graphHeight /
numHorizontallines;
g.DrawlLine (gridPen, margin, y, margin +
graphWidth, vy);
}
}

// 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 =
"eyJhbGci0iJIUzIINiIsInR5cCI6IkpXVCI9.eyJpc3MiOiI4ANmMNiOTY4NTM3ND
YONzFi0OTc4ZjBkMDdiZWNhODUS5YiIsImlhdCI6MTcyNzAONzU4NSwiZXhwIjoyMD
QyNDA3NTglfQ.veVXKUc43MWbpnZJeYtmEcQS4-VAVOeylz68-b9Wfrc"; //
Your token

string entityId = "sensor.room temperature"; //

Your sensor 1D
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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/Jjson") ;

string apiUrl =
$"/api/history/period/{startTime.ToString ("yyyy-MM-
ddTHH:mm:ss") }?filter entity id={entityId}é&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 (statelList); //
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(".", ",")))

})
.TolList (); // Convert to list

// Call save method by passing
List<GroupedData>

// Scroll the TextBox to the last line

textBoxl.SelectionStart =
textBoxl.Text.Length;

textBox1l.ScrollToCaret () ;

// Save data to a file named by current
date
if (startTime.Date != DateTime.Now.Date)

{

SaveDataToJdsonFile (groupedData,
filename) ;

groupedDataReturn =
ReadDataFromJsonFile (filename) ;

}

else

{

groupedDataReturn groupedData;

}

else
{
textBoxl.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 SaveDataToJdsonFile (List<GroupedData> data,
string fileName)
{
try
{

string json = JsonConvert.SerializeObject (data,
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Formatting.Indented) ;
File.WriteAllText (fileName, Jjson);

textBox1.AppendText ($"Data successfully saved to
file {fileName}\n" + Environment.NewLine) ;

}

catch (Exception ex)

{
textBoxl.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

{
textBoxl.AppendText ($"File {fileName} not

found.\n" + Environment.NewlLine) ;
return new List<GroupedData>(); // Return

empty list

}

catch (Exception ex)

{
textBoxl.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, wverbose: 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)

{

i++)

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

for (int i = 0; 1 < data.Length - sequencelength;

{

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

y.Add (datal[i + sequencelengthl]);
}

NDarray X train =

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

NDarray y train = np.array(y.ToArray()):;

return (X train, y train);



