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LAMPIRAN 

1. Program Pembacaan Data Sensor dan Pengiriman Data Bluetooth pada 

Mikrokontroler 

#include "BluetoothSerial.h" 

 

String device_name = "EMG Device"; 

 

#if !defined(CONFIG_BT_ENABLED) || !defined(CONFIG_BLUEDROID_ENABLED) 

#error Bluetooth is not enabled! Please run `make menuconfig` to and enable it 

#endif 

 

#if !defined(CONFIG_BT_SPP_ENABLED) 

#error Serial Bluetooth not available or not enabled. It is only available for the ESP32 

chip. 

#endif 

 

// AD8232 PIN 

#define OUT 27 

#define LOm 26 

#define LOp 25 

 

BluetoothSerial SerialBT; 

 

// Handle received and sent message 

String message = ""; 

String serialStr = ""; 

char incomingChar; 

 

int value = 0; 

 

String valueString = ""; 

 

bool reading = false; 

bool showing = false; 

 

void setup() { 

  Serial.begin(115200); 

  SerialBT.begin(device_name); //Bluetooth device name 

 

  uint8_t mac_arr[6]; // Byte array to hold the MAC address from getBtAddress() 
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  BTAddress mac_obj; // Object holding instance of BTAddress with the MAC (for 

more details see libraries/BluetoothSerial/src/BTAddress.h) 

  String mac_str; // String holding the text version of MAC in format 

AA:BB:CC:DD:EE:FF 

 

  SerialBT.getBtAddress(mac_arr); // Fill in the array 

  mac_obj = SerialBT.getBtAddressObject(); // Instantiate the object 

  mac_str = SerialBT.getBtAddressString(); // Copy the string 

 

  Serial.print("This device is instantiated with name "); Serial.println(device_name); 

  Serial.print("The mac address using string: "); Serial.println(mac_str.c_str()); 

 

  // Init AD8232 

  pinMode(LOm, INPUT); 

  pinMode(LOp, INPUT); 

} 

 

void loop() { 

  // Get data sensor 

  if (!((digitalRead(LOm) == 1) || (digitalRead(LOp) == 1))) { 

    value = analogRead(OUT); 

  } 

 

  // Start send data sensor if reading is true 

  if (reading) { 

    valueString = String(value); 

    Serial.println(valueString); 

    SerialBT.println(valueString); 

  } 

 

  // Read received messages 

  if (SerialBT.available()) { 

    char incomingChar = SerialBT.read(); 

    if (incomingChar != '\n'){ 

      message += String(incomingChar); 

    } 

    else{ 

      message = ""; 

    } 

    Serial.println(message); 

  } 

 

  // Check if message is "#Start#" 

  if (message == "#Start#") { 
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    reading = true; 

  } 

 

  // Check if message is "#Stop#" 

  if (message == "#Stop#") { 

    reading = false; 

  } 

 

  // Read serial message 

  if (Serial.available()) { 

    serialStr = Serial.readString(); 

    int index = serialStr.length(); 

    serialStr.remove(index-1); 

  } 

 

  // Check if serial message is "#Start#" 

  if (serialStr == "#Start#") { 

    showing = true; 

  } 

 

  // Check if serial message is "#Stop#" 

  if (serialStr == "#Stop#") { 

    showing = false; 

  } 

 

  // Start show data sensor if showing is true 

  if (showing) { 

    valueString = String(value); 

    Serial.println(valueString); 

  } 

 

  delay(1); 

} 

  



80 
 

2. Program Pembacaan Data Bluetooth pada Aplikasi VR 

public void ReadDataSensor() 

{ 

    if (Application.platform != RuntimePlatform.Android) 

        return; 

     

    datas = new List<string>(); 

    dataSize = 15000; 

    dataIter = 0; 

 

    if (isConnected) 

    { 

        display.text += "Wait for reading...\n"; 

         

        isReading = true; 

        BluetoothConnector.CallStatic("WriteData", "#Start#\n"); 

    } 

} 

 

public void ReadData(string data) 

{ 

    Debug.Log("BT Stream: " + data); 

 

    if (isReading) 

    { 

        dataReceived.text = data; 

        datas.Add(data); 

        dataIter++; 

        float recordProgressVal = (float) dataIter / (float) dataSize; 

        recordProgress.text = recordProgressVal.ToString(); 

 

        // stop if data size completed 

        if (dataIter == dataSize) 

        { 

            isReading = false; 

            BluetoothConnector.CallStatic("WriteData", "#Stop#\n"); 

            display.text += "Sensor data reading completed\n"; 

            StoreData(); 

        } 

    } 

} 
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3. Program Ekstraksi Fitur 

Mean (ME) 

 

public double ME(List<double> datas, int? num = null) 

{ 

    double data = 0; 

    foreach (var dat in datas) 

    { 

        data += dat; 

    } 

    data /= datas.Count; 

    if (num != null) 

        data = Simplification(data, (int)num); 

 

    return data; 

} 

public List<double> ME(List<double> datas, int length, int? num = null) 

{ 

    var newDatas = new List<double>(); 

    for (int i = 0; i < datas.Count; i += length) 

    { 

        var dataRange = datas.GetRange(i, length); 

        var me = ME(dataRange, num); 

        newDatas.Add(me); 

    } 

 

    return newDatas; 

} 

 

Root Mean Square (RMS) 

 

public double RMS(List<double> datas, int? num = null) 

{ 

    double data = 0; 

    foreach (var dat in datas) 

    { 

        data += Math.Pow(dat, 2); 

    } 

    data = Math.Sqrt(data); 

    data /= datas.Count; 

    if (num != null) 

        data = Simplification(data, (int)num); 



82 
 

 

    return data; 

} 

public List<double> RMS(List<double> datas, int length, int? num = null) 

{ 

    var newDatas = new List<double>(); 

    for (int i = 0; i < datas.Count; i += length) 

    { 

        var dataRange = datas.GetRange(i, length); 

        var rms = RMS(dataRange, num); 

        newDatas.Add(rms); 

    } 

 

    return newDatas; 

} 

 

Slope Sign Change (SSC) 

 

public double SSC(List<double> datas, int? num = null) 

{ 

    double data = 0; 

    for (int j = 1; j < datas.Count - 2; j++) 

    { 

        data += FunSSC((datas[j+1] - datas[j]) * (datas[j] - datas[j-1])); 

    } 

    if (num != null) 

        data = Simplification(data, (int)num); 

 

    return data; 

} 

public List<double> SSC(List<double> datas, int length, int? num = null) 

{ 

    var newDatas = new List<double>(); 

    for (int i = 0; i < datas.Count; i += length) 

    { 

        var dataRange = datas.GetRange(i, length); 

        var ssc = SSC(dataRange, num); 

        newDatas.Add(ssc); 

    } 

 

    return newDatas; 

} 
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Simple Square Integral (SSI) 

 

public double SSI(List<double> datas, int? num = null) 

{ 

    double data = 0; 

    foreach (var dat in datas) 

    { 

        data += Math.Pow(dat, 2); 

    } 

    data /= datas.Count; 

    if (num != null) 

        data = Simplification(data, (int)num); 

 

    return data; 

} 

public List<double> SSI(List<double> datas, int length, int? num = null) 

{ 

    var newDatas = new List<double>(); 

    for (int i = 0; i < datas.Count; i += length) 

    { 

        var dataRange = datas.GetRange(i, length); 

        var ssi = SSI(dataRange, num); 

        newDatas.Add(ssi); 

    } 

 

    return newDatas; 

} 

 

Variance (VAR) 

 

public double VAR(List<double> datas, int? num = null) 

{ 

    double data = 0; 

    foreach (var dat in datas) 

    { 

        data += Math.Pow(dat, 2); 

    } 

    data /= datas.Count - 1; 

    if (num != null) 

        data = Simplification(data, (int)num); 

 

    return data; 

} 

public List<double> VAR(List<double> datas, int length, int? num = null) 
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{ 

    var newDatas = new List<double>(); 

    for (int i = 0; i < datas.Count; i += length) 

    { 

        var dataRange = datas.GetRange(i, length); 

        var data = VAR(dataRange, num); 

        newDatas.Add(data); 

    } 

 

    return newDatas; 

} 

 

Waveform Length (WL) 

 

public double WL(List<double> datas, int? num = null) 

{ 

    double data = 0; 

    for (int j = 0; j < datas.Count - 1; j++) 

    { 

        data += Math.Abs(datas[j+1] - datas[j]); 

    } 

    if (num != null) 

        data = Simplification(data, (int)num); 

 

    return data; 

} 

public List<double> WL(List<double> datas, int length, int? num = null) 

{ 

    var newDatas = new List<double>(); 

    for (int i = 0; i < datas.Count; i += length) 

    { 

        var dataRange = datas.GetRange(i, length); 

        var wl = WL(dataRange, num); 

        newDatas.Add(wl); 

    } 

 

    return newDatas; 

} 

 

  



85 
 

4. Program Pemrosesan Data dengan Ekstraksi Fitur 

int meNum = 3; 

int rmsNum = 2; 

int sscNum = 0; 

int ssiNum = 6; 

int varNum = 6; 

int wlNum = 4; 

 

int feLength = 150; 

 

Ekstraksi fitur berurut 

 

// feature extraction: Mean 

var meFingerIndex = FeatureExtraction.ME(doubleFingerIndex, feLength, num: 

meNum); 

var meFingerThumb = FeatureExtraction.ME(doubleFingerThumb, feLength, num: 

meNum); 

var meHandClose = FeatureExtraction.ME(doubleHandClose, feLength, num: 

meNum); 

var meHandOpen = FeatureExtraction.ME(doubleHandOpen, feLength, num: 

meNum); 

 

// feature extraction: Root Mean Square 

var rmsFingerIndex = FeatureExtraction.RMS(doubleFingerIndex, feLength, num: 

rmsNum); 

var rmsFingerThumb = FeatureExtraction.RMS(doubleFingerThumb, feLength, num: 

rmsNum); 

var rmsHandClose = FeatureExtraction.RMS(doubleHandClose, feLength, num: 

rmsNum); 

var rmsHandOpen = FeatureExtraction.RMS(doubleHandOpen, feLength, num: 

rmsNum); 

 

// feature extraction: Slope Sign Change 

var sscFingerIndex = FeatureExtraction.SSC(doubleFingerIndex, feLength, num: 

sscNum); 

var sscFingerThumb = FeatureExtraction.SSC(doubleFingerThumb, feLength, num: 

sscNum); 

var sscHandClose = FeatureExtraction.SSC(doubleHandClose, feLength, num: 

sscNum); 

var sscHandOpen = FeatureExtraction.SSC(doubleHandOpen, feLength, num: 

sscNum); 
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// feature extraction: Simple Square Integral 

var ssiFingerIndex = FeatureExtraction.SSI(doubleFingerIndex, feLength, num: 

ssiNum); 

var ssiFingerThumb = FeatureExtraction.SSI(doubleFingerThumb, feLength, num: 

ssiNum); 

var ssiHandClose = FeatureExtraction.SSI(doubleHandClose, feLength, num: 

ssiNum); 

var ssiHandOpen = FeatureExtraction.SSI(doubleHandOpen, feLength, num: 

ssiNum); 

 

// feature extraction: Variace 

var varFingerIndex = FeatureExtraction.VAR(doubleFingerIndex, feLength, num: 

varNum); 

var varFingerThumb = FeatureExtraction.VAR(doubleFingerThumb, feLength, num: 

varNum); 

var varHandClose = FeatureExtraction.VAR(doubleHandClose, feLength, num: 

varNum); 

var varHandOpen = FeatureExtraction.VAR(doubleHandOpen, feLength, num: 

varNum); 

 

// feature extraction: Waveform Length 

var wlFingerIndex = FeatureExtraction.WL(doubleFingerIndex, feLength, num: 

wlNum); 

var wlFingerThumb = FeatureExtraction.WL(doubleFingerThumb, feLength, num: 

wlNum); 

var wlHandClose = FeatureExtraction.WL(doubleHandClose, feLength, num: 

wlNum); 

var wlHandOpen = FeatureExtraction.WL(doubleHandOpen, feLength, num: 

wlNum); 

 

Ekstraksi Fitur Acak 

 

int dataCount = 15000; 

int extrCount = (dataCount / feLength) * 5; 

 

// run feature extraction 

int iter = 0; 

while (iter < extrCount) 

{ 

    // set index 

    int index = Random.Range(0, dataCount - feLength); 

 

    // get data range 

    var dataFingerIndex = doubleFingerIndex.GetRange(index, feLength); 
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    var dataFingerThumb = doubleFingerThumb.GetRange(index, feLength); 

    var dataHandClose = doubleHandClose.GetRange(index, feLength); 

    var dataHandOpen = doubleHandOpen.GetRange(index, feLength); 

 

    // fe: Mean 

    var meFingerIndex = FeatureExtraction.ME(dataFingerIndex, num: meNum); 

    var meFingerThumb = FeatureExtraction.ME(dataFingerThumb, num: meNum); 

    var meHandClose = FeatureExtraction.ME(dataHandClose, num: meNum); 

    var meHandOpen = FeatureExtraction.ME(dataHandOpen, num: meNum); 

 

    // fe: Root Mean Square 

    var rmsFingerIndex = FeatureExtraction.RMS(dataFingerIndex, num: rmsNum); 

    var rmsFingerThumb = FeatureExtraction.RMS(dataFingerThumb, num: 

rmsNum); 

    var rmsHandClose = FeatureExtraction.RMS(dataHandClose, num: rmsNum); 

    var rmsHandOpen = FeatureExtraction.RMS(dataHandOpen, num: rmsNum); 

 

    // fe: Slope Sign Change 

    var sscFingerIndex = FeatureExtraction.SSC(dataFingerIndex, num: sscNum); 

    var sscFingerThumb = FeatureExtraction.SSC(dataFingerThumb, num: sscNum); 

    var sscHandClose = FeatureExtraction.SSC(dataHandClose, num: sscNum); 

    var sscHandOpen = FeatureExtraction.SSC(dataHandOpen, num: sscNum); 

 

    // fe: Simple Square Integral 

    var ssiFingerIndex = FeatureExtraction.SSI(dataFingerIndex, num: ssiNum); 

    var ssiFingerThumb = FeatureExtraction.SSI(dataFingerThumb, num: ssiNum); 

    var ssiHandClose = FeatureExtraction.SSI(dataHandClose, num: ssiNum); 

    var ssiHandOpen = FeatureExtraction.SSI(dataHandOpen, num: ssiNum); 

 

    // fe: Variance 

    var varFingerIndex = FeatureExtraction.VAR(dataFingerIndex, num: varNum); 

    var varFingerThumb = FeatureExtraction.VAR(dataFingerThumb, num: varNum); 

    var varHandClose = FeatureExtraction.VAR(dataHandClose, num: varNum); 

    var varHandOpen = FeatureExtraction.VAR(dataHandOpen, num: varNum); 

 

    // fe: Wave Length 

    var wlFingerIndex = FeatureExtraction.WL(dataFingerIndex, num: wlNum); 

    var wlFingerThumb = FeatureExtraction.WL(dataFingerThumb, num: wlNum); 

    var wlHandClose = FeatureExtraction.WL(dataHandClose, num: wlNum); 

    var wlHandOpen = FeatureExtraction.WL(dataHandOpen, num: wlNum); 

 

    iter++; 

} 
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5. Program Pengacakan 

Fisher Yates 

 

public List<string> FisherYates(List<string> _datas) 

{ 

    var n = _datas.Count; 

    var rand = new System.Random(); 

 

    for (int i = n - 1; i > 0; i--) 

    { 

        var k = rand.Next(i + 1); 

        (_datas[i], _datas[k]) = (_datas[k], _datas[i]); 

    } 

 

    return _datas; 

} 

6. Program Pengkodean Label 

One Hot Encoder 

 

private double[,] OneHotEncoder(string[] _labels) 

{ 

    string[] sortLabels = new string[_labels.Length]; 

    for (int i = 0; i < _labels.Length; i++) 

    { 

        sortLabels[i] = _labels[i]; 

    } 

    Array.Sort(sortLabels); 

 

    string label = ""; 

    singleLabels = new List<string>(); 

    foreach (var item in sortLabels) 

    { 

        if (label != item) 

        { 

            singleLabels.Add(item); 

            label = item; 

        } 

    } 

 

    var dictLabels = new Dictionary<string, double[]>(); 
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    for (int i = 0; i < singleLabels.Count; i++) 

    { 

        var oneHot = new double[singleLabels.Count]; 

        for (int j = 0; j < oneHot.Length; j++) 

        { 

            if (j == i) 

            { 

                oneHot[j] = 1; 

            } 

            else 

            { 

                oneHot[j] = 0; 

            } 

        } 

        dictLabels.Add(singleLabels[i], oneHot); 

    } 

 

    var newLabels = new double[_labels.Length, singleLabels.Count]; 

    for (int i = 0; i < _labels.Length; i++) 

    { 

        var oneHotLabel = dictLabels[_labels[i]]; 

        for (int j = 0; j < oneHotLabel.Length; j++) 

        { 

            newLabels[i,j] = oneHotLabel[j]; 

        } 

    } 

 

    return newLabels; 

} 
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7. Program Fungsi Aktivasi 

Rectified Linear Unit (ReLu) 

 

private double ReLu(double x) 

{ 

    return System.Math.Max(0, x); 

} 

 

Softmax 

 

private double[] Softmax(double[] array) 

{ 

    var result = new double[array.Length]; 

    var arrayExp = new double[array.Length]; 

 

    for (int i = 0; i < array.Length; i++) 

    { 

        arrayExp[i] = Math.Exp(array[i]); 

    } 

 

    for (int i = 0; i < array.Length; i++) 

    { 

        result[i] = arrayExp[i] / arrayExp.Sum(); 

    } 

 

    return result; 

} 

 

Argmax 

 

private double[] Argmax(double[] array) 

{ 

    var result = new double[array.Length]; 

    double maxNum = array.Max(); 

 

    for (int i = 0; i < array.Length; i++) 

    { 

        if (array[i] == maxNum) 

        { 

            result[i] = 1; 

        } 

        else 
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        { 

            result[i] = 0; 

        } 

    } 

 

    return result; 

} 

 

Turunan (Derivative) ReLu 

 

private double ReLuDerivative(double x) 

{ 

    if (x < 0) 

    { 

        return 0; 

    } 

    else 

    { 

        return 1; 

    } 

} 

8. Program Fungsi Cost/Loss 

Categorical Cross Entropy 

 

private double[] CategoricalCrossEntropy(double[,] actualVal, double[,] predictVal) 

{ 

    var result = new double[predictVal.GetLength(0)]; 

    for (int i = 0; i < predictVal.GetLength(0); i++) 

    { 

        var cce = new double[predictVal.GetLength(1)]; 

        for (int j = 0; j < predictVal.GetLength(1); j++) 

        { 

            cce[j] = actualVal[i,j] * Math.Log(predictVal[i,j]); 

        } 

 

        result[i] = -cce.Sum(); 

    } 

 

    return result; 

} 
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9. Program Fungsi Optimasi Neural Network 

ADAM (Adaptive Movement Estimation) Optimization 

 

private void ADAMWH(double[,] w, double[,] w_der, int t) 

{ 

    var dw = Transpose(w_der); 

 

    for (int i = 0; i < w.GetLength(0); i++) 

    { 

        for (int j = 0; j < w.GetLength(1); j++) 

        { 

            var gt = dw[i,j]; 

            mwh1[i,j] = beta1 * mwh1[i,j] + (1 - beta1) * gt; 

            mwh2[i,j] = beta2 * mwh2[i,j] + (1 - beta2) * Math.Pow(gt, 2); 

 

            var m1_hat = mwh1[i,j] / (1 - Math.Pow(beta1, t)); 

            var m2_hat = mwh2[i,j] / (1 - Math.Pow(beta2, t)); 

 

            w[i,j] = w[i,j] - (alpha * m1_hat / (Math.Sqrt(m2_hat) + epsilon)); 

        } 

    } 

} 

 

private void ADAMWO(double[,] w, double[,] w_der, int t) 

{ 

    var dw = Transpose(w_der); 

 

    for (int i = 0; i < w.GetLength(0); i++) 

    { 

        for (int j = 0; j < w.GetLength(1); j++) 

        { 

            var gt = dw[i,j]; 

            mwo1[i,j] = beta1 * mwo1[i,j] + (1 - beta1) * gt; 

            mwo2[i,j] = beta2 * mwo2[i,j] + (1 - beta2) * Math.Pow(gt, 2); 

 

            var m1_hat = mwo1[i,j] / (1 - Math.Pow(beta1, t)); 

            var m2_hat = mwo2[i,j] / (1 - Math.Pow(beta2, t)); 

 

            w[i,j] = w[i,j] - (alpha * m1_hat / (Math.Sqrt(m2_hat) + epsilon)); 

        } 

    } 

} 
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private void ADAMBH(double[] b, double[] b_der, int t) 

{ 

    var db = b_der; 

 

    for (int i = 0; i < b.Length; i++) 

    { 

        var gt = db[i]; 

        mbh1[i] = beta1 * mbh1[i] + (1 - beta1) * gt; 

        mbh2[i] = beta2 * mbh2[i] + (1 - beta2) * System.Math.Pow(gt, 2); 

 

        var m1_hat = mbh1[i] / (1 - Math.Pow(beta1, t)); 

        var m2_hat = mbh2[i] / (1 - Math.Pow(beta2, t)); 

 

        b[i] = b[i] - (alpha * m1_hat / (System.Math.Sqrt(m2_hat) + epsilon)); 

    } 

} 

 

private void ADAMBO(double[] b, double[] b_der, int t) 

{ 

    var db = b_der; 

 

    for (int i = 0; i < b.Length; i++) 

    { 

        var gt = db[i]; 

        mbo1[i] = beta1 * mbo1[i] + (1 - beta1) * gt; 

        mbo2[i] = beta2 * mbo2[i] + (1 - beta2) * System.Math.Pow(gt, 2); 

 

        var m1_hat = mbo1[i] / (1 - Math.Pow(beta1, t)); 

        var m2_hat = mbo2[i] / (1 - Math.Pow(beta2, t)); 

 

        b[i] = b[i] - (alpha * m1_hat / (System.Math.Sqrt(m2_hat) + epsilon)); 

    } 

} 
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10. Program Pelatihan Model Klasifikasi JST 

int featureCount = 6; 

int labelCount = 4; 

int nodeIn = featureCount; 

int nodeH = 12; 

int nodeOut = labelCount; 

 

double alpha = 0.001; 

double beta1 = 0.9; 

double beta2 = 0.999; 

double epsilon = 1E-8; 

 

Inisiasi parameter 

 

private void InitWeight(double[,] weight) 

{ 

    int row = weight.GetLength(0); 

    int col = weight.GetLength(1); 

 

    var rand = new Random(0); 

 

    for (int i = 0; i < row; i++) 

    { 

        for (int j = 0; j < col; j++) 

        { 

            weight[i,j] = rand.NextDouble(); 

        } 

    } 

} 

 

private void InitBias(double[] bias) 

{ 

    int length = bias.Length; 

 

    var rand = new Random(0); 

 

    for (int i = 0; i < length; i++) 

    { 

        bias[i] = rand.NextDouble(); 

    } 

} 
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Pelatihan (Train) 

 

int _epoch_lim = 10000; 

int _loss_lim = 0.001; 

 

public async Task Train(double[,] _inputTrain, string[] _labelTrain, int _epoch_lim, 

double _loss_lim) 

{ 

    // get time 

    var last = DateTime.Now; 

 

    // init data train 

    inputTrain = _inputTrain; 

    labelTrain = OneHotEncoder(_labelTrain); 

 

    int _epoch = 1; 

    double _loss = 1; 

 

    await Task.Run(() =>  

    { 

        // train while epoch < epoch_lim and loss > loss_lim 

        while (_epoch < _epoch_lim + 1 && _loss > _loss_lim) 

        { 

             

            /* FEED FORWARD */ 

 

            // hidden layer 

            var zH = AddArray(Dot(inputTrain, wH), bH); 

            var aH = new double[zH.GetLength(0), zH.GetLength(1)]; 

            for (int i = 0; i < zH.GetLength(0); i++) 

            { 

                for (int j = 0; j < zH.GetLength(1); j++) 

                { 

                    aH[i,j] = ReLu(zH[i,j]); 

                } 

            } 

 

            // output layer 

            var zOut = AddArray(Dot(aH, wOut), bOut); 

            var aOut = new double[zOut.GetLength(0), zOut.GetLength(1)]; 

            for (int i = 0; i < zOut.GetLength(0); i++) 

            { 

                var singleArr = new double[zOut.GetLength(1)]; 

                for (int j = 0; j < zOut.GetLength(1); j++) 
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                { 

                    singleArr[j] = zOut[i,j]; 

                } 

 

                var sofmaxVal = Softmax(singleArr); 

                for (int j = 0; j < zOut.GetLength(1); j++) 

                { 

                    aOut[i,j] = sofmaxVal[j]; 

                } 

            } 

 

            // loss 

            lossArr = CategoricalCrossEntropy(labelTrain, aOut); 

            _loss = lossArr.Sum() / lossArr.Length; 

            loss = _loss; 

 

            // print loss 

            if (_epoch % 100 == 0) 

                UnityEngine.Debug.Log($"Epoch: {_epoch} | Loss: {_loss}"); 

 

            

            /* BACK PROPAGATION */ 

 

            // output layer 

            var dcost_dzout = Transpose(Sub(aOut, labelTrain)); 

            var dzout_dwout = aH; 

            var dcost_dwout = Dot(dcost_dzout, dzout_dwout); 

            var dcost_dbout = new double[dcost_dzout.GetLength(0)]; 

            for (int i = 0; i < dcost_dzout.GetLength(0); i++) 

            { 

                var singleArr = new double[dcost_dzout.GetLength(1)]; 

                for (int j = 0; j < dcost_dzout.GetLength(1); j++) 

                { 

                    singleArr[j] = dcost_dzout[i,j]; 

                } 

                dcost_dbout[i] = singleArr.Sum(); 

            } 

 

            // hidden layer 

            var dzout_dah = wOut; 

            var dah_dzh = new double[zH.GetLength(0), zH.GetLength(1)]; 

            for (int i = 0; i < zH.GetLength(0); i++) 

            { 

                for (int j = 0; j < zH.GetLength(1); j++) 



97 
 

                { 

                    dah_dzh[i,j] = ReLuDerivative(zH[i,j]); 

                } 

            } 

            var dzh_dwh = inputTrain; 

            var dcost_dah = Dot(dzout_dah, dcost_dzout); 

            var dcost_dzh = Multiply(dcost_dah, Transpose(dah_dzh)); 

            var dcost_dwh = Dot(dcost_dzh, dzh_dwh); 

            var dcost_dbh = new double[dcost_dzh.GetLength(0)]; 

            for (int i = 0; i < dcost_dzh.GetLength(0); i++) 

            { 

                var singleArr = new double[dcost_dzh.GetLength(1)]; 

                for (int j = 0; j < dcost_dzh.GetLength(1); j++) 

                { 

                    singleArr[j] = dcost_dzh[i,j]; 

                } 

                dcost_dbh[i] = singleArr.Sum(); 

            } 

 

             

            /* OPTIMIZATION */ 

 

            // hidden layer 

            ADAMWH(wH, dcost_dwh, _epoch); 

            ADAMBH(bH, dcost_dbh, _epoch); 

 

            // output layer 

            ADAMWO(wOut, dcost_dwout, _epoch); 

            ADAMBO(bOut, dcost_dbout, _epoch); 

 

            // update epoch 

            epoch = _epoch; 

            _epoch++; 

        } 

         

        // get time 

        var current = DateTime.Now; 

        time = (current - last).TotalSeconds; 

    }); 

} 
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Validasi (Validate) 

 

public async Task Validate(double[,] _inputTest, string[] _labelTest) 

{ 

    // init data test 

    inputTest = _inputTest; 

    labelTest = OneHotEncoder(_labelTest); 

    labelTestLing = _labelTest; 

 

    predictedLabels = new string[labelTestLing.Length]; 

    int predictedTrue = 0; 

 

    var labCount = singleLabels.Count; 

    var lab = new int[labCount]; 

    var tp = new double[labCount]; 

    var tn = new double[labCount]; 

    var fp = new double[labCount]; 

    var fn = new double[labCount]; 

 

    await Task.Run(() => 

    { 

        for (int i = 0; i < inputTest.GetLength(0); i++) 

        { 

            var input = new double[inputTest.GetLength(1)]; 

            for (int j = 0; j < inputTest.GetLength(1); j++) 

            { 

                input[j] = inputTest[i,j]; 

            } 

 

            predictedLabels[i] = Predict(input); 

            var actLabel = labelTestLing[i]; 

            var predLabel = predictedLabels[i]; 

             

            for (int j = 0; j < labCount; j++) 

            { 

                if (actLabel == singleLabels[j]) lab[j]++; 

            } 

 

            if (actLabel == predLabel) 

            { 

                predictedTrue++; 

                for (int j = 0; j < labCount; j++) 

                { 

                    if (actLabel == singleLabels[j]) tp[j]++; 
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                    else tn[j]++; 

                } 

            } 

            else 

            { 

                for (int j = 0; j < labCount; j++) 

                { 

                    if (actLabel == singleLabels[j]) fn[j]++; 

                    if (predLabel == singleLabels[j]) fp[j]++; 

                } 

            } 

        } 

    }); 

 

    // accuracy 

    accuracy = 100.0 * predictedTrue / predictedLabels.Length; 

 

    // calc 

    var precision_i = new double[labCount]; 

    var recall_i = new double[labCount]; 

    for (int i = 0; i < labCount; i++) 

    { 

        precision_i[i] = tp[i] / (tp[i] + fp[i]); 

        recall_i[i] = tp[i] / (tp[i] + fn[i]); 

    } 

 

    // labels 

    int labSum = 0; 

    foreach (var lab_i in lab) 

    { 

        labSum += lab_i; 

    } 

 

    // precision 

    for (int i = 0; i < precision_i.Length; i++) 

    { 

        precision_macro += precision_i[i]; 

        precision_weighted += lab[i] * precision_i[i]; 

    } 

    precision_macro /= labCount; 

    precision_weighted /= labSum; 

 

    // recall 

    for (int i = 0; i < recall_i.Length; i++) 
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    { 

        recall_macro += recall_i[i]; 

        recall_weighted += lab[i] * recall_i[i]; 

    } 

    recall_macro /= labCount; 

    recall_weighted /= labSum; 

} 

 

Prediksi (Predict) 

 

public string Predict(double[] input) 

{ 

    var newInput = ArrayToMatrix("row", input); 

 

    var zH = AddArray(Dot(newInput, wH), bH); 

    var aH = new double[zH.GetLength(0), zH.GetLength(1)]; 

    for (int i = 0; i < zH.GetLength(0); i++) 

    { 

        for (int j = 0; j < zH.GetLength(1); j++) 

        { 

            aH[i,j] = ReLu(zH[i,j]); 

        } 

    } 

 

    var zOut = AddArray(Dot(aH, wOut), bOut); 

    var new_zOut = MatrixToArray(zOut); 

     

    var sofmaxVal = Softmax(new_zOut); 

    var argmaxVal = Argmax(sofmaxVal); 

    var aOut = argmaxVal.ToList(); 

 

    var index = 0; 

    for (int i = 0; i < argmaxVal.Length; i++) 

    { 

        if (argmaxVal[i] == 1) 

        { 

            index = i; 

        } 

    } 

    var predictedLabel = singleLabels[index]; 

 

    return predictedLabel; 

} 
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11. Program Prediksi Data Secara Realtime 

void Update() 

{ 

    modelLabel.text = modelLabelVal; 

    if (EMGData.IsStreaming) 

    { 

        try 

        { 

            dataReceived.text = EMGData.DataStream.Count.ToString(); 

            modelLabelVal = PredictModel(EMGData.DataStream); 

        } 

        catch (System.Exception ex) 

        { 

            display.text += ex.Message + "\n"; 

        } 

    } 

} 
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12. Buku Pedoman (Manual Book) 
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