TIOJIATOK A
TPAGIYHUN MATEPIAJI KBAJI®IKALIIITHOT POBOTH

XapKiBChKHII HALIIOHAIbHUI YHIBEPCUTET PAAl0eIeKTPOHIKH
Kadeapa EOM

Kganigikamiitna podot
[Tepunii (OakanaBpcbKHii) pIBEHb

TiHbOBE BIATBOPEHHS PYXIB KIHIIBOK JTIFOOUHU

Agtop: Kepisuk:
Cepriit CayTy Trop MuxaiitiaeHKO

Cryn. I'p. KIVKI-21-4 ac. kap. EOM

[TnaH npe3eHTaL|i

Betyn

AmapaTHa apXITeKTypa CHCTEMH Ta BUOIp KOMIIOHEHTIB
IIporpamMHa apxXITeKTypa CHCTEMH Ta BHO1p KOMIIOHEHTIB
INToka3HUKH TOIHOCTI MOJIE] CHCTEMH.

Pesymerar poboTH cucteMu.

Bigeo pobotu cuctemu

~1 O\ W s W N

Bucuosku
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1. Bctyn

* [lpobnema:

BiacyTHiCTb AOCTYNHUX pilLleHb
ans peabinitauii, kecToBoi MOBMK
Ta iHTerpauii y BipTyanbHi
cucTeMu.

* YoMy Le BaXNnBo:

Po3yMiHH#A pyxiB KiHLIBOK cnpuAe
PO3BUTKY TEXHONOTIM ANA nrogen 3
iHBanigHicTHO, a TaKoXX ANA HOBUX
cnocobiB B3aeMO/ii 3 TEXHIKOHO.

* Merta:

CTBOpPEHHs CUCTEeMMU, AKA TOYHO
3UNTYE Ta PEnpPe3eHTyeE pyxu
KiHLiBOK.

2.1 Bubip KOMMNOHEHTIB.
Arduino Uno.

* Uloue:

MikpoKOHTpOnep AnA ynpaeniHHA
€N1eKTPOHHVMM KOMMOHEHTaMW.

* [nAa4oro:

O6pobka curHanie i3 ceHcopiB Ta
ynpaeniHHA CUCTEMOIO B
peanbHOMy Yaci.

* Yomy came ue:

[MpocToTa nporpaMyBaHHs,
nigTpyMKa BENUKOi KinbKOCTi
CEHCOpIB, HAABHICTb A4OCTaTHLOI
KiNbKOCTI BXOAiB Ta BUXOAiB.
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2.2 Bnbip KOMNOHEHTIB.
SpectraFlex Sensors.

+ Uoue:

Pe3ucTuBHI aTUMKK, L0 3MIHIOHOTbL ONip
3anekHo Bif 3TMHY.

+ [navdoro:

BUMiptoBaHHS NOMOXEHHA NanbLiB Yepes
pieeHb gedpopmadil.

*« Yomycame ue:

BucoKa YyTNMBICTb, HU3bKE
€HeprocnoXmeaHHsA, CyMicHicTb 3 Arduino.

2.3 Bubip KOMMOHEHTIB.
MPUG6050.

* Uloue:

IHTEerpoBaHn1 akcenepoMeTp i ripockon Ana
BUMIpIOBaHHA KYyTOBUX LUBUAKOCTEN i
NPUCKOPEHHS.

e [ns4oro:
AHani3 NoN0>XKeHHA KUCTi y NPOCTOoPI.
* YoMy came ue:

KoMnakTHiCcTb, TPMBICHWI aHani3 pyxy,
nigTpumka 12C-3'egHaHHA

6.35[0.250]

An 180° bend with & 2.5mm ———————
to 8mm radius equates to
avalue greater than 2x

the Flat Resistance

- PART LENGTH [F] -1

- ACTIVE LENGTH [4] -—
| 5537mm | 95 25mm
2165" | 37507

o | 7.63mm | 127.57mm
2450 5.000°

121 12000 | 18000

95mm Flat Resistance = 14,400 10 21,600 Ohms - Conductive Inks This Side

2
a
B

S
o
[
—

CLKIN ——

Voo
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3. AnapartHa apxiTekTypa CUCTEMMU

MipknroyeHHA Spectra po Arduino.

3.1 3aranbHa enekTpnyHa cxemMa
NigKAYEHHA KOMIMOHEHTIB.

Miaknro4YeHHA BCix ceHcopiB go Arduino
Uno.

e [aTynKu 3ruHy

AHanoroBi BXoAn Ans BUMIpOBaHHA
Hanpyru.

« MPUB050

IHTepoeinc 12C ans nepegavi LMPpPoBUX
DaHUX.

NiaknrouyeHHa MPU6050 oo Arduino.
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4. NporpaMHa apxiTekTypa cnctemu. Bnbip
KOMMOHEHTIB.

Python Tensorflow
* O0pobka Ta monepeaHa QUIBTPAIILA )
JIAHIIX i3 CeHCOpIR i *IToOy/0Ba Ta HABYAHHA HEIIPOHHOT Mepeki

* 3IITTA Ta HOpPMall3alid CITHAIIE Y
peansHoMy vaci
+ TliaroToBKa MAHIX 711 MAITHHHOTO

*Knacudixarmis xecTiB Ha OCHOBI

\ CEHCOPHIIX JaHIIX

. *OnTHMI3amIs apXITeKTyPH MOJemL
IliaTpumKa iH}pEpeHCY B peaTbHOMY Uaci

HABYAHHA

+ Bisyamizamnig pe3yIsTaTiB (Tpadikir, *PoGora 3 GPU/CPU 11 npumBiINIeHHs
Iiarpami) o0udIIciIeHb

* B3aemonis 3 MIKpOKOHTPOIIEPOM Yepes3
COM-nopt

4.1 3aranbHa ¢pnoy-cxema
po6oTn cucTeMu.

‘ Siaear T H Python Environment
I

Acquisition
. p,aHl 3 rHyuKkWx ceHcopis SpectraFlex Ta SpectraFlex ]
iHepuinHoro ceHcopa MPUG050 HaaxoaaTe A0 Sensors Preprocessing

Python-cepeaoeuiua.

Scikit-learn
Mggnigfo Neural Network
* Tam BOHWM NPOX0OAATE NonepeaHo 06pobKky, Cross-Validation
noTiM — KnacKikyroTbCA HEMPOHHOKD

Mepexxeto Ha 6aai Tensorflow.

Gesture Inference
* Mogenb NpoxoauTb Baniaauiro Ta BUKOHYeE
pPO3Ni3HaBaHHA XXECTIB Yy PeXXUMIi peanbHoro
yacy, nicna 4Yoro pesynsTat NepeTBoOpPrETLEA Y
MOBY Uepes CMHTe3aTop ronocy.
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4.2 ®opmart gaHux i obpobka.

BxioHi paHi

Thumb

Index

HopmanisoBaHi gaHi

Az Gyx GyY ‘6yz Middle  Ring Pinky AcX AcY AcZ GyX GyY Gyz Thumb Index  Middle Ring Pinky
8688 5940 6 98 30 132 148 155 161 19 0.901644 0.461077 0.488198 057506 0.580956 0.34818 0227273 0.122222 0.294643 0.648148 0.849057
8804 5772 7 49 -18 137 148 155 159 204 I 0.9019 0.467233 0.478383 0.575771 0.574982 0.341561 0.30303 0.122222 0.294643 0.611111 1
8980 5728 33 2 50 137 148 156 158 201 0.895737 0.476572 0.475812 0.573584 0.574128 0.350938 0.30303 0.122222 0.303571 0.592593 0.943396
8860 5848 241 159 9 136 148 155 158 200 0.887262 0470204 0.482823 0.562213 0.588393 0.342802 0287879 0.122222 0.294643 0.592593 0.924528
8832 5752 148 63 -10 135 148 155 158 199 0.886749 0.468718 0.477214 0.567297 0.576689 0.342664 0.272727 0.122222 0.294643 0.592593 0.90566
8884 5812 26 17 33 136 148 155 158 198 0.908064 0.471478 0.48072 057681 0.57108 0.339493 0.287879 0.122222 0.294643 0.592593 0.886792
8628 5964 -41 78 -126 135 148 156 158 192 0.915254 0.457893 0.4896 0.573147 0.578517 0.326669 0.272727 0.122222 0.303571 0.592593 0.773585
9168 5632  -370 247 9 133 148 157 157 195 0.877761 0.486548 0.470203 0.555161 0.599122 0.345284 0.242424 0122222  0.3125 0.574074 0.830189
8504 6480  -1000 1067  -562 128 148 158 161 187 0.885208 0451313 0.519748 0.520719 0.699098 0.266547 0.166667 0.122222 0.321429 0.648148 0.679245
9520 5584 118 77 330 128 148 160 161 187 | 0911659 0.505227 0.467399 0.568937 0.578396 0.389548 0.166667 0.122222 0.339286 0.648148 0.679245
8768 6506 618 264 388 124 148 161 163 178 0.879045 0.465322 0.526525 0.541603 0.601195 0.290541 0.106061 0.122222 0.348214 0.685185 0.509434
9012 6052 -138 -126 142 125 149 161 162 173 0.892912 0.47827 0.494742 0.567844 0.553645 0.363624 0.121212 0.133333 0.348214 0.666667 0.415094

1
Model accuracy Model loss
Train Train
0.9 — validation 12} — Validation
0.8 1.0
> 0.8
307 0
5% 8
§ —06r
06y 04
021
0.5
i i H i i 0.0 b i H i H H
o 10 20 30 40 50 10 20 30 40 50
Epoch Epoch

4.3 [NoKa3HWKK
TOYHOCTI Moaeni
CUCTEMMW.

» ToumicTts Mozem (Accuracy) — mocsrae noHan 90% Ha
TpeHYBaIbHiiT BUGIpII.

* Brpatn mozemni (Loss) — MOCTYIOBe 3MEHIIEHHS 10 cTa0LIBHOTO
piBEsg micas ~30 emox.



4.4 Pe3ynbtaT pob0TU CUCTEMW.

Accuracy of Recognized Letters and Gestures
* TOuUHIiCTb pO3Ni3HABaHHA XXeCTiB — A0
98,4% Ansa OKPeMUX NiTep Ta noHan
95% anAa cknagHux ¢ppas.

* Mopgens cTabinbHO po3nisHae Ak
OKpeMi CMMBONK, TakK i LWini >KecTn
(Hanp. Hi, My name is, Please).

* BUCOKa y3roa)XeHicTb pe3ynbrarTie
CBiYNTbL NPO HAAIAHICTb CUCTEMU B
peanbHOMy Jvaci.

97,82% 98.12% 97.91%

nection (adjust the CON port as
, 9600, timeoutsd) # Adjust to yo

5. [leMoHcTpauia
poboTn cnucTteMmn
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BUCHOBKM

PesynbtaTh:

*Po3po6iaeno QyHKNIOHATEHY CIICTEMY /ISl PO3MI3HABAHHA JKECTIB ¥ pealsHOMY dacl
*JIoCcATHYTO BHCOKOI TOYHOCTI 2UNTYBaHHA cirHaTIER (92%+ 114 ceHCcopIiB)
*Heiiponna mepe:ka Ha TensorFlow 3a6esneuye TOUHICTh KIaci(ikarmi ~73.5%

*CtabuThHa podoTa crcTeMN MIATBep/IKeHa TPIBATIM TecTyBaHHAM (95%+)

MaiiGyTHi BIOCKOHAIeHHS:

sJHTerpailis MoPTATHBHOTO JKUBICHHS AT ABTOHOMHOI POSOTIT
+JlomaraHHA 6e3APOTOBOTO 3 €IHAHHA (Hanpnkiaad, Bluetooth)
+OITHMIZAIIA PO3III3HABAHHA CKIAIHIIX 1 IMBIIIKIIX KCCTIB

‘HOKpﬂH_ICHHE 3axXMCTyY KOMIIOHEHTIB 1715 pO60TII B MOTTLOBUX YMOBax



I[TPOI'PAMHA PEAJIIBALIA CUCTEMUA

JIOJIATOK B

b.1 OtpumanHs 1aHUX 3 CEHCOPIB

b.1.1 Arduino-ckeTd 115 3UUTYBaHHS JaHUX

#include <Wire.h>

#include <SoftwareWire.h>

const int MPU = 0x68;

intl6 t AcX, AcY, AcZ, GyX, GyY, GyZ;

float Tmp;

const int flexPins[] = {AO, Al, A2, A3, Ab};

SoftwareWire myWire (2, 3);

void setup () {
myWire.begin () ;
Serial.begin(9600) ;

14

myWire.beginTransmission (MPU) ;

myWire.write (0x6B) ;
myWire.write (0);
myWire.endTransmission (
delay (1000) ;

}

void readMPU6050 () {

true) ;

myWire.beginTransmission (MPU) ;

myWire.write (0x3B) ;
myWire.endTransmission (
myWire.requestFrom (MPU,

AcX = myWire.read() <<

(
AcY = myWire.read() <<
AcZ = myWire.read() <<
Tmp = (myWire.read() <<
GyX = myWire.read() <<
GyY = myWire.read() <<
(

GyZ = myWire.read() <<
}

void loop () {
readMPU6050 () ;

Serial.print ("MPU6050:
Serial.print ("AcX = ");
Serial.print (" | AcY =

false);
14, true);

8 | myWire.read();
8 | myWire.read();
8 | myWire.read()

8 | myWire.read()) / 340.00 + 36.53;

8 | myWire.read();
8 | myWire.read();
8 | myWire.read();

")
Serial.print (AcX) ;
"); Serial.print (AcY);
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Serial.print ("™ | AcZ = "); Serial.print (AcZ);
Serial.print (" | GyX = "); Serial.print (GyX);
Serial.print(" | GyY = "); Serial.print (GyY);
Serial.print (" | GyZz = "); Serial.print (GyZ);
const char* sensorlabels[] = {"Thumb", "Index", "Middle",
"Ring", "Pinky"};
for (int i = 0; i < 5; i++) {
int sensorValue = analogRead (flexPins[i]);
Serial.print(" | ");
Serial.print (sensorLabels([i]);
Serial.print(" = ");
(

Serial.print (sensorValue) ;

}

Serial.println();
delay (10);

b

b.1.2 Python-ckpurnt jist 3060py Ta 30€pexeHHs JaHUX

import serial
import time
import curses
import csv

# Open the serial port with a timeout to prevent blocking
ser = serial.Serial('COM3', 9600, timeout=1)
time.sleep (2)

# Set the target number of samples per gesture
TARGET SAMPLES = 1000

def read serial data():
try:
# Read a full line from the serial buffer
line = ser.readline () .decode ('utf-8").strip()

if not line.startswith ("MPU6050:") :
print ("Invalid data format, skipping...")
return None

# Remove the "MPU6050:" prefix
line = line.replace ("MPU6050:", "").strip()

# Split the data into key-value pairs
parts = line.split(' | ")
data = []

for part in parts:
if '=' in part:
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key, value = part.split('=")

key = key.strip()

value = int(float (value.strip())) # Convert to
float first, then to int

data.append (value)

# Ensure we have all 11 data points (6 MPU + 5 Flex)
if len(data) == 11:
return data
else:
print (f"Incomplete data received, got {len(data)}
values, expected 11.")
return None

except Exception as e:
print (f"Error parsing data: {e}l"™)
return None

def save data(data, label, filename='gesture data.csv'):
with open(filename, 'a', newline='"') as file:
writer = csv.writer (file)
for entry in data:
writer.writerow (entry + [labell])

def data collection(stdscr):
curses.curs_set (0)
stdscr.nodelay (1)
gesture buffer = []
label = ""
sample count = 0
recording = False

try:
while True:

stdscr.clear ()

stdscr.addstr (0, 0, "Press 's' to start recording,
'g' to quit.™)

stdscr.addstr (1, 0, f"Recording: {'ON' if recording
else 'OFF'}"M)

stdscr.addstr (2, 0, f"Label: {label}")

stdscr.addstr (3, 0, f"Samples collected:
{sample count}/{TARGET SAMPLES}")

stdscr.addstr (4, 0, "Data:")

data = read serial data()
if data:
stdscr.addstr (5, 0, ', '.join(map(str, data)))
if recording:
gesture buffer.append (data)
sample count += 1

if sample count >= TARGET SAMPLES:
save data (gesture buffer, label)
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stdscr.addstr (6, 0, f"Collected
{TARGET SAMPLES} samples for gesture '{label}'.")

stdscr.addstr (7, 0, "Press 's' to start a

new gesture or 'g' to quit.")
recording = False
gesture buffer = []
sample count = 0

else:
stdscr.addstr (5, 0, "Invalid data received")

key = stdscr.getch()
if key == ord('s') and not recording:
recording = True

stdscr.addstr (6, 0, "Enter label for gesture:

stdscr.refresh ()

label = stdscr.getstr (7, 0).decode('utf-
8'").strip()

stdscr.clear ()

elif key == ord('qg'"):
if not recording:
break
else:

stdscr.addstr (7, 0, "Cannot quit while
recording. Complete the gesture first.")

stdscr.refresh ()
time.sleep (0.1)

except KeyboardInterrupt:
stdscr.addstr (7, 0, "Exiting...")

finally:
ser.close ()
curses.endwin ()
if name == ' main_ ':
try:
curses.wrapper (data collection)
except Exception as e:
print (f"An error occurred: {e}")

b.1.3 Bumnpasnenns pyfirmata st cymicHOCTI

import os
import sys
import fileinput

# Path to the pyfirmata.py file
pyfirmata path = os.path.join(sys.prefix, 'Lib', 'site-
packages', 'pyfirmata', 'pyfirmata.py')

74



75

# Replace inspect.getargspec with inspect.getfullargspec

for line in fileinput.input (pyfirmata path, inplace=True):
print (line.replace('inspect.getargspec',

'inspect.getfullargspec'), end='")

b.2 HaBuanHs Moei po3ii3HaBaHHS KECTIB

b.2.1 IloOynoBa Ta TpeHyBannsa mozeni Ha TensorFlow

import numpy as np

import pandas as pd

import tensorflow as tf

from sklearn.model selection import train test split, KFold
from sklearn.preprocessing import LabelEncoder

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Dense, Dropout

from tensorflow.keras.utils import to categorical

def load data(filename='gesture data normalized.csv'):
data = pd.read csv(filename)
data = data.drop duplicates ()

# Use only the relevant data

finger data =
data[['AcX', 'AcY', 'AcZ', 'GyX','GyY','GyZ', 'Thumb', 'Index',
'Middle', 'Ring', 'Pinky']].values

# Scale up finger data to increase its importance (if
desired)
finger data = finger data * 1.5

X = finger data
y = data['Label'].values

le = LabelEncoder ()
% le.fit transform(y)
y = to_categorical (y)

return X, y, le

def build model (input shape, output classes):
model = Sequential ([
Dense (32, input shape=input shape, activation='relu',
kernel regularizer=tf.keras.regularizers.12(0.001)),
Dropout (0.7),
Dense (16, activation='relu',
kernel regularizer=tf.keras.regularizers.12(0.001)),
Dropout (0.7),
Dense (output classes, activation='softmax')

1)
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model.compile (optimizer="adam',
loss='"categorical crossentropy', metrics=['accuracy'])
return model

def train model (X train, y train, X val, y val):
model = build model ((X train.shape[l],), y train.shape[l])

early stopping =
tf.keras.callbacks.EarlyStopping (monitor="'val loss', patience=5,
restore best weights=True)

lr scheduler =
tf.keras.callbacks.ReduceLROnPlateau (monitor="'val loss',
factor=0.5, patience=3, min lr=le-6)

history = model.fit (X train, y train, epochs=50,
batch size=32, validation data=(X val, y val),
verbose=1, callbacks=[early stopping,
lr scheduler])

return model, history

def cross validate model (X, y, n splits=5):
kf = KFold(n splits=n splits, shuffle=True, random state=42)
fold accuracies = []

for train index, val index in kf.split (X):
X train, X val = X[train index], X[val index]
y train, y val = yl[train index], y[val index]

model, history train model (X train, y train, X val,

y val)
fold accuracy = history.history['val accuracy'][-1]
fold accuracies.append(fold accuracy)
print (f"Fold Validation Accuracy: {fold accuracy}")
mean_accuracy = np.mean (fold accuracies)

std accuracy = np.std(fold accuracies)
print (f"Cross-Validation Mean Accuracy: {mean accuracy}")
print (f"Cross-Validation Std Accuracy: {std accuracyl}")

if name == ' main_ ':
X, y, label encoder = load data()
# Splitting the data into training and testing sets
X train, X val, y train, y val = train test split(X, vy,

test size=0.2, random state=42, shuffle=True)

# Train the model on the initial split
model, history = train model (X train, y train, X val, y val)

# Perform k-fold cross-validation
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cross validate model (X, vy)
# Save the label encoder
with open('label encoder.npy', 'wb') as f:

np.save (f, label encoder.classes )

# Print out the history for inspection
print ("Training complete. Final metrics:")

print ("Accuracy:", history.history['accuracy'][-1])
print ("Validation Accuracy:",
history.history['val accuracy'][-1])
print ("Loss:", history.history['loss'][-1])
print ("Validation Loss:", history.history['val loss'][-1])

b.2.2 Po3nizHaBaHHS KECTIB y pealbHOMY Yaci

import serial

import time

import tensorflow as tf
import numpy as np

# Initialize the serial connection (adjust the COM port as
needed)

ser = serial.Serial('COM3', 9600, timeout=1) # Adjust to your
serial port

time.sleep(2)

# Load the trained model and label encoder
model = tf.keras.models.load model ('gesture model fold 1.h5")
label encoder = np.load('label encoder.npy', allow pickle=True)

# Define a confidence threshold (e.g., 70%)
CONFIDENCE THRESHOLD = 0.7

def normalize data (mpu data, finger data):

# Scale up finger data by the same factor as in the training
script

finger data = finger data * 1.5

# Combine MPU6050 and finger data
combined data = np.concatenate ([mpu data, finger data])

return combined data

def read serial data():
try:
# Read a full line from the serial buffer
line = ser.readline () .decode ('utf-8").strip()

if not line.startswith ("MPU6050:") :
print ("Invalid data format, skipping...™")
return None
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# Remove the "MPU6050:" prefix
line = line.replace ("MPU6050:", "").strip()

# Split the data into key-value pairs
parts = line.split(' | ")
data = []

for part in parts:
if '=' in part:
key, value = part.split('=")
key = key.strip/()
value = int(float (value.strip())) # Convert to
float first, then to int
data.append (value)

# Ensure we have all 11 data points (6 MPU + 5 Flex)
if len(data) == 11:
# Extract MPU6050 data (first 6 values: AcX, AcY,
Acz, GyX, GyY, GyZ)
mpu data = np.array(data[:6])

# Extract finger data (last 5 values: Thumb, Index,
Middle, Ring, Pinky)
finger data = np.array(datal[-5:])

# Normalize data using the same scaling as during
training

combined data = normalize data (mpu data,
finger data)

return combined data
else:
print (f"Incomplete data received, got {len(data)}
values, expected 11.")
return None

except Exception as e:
print (f"Error parsing data: {e}l"™)
return None

def predict gesture (data):
# Predict the gesture using the model
predictions = model.predict (data.reshape(l, -1))

# Get the confidence level and the corresponding gesture
confidence = np.max (predictions)
gesture = label encoder[np.argmax (predictions) ]

# Only return the gesture if the confidence is above the
threshold
if confidence >= CONFIDENCE THRESHOLD:
return gesture
else:
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return "No gesture detected" # or you could return None
if name == ' main
try:
while True:
# Read the serial data
data = read serial data()
if data is not None:
# Predict the gesture
gesture = predict gesture (data)

LI

# Print the recognized gesture if one is

detected
if gesture != "No gesture detected":
print (f"Recognized Gesture: {gesture}")
else:
print (gesture)
# Short delay to prevent overwhelming the serial
port

time.sleep (0.1)

except KeyboardInterrupt:
# Close the serial connection when the program is
interrupted
ser.close ()



