JIOJIATOK A

I'padiunmii matepian arecramniitHoi poOoTH
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MIHICTEPCTBO OCBIT/ | HAYKM YKPAIHM
XAPKIBCbKWW HALIIOHAJIbHUW YHIBEPCUTET PAJLIOEJIEKTPOHIKM

OAKVJIbTET KOMITHOTEPHOI IHXEHEPII TA YIPABIIHHA
KAGENIPA KITC

IHTenekTyanbHa cucteMa Knacudikauii ctunis

MY3UKHU

MaricTtpaHT rp. KITmM-21-1 Vwakoe M. P.
HaykoBuM KepiBHUK npod. Akcak H. T.

Xapkis 2022

MeTta poboTu

Mertoro nanoi po6oTn € po3podKka CHCTEMH PO3MMi3HABAHHS My3MUHHUX CTHIIB 3a JOIOMOTOI0 HEHPOHHHX MepekK

PI3HHX THIIIB 3 METOIO OTPHMAHHS HAIKPaNIoro MeTOy pO3IIi3HABaHHSL.

JUIst ToCSTHEHHS MOCTaBICHOT METH HeOGXiI[HO BHKOHATH HaCTVl'IHi 3aB/IaHHA:

» JIoCaiInNTH ICHYIOU1 CITIOCO0H pO3Mi3HABaHHSI MY3UKAJIBHIX CTHIIIB;
» Po3pobuTh cucteMy sika 3MOXKe 3 HAHBAMIOO TOYHICTIO MEepe0aYnTi My3UKaJIbHHI KaHD;
» IIpoanami3yBaTh pe3yabTaTH, OTPHMAaHI TTi] 9ac MOJETIOBAHHS;

» CTBOPUTH CHCTEMY BHKOPIICTOBYIOYH OTPHMAHI JIAHI.



OcHoBHI MeToaM Knacudikau,

»KOpOTKOYaCHIi

» [10BroCcTpoKOBI

» CeMaHTUYHUYHI

»KomMnosuuinHi

Il MY3UKU
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KenctpanbHuin KoediuieHT Mena

Y 06pobLi 3ByKYy KencTpaibHUl KoedilieHT Mena— ue npeacTaB/ieHHs KOPOTKOYAaCHOTO CNeKTpy
MOTY*KHOCTi 3BYKY Ha OCHOBI JIIHINHOrO KOCMHYCHOIO NEPETBOPEHHA 0rapudmMiyHOro cnektpa
MOTYKHOCTI Ha HeNiHiMHIN WwKani mel yactoTu.

Aymio

MUKK
Bikto JluckpeTHe Mer- BusHaueHHA 3: erg: :
Xenndi —» TepeTBOpe _| | MacmTabve [YIHOCTL Ty —>
eMMIHTa mms yp'e N nepeTBOpe
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Pesymbrar
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Burnag Men-cnektporpamm

CTPYKTYpPa PeKyPCUBHOI HEMPOHHOI
Mepei rMMbOoKOro HaB4YaHHA
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OnMc 3ropTKOBOI HEMPOHHOI MEepPEXKi
rMMOOKOro HaB4YaHHA

Convolution
Block 3

Convolution
Block 2

Convolution
Block 1

Input Layer

Convolution
Block 4

Convolution
Block 5

Output Layer
Softmax

[TOpIBHAHHA pe3yabTaTiB PEeKYPCUBHOI Ta
3rOPTKOBOI HEMPOHHMX Meperk(1)

Tabnuusa 1- EkcneprMeHTU Ta pe3ynbtati Mogeni Tabnuuga 2 - EkcneprMeHTU Ta pesynbrati Mmogeni
PEKYPCUBHOI HEMPOHHOT Mepexi. 3ropTKOBOT HEWPOHHOT MepeXi.

Ne Enoxu TouHicTb BrpaTa Ne Enoxun TouHicTb Brpata
1 30 74% 72% 1 30 67% 88%
2 30 67% 90% 2 30 64% 98%
3 30 74% 71% 3 30 67% 88%
4 100 75% 69% 4 100 69% 85%
5 30 90% 32% 5 30 92% 23%
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[1OpIBHAHHA pe3y1bTaTiB PeKyPCHBHOI Ta
3rOPTKOBOI HEMPOHHMX MeperKk(2)

Accuracy eval Accuracy eval
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ekcnepumeHTy ana mogeni RNN npouec ana mogeni CNN

Moaenb cUcTeMM PO3Mi3HABAHHSA KaHPY
MY3UMKN

Send result to Detect music
user genre in the NN
Get the file and
process in into
NN

User

Input of a
music file into
the handler

Save fileto the |
system
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Pucynok 2 — BusHaueHHs )kaHpy IpH
BuKopucTanHi micHi Viva La Vida — Coldplay

10

B xoai aunnomHoi pobotu 6yno pospobaeHo Ta MOPiBHAHO AeKisibKa cucTem 41 PO3B’'A3aHHA
noctaeieHoi npo6aemu, a came A1a pPoO3ni3HaBaHHA My3MKanbHUX cTUAIB. [ns uboro 6yno
PO3P0bNEHO CUCTEMY PEKYPCUBHOT HEMPOHHOT MepeKi Ta HEMPOHHOI MepeXKi 3ropTKOBOro TUMY
rnMboKoro HaB4YaHHA. B pesynsTtaTi po6oT Byn0 BCTAHOBAEHO L0 BUKOPUCTAHHS 3TOPTKOBOT
mepexi 6inbll epeKkTUBHE ANA PO3Mi3HABAHHA CTUNIB MY3MKMU.
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JIOJIATOK B
KOJI [TIPOTPAMMMU

b.1 Ko 3ropTkoBoi HEMpOHHOT Mepexi

import math

import numpy as np

import hbpy

import matplotlib.pyplot as plt

import tensorflow as tf

from tensorflow.python.framework import ops

def random mini batches (X, Y, mini batch size = 64, seed = 0):

m = X.shape[1l] # number of training examples
mini batches = []
np.random. seed (seed)

permutation = list (np.random.permutation (m))
shuffled X = X[:, permutation]
shuffled Y = Y[:, permutation].reshape ((Y.shape[0],m))

num_complete minibatches = math.floor(m/mini_batch_size) #
number of mini batches of size mini batch size in your partitionning
for k in range (0, num complete minibatches):

mini batch X = shuffled X[:, k * mini batch size : k *
mini batch size + mini batch size]

mini batch Y = shuffled Y[:, k * mini batch size : k *
mini batch size + mini batch size]

mini batch = (mini batch X, mini batch Y)

mini batches.append(mini batch)

# (last mini-batch < mini batch size)

if m % mini batch size != 0:
mini batch X = shuffled X[:, num complete minibatches *
mini batch size : m]
mini batch Y = shuffled Y[:, num complete minibatches *
mini batch size : m]
mini batch = (mini batch X, mini batch Y)

mini batches.append(mini batch)

return mini batch

def convert to one hot(Y, C):
Y = np.eye(C) [Y.reshape(-1)].T



72

return Y

def predict (X, parameters):

Wl = tf.convert to tensor (parameters["W1"])
bl = tf.convert to tensor (parameters["bl"])
W2 = tf.convert to tensor (parameters["W2"])
b2 = tf.convert to tensor (parameters["b2"])
W3 = tf.convert to tensor (parameters["W3"])
b3 = tf.convert to tensor (parameters["b3"])
params = {"W1": W1,

"bl": bl,

"W2": W2,

"b2": b2,

"W3": W3,

"b3": b3}
x = tf.placeholder ("float"™, [25, 11])
z3 = forward propagation for predict(x, params)
p = tf.argmax(z3)
sess = tf.Session|()
prediction = sess.run(p, feed dict = {x: X})

return prediction

def forward propagation for predict (X, parameters):
# Retrieve the parameters from the dictionary "parameters"
Wl = parameters['W1l']
bl = parameters|['bl']
W2 = parameters['W2']
b2 = parameters|['b2']
W3 = parameters['W3']
b3 = parameters|['b3']
z1l = tf.add(tf.matmul (Wl, X), bl)
Al = tf.nn.relu(zl)
22 = tf.add(tf.matmul (W2, Al), Db2)
A2 = tf.nn.relu(z2)
z3 = tf.add(tf.matmul (W3, A2), Db3)

return 73

# Loading the dataset

#X train orig, Y train orig, X test orig, Y test orig, classes =
load dataset()

import pandas as pd

from sklearn.preprocessing import



LabelEncoder, OneHotEncoder, StandardScaler
from sklearn.model selection import train test split
#data = pd.read csv('data.csv')
features = pd.read csv('features 3 sec.csv')
#data = data.drop(['filename'],axis=1)
features = features.drop('filename',axis=1)
np.random.seed (10)
permut = list (np.random.permutation (9900))

genre list = features.iloc[:, -1]

encoder = LabelEncoder ()

y = encoder.fit transform(genre list)
onehotencode = OneHotEncoder (sparse=False)
#print (len(yl))

y = y.reshape(len(y), 1)

y = onehotencode.fit transform(y).T

print (y.shape)
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scaler = StandardScaler ()

X = scaler.fit transform(np.array(features.iloc[:, :-1], dtype =
float))

print (X.shape)

X = X[permut, :]

y = yl:,permut]

x train, x test, y train, y test = train test split(X, vy.T,

test size=0.2,stratify = y.T
)

#print (data.iloc([:, :=1].shape)

#x train = x train.reshape ((25,720))
print (x train.shape)

X train = x train.T

print (x train.shape)

y train =y train.T
print (y train.shape)

X test = x test.T

y test = y test.T

features.head()

def create placeholders(n x, n y):

X = tf.placeholder (tf.float32,shape = (n_x,None))
Y = tf.placeholder(tf.float32,shape = (n_y,None))

return X, Y

def initialize parameters () :

tf.set random seed(1l)



tf.

tf.

tf.

tf.

tf.

tf.

Wl = tf.get variable("W1l",[128,58],initializer
contrib.layers.xavier initializer (seed=1))

bl = tf.get variable("bl", [128,1],initializer
zeros initializer())

W2 = tf.get variable("W2", [64,128],initializer
contrib.layers.xavier initializer (seed=1))

b2 = tf.get variable ("b2", [64,1],initializer
zeros initializer())

W3 = tf.get variable ("W3", [10,64],initializer
contrib.layers.xavier initializer (seed=1))

b3 = tf.get variable ("b3", [10,1],initializer

zeros initializer())

print (Wl)

parameters = {"W1": W1,

"bl": bl,
"W2": W2,
"b2": b2,
"W3": W3,
"b3": b3

return parameters
def forward propagation (X, parameters):

tf.set random seed(2)

W1l = parameters['W1l']
bl = parameters|['bl']
W2 = parameters['W2']
b2 = parameters|['b2']
W3 = parameters['W3']
b3 = parameters|['b3']

2zl = tf.add(tf.matmul (Wl, X), bl)
Al = tf.nn.relu(zl)
Al = tf.nn.dropout (Al,keep prob = 0.9)

22 = tf.add(tf.matmul (W2, Al), b2)
A2 tf.nn.relu(z2)
A2 = tf.nn.dropout (A2, keep prob=0.9)

Zz3 = tf.add(tf.matmul (W3, A2), Db3)

return 73

74
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def compute cost(zZ3, Y):

logits = tf.transpose(Z3)
labels = tf.transpose(Y)

cost =
tf.reduce mean(tf.nn.softmax cross entropy with logits(logits =
logits, labels =labels))

return cost

def model(X train, Y train, X test, Y test, learning rate =
0.001,

num epochs = 250, minibatch size = 64, print cost =

True) :

ops.reset default graph()

tf.set random seed(1l)

seed = 3

(n_x, m) = X train.shape

ny =Y train.shape[0]

costs = []

X, Y = create placeholders(n x,n vy)

parameters = initialize parameters()

Z23= forward propagation (X,parameters)

cost = compute cost (Z3,Y)

optimizer = tf.train.AdamOptimizer (learning rate =
learning rate,betal=0.9,beta2 = 0.999,epsilon = 1le-08) .minimize (cost)

init = tf.global variables initializer()

with tf.Session() as sess:

sess.run(init)

for epoch in range (num epochs) :

epoch cost = 0.

num minibatches = int (m / minibatch size)
seed = seed + 1
minibatches = random mini batches (X train, Y train,

minibatch size, seed)

for minibatch in minibatches:
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(minibatch X, minibatch Y) = minibatch

B , minibatch cost =
sess.run([optimizer,cost], feed dict = {X:minibatch X,Y:minibatch Y}

)

epoch cost += minibatch cost / minibatch size

if print cost == True and epoch % 10 == O0:
print ("Cost after epoch %i: SE" % (epoch,
epoch cost))
if print cost == True and epoch % 5 == 0:

costs.append (epoch cost)

plt.plot (np.squeeze (costs))

plt.ylabel('cost')

plt.xlabel ('iterations (per fives)')
plt.title("Learning rate =" + str(learning rate))
plt.show ()

parameters = sess.run (parameters)
print ("Parameters have been trained!")

correct prediction = tf.equal (tf.argmax(z3), tf.argmax(Y))

accuracy = tf.reduce mean(tf.cast (correct prediction,
"float"))

print ("Train Accuracy:", accuracy.eval ({X: X train, Y:
Y train}))

print ("Test Accuracy:", accuracy.eval ({X: X test, Y:
Y test}))

return parameters

parameters = model (x train, y train, x test, y test)
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b.2. Kox pekypcuBHOI HEHPOHHOT Mepexi

Data Preprocessing.py

import librosa
import os
import math
import json

dataset path = "genres"
Jsonpath = "data json"

sample rate = 22050
samples per track = sample rate * 30

#30 is the lenght of each dataset sound in seconds

FHA A
FHAHHHHAAHA

def

preprocess (dataset path,json path,num mfcc=13,n £fft=2048,hop length=51
Z2,num_segment=5) :

data = {
"mapping": [1,
"labels": [],
"mfcc": []
}
samples per segment = int (samples per track / num segment)
num mfcc vectors per segment = math.ceil (samples per segment
/ hop length)
for i, (dirpath,dirnames, filenames) in

enumerate (os.walk (dataset path)):
if dirpath != dataset path:

#Adding all the labels
label = str(dirpath) .split ('\\") [-1]
data["mapping"] .append (label)

print ("\nInside ", label)

#Gping through each song within a label
for £ in filenames:
file path = dataset path +"/" + str(label) + "/"
+ str(f)
y, sr = librosa.load(file path, sr = sample rate)
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#Cutting each song into 5 segments

for n in range (num segment) :

start = samples per segment * n
finish = start + samples per segment

#print (start, finish)

mfcc = librosa.feature.mfcc(y[start:finish],

sample rate, n mfcc = num mfcc, n fft =
hop length)

mfcc = mfcc.T #259 x 13

#Making sure if

n fft, hop length

if len(mfcc) == num mfcc vectors per segment:
data["mfcc"] .append (mfcc.tolist ())
data["labels"] .append(i-1)

print ("Track Name ",

with open(json path, "w") as fp:
json.dump (data, fp, indent = 4)

if name == " main ":

file path, n+l)

preprocess(dggaset_path,jsonpath,num_segment=10)

Training RNN.py

import os
import json
import tensorflow as tf

from sklearn.model selection import train test split

import numpy as np
import matplotlib.pyplot as plt

data path = "data json"
def load data(data path):
print ("Data loading\n")
with open(data path, "r") as fp:
data = json.load(fp)

X = np.array(data["mfcc"])
y = np.array(data["labels"])

print ("Loaded Data")

return x, y

def prepare datasets (test size,val size):

#load the data
x, y = load data(data path)
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x train, x_test, y train, y test =
train test split(x,y,test size = test size)

X train, x val, y train, y val =
train test split(x train,y train,test size = val size)

return x train, x val, x test, y train, y val, y test

def build model (input shape) :

model = tf.keras.Sequential ()

model.add (tf.keras.layers.LSTM (64, input shape = input shape,
return sequences = True))

model.add (tf.keras.layers.LSTM(64))

model .add (tf.keras.layers.Dense (64, activation="relu"))
#model.add (tf.keras.layers.Dropout (0.3))

model.add (tf.keras.layers.Dense (10,activation = "softmax"))
return model

if name == " main ":

x train, x val, x_ test, y train, y val, y test =
prepare datasets (0.25, 0.2)

print (x train.shape[0])

input shape = (x train.shape[l],x train.shape[2])
model = build model (input shape)

# compile model
optimiser = tf.keras.optimizers.Adam(lr=0.001)
model.compile (optimizer=optimiser,
loss="'sparse categorical crossentropy',
metrics=["'accuracy'])

model.summary ()

# train model
history = model.fit(x train, y train, validation data=(x val,
y val), batch size=32, epochs=50)

# plot accuracy/error for training and validation
#plot history(history)

# evaluate model on test set
test loss, test acc = model.evaluate (x_test, y test,
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verbose=2)
print ('\nTest accuracy:', test acc)

model.save ("model RNN LSTM.h5")
print ("Saved model to disk")

model = tf.keras.models.load model ("model RNN LSTM.h5")
print (model.predict(x test[100]))

Predict RNN LSTM.py

import tensorflow as tf
import librosa
from mp3towav import convert to wav

G
s sE S E R

just path = "genres/blues/"
song path = "genres/blues/l.wav"
song name = "1"

GG
iR AR

#Constants which depend on the model. If you train the model with
different values,

#need to change those values here too

num mfcc = 13

n £ft=2048

hop length = 512

sample rate = 22050

samples per track = sample rate * 30

num_ segment = 10

FHAH AR
FHAFHFHEHHS

if name ==" main ":

model = tf.keras.models.load model ("model RNN LSTM.h5")
model . summary ()

classes = ["Blues","Classical","Country","Disco", "Hiphop",
"JaZZ", "Metal", "POp", "Reggae", "Rock"]

class predictions = []
samples per segment = int (samples per track / num segment)
if song path.endswith('.mp3'"):

path to save = just path + song name+".wav"

convert to wav(song path,path to save)
song path = path to save
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else:
pass

#load the song

x, sr = librosa.load(song path, sr = sample rate)

song length = int(librosa.get duration(filename=song path))
prediction per part = []

flag = 0

i1f song length > 30:
print ("Song is greater than 30 seconds")

samples per track 30 = sample rate * song length
parts = int(song length/30)
samples per segment 30 = int (samples per track 30 /
(parts))
flag = 1
print ("Song sliced into "+str(parts)+" parts")
elif song length == 30:
parts =1
flag = 0
else:
print ("Too short, enter a song of length minimum 30
seconds")
flag = 2
for 1 in range (0,parts):
if flag ==
print ("Song snippet ",1i+1)
start30 = samples per segment 30 * i
finish30 = start30 + samples per segment 30
y = x[start30:finish30]
fprint (len(y))
elif flag ==
print ("Song is 30 seconds, no slicing")
for n in range (num_ segment) :
start = samples per segment * n
finish = start + samples per segment
#print (len(y[start:finish]))
mfcc = librosa.feature.mfcc(y[start:finish],
sample rate, n mfcc = num mfcc, n fft = n_ ffg, hop length =
hop length)

mfcc = mfcc.T

#print (mfcc.shape)

mfcc = mfcc.reshape(l, mfcc.shape[0], mfcc.shape[l])
#print (mfcc.shape)

array = model.predict (mfcc)*100

array = array.tolist()

#find maximum percentage class predicted

class predictions.append(array[0].index (max (array[0])))
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occurence _dict = {}
for 1 in class predictions:
if 1 not in occurence dict:
occurence dict[i] =1
else:
occurence dict[i] +=1

max key = max (occurence dict, key=occurence dict.get)
prediction per part.append(classes[max key])

#print (prediction per part)

prediction = max (set (prediction per part), key =
prediction per part.count)

print (prediction)



