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1. Uvod a ciel projektu

Projekt sa zaobera automatickym rozpoznavanim a klasifikdciou zvukov
automobilovych motorov. Hlavnym cielom je vyvinat metodiku, ktora dokaze
priradit nezname zvukové nahravky k referen¢nym nahradvkam rovnakého
automobilu, aj ked motor bezi na inych otackach.

2. Teoreticky rozbor

2.1 Charakteristika zvuku motora

Zvuk motora je komplexny signal obsahujuci niekol'ko kl'i€¢ovych charakteristik:

« Zdakladna frekvencia zavisla od otacok motora
« Harmonické frekvencie (nasobky zakladnej frekvencie)
« Specifické spektralne charakteristiky dané konstrukciou motora

2.2 Metddy analyzy
Pre analyzu som zvolil nasledujuce metdédy:
1. Casovéa analyza

« Zobrazenie priebehu signélu
« Vypocet zakladnych Statistickych parametrov

2. Frekvencna analyza

« Fourierova transformacia (FFT)
« Analyza spektra
« ldentifikacia zakladnej frekvencie

3. Normalizovana spektralna analyza

« Normalizacia spektra vzhladom na zdkladnu frekvenciu
« Normalizacia amplitad



« Analyza harmonickych komponentov

Dovod zvolenia tychto metdd bol, aby som sa dostal k charakteristike zvukovych
nahravok motorov, v ktorej by boli otacky motora, teda zakladna frekvencia
"odfiltrované" a mohol som porovnavat zvukové nahravky nezavisle na otackach
motora.

3. Implementacia

Kniznice a stiahnutie signélu

import os

import re

import glob

import soundfile as sf

from IPython.display import Audio
from IPython.display import display
from scipy import signal

from scipy.io import wavfile

from scipy.fft import fft, ifft, fftfreq
import scipy.io

import matplotlib.pyplot as plt
import numpy as np

login = "xnecasr00"

zip file = login + ".zip"

assignment file = "https://www.fit.vut.cz/study/course/ISS/public/proj2024-z
lwget $assignment file

lunzip -o $zip file



--2024-12-07 15:43:24-- https://www.fit.vut.cz/study/course/ISS/public/proj
2024-25/personal/xnecasr00.zip

Resolving www.fit.vut.cz (www.fit.vut.cz)... 147.229.9.65, 2001:67c:1220:80
9::93e5:941

Connecting to www.fit.vut.cz (www.fit.vut.cz)|147.229.9.65]|:443... connecte
d.
HTTP request sent, awaiting response... 200 OK

Length: 227217 (222K) [application/zip]
Saving to: ‘xnecasr00.zip’

xnecasr00.zip 100%[ >] 221.89K  340KB/s in 0.7s
2024-12-07 15:43:25 (340 KB/s) - ‘xnecasr00.zip’ saved [227217/227217]

Archive: xnecasr00.zip
creating: xnecasr00/

inflating: xnecasr00/BMW 318i Drive.wav
inflating: xnecasr00/test f.wav
inflating: xnecasr@0/Fiat Panda Drive.wav
inflating: xnecasr@0/test t.wav
inflating: xnecasr0@0/Audi A3 Drive.wav
inflating: xnecasr@0/test s.wav
inflating: xnecasr@0/Peugeot 307 Drive.wav
inflating: xnecasr@0/test i.wav

# load the data
# references will be in ref signals, reference labels in ref labels, referer
# tests will be in test signals, test labels in test labels, test count in
def get signals(labs):
signals = []
N = len(labs)
for car in labs:
filename = login + "/" + car + ".wav"
s, Fs = sf.read(filename)
signals.append(s)
return signals, N, Fs

def play signals(signals, Fs):
for signal in signals:
display(Audio(signal, rate=Fs))

files = glob.glob(login + "/*.wav")

names = [re.sub(login + "/", "", s) for s in files]
labels = [re.sub(".wav", "",s) for s in names]
print ("----- test signals --------- ")

r = re.compile("~test "); test labels = list(filter(r.match, labels))

print (test labels); test signals, N test, Fs = get signals(test labels); pl
print ("----- reference signals --------- ")

r = re.compile("(?!~test )"); ref labels = list(filter(r.match, labels))
print (ref labels); ref signals, N ref, Fs = get signals(ref labels); play ¢

----- test signals ---------
['test t', 'test s', 'test f', 'test i']
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Analyza signalu v Case

"Audi A3 Drive']

Najskor si vykreslim ¢asovy priebeh signalov, spolu s ich zdkladnymi

Statistickymi parametrami, ktoré mi ale aj tak vel'mi nepomohli.

def analyze signals(signals, Fs, labels, title):

Analyzuje a vizualizuje zdkladné vlastnosti zvukovych signalov

Parametre:

signals: list zvukovych signdlov

Fs: vzorkovacia frekvencia

labels: nazvy signalov

title: nazov pre graf

n_signals = len(signals)

time = np.arange(len(signals[0])) / Fs

plt.figure(figsize=(15, 10))



# Casové priebehy

for i,

plt
plt
plt
plt

(sig, label) in enumerate(zip(signals, labels)):
plt.
.plot(time, sig)

.title(f'{label} - Casovy priebeh')
.xlabel('Cas [s]")
.ylabel('Amplitdda’)

subplot(n_signals, 1, i+1)

# Vypis zdkladnych Statistik
print(f"\nStatistiky pre {label}:")
print(f"Maximum: {np.max(sig):.3f}")
print(f"Minimum: {np.min(sig):.3f}")
print(f"Stredna hodnota: {np.mean(sig):.3f}")
print(f"Smerodajna odchylka: {np.std(sig):.3f}")

plt.suptitle(title)
plt.tight layout()
plt.show()

# Analyza referencnych signalov
analyze signals(ref signals, Fs, ref labels, "Referencné signaly")

# Analyza testovacich signdlov
analyze signals(test signals, Fs, test labels, "Testovacie signaly")

Statistiky pre Fiat Panda Drive:
Maximum: 0.669

Minimum: -0.635

Strednd hodnota: -0.001
Smerodajna odchylka: 0.291

Statistiky pre BMW 318i Drive:
Maximum: 0.020

Minimum: -0.020

Stredna hodnota: 0.000
Smerodajna odchylka: 0.006

Statistiky pre Peugeot 307 Drive:
Maximum: 0.277

Minimum: -0.301

Strednd hodnota: -0.000
Smerodajnéd odchylka: 0.079

Statistiky pre Audi A3 Drive:
Maximum: 0.480

Minimum: -0.482

Stredna hodnota: 0.000
Smerodajna odchylka: 0.147



Referenéné signaly
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Statistiky pre test t:
Maximum: 0.100

Minimum: -0.096

Strednd hodnota: -0.000
Smerodajnéd odchylka: 0.027

Statistiky pre test s:
Maximum: 0.125

Minimum: -0.135

Strednd hodnota: 0.000
Smerodajna odchylka: 0.034

Statistiky pre test f:
Maximum: 0.322

Minimum: -0.365

Strednd hodnota: -0.000
Smerodajna odchylka: 0.111

Statistiky pre test i:
Maximum: 0.061

Minimum: -0.059

Stredna hodnota: 0.000
Smerodajna odchylka: 0.020
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Testovacie signaly
test t - Casovy priebeh
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Spektralna analyza

Z ¢asového priebehu sa da pozorovat periodicita signalov. Je pomerne l'ahko

T
0.8

T
L0

viditeIna zdkladna frekvencia, teda rychlost otd¢ok motora.Pomocou spektralnej

analyzi si teda zobrazime frekvencné spektrum.

# Spektralna analyza

def spectral analysis(signals, Fs, labels, title):

Vykona spektralnu analyzu signdlov

Parametre:

signals: list zvukovych signalov
Fs: vzorkovacia frekvencia
labels: nazvy signalov

title: ndzov pre graf

n_signals = len(signals)
plt.figure(figsize=(15, 10))

for i, (sig, label) in enumerate(zip(signals, labels)):

# Vypocet FFT
freq = np.fft.fftfreq(len(sig), 1/Fs)
fft sig = np.fft.fft(sig)

# Zobrazenie len pozitivnych frekvencii
positive freq idx = freq >= 0

plt.subplot(n signals, 1, i+1)




plt.plot(freq[positive freq idx], np.abs(fft sig)[positive freq idx]
plt.title(f'{label} - Frekvencné spektrum')

plt.xlabel('Frekvencia [Hz]")

plt.ylabel('Magnituda')

plt.suptitle(title)
plt.tight layout()
plt.show()

# Spektrdlna analyza referencnych signdlov
spectral analysis(ref signals, Fs, ref labels, "Spektrdlna analyza - Referer

# Spektralna analyza testovacich signalov
spectral analysis(test signals, Fs, test labels, "Spektralna analyza - Testc
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Spektralna analyza - Testovacie signaly
test_t - Frekvenéné spektrum
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Hladanie zakladnych frekvencii

Ndjdem a oznacim si zdkladnu frekvenciu, je dominantna a zo vSetkych grafou ju

je lahko vidiet. Vypisem jej hodnotu. Podl'a tejto hodnoty by sa v podstate dali

zistit konkrétne otacky vSetkych motorov.

def analyze fundamental frequency(signal, fs, freq range=(20, 500)):

Analyzuje frekvencné spektrum a najde zdkladnu frekvenciu

Parametre:

signal: vstupny signdl
fs: vzorkovacia frekvencia

freq_range

rozsah frekvencii pre hladanie zakladnej frekvencie (min, m

Navratové hodnoty:

fregs: vSetky frekvencie
magnitude: magnitudy frekvencii
fund freq: zdkladnd frekvencia

# Vypocet FFT
fft sig = np.fft.fft(signal)
freqs = np.fft.fftfreq(len(signal), 1/fs)

magnitude

np.abs(fft sig)

# Obmedzenie na pozitivne frekvencie
positive freq mask = freqs >= 0
freqs = freqs[positive freq mask]

magnitude

magnitude[positive freq mask]

c



# Najdenie zadkladnej frekvencie v danom rozsahu
freq mask = (freqs >= freq_range[0]) & (freqs <= freq range[l])
fund _freq = freqs[freq _mask][np.argmax(magnitude[freq mask]) ]

return freqs, magnitude, fund freq

def plot frequency spectra(signals, labels, fs, title):

Vykresli frekvencné spektrd so zvyraznenou zakladnou frekvenciou
n_signals = len(signals)
plt.figure(figsize=(15, 3*n_signals))

for i, (signal, label) in enumerate(zip(signals, labels)):
# Analyza frekveniného spektra
freqs, magnitude, fund freq = analyze fundamental frequency(signal,

# Vykreslenie spektra
plt.subplot(n signals, 1, i+l)
plt.plot(freqs, magnitude)

# Zvyraznenie zakladnej frekvencie
fund idx = np.argmin(np.abs(freqs - fund freq))
plt.plot(fund freq, magnitude[fund idx], 'r*',
markersize=15, label=f'Zakladnd frekvencia: {fund freq:.1f}

plt.title(f'{label} - Frekvencné spektrum')
plt.xlabel('Frekvencia [Hz]"')
plt.ylabel('Magnituda')

plt.grid(True)

plt.legend()

# Obmedzenie zobrazenia na relevantny rozsah frekvencii
plt.xlim(0, 1000) # zobrazime len prvych 1000 Hz

plt.suptitle(title)
plt.tight layout()
plt.show()

# Analyza referencnych signdlov
plot frequency spectra(ref signals, ref labels, Fs, "Frekvencné spektra - Re

# Analyza testovacich signalov
plot frequency spectra(test signals, test labels, Fs, "Frekvencné spektra -

# Vypis zakladnych frekvencii
print("\nZdkladné frekvencie referencnych signalov:")
for signal, label in zip(ref signals, ref labels):
, _, fund freq = analyze fundamental frequency(signal, Fs)

Brint(f"{label}: {fund_freq:.1f} Hz")

print("\nZakladné frekvencie testovacich signdlov:")

for signal, label in zip(test signals, test labels):
_, _, fund freq = analyze fundamental frequency(signal, Fs)
print(f"{label}: {fund freq:.1f} Hz")
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Frekvencné spektra - Testovacie signaly
test_t - Frekvenéné spektrum
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Zakladné frekvencie referencnych signalov:
Fiat Panda Drive: 216.0 Hz

BMW 318i Drive: 38.0 Hz

Peugeot 307 Drive: 123.0 Hz

Audi A3 Drive: 127.0 Hz

Zakladné frekvencie testovacich signdlov:
test t: 25.0 Hz

test s: 59.0 Hz

test f: 166.0 Hz

test i: 42.0 Hz

Normalizacia frekvencnej osi

Znormalizujem si frekvencnu os na nasobky zakladnej frekvencie. Frekvencné
spektrum sa bude dat porovnavat medzi nahravkami.

def get normalized spectrum(signal, fs):

VypocCita a posunie frekvencné spektrum tak, aby zakladna frekvencia bole

# Vypocet FFT

fft sig = np.fft.fft(signal)

freqs = np.fft.fftfreq(len(signal), 1/fs)
magnitude = np.abs(fft sig)



# Najdenie zdkladnej frekvencie (v rozsahu 20-500 Hz)
positive mask = freqs >= 0

freq_range mask = (freqs >= 20) & (fregs <= 500)
valid mask = positive mask & freq range mask

fund _freq = freqs[valid mask][np.argmax(magnitude[valid mask]) ]

# Vytvorenie normalizovanej frekvencnej osi
# Posunieme frekvencie tak, aby zdkladnd frekvencia bola na 1
normalized freqs = freqs / fund freq

return normalized freqs[positive mask], magnitude[positive mask], fund f

def plot normalized spectra(signals, labels, fs, title):

Vykresli normalizované frekvencné spektra

plt.figure(figsize=(15, 10))

for i, (signal, label) in enumerate(zip(signals, labels)):
# Ziskanie normalizovaného spektra
norm freqs, magnitude, fund freq = get normalized spectrum(signal, 1

plt.subplot(len(signals), 1, i+l)
plt.plot(norm freqs, magnitude)
plt.axvline(x=1, color='r', linestyle='--', label='Zakladnad frekvenc

# Zvyraznenie harmonickych
for n in range(2, 6):
plt.axvline(x=n, color='g', linestyle=':"', alpha=0.5)

plt.title(f'{label} (Zakladnd frekvencia: {fund freq:.1f} Hz)')
plt.xlabel('Normalizovand frekvencia (f/f0)"')
plt.ylabel('Magnituda')

plt.xlim(0, 5) # Zobrazime prvych 5 harmonickych
plt.grid(True)

plt.legend()

plt.suptitle(title)
plt.tight layout()
plt.show()

# Analyza referencnych signalov
print("Referenc¢né signaly:")
plot normalized spectra(ref signals, ref labels, Fs, "Normalizované frekvenc

# Analyza testovacich signdlov
print("\nTestovacie signaly:")
plot normalized spectra(test signals, test labels, Fs, "Normalizované frekve

Referencné signaly:
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Teraz uz z grafov je mozné badat podobnosti, pripadne rozdiely medzi
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jednotlivymi signalmi.

Vyslednd analyza spektra a vypocet vzdialenosti medzi

nahravkami



Dalej normalizujem amplitidu, a vypo¢itam pomer medzi zékladnou frekvenciou
a jej harmonickymi ndsobkami. Avsak hodnotu frekvencii hramonickych nasobkov
budem brat ako maximdalnu hodnotu z malého okolia harmonického nasobku aby
som obmedzil nepresnosti, napriklad pri nahravke Audi_A3_Drive su vrcholy
frekvencii v harmonickych nasobkoch mierne posunuté, ¢o by mohlo spésobovat
nepresné vysledky. Vypocitam vzdialenosti medzi pomermi, pricom do vypoctu
budem brat len prvych 6 harmonickych frekvencii okrem zdkladnej, je to z
dbévodu toho Ze aj ked som zobral viac, tak sa uz vysledok zasadne nezmenil.

def get normalized spectrum with peak ratios(signal, fs, window width=0.05):
Vykondva spektralnu analyzu zvukovych signalov zalozenlU na pomeroch
maximalnych amplitdd v okoli harmonickych frekvencii.

Parametre:

signal: Casovy priebeh zvukového signalu

fs: Vzorkovacia frekvencia

window width: Sirka okna okolo harmonickych pre analyzu (ako zlomok harn

Vracia:

norm freqs: Normalizované frekvencie (relativne k zakladnej)

magnitude: Normalizované magnitudové spektrum

fund freq: Zakladna frekvencia

peak ratios: Normalizované pomery maximdlnych amplitdd harmonickych komg
highlight masks: Boolovské masky pre vizualizaciu

# Aplikujeme Hanningovo okno pre zniZenie spektrdlneho presakovania
window = np.hanning(len(signal))

signal signal * window

# Vypocitame FFT a ziskame frekvencnu os
fft sig = np.fft.fft(signal)
freqs = np.fft.fftfreq(len(signal), 1/fs)
magnitude = np.abs(fft sig)

# Vytvorime masky pre platné frekvencné rozsahy

positive mask = freqs >= 0

# Zameriame sa na typicky rozsah frekvencii motora (20-500 Hz)
freq range mask = (freqs >= 20) & (freqs <= 500)

valid mask = positive mask & freq range mask

# 0dhadneme droverni Sumu pre lepSiu detekciu Spiciek
noise floor = np.median(magnitude[valid mask])
signal threshold = noise floor * 3

# Najdeme vyznamné Spicky nad urovriou Sumu

peaks = magnitude[valid mask] > signal threshold
potential freqs = fregs[valid mask][peaks]
potential mags = magnitude[valid mask][peaks]

# Identifikujeme zakladnu frekvenciu z najsilnejsSej Spicky
if len(potential mags) > 0:
fund freq idx = np.argmax(potential mags)



def

fund freq = potential freqs[fund freq idx]

fund magnitude = potential mags[fund freq idx]
else:

max_idx = np.argmax(magnitude[valid mask])

fund freq = freqs[valid mask][max_idx]

fund _magnitude = magnitude[valid mask][max idx]

# Normalizujeme amplitudy vzhladom na amplitudu zakladnej frekvencie
magnitude = magnitude / fund magnitude

# Normalizujeme frekvencie relativne k zakladnej
norm_freqs = freqs[positive mask] / fund freq
magnitude = magnitude[positive mask]

# Analyzujeme harmonické komponenty pomocou maximalnych amplitud
peak ratios = []

n_harmonics = 6

highlight masks = []

for n in range(1l, n_harmonics + 1):
# Vytvorime uUzke okno okolo kazdej harmonickej frekvencie
window mask = (norm_freqs >= n - window width) & \
(norm_freqs <= n + window width)
highlight masks.append(window mask)

# Pouzijeme maximdlnu hodnotu v okne

if np.any(window mask):
peak value = np.max(magnitude[window mask])
peak ratios.append(peak value)

else:

peak ratios.append(noise floor / fund magnitude) # Normalizovar
return norm freqs, magnitude, fund freq, np.array(peak ratios), highligt

plot normalized spectra(signals, labels, fs, title, window width=0.05):

Vytvara vizualizaciu normalizovanych spektier so zvyraznenymi harmonicky

plt.figure(figsize=(15, 10))

for i, (signal, label) in enumerate(zip(signals, labels)):
norm freqs, magnitude, fund freq, peak ratios, highlight masks =

get normalized spectrum with peak ratios(signal, fs, window widt

plt.subplot(len(signals), 1, i+l)
plt.plot(norm freqs, magnitude)

# Zvyraznime oblasti harmonickych frekvencii a pridame oznacenie pon

colors = ['blue', 'green', 'pink', 'yellow', 'gray', 'orange']

for n, (mask, ratio, color) in enumerate(zip(highlight masks, peak r
plt.fill between(norm freqs[mask], magnitude[mask], alpha=0.3, c

center freq = n + 1
max_mag = np.max(magnitude[mask]) if np.any(mask) else 0
plt.text(center freq, max mag, f'P{n+l1}: {ratio:.2f}"',

horizontalalignment='center', verticalalignment='bottom'



def

plt.axvline(x=1, color='r', linestyle='--', label='Zdkladnd f')
plt.axhline(y=1, color='g', linestyle='--', label='Zdkladnd A'")

plt.title(f'{label} (f0: {fund freq:.1f} Hz)")
plt.xlabel('Normalizovana frekvencia (f/f0)"')
plt.ylabel('Norm. amplitdda (A/A0Q)")
plt.xlim(0, 7)

plt.grid(True)

plt.legend()

plt.suptitle(f'{title}\nPomery maximdlnych amplitldd (+{window width * 1¢
plt.tight layout()
plt.show()

match test to reference(ref signals, test signals, ref labels, test labe
Priraduje testovacie signdly k referencnym na zdklade porovnania

pomerov maximalnych amplitdd harmonickych frekvencii.

Pre kazdy referencny signdl najde testovaci signdl s najmenSou vzdialenc
# Ziskame pomery Spiciek pre vSetky signaly

ref ratios = []

test ratios = []

for signal in ref signals:
~, _, _, ratios, = get normalized spectrum with peak ratios(signal
ref ratios.append(ratios)

for signal in test signals:
., _, _, ratios, = get normalized spectrum with peak ratios(signal
test ratios.append(ratios)

ref ratios = np.array(ref ratios)
test ratios = np.array(test ratios)

# VypocCitame euklidovskl vzdialenost medzi pomermi
all distances = np.zeros((len(test signals), len(ref signals)))
for i, test ratio in enumerate(test ratios):
for j, ref ratio in enumerate(ref ratios):
distance = np.sqrt(np.sum((test ratio - ref ratio) ** 2))
all distances[i, j] = distance

# Vypis matice vzdialenosti
print("\nVzdialenosti medzi pomermi maximdlnych amplitid:")
print("-" * 50)
print(f"{'':15}", end="")
for ref label in ref labels:
print(f"{ref label:15} ", end="")
print()

for i, test label in enumerate(test labels):
print(f"{test label:15}", end="")
for j in range(len(ref labels)):
print(f"{all distances[i,j]:15.3f}", end="")
print()



# Pre kazdy referencny signdl ndjdeme najblizsi testovaci signal
final matches = {}

for ref idx, ref label in enumerate(ref labels):
# Najdeme najblizsi testovaci signal pre tento referencny signal
distances to ref = all distances[:, ref idx]
closest test idx = np.argmin(distances to ref)
test label = test labels[closest test idx]

min distance = distances to ref[closest test idx]
final matches[test label] = (ref label, min distance)

# Vypis vysledkov

print("\nNdjdené zhody:")

print("-" * 50)

for test label, (ref label, distance) in final matches.items():
print(f"{test label} -> {ref label} (vzdialenost: {distance:.3f})")

# Néajdeme nepriradené testovacie signaly
matched test labels = set(final matches.keys())
unmatched test labels = set(test labels) - matched test labels

if unmatched test labels:
print("\nNepriradené testovacie signaly:")
for test label in unmatched test labels:
print(f"- {test label}")

return final matches

def analyze car sounds(ref signals, test signals, ref labels, test labels, f

Vykonava kompletnd analyzu zvukov automobilovych motorov.
plot normalized spectra(ref signals, ref labels, fs,
"Analyza referencnych signalov")

plot normalized spectra(test signals, test labels, fs,
"Analyza testovacich signalov")

matches = match test to reference(
ref signals, test signals, ref labels, test labels, fs)

return matches
# Spustime analyzu
matches = analyze car sounds(ref signals, test signals, ref labels, test lat
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Vzdialenosti medzi pomermi maximalnych amplitdd:

Fiat Panda Drive BMW 318i Drive Peugeot 307 Drive Audi A3 Dr

ive

test t 0.400 0.356 0.295 0.263
test s 0.153 0.146 0.244 0.414
test f 0.036 0.080 0.329 0.513
test i 0.098 0.054 0.253 0.468

Najdené zhody:

test f -> Fiat Panda Drive (vzdialenost: 0.036)
test i -> BMW 318i Drive (vzdialenost: 0.054)
test s -> Peugeot 307 Drive (vzdialenost: 0.244)
test t -> Audi A3 Drive (vzdialenost: 0.263)

4. Vysledky

Ku kazdému autu som dokdazal nast nezndmu nahravku s najmensou
vzdialenostou. Pri Peugeote su vysledky najmenej jednoznacné. Ale vSetky
nahravky zrejme patria k danym autdm. Dalej m6zeme vidiet, Zze Fiat aj BMW
maju vel'mi malu vzdialenost k svojim priradenym nahravkam, pricom Peugeot a
Audi maju vyrazne vyssiu tuto vzdialenost. To méze byt sp6sobené vyraznejsim
rozdielom medzi otdckami motorov oboch parov nahravok Peugeotu a Audi,
pripadne réznym sumom v pozadi. Hoci za idedlnych okolnosti by mali byt tieto
vplivy odfiltrované.

5. Zaver

Implementovany systém by mal demonstrovat schopnost rozpozndvat a
priradovat zvuky automobilovych motorov na zdklade ich spektralnych
charakteristik, konkrétne porovnavanim pomerov zdkladnej frekvencie k jej
harmonickym frekvenciam.


https://convert.ploomber.io/

