FeUaHdAnY T UTNY 6l

Tlsunsaaaneudaanasuniunamsmlaundmadn

Cassette Tape Noise Reduction Preset

weli3a yilsziady

MAITIFINITHAUAS Az TSz aN
ANZIAINTIUFIETAS
astiumalulagwszessndudnammsmanszila

Unsdinm 2560



N HTHDIAN AT UANY Tl

Tsunsuaanoudamasunivainmsudaandmendn

Cassette Tape Noise Reduction Preset

wgl3a yilsza3g

MATVIAINTIHAUN Az TR Sza
AMZIAINTTUMANS
amvumalulagnszoeumndudigammsmanszis

= =
Umsanu 2560



& a £ a =]
Folnsanuannodny Tisunsuaaneudyanasuniusinmsudasmlammdn
d‘. Qs ] (=) =Y

yo-ana wunany 1U3e yilsziaig

AR FANIIuMans MAIF IFNTINAUATIAz ATz

~ ] @

‘ Y o Sa =

Yo-ana 013HHmA 19156v3ANA NAAITINTUY, A3.uudu 1
A 3 £

Fo-ana flmany qanD uames

A A a v
Y¥oan ]uﬂﬁgﬂa'ﬂﬂ1§ aauIArUAINGD ﬂﬂﬁ YN l‘ml

ieametogiuilugaiimdu/aougannernaesmiluainea dinalifineuaumilae
g : - e & :
iynaariasns myedeyanuuataeagnldedian Naunanniiu M3 Re-record Mamil
o I f An ~ ' A A 1
mengn (ewasa) linmoihu ldataeadailulse Tenfediunalusmaaiiamisuaumy
=~ 1 oA 9/ g an ~ a )
mengniua 1l uaitiaadremsmasminnewaeniuataease lidyaasuniudin
o/ o g . L) g zl 1 s
Yzluiudyaamdndaiavunniuaeuszi NunlawaznndnyugmmzYeds g
v & @ 2 ) Ya e 5 g o Y o
auaen A ludapiudaldligeraniuazalnsaiiimihiaaneudyanusuniuag
1 Bl o an r.a'l 9 ~ as A 3 A =)
aanalit lamasavaeah laninmsmlasiianuga(Clarity) 1ntu deuasuainadn
= e ' A
dszma Ineiimuaemdnmaaiiuimumaanaiiiooiu) a1emalitald Matlab
. 0w o W[ dan AN Y
BBNUUY Algorithm dMivaaneudyanusunesnnn IMaadneadi laanmsulaunl
=3 Y ow . @ A al =1
maamnIaelannis Spectral Subtraction Hanmsfe milasdywin Tamunaniulanu
Ad 19819 Short time Fourier transform 11ntiniamasanlansudyanusafiiimms
dyyrasunmusdninnaveennnvuiaalaasivesdaanaudsailudmesdyanasuniu
. 1 Q/ 1 Q/ 1 Q/ g gl o/
Favzdana ensduvesdynaudedy s uAILSNR)ATY 1niudaasdaniun
TamuarwdnauiluTamunaiiaole mverse short time Fourier transform Ha ﬁﬂﬁﬁ@ﬁagmﬂm
= Qs -3 A o Ay d‘w 9 ¥ 1 A s oA A
ianusanuiuiesnndyayivsuniugnaanauad Jimatlyldegiilsz@nsnwiie

dyanuiunIuaIinaeas I dy I Yyaaains ludeinasuaausn ldam I8k Gul

fendry : NIauFmlaeiy, ladyanunnemasailudiaea, milmadn, dyana

JUNIU



Co-operative Title: Cassette Tape Noise Reduction Preset
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ABSTRACT

Now a day, analog era has been changed to digital cra and because of these, cassette tape
player is reduced. Digital player is used worldwide instead of analog player. In addition, Catholic
Social Community of Thailand(CSCT) has many cassette tapes (more than 100); therefore, re-
recording from cassette tape (analog) to digital file is really useful in the future. But because of
the process of re-record and the characteristic of analog are created noise that contaminate to
signal which called “Tape Hiss™; therefore, noise reduction’s software and hardware have been
used in these day to improve the clarity of signal. For this reason, noise reduction algorithm is
designed by using spectral subtraction method. Principles of spectral subtraction are convert
signal from time domain to frequency domain by using short time Fourier transform and then
chose a period in spectrogram of audio signal that has only background noise and find average of
that period. When we got a mean of background noise, we duplicated a mean for whole range of
current audio signal by using function repmat and then we subtract the absolute value of each
element in audio signal array by duplicated mean value of background noise. Finally, we convert
signal back from frequency domain to time domain by using inverse short time Fourier transform.
The result gives a better SNR as background noise is reduced. This method is useful when the

signal is stable. Staff in CSCT can use algorithm easier via graphic user interface (GUI).

Keywords: Spectral subtraction, Analog to digital converter, Cassette tape, Noise
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2.1.1 Audio Restoration
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¥
Transform) 92 lakadsaumsae il

Y(() =X(0)+ NO®) (2)
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2.1.3 Fourier Transform
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2.1.6.2 Window Functions ﬁﬁ1ﬁﬂgiﬂﬂﬂ1l]ﬂ
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118 0L =0.54, 3 = 0.46

Hamming window (a = 0.53836) Fourier transform
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131 : Olli Niemitalo, n.d.

2) Rectangular window
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Rectangular window Fourier transform
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A A ' A A4 Ao Yo oA - o
Iﬂﬂﬂ’]]ﬂﬁllW'Uﬂ\?fTﬂ’lﬂﬁ1’]1JTL!H'\[El‘]fclﬂmuﬂmﬂllﬁtlllmﬂllﬂﬂ
rectangular window namiy Hamming window 11903 ﬂsaaﬁ’@aymﬁ‘%ﬁ Transition
G A 9/ -3 ! i i A ! A 9 1 1 a @
width NAINVUMNIIEIT Hamming window 3 main lobe NNI19AN ualuvziAgIny
A

Hamming window g1 stopband attenuation mgaﬂ'iuﬁmmﬂﬁﬁ:ﬂ”u‘um side lobe NF1NN

(330 311591, 2554)

ANUFURUT AU ANTLH TN transition width Af d1H3 V9951504

Ay vz @eMuUAIY Hamming window A1 filter length fia
£=33/N (17)
Tat N fie filter length 12 Af @ normalized transition width

1 maximum stopband attenuation ’ﬁlﬂullﬂqﬁﬁ'}ﬂ;ﬂmﬁ’elaﬂ!m UIDTNTBO
ﬁ'ﬂgﬂﬁmﬁf']ﬂ Hamming window Avlszina 53 wFHua 18LA1 minimum peak passband ripple

Uszam 0.0194 9Fa (@3 Fand 311059, 2554)

2.1.7 Signal to noise ratio

F=r=1 QU

. . . A ST = ¥ A ¢
Signal to noise ratio (SNR #1358 S /N) s iafldlusInemaniiay
o & a ~ 1 @ o ~ 9 1 o @
ImnssuguiumanfTvumeusznhassaudyanaiidesnsdeseaudaanusuniu lagns
o SN thazdlums fasandumdwesdaanuidesmidemdadyanasuniu drunnd
niheduadiun (dB) sasdwfigand 1:1 AT o wdn) naashzdudaanai

AeamsnnnnszaudynusunIu
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dasdudynuidesmIdedyaNuI LN LDUAIBUAYAINYYe A QM uBd

Yoan My aea3%en Toanud10ongpHun Shannon-Hartley (Johnson, 2006)
ANNUAAIANNTT SNR TdRaaunsi 18
SNR = Psignal/Pnoise = (Asignal/’mmisc)2 (dB) (18)

1ife P AafM1damasuag A fie root mean square (RMS) amplitude M3 adaanufideantsiag
o’ y o o = o o 3 ' ~ o o g
dyaasumumetinduam sNR dutlusedesiadyapa lusiu@oriuasdesialu

STUIAYINU

v
A o/

A o | . T - . Y o ¥ o2 qw
madmﬂmuhmumﬁmﬂpmmm Dynamic range N4 asuddlgena
Logarithmic decibel Tumsiaaas SNR 11114 Tasmsnlasuar sNr A ldliilwasima

asnii Ideauns® 1o iz 20

Pgignal,dB = 10logyo(Psignal) (19)
nay

pnoise,dB = 10log(Pnoise) (20)
wieendnaldnnaunsf 21

SNRgp = 10log|(SNR) (21)
uagnnaumsi 1s eweWouldn

SNRyR = 10log(Psignal/Pnoise) (22)
I miniavesasnisig
10log o(Psignal/Pnoise) = 10log| o(Psignal) — 10log o(Pnoise) (23)

wagnInauMsh 19 uag 20

SNRyB = Psignal,dB ~ Pnoise.dB (24)
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1 1 =1 v o w o 1 @ a
A1 SNR MInauMsil 13-18 (Hums famdwesdygranyu Sadvseiiad induat) SNR gnia
?:JJ = o @

Tununauseau TS enszua (Volt, Amperes) Fuilumisfamavinadaiudadasqondigs

gauie M iaAaI A UNAI A aadaa s 25 (Johnson, 2006)

SNRgp=10log| 0[(AsignaI/Anoisc)2]:2("0%1O(Asignal/Anoise)Z(Asignal.dB = Anoise,dB) (25)

v
a’ =

3 = c?d A 9/ 1 nyy 1
Tua3duiiil SNR MiRedeteg 2 dszinn laun

2.1.7.1 A posteriori SNR

o o

A posteriori SNR flagniduszninmavesdyanaiiidyaiusuiu

o g

Yt [y (o)demdavesdyausuniu [N ()] annsouaas ldaaaunisf 26

AT

SNR; posteriori (a3) —
ael |47, (j )|

(26)
2.1.7.2 A priori SNR
A priori SNR fB8a31d M5z INMdwesd I idednts [X ()] Ao

MAIVRIdYIUTUNIY [N (GO)] amnsouaad laaaanmsi 27

_ eGaf

SNR;: priori (@) -
L | )|

(27)
A o w ¥ A 9o a4
11T VVIUTUMTIANUAUWUTUDI SNR N9 2 ﬂﬁ%lfﬁﬂu lﬂ JAUNITN 28

k) =LK - 1

(28)

e £[1. %] @ a priori SNR t1ag ~[[, k] #® a posteriori (Cohen, 2004).
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2.2.2.2 1. Cohen (2004) 18fnN¥1713U 323N UA WMDY Non-causal §IM3 Y a priori
SNR Az aanas MuaanaudyIus un LK1 U520MA MDY Non-causal A13139U0A
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2.2.2.3 Guoshen Yu, Stéphane Mallat (2008) Ta#in11msaaneudyn msuniu
#1073 Time-Frequency Block Thresholding HagW1I11 miﬂﬂ‘Vl?J'Llf@ﬂg’]iﬂi]Jﬂ’]ll@ﬂﬂmﬂ

dyanudesdesliitlsyunanadilszaninmananayanud iy non-diagonal ie

=) L =)

' a ¥ ; ) F
MaNIAgINI3IAA musical noise LaNMINLGITzYBnNSaneIuaaneudynnmsuIUALgIY
wiimaniimeiignimua 3udmamnl¥8anes i block thresholding estimation 3¢ #1115

o @ o [ o 9 o o o A @

mlimnimeimaaunsalivar limnzasivdnyazveadyanas unuidzuiy
¥

doyanandoaiug ¢
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4 5
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-AUAUDIANUD 25 Hz-18 kHz wamiuuy Normal
- Signal-to-Noise-Ratio 58 dB 11 3% THE Level Weighted
- ivaseyduiedadynondoa 1§
- HiTlsunsy cps dmsudent unsn
- 31 Dolby HX Pro
- §l INFRA-RED REMOTE CONTROL
- WIFHAI93 2T IM DY HARD PERMALLOY

- AEAINANBTZ UL UNNA 89111 ONE TOUCH

M 3.1 naeaRieuaumUm@Enu TEAC W-790R

M ; http://www.avdeals.com/hometheatcomp/w790r.htm
3.2.2 Mixing console Yamaha QL1 with Dante card slot

A a Y A o =) . Py 9 1 < g
asudaruAIMaanlFnIadHaNd YA Ed (Mixer) %0 Yamaha ju QL1 Haiilu
A =) an Aa 3 A o 9/ o 9 !
IATBANT IO UATRaa NN 115 Taneaalia (Dante protocol) M 1Ha IR
dyanadesnnnieanaudogaeuiiuneSietiufindosIdheTasdimuadumaves

ﬁ:ﬁjﬁﬂlﬂﬂlﬁﬂ Dante Controller
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AuANTANUIUVeIAT BN 0a QL1 Tidail
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MWA 3.2 18R Mixing console Yamaha QL1

i http://www.yamahaproaudio.com/global/en/products/mixers/ql/

3.2.3 Dante Controller & Dante Virtual Soundcard
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3.3.2.4 SNR Estimation
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MANUIN N

TAa Matlab 714 lunsmiaundovesdayanusuaiu

d =dir('02* wav'),
wlen = 1024,
hop = wlen/4;
nfft = 10*wlen;
for k=1:numel(d)
[x.fs] = audioread(d(k).name);
[S, f, t_stft] = stft(x(:,1). wlen, hop, nfft, fs):
S bg = mean(abs(S(:,:)), 2);
S w all(:,k)=S bg;
end

ave = mean(abs(S_w_all(:,:)),2);

Tfa Matlab R lsmaeam)aaiuamasdannusuau

semilogx(f, 10*logl0(ave));
xlim([u(1) u(2)]);

ylim([-30 5]);

hy = ylabel('Spectrum[dB]");
set(hy, 'fontsize', 32)

hx= xlabel('Frequency[Hz]');
set(hx, 'fontsize', 32)
set(gca,'FontSize',29)

grid on;
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T8 Matlab Tuniswaeanfiouflondyapaneuazndarusanas i
Yshow temporal signals
figure
subplot(2,1,1);
t index=find(T>t _min & T<t max);
plot([1:length(x)]/Fe.x):
hx 1=xlabel('Time (s)');
hyl=ylabel(' Amplitude');
xhim([0 1]);
ylim([-0.02 0.02]);
set(hyl, 'fontsize'. 30)
set(hx1, 'fontsize', 30)
set(gea,'FontSize',25)
hold on;
noise_interval=floor([T(t_index(1))*Fe:T(t index(end))*Fe]);
plot(noise_interval/Fe,x(noise interval),r');
hold off:
legend('Original signal','Noise Only');
title('Original Sound');
%show denoised signal
subplot(2,1,2);
plot([1:length(output_signal)]/Fe,output_signal );
hx=xlabel('Time (s)');
hy =ylabel(' Amplitude’);
xlim([0 1]);
ylim([-0.02 0.02]);
set(hy, 'fontsize', 30)
set(hx, 'fontsize', 30)
set(gca, FontSize',25)

title("'Sound without noise');
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89 Matlab Tumswieaanlninsunsu
Y%show spectrogram
t_epsilon=0.001;
figure
S one sided=max(S(1:length(F)/2.:),t epsilon):
peolor(T,F(1:end/2),10*log10(abs(S_one_sided)));
shading interp:
colormap('hot');
title('Spectrogram: speech + noise');
hx2=xlabel('Time (s)');
hy2=ylabel('Frequency (Hz)');
set(hy2, 'fontsize', 30)
set(hx2, 'fontsize', 30)
sct(gea, FontSize',25)
figure
S_one_sided=max(STFT(1:length(F)/2,:),t epsilon);
pcolor(T,F(1:end/2),10*log10(abs(S_one_sided)));
shading interp;
colormap('hot');
title('Spectrogram: speech only');
hx3=xlabel('Time (s)');
hy3=ylabel('Frequency (Hz)');
set(hy3, 'fontsize', 30)
set(hx3, 'fontsize', 30)

set(gca,'FontSize',25)
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TAn Matlab Spectral subtraction algorithm

[y.Fe]=audioread('Speech.wav');
x=y(:,1):%(1:end,1).";

Nx=length(x);

% algorithm parameters
apriori_SNR=I;
alpha=0.98;

betal=0.5;

beta2=1;

lambda=2;

% STFT parameters

NFFT=4096;

window_length=1024; %1024, round(0.031*Fe);
window=hamming(window _length);

window = window(:);

overlap=floor(0.45*window_length);

%Signal parameters
t min=0.1;

t max=0.8;

% construct spectrogram
[S.F,T] = spectrogram(x+1 i*eps,window,window _length-overlap,NFFT,Fe);

[Nf,Nw]=size(S);

% Noisy spectrum extraction
t_index=find(T>t min & T<t max);

absS_noise=abs(S(:,t_index))."2:
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noise_spectrum=mean(absS noise,2); %average spectrum of the noise

noise_specgram=repmat(noise spectrum,l Nw);

% Estimate SNR
absS=(abs(S).*2);
SNR_est=max((absS./noise_specgram)-1,0);
if apriori SNR==
SNR_est=filter((1-alpha),[1 -alpha],SNR_est):

end

% Compute Attenuation Map
an_lk=max((1-lambda*((1./(SNR_est+1))."betal)).”beta2.,0);

STFT=an_lk.*S;

% Compute Inverse STFT
ind=mod((1:window_length)-1,Nf)+1;
output_signal=zeros((Nw-1)*overlap+window length,1);
for indice=1:Nw %Overlapp add technique
left index=((indice-1)*overlap) ;
index=left_index+[1:window length];
temp_ifft=real(ifft(STFT(:,indice),NFFT));
output_signal(index )= output_signal(index)+temp ifft(ind).*window;

end
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