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ABSTRACT

This project presents an application of fuzzy logic to adjust parameters of signal
processing system for digital parametric equalizer. Parameters adjustment are based
on frequency characteristics of each musical instruments including with feeling and
experience of users or experts, which are not specified but depend on experience and
felling of related users or experts. By this reason, the theory of fuzzy logic can be
applied to inference the system that can assist in parameters tuning or adjust for the
beginners of digital parametric equalizer users. Moreover, in this project also proposes
a design and implementation digital graphic equalizer that can be used in real-time
application. The design and application of digital filter, especially in hardware
implementation will be studied in this work.  Consequently, the software
implementation of digital parametric equalizer will be implemented using MATLAB and
the hardware implementation of digital graphic equalizer will be implemented on
FPGA (Field Programmable Gate Array). Experimental results of the application of both
proposed digital equalizers are demonstrated and show the results of their processing

tasks.
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Response #9aa3aswunlimudnuaizaes Impulse Response 1Ju 2 Uszwnn éun FIR
Filter (Finite Impulse Response Filter) wag IR filter (Infinite Impulse Response Filter)

FIR Filter Ju Digital Filter Aifis1uuaun3nves Impulse Response 311iAuas Phase
Response fiauduiusfuarnuiiduusunandady (Linear Phase Response) uiiiels
Transition Band dA2uuauLfisswesudusadld FIR Filter i3l Filter Length un Favialef

dryeuneu output LA Delay wagdin1slonuismNINABULINLIN



IR Filter 1w Digital Filter fi§1uauaL13Nv84 Impulse Response \Huatfus wazlyil
AnANUR Linear Phase Response Wailun158enuuy Digital Filter 19 Transition Band 7
wavliddndudedld Filter Length fienaunnidn 3elafidamidocdSunamsldmieaiiusi
waEN15Lin Delay U83dayaI output

n15Useyndly Digital Filter lusnuides 1Yunisiin Digital Filter snldiudyaaudes
Im&Jmiﬁgﬂugﬂuwwmﬁfmim 1% Low Pass Filter, High Pass Filter %38 Equalizer {Jusiu
Fasimmiluldegnaunsvanssia FIR Filter uaw IR Filter lnsTusgfuausnuvesnmauds
Linear Phase Response uardadrinvamisanudwesgunsalitld

2.2.1 Peaking Filter

Digital Filter denunldlunisadi Digital Equalizer e Parametric Equalizer
wa e Graphic Equalizer W IR Filter 7113807 Peaking Filter e‘ﬁ!dﬁamﬁmﬁalﬂu All Pass
Filter \iloU3un Gain = 0 dB uazaziianwauzilu Bell Shape Filter Wiovimsusuiiiumnse

(4

am Gain 910 0 dB & Transfer Function f4il

e e\ et 2.3)

1+(—g—;—)z“1+(2—§)2‘2

A = /106720 by =1+ (axA4)

Itz &

WA 5 73 AN by =(-2) X wC
wS = sin(w,) b, =1—(axA)
wC X\cds(w,) a, =1+ (a/A)

a =\N/4x0] 0, R\FJ) X wC

asN=A4~ (a/A)

108

G A9 Gain

fs A8 Frequency Sampling Rate

fc @@ Frequency Center

Q A8 Quality Factor
2.3 Parametric Equalizer

Parametric Equalizer 1Ju Equalizer Usennnila Viﬁgmwumw%m Parameters 71

Basy anunsausu Parameters Iiavun 3§ lduA Center Frequency, Quality Factor uae

Gain 198 Parameters LAasfI9sintnANLANAI9
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2.3.1 Center Frequency
X v oA Al 1
Center Frequency t0u Parameter Ml4lun1susuidenanuddiaula Tneglden
f\hLﬁuéfmﬁmmimmL-Y'Iﬂﬁri']ﬂwsU%’UmmmﬁIuLwiawmﬂquwaaﬂwlwiaé’zyzymtﬁm

v - = a4 v v
114 ivelvianansadenanudngnaemsmuANaeInIsveltula

31]17; 2.1 5UM298149 plug-in Parametric Equalizer

Y

i1 : https://bit.ly/2YDKtZv
2.3.2 Quality Factor

Quality Factor 11 Parameter 9 14lun15U5U Bandwidth #39A211n31uAUYD4

a A = a1 Ao a v ' a A : a1
AU Lle Quality Factor IAMAIYINANNDILNINMALYNAINDILWAULLD Equalizer AAN
Quality Factor g4 %ﬁ;ﬂ%ﬂ’mmiﬂ%m Quality Factor 1% Quality Factor &I Bandwidth ve4

' ' a\L lw Y ) P v PR L 1 Y| a v P~ Aoy
LAOQZYINAMUDLUNUYDUNU LW@IVIﬂWiUi‘UﬂW Gain ‘lﬁ.laﬂNaﬂ‘U‘U'JQﬂ')']lm“U'NLﬂENV]IﬁJW@Qﬂ'ﬁ

Bandwidth
f=f

Amplitude (dB)

Center Frequency

.

Frequency (Hz)
JUT 2.2 3Uudns Bandwidth Mdunadwsvesnisuiu Quality Factor

fisin : https://bit.ly/30uflgT
2.3.3 Gain

Parameter Gain l4lun13A2UANAINAIUITI9ANEAVIINITUSUAD danalst
Amplitude WAnn1sLiistunieanasfivaanmifivhnisudua anunsauaniuy Frequency
Domain 1# eningldarusinnasusuan Gainwaniauly 819vi115% Amplitude v
duaradustivunalugtiu Dynamic Range maqizUULﬁmﬁ’L%muagiaﬁﬂﬁ zLAn

Distortion Jula



9NAseSUNERImann1sUSUAY Parameters 7199 wanaleiifiuin n1sldanu Parametric
Equalizer Tuusiazasafinugesnuazsosandoauiuazyszaunsaivesdldoniunisusy
A1 Parameters §1199] mﬂwaaums?ﬁqﬁﬂLﬁUﬂigWﬁW%UéﬁLﬁqL%'mﬁiﬂ,‘?fmu vinluliaunse
USUA1 Parameters lnog19dUszansnnusonssmiuaufeIn1svesnuls 1513qlain
Jyaseugunldlunistifna Parameters sinaq elusthelunsinaulauasdontd
A1 Parameters
Parametric Equalizer leanuuy axilfianun 3 Bands AityyUsEAvirelung
Usu Parameterv 1 3 &2 ldun Center Frequency, Quality Factor uag Gain lnglgrldeu
srymmieIsiuvieanmnuiveusiasguanuiiveadesiirdaulduny ieanainu

g8nluNsUTU Parameters ¥a4 Parametric Equalizer

2.4 Fuzzy Losgic
1 o a o v = & 9 Aa
Fuzzy Logic \unguijveanisinveyaluguuuures Fuzzy set Beluwnvesdoyand
aunguiase Wunildunguiigniunldlunisadslygiussivg lugduuuniiaaes
Expert System \Uunssnefidnassaunvesuyudliiuiniosdnsluizeswes Arsziunse
Y Tiasesdnsanunsavinulsaenadesiuaiufnueauyswdunnty uanmA99In Expert
System JULUUANTTEUUYINNUANLNG 191489 TINEQNIaTHALLNNTYI
MINRATUIIINATINEVRYwElaeval Anwidnazluniisluiulsiinadenissey

£ [

AUTuavesteyansenisuntdynilag anu 1y Weidnsounevrzyiugungives
wieslivomaliaudnieaiiieliidnduiu winiillumsyanenseantaymszning

¢ v o & | P ° v ° |y ¢ S
wywdmeiunlidlesesennagyanudiladymuazinisunly wadwmnlanddgymidu
Tangnpeuianesfesmmaouiasmiiiunsusluidsuiunazdeswildreuiawmesidnlam
31 Sou antdey uaniBuiu weliausadiiiunisldedregndes a gaildadufiunves
nguNaeuasuineiliiInduA1UsEuIMnI o uAguIASasulaun Fuzzy Logic
Theorem

Uniuanssneiisduinefie Boolean Logic astlunssnenillaiies 2 mnau 019 14

& (i a iy I3 " & a ° $ g |

wiolil [Wupssneniimstadussymnuluarliiduaninvesineuliogrstnau wu ns
) ' a v v PN & ' a & v & =]
JanguALAINALES MNisUnduszyliaungsas 180 wuRwnstuly dadunuiias
TungAuIAuninEgd 179 wufwnsiasgninedlunguauiihisluluiug faudinee
fiausnaiis s Lrufun sty 3ddunsljifudamnsassyinlufienuasaeile s
rnuludunsses Boolean Logic viliAnmdudediinlunisldanlunaregnsd dalugn

 Fuzzy Logic anunsaihunldiedanisiudesinafiinile Fuzzy Logic dudunssneiil



'
a1 L2 1

anwazlunssngnfdasziunatean (multi-valued) urazdeyaaziaszauauluaundn
(Degree of membership) ALANAI9AU #199717 Boolean Logic Aflifies 2 A1 Astduauidn
) ] a A4 aa ' . ' . 9 Ve ' ' a

Aulsilluaun@n w3efisenin Crisp sl Fuzzy Logic azldanunaifiossyningingsng 0 (Bn
duysad) waz 1 (gnduysel) Awiieg1dluguiiz.3(@) Teuansdianislassaudiuan sl
Jogaannsaduamndnvesineugnuasiinlaniensiu uadeyaseiiranuduaundnves

urasianuintegluwinguy

i : i
0 0 01 1 1 007202 040608 1 1

(n) (%)

gﬂﬁ 2.3 ¥9UlUn Degree of Membership 484 (0) Boolean Logic way (V) Fuzzy Logic

2.4.1 Fuzzy set

ynnanfasesveansiangunrnduanidnvesteyalunsndamansideanaaf
Sosvaaam mﬂ'j%ﬂuwm“lugﬂLLUUﬁ"ﬂUw%'aﬁL'%ﬂmfw Crisp Set agnanuArduannin
InunFelsifuaudniviniy Liannsadnnguvideuanmasuuuudeyaiifimiunquiniouas
Lignunsadansiudeyaifimnudaudsluile SuiliRndusunisdanguluivesioyaid

Y

ANNAGUIATETIUFUYBY Fuzzy Set lnauuifnitugiuves Fuzzy Set Aedeyalngduaundn

1 Y

| [ a =& @ < o a o !
U84 Fuzzy set aeiinsszymsyaiuauluandn dainagssyidudnuiuasanegluas [0,1]

AR UATSIN 2.1



A13197 2.1 fregenisimuamanuduanndnueinisdnunvesvieiag

Aranuduaundn
AMUEY, VY. Crisp Fuzzy
208 1 1
208 1 1
198 1 0.98
181 1 0.82
179 0 0.78
172 0 0.24
167 0 015
158 0 0.06
155 0 0.01
152 0 0

\ienasanluguiuuves Crisp Set MInAAnINd ‘Guiendannugalusiaeizenia
Y y .8 v v Sa ! a A ' [ o a

AuFnge?” Ameuazlally genddiugennnda 180 lwuAnsIziednduauilge wind
dhugedesninivarlifiotnluausngs Tumendudumnfinnsanluguuuuves Fuzzy set 61

J ¥ = a A ! < LY A Y= g [ 1
0w ‘Hrendngelslivufiuns fednluausigmiali?’ Ameuazeglugluuuress

= a = ey, = a a [ a
auluasnTnues Fuzzy set Tagnauin fuieigelsliwufiunsasiaininuduauninues
Fussy set 8¢9 0.82 3nYayalumn13ei 2.1 arnsariliuansaduduiusiuzunsvdsgun
24

winihdeyafigndnegluzunuues Crisp Set undewduiendu Amuald x 1Wuel
nesd waz x Wuaundnaigluelivnesa Crisp Set A aveglugUvesilandu f,(x) Sunin

Characteristic Function va36 A
Al X 0.1 (2.4)

. _(1,sexeA
1 e = {O,Lﬁax €A
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0.4

ATTAVAI
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0D it | 1 SANNVILLY 2 g 1 TN
1850 160 170 180 180 200 210

A, VU,

UM 2.4 naluansm U iussEninateaniNgeiu Degree of Membership 289

)

(n) Crisp Set way (V) Fuzzy Set

wagUnuuieziFesleyinesa x fueniifiaindn 2 # dwmfuaundn x lnqiey
molu glinesa x Characteristic function f4 (X) aswiniu 1 e x \Juaudnvessn A
wazwiniu 0 e x liduaudnvesan A

fndeyagninlegluguves Fuzzy Set agvhlyf Fuzzy Set A fleganelugiinesa x

aeagluzuvesilandu uy (x) figniSenin Membership Function

u,(x): X > 0,1 (2.5)
i

uy(x) = Lide x Humninues A

uy (x) = 0udle x Humninues 4
0 < uy(x) < Ll x Wumndnuisdiuves A

wafegluzuves Fuzzy Set aglimnusieilioswostoyaniluldle dwsuamnin x laqlu

a I W ! [

1938 X Membership function U, (x) azdianvifiuarssauanuduaundnvesen A

g
Y
P o & [ A 1 1 =
Bernszsivilazilunmegluiesemning 0 fis 1

nndneg i TuesweIin1sinnguAug Yy 1nfetenHuNslaLEns Fuzzy
Set voangu F1gage lUua? lwiueadedafumnisianansaiiia Fuzzy Set ved 47847

g uay fugdaiugensgnd Wsnanluginesald Ywan1sdn Fuzzy Set wansogly
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JUN 2.5 wamaaugluiumsdn Crisp set vasioyaifensiu nsdnenvestoyans 2 sUluy
Towvedoyaidu 3 waneluglnesadeanu mnfiansenain Fuzzy Set aswiuldingviend

ANE 184 wuRiuns Wuaundnvean §rendangauinsgiy seaszauainudu

9

1 o

aun3nd 0.1 wazlunanferdufiduauidnve s Hvega AfArszauA LT uaNTnn

0.4 Wuiu namfelwefilaugs 184 wufiwes audufinnuduandnegluns 2

1.0
0.8 Shart

oh

Huain

n-ﬁ

0.8~

o

0.2
Qo

ANTTAUANUL

150 i 10 180 kL2 I 214
AIUGA, WY,

—~
-

)

.0

0.8 \

0.6 skt h

¥n

?Juﬁiﬂ

MITAVANUL

Q2

0.0
Ei=it 180

(V) 4G, B,

31]17; 2.5 nsiema (n) Crisp Set way (V) Fuzzy Set

YRINTIANFUE GG, TAUEINULIATII, haesig

nsinasndnvestoyalieglu Fuzzy Set ¥iannssaunuesiauianndiderngly
psfm ity dangudeyariiertlugnism Membership Function tietlulddiduns
sioly

2.4.2 Linguistic Variable uag Fuzzy Rules

flanveq Fuzzy Logic Theorem ﬁ#ut.%mmm Linguistic Variable Fadu Fuzzy Variable
WU MINUBNIT ‘DINIANUIY AenUNedd Linguistic Variable 8707 dAsiaudfiniu Linguistic
Variable 177 Linguistic Variable wianilazgniunienuidu Rules vasszuu Arvoulwn
Usmauiidululdves Linguistic Variable azgnszyianliluginesavosiuusiug wu i
Lesaveiuys A27u57 (Speed) %Lﬁumﬁagﬂwwéﬁm 0 i1 220 Alawmssetalus
A313088 N U URUBIAMS0NtWU T, 9, U1Wnae, 159, 152070 Fuwausay

Faea Fuzzy Set avuand Linguistic Quantity Mdoulesiiu Linguistic Variable w9
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N1988nKLUU Rules 719 Fuzzy Logic 9¥138n11 Fuzzy Rules HA1NuAR18AZ9IU Rules

U993¥UV Rules base ﬁ?lﬂﬁv‘i']qwuiugﬂl,t,uu IF-THEN

IF xis A
THEN yis B

]
a o

F979 W Fuzzy Rules uanmnea1n Rules Maldegnetmiau Aanisld Linguistic Quantity

Rule: 1
IF speed is > 100

THEN stopping_distance is long

Rule: 2
IF speed is < 40

THEN stopping_distance is short

Tun1seenuuu Rules mnidungimiliasiudisiiogns

N13590NIUY Rules mMunaniiluazenede3Uuuuniu Boolean Logic Mn15UnLduuUs
nadwnsientisgretniau uddmnnilunisesnuuu Rules luguiuu Fuzzy Rules aziduds

ORI

Fuzzy Rules 9211 Linguistic Variable ma%m‘fluﬂg fhﬂ'%mm‘umé'hLLU'ﬁ%Qﬂszqﬁ

[ a [ a 1 a [ o 1 = = { a o 1
aglugilnesd uwagdzlinnsudslSunaueeniduduengesderulufsrrusunuvesdnaume
Wiy Aneuvengiesiegluuves Linguistic Variable fiArusunaszyenlilugiesa
vpemmautazinisuusAnevesniutuiendesluviiueieiiuimfeiie nanife Fuzzy

Rules agdimuduiusidenlesiu Fuzzy Set Alaviniseenuuuientd

Rule: 1
IF speed is fast

THEN stopping_distance is long

Rule: 2
IF speed is slow

THEN stopping_distance is short

1%



2.4.3 Mamdani-Style Inference

Fuzzy inference #935013%1 output wasszUUIMBUNATITouIdgszuuTned1edean
Fuzzy Set %ﬂﬁ%gmsﬁ’laé 2 gULLUUViLﬂuﬁ'ﬁw Ao Mamdani-style Inference Way Sugeno-
style Inference IumiﬁwLﬁuimamuﬁlﬁ’ej”wﬁﬁ‘%m‘a’LugULLUU Mamdani-style Inference 34
venaInaiesgULUULALY

Mamdani-style Inference 1Ju3uuuun13%1 Fuzzy Inference ﬁL‘TJuﬁﬁﬁmﬁqm Fadl
F3n3vi 4 Jumen 1un Fuzzification, Rule Evaluation, Aggregation of the Rule Outputs
waz Defuzzification S'Tia%u'umaumiﬁwLﬁumu%LLammaﬁ’Jasm{]zgm nrsmAnIuEely

MIANTUIIN NN

Rule: 1 Rule:1

IF X is A3 IF project_funding is adequate
OR y is Bl OR project_staffing is small
THEN zisCl1 THEN risk is low

Rule: 2 Rule: 2

IF X is A2 If project funding is marginal
AND vy is B2 AND  project_staffing is large
THEN o2 "S$82 THEN  risk is normal

Rule: 3 Rule: 3

IF X is Al IF project funding is inadequate
THEN\ X}i15°&3 THEN risk is high

e X, y haz z (project funding, project staffing wag risk) Ju Linguistic Variable

way Al, A2 and A3 (inadequate, marginal and adequate) Ju linguistic values
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2.4.3.1 Fuzzification

Sunafidirgsruuaredluguaes Crisp Input Fudursiuauaidlag Fuzzification

[

[ o I a a v I a = B
Wunszuaunisimanduneigndeudrunluauninues Fuzzy Set lauazdiAnszauaiy
JuaunTnaes Fuzzy Set tuinla
Crisp input

yl
Fuzzification

Mix=a1) = 0.5 Wy=81;= 0.1
Mx= a2) = 0.2 Hiy=82 = 0.7

T

gllﬁ 2.6 FUuanIUIzUIUNIT Fuzzification

a1 1

mﬂﬁ’gaﬁhﬂugﬂﬁ 2.6 Crisp Input x1 mﬂ’lag‘ﬁ 35% 3l Degree of Membership

[ I 1 '

VBwR Al kag A2 8g# 0.5 wag 0.2 mud1du d3u Crisp Input y1 fiA10¢9 60% Tl

Y

Degree of Membership w86 B1 uay B2 ag)jﬁ 0.1 uaz 0.7 MuaRU

2.4.3.2 Rule Evaluation

#&991n %1 Degree of Membership 984 Crisp Input LY ufiisoudesuda Tu
AsEUILNTS Rule Evaluation {un1smnadnsainnisaidunisaiy Rules fifmualy 61
Rule 7iszyl3idu Rule fiflannadenlesszninsginesanus 2 glnesatuly avld Fuzzy
Operator AND %58 OR Tun1311 Rule Consequent aaﬂm‘lugﬂsummmeﬁ’aﬁﬂuﬁwmuﬁq

LLaxﬁﬂmﬁ’Jﬁ%Qﬂﬁﬂﬂ‘ixq Degree of Membership 84 Rule Consequent tiu

e

1 T
A3 Bi
. 0.0 o1

(4] x1 X 0 vl
Rule 1: IF xis A3 {0.0) OR yis 81 (Q.4)

.
A - peopte

2 0.2
e / B2 AND \0.2

Rule evaluatlon

L )/:‘1 X ; . 7. - ; w e =~
| Rulo2:1F xis A2 (0.2) AND yis B2(0.7) THEN  zisC2009)
3
Ai\{"" 0.5 p e
0 x1 X
| Rule3:iFxisAL(0S) THEN 2803008

gﬂﬁ 2.7 3UuansuUszuiunis Rule Evaluation

1%



Sleld Operation OR Tun19%1 Degree of Membership 484 Rule Consequent
%Sﬁﬂu’liﬂﬁﬁﬁﬂéfﬁﬂﬂﬁuﬂ”ﬁ
Heaus) () = max[ py(x), ne (0] (2.6)

el Operation AND Tunsim Degree of Membership U89 Rule Consequent 2%
ANINMANLANALNT

Heaug) () = min[ py (%), pegy ()] 2.7)

1%

IMNVBYABUNANHIUNEUIUNIT Fuzzification WA Uee=a1) = 0.5, Ux=4a2) =

6 o

0.2, Wey=p1) = 0.1, iiy=pyy = 0.7 dndldunulunglinadng ail

Rule: 1

IF x is A3 (0.0)
OR  yisB1(0.1)
THEN #Zf1s C1TOTR

i) (2) = max| pas(x), Py ()] = max[0.0,0.1] = 0.1

Rule: 2

IF X is A2
AND vyis B2
THENSZ is CZ

K(c2)(2) = min[pas(x), Py ()] = max[0.2,0.7] = 0.2

Rule: 3
IF x is Al
THEN zis C3

Hcz)(2) = 0.5
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2.4.3.3 Aggregation of the Rule Outputs

nsEUIuNsELdunsEUINANSAsAY Rule Consequent samumidsneiy na1afe
11 Degree of Membership 984 Rule Consequent andmeiudu Fuzzy Set iisian
LE7

o7 Aggregation of rule consequents

c1
0.1

Z 0

0 Z. 0
| zis c1(0.0) |—+ zis c2(0.2) = zisc3 05) — | 3,

gﬂﬁ 2.8 3UuanIUsz U3 Aggregation of the Rule Outputs

2.4.3.4 Defuzzification
TURBUGATIIEUDINTTUIUNITABNI3YIN Defuzzification Tagnadnsfieanain
o ' v o & o a aa ' _ = ad 9 &
Fuzzy System agidumins@mdudiuiuaieiizenin Crisp number #935n13 k11T 94
output Y8IIEUULUIENIT Centroid Technique LWWIEN1SMIRAULLNUSIVTBINTINANIN
anduasmuunuiRzLlsmaueneenidu 2 duwingiu nisluniedamansizanin

Centre of gravity (COG) Hulumuaunsii 2.6

[ Ra(x)xdx

. 2.8)
J7 ka(x)dx

CoG =

MUNE A1 COG %58 output U8 Fuzzy System AMUIUIINANUABLLDIUBIYN

UU Membership function 984 Aggregated Rule Consequent walun19UfUAtuaIu1sn
AUIINAI9E19gAnINLNuEIIUle Felunsdiazanliunisiaeldaunisi 2.3.4 uazuans

Hadnsn1sAnduntslugun 2.7

B2 )
BOG =2 =g
S uaCe)

1=



0.8

0.6

0.af /

0.2} ,:

0.0

Degree of membership

0O 10 20 30 40 50 60 |70 80 90 100

Y

JUN 2.9 3UuansUszUIUNT Defuzzification

HAENS Crisp Output z1 laadu 67.4 Jumnefearnnudesianaziuainnisly
Fuzzy Logic o8N 67.4%
Y
2.5 Graphic Equalizer
5 . a 3 P (Y] 1 Y a 1
Graphic Equalizer 11 Equalizer Usztanuilsfiaunsausuan Parameter It saeing
4 1 1 al 1 5 1 d' o 4
\We7 Fo Gainvadusagzad9Audivinty d1u Parameters duqzgnimvualilagdeaniuu
FasulunasuuIALdRaILsaUSUAIMIBURY v lidA U sudsTunsldau 15134
111MAaB308NKUY Graphic Equalizer NianunsaUszunanadyyinidealalusuuuurenis

Uszunanaluu Real Time Uug15AMIS

31117; 2.10 $198819 Graphic Equalizer Plug-in

fian : https://bit.ly/20r9HGJ
Graphic Equalizer fimonuuy agilienun 7 Bands wday Band avil Quality Factor
1A 6 Lazdia1 Center Frequency fail 125, 250, 500, 1000, 2000, 4000 way 8000 Hz
Tagazeenuuuuugunsal FPGA 3o NI myRIO dsanunsaeeniuulusunsuls Tasldvensinas

NI LabVIEW
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2.6 gunsal NI myRIO

gunsal NI myRIO Aegunsaitszananavunmdnildaniiinenssy RIO (Reconfigurable
/O) mIuAnU FPGA (Field - Programmable Gate Array) Feanursadeulusunsuldsie
goWAWIS NI LabVIEW LLazmmmU%"uLﬂﬁauaumeLas output 1o lasnrelulsznaume

Dual — Core ARM® Cortex-A9 Real — Time Processor llag Xilinx FPGA Vimmmlfﬁawia

fugunsalnieuendquaziumesneuenie

NAL
W NSTROMENTS
i myRIO

Uil 2.11 9uUn3al NI myRIO

)
31 : https://bit.ly/2Udsghl

gunsal NI myRIO Usenauaieflandudifey 19U WiFi, Accelerometer, LEDs, USB,
waz Audio Input/Output 1Hudu 151a@mnsalisulusunsuwuy Graphical Programming Uy
FONAUIT LabVIEW Lﬁammumsﬁﬁmu‘uaq NI myRIO lagitsadinisldwesa Audio In uay
Audio Out Aslugy 2.5.2 \JuBunauay output es815AKIS Graphic Equalizer Fawosnra
dovanunsosulardsdyanadidu Analog 16 Taedl Digital to Analog converter uag Analog
to Digital converter ma‘luqﬂﬂszﬁv‘imﬁwﬁLLané'iyz:y'lm Analog Ju Digital TUl4 /v

LY < [

Equalizer uaruvasdqa output Mudmerau Digital nduiludygyias Analog Liveln

o

Ao o

= I v o o I 1%
anunsaideusieiudlnemseyilaisudya ol Analog 14
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311 7 2.12 duunilswesn Audio IN / Audio OUT w89 NI myRIO
i3 : https://bit.ly/2EKlaDV

26.1 Q‘Uﬂiiﬁ FPGA (Field - Programmable Gate Array)

gUnsnl FPGA ugunsalfignifauniitelitiusyavisamuazsiusinmmnumuniy
99 Logic Gate g4 Ingvislufiannuqiaus 1,000 Gates 9ufis 1,000,000 Gates wara 1130
MuuailandulinuauABINISYeIEeBNLUY

Tnssademeluwes FPGA anunsalusunsalsdndifinnsyineumilou Logic Gate
wumu 191 OR gate, AND gate, NOT Gate wa@ Flip-Flop tJusiu ifursassaufidvunalug

Combinational Logic Wagdininugutau

2.6.2 Laboratory Virtual Instrument Engineer Workbench (LabVIEW)
LabVIEW tJuldsunsumaufiatnesfiasraieodrunlalusiiunisdanisinuay
w3asdiotndmiununisimnssy JadulusunsuiilBeumeisnis Graphical Programming

Y Y

ligWaunlusunsulddndudendou code wiamdilag danwnldlulusunsufonts G
(Graphical Language) #san1wizunmdinaununisideulusunsuduniwinugiu wu C,
BASIC %150 FORTRAN Mg gun1mvseduanualvianan 918d1uigaagminuaganinsnan
natluns@sulusunsuasiulaun Tesmwizlunulsulusunsunauiimes eltousany
gunsainIeueniyy Port ¥39 Card Aeq3iudin1sinedmuwlslumbeaudiiiefiag
[ o < v I '3
anunsauTdeyanltlunisiwnuasiiuteyalilausslevigen
lUsunsuinaundulae LabVIEW 9138071 Virtual Instrument (V1) fdudszneu

3 @ Fal
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2.6.2.1 Front panel
Front Panel tudau User Interface #l4@oansseninadlésuldsunsu il

dnuuzmiisuniiniveanieevseaunsainldnunsinmly Jauseuiaileu Graphhical

File Edit View Project Operate Tools Window Help
‘ E [ 13pt Application Font

« |3~

gﬂﬁ 2.13 feehs Front pénet 103 LabVIEW
fis : https://bit.ly/2Jsr30m
Front Panel fdulsenovdinty 2 dune

2.6.2.1.1 Control

Control finthilushauaunissuddunaangldlunislimuad
Vi3BUNEITRYAR9Y

2.6.2.1.2 Indication

Indication fnthldufuanina lasn1suariiliainund sfeyaun
wansnaluguuuuaeg W nsm, faae wie Wy Wudu wWisuiaiiowdu output a4
Aty Fegldanu biamsauurisng q fuanmau Indication lelagnss

2.6.2.2 Block Diagram

Block Diagram tHudaufiiadieuiu Source Code Avmurtulag
LabVIEW Fsaglugun1w G lne LabVIEW fn1snsaaaeudeianainvedlsunsunasaiaan
iloifatefianain Wsunsuazliannsoviauldlaggldnuannsagseasidondeianain

P v a ] a
LW@I‘VILﬂﬂﬂ’)’]&lﬁ%W’Jﬂﬁlaﬂ”l'iL"UEJuIU‘SLLﬂﬁJ
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’ Q 196t Apphcation Fort.

gﬂﬁ 2.14 719813 Block Diagram 99 LabVIEW
i1 : https://bit.ly/2JQV8AD
d113U Block Diagram ﬁlzﬁd’suﬁﬁ’mﬁ')ﬁdm’m%’ayﬁ (Data Flow)
uazfmuaimsusrinanadeyasy 4 daudsdl
2.6.2.2.1 Terminal
Terminal \Wuaaiilvesdeya dnduaniddunisvssdoyasvidu
Control Terminal (tav (4) lu 2.5.4) uagdnduandvarenisvesdoyaazily Indicator

Terminal (tav (1) I‘ug‘d 2.5.4)

2.6.2.2.2 Node
Node Jugasalu Block Diagram uanududunsvsa output 9zvi191u

iloda RUN VI wansly aw (3) Tugu 25.4

2.6.2.2.3 Function
Function udsniiunisdniagu 1¥u Sine, Cos, Tan uag Log 1lu

[
v

fu yenanildsanunsaldadrsudeaiveasisaninistulealame
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[Temp_0_K

»DBL

[/Time unit is sec.

float F_m3_s=F_L_s/1000;

float F_kg_s=F_m3_s*rho;
dTdt=(P_W-+c*F_kg_s*(Temp_in_|

SubVI_Integrator.vi|

a

JU# 2.15 fee19n151d Function @519 Block #3113

71 : https://bit.ly/2QaBWES

2.6.2.2.4 Wire
Wire \Hunisieusienissudadeyasewin Terminal w3e Node #neil
4 v 9 , ° P v v I Ao w
filu Block Diagram Ld1siaeiulae Wire agvirninfiminuaidunisvesdeyainfiarquilu

s ulsuazgnvnesiinIsuannadwsy Terminal ln wanslu v (2) Tugu 2.5.4

2.6.2.3 lcon llag Connector
adlouldulusinsugay (Procedure) Usetnyn Subroutine Tuluswnsuvaly
3 Icon Aenueis Block Diagram Milnnsgadiutayaliiuazaans1un1e Connector alu

LabVIEW 1380 Subroutine 5’5’1 subVI
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unii 3
A5N15ALHUNUY

33n1sanduau wiseenidu 2 drunang Ae ludiuves nisesnuuu Digital
Parametric Equalizer ﬁﬁﬂfgzyﬂﬂizawiﬁaaﬂLL‘UUIG\EJGL%I Fuzzy Logic Theorem u1aeTu
N15USUAN Parameters Lagn1590AWUU Digital Graphic Equalizer ianunsaUssuiana

dyeandeslalusuuuy Real Time Processing

3.1 Digital Parametric Equalizer

User input Pre-processing ,  Fuzzy logic Equalizer
{ MAZULUBAINADINT ’l :I Bar split ‘ I Gain J >
| ¥ 5 —
| Sound source | > | Frequency Analyzing ' { Q J| > Peaking Filter
I ! | ]
‘ Instrument &) > | Center Frequency \ <>
r' 3
¥
\ Ao 2%,
Tempo ] P ATUBIANTIUAILARE
thuaun :
’ Time signature } >
Qutput

gﬂﬁ 3.1 3UuanBlock Diagram w4 Digital Parametric Equalizer

Parametric Equalizer & Parameter# Wanuadiausausuarlausenauludie Center
Frequency, Quality Factor uae Gain 34 Parameters #a 3 Frtavidiunn R UL
namasluvhded 2.2 Tne Parameters W 3 ﬁawa%’wmmé’uaﬂﬁﬁ’u;:flai'fmuﬁé’wmmm
Tugy 131390A3N1998NLUUITN1INIAT Parameters a3 wazihdygusshvgidnunsiy
Uspendldiiteidusgaglunisusuen Parameters 4

Digital Filter #ldlun1seenuuy Parametric Equalizer ag149u Peaking Filter R
Equalizer ﬁﬁfmﬁaamwuﬁﬂsﬁﬁy’wm 3 Band Usgneumie Low Frequency Band, Mid
Frequency Band uag High Frequency Band na1a@aagly Peaking Filter Tavua 3 6 1
Digital Filter savimsideusafuuuy Cascade Winadwsanvheidu Digital Filter saudwsy

Equalizer
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Tuusiag Frequency Band agiin1smuuaveulunainnudgianiazananialliniy
@ = o o Hwg v v Y i ]
ANaNwugn1ImNvesdyyaudoandlidudidondgssuy wagan Parameters #1993z

a ]

lannisussainanadyaasunasiuiumsldlayyiuseivg %A1 Center Frequency 3¢
wildlutunou Pre-Processing daueh Quality Factor wazen Gain agldilyaseiugluns
YA

3.1.1 mssuBunmangldau

User input

AL UUAMINADINTT

Sound source

Instrument

Tempo

Time signature

U 3.2 5

[

Uuang Block Diagram @au User Input

fldnuasdoatioudunmidngssuudil

3.1.1.1 AIAZLULAINNABINTS

Iuﬁauﬁﬁﬂ%mu%éfmﬂaLﬁmﬁé]’aamiﬁﬂmw%’ummﬁ wazlimzuuuluus
avguasld ImaﬁﬂﬁﬂxLLuuﬁamaU%‘VimEJmm’héﬂ%’éfamﬁ%aﬂmmﬁwmmmﬁéwu
e LLvimﬂ‘LﬁﬂzLLuuﬁL{Jumm}wmammdwﬁ%’muéfaqmﬁﬁ%Lﬁ'ummﬁqmaqshumm‘ﬁ
1)

3.1.1.2 Sound Source

fliazdeadenlndidosiidoanisimsuiudimiud Tnedssiianazdes

a a

Judyaraudeswesnissnunsifiestufenvingu Welin1susu Parameters SuUss@nsnimn

o—

(% '

aega wszlaemlvlunisnaudeaiunisuiu Equalizer avviiiag Track niefiazfiuinios

aumsiludunnn i3sihuwndAndanldlu Digital Parametric Equalizer ¥84191
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3.1.1.3 ¥UAU9ATa9AUAT (INnstrument)

dl { & a :j o ‘Jd 1 o
{099 1nLATRIAUATLAREYTATY 7\]SflﬂmaﬂUﬂJ%W’Nﬂ’NNﬂVILL@ﬂW’NﬂUIU

]
= ]

AUYLAVDILATOIAUAS TdiNas1sunluni1sniAl Center Frequency U849 Frequency
1 ~ v v vy - a R a Yy a an' vy

Band s Fedeslilifoadentiininiotnunilagd198ean Sound Source Nldnoenis

szUSumud welwarunsouusaiuiliedlu Frequency Range sudsgnaudig Low

Frequency Range, Mid Frequency Range uae High Frequency Range 1%

Kick
Iyrbpdhl L F

b ke
bhgas '
t rchnhals ;

Jlulm >
| Frerich Horn
Bass Tromtioné
|  Tenor frombarie | ! ! - =

l rf\l!mpel B ——-&h&-‘[

| 1,
: T s A

1

!II Vo IHHI

- ' standard BEREy PIaNG]

mmm TR
l1.llLlllI.II.I.I.Il.l.llllII.I.II.lLII.I.JI.Il.II.III.H.II.HII.I.II.HII.HI.IHILII.I.VII.I.L ‘

Wy
. Ilnl(ﬂnl

ChestThump | “ Warmmih

\
| 2 | i ‘ Edge’ |
1 A Fummessad S 12 |

| [
| Rumble 1 'H 1umme( A l \le\
C"""J' Definition

High Mids High Freqs
4K 6K 10K 16K 20K

19 - https://bit.ly/2w9kahl
3.1.1.4 Tempo

a

Tempo feanuslunmsiaultdnaunideszyua BPM (Beats per Minute)

9

Il
a

M RriTneauansangly 1 ud Tusulsenusaussaiuunsinlilinsanduliis
Ee3eSmy Wy [afasn = 120 BPM maneaudily 1 unileeiinisiauldnidiiaun
120 ¢ Judu uagasiinisiivun Tempo lﬁaéwq‘a’mmu’[,um%umu FaAn Tempo (udumm

o

ddildlugou Pre-processing Tutumeuntsutsdudnaanfioldlunisuszanana

3.1.1.5 Time Signature
Time Signature AalAsawmaneivuadmar Ngnimualiiiievenitlu 1
Feanainsome waslionladunast 1 e Wy 4/4 fanununeiilu 1 weunad 4

14 [ Y o o a1 [ LY 13 v = v € = a o
«’\N‘mzLLasmwum‘lﬂummmummmu 1 99MgUUnU FelunuUsENUSAUAIIZINITATNUA
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Toghedaaulunndusiu Fee Time Signature WWudunnddgyildludiu Pre-processing

Tuduneunisuvsdrudyanauieldlunisuszuiana

3.1.2 Pre-processing

Pre-processing

Bar split
¥

Frequency Analyzing

y

Center Frequency

\ 4 A 4 A 4

Band 1 Band 2 Band 3

v A 4

4
ar

i o 2o, ' =
PUBIAATTNPNLFIAZETUAINND

Band 1 Band 2 Band 3

5U# 3.4 5Uueng Block Diagram ¥84dUn15911 Pre-processing

74 : https://bit.ly/2wokahl

¥

o Aa £ [ a I a o < o
B unnngldunasdygyradunnuinvanludeyanindudiniv

q U 1

[
a (Y

Jyanusehvg dTunaunsil

o3

3.1.2.1 nsuusdyanandutiag (Bar Split)
wisdygraduymdugavuindaudasyndvuiawingu 1 vesnuns lagld

q q
Parameters, Tempo &g Time Signature ﬁﬁg’ﬂ%’mu{]auiufhuﬁuwmmmjﬂ%’mu FITUNOU
MIUUIRBAENAINAITRIANE VDY 1 ﬁaamum“ﬂwﬂmLfamﬁ‘luimﬁmﬂaums

60
(3.1)
(Tempo X Time Signature)

Barlength =

e Tempo aiﬂuwﬂ’m Beat per second (BPS)

nduiNadnsAlauIAIuIuuY Sample Length Tu 1 vas lawiian

Sampling Frequency snauauluaunis
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Samplelength = Barlength X Fs (3.2)

ilola Sample Length Tu 1 weaudn Fuhdoyaundanguduriosmudifu

AUATUYNN Sample

Wodusn  bar{i} = x(1 : (Fs x Barlength) — 1)
vesmalU bar{i} = x(Fs x (Barlength x j): (Fs x (Barlength x (j + 1)) — 1))
Wiot@nving bar{i} = x(Fs x (Barlength X j): length(x))

length(x)

length(x)
"’ FsxBarlength

"’ FsxBarlength

Wi =1,23, .. —1lwesj=1,23,.

3.1.2.2 Frequency Analyzing
Wyedoyadyqradunangnuistuiesudinninizinuandinieiud

@18 Discrete Fourier Transform

Yy —j2mmk
p, ()] (= Z % (EIEIE_N (3.3)
k=0

Tne? x(k) Ao v sdyaadsHuLeL AUl
X[K] Ai® Spectrum vadnsudeyqades x(k)
N fio aunUedWsudyIaEs x(k)

m Ao AWAUIUBIF Y FBUNAZEAIAIWEA m = 0 B4 N -1

v W

Discrete Fourier Transform Hutduisn1suuasandudyianiawiaiing

o

druau N doya ildemadnsidu Frequency Spectrum 7iflauiuaadeyawiniu N fa us

U
TunsAuan Discrete Fourier Transform ufiagAstagaadinIsauiiauiedu 4N* asauay
fnsunndaaudn NIAN-2) ASe fanuaztiiulnnisilas Discrete Fourier Transform waay

[

a¥asdoddnarlunsmuruisntuudadnlnonsstu N2 39l N Suaunnnsdnaly
wiavaSazdadldnanutunulufe FahlunsfoRidd Fast Fourier Transform umu
Feaevil¥in1svi Fourier Transform tasildoensiiusyavBaimanntunarsinisatu

ﬂﬂﬂfuﬂnﬁmﬁagaﬁqwummaqLwiazﬁaammﬁéLﬁaimwﬁ Amplitude VB4
avauBnaendyanalaesneBRInaus

P;(1)+P,(2)+P3(3)+---+Py_,(length(P))
length(P)—1

average(n) = (3.4)

Wen = 1,2,3, ..., stunuiesiuusls
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a 1 a v 2 a a [ o 1 c.yl o " Yo
demanadelfduiiteuies ashamimualuiings Normalize loirigagn

fandu 1 2naunns

average(n)

average_nor(n) = (3:5)

max(average)

dlon = 1,2,3, ..., length(average)

3.1.2.3 sy Center Frequency U8dusazeiuAIud
ASpanunsuAarYinazil Frequency Range fluansnefu 1 ideeinsal
Low Frequency Range aq"lu‘d’mmmﬁl 80-250 Hz viseld@eaiUsludl Mid Frequency Range
ag‘l,mmmmﬁ 251-2000 Hz 1Jusiu Iu%y’uﬂaumﬁmeﬁ@mauﬁﬁmqmmﬁLiwmmmiz‘q
AR Amplitude Qqﬁqmléf %Qﬂaﬂuﬁﬁgﬂisqﬁu%ﬂu Center Frequency 984 Digital
Filter Fusn LLazmﬁsq'jﬂLfJu Digital Filter ‘uaﬂ&hummﬁlmzﬂﬁmmﬂﬁwﬁamné’agmm
éuwm%ﬂué’zgiymaﬂiﬁwmuLLmthm@mé’ﬂwmzmqﬂfsm?iﬁqﬁa%malﬂﬂﬁwﬁu uazlu
Ms9AN Center Frequency TeseupIsiisn 2 snufivdeasdesiiarsundunsals 3 nsdl
9i
n36lfi 1 A1 Center frequency 494 Digital Filter fausneglu Mid
Frequency Range v03dqysy1auldesd Digital Filter #iazilu Mid Frequency Band 104
Parametric Equalizer lUlpUSee d@iu Center Frequency ¥84 Low Frequency Band Wag
High Frequency Band YATUIUIINIBNNTAA Octave LLazmiLﬁu Octave AINEIAU N3
\fial Octave AonsunAn Center Frequency w84 Digital Filter fausnuge 2 FuluFesgau
"Lﬁﬁhﬁqﬁqmﬁlmﬁu High Frequency Range wasdtygaudes Laznn3vin Down Octave g
n1511A1 Center Frequency w184 Digital Filter fusnivIg 2 aﬂﬂauiﬁmﬁﬁwﬁqmﬁlmﬁu
Low Frequency Range ﬁuaaé’ﬂgapmtﬁm
A36ifl 2 A1 Center Frequency o4 Digital Filter frausneglu Low
Frequency Range vpsdtyeurauLde Digital Filter ﬁ’;ﬁ%lﬂu Low Frequency Band U84
Parametric Equalizer WUlaaU3eny diu Center Frequency 989 Low Frequency Band Lz
High Frequency Band AeAUIMINANLRY Octave FaifiunisiirAn Center Frequency
994 Digital Filter fiausnunAm 2 %ulﬂf%‘lasm TneAn Center Frequency 484 Mid Frequency
Band wwhﬁ’whmmﬁqaqmﬁlmﬁu Mid Frequency Range Uasdeygiauides uazan Center
Frequency 984 High Frequency Band agivinfiuaianudgeanitlsdiiu High Frequency

Range VB3I IRULEEY
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36l 3 A1 Center Frequency U814 Digital Filter éll’JLLiﬂaEiJ:E[,u High
Frequency Range vasdgyeyiauldes Digital Filter fitaviiu High Frequency Band w84
Parametric Equalizer lulaaU3ene @i Center Frequency U89 Low Frequency Band uay
Mid Frequency Band 9gA1uIadaINN15an Octave FudunnsiiiAn Center Frequency w81
Digital Filter A2LsNUIMNNT 2 asluiSess TauAn Center Frequency wed Mid Frequency
Band %whﬁ’umﬂmu?ﬁ?wqmmmﬁu Mid Frequency Range vaddyay uldss wagan
Center Frequency 984 Low Frequency Band %zLﬁﬂﬁUﬁﬂﬂaﬁuﬁlﬁ’]qmmajLﬁu Low
Frequency Range U83dqyeynaddes
3.1.2.4 st SaenuswesusiazguAnad
ﬁwmiLLﬂﬁagaﬁlﬁamsﬁgumauﬁ Bl 2 ﬁLﬁuﬂ;ﬂ%'aga Frequency Range
mmﬁmLﬂ%@qmum§ﬁpﬂ%qwuﬁﬂwum mnﬁuﬁﬁauﬂa‘umLwiazmm?ﬂmwiazshummﬂ"]Laﬁla
nasnsTlEandurridineusmweurardumnuivesdyanduna Jegniluldludou

1

Processing voaleyau1usehvg

<3

3.1.3 Fuzzy logic Al
HeyayrUseAugMitunldluniswiddParameters, Quality Factor Wag Gain fie
Fuzzy Logic System 'E‘ULL‘U‘U Mamdani %’!\ﬂ‘ﬁ FIS Tools wa4lUsunsy MATLAB Tunns

BRIV

BN Fuzzy Logic Designer: Untitled

File Edit View

Untitled
-----

(mamdani)

FIS Name:  Untitied . IS Type: % mamdani 7 ]
And method min || current Variable
Or method R R | i : input!
: || Type iy
Implication min & i Pk
Range 01
Aggregation max v
Defuzzification s, < | | G l

Fysmn “Untited 1 input, 1 output, and 0 rules I

Sensitive o QZZV'

SUT 3.5 sUuamamihsing FIS Tool vedlusunsy
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2.1.3.1 A1sWIA1 Gain

Fuzzy Logic Designer: Fuzzy_Gain_Verl
y Log g

File Edit View
Bl qan
2 2 — Fuzzy_Gain_Ver!
B LXXN
oan
= PN
Insm: ~ Fuzzy_Gain_Vent FSType:  mamdani |
And method ’mu vl Current Variable
Or method )mnx i v e 7 User_lnpm_a;
Lokt o . Type input
Range 1010]
Aggregation e 3
Defuzzification m s | Help Close J
|5yscemﬁzzy_eajg|_rvm€qmn,zm.iﬁd§4&ié S

gﬂﬁ 3.6 sULaRIEg FIS Tool wedlusunsa MATLAB dhuvesnsfuiamiA Gain

sunnitlouidng Fuzzy Logic System fio ArAzuuuamABInIsagldau
a v Rty I a [ 1 1 ad o 1%
\uftourns 3 Frequency Band uagArdilanudswesudazguanudndnoulaanly
JunaU Pre processing

Input Membership Function 48 3A1AzLUUA2INABINTS tHLduilanduy
sUUUU Triangle Function uag Trapezoid Function nanfumukandlugun 3.7

plots

Cutyy Cutyid Cutymat Boostymall Boost, 4 Boost g

]
4y 8 T . 2 e =
input variable "User nput, 1°

sUfl 3.7 5Uuans Input Membership Function U83A1AzIULALABINTTVEY User

79



Input Membership Function 9asAduiianusvesgiunnud Tduileidy

sULUU Trapezoid Function muiiuanslugui 3.8

181

plots

Avergmall Aver, jd Avergy

T = T

Input variable "Amp very 1"

JU7 3.8 Uuandinput Membership Function ¥84AAZLLLAILADINITYE User

Output Membership Function 983 Fuzzy Logic System Tun1sAIUIUAN
Gain T9\Juilsrdugunuu Triangle Function uay Trapezoid Function waufumufiuandly
U7 3.9 uazveulwa Output Tiaxiliudn Gain v84 Parametric Equalizer avagluzag -12 fis

+12 dB

Cutyig Cutgmal Boostymal Boodtyd Boost g

Eﬂﬁ 3.9 3Uuan3 Output Membership Function ¥843¥UU Fuzzy Logic #3unsduiumen

Rules 984 Fuzzy Logic System @un13uien Gain wandaglumsnei 3.1
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A157°99 3.1 A15uans Rules Nlu Fuzzy Inference System 984n13511A1 Gain

IF

Then

User_Input is Cut_Big
AND
Amplitude_Average is Small

Bandl Gain is Cut_Small
Band2 Gain is Boost_Small

Band3 Gain is Boost_Small

User_Input is Cut_Big
AND

Amplitude_Average is Medium

Bandl Gain is Cut_Big

User_Input is Cut_Big
AND
Amplitude_Average is Big

Bandl Gain is Cut_Big

User_Input is Cut_Medium
AND
Amplitude_Average is Small

Band1 Gain is Cut_Small
Band2 Gain is Boost_Medium

Band3 Gain is Boost Medium

User_Input is Cut_Medium
AND

Amplitude_Average is Medium

Bandl Gain is Cut_Big

User_Input is Cut_ Medium
AND
Amplitude_Average is Big

Bandl Gain is Cut_Big

User_Input is Cut_Small
AND
Amplitude_Average is Small

Bandl Gain is Cut_Small

User_Input is Cut_Small
AND

Amplitude_Average is Medium

Band1 Gain is Cut_Small

User_Input is Cut_Small
AND
Amplitude_Average is Big

Band1 Gain is Cut_Small

User_Input is Boost_Small
AND

Amplitude_Average is Small

Band1 Gain is Boost_Small

3%




A15197 3.1 (@) M151euana Rules Alglu Fuzzy Inference System 4@9n15%1A" Gain

User_Input is Boost_Small
AND

Amplitude_Average is Medium

Bandl Gain is Boost_Small

User_Input is Boost_Small
AND
Amplitude_Average is Big

Band1 Gain is Boost_Small

User_Input is Boost_Medium
AND

Amplitude_Average is Small

Band1 Gain is Boost_Small

User_Input is Boost_Medium
AND

Amplitude_Average is Medium

Bandl Gain is Boost Medium

User_Input is Boost_Medium
AND
Amplitude_Average is Big

Bandl Gain is Boost_Small
Band2 Gain is Cut_Small
Band3 Gain is Cut_Small

User_Input is Boost_Big
AND

Amplitude_Average is Small

Bandl Gain is Boost_Big

User_Input is Boost_Big
AND

Amplitude Average is Medium

Band! Gain is Boost_Small
Band2 Gain is Cut_Small
Band3 Gain is Cut_Small

User_Input is Boost_Big
AND
Amplitude Average is Big

Bandl Gain is None
Band2 Gain is Cut_Big
Band3 Gain is Cut_Big

1ne

User_Input #u18fie AIAZLULAILABINIS

Cut_Small nefs antdos, Cut_Medium wangis anuiunans, Cut_Big wunetia anun
Boost_Small mnedis ifinties, Boost Medium g \fiulunand, Boost_Big e
Wi

Amplitude _Average %1884 At AL swe g AN

Small y1ede Use, Medium 1un8fe Ununane wag Big wunes 11n
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3UN 3.10 JUuanwiiring Rules Ye3dun1sAIwIY Gain uu FIS Tools

3.1.3.2 n191A1 Quality Factor

[ 4] Fuzzy Logic Designer: Fu

File Edit View

#1UU8IN1IANLIINIAT Quality Factor

Sunafitoudn Fuzzy Logic System fiad1 Gain #im1A1ldain Fuzzy Logic

System U@4A1 Gain
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Input Membership Function 494A1 Gain I%Lﬂuﬁﬂﬁ%ugmwu Triangle

Function Wwa¢ Trapezoid Function naufumuiuandlugun 3.12

Membership function plots
g P nction plot 2 £ R
Cutyig Cutgmat Boostgmal Boodt, Boostyg

input variable "Band1 ain®

gﬂ‘ﬁ' 3.12 3UuanAs Input Membership Function 484A1 Gain

Output Membership Function 984 Fuzzy Logic System Tun1sAuIuAl
Quiality FactorlsﬁLﬂuWaﬁ‘i’j"ugULLUU Trapezoid Function mmﬁuamlugﬂﬁ 3.13 LazUoy

LA Output ¥89A1 Quality Factor U89 Parametric Equalizer %ag‘lu‘dm 19415

plots.

Wide, Normal, Namow,,

o

+ T s

31]17;3.13 g‘ULLam Output Membership Function ¥8338UU Fuzzy Logic

dUN1TAIUIUNIAT Quality Factor

Rules w849 Fuzzy Logic System @7un1511@1 Quality Factor uandaglu
M3 3.2

A191991 3.2 A151lans Rules Nlgluszuu Fuzzy Logic 989n1511A1 Quality Factor

IF Then

Gain is Cut_Big Q is Narrow
Gain is Cut_Small Q is Wide
Gain is Boost_Small Q is Wide
Gain is Boost_Medium Q is Normal
Gain is Boost_Big Qis Wide
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Cut_Small yun8ds antes, Cut_Medium nunefis anUunane uay Cut_Big i
311N

Narrow #1884 AU, Normal vaneds Unf wagWide nidnefis A

3.1.4 Peaking Filter

an

A1 Parameters 7149 3 l@A Center Frequency, Gain Wag Quality Factor ivla

Tudiuneu Pre processing wazn1sld Fuzzy Logic avgnianltlunismen Filter Coefficient

Y4 Peaking Filter FaasUlan1uaunis

R B
ag ao ao

H(z) = (3.6)
( ) 1+(Z—(1))z“1+(2—c2))z‘2
A = 4/10(6/20 ho =X\ (a x A)
we = 22X X (f/fs) by =(-2)XwC
wS A sin(we) bs~=1—\g x A)
wC [+ Tosu.D ag = 1%+ (a/A)
a § <SS 2LETH) @yl =(—2) X\wC
1ng G Ao Gain fivlgannnsld Fuzzy Logic

& & o o ¢ @ a
A8 Frequency Sampling rate inmuanalwgvesdyaudunm

fs
fe

Q

Ao Frequency Center Avalaanludumneau Pre Processing

A9 Quality Factor fmldannsld Fuzzy Logic

i
Y

vilesaniunisvia Parametric Equalizer 9fivisnan 3 Band HunungAIyaIgsg,

#oaa314 Digital Filter 3 ffiieumefiunianisun Transfer Function ve4 Digital Filter s 3

FaBBusaiuLUUBYNTI ¥38758nI1 Cascade Form

x(z)

—> H.(z)

H 2(2)

\ 4

(n)

x(z)

H 1(2) Hz(Z) H3(Z)

y(2)

(@)

gﬂﬁ 3.14 35U Diagramw®s (n) Cascade Form wag (v) Equivalent Transfer Function
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3.1.5 NMSPINUUUNLNANY User Interface

wiieng User Interface sanuuulaenisléilaridu App Designer 489 MATLAB

U 3.15 JUuans wihsnaeilaidu App Designer a1 MATLAB

YURDUNITODNULUY

1) @on Component Nasslalulusunsuuulay Component Library

COMPONENT LIBRARY

<

(Bwon]  Button

7] CheckBox

{a_-] Drop Down

123 | Edit Field (Numeric)
[abc | Edit Fieid (Text)
A e

CI |

JORR| List Box

o |

[T

22 Radio Button Group
Vehs Slider

i

[123%] spinner

(@) state Button

(33528
i ] Table
bt

3‘1]17; 3.16 jUuanau Component Library U App Designer
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2) ¥11n133n3e Component AUFULUUNRBINTS

Fuzzy EQ V.0.1
s ] o o]

Time Signature 04

Instrument Bass v

31J17; 3.17 JULaAIN159A38e Component UL App Designer

3) ynsiTeu Code ealiipulasiaaz Component LWIAUAIAIFN99 uagyinnIs
sulUsunsudIu Fuzzy Logic System wavdauves Digital Filter irglusunsudutunau

anving

31J*~7‘i 3.18 JUuARIN5IW8UCodeuu App Designer
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3.2 Digital Graphic Equalizer

3.2.1 A1998ALUY

Transfer function 7l4lun1seenuuy Graphic Equalizer Fetlaridu Peaking Filter
Wwuiientuduiildlunisesnuuu Parametric Equalizer é’qﬁLLamagiuammiﬁ 3.6 Graphic
Equalizer & Parameter fiusueléfiiiies Gain Wit SinsfnueveulanisLiid-anan
frdweneeliR +12 dB wagldeanuuulsil Band fanusauSuenldsauanun 7 Band @4
3l Center Frequency asﬁi 125, 250, 500, 1000, 2000, 4000 Waz 8000 Hz MUARU Lay
wiazguaziiAn Quality factor = 6 9910 Parameters firvualivinlla Transfer function

Yoausay Band u

[1+(0.0015><A1)] [(—2)x(0.9998) o [14:(0.0015><A1)] &

1+(0.0015-A1)l " [1+(0.0015+47) 1+(0.0015+41)
(=2)%(0.9998) ]__; [1—(0.0015+A1)] 0

14(0.0015+A1) 1+(0.0015+A1)

gt Hy(z) =

1+

[1+(0.0030><A2) [(—z)x(o.9994)] 1. [1+(o.oo3o><A2)

I _ l1+(0.0030+45)! " 114+(0.0030+43) 1+(0.0030+457)

YIUN2 HZ(Z) 7 T (—2)%(0.9994) ]Z_1+[1—(0.0030+A2)] —2
1+(0.0030+43) 1+(0.0030+A2) Z

[1+(o.oos9><A3) [(—z)x(o.997s) -1 [1+(o.0059><A3)] o

T A __ l1+(0.0059+A3)) [1+(0.0059+A43) 1+(0.0059+A3)

§1ui3 Hsz(z) = 1+[(—2)x(0,9975)] ) [1—(0.0059+A3)]Z_2
14+(0.0059+A3) 1+4(0.0059+A3)

[1+(0.0118XA4) [(—Z)X(0.9899) 127 [1+(0.0118XA4)] gl

P _ l1+(0.0118+44)] " l1+(0.0118+A44) 1+(0.0118+44)
gund H4(Z) — 1 [(-—2))((0.9899)] Ly [1—(0.0118+A4)
1+(0.0118+44) 1+(0.0118+A4)

[1+(o.0234><A5)] (—z)x(o.9597)] B [1+(0.0234x.45)

__ |1+(0.0234+A5)| " |1+(0.0234+A5) 1+(0.0234+A5)
H5(Z) ¥ L (—2)x(o.9597)] T [1—(0.0234+A5)
1+(0.0234+As) A 1+(0.0234+Asg)

g1uUnN5

[1+(o.o450><A6)] [(—z)x(o.s4zo)] o] [1+(0.0450><A6)] ¥

1+(0.0450+4g)] ' [1+(0.0450+4¢) 1+(0.0450+A4¢)
(—2)x(0.8420) |__4 [1—(0.0450+A6)

1+(0.0450+A¢g) 1+(0.0450+Ag)

guiic Hg(z) =

1+

[1+(o.o757xA7)] [( z)x(04178)] [1+(0.o757xA7)

e _ L1+(0.0757+A7) 1+(0.0757 A7) 1+(0.0757+A7)

vuns H7(Z) = 14 (-2)x(0.4178) [1 (0.0757+A7)] )
1+(0.0757+A7) 1+(0.0757+A7)
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3.22 nsideulusunsauu LabVIEW Lilemauay NI myRIO

g B

e (IR

@
R
“H
)
5
“H

WMode of Compd

‘Uﬁ' 3.19 JULanInwIIU Block Diagram U8338UU

o o (3 3

1) dndryadeniuaudunn te1sine dyanandes Irdyyrudunnsuddu

q v DAY

QNULEIANAEIEENNINTBY Audio/out YeIUBsANI my RIO

1

U
o

19999 Audio/in waglud

AUDIO

AUDIO
CONFIG

] $78°

[FPGA Target

% RIOO |+

JUT 3.20 gUnansadruudenmdsdunn Audio/in

2) @519 Fader 7 dulivodmsuUSuel Parameter Gain Taginyuagiansusualv

agluyie -12 09 +12 dB

Band 1

Band 2 .,,,,'ﬁ

Band 3.} -
Band 4|
Band s.l
Band 6..@,5
T B -

JUT 3.21 sUuansudendssudoyaain Fader
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3) @314 Block SuUA&s MathScript 7 vaeatiieldlunsileuAdsaine Transfer

. ' d & A o 9 P ' ' v a v
Function U9981UAMUANY 7 Band Af1uualilaslgddudieusoain Fader wiagdungdsng
wsell3lugnassidusazduiieldniunuen G (Gain) Tugisnimunlivu Fader uaglea

g Sampling Frequency guasnifieldlumsuiumeiduiu

____lrl 18 aczi-apnarag;
w' 14 b=[b0/a0 b1/a0 b2/a0);
I.‘} 15 a=[1al/a0 a2/a0];
5] 16 [H1,W1l=freqz(b,a, 1024 fs);

1

2 Q=6

I“ 3 A=sqrt(104(G/20));
4 we=2"pi*fc/fs;

T

T
|
Bl

Q=6;
A=sqrt(104(G/20));
we=2"pifc/fs:

=
g

fc=2000;

Q=6
A=sqr(104(G/20));

fc=4000;

=6;
A=sqrt(10A(G/20));

wie=*mitfe ffer

|
P9 fe=8000; H7f—~
N\ R ) Tt Q:E’,‘ B
| Lo A=sqrt(107(G/20));

we=2"pi*fc/fs;

Bt fuf

T

JUT 3.22 JUuansufionrda MathScript Mivesloadiu Fader

0
[

4) dssenen Filter Coefficient 910 Block A1da MathScript lutleuidnldnaaadng

IR Fitter Matisnfudoavhdndu 2 yaeUszunanadyaraaindyaiadunnileiouagil

YIYNINNNY

Audio right

Audio left

i QL= (-\dIpria/ A

4 b=[b0/a0 b1/a0 b2/a0];
13 a=[1a1/a0 a2/a0];

{3 [H1,W1]=freqz(b,a, 1024,fs);

o P

SUT 3.23 sUuansudendnds MathScript Mdenloadudion IR Filter

1 1w o a

5) WausioAdIBUNAIN Audio/in IAdUFYIBUNAYBS Block IR

L4 9

Filter uaziiounateninnues Block wusnidriudunnvesufionseluuagyiluiue s
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v <

fuynuderliideuseiulusuuuy Cascade uazinersnavesudongarnelioulosluds

drueeinm Audio/out ¥BsuaTA NI myRIO

[
kY]
-
”D"J
{
S
o =
-

UM 3.24 sUuanantslieusiaszninsuienands IR Filter

6) ¥N3AIRINANITABUALDIRDAUNTDIINTBIAYIUNTEUHD Cascade iU

uaqlduanananiiu Block m1dansIn

L |

j 1 H=H1."H2.*H3."H4."H5."H6."HT:
st =20%log10(abs(H));

Build XY Graph
XInput
Y Input
XY Graph

Magnitude Response

JU 3.25 Uuamimsionnaiieudninsmuan1sneuaupianuivesiinse iyl
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7) dnsdassmihansniuauvesldliiesenisldau

Graphic Equiaizer

Magnitude Response Poto RN
120 -
10.0-

75
50

]

00
23
50
1.5
10.0°

“120-8
20

| Audie Equilzes Control
Band 1 Band2 Band § Band 4 Band S Band 6 Band 7

| 1 2
Bl e wh h Wil B il 0 [gis

0 . 0 - o - o - o - 0 - o .-

12 2 2 12 it 2 -
Model of Computation  Sampie Rate (Hzi  Read Rate H3
/ 7 g R
£ pass ] 1 a0 gidisils } Wsor |

onten) S SR s

3‘Uﬁ 3.26 3Uuang 91198 User interface

JUT 3.27 Unmsvadeunsinulaeideudegunial NI my RIO ihiupeniiaines

3.2.3 NSNAABUNISYINGIU
Tunisnaasun1sineu Tuduissnulaneaaulagldnisitanemanuivasuulas
o = Y o 3 1 v 1
VDI Y LY ULE Y waglainnisianine Magnitude Response agUUNUINN User Interface
P o & 1% [ o ; P 1
Worin1sasrvasutiosnuinlusinsuaiunsasinaulaluwuy Real Time wagtwailunis
fudunaitMagnitude Response MWUAIHAUUMINANS User Interface fin1ugnaesdse il

thaunsal NI myRIO Tuiensieriniugunsal Dynamic Spectrum Analyzer Lo inna
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Graphic Equlaizer

Magnitude Response
120-

Audic Equilizer Control

Band 1 Band 2 Band 3 Band 4 Band 5 Band & Band 7
12 . 12 : 12 ° . 2 o . 12 .. 12 . 12 ° 5 12 2 s 2 0
0 o mm o mu 0 o o o .
-12 -12 -2 -12 -12 <12 . -12
Model of Computation  Sample Rate (x| Read Rate H) et TR A
e ) Bl ) BE_) Mo |

JUN 3.28 sUuananti1ae User interface Wilolusunsasinau

JUT 3.29 JUuanNIAdeulaeNIeNsagUnIal NI myRIO

L1 ULASDY Dynamic Signal Analyzer
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undi 4
NANISDNLUULALNAFDU

4.1 Digital Parametric Equalizer

4.1.1 dumsiudunn
ABUNAIN User MEIUN1TNAROURATHSIINNNTNARDIUAAIULATIN 4.1 Az

fyaondsandeudgseunlummaseuuanseglugui 4.1

a -

A1519% 4.1 A1 User input Tun1maassnudyeiudunanuansneny

1

miwﬂaa\iﬁ Instrument Tempo Time Signature | Low | Mid | High
1 Guitar 120 a/4 -3 T il
2 Bass 68 4/4 3 -1 6
3 Piano 107 4/4 -10 8 5
a4 Female Vocal 84 a/4 -2 4 -8
5 Male Vocal 108 a/4 -6 6 4

Input Signal (Guitar)
T

1 2
N Sample 10
Input Signal (Bass)
T

1 2
N Sample 10°
Input Signal (Female Vocal)

L L e Lt et B e B ettt

N Sample

ot

Input Signal (Male Vocal)
02 T T T T T T T T T
g }
2 o - W .W -W — * -
=
£
] L L ! \ 1 I I L I =
0 ) 2 B ‘ s o : s v
N Sample 10t

Input Signal (Piano)
T T T I T T T T T

01 k= 11 . 1 | L L I 1 ! ES
10 12 14 16 18
N Sample o

JUT 4.1 guansdygrandsenteudrgszuulumsageu

a4




4.1.2 @Un199i1 Pre-processing

[ a

4.1.2.1 msuuadnadsaduang

LAY

fegredyanandssnvinnisulsdygueenduiememunsuandduun

o vy A

1 t 4 o o L% 5 A 1 o
4.2 JUANNUVBURAYLYIUVIDIN 10, 20, 30 way 40 AUAIAUIMNVDIVRAUANINLUIIUITUY

Y

209 vosvasdyaandeBunnideinig

o

Bar10 Signal (Guitar)

805
2
Té 0
-05 z
Pl 1 2 3 4 5 6 7 8 9
N Sample «10?
A Bar20 Signal (Guitar)
0 : - :
'-:-;1 0
-05 <
=59 1 2 3 4 5 6 7 8 9
N Sample «10%
Bar30 Signal (Guitar)
-§ 02 T T T T T T T -
=
=-02F ’ 1
5 04 L | i i i i ]
0 1 2 3 4 5 6 7 8 9
N Sample «10f
oo Bard0 Signal (Guitar)
g : : v
E 0
Foe i i | ] : i i .
5 0 1 2 3 4 5 6 7 8 9
N Sample <10

JUT 4.2 JUuansegedyayandesminnisulsiean1anuniue
4.1.2.2 Frequency Analyzing
s 1 U A 1 3 1 1
Mo ndygrandusiiuduneunisuuadidluzliuuves Spectrum uang

) v A

agluguf 4.3 guaindeyadaaraviosd 10 way 20 Ay vesdypiandedunnidos

Bar10 Signal Spectrum (Guitar)
0.015 f 1

0.01

X

0.005 -

100 1000 10000

Frequency (Hz)
Bar20 Signal Spectrum (Guitar)

0.01}

[x(F)]

0.005

100 1000 10000
Frequency (Hz)

UMl 4.3 sUuanaiiege Spectrum vosdnyaadesnviinsLUB I InUATUAD
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a

nadnsNTUITYaTigNUUItIInINRBIIAUATNIILANIMIARAE AL

Y
[

° Y . a 9 a a =
ALNUITBYAUU Frequency Domain LLamag'IugiJVI 4.4 NNVDYAHYUIULHLIBUNALAYY

a [
N3

a2 1073 Average Spectrum

(Pl

15 : Hi :

100 1000 10000
Frequency (Hz)

d' o 1 s a d‘ 3 1 A 19
E‘U‘VI 4.4 :JJ‘LJLL’G‘IG]\WY)@EJ’N Spectrum VBIAYUIULFEINYIINITRIAQAFUUA

nadwsannstdeyaunAadsueY Spectrum 11%1n15 Normalize Tvrn

Amplitude gegniianutuandugud 4.5 81 4.9

Normalize Average Spectrum (Guitar)

09 r
08
A
06

05

|x

04r

03

02

100 1000 10000
Frequency (Hz)

s o 1

5UT 4.5 sUnanwegne Spectrum vesdygaideaiainvihnameaie

wag Normalized wan
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Normalize Average Spectrum (Bass)

1 - T

08

06

05

(I

03[

02r

M

0 i . 1 1
100 1000 10000
Frequency (Hz)

5UM 4.6 JULanBEN Spectrum vadng uEsILUE

A o 1 d' . ¥
NANINTMIALRRY Wag Normalized Lan

Normalize Average Spectrum (Piano)

1 . C

0.8

071

[x(f)
o
(&)

;

04r

03r

o JUU%

0 i 1 L
100 1000 10000

Frequency (Hz)

Uil 4.7 JUuaneiegne Spectrum vesdyandoaiely

AvA1snAeay way Normalized wan
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~—

Ix

Xl

Normalize Average Spectrum (Female Vocal)

08 b

D04 2

05 T

04r 3

02 3

01 M !

O A {1
100 1000 10000

Frequency (Hz)

JUT 4.8 JUuannBE1 Spectrum vesdyaaidysiomd

Y

A o 1 a 4 v
ANINITRIAREE e Normalized Uan

1 Normalize Average Spectrum (Male Vocal)

09 Al

07 r 4

06 1

04r 1

03r 4

01r 1

o i |
100 1000 10000
Frequency (Hz)

JUT 4.9 JUuanBE Spectrum veadyaaidusiosie

4

A o ' a " 1%
NNIN1TUIALREY Lay Normalized Lan
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4.2

NAANSINTUABUNTYN Pre-processing 91NN1TNARBIVINNA UARAIDYUUANTIIN

A519% 4.2 AHaaNSNLAIINTURBUNITYIN Pre-Processing

Instrument Frequency Length (Hz) Center Frequency (Hz) Frequency Average
low mid high low mid high low mid high
Guitar 80 - 250 250 - 1250 1250 - 5000 129.5 259.5 4159 0.3186 | 0.2279 | 0.0921
Bass 40 - 80 80 - 320 320 - 5000 49.01 196.91 | 3154.9 0.1903 | 0.0495 | 0.0005
Piano 27 - 250 250 - 2000 | 2000 - 10000 5, 41596 | 6662.1 | 0.0826 | 0.0237 | 0.0004
Female
240 - 1200 | 1200 - 8000 | 8000 - 16000 368.2 5896 11793 0.1016 | 0.0151 | 0.0034
Vocal
Male Vocal 120 - 900 900 - 8000 | 8000 - 16000 | 787.95 | 6306.8 | 12614 0.2121 | 0.0169 | 0.0027

(%

ad o

nTURBUNNTHN Pre-processing 111131 Center Frequency WagA%ilainA1L

a

gilunsiareuALveLAarrinAS a9aURINLILMAFaU TANANSAINAS1N 4.2 19U 1Fe9

o o

Annsmiumegey Seruanudndigaeglu Low Frequency Band laeiidailtinaanues

a

Winfiu 0.3186 wardl Center Frequency Winfiu 129.5 Hz wazdl Mid Center Frequency 7

259.5 Hz Fredwiaianudainfu 0.2279 uay Hish Center Frequency 7 4159 Hz e

£
v A (%

Sl Tapusavindu 0.0921 Falduirineudsfiasmauiuluiiu Low Frequency Band
fimnusanndign aude Mid Frequency Band MiflaTiudsunans uagdl High Frequency

Band dlmusatiosian Uusiu
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4.1.3 Fuzzy logic

4.1.3.1 @Un15AIUIUAT Gain

a a

fetaradNsNsIAT Gain vesdmaaBunadesinnilagly Fuzzy Logic

11 FIS Tools w8s MATLAB wansegluguil 4.10

File Edit View Options

User_lnput B1 =3 User_input_B2=7 User_lnput_B3=4  Amp_Aver B1=0318 Amp_Aver B2=0228 Amp_Aver B3=00821 By Gain=-3.05 B2_Gain =2.42 B3_Galn=-1.44
1 [ [ ] { B ] LN ] s | [ 1 ] [ T ] | B |
25\ TR, L ] | ] ] [ eS| [ a: [ ] ]
3 [ [ ] ] [ ] [ B [ ] ] ]
4 [ | e 19 ( ] [ ] [ == [ 1 | ] ]
5 [ [ ] L ] [ L ] | == -\ ] ] ]
6 A [ ] ] [ [ ] [ ] [ ] ] ]
76 ) [ & ] | ] [sinfessns] | B2 ]
8 [T [ | S ] [ J o — [ I=
9 T ] [ ) | ] ] | ] AT} ] | | ]
10 ] | ; ([ ] N ] | ] T ] [
" ] [ B | ] [ ] | [ ] JeN=al | [ |
12 erl [ g fRenis, ] [ ] [ ] I ] [
13 [ ] | ] | ] [ > [ ] [ ) ] [ L ]
14 [ Al [ ] = [ ] | ] Ol [ ] | ] [ ]
15 [ Y | [ ] | ] | am. | ] ] \ [ 1 ] [ 1 ]
16 [ 7] [ ] ( ] | J | ] L ] [ | | ] | SR |
gl 1 7 1 T = ] [ J [ ] [ ] [ I ] [ 1 ] [ 1 ]
18 [ / [ ] [ [ / ] [ =) ] L ]
19 [ [ ] [ [ N ] [ — T 1 ] [ 1o\=]
20 [ [ ] ( [ ] [ ] % e ]
21 [ [\ s} | [ ] — ] ]
22 ] A ] (ST [ ] [N ] ] [ [ 1 ] AN
23 ] | ] gu— | [ ] ] [ [ ] ]
24 ] A ] s ] [ ] | L ol L ] | ] LN ] [ e
25 ] [ & ok [ ] [ ] ) BN RN L ] j— ] [ 1 ] [ ]
26 [ ] iy [\ ] | Nk [ ¥ ] [ ] [ =} [ 1 ] [ SR |
27 [ e | | . ( W &, | ] [ s | BB ] [ 1 ] | ]
| | [ Jsyafay [ ] o Peat] ey L L Lol-g (e re—| [ 1 ] = ]
29 [ ] [ Y = | &) | [ ] L ] [ o} [ T ] [ ]
ap [ 1 [ Ry | [ 1 [ 1 [ =S [ 1 e [ 1 [ I 1 [ 1
ot [-3,7:4,0.2177,0 2278,0.0921] I mm ‘ 101 B eft ( " nght } & down ! up l
Opened system Fuzzy_Gain_Ver2, 54 rules i 5 ] T ‘

5 . - Hep Cose

JUT 4.10 sUuansfiaegensld FIS Tools Tuniswien Gain

HAWSAN Gain AildannisvaaesdygIaudunanag uanieglunsnin 4.3

A19199 4.3 A1 Gain 1191013l Fuzzy Logic

Instrument Gain (dB)
low mid high
Guitar -3.05 242 -1.44
Bass 24113 -3.05 9.88
Piano -3.05 6.02 8.27
Female Vocal | -1.11 1.92 -5.05
Male Vocal -7.81 7.90 2.05
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4.1.3.2 n191A1 Quality Factor

FOUNNAANENITUIAT Gain VOIFaYE U

tU FIS Tools a4 MATLAB LLamaq"lugﬂﬁ 4.11

Rule Viewer: Fuzzy_Q_Verl

Lamnmﬁmﬂ‘u Fuzzy Logic

File Edit View Options
Band1_Gain = -3.05 Band2 Gain =245 Band3_Gain =-1.44 Bandi_Q=6 Band2_Q=6 Band3_Q=6
1 | N I | [ ] [ == [ ] [ = [ ]
2 B [ [ ] (R ] s ] [ ]
3 R [ J [ ] N [ | |EEEE ]
4 | s [ H| ETEER) ] [ ] [ ]
5 [ ) [ ] ( ] > ] [ ] [ 1
6 ] B ] [ o] [ ] [ 1 [ ]
7 [ ] | 7! ] [ ] [ ] | = ] [ ]
8 ] [=slieon] [ 5 [ ] ] [
9 [ J [ N ] [ ] | H| B ] [ 1
A0 ] [ /] | [ ] & ] [ ]
n | B {=X ] | [ ] [sisssn/se|
20 | [ | [ T ] [ ] e = CEl ]
13 [ ] [ ] [ RN jeppnngs] [ ] | Y ]
14 [ ] [ = [ | [ ] [ ] | Y ]
15 [ ] [ J [ A rz e ) [ ] B ]
2 2 e 2 2 2 M ] [ ] [Em ]
[hput: [3.052.4511.4) IFbtvoms 101 J lMMI et | rnt [l down | up | |
Iounedsystemruzzyovm 15ru|es ; Ve Ir ? | % Ycnse | |

Ul 4.11 JUuanssneganisld FIS Tools Tunismen Quality Factor

nadnsan Quality Factor fildnnnismaaesdyyin

AN519% 4.4

“Ll

AR1ae Landegly

A5 4.4 A Quality Factor Alsanmsly Fuzzy logic

Instrument Q
low mid high
Guitar 2.8758 | 4.6836 | 5.9984
Bass 28758 | 1.7858#" 658
Piano 2.8758 |'5.9982 | 5.9996
Female Vocal | 2.8758 | 4.6836 | 5.9984
Male Vocal 11.6 2.63 6

Bt



4.1.4 HAGWSNITNAADY
INNITUIUNTNINUAVDITTUUALIAAT Parameters U@ Parametric Equalizer

Aanuanslun1s1an 4.5

A15197 4.5 A1 Parameters auAva9 Parametric Equalizer

Instrument Center Frequency (Hz) Gain (dB) Q
low mid high low mid | high low mid high
Guitar 129.5 259.5 4159 -3.05 242 -1.44 | 28758 | 4.6836 | 5.9984
Bass 49.01 196.91 | 3154.9 2.13 -3.05 9.88 28758 | 1.7858 | 1.7858
Piano Sl 415.96 | 6662.1 -3.05 6.02 327 | 28758 | 59982 | 59996
Female Vocal 368.2 5896 | 11793 -1.11 1.92 | -3.05 | 2.8758 | 4.6836 | 59984
Male Vocal 787.95 | 6306.8 | 12614 -7.81 790 | 2.05 11.6 2.63 6
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Magnitude response (Piano) (dB)
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Magnitude response (Male Vocal) (dB)
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%1072 Amplitude spectrum of Input Signal (Guitar)
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Amplitude spectrum of Input Signal (Bass)
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<1072 Amplitude spectrum of Input Signal (Piano)
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«1073 Amplitude spectrum of Input Signal (Female Voice)
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Amplitude spectrum of Input Signal (Male Vocal)
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4.2 Digital Graphic Equalizer
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