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Abstract

An analog is agitated easily. The recovered oulput analog signal operates difficull and
complexly, hence most of analog signal converse into digital signal before transmission through
bandlimited channels. The advantage of digital signal is bit error correction and compression. An
analog-lo-digital conversion consist of 3 basic operations that are sampling, quantizing and
encoding.

The quantizing is significant opecration thal generates a discrete in amplitude. The
incorrect quantizing generates a noise, therefore, recovered analog signal cause a distortion.
Hence, performance of quantization by 2 types that are uniform and non-uniform quantization.
This project makes programming in MATLAB for calculates a signal-to-quantizalion noise ratio
(SQNR) for voice signal.

In order to calculates the SQNR value by generales graphic user interface (GUI) for key a
number of bit per sample, g coefficient and show the SQNR value. As a resuli, the SQNR value

from programming be in line with theorem.
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(b) Magnitude Spectrum of PAM (natural sampling) with d =1/3and f, =4B

Spectrum of a PAM waveform with natural sampling.
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{b} Impulse Train Sampling Waveform
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(c) Resulting PAM Signal (flat-top sampling & = ¢ /T, = 1/3)

PAM signal with flat-top sampling.
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(b) Magnitude Spectrum of PAM (flat-top sampling) with =1/3 and f, =4B

Spectrum of a PAM waveform with flat-top sampling.
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9 o o oA 1o o o = b [ s b 3
ﬂ’)Uﬁ'm’JH‘Uﬂ‘I"I'llH]'lﬂﬂ N PAM ﬂﬂgﬂﬂﬁﬂﬂﬂﬁ'ﬂﬂiﬂLlﬂu‘i:ﬁHﬂmmWﬂl'lﬂ wmau‘lu

m3sdnszaui v 1mﬂmaan'lmmum“lumwmﬂ 3un71 M137791 109 (Quantization)
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[ ¥ o [ o w

A = o af 1 o B - 1 ar
Fgavasvnadoyg it bl Idzgnutiiswussdudyounivaconi széy

(77

o
Y9N 15AIU 1A (Quantization levels)

min{A} ; i=0
X, = I% Soi=l 2, M- (2.12)
max/{X} ; i=M

§ o o o . L
Tnod M Ao IIUTTAUTEINI B N (number of quantization levels)
- |

ar Ul & R h N . [ o
X; AD ITAVUDINITINIOU LAKN 7 (i Quantization  levels) 9218 M 52AY
RGN
1 wr 5F ar
x; 19 STAVUDULUA (boundary level) 9218 M +1 53A1
o =ty o o . ' .
AR 1Ag% 2 n3tiAe mIndeu ladmniad oo (Uniform Quantization) {1
s e . N A ¢ . =
manreu laduuy hiaiuaue (Non-uniform  Quantization) 713020 laFuuvaineayo szl

1 ] ar o 1 o s ~ 81 A A [ o o
TLUSM9TTNINTEAVVBINIIAEN Inditiiiu fagald 2.5 92 lanine® Sondn af]lad (step

size,d)
Step sizer s 2
fep size: 5=\_-! {2.13)
Amplitude, X Amplitude, X

V 4 iR T Xy

________ Ko
7ty 2=
2V ’ M
—— j _____ x6
i X5
fi(x) oy X;

¢ - — Time

________ X,
......... o x3
________ xJ
"""""" T X,
———————— xz
T T T T T e e X,
________ 5,
v 4 Xo

Ui 2.5 msmeuladuuvainave

AN Assi.Prof.Dr.Surachet Kanprachar (2554)
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3 ar

o as o A sy 4 al
$nuszauvesninle lad dieldFygnuaiaoanuyluwnids «om fu =1 9

[l
= WA

1@$runiindail
n=[log,{M}] (2.14)

R, = nf, (2.15)

= 1

Iﬂﬂﬁ i ﬁ'ﬂ i°nmuummwmﬂa {number of bits per sample)
= o = ] A L] . =l ] = P a - .
R, 719 MIUUSADHNUINU IO (bit rale) Hniamilu dadeTuii (bits per

second: bps)

]
Ao 9

1 o ar 3 3 d’!’ Vo
Tunsiinsuszauvensatou las iidudnnuasda destlaman it uon
Sadousuilanlusiauasdiwu d1 M =200  diedmamez ldsmauiadeusnila
kY ) 3 = of o ar 9 o o
il5z11m 7.6 aaanimsilavwilu 8 9a lunisnleulasni 200 szAU M3 1F8 Ml
o [} ;i ] dyw [ :l:'] Va9 - (=1 = o z o u 1
drogainaranivuinilunisldiadeyan luiilszdninim asuulaen Tlineznia
o [ oq W w8 a A 9 9 o [] @
$1uanszsuveinisaloulad [z aunusiuaniinnez 19 lunsds e wu dyan
=] = ° o ar E s = o 3
w3 8 Ta vzRiinisatouladiihe 256 szau itudy Fuwrm PAM Agnadtoulaabsudey

udwzgoii lidswailudya i PeM vonin

ar

Y o a ] = 4 aa
iissninmiaaeu laduuainaueiideidone WedygInin1InIzIENTHA

o

’ 1: o o clb o = ar [ e o‘:’
himinaveudwimsmen lndunuainaversiilinadygnusuniudmaumn aniu

1]

=< vy 9t A ] aadq YA o s or 9 ar 3 =)
3alion1F luszvudems dauisnldne msidgyinnda ndyapsniuiimsnszno

»
Ad A A 1

aa 4 4 © ] o H o
meadaaitamennfige suhhliuasmouladuuaiwawe TG0 e lad

i Tdainawe

o [
2.3.2 mwulnvunend (Quantization Noise)
as i A 4 1 a 4
Foyyimsunmffananszuaumsateulad Sond adoulassuused
= A o H T 1
(Quantization Noise) lavazfivrsminsfinisnlew lasuuvmingye lauszosn1asenng

o o - d o d 3 = [T dw
sduvasnsmeuladilu s msimazinneu laduvedes Mauydgudadeli

1) szaudyaaficeasialdsznanaannszdvvesdagiussigagatuiiniy %

v
= 1 2

@ o ] = Sa 1w o o w
2) 53ﬂ‘lJﬁiUuilJ'Iﬂ”lElﬂfIiJﬂ')ﬂU'NiJﬂ'l'iﬂizTi'IUTI"N'fTﬂﬂL'YI']ﬂH uuﬁa Hansuany

L)

wdua U esuLm %
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o o U t o o w =
3) seRudgnugegazdneglugrnisiinisnlenlnd Srizdudyguguiu

1 A ¢ o = P ; A d”é’ P
ﬂ'J"Iﬂ']'flﬁf!ﬂ'Ym']ﬂ']‘iﬂ')ﬂu‘lWh' IZINANITHANYHIUDININTINAUTUDN

Quantized
output signal /
e
_% // /\Input signal
i A
/]
//

Input signal

| | jQuanlizalion error

$ a w - o M
g‘ljﬁ 2.6 ﬂ15!ﬂﬂﬂ'lﬂ141ﬂl°]f‘]ﬂ.!uﬂUﬁﬂ‘iﬂl‘llflﬁﬂ'l'iﬂ?ﬂublﬁl‘mmﬂﬂll'llﬁﬂﬂ

A w  a o o
U VYUNH I'ii)uﬂ’liﬂ’]uu'ﬂ (2541)

= @ [ 3 ° ar £ o
astnanlou Tayduneodnsdvesmsnon laduuuminauenansiagin 2.6 i

3 1 1 e = 1 o 1 g
FINAVINANITHINATTYYIMIG llﬁ5ﬂ1ﬁm€y1mﬂﬂ’luﬂ’liﬂ1@u1ﬂ”ﬁ ATNIIVANVIING 2

L
w -~ ar (4
danndifie nrou larsduuend

2.3.3 MV ITYN INUDTMBIVSITYANUIUNIU

1) Midsvesdy auazhdvosdygias uniumennuihozil

Pgrar = e J: 2 [y (x)dx (2.16)
Tashi  fy (x) fie Aauniesifiuuns x
A
Pnor'se - Z e’? (217)
k=1
A 2 ~ "k ~
do el =Elor-507]= [ -5 e o
Xkl

~ o @ Q@ A A o S
Taof e} fia Masvesduarusunundshsyavueamsaionladn &
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2) ARSI ANMNALMAIVITYYINTVNIUN M

N-1

1 2
Psr’gna! = FZ X ["] (218)
n=0
] N-1
~ 2

Pnaise = ?Z (x[n] — X [’7]) (219)

n=0

Taoh N fio Swndeyavesdua mhgngudiei

x{n1fle Fayavesdyaungnguatedan nillorn =1,2,3,., N

2.3.4 MABITYAINABMAIVDITYNINIUNIU (Signal to Noise Ratio: SNR)
M3 SNR - Suthudesdmdsvesdan auazMdvesdyginsuniu auns

¥
SNR @ouladai

Psignai
SNR = ——— (2.20)

noise

o w

¥
o ar o ) ] o o . . . . .
A3UU MBIV i.uutuummamawmmﬂu"lmwuu%ﬁ (Signal to Quantization Noise Ralio:

SQNR) 19

Psi nal E[X 2]
SONR = 2= = —— = (2.21)

Pnoise 4
2.

k=1

o o H 3 o ¥ ide g A w
J¥UU PCM Ylllﬂ'lﬁﬂ'JE]uElW‘]ﬂ!.UUﬁlluﬂnaun‘i]xﬂ’]‘lﬂQ']U LUanlaDtaTuran 2

=

= | A d' 9 o = 5 ar L] el = é 1
52130 Hjﬂﬂ'lﬁﬂ’ilxﬁl‘]m'luﬂuﬂﬂ'luﬂﬁ!“ll'li’l‘iﬂﬂU'IQ'lUiJﬂﬁSﬁﬂﬁﬂ']W HIA1 SNR 92

A ar ¢ a4 e o dyd o ' A o
nlasundasldmudygru derdodsnaniivahldszun e fAlinsntouladun

° LY o Qs L4 oy A o YA Ao o =
ﬁmmnﬂ"lnuuuumﬂ%"lusz‘uui‘nsﬂw'ﬂ llﬁgﬁﬁﬂ'ﬁﬂu']u'lﬁl‘lfﬂﬂ FIZTUUNBMINIADIHINUAI

(Companding)
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2.3.5 ABUUAUAG (Companding)

ADNUWUAY (Companding) A1 INMNTHIBINGHTOIM U IHANNY AD Compressing
1oz Expansion '?i?aﬂnwﬁaclumﬂfimfuriauﬁﬂ:ﬁmnziuﬁ";lafiw%:mnﬁé’ﬂﬁmuqnm wazlu
ma%’m‘iy’uﬂﬁ’amnﬁnﬂﬂsﬁ’ﬁuﬁ'nzﬁmﬁﬁﬂﬁ’tgiuumnﬁuﬁum U7 27 waasmsunsn
Fumougandnashuszuy PeM msvhaeumdniuni$luszuy PeM meudilynindn 2
Uszns e ‘ﬁﬂﬁ’ﬂszﬁﬂEmw“lumi"’l%’%muﬁﬁ‘lunﬁH’J’ﬁﬁ'ﬂqa%u wazyi e SNR i

a as )

1 134
seaudyanaaen i Temanaziinwieg fuanniu

Input signal Compressed Output signal
—> —»1 A/D [—— — %™ D/A [P —
digital
codewords
Compression Linear Linear Expansion
PCM encoder PCM decoder

{1 ¥
317 2.7 mumsndunsuvosmsdadyanauasmssadaanuaslussuy PCM

=

A a o L2

nt: tiuda 1l39u0150un (2541)
s g W o = ym’ ] 2 a o =Y of A
TnisniFlumsdinouunudezldsudiuniersesdiannsatundniins
aavausauy higiaue Taomadevziinny lidduaue ludnuuzoadygunlszaugs

> ) [

dmlunesvazihinstadyyaniundudui dnvuzauiavesnn liaduaventimua
16] 3 o Y Loy e o
Wunasgmuazldaususgin Tl luvazdl 2 vuvde msadeulaguuy « Haw uas

o
msndoulas 4 -law

Z
1) M3AWBUIATUVY 4 -law (7 -law Quantization)

or [

) o oo as o« o
nsmmimau"lﬂcmmn i -law :uaﬂ‘ym:ﬁummmaﬂmmmwamﬂuﬁmm

vy

lagail

In(l + pw, (1

wy ()= Msgn(w, )] (2.22)
In{l + 1)
Tavh w, (/) Ao dygnunouiinisoadom o
w,(1) AD dYIMHANINIOAdyaIN
=1 ; w()<0

sgn(w, (1N =40 ; w()=0 (2.23)

I w(n)>0
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]
o =4 @ @ o

= o
Mz p ﬁﬂﬂ']5—luﬂﬂﬂiﬂﬂﬂﬂﬁqﬂq—lnu_]ﬂﬁaquﬂ\3ﬂ1§ ATYAUIR LUONMINITDATYNIMNATY

auns (2.22) dnyuzmssadannansiiudegln 2.8

1=255

e
>
|
|

(=]
'
|
=
1]

(=]
]

=]
[N

I
.

<

Output w, (1)

-1 | 1 I | 1 1 |
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6 0.8 t

Input w, {(#)

31U 2.8 anvZYLINIIBATYANNUVY 4 -law

#1317: John G. Proakis, Masoud Salehi and Gerhard Bauch

]
ar oo [ ¥ or r=

»
MIDATUNIUNAINTUNIT (2.22) %gﬁﬂﬂﬁﬁ mm1m¢13vanumzwaamﬁ'mnu AU

a = 24

o o
ﬁﬂ‘HﬂlZ“UfNﬂ’liﬁﬂﬂﬂjuil]u’lmﬂiﬂlﬂ'l'iﬂ')ﬂu'lﬁ‘]ﬂmﬂ H-law £1D

[wa )]
“’l (’) = .(l_+‘.£.i)_

H

sgn(w, (1)) (2.24)

¥ v ]
dm¥umsndoulad » Haw il TopiulFlunhlanSnunilenazilszmadijuiundn lavi

AMINIFIU p = 255
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4
2) manpuladuuy 4 -law ( A -law Quantization)

o« [ o =
n3an15A0U laFUDY 4 Jaw Hdnvazveanisdadyarandowmiv

L2

Handu'ldaqil

Alw] (I)I

: PR
msgn(w,(.r)) ; 0= |u,(!)i < y
w,(f) = | | (2.25)
1+ In[Aw, (1) o
Tn(A)sgn(ul(I)) b <wy(n)| <1

o =

s o
TavanymzuoINstaduanunINnneu lasuUY 4 -law A

ooy

|, (O] + In(A)] i

sen(w, (1) ; 0<lw2(f)|<

A I+ In{A)
(1) = {2.26
Ml ) e]wz(l)lhln[f!)]—l | )
fsgn(wz(l)) - m < |wz (r)] <1

dgmdunmsnrouladuuy 4 -aw 15 Tunddylsduaslinlszmalne vdnnisezmiiouiy

o 1 T s =
msmau"lmmu'uu 4 -law unvzuansmanu luues wazidoa

¢ v wr  as d:‘d ° =
23.6 mamewladuazmatnsvadaanalunsdifilimsiasumuds
o AAA w oo N or
msneu laddmanm PAM Tupsaniinsoadyaio e linsdsigaanm
1 o 1 or s ] = ) J ] o
gau1nad sximanes ey dyanauiiugasGondn mnmug (segment) Tnoluudaziamunug
- a ¥ 4 o ¥ ) o
annsodszananiunmsaldoumlasmmmingwo 18 dennuiuvsaduaselundazisnuma
" e W A [ ) -:? A o
v lumnuaag U 2.9 naasnisilsznamiasnaniveansadnisaaeu ladunu g -law Tae
1 s 9 1 u’.: & =1 Tl o o
B9 g = 255 lugtugaaunms 4 wnuanemuuanmnin aszmu lahnnuduaanday
°_ u o
AIMNIAVYDUTUUA
s 1 7o = 1 ﬂ L) ar
msdauvasnuuany lunsdi # -law uaz A -law niuilu 16 snmudmiiouny
o & 124 = 2 & 124 o 1 o
Tauhadanilsegnianuas Bnn3snilsagdnan naou ladgmuluudansnuudazause

& H 9
aoulesunuminays 14
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Slope = 1
8
=
& 1
- Stope = —-
2 4
¢
e,
E
5 1
© - Slope = —
2
-I- Slope =
31 95 223 479
Linear signal

= 1 o = = 1
51 2.9 msdszanma 4 wnmuausnlunIdives g -law iim g = 255

A w = s o
NUL: UYUNA Tsmumsmuu‘n (2541)

A b4 ¥ @ o = ) [ o
D30N3 SUU PCM Gl‘]ifl'i‘iI,"’ll'lii‘I'i’f'fﬁ']ﬂ tuunpm"lums 3 U Ll.'lN!.%’mll‘Llﬂﬂﬂﬂl‘ﬂu
o ] o [ as Y o . ]
16 FEAILURA 'lmmazwnmummwauaﬂm‘ﬂu 16 3¢A1 :ﬁamau'lwuumm'uﬁna ISBENN

S V1 ar 1

| ar o o 1 1 s
ﬁx'ﬁ’ms:ﬂummmsmau'lﬂmmucluwnmumznmmmu LBATZUSHINIZTHINIITALVON

o ] s b ar .3 1o J o o a’g
msmau'lﬁﬁ]f‘umuna:mmuuﬂumum‘lnmmumuaunummﬂﬂ‘lmﬂmmwmnuﬂuuq

{
ol =t =9 o o ] L] ] =4 M A 34 =
daanaliud 8 e Miausnuaasdumiveusnuuaegludnuinvisdnan 14 3 ia

D e o o L o — = @ ¥ o
Sannaasdwnve iU tudmiu uazld 4. Jagamoudasssavnieluudazivnmud
A Y e o P » dy = o 9 a
dWoldndnnummufina1ani tunsdinsaeuladuuy  u -Jaw madisauazns

ar i e U A 1 1 ar
poasatanslumsed 2.0 05l g -law sedudyanueriaendieylusoe o-1 vegadhsvia
b4 =) b o ar ot ]

11 “00000000” nazdeg@navezgmdiswaiily “10000000” szAVYBIMIANEY lad lunany

o ~ 3/ A ° ar as — o
wnmudvzidumuinaas 3 luase deswimussdvvesdygufivznieu laduas

Y ar ot eR or =} = a
WNIHAU0Y 8159 3zﬂu1u=1mmnmmﬂm
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maef 2.1 msdhsauazeens Tavedszuy PCM 1111 g -law (1 = 255)

Input Amplitude Segment Quantization Decoder
Step Size Code Value
range Code S Code Q Amplitude
0-1 ] 0000 0 0
1-3 0001 1 2
3-5 oo10 2 4
2 000
29-31 1111 15 30
31-35 0000 16 33
4 001
91-95 1111 31 93
95-103 0000 32 99
8 010
215-223 1111 47 219
223-239 0000 48 231
16 ol
463-479 1111 63 471
479-511 0000 64 495
32 100
959-991 1111 79 975
991-1055 0000 80 1023
64 101
1951-2015 1111 95 1983
2015-2143 0000 96 2079
128 110
3935-4063 1111 111 3999
4063-4319 0000 112 4191
256 111
7903-8159 1111 127 8031

= o = o 4
U YU Iﬁﬂuﬂ‘lﬁﬂ‘luu'ﬂ (2541)
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G‘H‘S'N‘ﬁ 22 ﬁ]'ﬁ"Nﬂ'l‘il‘lal"l'iﬁﬂuﬂgﬂﬂﬂiﬁ‘ﬂﬁjﬂﬁzﬂﬂ PCM LUY A -law

Input Amplitude Segment Quantization Decoder
Step Size Code Value
range Code S Code Q Amplitude
0-2 0000 0 1
2-4 0001 1 3
000
30-32 2 1111 15 31
32-34 (000 16 33
’ 001
62-64 111 31 63
64-68 0000 32 66
: 4 010
124-128 1111 47 126
128-136 0000 48 132
: 8 011
248-256 1111 63 252
256-272 0000 64 264
: 16 100
496-512 1111 79 504
512-544 0000 80 528
: 32 101 :
992-1024 1111 95 1008
1024-1088 0000 96 1056
: 64 110
1984-2048 1111 111 2016
2048-2176 0000 112 2112
: 128 11
3968-4096 1111 ' 127 4032

A s 13arersonuun (2541)
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¥ . .
15U A -law U veimsdsianiuasnan 2.2 dJodunaued 4 -law fe v
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mu:mﬁzﬂummﬂmmawmni‘lu 4096 2R mauaumwmquizﬂﬂummmm o -law

<
2.3.7 SONR lunsaimsateulnaduuy u-law uaz A4 -law
2 o o = o y '
{i090nmsneu gl udaw nag 4 Jaw dmadd lad lundasesnmud a
v @ 2 o o Y o ] W o B ol a
iy sam v ateu lasduuesd lundazsmuua 110 UA0 Taonueaninsoa
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=1 ° 3 d': = s o ; []
SONR il lemaainaueinniu WaunSvuiioudumsnteu laduvuainguonnensaves

GOIRTAL)

d ar
2.4 Wanduanurumiuanuyazilu (Probability Density Function: PDF)
o HanFuanumunninanininzdiuvesdunlsquiiudonios X (Continuous

Random Variable X') flo

dFy (x)

w (2.27)

Sy =
- d ar
Tauh Fy(x) fin Hafgumsiuanuesaza (Cumutaiive Distribution Function: CDF)
nqud dwSudulsguunudeniiony 420 PDF £ ()
) o ] a1 1 1
(@ fy(x)20 foraltx anunziluveanan x szdeslinunnii 0 ndinfe

arnyvzihludhey
by Fy (= [ Sty

»
() f Fo(@)ds =1 ATINeziuteana x NanueTmRumIiY |
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&luﬂﬂ&Funcﬁon

R Compression----—---------——-——-——\——-—\——
function voice sComp = CompressedSignal (voice s, Mu)
for ii = l:length{voice_ s)

voice sComp(ii) = {log(l+(Mu*abs(voice s{ii})))/log{l+Mu))*...

sign(voice s{ii));
end

T —— PDF of veice signal-----—-——--——--——--

function PDFvoice s = PDF VoiceSignal (voice s, xRange)
HIsTvoice s = hist(voice s,xRange);
PDFvoice s = HISTvoice s,./length{voice s);

G - ————— - PDF of Compressed Signal----———-----~---—-

function PBFvoice sComp = PDF CompressedSignal (voice sComp,xRange])
HISTvoice sComp = hist(voice sComp, xRange) ;
PDFvoice sComp = HISTvoice sComp./length({voice sComp);

SR A a1 T AT e Signal Power----------—---—--—-—-————-
function P _signal = PowerSignal (voice s)
for ii=l:length(voice_ s)
P s{ii) = voice s({ii)"2;
end
P signal = {1/length(voice s))*sum({P s);

RN TN NN SN Compressed Signal Power--—---------———----

function P_CompSignal = PowerCompressedSignal (voice sComp)
for ii=1:length{voice sComp)
P cs(ii) = voice sComp(ii)"Z;
end
P CompSignal - (lflength(voice_sComp))*sum(P_cs);

il

function P noiseUnif = PowerNoiseUnif(voice s,quantized sUnif)

for ii = l:length{voice_ s)

P nUnif(ii) = (voice s(ii)-quantized sUnif{ii))~"Z;
end
P noiseUnif = (1/length(voice s))*sum(P nUnif});

Gmmm e — Power of Non-uniform Quantization Noise---—--—----%

function [P _noiseNonUnif] =
PowerNoiseNonUnif (voice sComp,quantized sWonUnif)

for ii = 1:length({voice sComp)

P nNonUnif({ii}) = (voice sComp{ii)-quantized sNonUnif({ii))"2;
end
P noiseMonUnif = (1/length(voice sComp))*sum(P_nNonUnif);

e mm e —— Power of Compression-Expansion Noise-----------

function P noiseCompExp = PowerNoiseCompExp{voice s,quantized sExp)
for ii = l:length{voice s)

P nCompkxp(ii) = ({voice s({ii)-quantized sExp(ii})~"2;
end

R ™ Power of Uniform Quantization Neise------------
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P_noiseCompExp = (1/length(voice s})*sum(P nCompExp) ;
e Uniform Quantization---—----——---——--——-———- %
function quantized sUnif = UniformQuantization(voice s,...
quantization_levels,boundary_levels)
for i1 = 1:length(voice s)
for jj = 1:length{guantization levels)
if (voice_s{ii)<boundary levels(l})
quantized_sUnif(ii) = quantization levels(1};
end
if (voice s{ii)>=boundary levels({jj})
if (voice s{ii)<boundary levels(jj+1))

quantized sUnif(ii} = quantization levels(jj);
end
end
if (veoice s(ii)>=boundary levels (end))
quantized sUnif({ii) = guantization levels({end);
end
end
end
R Ny & iy = | Wb ciiimiutatat Non-uniform Quantization-—-------—-———-——————- %

function guantized sNonUnif = NeonUniformQuantization{voice sComp,...
quantization levels,boundary levels)
for ii=1:length{voice sComp)
for jj = l:length{quantization levels)
if (voice sComp(ii)<boundary levels(1})
guantized sNonUnif(ii)} = quantization levels{l);
end
if (voice_sComp(ii)>=beoundary levels(3j)})
if (voice sComp(ii}<boundary levels(jj+1})
quantized_sNonUnif(ii) = quantization levels{jj}:
end
end
if (voice_sComp(ii)>=boundary levels{end))
guantized sNonUnif(ii) = quantization levels({end):
end
end
end
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#1499 Seript

Q,

G e GUI of Type of Quantization-------—-—-—-——--—--—- %
function varargout = Type of Quantization(varargin)
gui Singleton = 1;
gui State = struct{'gui Name', mfilename, ...
'gui Singleton', gui Singleton, ...
'gui CpeningfFcn',
@Type of Quantization OpeningFcn,
o 'gaiiOutputhn', @Type of Quantization OutputFcn,

'gui LayoutFcn', [1 .
'gui Callback’, [1):
if nargin && ischar(varargin{1})
gui State,gui Callback = str2func({varargin{l});
end

if nargout
[varargout{l:nargout}] = gui mainfcn{gui State, varargin{:});
else
gui mainfcn{gui State, varargin{:}};
end
function Type of Quantization OpeningFcn(hObject, eventdata, handles,
varargin)
handles.output = hObject;
guidata (hObject, handles});

function varargout = Type of Quantization OutputFcn (hCbject,
eventdata, handles}
varargout{l} = handles.output;

function ExitProgram Callback{hCbject, eventdata, handles)
close (gcbf) ;

function UnifQ Callback (hObject, eventdata, handles)
Uniform Quantization;
close({gcbf);

function NeonunifQ Callback(hCbject, eventdata, handles)
Non uniform Quantization;
close (gcbf);
FE it GUT of Uniform Quantization----------—-----—--- %
function varargout = Uniform Quantization(varargin)
gui Singleton = 1;
gui:State = struct('gui Name', mfilename, ...
'gul Singleton', gui Singleton, ...
'gui OpeningFcn',
@Uniform Quantization Openingfcn,
h 'gaiioutputhn', @Uniform Quantization OutputFcn,

'qui LayoutFcn', £y
'qui Callback', [1):
if nargin && ischar(varargin{l})
gui State.gui Callback = str2func{varargin{l});
end

if nargout
[varargout{l:nargout}) = gui mainfen(gui State, varargin{:});



else
gui mainfcn(gui State, varargin{:});
end

function Uniform Quantization OpeningFecn (hObject, eventdata,
varargin)

handles.output = hObject;

guidata (hObject, handles);

function varargout = Uniform Quantization OutputFcn{hObject,
eventdata, handles})
varargout{1i} = handles.output;

function RunUnif Callback{hObject, eventdata, handles)
if ~isempty(get(handles.nbitsUnif, 'String'}) &&
~isempty(get (handles.ShowFilenameUnif, 'String")}

n = strZnumiget (handles.nbitsUnif, 'String')});

handles.n = n;

guidata (hObject, handles});

M= 2"n;
Amin = -1;
Amax = 1;

step size = (2*Bmax)/M;

boundary levels = Amin:step size:Amax;

gquantization levels = Bmin+(step size/2):step size:Bmax-
(step size/2);

voice s = handles.voice s;

fs = handles.fs;

{quantized sUnif] =
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handles,

UniformQuantization(voice s,quantization levels,boundary levels);

[P_signal] = PowerSignal{voice s);
[P_noiseUnif] = PowerNoiseUnif({voice s,quantized sUnif);
SNRUnif = 10*logl0(P signal/P noiseUnif);

set (handles.PsignalUnif, 'String',num2str(P signal});
set {handles.PnoiseUnif, 'String’,num2str{P noiseUnif});
set {handles.SQONR Unif, 'String', num2str (SNRUnif});
handles.quantized sUnif = quantized sUnif;
guidata ({hObject, handles);

end

if isempty(get(handles.nbitsUnif, 'String')) ||

isempty(get (handles.ShowFilenameUnif, 'String'})
warndlg('Please fill out all data fields.')

end

function nbitsUnif Callback{hObject, eventdata, handles)

function nbitsUnif CreateFcn{hObject, eventdata, handles)
if ispc && isequal {get {hObject, 'BackgroundColor'),
get {0, "defaultUicontrolBackgroundCclor'}})
set (hObject, 'BackgroundColor', 'white');
end

function MenuUnifl Callback(hObject, eventdata, handles}
function SubMenuUnifl 1 Callback(hObject, eventdata, handles)

[filename, path]) = uigetfile('?*.wav');
if filename ~= 0



[voice s, fs] = wavread([path filename]);

voice s = voice s';

handles.voice s = voice_s;

handles.fs = fs;

guidata (hObject,handles);

set (handles.ShowFilenameUnif, 'String', filename);
end

function SubMenuUnifl 2 Callback(hObject, eventdata, handles)
Index;
close (gcbf) ;

function MenuUnif2 Callback(hObject, eventdata, handles)

function SubMenuUnif2 1 Callback(hObject, eventdata, handles)
if ~isempty(handles.voice s)

figure('Name', '"Voice Signal', "NumberTitle','off');

plot {handles.voice s);

title{'vVoice Signal'}:

xlabel {'Number of Sample');

ylabel ("Magnitude');

axis ([0 {length(handles.voice s}-1} -1 1]);
end

function SubMenuUnif2 2 Callback (hObject, eventdata, handles)
figure ('Name', 'Uniform Quantized Signal', 'NumpberTitle','off');
plot (handles.quantized sUnif);

title('Uniform Quantized Signal'});

xlabel {'Number of Sample'):

ylabel {'Magnitude');

axis([0 (length(handles.quantized sUnif)-1) -1 1]):

function MenuUnif3 Callback(hObject, eventdata, handles)

function SubMenuUnif3 1 Callback(hObject, eventdata, handles)
Amin = -1;

hAmax = 1;

®Range = Amin:2/(2°8) : Amax;

voice s = handles.voice s;

[PDFvoice s] = PDF_VoiceSignal (voice s, xRange);
figure{'Name','PDF of Voice Signal','NumberTitle','off');
plot (xRange, PDFvoice s);

title('PDF of Voice Signal'};

xlabel {'Magnitude'});

ylabel ('f (X} (x)");

function MenuUnifd4 Callback (hObject, eventdata, handles)

function SubMenulinif4 1 Callback(hObject, eventdata, handles)
wavplay(handles.voice s);

function SubMenuUnif4 2 Callback(hObject, eventdata, handles)
wavplay (handles.quantized sUnif);

function ResetUnif Callback(hObject, eventdata, handles)
set (handles.ShowFilenameUnif, 'String’, "'}

set {handles.nbitsUnif, 'String',''):

set {handles.PsignalUnif, 'String',"'"'):

set {handles.PnoiseUnif, 'String’','"');

set (handles.SQNR Unif, 'String','"');
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function BackUnif Callback(hObject, eventdata, handles)
Type of Quantization;

mmm e GUI of Non-uniform Quantization---------------

function varargout = Non uniform Quantization(varargin)
gul Singleton = 1;
gui State = struct('guli Name', mfilename,
"gui Singleton', gui Singleton,
'gui CpeningFcn',
@Non_uniform Quantization OpeningFcn,
'gui OutputFcn',
@Non_uniform Quantization OutputFcn,
'gui TLayoutFen', rn .
'gui Callback', [1}):
if nargin && ischar (varargin{l}}
gul State.gui Callback = str2func(varargin{l});:
end

if nargout
[varargout{l:nargout}] = gui mainfeni{gui State, vararginf{:});
else
gui mainfcn(gui State, varargin{:}):
end
function MNon uniform Quantization OpeningFcn (hObject, eventdata,
handles, varargin)
handles.output = hObject;
guidata (hObject, handles);

function varargout = Non_uniform Quantization OutputFcn(hObject,
eventdata, handles)
varargout{l} = handles.output;

function MenulNonUnifl Callback{hObject, eventdata, handles)

function SubMenuNonUnifl 1 Callback{hObject, eventdata, handles)

[filename, path] = uigetfile('*.wav'):

if filename ~= 0
[voice s, fs] = wavread(f[path filenamel);
voice s = voice s';

handles.voice s = voice s;

handles.fs = fs;

guidata (hObject, handles);

set (handles.ShowFilenameNonUnif, 'String’', filename) ;
end

function SubMenuNonUnifl 2 Callback{hObject, eventdata, handles)
Index;
close (gebf)

function MenuNonUnifZ Callback({hObject, eventdata, handles)

function SubMenuNonUnif2 1 Callback(hObject, eventdata, handles)
if ~isempty{handles,voice s)

figure('Name', 'Voice Signal', 'NumberTitle','off');

plot (handles.voice s);

title('Voice Signal');

xlabel ('Number of Sample');
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ylabel {'Magnitude') ;
axis ([0 {length(handles.voice s)-1) -1 1]);:
end

function SubMenuNonUnif2 2 Callback(hCbject, eventdata, handles)
figure('Name’, 'Compressed Signal', "NumberTitle','off"});

plot (handles.voice sComp);

title{'Compressed Signal'};

xlabel { "Number of Sample');

ylabel ('Magnitude');

axis ([0 (length(handles.voice sComp}-1) -1 1});

functicn SubMenuNonUnif2 3 Callback{hObject, eventdata, handles)
figure('Name', "Non-uniform Quantized Signal', 'NumberTitle','off');
plot (handles.guantized sExp);

title{'Non-uniform Quantized Signal');

¥xlabel ('Number of Sample'});

ylabel ('Magnitude'};

axis ([0 (length(handles,qguantized sExp)-1) -1 1]};

function MenulNonUnif3 Callback{hObject, eventdata, handles)
function SubMenuNonUnif3 1 Callback{hObject, eventdata, handles)

voice s = handles.voice s;

xRange = handles.xRange;

[PDFvoice_s] = PDF VoiceSignal(voice s,xRange);
figure('Name', 'PDF of Voice Signal','NumberTitlie','off');
plot (xRange, PDEvoice s);

title('PDF cof Voice Signal'};

xlabel {'Magnitude');

ylabel ('f {X}(x)');

function SubMenuNonUnif3 2 Callback (hObject, eventdata, handles)
figure{'Name', 'PDF of Compressed Signal', 'NumberTitle','cff'};
plot (handles, xRange, handles.PDFvoice sComp};

title('PDF of Compressed Signal');

xlabel ("Magnitude'};

ylabel ("£ (X} (x)'):

function MenuNonUnif4 Callback (hObject, eventdata, handles)

function SubMenuNonUnif4 1 Callback(hObject, eventdata, handles)
wavplay (handles.voice s};

function SubMenuNonUnif4 2 Callback{hObject, eventdata, handles)
wavplay(handles.quantized sExp);

function MenuNeonUnif5 Callback (hObject, eventdata, handles)

function SubMenuMNonUnif5 1 Callback(hObject, eventdata, handles)
figure('Name', 'u-law Characteristic', "NumberTitle', 'off'};

scatter (handles.voice s,handles.voice sComp,'.'):;
title(['\mu -law Characteristic (\mu = '
get (handles.uNonUnif, 'String') ') ']);

xlabel('Input w {1} ({t}');
ylabel {"Qutput w {2} (t) '};

function RunNonUnif Callback(hObject, eventdata, handles)
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if ~isempty{get (handles.nbitsNonUnif,'String'}) &&
~isempty {(get (handles. ShowFilenameNonlnif, 'String")) &&
~isempty{get (handles.uNonUnif, "String')}
n = str2num(get (handles.nbitsNonUnif, 'String')};
handles.n = n;
Mu = str2num{get (handles.uNonUnif, 'String')};
handles.Ma = Mu;
guidata (hObject,handles);

M= 2%n;
Amin = -1;
Amax = 1;

xRange = Amin:2/(278) :Bmax;

step size = (2*Amax)/M;

boundary levels = Amin:step size:Amax;

guantization levels = Amin+ (step size/2):step size:Amax-
(step size/2};

voice s = handles.voice s;
fs = handles.fs;

[voice sCompl = CompressedSignal{(voice s,Mu);
[PDFvoice sComp] = PDF CompressedSignal {voice sComp, XRange};

[guantized sNonUnif] = NonUniformQuantization(voice sComp,...
quantization levels,boundary levels});
[guantized sExp] = ExpandedSignal {guantized sNonUnif,Mu};

[P CompSignal] = PowerCompressedSignal{voice sComp);

[P_noiseNonUnif] =
PowerNoiseNonUnif {(voice sComp,guantized sNonUnif);

[P_signal) = PowerSignal (voice s);

[P noiseCompExpl = PowerNoiseCompExp{voice s,quantized sExp);

SQNRNonUnif = 10*1oglO(P CompSignal/P noiseNonUnif);

SNRNonUnif = 10*1oglO(P_signal/P nolseCompExp) ;

set (handles.PsignalNonUnif, 'String’,num2str (P CompSignal}):
set (handles.PnoiseNonUnif, 'String',num2str{P noiseNonUnif)};
set {handles.SONR NonUnif, 'String',numZstr (SONRNeonUnif));

set (handles.SNR NonUnif, 'String',num2str (SNRNonUnif)});

handles.voice sComp = voice_ sComp;
handles.PDFvoice sComp = PDFvoice sComp;
handles.quantized sExp = quantized sExp;
handles.xRange = xRange;
guidata (hObject, handles});
end
if isempty(get{handles.nbitsNonUnif, 'String')}) 1|
isempty(get {handles.ShowFilenameilonUnif, "String*)) ||
isempty(get {handles.uNonUnif, 'String'})
warndlg({'Please fill out all data fields.')
end

function ResetNonUnif Callback{hObject, eventdata, handles)
set (handles.ShowFilenameNonUnif, 'String’', "'},
set (handles.nbitsNonUnif, 'String',''});

set (handles.uNonUnif, 'String','');
set (handles.PsignalNonUnif, 'String',"'"'};
set (handles.PnoiseNonUnif, 'String',"'');

set (handles.SQNR NonUnif, 'String','');



function BackNonUnif Callback (hObject, eventdata, handles)
Type of Quantizaticn;

function nbitsNonUnif Callback (hObject, eventdata, handles)

function nbitsNonUnif CreateFcn(hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white'");
end

function uNonUnif Callback({hObject, eventdata, handles)

function uNonUnif CreateFcn{hObject, eventdata, handles)
if ispc && isequal {get (hObject, 'BackgroundColor'},
get (0, 'defaultUicontrclBackgroundColor'})
set {(hObject, 'BackgroundColor', 'white'};
end
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M15197 19 SQNR iFoawnsvua 1 U

Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels ) u=10 p =50 4 =100 H =255
samples Quantization
I 2 -4.6126 4.1163 8.2422 9.1463 9.5778
2 4 3.0358 8.9516 11.0364 12.0547 13.4806
3 8 9.5398 14.9846 17.3081 18.0167 18.7715
4 16 15.5185 21,0122 233113 24.0228 24.8701
5 32 21.5084 27.0520 29.2781 30.0323 30.8327
6 64 27.5562 33.0131 35.3490 36.1251 36.8746
7 128 33.6167 39.1030 41.3356 42.1571 42.8470
8 256 39.6233 45.0981 47.3937 48.2165 48.9231
9 512 45.6874 51.1250 53.4319 54.2007 54.9020
10 1024 51.7115 57.1530 59.3744 60.1690 60.9448
Signal-to-Quantization Noise Ratio (SQNR)
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Number of SNR of SNR of Non-uniform Quantization
Quantization
bits per Uniform
levels =10 H =50 p=100 | u=255
samples Quantization
1 2 -4.6126 2.6361 3.2573 2.6078 1.7611
2 4 3.0358 5.8820 4.6940 4.6222 4.6236
3 8 9.5398 12.5426 10,3722 9.1107 7.4620
4 16 15.5185 18.5507 16.4707 15.3466 14.0205
5 32 21.5084 24,5236 22.3049 21.2841 19.9380
6 64 27.5562 30.5798 28.3705 27.3325 25.8618
7 128 33.6167 36.5796 34.4469 33.4222 31.8550
8 256 39.6233 42,5699 40.5078 39.4876 379112
9 512 45.6874 48.6177 46.5571 45.4536 43.9020
10 1024 51.7115 54,5832 52.4226 51.4254 49.9335
Signal-to-Noise Ratio (SNR)
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MI19N 39 SONR (Foanadvuia 2 Wf

Number of SQNR of SQNR of Non-uniform: Quantization
Quantization
bits per Uniform
levels u=10 H=350 pu=100 | p=255
samples Quantization
| 2 -4.1453 4.5239 8.3528 9.1374 9.4792
2 4 3.4308 9.1359 11.4542 12.4396 13.7669
3 8 9.7851 15.2256 17.4892 18.1061 18.7940
4 16 15.8695 21.2461 23.4736 24.1799 25.0031
5 32 21.8372 273113 29.4746 30.1985 30.9293
6 64 27.8652 33.2660 355172 36.2326 36.9828
7 128 33.9383 39.3156 41.5503 42.2823 42.9856
8 256 39.9640 45.3221 47.5872 48,3301 49.0481
9 512 45.9626 51.3819 53.6205 54.3449 55.0112
10 1024 52.0058 57.3632 59.5884 60.3083 61.0530
Signal-to-Quantization Noise Ratio (SQNR)
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M1519% 49 SNR [@oanaving 2 Jui

Number of SNR of SNR of Non-uniform Quantization
Quantization
bits per Uniform
levels o ﬂ:lO ﬂ=50 ﬂ=100 ﬂ=255
samples Quantization
1 2 -4.1453 3.0143 3.2986 2.5999 1.7390
2 4 3.4308 5.8800 5.1468 5.1045 49827
3 3 9.7851 12.5535 10.1549 8.8625 7.3895
4 i6 15.8695 18.5231 16.4001 15.2833 13.9365
5 32 21.8372 24.5979 22,3698 21.2791 19.8404
6 64 27.8652 30.5740 28.4183 27.2754 25.8954
7 128 33.93383 36.5523 34.4294 33.3862 31.8804
8 256 39.9640 42.5645 40,4233 39.3841 37.9310
9 512 45.9626 48.6498 46.5715 45.3775 43.8361
10 1024 52.0058 54.5943 52.4504 51.3538 49.9082
Signal-to-Noise Ratio (SNR)
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Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels o /_1:1() Ju:S() ﬂ:l(][) ﬂ=255
samples Quantization
1 2 -4.0216 47128 8.4540 9.1853 94775
2 4 3.5872 0.1472 11.5404 12.5808 13,9457
3 8 9.8390 15.3187 17.5590 18.1760 18.8282
4 16 15.9300 21.3192 23.5412 24.2574 25.0695
5 32 21.9152 27.3654 29.5542 30.2567 30.9990
6 64 27.9487 33.3480 35.5807 36.2969 37.0401
7 128 33.9957 39.3620 41.6081 42.3293 43.0459
8 256 40.0088 454012 47.6403 48.3848 49.0964
9 512 46.0254 51.4415 53.6735 54.3971 55.0587
10 1024 52.0671 57.4543 59.6771 60.3664 61.1023
Signal-to-Quantization Noise Ratio (SQNR)
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Number of SNR of SNR of Non-uniform Quantization
Quantization
bits per Uniform
levels o n=10 # =50 L =100 Hu =255

samples Quantization
1 2 -4.0216 3.1638 3.3484 2.6247 1.7490
2 4 3.5872 5.8312 5.1664 5.1837 5.1190
3 8 9.8390 12.6009 10.1626 8.8329 7.3793
4 16 15.9300 18.5082 16.4259 15.3756 14.0277
5 32 21.9152 24.5738 22.3641 21.2280 19.8428
6 64 27.9487 30.6044 28.3974 27.2939 25.8918
7 128 33.9957 36.5597 34.4458 33.3691 31.9074
8 256 40.0088 42.5959 404275 39.3937 37.9418
9 512 46.0254 48.6482 46.5652 45.3805 43.8480
10 1024 52.0671 54.6161 52.4939 51.3769 49.9552
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Number of SOQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels o 1 =10 =50 p=100 | u=255
samples Quantization
1 2 -4.1470 4.2965 8.1248 8.9694 9.3976
2 4 31.3837 9.0929 11.4256 12.4014 13.6756
3 8 9.7803 15.2313 17.4391 18.0812 18.7660
4 16 15.9138 21.2038 234214 24,1615 24.9669
5 32 21.9247 27.2460 29.4436 30.1559 30.9058
6 04 279577 33.2317 35.4688 36.1770 36.9338
7 128 33,9856 39.2535 41.4987 42.2018 42.9609
8 256 40.0200 45.2877 47.5133 48.2598 48.9903
9 512 46.0209 51.3260 53.5372 54.2673 54.9721
10 1024 52.0687 57.3357 59.5443 60.2546 61.0081
Signal-to-Quantization Noise Ralio (SQNR})
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40
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s 30+
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@ 20
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73

Number of SONR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels =10 H=50 =100 H =255
samples Quantization
1 2 -4,1470 4.2965 8.1248 8.9694 9.3976
2 4 3.3837 9.0929 11.4256 12.4014 13.6756
3 8 9.7803 15.2313 17.4391 18.0812 18.7660
4 16 15.9138 21.2038 23.4214 24.1615 24.9669
5 32 21.9247 27.2460 29.4436 30.1559 30.9058
6 64 27.9577 33.2317 35.4688 36.1770 36.9338
7 128 33.9856 39.2535 41.4987 42.2018 42.9609
8 256 40.0206 452877 47.5133 48.2598 48.9903
9 512 46.0209 51.3260 53.5372 54.2673 54.9721
10 1024 52.0687 57.3357 59.5443 60.2546 61.0081
Signal-to-Quantization Noise Ratio (SQNR})
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M19199 99 SQNR [FOUHDIVUIA 5 I

Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels _ pu=10 H=>50 H=100 | u=255

samples Quantization
1 2 -4.5346 4.0005 8.0337 8.9676 9.4678
2 4 3.0163 8.9450 11.2175 12,1783 13.4722
3 8 9.5025 15.0326 17.3002 17.9675 18.6899
4 16 15.6269 21.0048 23.3052 24.0264 24.8569
5 32 21.6480 27.0565 29.3121 30.0343 30.7947
6 64 27.6790 33.0395 35.3297 36.0643 36.8345
7 128 33.6998 39.0562 41.3514 42.0855 42.8623
8 256 39.7303 45.0896 47.3815 48.1373 48.8908
9 512 45,7337 51.1275 53.4035 54.1454 54.8732
10 1024 51.7795 57.1404 59.4092 60.1306 60.9157

Signal-to-Quantization Noise Ratio (SQNR)
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40
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SQNR (in dB)
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76

Number of SNR of SNR of Non-uniform Quantization
Quantization
bits per Uniform
levels o u=10 p =50 pu=100 H =255
samples Quantization
| 2 -4.5346 2.6157 3.1930 2.5572 1.7288
2 4 3.0163 5.9014 49733 4.8567 4.7464
3 8 9.5025 12.5952 10.2712 8.9654 7.4769
4 16 15.6269 18.4579 16.474] 15.4246 14.0824
5 32 21.6480 24.5399 22,3892 21.2305 19.8278
6 64 27.6790 30.5550 28.3833 27.2733 25.8747
7 128 33.6998 36.5674 34.4558 33.3278 31.9008
8 256 39.7303 42.5737 404573 39.3653 37.9351
9 512 45.7337 48.6092 46.5674 45.3532 43.8971
10 1024 51.7795 54.5983 52,5178 51.3592 49.9757
Signal-to-Noise Ratio (SNR)
60 T T T T T
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401
o 30f
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£
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Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels u=10 =750 H =100 H=255
samples Quantization
1 2 -4.4368 4.1759 8.1403 9.0247 9.4727
2 4 3.1026 9.0274 113115 12.2795 13.5829
3 8 9.579%6 15.1108 17.3391 18.0187 18.7391
4 16 15.6662 21.0850 23.3423 24.0804 24,9098
5 32 21.6757 27.1158 29.3619 30.0843 30.8545
6 64 27.7193 33.1128 35.3995 36.1111 36.8848
7 128 33,7255 39.1281 41.4252 42.1505 42 8875
8 256 39.7417 45.1758 47.4406 48.1757 48.9215
9 512 45.7623 51.1972 53.4520 54,1857 54.9304
10 1024 51.7780 57.2166 59.4690 60.1884 60.9482
Signalto-Quantization Noise Ratio (SQNR)
70 T T T T
60
50|
__40p
)
o
=
s 30}
z
o
@ 20t
2%
—&— Uniform Quantization
10ges L
e w10
--&-= | = 50
0 e = 100 i
’J. =
-=@== | = 255
_10 1 1 ] ] 1
1 2 3 4 5 6 7 8 9 10
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Number of SNR of SNR of Non-uniform Quantization
Quantization
bits per Uniform
levels o p=10 4=50 H=100 | u=255
samples Quantization
1 2 -4.4368 2.7657 3.2620 2.5969 1.7480
2 4 3.1026 5.9103 5.0797 4.9913 4.8861
3 8 9.5796 12.5653 10.1339 8.8765 7.4873
4 16 15.6662 18.4633 16.3653 15.3311 14.0368
5 32 21.6757 24,5118 22.3689 21,2293 19.8524
6 64 27.7193 30.5217 28.4275 27.2578 25.8774
7 128 33.7255 36.5400 34.4742 33.3215 31.8857
8 256 39.7417 42.5750 40.4484 39.3360 37.9260
9 512 45.7623 48.5751 46.5007 45.3183 43.8912
10 1024 51.7780 54.5482 52.4492 51.3274 499389
Signal-to-Noise Ratio (SNR)
60 T T T T T
50
401
o 30t
=]
=
-2
> 20+
10 —=#— Uniform Quantization
--=-= = 10
0 TmE =50 |
--&-= 1 =100
—=®==nu =255
_10 1 1 ) t 1 1 I |
1 2 3 4 5 6 7 8 9 10
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g1

Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels _ u=10 ‘,{1:50 #:100 Ju=255
samples Quantization
1 2 -13.0312 -2.9339 2.9160 5.1390 7.6094
2 4 -5.9370 4.1088 7.5785 8.7111 10.1858
3 g 1.2596 10.1337 14.0987 15.2960 16.5662
4 16 7.7788 16.4913 20.1260 21.3798 22.4894
5 32 14.1739 22.5259 26.2375 27.3542 28.6295
6 64 20.5780 28.5548 32.1826 33.3781 34.5454
7 128 26.6635 34.6255 38.1643 39.3516 40.5969
8 256 32.6521 40.6134 44.1821 45,3660 46.6134
9 512 38.6953 46.6377 50.2185 51.3753 52.6583
10 1024 44.8095 52.6518 56.2074 57.3267 58.6594
Signal-to-Quantization Noise Ratio (SQNR)
60 T T T T T T T T i
50 A
o ",d

40

30

20
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M3 149 SNR (Juayavia 1 Ti

Number of SNR of SNR of Non-uniform Quantization
Quantization
bils per Uniform
samples Quantization
1 2 -13.0312 -5.1309 1.0744 2.7703 3.0454
2 4 -5.9370 2.5895 1.0766 0.3712 0.5124
3 3 1.2596 9.2813 9.4845 8.5657 6.2434
4 16 7.7788 15.8275 157127 15.0485 13.1364
5 32 14.1739 21.7735 21.8269 20,9266 19.9500
6 64 20.5780 27.7757 27.7893 27.0577 25.6937
7 128 26.6635 33.9197 33.7366 32.9942 31.7883
8 256 32.6521 39.8980 39.6573 38.8808 37.7157
9 512 38.6953 45.8875 45.8420 44.9644 43.7812
10 1024 44,8095 51.9044 51.8414 50.9635 49.7794
Signal-to-Noise Ratio (SNR)
60 T T T T T T T T
50
40+
30
[iny
©
£ 20-
o
=
0
10}
0 —a— Uniform Quantization
==&=~ =10
10 B b
i —-a-=1 =100 |
--#-= =255
20 { 1 1 1 1 I T T
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M3197 159 SQNR 1F0A{AYUIA 2 W

Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels o Hu=10 u=50 41 =100 =255
samples Quantization
| 2 -12.0156 -1.9511 3.7145 5.7124 7.9479
2 4 -4.8049 4.8092 7.8462 9.0189 10.6558
3 8 2.3744 10.7746 14.5148 15.7405 16.9925
4 16 8.6509 17.1082 20.6003 21.7815 22.8282
5 32 14.9993 23.1814 26.6985 27.7406 28.8903
6 64 21.3968 29.2472 32.6681 33.7790 34.8834
7 128 27.5162 35.2909 38.6221 39.7707 409201
8 256 33.5289 41,2840 44.6806 45.8070 46.9576
9 512 39.5468 47.3040 50.7158 51.8102 52.9887
10 1024 45.6024 53.3514 56.7355 57.7637 59.0293
Signal-to-Quantization Noise Ratio (SQNR)
60 T T T T T T T T ':i
L2227
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50 :55":}”/ i
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40
30
o
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pos 20
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P 10
o —#— Uniform Quantization ||
——a==y =10
=== =50
10 ey = 100 I
M =
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Number of SNR of SNR of Non-uniform Quantization
Quaniization
bits per Uniform
levels o u=10 M =50 u=100 | u=255
samples Quantization
1 2 -12.0156 -3.9896 1.9579 3.2017 3.0179
2 4 -4.8049 3.0411 1.2214 0.7047 1.1520
3 8 2.3744 9.7913 9.4261 8.4132 6.4485
4 16 8.6509 16.1482 15.6867 14.9735 13.4448
5 32 14.9993 22.1387 21.9568 20,9488 19.7696
6 64 21.3968 28.2413 27.8874 27.0643 25.7350
7 128 27.5162 34.2903 33.7975 33.0724 31.8288
8 256 33.5289 40.2521 39.8440 39.0466 37.8520
9 512 39.5468 46.2420 45.8942 45.0472 43.8378
10 1024 45.6024 52.3812 51.9841 51.0385 49.8813
Signal-to-Noise Ratio (SNR)
60 T T T T T T T
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40
30
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£ 20
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M135130 179 SQNR iFsaavun 3 Jui

Number of SQNR of SQNR of Non-uniform Quanfization
Quantization
bits per Uniform
levels o /J:]O y:SO y:lOO ﬂ=255
samples Quantization
1 2 -12.8840 -2.9841 2.6299 47710 7.2089
2 4 -5.8228 3.8836 74546 8.7642 10.4317
3 8 1.2731 10.1324 14.1065 15.3023 16.5710
4 16 7.7489 16.5422 20.1006 21.2816 22.4637
5 32 14.2822 22,5939 26.1745 27.2525 28.4665
6 64 20.7198 28.6580 32.1537 33.3089 34.4696
7 128 26.8111 34.6896 38.1204 39.3028 40.5125
8 256 32.8269 40.6712 44.1833 45.3097 46.5742
9 512 38.8388 46.7059 50.2125 51.3537 52.5704
10 1024 44.8892 52.7072 56.2045 57.3269 58.6038
Signal-to-Quantization Noise Ratio (SQONR)
60 T T T T T T T T i
50| e e
Lo e ‘..'

40

30

20

SQANR (in dB)
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—— Uniform Quantization
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Number of SNR of SNR of Non-uniform Quantization
Quantization
bils per Uniform
levels o H=10 u=>50 =100 p =255
samples Quantization
i 2 -12.8840 -5.0249 1.0292 . 2.6334 2.8910
2 4 -5.8228 2.6136 1.0453 0.5713 0.9497
3 8 1.2731 9.4643 9.4436 8.5595 6.6299
4 16 7.7489 15.8642 15.6860 14.8570 13.5262
5 32 14.2822 21.8564 21.8879 20.8731 19.7225
6 64 20.7198 27.9647 27.7974 27.0283 25.7187
7 128 26.8111 34.0032 33.7432 33.0396 31.7889
8 256 32.8269 39.9589 39.7935 39.0179 37.8445
9 512 38.8388 45.9706 45.8457 45.0329 43.8234
10 1024 44.8892 52.0490 51.8914 51.0240 49.8724
Signal-to-Noise Ratio (SNR)
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Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels o u=10 H=50 =100 =255
samples Quantization
1 2 -12.9971 -2.9163 2.8989 5.1223 7.6156
2 4 -5.9025 4.0614 7.6074 8.8292 10.3609
3 8 1.2784 10.2377 14.1415 15.3648 16.6390
4 16 7.8148 16.5340 20.1367 21.3162 22.5391
5 32 14.2761 22.5969 26.2014 27.3139 28.5298
6 64 20.6214 28.6355 32.1800 33.3477 34.5508
7 128 26.6803 34.6652 38.1731 39.3493 40.5797
8 256 32,7030 40.6632 442122 45.3490 46.6241
9 512 38.7193 46.6863 50.2358 51.4058 52.6414
10 1024 44,7717 52.6762 56,2385 57.3900 58.6625
Signal-to-Quantization Noise Ratio (SQNR)
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Number of SNR of SNR of Non-uniform Quantization
Quantization
bits per Uniform
levels Hu=10 H =50 u =100 M =255
samples Quantization
1 2 -12.9971 -5.0967 1.0932 2.7724 3.0344
2 4 -5.9025 2.7204 0.9067 0.4031 0.6862
3 8 1.2784 9.4366 9.4671 8.6746 6.6997
4 16 7.8148 15.7673 15.6096 14.8535 13.4980
5 32 14.2761 21.7868 21.8231 209174 19.6815
6 64 20.6214 27.8756 27.7498 27.0070 25.7006
7 128 26.6803 33.9012 33.7223 33.0230 31.7598
3 256 32.7030 39.8846 39.7537 39.0046 37.8071
9 512 38.7193 45.8851 45,7931 45.0277 43.8096
10 1024 44,7717 51.9409 51.8338 51.0213 49.8553
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Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels ‘uzl() y:SO ﬂ=100 y=255
samples Quantization
1 2 -12.8626 -2.7237 3.0962 5.3043 7.7551
2 4 -5.7359 4.2087 7.6521 8.9003 10.4799
3 8 1.4590 10.3853 14.2350 15.4651 16.7564
4 16 7.9360 16.6615 20.2396 21.3869 22.6246
5 32 14.4085 22.7243 26.2917 27.3970 28.6147
6 64 20.7409 28.7404 32.2665 334179 34.6371
7 128 26.7912 34.7632 38.2789 39.4265 40.6711
8 256 32.8072 40.7680 44.3128 45.4444 46.6993
9 512 38.8152 46.7968 50.3368 51.4922 52.7187
10 1024 44.8727 52.7962 56.3410 57.4835 58.7395
Signal-to-Quantization Noise Ratio (SQNR)
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Number of SNR of SNR of Non-uniform Quantization
Quantization
bits per Uniform
samples Quantization
| 2 -12.8626 -4.9254 1.2793 29116 3.0883
2 4 -5.7359 2.8385 0.7736 0.3350 0.7300
3 8 1.4590 9.5254 94612 8.7669 6.8456
4 16 7.9360 15.8064 15.6114 14.8278 13.5594
5 32 14.4085 21.8320 21.8003 20.9137 19.7066
6 64 20.7409 27.8921 27.7332 26.9803 25.7161
7 128 26.7912 33.9027 33.7670 32.9985 31.7759
8 256 32.8072 39.8997 39.7795 39.0203 37.8236
9 512 38.8152 45.9276 45.8121 45.0519 43.8251
10 1024 448727 51.9712 51.8401 51.0630 49.8593
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Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels . y:IO ﬂ =50 y:lOO ﬂ=255

samples Quantization
1 2 -13.2749 -3.1994 2.6960 4.9934 7.6094
2 4 -6.2149 31.8726 7.6086 8.8374 10.2818
3 3 0.9816 10.1540 14.0033 15.2208 16.5518
4 16 7.6230 16.3795 19.9934 21.1592 22.4546
5 32 14.1458 223985 26.0078 27.1681 28.4518
6 64 20.4157 284176 32.0090 33.2030 34.4719
7 128 26.4380 34.4492 38.0413 39.2187 40.5049
8 256 32.4616 40.4548 44.0796 45.2437 46.5219
9 512 38.4879 46.4921 50.0969 51.2735 52.5518
10 1024 44.5339 52.4954 56.0913 57.2786 58.5685

Signal-to-Quantization Noise Ratio (SQNR)
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Number of SQNR of SQNR of Non-uniform Quantization
Quantization
bits per Uniform
levels . u=10 4 =50 p=100 | u=255
samples Quantization
| 2 -13.2749 -5.4127 0.8191 2.6104 3.0164
2 4 -6.2149 2.6704 0.8685 0.3736 0.5954
3 8 0.9816 9.4146 9.4003 8.6829 6.8201
4 16 7.6230 15.6736 15.6100 14.7826 13.5922
5 32 14.1458 21.6734 21.7007 20.8860 19.7113
6 64 20.4157 27.7236 27.6994 26,9329 25.7554
7 128 26.4380 33.7549 33.7461 32.9699 31.7910
8 256 32.4616 39.7538 39.7347 38.9978 37.7828
9 512 38.4879 45.7858 45.7787 45.0413 43.8042
10 1024 44.5339 51.8143 51.7992 51.0590 49.8332
Signal-to-Noise Ratio (SNR)
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