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Abstract

Nowadays, most of the communication systems are digital systems. The advantages of
using digital signals are that they are more tolerant o noise than analog signals. Quantization, the
important process in analog-to-digital conversion, will have noise from replacement of
continuous-amplitude signal (analog) by discrete-amplitude signal (digital), mathematical
algorithm was therefore used to help design the guantization to reduce noise. Particle Swarm
Oplimization was used in this project.

Quantization is designed in this project by using MATLAB program, and compared the
quantization design using Particle Swarm algorithm to Lloyd-Max algorithm.

The resull of this project indicated that Particle Swarm algorithm and Lloyd-Max

algorithm can be both vsed in quantization design.
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2.2 Pulse Amplitude Modulation (PAM)
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X X X121 *i22 X3 X132
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SNR,, > SNR, > SNR, ,

P _best, =X, X 5= G best,
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Vg =wWHrv g ton ¥ (P _besty —xiy )t eyrn ¥(G _best; —x, ) (2.40)
Xa1 =Xy TVay (2.41)

Voo = W*Ve o oty ¥(P _besty —x 4, ,) 650, ¥(G _best, —x,.4,,) (2.42)
Xa2 =Xan2 TVa2 (2.43)
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Tusiaadiauay 1 99 5 99

o .&’ @ o ' w =y o o ] 1
Aesfvunnnmasvian 3 falaonmassuaasadeziicindn 4 @ hinsguarldedlu

S 1 D9 5 uaaaRani1eh 2.3 lumsihausouusn

M3199 2.3 NI50BNLUUATDU INETU 4 TEHY)

30U | SNR
Xyt = X Xz ¥ X 1,2,3,4 14.0435
X = X150 %) 205 X035 524 1.5,2.53.54.5 15.2927
X3 = X X ¥ 30 X 2,345 16.6328
P best=2,3,45 G_best= 23,45 SNR =16.6328
30U 2
KXoy =X X025 %2035 X014 1.465,2.54 ,3.615,4.69 16.5721
Xy = X020 X025 X221, X304 1.77,2.845,3.93,4.995 17.0845
X3 = X505 %05 X233 Xg 2.0775,3.15,4.225.5.3 16.8203
P best=1.77,2.845,3.93,4.995
G best=1.77,2.845,3.93,4.995 SNR =17.0845
s0UR 3
Xy = X35 X32: X303 %314 | 1.9879,3.192,4.2144, 5.3277 17.0993
Xy = X390 X325 X335 X354 | 2.0277,3.144,4.2542,5.3674 17.0845
Xy = X545 X355, X533: %344 | 2.0675,3.1 808,4.294, 5.4073 16.8203

P best=1

9879,3.192,4.2144, 5.3277

G _best=1.9879,3.192,4.2144, 5.3277 SNR =17.0993




Avs19f 2.3 () M3senuuLAIeN I 4 32AN

ﬁﬂﬂﬁ4
Xy =X Xapn s Xqy3 X4 2.3850,3.522,4.664,5 .8059 15.8121
X3 =X405 X425 %3231 %424 2.2084,3.3474,4.4893 ,5.6313 16.5352
Xy = X430 X 12 Xa330 X414 2.0337,3.1 728,4.3147 ,5.4566 17.0637

P best=2.0337,3.1 728,4.3147 ,5.4566
G_best=1.9879,3.192,4.2144, 5.3277 SNR =17.0993

59‘Uﬁ 5
Xy =Xgu1sX5020 X503 X514 2.5281,3.6735,4.8258 ,5.9781 15.1082
Xy = X515 X5005 X535 X5 2.2608,3.4 062,4.5585 ,5.7107 16.3411
X3 = %5015 X530 X5330 X514 1.9434,3.1 389,4.2911 ,5.4434 17.1696

P best=1.9434,3.1389,4.2911 ,5.4434
G_hest=1.9434,3,1389,4.2911 ,5.4434 SNR =17.1696

30U 6 SNR
Xy =Xg419 X612 %613 X614 2.43,3.5786,4.7386,5.8987 15.9436
X =Xea19X622> X621 X624 2.1974,3.346,4.506,5.666 16.5874
X3 = Xe319 X632 %6335 X614 1.9648,3.1134,4.2734,5.4334 17.2387

P best = 1.9648,3.1134,4.2734,5.4334
G_best = 1.9648,3.1134,4.2734,5.4334 SNR = 17.2387

-
JouUn 7

X-,v'[ = x7‘||sx7.|gax7'|3:x7.l4 21835,33 321,44961 ,56601 16.402

X-;_?_ = x-;'z[ ) x-,r,zz s .\‘7’23 sx?,24 20676,32 163,43802 ,55442 17.0055

X';J = X310 8732 X330 X714 1.951 8,31 004,42644 ,54254 17.2685

P best=1.9518,3.1004,4.2644 ,5.4254
G best =1.9518,3.1 004,4.2644 ,5.4254 SNR =17.2685
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0Uf 8
Ay =Xg115Xg12> X513 X514 1.9198,3.0 661,4.2302 ,5.3944 17.3210
Xgy = Xgays X520 X535 Xg 24 1.9367,3.083,4.2471,5.4113 17.2941
Xg3 =Xg31 X532 Xg 33> g 14 1.935,3.09 99,4.264,5 .4282 17.2648
P best=1,9198,3.0661,4.2302 ,5.3944
G best=1.9198,3.0661,4.2302 ,5.3944 SNR =17.3210
50Nt 10
Xios = X000 10125 X005 Frous | 1.7412,2.8841,4.0455,5.2068 |  17.4454
X2 =Xn205 X022 X023 X022 | 1.8511,2.9939,4.153, 5.3167 17.3975
X0 = X051 X1032> Xroms %1016 | 1.961,3.1038,4.2652, 5.4266 17.2459
P_best=1.7412,2.8 841,4.0455 ,5.2068
G best=1.7412,2.8 841,4.0455 ,5.2068 SNR =17.4454
OUf 20
Kogr = Xapa1s Xagazs X203 o004 | 1.8435,2.9831,4.3187 ,5.2068 17.3899
Xoos = X019 X20,220 X203 %2024 | 1.875,3.01 49,4.1704, 5.3259 17.3600
KXo = Xop315 X 20,325 %2033 X204 | 1.9070,3.0467,4.2022 ,5.3577 17.3215

P best=1.8435,2.9831,4.3187 ,5.2068
G best=1.7412,2.8 841,4.0455 ,5.2068 SNR =17.4454
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2.7 Lloyd Max Quantization

¥ v
TunilegymsARYIATZ1IUMT Lioyd-Max Quantization (512403013 11a1 SNR
1491032 0UMs M TRad 0y uuilSououduat SNR #1490 NFZUIUNITVOY

Lloyd-Max Quantization 11n3213umM3 Tnuaso a1 SNR senan Tdminz audige

Tunszuaunisaten lndu deansuaaniduiusszwing PDF veadgqsing
Swnusesumsaen lnsdu eflvzanfidsuesdagusuniu (P,,,) 178 Mean Square
Error (MSE) Iiiifaofiga aasmesedumsmaowTmadu dusasindudiugaen i
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f(x)

x

51 2.10 F20619M571932AUVD Lioyd Max [4]

1119370 PDF voadoyanauda annsonia1 MSE Tdwinaduns

M

MSE = _[(x -%)? Sy (x)dx = Z I(x — )" fy (x)dx (2.45)

k=l by,
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Funnl8a1 MSE flensm P es I b, uaz p, dhurfimunzauhge o

1581471 MSE Hidhiige Tau y, Aeminanaseningna [b,,,b,] fegalfi 2.11

f(x)

bg-n? 1 100

0

31 2.11 waasdunnia yp, [41

dusom y, Téen

[/ s ()t
Y= (2.46)
[ £ (ryax
by
waym b, 189
g e T4 (2.47)
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x
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1. fvuAsEAUYeIN1TA29U TNt (Quantization levels, y;)
2. #1711 b, 1NAVNTN (2.47)
3. iInIAT MSE wie P,

4. fimuan MSE fiteshiganannsoveniuld
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¥
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SEUIUNS Lloyd Max 1aaag1f 2.13
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/ Yi,minMSE /

b = Y+ ¥
: 2
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NO [ . (xyax
I - — by
: MSE<mninMSE Vi 5,
[ £, Goydx
bi+1

31U 2.13 uRUA NS NEUVBINTZUIUMS Lloyd-Max [4]
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MIA 4.1 LARINTTUA Fic;, 1,0y, W

791 W on c,r,
1 0.1 0.1 0.1
2 0.1 0.1 0.5
3 0.1 0.1 0.9
4 0.1 0.5 ¢.1
5 0.1 0.5 0.5
6 0.1 0.5 0.9
7 0.1 0.9 0.1
8 0.1 0.9 0.5
9 0.1 0.9 0.9
10 0.5 0.1 0.1
11 0.5 0.1 0.5
12 0.5 0.1 0.9
13 0.5 0.5 0.1
14 0.5 0.5 0.5
15 0.5 0.5 0.9
16 0.5 0.9 0.1
17 0.5 0.9 0.5
18 .5 0.9 0.9
19 0.9 0.1 0.1
20 0.9 0.1 0.5

21 0.9 0.1 0.9
22 0.9 0.5 0.1
23 0.9 0.5 0.5
24 0.9 0.5 0.9
25 0.9 0.9 0.1
26 0.9 0.9 0.5
27 0.9 0.9 0.9
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clear all;

Vector number=10;

N level=input('enter the Quantization level or number Particle =');
f x=input{'pdf="');

r=input ('Enter require the range of Quantization [r min r max]=');
e=single({int({f x,'x',c(1,1},r(1,2)});

if e== -

P r=input {'Enter require range of Particle ='};

l=input ('Enter require number cf cycles =');
099999&9&99999999999999909999999999;;&99999999999999999/999399999999
'uDODDOODDDOUUOUDDOGDUU(I\)OO(0()(}(}0000000((('!DOOC‘C\000000L‘l‘ﬂ('ﬂ('ﬂﬁnﬂﬂﬂUODU
G best=[];:

P b={];

P_G=(]:

%2 %52%2555529%%%55%2%%%% Fitness funtion %%%%2353395%9%%55%5%5%%%
g=sort {random('Uniform',P r(l,1},P r{l,2},Vector number,N level)'}";
v=sort (random{'Uniform',d, 4, Vector number,N level)'}';

2000008000800 0000000000000000000000 0000000000000 0000000R000G0
BTVHVLODIHIVLLDOOHHLLODDRDIODUTOIVDODDOTOODODDOLLHODDODUVLDOVOOOVDODTDNDDLDOOTD
w=0.1;

crl1=0.5;

cr2=0.1;

for c=1:1

for i=l:Vector number
for ii=1:1:N level+l
i =iy
Q bound{i,ii)=r(l,1);
end
if ii==N level+l
Q bound(i,ii}=r(l1l,2):
end
if (ii>1l)&&({ii<=N level)
Q bound({i,ii)=(q{i,ii-1)}+qg(i,i1))/2;
end
end
syms x
for ii=1:1:N level
Equation dummy=('(x-',num2str{g(i,ii}},")"2*", L x];

Q_noise(i,ii):single(int(Equation_dummy,'x',Qﬁbound(i,ii},Qﬁbound(i,
ii+1)));

end

end

N=sum({Q noise');

p={int{x"2*(f x},x,xr(1,1),r{1,2))};

for i=l:Vector number
SNR(i)=single (10*1logl0 (p/N{i)});
end

//////////////////////////////
L%

b= max(SNR)'
x_lndex:find(SNR::max(SNRJ);
index=x index(1,1};

P=sort(g(index,:}):

P G=[P G;Pl;
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if c==
G best=[G best P _b]
P P=sort (P G)
else
if G best{c-1}<P b
G _best=[G best P b]
P P=sort (P G{c,:))

else
G best=[G best G best{c-1)]
P P=sort(P G(c-1,:})
end
end
T A S T R R A A L At Particle Swarm
R R EEE R E AR LA SRR AR R R
V_n=[];
O=[1;
mv_n=[];
mo=(1;

for i=l:Vector number
for ii=1:N level
V n={w*v{i,ii) )+ (cxd* (P{ii)-q(i,ii)))+{cr2* (P _P(ii]~
qli,ii)));
Q=g(i,ii)+V _n;
mV n{i,ii)=V n;
mQ(i,1i)=0;
end
end
for i=1:Vector_number
if mQ(i,1)<r(i,1)
mo(i,1}=p r(l,1);
end
if mQ(i,N level)>r(l1,2)
m(i,N level)=P r(l,2);
end
end
g=mQ;
v=mV n;
end
G best
PP
stairs (G best)
end
if e~=1
"Cannot Calculate Because your PDF may mistake and you would
check rang of PDF again !
end
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