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Exomvnon the Aoknonc

XPHZH TOY DFT IN'A THN ANAAEI=H XAPAKTHPIZTIKQN TOY NMEPIFPAMMATOZ
210 file letters.dat 1Tou TrEPIEXEI OedOpEVA (aKOAOUBIES { O } Kal {Ci} ONUEIWY

TTEPIYPAUMATOG) OUO SIOPOPETIKWY ypapudTwy. 270 file read_let.m divetal To
KataAAnAo mTpdypappa yia va diaBacTei 1o letters.dat. (7o script zov read_let.m diafaler
ta detyuota amo 1o avtiotoryo file kot ta torobetel oe wivaxa ue dbo otijleg, oty T TO
OELYUOTO. TOV TPDTOV YPOUUATOS KOL OTH OEVTEPH TOD OEVTEPOD. 2TO TEAOS OTOV TIVOKA fpiokoviol
64 deiyuota yra kdbe ypouua).

A. Na uttoAoyioete Tov DFT Twv epiypapudtwy (dnAadr Twv akoAouBiwv { gm } Kai {C})
KAl va ETTAANBEVUCETE TA AVTIOTOIXA OXMATA TWV ONUEIWOEWV. (Avunbeite 6t1 6TOV
Aéue o6t ypnoomolovpe K & K cuvteheostéc yia v avakatackenn vOg YpAUIOToS, onuaivet
ot undeviCovpe 6Aovg To0VG cLVTELEGTEG FOourier otnv akolovdia {ay} ektOG 0o TOVG a;
i=1:1:k & 63-k+1:1:63. 1 cvvéyxeta epapudlovpe avtiotpopo petaoynuaticpd DFT kot
étol mpooeyyilovpe v apykn akolovdio {gm} onueimv Tov TEPIYPAUOTOC.)

B. Na xapd&ete katdAAnAo didypaupa, OTO OTTOIO VA QaivovTal Ta JETPA TwV 63
ouvTeAeoTwyv Tou DFT. AnuioupyeioTte eETABOAEG OAIOBNONG, TTEPICTPOPNAG, Kal
aAAaynig NG apxng TG delypatoAnyiag Kal XapdaETe Ta avTioToixa diaypduuaTa
OUVTEAEOTWV.

Ynrddeén:

Oewpeiote pa akorovdia {Z,} pryadikodv aplBumv mov aviietolyel og mepiypappa I1. OhicOnon tov

neprypappotog I xatd to didvvopa d=[a,b] 6o ddoel v akorovbia derypdtwv {z*,} ne z*=z+a.jb, i=0,1,...,N-1

Iepiotpoen tov meprypappatoc IT katd ) yovia ¢ Oa ddhoet Ty akolovdia deryudrov {2%n} ne z*=zexp{-jo},

i=0,1,...,N-1.

AXrayn g apyng detypatoinyiog Tov I katd K 0éoeig Ba dmoet Ty axorovbia derypdtov {Z*n} e 7%=z,

i=0,1,...,N-k-1 ko z*;=z;.n+1 iI=N-k, N-k+1,...,N-1.

Emé&re o k@Oe évag 0nmg embBupet T1g TéEC TV TopapsTpov o, b, ¢ ko K yio to B Epdtnpa.

(Yrooerln helpful matlab functions:  fft,  ifft, stem.)
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AITANTHXEIX
MEPOX A
Initial Scherne of the Two Letters
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Aqypoppo pe Apykd Agdopéva amod to File letters.dat.

SoUmAnp®@Vov e TNV aKoAovBia meptypappotog Tov ypaupotog ‘I dote va amokmoet unkog 64
(0Ovaun tov 2), opiCovpue Tig pryadkég axorovdisg kol vroroyiovpe tov DFT.
Mndevifovpe TOV TPOTOC GLVTEAESTN NG KaOE akoAovBiog Kat:

1. Xpnowomnotovpe 2&2 DFT ocvvtedeotég o va 1o metvyovpe punodeviCoope tovg DFT
ovvtereotég 4:1:62

282 DFT Coeficients
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2. Xpnowomotovpe 10&10 DFT ovvtereotéc [Na va to metvyovpe undeviCoope toug DFT
ovvteheotég 12:1:54

10810 DFT Coefficients
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3. Tékog ypnowomotovpe 6Aovg toug DFT cuvieleotéc.
All DFT Coefficients
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[NAPATHPHXEIX

1. O unoeviopog tov tpwtov DFT cuvtedeot £xel ¢ amoTtéAesal 01 avaKOTACKEVULOUEVEG
LOPOES VO KOADTTTOVV TNV {010 TEPLOYN Y1 TO AOYO 0vTd oTa dtaypdppata £xel Tpootedet
otV akolovbio Tov ‘Ci’ 12 povadec.

2. H dapopd mov vdpyel oTo amoTEAECUATO OO TO, YNLLOTO TOV LoONILOTOG TPOEPYETOL O
10 Adyo OTL oTO TEAELTATLL 1) GLUTANP®SN TOL ‘7 €ytve e d10POPETIKO TPOTO.

MEPOX B
DFT Coefficients measures for gamma
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To Métpo g AkorovBiag twv DFT Zvvtedeotov (2:1:64) tov
[leprypdpparog tov 17
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DFT Coefficients measures for ci
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To Métpo g AxorovBiog twv DFT Zuvtedeotmv (2:1:64) tov
[eprypauparoc tov ’ci’

["a va dmetdcovpe o avorroimto twv DFT cuvteleotov 6e ohicOnon, adlhayn onpeiov Evapéng
SEYHOTOAN YOG, KOl GTPOPNG TOV LOPP®DV, £YIVOV O1 O KAT® UETAPOAEC.

1.

o N

[Tpootétnke o ap1Budc 15+10j ot pryadikn axkorovbio tov T kot 0 apBuog 20+10j o€ avty
OV ‘Ci’.

X1 cvvéyeta yivetou rotation g axoiovdiog tov T katd 9 Bécelc ko Tov’Ci’ kKatd 14
Oéoelc.

Tiveton meprotpoeny Tov T katd m/4 kot tov *Ci° Kot /3.

Ynoioyileton n DFT axolovBia, To pétpo g droupeital pe 1o HETPO TOL SEVTEPOL OPOL KoL

10 anotédecpa oyedtdletan pali pe to pétpo g apykn DFT akorovbiog kavovucomompévn
pe tov 1010 tpdmo.
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DFT Coeff. meas. for gamma after shift, e.t. c. DFT Coeff. meas. for gamma
25 ' T T 25 ' . .
) T
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14 . 14 .

0 20 50 a0 0 20 40 B0 a0

O10vo DFT axoiovBieg yio to ‘I pe petaforég Kot ywpis, Kot ot S0 KAVOVIKOTOINUEVES LE TOV OEVTEPO
opo g axorovbiag. O mpmdTog 6pog Exel maparelpbei. Eivor mpopavég to avarioimro.

DOFT Coeff. meas. for ci after shift, e t. . DFT Coeff. meas. for ci
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O1 600 DFT akolovbieg yia to “Ci” pe petaPforéc kat ywpig, kot o1 600 KOVOVIKOTOMUEVES UE TOV SEVTEPO
6po g axorovbioag. O TpmTog 6pog Exel moparerpdel. Eivor mpopavég to avarrioimro.
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ITAPAPTHMA

To ITAnpeg ITpoypappa:

clear *,close all;clc;

o)

o\

o

Read the two letter boundaries from file letters.dat

o

fid = fopen('letters.dat');

gamma=zeros (2, 64) ;ci=zeros(2,64) ;%set zero the arrays

[gamma, count]=fscanf (fid, 'sd %d',[2, 53]);

% read ci boundary

[ci,count]=fscanf (fid, '$d %d', [2, 64]1);

fclose (fid);

Add eleven more points to the boundary of gamma {gamma(l:2,54:64} so that it
% has the same number of points with that of ci, equal to a power of two.
gamma (:,54:64)=gamma (:,1:11);

$plot the two letters as they are in the intial form

plot (gamma (1,:)"',gamma(2,:)"','o',ci(1l,:)"',ci(2,:)"','0o")

title ('Initial Scheme of the Two Letters')

oe

o

o

Construction of the Letters Through a Small Part of the fft Coefficients

o

o

fft evaluation for gamma & zeroing the first coefficient

gamma_complex=gamma (1, :) "+i*gamma (2, :)"';

ff gamma=fft (gamma complex) ;

ff gamma (1)=0;

% fft evaluation for ci & zeroing the first coefficient

ci complex=ci(l,:)'+j*ci(2,:)";

ff ci=fft(ci complex);

ff ci(1)=0;

% First construct and plot letters through 2&2 coefficients

constr letter(ff gamma,ff ci,2,'2&2 DFT Coefficients');

% First construct and plot letters through 10&10 coefficients

constr letter (ff gamma,ff ci,10,'10&10 DFT Coefficients'");

% Finaly use all the coefficients to construct the letters

gamma complex scr=ifft (ff gamma);

ci complex scr=ifft (ff ci);

figure;

plot (real (gamma complex scr),imag(gamma complex scr),'o', ...
real (ci_complex scr)+14,imag(ci complex scr),'o')

title('All DFT Coefficients')

oe

o\°

Evaluate and plot the 63 coefficients

o\°

figure;

stem(abs (ff gamma (2:64)))

title ('DFT Coefficients measures for gamma')

figure;

stem (abs (ff ci(2:64)))

title ('DFT Coefficients measures for ci')

% Shift letter sequence

gamma_complex n=gamma complex+15+10i;ci complex n=ci complex+20+10i;

% Rotate letter sequence (i.e. change starting point of sampling)
scr=gamma_complex n(l:9);gamma complex n=gamma_ complex n(10:64);gamma_complex n (5
6:64)=scr;

scr=ci complex n(1l:14);ci complex n=ci complex n(15:64);ci complex n(51:64)=scr;
gamma_complex n

=real (gamma_complex n)*cos (pi/4)+i*imag (gamma complex n) *cos (pi/4);

ci complex n =real(ci complex n)*cos(pi/3)+i*imag(ci complex n)*cos (pi/3);

ff gamma n=fft (gamma complex n);ff ci n=fft(ci complex n);

figure;

subplot(1,2,1)
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stem(abs (ff gamma n(2:64))/abs(ff gamma n(2)))

title ('DFT Coeff. meas. for gamma after shift, e.t.c. ")
subplot(1,2,2)

stem(abs (ff gamma (2:64)) /abs (ff gamma (2)))

title('DFT Coeff. meas. for gamma ')

figure;

subplot(1,2,1)

stem(abs (ff ci n(2:64)/abs(ff ci n(2))))

title ('DFT Coeff. meas. for ci after shift, e.t.c. ")
subplot(1,2,2)

stem(abs (ff ci(2:64)/abs(ff ci n(2))))

title('DFT Coeff. meas. for ci ")

function constr letter (ff gamma, ff ci,number coef,pl title)
ff gamma scr=ff gamma;ff gamma scr (number coef+2:63-number coef)=0;
gamma_complex new=ifft (ff gamma scr);
ff ci scr=ff ci;ff ci scr(number coef+2:63-number coef)=0;
ci complex new=ifft (ff ci scr);
figure;
plot (real (gamma complex new)',imag(gamma complex new)', 'o'...
;real (ci _complex new)+14', imag(ci complex new)', 'o')
title (pl_title)



