22053

ISTANBUL TEKNIK UNIVERSITESI * FEN BILIMLERI ENSTITUSU

DIJITAL ISARET ISLEME VE FIR FILTRE TASARIMI

ALGORITMALARI

YUKSEK LISANS TEZI

Miih. Metin KALAYCI

Tezin Enstitiive Verildigi Tarih

Tezin Savunuldugu Tarih

Tez Danismani

Diger Jiiri Uyeleri

SUBAT 1992

31 OCAK 1992

18 SUBAT 1992

Do¢.Dr. Biilent ORENCIK

Prof.Dr. Atilla BIR
Do¢.Dr. Leyla GOREN

T.C. YURSEROORETIM KURULY
DOKUMANTASYON MERKES



ONSDZ

¥Uksek Lisans Tezimin gergeklestirmemde bana yardimci
olan bagta danigmanim Dog. Dr. Bulent Orencik’e , igyerim
UBM A. S yoneticilerine wve sayamadifim difgerlerine g¢ok

tesskkiir ederim.

Mithendis Metin Kalayca

ii



ICINDEKILER

BOLUM

BOLUM

BOLUM

BOLUM

..............................................

.

PN
A S

N NNNPNNDR
n NNRRRNR
8] agsdWnhr

DWWHWHoW

WRwwww
©OOOOO

O~NOAMBNE

SUREKLI VE AYRIK ZAMAN ISARETLERI......... |

Stirekli zaman dgaretleri.................
Ayrik zaman igaretleri...................

Stirekli zaman isaretlerinin @rneklenmesi
Belirsizlik....... .. i i

Fourier doniigiimlerine nimerik yakinsama
Bir ayrik zaman igaretinin Fourier
donlgimii. . . ... 0 i i i i s s e
Ayrik Fourier donisiimi................

-

0w ~N~NOOOWW

AYRIK ZAMAN FOURIER DONUSUMLERININ OZELLIKLERI
VE HESAPLAMA YOLLARI. ... ...ttt ennnnnnnn

Isaretin Spektrumu. ... 0o vv vttt e
Ters DFET. . . . it et e e e e ettt e te e reaenn
Periyodik konvolisyon zelligi...........
xCn) ve XCkI nin periyodik tizellilklleri.
Oteleme ve modillasyon Ozellikleri........
Ornekleme Ozellidi........coiviiinennnnn.
DFT ve Z domeni arasindaki bagintilar....
Simetri ve gercek eleman Szellidinden

kaynaklanan bagintilar...................

.1
.2

DFT’nu hesaplama yollari.........o.c0.u0s

Goertzel Algoritmasi...................
Fast Fourier Donigtimleri CFFID.........

.2.1 FFT € decimation-in-time 2............
.2.2 FFT C decimation-in-frequency J3.......
.2.2 N garpanlarina ayrilabilir ama 2 nin

kuvveti degilse FFT hesabi............

FIR FILTRE TASARIMI

FIR filtrelerin tzellikleri

FIR filtrelerin frekans domeninde
taniml anmasi

FIR filtrelerin dort tipi

FIR filtrelerin Frekans cevabinin
hesaplanmasa

iii

11
11
iz
13
14
14
18
15

18
17
17
19
z1
31

36

43

43

43
47

49



BOLUM S. LINEER FAZ FIR FILTRE TASARIMI 50

5.1 Ideal algak gegiren filtrenin tasarim g1
5.2 FIR filtre tazarim metodlarinin incelenmesi 53
5.2.1 Frekans Ornskleme metodu 53
g.2.2 LS Hata frekans domeni tasarim 858
5.2.28.1 Ayrik Frekans Ornekleri 53
S.2.28.2 Integral Karesi Hata Yaklasim krlterl &80
5.2 Gibss Olayi 51
8.4 Turev alicinin LS hata yvakinsamasi ile
tasarim g2
5.5 Gegis bolgeli LS hata yaklasima 83
5.6 FIR filtre tazariminda gecis btlgeleri
afirlik fonksiyonlari ve penceresleme &8
5.8.1 Arzu edilen frekans cevabinda diizetmeler 67
5. 6.2 Gegig bSlgesi kullanim 687
5.868.3 ASirlikl: karesel hata kriteri
kullanilmasi 857
B.68.4 FIR filtre tasariminda pencerelems=
fonksiyonlarinin kullanim &8
8. 6.3 Chebyshev Yakinsamasi 74
5.6.6 Remez Yerdefigtirme Algoritmas: 77
SONUGLAR VE ONERILER. . ...ttt it ittt et eenneeenneens a4
KAYNAKL AR . .. i i i ittt e ittt o st c s ai oo 86
30 0 8 < 88
EK. A Programlar o8
EK.B Program giktilar: 197
OZECMI . . it e e e e e e e e e e e e e e e 247

iii



Dijital igaret igleme entegre ve bilgisayar
teknolojisindeki geligmelerin artmasi sonucu oldukga Snem
kazanmigtir. Onceleri islem hizi yliziinden gergek zamanda
yapilamayan islemler hem bu gelismeler hemde etkin
algoritmalaran bul unmasa sonucu gerceklenme sansi
bulmuglardar. Bu algoritmalardan en ©nemlisi fast
Fourier algoritmasi , kisaca FFT dir. Bu algoritma ile
cok hizla sekilde fourier diniigtimleri yapilabilir.
Ayrica direkt metod ve Goertzel algoritmalari FFT kadar
hizli olmamakla birlikte daha basit wve hatta sinirl:
birkag¢ durumda FFT ye gtre tercih edilmektedir.

Bu galigmada ilk &nce birinci b@liimde strekli ve ayrik
zaman igsaretleri anlatilmstir. Ikinci btliumde ayr:ik
Zaman fourier donigiimleri ve he=saplama yollara
kargilastirmally olarak agiklanmig ve hangi durumlarda
tercih edilmesi gerketigi wverilmisgtir. Dordiinci boliimde
FIR filtrelerin genel tzellikleri verildikten sonra
beginci bol Uimde FIR filtre tasarim algoritmalar:
incelenmigtir. Frekans trnekleme metodu 5 psncere
kullanim» , vyakinsama kriterleri , hata kriterleri ,
Remez algoritmasi: ve Parks-McCellan genel amagli FIR
tasarim algoritmasi v.s. incelenmigtir. Bunlarla ilgili
program ve g¢iktilar ek.l1 ve ek.2 de yer almgtir. Sonug
olarak genel amagli FIR filtre tasarim ve Dijital Isaret
Isleme algoritmalarini gergeklestiren esnek bir program
paketi ortaya ¢rkmigtar.
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SUMMARY

DIGITAL SIGNAL PROCESSING AND FIR FILTER DESIGN ALGORI THMS

In this study , digital =signal processing , digital
filter deszsign methods and their algorithms has been
given. Discrete Fourier transform and Fast Fourier
Transform and other subraoutines were written with
MicrosftC . The main concept of this study is computing
DFT , FFT and Finite Impulse Respose filter design by
means of a user friendly software package.

Digital signal processing is a field which has its roots
i18th century mathematics, has becoms an important modern
tool in a multitude of diverze fields of science and
technology. Until recently, signal processing has
typically been carried cut using analog equipments. Some
exeptions to this were evident in the 1850s particulary
in area where sophisticated signal processing was
required. Because of flexibkility of digital computers
it was often useful to s=simulate a signal processing
system on a digital computer befor implementing it in
analog hardware. The vocoder simulation which were
carried out in Lincoln and Bell Laboratories is a good
example of such simulations. Despite the fact that
flexibility of digital computer in signal processing ,
The processing can always no be dong in real time. In
keeping with that style , early work on digital filtering
was very much concerned with ways in which a filter could
be programmed on a digital computer =o that with analog

to digital conversion of the signal , followed by the
digital filtering, followed by the digital to analog
conver=sion , the overall =syztem approximated a good

analog filter.

The evolution of a new point of wiew toward digital
signal proces=zing was further acclerated by the
disclogsure 1in 19685 of an efficent algorithm for
computation of the Fast Fourier Transform or FFT. Many
signal processing algorithms which had been developed on
digital computers required processing times several
orders of magnitude greater than real time. Of ten
this was tied to the facts that spectrum was an important
component of signal processzing and that no efficent mesans
had been known for implementing it.



The fast fourier transform algorithm reduced computation
time of the Fourier transform by orders of maghitude.
This= permitted the implementation of increasingly
sophisticated signal processing algorithms with

processing times that allowed interaction with +the
system.
Futhermore , with the realizaiion that the fast Fourier

transform algorithm might, in fact, be implementabls in
special purpose digital hardware, many signal processing
algorithms which previously had appeared to be
impractical began to appear to have practical
implementations with special purpose digital hardware.
Another important implication of the fast Fourier
transform algorithm was tied to the fact that it was an
inherently discrete time concept. It was directed toward
the computation of the Fourier transform of a discrete
time signal aor sequence and involved a sert of propertiies
and mathematics that were exact in discrete time domain.
It was not simply an approximation to a continous-time
Fourier transform. The importance of this was that it
had the effect of stimulating a reformultion of many
signal processing concepts and algorithms in terms of
discrete-time mathematics and these technigques then
formed an exact set of relationship in discrete time
domain.

The Discrete Fourier Trasnforms plays an important role
in the analysis , design and the implementation of
digital signal processing algorithm= and systems.

The used notation in the sections is consistent with the
standart setup by the I1EEE.

The Fourier Series

The fourier series may be viewed a way to represent a
continous time signal =CtD as a superposition of
harmonically related sine and cosine waves. Instead of
sine and cosine representation exponantiel representation
is often used, especially when there are many harmonics
in the fourier expansion. The set of complex coefficents
in fourier transforms are calld as spectrum of signal.



Discrete Time Signals

A discrete time signal is cbtined from a continuscus time
signal by sampling at equally spaced time signal. If a
discrete time signal is denoted by srn then the sampling of
sCtd every T second gives snltd= s(nTd) and n =
..-1,-2,0,..

Amiguity CAliasing) when Sampling a Cosine Wave

If the samples of a cosine wave are obtained at a rate of
five samples per second shown as sn=1,-.81,.31,.31.-.81,
.31

It is reasonable to assume a sampling of a 2 Hz
signal gives the same samples when sampling a 2 Hz
cosine, The usual convention used to relate a unique
signal to a set of samples is to assume that the signal
is a lowpass band limited signal. As long as the
sampling rate is higher than twice the highest frequeny
present in the signal , there is a unique continuous time
signal associated with a discrete time signal, viewed as
a zet of samples. The phenomenon of having other names
for continuous time signals with the same samples is
called aliasing.

Sampling Thecorem :

A band limited =ignal ,with highest frequency B Hz, can
be uniquely recovered from its samples as long as the
sampling rate is higher than 2B samples per second.
Lower sampling rates may bring on aliasing.

Comparison of continious time and discrete time
transforms:

Fourier Series-DFT :

These are signal representations using discrete
sharmonically related frequencies. The discrete



frequeny representation results in periodic time
functions , both continuous time and discrete time.
The spectrum of discrete time signal is periodic while
the spectrum of continuous time signal is not.

Fourier Transforms :

The forier transform of a continucous time signal and the
Fourier transfarm of a discrete time signal are
continuous frequency represantations of the corresponding
signals. The transforms are function of the real
frequency wvariable w. The spectrum of the continucus time
signal is not.

Convolution and Linear Systems

While Fourier techniques certainly aid signal analysis,
they zalso paly an important role in the study of linear
time invariant systems. The time domain description of a
linear time invariant system with an input =xC(id ,unit
impulse response hitd and output y(id given by the
convolution ,

=0

yCt> = S hCt-ud >xCud du.
o

Discrets Fourier Transform (DFT)

The spectrum of signal

A discrete time signal can be viewed as a finite length

sequence of numbers such as x(nd =1,.6,8,-1,—-.4..
N1 nk

xCnd = cosCan[pNd and DFT(xCno2 = XCk> = 3} xCnd) W
n=o

Inverse DFT CIDFTD:
xCn) = IDFTCXCkDD = IDFT € DFTCxCnlD>

Calculation of DFT from a signal has equal diffculties
with calculation of IDFT.



Cyclic Convolution Property :

A fundamental operatian in linear digital signal
processing iz convolution. Aperiodic convolution
between two signals x(nd and hdnd is denoted by ,

yCnd = xCn> % hind
Cyclic convolution i=s denoted by ,

yCnd = 1, an;q 2 hC ¢ n;m) 2 , the residu of n

modulc N = CnDN

DFT € yCnd 2 = DFT ¢ x(nJ2 DFT ¢ hd{nd>
vnd = IDFTC DFT CxCnd3 DFT ChCndD

The Periodic property of xCnd and XCk>

Strictly speaking, x(n) is defined only over the range of
n from O to N-1. However , the IDFT of the DFT of x(nd)
can be calculated

Shifting and modulation properties

When the signal x{nd is =shifted in time , the spectrum
XCkD is multiplied by a linear phase shift.

Sampling property :

The DFT of a2 subset of the original signal valuss can be
found in terms of the DFT of the signal if the subset is
viewed as a set of samples of the original signal.

Goertzel algorithm , direct method and the fast fourier
transforms are considered while calculating DFT.

Direct Method :

An obvious way to calculate the DFT of a signal x(nd is
to implement the definition of the DFT directly. This is
done by computing the desired values of X(kD. In the case
x(nd is complex the real and the imaginary part of xCnd
are denoted by XC(nd and ¥(n), respectively and the real
and imaginary parts of the transform by ACkD and BCkD.



Goertzel Algorithm for the DFT :

First order filter with thes input being the data ssgquence
in reverse order and the wvalue of the polynomial at =z
being the solution sampled at M=N. Applying this to the
DFT gives the Goertzel Algorithm.

Decimation in time Fast Fourier Transforms

To achieve a dramatic increase in efficency , it ia
necessary to decompose the DFT computation into

succesively smaller DFT computations. In this process
both the symmeetry and the pericdicity of the complex
expanantial is used. Algorithms in which the

decomposition is based on decomposing the sequence x(nd,
into succesively smaller subsequences are called
decimation in time algorithms.

Decimation in frequency Fast Fourier Algirithms

The decimation in time FFT algorithms were all based upon
the decomposition of the DFT computation by forming
smaller and smaller subsequences of input sequence xCnd.
Alternatively divideing the output sequence XCkD
samaller and smaller subsegquences in the same manner.
This class of FFT algorithm= based on this procedure is
commonly referred as decimation in fregquency.

Properties of FIR filters

Digital filters with a finite duration impulse response
CFIRD have characteristic that make them useful in many
applications. Because of the method of implementation ,
The FIR filters is alseo called a= nonrecursive or
convolution filters. The duration or sequence length of
the impulse response of these filters is by definition
finite therefore , the output can be written az a finite
convalution sum :

N-1

vlnd= § hCm) xCn-m3 by changing index variable ,
m=Q

n~N+1

yCnd= T hCn-md> xCmd .

m=0

xCn2) = input ,



y{nd) = output,
h(nd = length-N impulse response.

1. FIR filters are always stable.

2. FIR filters can b exactly phase linear.

2. Coefficients can easily be set to 1 part in 85,000 and
never change. ¢ Analog filter responze can be change
because of temperature. 3

4. Stopband floors of -850 or -80 dB are much more gquickly
reached using FIR filters than using analog filters.

5. FIR filters can be made to track =imply by altering
the clock rate. An example of where this is important
would be in detecting Coptically) the watermark on a
moving paper web. As the paper speed moves faster or
slower , the input signal will be shifted in frequency
If an angle encoder is installed on the pinch rollers ,
the pulses from it could be used to clock the filter.
Thus the filter will automatically track to shift.

8. FIR filters can be designed directly.

7. Complex filters with many bands of different gains ,
which are wvirtually impossible to design with analog
technics are just as easy a= to design for FIR filters as
i= =imple low-pass filter. There are three definitions
used by FIR filter design. Trasition width , passband
ripple and stopband attenuation. Furthermore calculation
of filter length is another problem to beg considered in
designing FIR filters.

FIR filters is defined in frequency domain. Thare are
four types of FIR filters. Two of them are according to
symmetry ¢ sven , odd 2. Two of them are according to
filter length ¢ even , o©odd J.Frequency sampling ,
Least squared error , using a transition region and
windows , approximation criterias ( Remez , Chebyshev ,
Inteqral =quared error , squared error J are given
technics and are often used in designing FIR filters. The
best window approximation function is given by Kaiser. In
addition , A transition region is used to minimize
overshoot . Window is used for eleminating sidelobs in
the frequency response. Remez exchangs an Parks-McCellan
algorithms are an effective way to design for FIR filtersz
such as multiband , lowpass , highpass , differentiators
and hillbert transformers.



Lineer filtreleme ve spektrum analizi temel bilim ve
teknolojinin pek ¢ok dalinda kullarilan isaret isleme
konularidir. Bunlar analog RLC devreleriyle veya dijital
olarak genel amagla bilgisayar yvardimiyla
olusturulabilir. Hem surekli hemde ayrik isaretislemede
igaretlerin veya lineer sistemlerin ©zellikle frekans
domeni agiklamalar: kullanilair. Frekans domeninds
inceleme algak gegiren band gegciren , fark alan v=
interpolsaycon gseklinde filtreleme stz konusu oldugunda
zaman domenine gBre tercih edilir. Sesli iletigim,
sismoloji, sonar, radar ve tip isaret iglemes

tekniklerinin kullan:ldig: Snemli alaﬁlardan bazilaradar.

Dijital isaret igleme isaretlerin sayisal sekanslar
olarak gtsterilmesi ve bunlarin islenmesiyle ilgilidir.
Bunun amaci isaretin karakteristigini hesaplama veya
sinyali arzu edilen bir sekle donUstirmek igindir.
Klasik nimerik analiz formUlleri interpolasyon integral
ve tirev kesinlikle dijital isaret isleme analizleridir.
Ote yandan ytksek hizl:i dijital bilgisayarlarn elde

edlilebilirliginin artmas: kompleks ve gelismis dijital

isaret igleme algoritmalarinin ‘ortaya cikmasiny
saglamigtar. Entegre devre teknolojisindski son
gelismeler cok karmasik dijital isaret isleme

sistemlerini mimkin kilmistir. Isaret isleme genis ve
zengin bir tarihe sahiptir. EEG , EKG , ses tanima ve
ses iletiminde goklukla kullanilair. Guriil tiniin veya
girigimin ortadan kaldirilmasi wveya sinyallerin
modulasyonﬁ isaret iglemeyi gerektiren alanlardan

bazilaridar. Igaret isleme problemler: sadece tek boyutlu



isaretleri igermez. Ayni zamanda 1iki boyutlu isaret
isleme de kullanilair. Buna @rnek olarak resim islemeyi
verebiliriz. Uydudan elde edilen fotofraflarda hava

durumunun anlasilmas: veya zarar goren tarim alanlarinin
hesab: iki boyutlu incelemeyi gerektirir. Son zamanlara
kadar isaret igsleme analog olarak yapildi. Dijital isaret
islemeye ilk gereksinimler 18950 lerde
karmagsik ve yiiksek diizeyli isaret iglemeyi gerektiren
bazi alanlarda kendini gdstermigtir. Buna dSrensk olarak
jeofiziksel datalarin girildikten sconra dakikalar ve
saatler sUren islenmesi verilebilir. Ancak bu
uygulamalar anlas:i:lacad: tzere gergek zamanda
vapilmiyordu. Dijital bilgiiayarlarn gelismesi bunu g¢ok
daha ¢ekici kildi. Bu sUre iginde dijital bilgisayar
ayni zamanda simlasyon i¢in kullanild:. Esnekliginden
ttiird di jital bilgisayar bir analog denanimin similasyonu
icin cldukca faydalil oldu. Bu sekilde yeni bir isgaret

isleme algoritmasi esnek bir deney ortamnda gerc¢eklenme

sans: buldu. Hiz maliyet ve bilytiklik analog elemanlarn
kullanmnda nemli faktsrdur. Dijital isaret isleme 1965
de fcurier doniisiimlerini hesaplayan algoritmalarla
ivmelendi. Bu cesit algoritmalara Fast Fourier

Transformu kisaca FFT denir.



2.SUREKLI VE AYRIK ZAMAN ISArReT_ERI

2.1.Surekli zaman igaretleri

Sirekli =zaman isaretlerinin aralizinde fonks:i:yonlar t
»zaman degiskeniyle gusterilirler. Bir iszret lineer
time invariant sistemden gegtifinde sadece genilik ve fazi
degisgir ama f'rekans ayni kalir. Sistemin: frekans
spektrumu iizerindeki etkisini incelemek, zaman domeninde
etkisini incelemekten dzaha kolaydir.Isaretlerin
frekans domeni aciklamasi Fcurier serileri ile
sayilabilir goklukta frekans elemanlarinin toplam
seklinde gosterilir. Surekli bir igaretin Fourier
donisiimid elemanter isaretlerin integral sipergozisyonu
ilkesiyle elde edilir. Buna ornek olarak xare dalga

seklindeki bir igsaretin Fourier analizini incelsyeslim.

2.1.1 Fourier Ssrileri

SCL) igareti asadidaki kogsullari saglivor olsun

1. FCtD c <t <ec + 2T
2. FCud c < Lt < c + 28T aralifinda sUrekli
3. FCL+2T0 = FCtd> FCi) periyodik , Periyodu 2T

Bu kosullar altinda her siirekli nokta icin

o
FCLd = aos/2 + . an cos(2n[lt~ TJ + bn sin C 2zt ~ T D

n=1

(2.1)



c+2l

an =1 T J FCL) cos C Eﬂn t T D dt (2.2)
c
c+2L

bn =1 T & FCt> sin C Eﬁn t 2 TDO dt (2.3)

<

Bir kare dalganin fourier serisini incelersek

=14

v

pCtd nin fourier serisi pCt) cift fonksiyon oldudundan

sadece cosinis liU terimlerden olugur

bn = O
w2
an = 1/T S pCtd cos C 2np] /T > dt (2.4.a)
-wr2 ‘
an = g/T J cos C 2n] £/T D> 4dt (2.4.0)
vz
an = g/T T/ 2n[] sinC 2nj] t/T D (2.4.c)
t= —w.r2
an =g/ nsind{ n¥ ~T?> (2.4.4)
T 2
ao = 17T & plid dt (2.4.e)
~T. 2
w2 w/2
ao=1/WJ‘gdz,ao=1/Wgtl , a0 = g
-wrs2 -ws2

(2.4.f)



©
FCid = g2 + ¥ g/n]] sinC n[] W/T 3 cos C n[Jt ~ T O
n=i (2.5.a)

Sonlu sayida eleman alarak pCtd yi ilk Ug terimin

toplami olarak gu sekilde yazabiliriz

FCt) = ao + a1 cos € Z[t/T 3 + az cosC 4t/T > (2.5.p)

Otelenmis kare dalga igin :

FCtd=ao + a1 cosC Znt/T JO+ az cosC4[t/TO+b1 sin ¢ 2L/
+ bz sinC 4t /DD (2.5.c)
Harmoniklerin g¢ok oldugu durumlarda siniis ve cosinidsli
gosterim yerine kompleks Ustel gosterim kullanilair.
JemrsT JA4T /T 2T /T J4mtsT
FCtD) = co + c1 e + cz e + c-1 @ + c-2 © (2.5.4)
Seklinde yazilabilir. xCt) isaretinin kompleks
notasyonu :
T,2 JenktsT
ck =1 T & xCtd e dt (2.6)
-Tr2
Ne kadar cok frekans igerilirse yvakinsama
iyilegsecedinden hata O’a yakinsar.
) JeMktsT
xCt) = ¥ ck e (2.7.a)

k=~

i) cCkd ya xCLD nin spektirumu denir.
iid x€CL) reelse ,
ck = c-k,

|e-x| = |ck|,

AciC ck D = — Aca € c-kx >. (2.7.b)
iiid Kesilmig, fourier serisi

~ N JjenktsT

XCt) = P ck e (2.7.c)

k=-N



xCt2 ye en iyi yakinsama

2

”~

E = 5 [xCtd - xCtd | dt (2.8)
hata fonksiyonunun minimize edilmesiyle sagdlanir.
ivd Parserval teoremine gdre :
T/2 2 o 2
1/T 5 =xCtd dt = F |ck| (2.9)
-T2 k=-0 :

Bu tecorem bir sinyalin enerjisinin zaman veyaz frskans

domeninde hesaplanabilecegini gﬁsterir.[l]

2.2 Ayrik Zaman Isaretleri

2.2.1 Surekli zaman isaretlerinin drneklenmesi

Bir ayrik Zaman isareti genelliks siirekli zaman

igaretinin esit =zaman aralikariyla Orneklenmesiyle

elde edilir. sCt) nin ayrik =zamanda T ornekleme
periyodu ile gosterilimi
sn = sC nT D , no=...-1,0,1,2,...

2.2.2 Belirsizlik

Sinids ve cosinids isaretleri rneklenirken farkla
frekanslardaki igaretler ayni trnekleme degerlerini

verebilir. Buna belirsizlik denir.



2.2.3 Ornekleme teoremi

En yitksek frekansi B Hz .olan bir bant-sinirliy isaret

saniyede 2B ornekten fazla o©rneklenirse belirsizlik

ortadan kalkar. Buna gtre sonsuz sayida rnekleme
yvaprlabilir. Bu durumda :
T = 1,2B, ©
L) = § xCnTd sincC t-nT D (2.10.a)
-0
sinctC t 3 = sin C M/7T 2 7/ (/10 (2.10.b)

Pratikte bu mimkiin olamayacadindan buna interpoclasyon

yakinsama yapilir. N Srnekleme sayis: igin :

~ N-1
xCt) = F xCnT> CQCn,td (2.10.c)
n=0

Xn,t) =inirli ornekleri kompanze etmek igin kullanilan

interpolasyon fonkssycnudur.tzl

2.2.4 Fourier Donugiimlerine Numerik yakinsama

Genellikle bir isaretin elde edilmesi isaretin
Srneklerinden dedgil orneklerin fourier doniigtiminden elde
edilir. NMimerik integral kullanilarak bir kare dalga
igaretin fourier donisiimi

w igaretin genigligi ve adim sayis: n olmak lzere,

sn = sC n¥W D dir.

- o« o -jwt
S wo =170 Y. s _ pC t—n¥W 2 e dt (2.11)
~-© -o

Burada integral ve toplamayi vyer deigtirirsek



o o] EAL aa) 4
St =C ¥s e D W C sin wW/2 D3 s C w2y (2.12)
n=—0
2.2.8 Bir ayrik zaman isaretinin fourier donigiimi
Sonsuz uzunlukta bir ayrik zaman isareti olan »xn ,
o0 —-jwn
XCwd) = ¥ xn e (2.13.a)
n=-0
Ters donlistim ise :
m jun
xn = 1/2[1 J XCwd e dw (2.13.b)
-

Ayrik ve sirekli fourier d¥nlsiimleri arasindaki temel
fark ayrik fourier donisiminiin frekans dediskeni w ile
periyodik olmasidir. m nin tamsaylr dederleri icgin ,

o -j(v-bznm)h
XCw+2[m 3 = L xn e = XCwd dir. (2.14)
-
1 |nl = w2
pn = olsun.
0o ln! > w2
W =4 icin , asafidaki gekil elde edilir :
o o o o o
-2 -1 o 1 2 3 4

-4 -3



0 =jwn w/2 =jun
PCw) = ¥ pn e = ¥ e (2.15.a)
-0 -ws2

Bu toplam asagfidaki geometrik serinin toplam

formiild kullanilarak

M Nrd
n-N a - a
T a” = (2.15.b)
n—-M i - a
sin CC W + 1) w2 D
PCw) = olarak elde edilir. (2.15.c)

sinC w2 2

PCw) fonksiyonuna Dirichlet kernel ad: verilir.[_-Sl

2.2.6 Ayrik Fourier DonuUgiimi

Ayrik =zaman isgareti xn O £ n = N-1 araliginda taniml:

oclsun. Ayrik zaman fourier serisi
N-1 i2[pokn
xn = 1N ¥ Xk e, (2.16.a)
k=0

ve Xk katsayilari xn in ayrik zaman fourier doniigiimi

CDFT) tarafindan verilir.

N-1 -j(2nn/N)k'n

Xk = ¥ %xn e (2.16.b)
n=0

Xk = DFT € xn D

Periyodik fonksiyon periycdu N olmak tzere :
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s
xpCnd = ¥, %xr C n-mN D (2.16.c)
m=-—00
ve
{ =xn O <£n =< N-1
x = |
Lo diger

seklinde gosterilir.

Bir kare dalganin ayrik zaman fourier donisimii,

1, n= 0,1,2,8,7
xCnd =

O, n= 3,4,

seklinde verilmis olsun :

N = 8 i¢in DFT,

rd =i[rk<4
Xk = 3 xn @ verilen degerleri yerine koyarak, (2.17)
n=0o
2 ~jfjrk-s ? -iffrk~+ ~i[Jrk 4
*k = Y e + T e ve e nin periyveodu 8 dir.
n=o n=s (2.18.a)
2 -j2[nk-4
xk = Y e ve gecmetrik seri toplam formiilini kullanarak
n=-2

(2.18.b)

sinC 5kn783
sk = elde edilir. (2.18.c)

sinC k[
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3. AYRIK ZAMAN FOURIER DOMUSUMLERPININ OZELLIKLERI VE
HESAPLAMA YOLLART

Ayrik zaman fourier donisimleri ve ayrik konvolidsyon
dijital igarst islemenin temel iki igslemidir. DFT ayrik
zaman sinyallerinin agiklanmasinda simgeslenmesinde ve

analizinde kullanilar.

2.1 Isaretin Spektrumu

Ayrik zaman igareti sonlu  uzunluktali savilardan

olugsur. Ornedin , xCnd) =1,-3,3,0,-1.3,4,~-0,6. Bu sekans

bir sUrekli zaman igaretinin bir hafta icindeki gtinl itk
degerleri olsun. indeks n ornekleme Zamanini
gosterir, Bir igaretin DFT nu onun periyodik
karakterini gtsterir. DFT nun her bir elemani bir

igaretin belirli bir frekanstaki dederini belirtir.

xCnJ) = cos C 2nn Z/ N J olsun. Bu igsaretin DFT nu

N-1 nk
XCkD = ¥ =xCnd ¥, (3.1.a)
n=0
-j2[}pN
W = e kullanilarak ,
v 172N k=1 ve N-1 igin,
xCkd> =
Q diger k dederleri ic¢in

Burada sadece X{12 ve X(2) sifirdan farkli ve deferleri
1/2MN dir. Diger elemanlari ise sifirdir. XC13> = XCN-1D
vae XC2) = XCN-2> dir. EJer isaret tek fonksiyon
seklindeyse DFT her =zaman esit giftler halinde bulunur.
XCkd = XCN-kD> dar. Bu Euler bagdintisindan kolayca
gosriilebilir.
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xCnd fonksiyonunun DFT nu frekans elemanlarinin direkt
gosterimidir. Bunada x(nd) in frekans spektrumu denir.

Tek bir atimin tanim

1: n =0
dCnd =
0, diger n’ler
DFT nu,
N-1 nk
XCk> = § xCnd W (3.1.0)
n=0
N-1 nk
XCkd = ¥ dCnd ¥ (3.1.c)
n= O

= 1 tm k degerleri icin.

Bunun anlamy bu igaret tiim frekanslar igin ayn: deJere

sahiptir.

3.2 Ters DFT

IDFT ters 2yrik zaman fourier donisimiiniti gbstersin :

xCnd = IDFT ¢ XCkD> 2 = IDFT € DFTC xCnd> 2 D wve
N-~1 -nk

xCnd) =¥ XCkd W (3.2.a)
k=0

Bu baintinin gegerliligi

N-1 nk
XCkd = ¥ >Cnd) W (3.2.b)
n=0
N-1 [ N-1 -ni nk
XCkd> = 1§ { CL/N D> L XCkD W bW (3.2.¢)

n=0 L i=0
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XCk) = XCkD olarak ispatlanir.

3.3 Periyodik Konvolisyon Ozelligi

Lineer dijital isaret iglemenin temel bir islemide
konvolisyondur. DFT siki bir gekilde ona baglanmigtir.
Periyodik elmayan x(nd ve h(nd isaretlerinin konvolisyonu
su sekilde tanimlanir

©
yCnd = ¥ xCmd> hC n-m D> (3.3.a)

m=—20

yCnd = xCn) * hCnd geklinde gosterilir.
EGer x(nd in wuzunlufua N ve h(nd) in wuzunlugu M ise ,
cirkigs sekansi yCnd N+M-1 uzunludundadir. Periyodik
fonksiyonun konvol ﬁsyonu'ise X

N-1
yind = ¥ xmd hCn-md (3.3.b)

m=0

Bu durumda ise ig sekansin uzunluguda aynidair. =Cnd ,
yCnd ve hCnd O , N-1 aralig:y disinda periyodik olarak
tekrarlar. Alternatif bakis icin bagimsiz degdisken

modiilo N e gdre hesaplanan nn olsun.
n modulo N = Cndn .
yCCndn D =¥ xC (mdn 3 hC C n—-m2On D ¢ (3.3.c)
DFT nin konvolisyon ©zelligi asagrdaki bagintiyla

verilir.

DFTC yCn2 2 = DFTC xC(nd 3 DFT C hdmd D (3.4.a)
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Bu gdsteriyorki periyodik iki fonksiyonun DFT nu herbir
igaretin DFT larinin carpimina esittir. DFT periyodik
konvolisyonu c¢arpma islemine cevirir. Bu ©zellik
konvoliisyon igin gereken isglem miktarini azaltmakta

kullanilir

yCnd = IDFT ¢ DFTC =Cnd > DFTC hCnd > O (3.4.0)

3.4 >xXnd ve XCk) nmin periyodik Bzellikleri

xC n D
XC n D

Bu tzellik modulo N e gbre hesaplanan terimlerin

xC n + ND , blitin n deferleri icin
XC k + N3 , biitin k deerleri igin.

indislenmesiyle,

Xt nd) =xCCdn D (3.5)
C k 2 = X € Ckdn D (3.6)
seklinde gbsterilebilir.

3.8 Oteleme ve Modulasyon tizellikleri

®xCnd isareti zamanda ttelenirse XCk) spektrumu lineer faz
ttelemesiyle carpilair. EZer,

XCkd = DFT C xCn2 3 ozaman

DFT C xC n + K > D = XCkd> &®T¥™¥E  (3.7)

Zamanda K kadar oteleme vyapilirsa linesr faz oStelemesi
spektrumda (2K~ N>k kadardir. Isaret Ustel bir dederle
carpi1ldidinda spektrumda Stelenir.

DFT ¢ x¢ n > & M™% = ye k- M3,  (3.8)

ew= cos X + j sin x ile carpim islemine modillasyon denir
ve ayn: zamanda modiile edilen igaretin spektrumunu da

modiilasyon btlgesine tSteler.
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3.6 Ornekleme Ozellidi

DFT orjinal isaretin trnekleme sonucunda elde edilen alt
ktimesinden olusur.
XCkd> = DFT € xCn3 D olsun.
ve xsCnd xCnd in her K.c1 dederinin drneklenmesinden elde
edilen sekans olsun.
#sCnd) = xCnkK> , n= 0,1,2,3,,,,(NKD - 1
N = LK kabul edilirse K-1
DFT € %xs(nd 2> =¢C 1K D ¥ XC k + MnsK D (3.9)

n=0
Bu gusteriyorki trneklerin DFT nu Stelenmis ve toplanms
orjinal DFT na esittir. Bu sirekli =zaman isaretlerinin
fourier doniUsiimlerinin ttelenme ve toplanmas: islemine
benzemektedir. Ayni sekilde belirsizlik XCkD

ttelenmesinin gakismasiyla meydana gelebilir.[3]

3.7 DFT ve Z doniisimi arasindaki ilgki

Uzunlugu N olan xCnd in z donisimid

2C xXnd > = XC =z D , (3.10)
N-1
-7
XCzd) = ¥ xCnd =z (3.11)
’ n=0

Bu bafintidan gtrilidycorki xCnd isaretinin DFT nu

dsnligtimiinden hesaplanabilir.

z =W = e 5lsun

DFT CxCnd) = XC=z> | = (3.12)

z=W

= XC W* > bulunur. Baska bir deyisle sxCnd
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isaretinin DFT nu z duzleminde esit aralikla birim daire

icinde dagilan , trneklensn XCkD kiUmesinden olusur.

3.8 Simetri ve gergek eleman tzelliginden kaynaklanan

bagintilar

DFT nun: tanimindan
N-ink
XCkD

n=0

]

T sCnd W (3.13.a)

N-1
-j2ink/N

T xCnd e (3.13.p)
=o

N-1

L %nd | cosC 2nsN dnk - j sinC Z2[pN dnk | (3.13.c)

n=0

it

Bu formda XCk> nin re=l ve sanal kisimlari ayri ayr:

analiz edilebilir ve sunlar sSylenebilir :

i3 Efer x€(nd reelse XCkd nin reel kism ¢ift fonksiyonsa
sanal kism tek dir.

1id Efer x(nd) sanalsa XCkD nin reel kismi tek ve sanal
kism ¢ift dir.

Bunlar: terimsel olarak yazarsak

Gift fonksiyonsa ,

xC nl) =xC N-nd =xC -n D (3.14)
Tek fonksiyonsa ,
x(n) = =xC N-n D = =xC -n 2 (3.15)

Genlik ve spektirumun fazida benzer gekilde :
xC(n) reelse genlik XCkd cift ve faz tek dir.
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Tablo 3.1 DFT parcalarinin karakteristikleri

uCnd vind UCk> VCkD
Reell(x(nl2) Sanaldx(ndd ReelCXCnd) SanaldXdndd

cift o cift o)

tek 0 o tek

O cift 0] cift

0] tek tek o

3.9 DFT nu hesaplama yollara

3.8.1 Goertzel Algoritmasi

Goertzel algoritmas: dir f’ﬁ& metoddan biraz daha
etkilidir. Bu metod ‘HN sekansinin periyodik olma
vzelliginin hesaplamay:r nasil azalttigini gosterir bir
rnektir.

Goertzel algoritmasini elde etmek igin ,

-kN je[pFoNk jarp
W, = e = e = 1 oldudunu (3.16)
hatirlayalaim.
N-t
XCkd> = ¥ xCrd WN = DFT C =xCrd) k= 0,1,2,,,,, N-1 (3.17.a)
r=0
~JeN

Esitligin saj tarafin:i ¥ carparsak esitlik bozulmaz.
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N-1
-kN kr
XCkd = W L x(rd W (3.17.0)
r=0
N-1 ~k(N=r)
= £ xCrd W (3.17.c)
r=0

Buna uygun olarak bir y(nd tanimlayalim :

N-1 )
—~k(N-1)
yCnd = F xCrd W (3.17.4)
r=0

Bu durumda ,
XCkd =y, Cnd | _ olur. {3.17.e)

ngesitlik xCnd in sonlu aralik 0< n < N-1 de sekanslar

WN ayrik konvoltisyonudur. Sonug ola.rik yCnd) sistemin
xCn) girisine W;‘kh birim “rneklemesiyle verdigdi cevap
clarak stylenebilir. ©Ozellike XCk) , n = N ig¢in sistemin
cikis dederidir.

€k yNCko

v

v
L 4

N

W—k
N

Sekil 3.1XCkD> nin birinci dereceden kompleks rekirsif

hesaplanmasini gdsteren akis diyagrami.

-k
WN ve xCn) kompleks oldugu igin her yeni kan) degerinin

hesaplahmas:. igin dirt reel carpma ve ddrt reel toplama
islemi yapilar. Bu durum direkt metoddan biraz daha az

etkilidir. Bununla beraber s=kil 3.1 de gtridlen
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algoritmanin hesabinda W;k nin hesaplanmasi ve saklanmasa
gerekmez ¢linkii bu katsayilar efektif olarak rekirsif
program tarafindan hesaplanair.

Ayni algoritmayr: benzer basitlikte birakarak hesaplama

sayisiny iki kat azaltabiliriz. Bu sistemin transfer
fonksiyonu :
1 -
= i 3.18.a
H Cz> e dar. ( )
1 - % =z
N

J
Bu esitligin C 1 - wNz—f) ile carpip bslersek ,

k

n C1-w z™%H
H (2> = - - , (3.18.b)
C1-w "< 2 > C1-W; 2 >
_k s
C1- W z © D
HkCZ) = = elde (3.18.C)

1 - 2ecosCC2[PNIKd 2 +

Bu sistemin isaret akig diyagrami asagidaki gibidir.

v
¥
L4

xCnd kak)

2ecosC ank/N) -W

-1

Seki 3.2 Ikinci dereceden XCk) nin rekiirsif hesab:

(Goertzel algoritmasid.
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Burada katsayilar reel ve -1 oldufundan ( -1 ile carpma
sayilmiydr > sadece iki tane carpma igslemi gerekmektedir.

Oncekinde oldugu gibi kutuplar:i yerine getirmek igin

dort toplama igslemi gerekmektedir. Sistemi yyC N 2> in
hesaplanabilecedi duruma getirmek ig¢in N.ci itersayondan
sonra sifirlary yerine getirmek igin -W;k kompleks

garpiminan hesaplanmasi: gerekir. Toplam olarak 2N reel
carpma ve 4N reel +toplama kutuplar igin ve dort reel
carpma ve dort reel toplama s=saifairlar igin gerekir.
Buradan toplam olarak 2C N+2 2 reel carpma wve 4C N+1 D
reel toplama ( direkt metoddaki reel islemlerin yaklasik
yarisy J gerekmektedir. Bu algeoritmanin diger bir
avantajir >x(nd in =z donisimi birim daire Uzerinde konjuke
ise xCkd we XCN-kJ nin hesaplanmasindadair. XC N-k 3 nin
kutbu ayni wve sifirlari ise kompleks konjuke dir. N
reel carpma wve 4N reel toplama iki DFT degerinin
hesaplanmasi demektir. Sifirlarin implementasyonu sadece
son iterasyonda yapilair. Boylece GCoertzel Algoritmas:
ile yaklasik NZ carpma ve yaklasik an® toplama
yapilir.Direkt metodda da igslem sayis: N’ile crantilidir.
Hem direkt hem de Goertzel metodunda XCkd nin tiém N
degerlerinin hesaplanmasina ihtiyac duyulmaz. M tane k
deferi i¢in iglem yapildigini diginirsek hesaplama NM ile
crantilaidir. M in wufak oldugu durumlarda bu yollar
kullanilair. Bununla beraber ¢ok karmasik algoritmalarga
isglem sayis: NlogzN ile orantilidir ¢ N 2 nin kuvvetiyse

J. M, log N den kiicitkse Goertzel en iyi yoldur.
S,

3.8.2 FFT ¢ Fast Fourier Transforms 2

DFT hesaplamasinda artirmak icin DFT nu daha kigitk DFT
larinin hesabiy seklinde yazmak etkinlifdi dramatik sSlctide
arttirir. »>€(nd isaretinin daha kuciik parcalara b#linerek
hesaplanmasi algoritmasina ’decimation-in-time’ ad:

verilir. Decimation-in-time algoritmasina en uygun s=kil
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N in 2 nin kuvveti olmas: durumudur. Bu durumda XCkD iki

tane N2 lik sekansin toplami geklinde yazilair.

3.9.2.1 FFT C decimation—-in-time >

N =2
N~-1 rk

XCkd = ZXCnJ WN >, =0,1,2,3,,,,,,N-1
n=0

xCnd i tek ve ¢ift sayili noktalarina ayirirsak

nk nk
XCkd = 3 =x€nd W + T xCnd W
: N N
cift. tek
¢ift icin n = 2r ve tek icin n = 28r + 1 yazarsak ,
(N/2)-1 20k IN/2)—4 p——
XCkd = T xCa8rd WN + ¥ xC28r+id WN
=0 =0
(N2Z)-1 zrk L Nozm2 , s
= ¥ xC8rd> C WN J  + WN L xC2r+13 ( WN b
n=C n=Q
ve
—2zj2[p -jz[peNs
W = e = =) = W
N N2
buradan,
w: o= W )
N N2

Sonug clarak X(kd y1 su sekilde yazabiliriz

(N72)-4 (NA/2)—-1
rk k rk

L xCard W + W T x(er+1d W
N/2 N N~
r=0 r=Q

XCkD

2

k
GCkD + WN HCkD

(3.19.a)

(3.19.b)

{3.19.c)

(3.19.4)

(3.20.a)

(3.20.b)

(3.21.a)

(3.21.b)
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Bu toplamlarin herbirine N/2 noktz DFT denir. Ilk toplam
N2 nokta c¢ift sayili noktalar ikinci toplam ise N2
nokta tek sayil: noktalardir. Indeks k O...N-1
araligdinda olsa bile toplamlar igin k nin O...N72-1

araliginda degigmesi yeterlidir. GLkD wve HCkD O...N2-1
araliginda periyodiktir.[4j

x(0) o——]

x(2)o——

%_nokta W/
' . W}
x(@)o——o,  OFT G2 N\ X(2)
(6) o G(3) ><><Z§
i |

— Xx(3)
Wi

x (1)o—e— . o X(4)
7 HIO) w

P : X(5)
x(3) _2__ nokta | ,. H(1) /\ wS

DFT — o X(6

x(5) o—+— % e e

i

- X(7)

x7 H(3) W}

Sekil 3.3 N=8 igcin DFT nun decimation—-in-time metodu ile
hesabi.

Sekil 3.3 deki akis diyagraminda her noktada toplama ,
uzantilarindaki katsayilar carpma islemini gdstermekte-
dir. Katsay: yazilmamissa deferi bir dir. DFT dort tane
cift sayili nokta GCkd ve dort tane tek savili nokta HCkD
nin DFT larindan elde edilir. Cnedin XC1D = HCOD W: +

GCOY dir. Benzer sekilde XC13 = HC1D w; + GC1Y dir.
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Direkt metodda kompleks c¢arpimlarin saylisl simetri
kullanilmadan NZidi. Iki N2 nokta DFT  hesabinda ise
2cNs2 2 kompleks c¢arpim ve vyaklasik ECN/EDqumpleks
toplama islemi gerekmektedir. Bu durumda N-/2 nokta DFT
ikineci toplami W: ile carpimi igin N kompleks ¢arpma ve N
kompleks toplamada bunu ilk toplama eklemek icin gerekir.
Sonug olarak DFT nin tim k dederleri icin hesabinda N +
ECN/E)zveya N 3 CN/E)zkompleks carpma ve toplama
gerekmektedir. N > 2 i¢in N + N/ 2 N%den ktictiktiir.

N ikinin kuvvetiyse benzer sekilde N2 nokta DFT iki tane
Ms4 nokta DFT toplam: seklinde yazilabilir. Buradan N-/2
nokta DFT olusturulur.

IN-2)-1 (N 4a)-1 IN/4)-1
rk 2lk 2l+Hk
kD = ¥ glr2 ‘HN/ = ¥ glald WN/Z + ¥ glt21l+1D> W N2 (3.22.a)
r=0 =0 =0
(N/4)-2 Lk x IN/4)~1 Lk
= ¥ gC2l> WN/“ + WN/Z Y g2k 1D WN/“ (3.22.b)
i=0 l=0
ve
(N7 4>~1 Ik K (N/4)~1 1k
HCkD> = Z_OhCEl) WN/4 + WN/z L_Eo hC2l +12 WN/4 (3.22.c)

i

x{Q) o——f N G(O)
—-nokta :
x(4) o= OFT v .

0 G(1)

W2
2) o—»—o G2
x(2) . %-nokta Wﬁ,z (2)
x(8) & OFT 3 °G(3)
Wiz

Sekil 3.4 (N=8 icgin) decimation-in—-time metodu ile N.2
nokta DFT nun iki tane N4 nokta DFT ile hesab:i.
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Sekil 2.4 deki Yapiy:r kullanarak M=8 icin DFT hesabinda
sekil 3.3 de yerine koyarsak sekil 3.5 elde eilir.

x(O)o—— -

x(4)°f""

x(5)

x{3) o—s

x(7) o>

Sekil 3.5 N/4 nokta DFT hesabinin sekil 3.3 de yerine

konmasa .

Genel olarak N ikinin kuvveti oldugunda ve tcten biiytik
oldugunda N-/4 nokta , N8 nokta ve iki nokta kalincaya
kadar buna devam edilir. Bu da logzN kisim islem
demektir. Onceki hesaplamada N nokta DFT nun N/2 nokta
donisiime ayristirilmasinda N + CNs2>2 kompleks carpma
ve toplama gerekiyordu. N2 nokta DIF nun iki tane N-4
noktaya aristirilmasinda N-s2faktsri yarine konursa
N/E+CN./4)zelde edilir, Bu durumda toplam islem sSayisi
MN+N+ 4CN/4D zkc;m;:«l eks carpma ve topl ama islemi
gerekmektedir. N=2"ise bu islem v= logzN kez yapiir.
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Bsylece kompleks carpma ve toplamalarin sayisi N loggi
bul unur. Sekil 3.6 da her kisimda N g¢armpa ve N
toplamaya sahiptir. Toplam N logszompleks carpma ve

toplama wvardar.

x(3)

x(7)

wg ws W
Sekil 3.8 Sekiz nokta DFT nin decimation—-in-tome metodu

ile hesabindaki tim akisini gSsteren diyagram.

Iki noktanin akis diyagrami ise sekil 2.7 de oldudu
gibidir.

x(4) >
‘Wz= :’2=—1

Sekil 3.7 Iki nokta DFT nin akis diyagram:i.
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Sekil 3.6 deki akig grafa DFT icin bir algeoritmay:
ag¢iklamaktadir. Bu grafta tnemli lan dallarin dtigtimlere
bagli olmasi ve bu dallarin dider tarafa iletilmesidir.
Digimlerin ne ss=kilde dizenlendidi ©nemli dedildir.
Onemli olan bunlarin diiumler ve ileticileri arasindahep
aynl hesaplamay: gerektirmesidir. Buradaki algoritmada
tek ve ¢ift noktalar ayrilmgtir. Bunlarin hesabinda iki
tane kompleks dizi kullanildigini varsayilirsa ilk dizi
girig isaretlerini ikincisi ise ilk kismi tutacaktir.
Kompleks sayilarin gekil 3.8 daki gibi sirayla tutuldugu
dilsiiniilirse m.ci kisimdaki kompleks sayilar X g}) C
1=0,1,2,...N-1 2> olarak gitisterilebilir. Ayrica uygunluk
aglsindan giris ornekleri XOClDolsun. XmCl) girig wve
Xmgli) de m"l.ci kismin ¢irkigsi oldudu disiinilirse N=8 ig¢in
sekil 2.6da

X CO> = xCOD
X C1) = %C4d
X (2 = %2
X €3 = %8
X C4) = xC1D
X C5) = xC5)
X €8 = %D
X C7) = xC7D

Q

o}

o]

0o

0

o

o]

o]

dir. Bu notasyonu kullanarak temel islemi gekil 3.8 deki

gibi tanimlayabiliriz.|5 ]

hd »

xm(P)

xm(q) Kmet (Q)

(raN/2]
Wi

Sekil 3.8 Temel ’butterfly’ hesaplamasi akis diyagrami
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Sekil 2.8 deki graf sdyle agiklanabilir

r

X ,CP> =X Cp> + WX, C (3.22.a)
r+N/2
X 0 =X Cpd + W Xm Cqgd (3.22.b)

Bu egitlik kompleks carpimlarin nasil azaltilabilece@ini

g¥sterir. Bunun ig¢in ,
Nsz  -j2[}pNONs2 -iM
N = e = e = -1 kullanilirsa, yukaridaki
esitlik .
X,,,\.Ep) = XmeD + WN Xqu) (3.24.a)

T
X 1 =X Cpd - W, ¥ Cad olur. (3.24.p)
Bu esitkiklerin akis diyagram sekil 2.9 ca
gdridlmektedir. Burada Ns/2 tanes kisim vardir ve lcgzN
kisim N logzN islem yerins N2 logzN kadar igleme ihtiyag
duyar. Bu temel kelebek grafi gsekil 3.8 da yerine
koyarsak sekil 2.10°u elde ederiz. Yukaridaki

esitliklerde p,gq wve r kisimdan kisima deJismektedir.

Sekil 3.8 ve 3.10 da goriildigy gibi m+l.dizinin p ve g
bl gesindeki kompleks sayilarinin hesabi icin m.ci
btlgedeki dizinin p ve q elemanlar: gerekir. Boylece
toplam N uzunludunda kompleks dizi elemani X Cpd wve X
Cg) hesaplanmasinda ayn: bdlgede saklanan X C(pd wve X(Q
ya ihtiya¢ duyulur.

X (p) ——— P Xl
Wi '
Xen (Q) o Xme1la)

Sekil 2.9 Indirgenmis butterfly (1 kompleks carpim 2
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Sekil 2.10 Butterfly hesaplamasiyla 8 Nokta DFT nin akisg

divyagramzy.

Bu tir hesaplamaya ’In Place’ hesaplama metodu denir.
Avantaji yeni bir hesaplama yapildiginda orjinal veri ile
ayniy bitlgede saklanabilmesidir. sekil 3.6 wve 3.10
in-place hesaplamasi ile yapilmistair. Burada giris

verileri orjinal siralarinda degdildir (¢ bit-reversed

order D). Indisleri ikili diizende gosterirsek
X CO00D = xC000d
X CO01> = xC100)
X C0103 = xCO10D
X CO112> = =C110D
X C1003 = xCO01>
X C1015 = xC101>
X C110> = =xC011>
X C111) = xC111D

elde edilir.
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*x(nJ sekansinin anninoj ikili gosterilimiyle sekans
degeri XCnoninzD de saklamir. anznino) pozisyonunun
hesabinda indeks bitleri 4%ers cevrilmelidir. Neden
bitieri ters c¢evirerek hesaplama gerketidgini disinirsek,
ilk olarak >x€(nd in ¢ift v& %tek olarak ikiye ayrildigdim
hatirlayalim. Bunu indeksteki en az anlamli bit n,
belirler. Sekans dederi ¢ift Brnekse Xgl) nin yukaridaki
kisminda , tek numarali #&rnekse Xgl) nin alt kisminda
¢girkar. Sonra tek ve c¢ift mumaraliy alt sekanslari kendi
aralarinda siralamak icim ikinci en az anlamli bit
nikulianlllr. Cift numarala bir sekansin ikinci en az
anlamli biti O sa cikisi ¢ift numaral:i bir sekans , tekse
cif‘t,A numarali bir sekans elde edlilir. Bu iglemler tek
numarali sekanslar ic¢cin de yapildifinda ve N kez
tekrarlandigdinda wzunlugu 31 olan alt sekanslar elde
edilir. Bsylcece DFT bit-reversed siralamayla basaril:i
bir sekilde daha kiciik alt kisimlara ayrilms olur.
Bunun afa¢ diyagram: sekil 2.11 de gﬁrtilmektedir.[sj

fio Fip n2 B
> ‘ . o
;o 0 ——— x{100)
o . O o
1 e X(O,1~‘O)
o . 1 . :
x(nz 0y ng) —_—— x(110)
] o} .
o ——————— x(OO.‘l)
o , 1 o
0
[ ot
- 1 .
—_— x{111)

Sekil 3.11 Bit reversed siralamay: gosteren agag

diyagram
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Bu grafin alternatif formlar: sekil 3.12 , 3.12 ve 3.14
de g&rilmektedir,

x(0)

S S x(o).'_
\vﬁ
x(2)o X(2)
x{4)c > X(1)
x(5: < :f ’XA{’V " X(5)

x(7)o

X(?)

Sekil 2.12 xCnd normal sirali XCnd bit-revers=d

Sekil 3.12 xnd ve XCnd normal sirala
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Sekil 3.14 Veri erigsimi ve saklanmas:i sirali durum.

Yukaridaki sekil RAM bellek gerektiginde oldukca
faydalidir. En tnemli ©=zelligi graftaki her kismin ayni
geometriye sahip olmasidir. Bu ardisil veri erisimini

miimkin kilar.

3.8.2.2 FFT ( decimation-in—-frequency 2

Diger bir FFT algoritmasi ise decimation-in-frequency dir.

Decimation—in-time algoritmasinda girig sskansi >»Cnd alt

sekanslara bolinUyordu, Burada <¢i1kig sekansi XC(kD
benze sekilde alt sekanslara bslunur. Bu tipteki FFT
hesaplama yoluna decimation-in-frequency denir. FFT nun

decimation-in-time seklindeki formunu tUretmek icin @nce N
in 2 nin kuvveti oldugunu varsayalim. Onecelikle giris
sekansy tek wve g¢ift numaralal noktalar olarak ikiye

ayrilair. Bsylece ,
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{IN/2)~1 nk (N/2)-1 nk

XCk> = F x(nd) W + L xCnd ¥W_ (3.25)
n=0 n=Q

veya,
{(N-/2)~1 rk (N2 {(N.72)>-1 nk

XCkd = £ xCnd W+ W, L x<n + N2D3 W, (3.26)
n=0 n=o

(N2 k

L = C-1)  bunu kullanarak, (3.27)
(N/2)~1 x ] Xn

XCkd> = ¥ xCnd) + C-10xC n + N2> ij (3.28)

n=0
elde edilir. Simdi k nin tek ve cift oldudu noktalar:

XC2rd ve X(2r+1) ile simgelerssk

(NA/2)~1 20
X¢2r> = § - {x(n) + xC n + N2 W (3.29)
n=0
(N 2)-1
n 2rn
XC2r+1d = 7 {x(n) -xC n + N/2D }wN LA (3.30)
"n=0

W2x-r'\ _ ‘;n (3.31)’
. N Ns2

glnd = xCn) + xC n + N2 2 (3.32)

hCnd) = xCnd) - xC n + N2 D (3.33)

n
DFT hCn)WN ve gin) sekanslarinin hesaplanmas:iyla ve bunun

sonucunda iki tane M2 lik DFT nin hesabiyla elde edilir.
Bu metoda ilisgkin graf sgsekil 3.15de giritilmektedir. N

ikinin kuvveti olarak dustintilmiistiir. [7J
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x(0) - : oo X(0)
,mx A A. W o X(4)
0 .

x(2) g 0 X(2)
[ v
x4)d A‘ 0" WL o~ oX(1)
X(5)d ‘A‘A "w?‘x(s)
/AN X

5 0 - 0 . o X(3)
-

: 0
w3 . Wy
oy ! - - 0X(7)
X7 Fa) -1 -1

Sekil 3.17 decimation-in-frequency ayristirmas:
kullan:zlarak sekiz nokta DFT nin tim akig grafi.

Xy -1 () 0%, (p)

Xy-1lq) < X,(q)

Sekil 2.18 decimation in frequecy ayristirmasinda son
asamaca gereken iki nokta DFT .

r
Burada gerekli olan islem sayisi N = 2 olma durumunda N2

1 ogzN tane kompleks carpma ve N 1 ogzN komples toplamadir.

Bu da decimation-in—-time algoritmasiyla aynidair.
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Butterfly yapisi decimation—-in-t:me metodundaki yapidan

daha farklaidir. Buna ait graf sekil 3.19 da
goriilmektedir.
Wy
Xm(q) > -1 ~ —0 xm‘rl(q)

Sekil 3.19 CSekil 3.17dekil DFT nun hesabinda
kullanilacak butterfly graf.
Decimation-in-time hesaplamasindz kullanilan egitlikler
C = b b
X Ip) Xme, + WN Xqu) (3.34)
r

xm+iq> = Xme) - WN XquD idi. (3.35)

Burada Xmile anxin yerini degigtirirsek ,

= (
X _Cp2 1/2 C X Cp>) + W X C ) (3.36)
-7
XCgd) =1-2C X Cpd) - X €Cg> 2 W_ olur. (3.37)
m . m+ 4 m+ 41 N
xV = X CkD (3.38)

Bu formu kullanarak N=28 icin gsskil 32.20 elde edilir.
XOCk) xCn) in bit reversed yap:s:ina egittir ve Ters FFT

hesabinin nasil yapilacagini: ggstierir CIFFTD. [8]
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IFFT doniisimi ,
N-1 —kn
*Cnd) = 1/N ¥ XCkD W ile elde edilir. (3.39)
k=0
Sonug olarak FFT algoritmasinin g¢ikigslarini N ile b@ler
wNin kuvvetleri yerine W;iin kuvvetlerini kullanirsak

Ters DFT CIDFTD nu hesaplamis oluruz.

b | b b ]
3 z 3
X(0) —p——a— oo
' » Wi
3 E N

X(1)q ”’ w‘° _ 0 x(4)
X213 L2 *’*(2):
VA=

X(3) ’v v

XM)EWN - : —— :12- o x(1)
X(5) ‘AAWAA Wa2 o
Wk v‘v o . -1

1
. Wy 3 .
X(6) f . AA_1 M ot G%(3)
NN
‘x(7) Z N N .A. X(?)

-1 -1 -1
Sekil 3. 20 Butterfly yaplsi eQrilerek IDFT nun
hesaplanmasi.

Sekil 3.20 deki IFFT algoritmasinda 1.2 w; yerine w; ile
carparak ve her asamadaki 1.2 katsayisi cikisi N ile
carpmaya denk oldudundan FFT algoritmasina kolayca
dontisebilecegi g&rilmektedir. Buradan su sSonug
¢ikaralar. Her decimation-in-time FFT algoritmasi igin
bir decimation—-in-frequency algoritmas: vardir.
Alternatif formlara sekil 3.21, 3.22 wve 3.223 de
gﬁrﬁlmektedir.[g]
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x(0) o q p——0 X(0)

x(4)o - > — P o X(1)

H(Rlos s ’A X (2
e Y %; o
x(1)e o — 5 d a8} oX(4)
i N XX

NSNS y l o X(5)

x(3) — o N ox(6)
w3 wz wo
x(?)X——é1 N —p N N ox(7)

Sekil 3.21 Decimaticon-in-frequency DFT algoritmas:.
3.17 den elde e=dilmistir. Giris bit-reversed
normal siral:i. Sekil 3.12 nin evrigi.

0 X(6)

o X{(7)

Sekil
cikis

Sakil 2.22 Sekil 3.17 nin yeniden dizenlenmig hali giris

ve gikisg normal sirali
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Sekil 3.283¢8ekil 217 nin yeniden dUzernlenerek ardigil

veri erisimini ve saklanmasin sadlar hale getirilmesi.’

3.8.2 N carpanlérlna ayrilabilir ama 2 nin kuvveti

degilse FFT hesab:

Decimation—in—-time ve decimation-in-frequency FFT

algoritmalarinda N in ozel durumu ikinin kuvveti oldugu
diisiintil miigt . Simdi N birkac sayini carpimr olarak
alinacaktir. N= 85 9 8 gibi. N = ppp..... pvgibi

sayrlarin garpimiyla elde edilyor olsun.

Simdi bir g carpani §85y= tanimlanairsa ,

9,7 P,P,Py---P, - 'Bu durumda ,
N = P, qiolur. N 2 nin kuvveti iss P, 2 ve g N2
segilebilir. Benzer gekilde girigi p ve g uzunlugunda

ikiye ayirabiliriz.
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P,= 3 ve q,= 4 olsun. N = 12 dir. =x(Cn) sekasnlarini su

sekilde alt sekanslara ayirabiliriz.

1.sekans xC0) x(3D (6D =CA
2.sekans xC1) xC4D) (72 xC10d

3.sekans xC2) x(C5) x(C8) %xC11d . Genel olarak X{kD ,
N-1 n L
XCkd = F xCnd W , (3.40:a)
n=0
- p rk ! K Fyte
XCkd = ) xCpirD WN + 3 € p,r + 1 3 WN W+ (3.40.p)
r=0Q - r=0
qz <p1—1>1< p rk :
+ ¥ xC;::1 r + P, ~ N WN' WN veya
r=0
7 ?.’!:1 P ik )
XCk> = % L A I =<C p,r + 1 > ?IN seklinde
l=0 r=0
yazilabilir. (3.40:c)
q, nokta DFT su esitlikle hesaplanir
qi—t P xik
GCkd) =% xp,r +10D0 W bunun kontroli (3.41)
r=0 3.
pirk rk
= = ici 3 3.42
W, qu » N P, 9, icin saglamir. ( )
Buradaki toplam igslem sayis: qinokta' DFT igin piqf
kompleks carpim ve  toplamadir. Gcift toplam ile

gosterilen egitlik icin toplam olarak NC P~ 1 DJkompleks

carpma ve toplama gerekmektedir. pqinokta DFT igin ise

1
toplam olarak NC pi—l >+ piq:kompleks gcarpma ve

toplama gerekmektedir. 9, nokta DFT de benze sekilde ,
9,7 P,9, gibi ifade =dilerek islemlere devam edilir.
Bu durmuda DFT icin gerekli toplam kompleks carpma ve
toplamalarin sayisi genel olarak A

NC P,¥ Pt et P~ Vv > dir. [10]



.x{0)o—

x(3) o—
x(6)o—
x(9) o—
x(12) o—

x(15)

Six~point

DFT
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GolO) + G,(0) + G,(0)

Gol1}+ W G4(1) + W2 G(1)
Gol2) + W3G,(2) + W G,(2)
Go(3)+ WRG(3) + WEG,(3)
Gol4)+ WG, (4) + WEG,(4)

0 Go(5)+ WRG,(S)+ Wi9G,(5)

x(1)o—
x(4)o—j
x(7)o—
x(10)o—

x(13)o—

x{16)o——

Six - point

OFT

GolO)+ W§G,(0) + WI2G,(0)
Gol1) + WG, (1 + wWide,(1)
Gol2)+ WG (2)+ WiSG,(2)
Gol3)+ WRG,(3)+ W!BG,(3)
Gol4)+ WG, (4)+ W20G,(4)
Gol5)+ WRG,(5)+ W32G,(5)

" " \ 7 / Y’/ "-

\\ 'A’A’A l; AN

v YWY / LN

OGRERs
W

G,(3 £\ l.“':. A'A‘A

""u WY
.9 AA}\ AN
» WY
A\ A\,

" \'\"’

x(2) o—

x(5} o—

x(8)o—

x({l1)o—

x(14) o——

x(1 7) o——

Six-point

OFT

GO(O_H- WE2G,(0)+W3G,(0)
Go(1) + Wi G4(1)+ W35G, (1)
co(z)+ WG, (2)+W28G,(2)
60(3)+ WY Gy(3)+W30G,(3)
Gold)+ WieG 14)+ WG, (4)

GolS)+ W G,(S)+ W34G,(5)

Sekil 3.24 18 nokta DFT nin ayristirilmasindaki ilk asama

=322

> P, =
xCB) =€ =Ci2d

3 ve q,=
xC18D

& olur.

N = 18 alirsak , N
l.sekans xC0) =3
.2.sekans xC1) xC4)
3.sekans xC2) x5

herbiri 8 uzunlukta

2
XCkd = §  w'k .
18
l=0

*C73 xC100 xC13D
xC8) xC11D xC14D

e sekans alinir.

Y xC 3r + 1

r=0

xC18>
»xC173

ark

i8

(3.43.a)
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X 2k
= (o
GOCk) + W1861Ck) + Wier‘kD R (3.43.b)
s rk z sk 3pk
Kk =¥ xC 3r +1 D Wé = W6 L xC 8p + 3s + 1 ) Wd
r=Q e=0
(3.43.c)
elde edilir. Bu durumda XCk> ,
2w ? et u ok
XCkd> = ¥ Wie N Wﬁ Y xX8p + 3s + 1 > wé bul unur.
l=0 s=0 P=0
(3.43.9)

Sekil 2.25 6 nokta DFT nin ayristirilmas:.
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X (k)
=Golk)+ WY Gy (k) + WE* G (k)

X (k+q,}
= Gg (k) + W 911G, (k) » Wk *a1) G, (k)
5(k + qi)

wik *2q,) X{k+2q,) '
Galk) N =Golk)+ Wkt 29G () + w3tk * 23 G, (k)
Wg(k+2Q1) k=0,|,,,,, p1_1

Sekil 3.26 Uc nokta DFT nin hesabi

G (k) o——> Go (K) + WK G;(K) WEX G (k)
w'kq | 3 Q1G (k)
Gy (K)o > Golk)+ W W\ Gy
+ W2k W2 G,(K)
X
Wi
' kW33 G, (k)
G2 (k}o U qi" Go(k)*WNWN 1
| Wi + W2 wilie (k)
k=0,,..., P4 -1

Sekil 3.27 $Sekil 3.268 nin alternatif formu.



4. FIR FILTRE TASARIMI

4.1 FIR Filirelerin tizellikleri

FIR € finite duration impulse response J filtreler
tiimiyle stabil ve lineer fazlidir. Genel amagli donanim
elemanlariyla rahatga realize edilebilirler. Tasaraim
metodlar:y yizitinden rekirsif olmavan veya konvoliszyon
filteresi olarak da adlandirilairlar. Filtrenin impuls

cevabi sonlu oldugundan gikis su sekilde yazilabilir

N--1
yind = zhCm)xtn—mD.‘ (4.1)
m = O
n-N + 2
y{nd = Y hCn-m> x{ m?2 yazabiliriz. (4.2)
m = N
h€ n 3 = N uzunlufunda impulse cevabi , (4.3)
xt n 2 = Girig

4.2 FIR Filtrelerin frekans domeninde tanimlanmasl

FIR filtrenin frekans domeni transfer fonksivyvonu hind

z donligtimil clarak ,

N-1 -n )
- jwn
HCz>=Fhtndz=z , = e (4.4)
n = Q
T =1 zlandigindan € —jwnT 23 = —jwn .
T = Ornekleme aralidinda gegen siire.

H C ejv D frekans cevabi.
Impulse cevabir ayrik zaman defigkeni n in fonksiyonu

colmasina ragmen , frekans cevablr Z[] ile periyodiktir. 1]



~jwn —jvznn
=]

HC w+ 212 =L hCnde
w = 21

HC w2, (4.5)

DFT belirli frekanslardaki cevabi bul mak igin
kullanilabilir.

N uzunlufundaki impuls cevabr hC n 3 sgu gekilde

tanimlanmigtar
N-1
CCkd>=yhem MY 20,1, ... N-1  (4.6.2)
n = 0
CCkd>=HCwD | =HC 2k ~ ND (4.6.5)

v o= zn’k/N
Buradan hi(nd in DFT nu frekans cevabindan N adet &rnedi
verir. N nokta frekans cevablnln taniml anmasinda yeterli
olmayabilir. Bu durumda L uzunlufundaki DFT yi bulmak
igin basit bir gekilde L — N tane si1fir eklenerek frekans
cevabli daha belirgin olarak elde edilir. L. sonsuz
vapilirsa DFT ayni: =zamanda hC n 3 in fourier donugtimi

olur.

- FIR filtreler ©tzellikle Lineer Faz titelemelidir. Faz

kaydirma g8yle tanimlanabilir

HCwD=RCwd+ 3JICw?)> (4.7)
GCenlik ve Faz 2 2
MCwD=]HCwD]=SORCE+ID » (4.8)
d w2 = arctan ¢ I R D , . “(4.9)
Buradan , .
- jdowy
HCwD =MCwde olarak yazilabilir,

MC wOJ analitik degildir ve dC w D =sltrekli degildir.
ACwDd ==+ MC w3l mutlak dederi alinirsa

HC w3 = AC w3 eje“” olarak yazilabilir.



Bu tanimlamayla ACw) analitik ve olwd siUrekli kilinir,

Mw)

A (w)

taj ths

Sekil 4.1 Genlik ve fazin siirekli kilinmasi
a= sireksiz , b= slirekli

Faz fonksiyonunu genel olarak
e(w) = K1+ K2 W olarak yazarsak, (4.10)

N uzunlufundaki filtrenin frekans cevab:

HCwD=ACw)ej(K1+K v 1
oLur. (4.11)

M=CN=-12 /2 veya M =N - M -1 alinarak



K =0wve K =1 /2 alinmirsa Ilk durum igin

1 2

tek simetri wvardar
ht n>2 =h{N-n—-1 2 buradan
HCwd=AC wd e ™ (4.12)
e-jMv lineer fazi wverir.
N tek ise
M-1
AC w2

il

n=0
M

reghi n 2 cos C wl M=-n?d2 3+ hCMD>D (4.13.a)

ACwI =Y28hC M -nd cos C wn 2 jthM) (4.13.b)
n=1

N gift i=e
N/2Z-4

ACwd =3 2hC(ndcos C wlM~-n2do> (4.13.¢)
=0
N /2

ACwd =Y 2h C N/2n D cos C wln - 1/2 33 (4.13.4)
=1

K1 = /2 ise ¢gift simetri vardir.

N tekse,

h{ nd =-hCN-n-172 dir. (4.14)

HC w2 = 3 AC wd e ™ dir, (4.15)
M~1

AC wD =Y 2hC n D sin C wC M-n 3D (4.16)
=0

N giftse,
N/2~1

ACwD = 2hl n ) sin ¢ wC M-n D) dir. (4.17)

h=0



4.3 FIR Flltrenin Dort Tipi

1. Tip

Impuls cevab: tek uzunlukta ve n

M = C N-1/2 2
civarinda ¢ift simetrik.

2. Tip
impuls cevabi cift wuzunlukta wve M civarinda tek

simetrik ancak herhangibir hCnd simetri ekseninde yok.

3. Tip :

Impuls cevabi tek uzunlukta ve tek simetrik.

4. Tip

Iimpuls cevany ¢ift uzunlukta ve tek simetrik.

1 2
h(n)' A(n)
- T | T .
7 T 1. [ S I
0 1 Z 3 4 0 1 2 3
0 M N-1 0 M N-1
3 4
h(n) h(n)
‘ 9
e 0| ,,
0 1 2 3l -‘i o[ 1 2 3l
' I
|

sekil 4.2 FIR filtrenin 4 dedisik tipi.



Aln) = A(—w)
A(?! ~~ m) = A(R‘ -— w)

Alty + 21} = A(w)

A-(m) =A(—w)
Aln 4+ ) = —Ala — w)
A(w'+ 4r) = Alw)

Aln) = —A(—wm)
AR+ m) = —A(x — )
Alw + 2rn) = A(w)

Ale) = —Al = )
Alr + ) = Al(nn — w)
Al + 4x) = A(w)

1
Alw)

-7 ¢} g 2x 3= 4 F
2 A(w)

4.3 Drt tip filtrenin genlik fonksiyonlari.



4.4 FIR Filtrenin Frekans

1.Tip :

Ak-:AC 2k -~ L 2
2.Tip :

Ak=AC ek - L2
3. Tip

Ak=AC gk -~ L2
4. Tip

Ak=AC ek ~ L 3

Tim durumlarda M =

gecikmesi verir. [12]

M-1

= ¥ 2hCnd
nzQ
N/z~1

= ¥ 2hcnd
n=0

M-1

= ¥ 2hCnd
nz=g
N/2-1

= ¥ 2hCnd
n=0

C N - 1

Cevabinin Hesaplanmasa

cosC ErrCM—nDk 2L O +hCM

(4.18)

cosC Enc M-nDk 2-L 2

(4.19)

sinC 2KM-ndk J>-L O

(4.20)

sinC 2rCM-ndk DL 3 (4.21)

> s 2 , ortalama zaman



5 LINEER FAZ FIR FILTRE TASARIMI

Temel clarak FIR filtre tasariminda su adimlar izlenir

Frekans domeninde ideal cevabin tanimlanmasai

N uzunlufunda FIR filtrenin sec¢ilmesi

w e

Filtrenin cevabinin bir kritere gdre arzulanan cevapla
kiyvaslanmasi
4. Kullanilan kritere gtre FIR filtirenin secilme iglemi

igin bir metod geligtirme.

Iteratif olarak bu iglemlerin tekrariyla FIR filtrenin

arzu edilen cevaba yakinzamasi.

FIR filtrelerin avantajlari kisaca style
Szetlenebilir.
1. Katsayilara 1 e kolayca yvakinsarlar ve asla

.degismezler oysa bir kapasitenin sicaklikla deJisimi
miimk Undur .

2. Kompleks , farkli band ve farkli kazanclarda , analog

tekniklerle yapilamayan , filtreler tasarlanabilir,

3. -850 =~ -B60 dB kazanca durdurma bandinda analog

tekniklerdekinden daha ¢abuk ulasilzir.

4. FIR filtreler tiumilyle stabildir ve lineer fazlidir.

5. Gecirme bandinda agim < pr4l olacak sekilde

tasarlanabilirler.



5.1 Ideal Alcak geciren filtrenin tasarim

Algakgegiren filtrenin ideal cevabi w = 0 , w =
wiar's;ndaki igaretleri gegirmesi ve w = wiile v =T
Nygquist frekansi arasindaki isaretleri gegcirmemesidir. ¢
sSek 5.10 Baz: durumlarda gegig bandi ile durdurma band:
arasinda bir gegig btilgesi ( arzulanan yada arzulanmayan
igaretlerin bulundugu 2 var olabilir wveya bu bilge
istenen ve istenmeyen iLisaretlerin c¢akigtiFi bir bslge
clarak dugtiniflebilir. Bu bilgede gegiz ve durdurma
bandlari arasinda yumugak bir gegig vardir. Bu sekilde
daha iyi bir yakinsama saglanabilir.C Sek 5.2 > Ugtnci
clasilik ise gecls bolgesinin yakinsamaszsinin
tanimlanmamasidir.C Sek 5.3 D

Ac(w)
&

D wl W

Sek 8.1 Ideal Algakgeciren Filtire Frekans Cevab:i

¥
v

sek B.2 CGecig btilgesi olan Algakgegiren filtrenin

frekans cevabil



1.0
|
0 J { ¢
0 ‘r> ) wl w2 f P
Gegirme banda Durdurma bandi :
sek ©5.3 Cegis btlgesi yakinsamasi tanimlanmamis

Alcakgeciren filtrenin frekans cevaba

Yakinsama Kriteri : Hata ®lgimii genellikle FIR filtre
tasariminda kullanilar. Birincisi frekans cevablna
yakinsamadaki hatanin ortalama karesidir. Ikincisi ise
frekans cevabinda belirtilen b@lgeler igin maksimum
hatanin gozdnune alinmasidir. Ugstinett yaklasim ise arzu
edien cevabin Tayvlor serisi yaklasigdinin alinmasaidir.
1.ci wyaklagim Least Sguared Approximation LS olarak
2.ci yaklasim Chebyshev yakinsamas:i ,

3. cid vaklagim Butterworth veya maximally flat

yakinsamasyi olarak adlandlrlllr.BB]

Tasarim metodlarini irdelersek ,

1. yaklasim : Frekans Ornekleme Metodu hizli wve basittir.
Ama frekans cevabi Uzerinde kontrol .¢gok azdir.

2. wyaklasim : LE hata metodunda kullanilan hata
fonksiyonu igsaretin veya giuriltiniin ener jisiyle bagdintila
olmasidir. Bazen frekans cevaba osilasyonlu olmakla
bersher pencereleme , gecis bolgesi ve agirlik fonksiyonu
kullamilarak istenmeyen bu durumlar kontrol edilebilir.

3. yvaklasim : ParksMcCellan algoritmas: Chebyshev
hatasiniy minimize eder ama tasarim algoritmasi biraz daha
yavastair. Bu metodlar bir sonraki btliumde tek tek ele

alainacaktair.
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5.2 FIR Filtre Tasarimi Metodlarinin Incelenmesi
8.2.1 Frekans Ornekleme Metodu

Bir Snceki bdSlimde freans cevabini filtre katsayilaraindan
yvola gikarak nasil hesaplandigini incelemigtik. Frekans
cevabindan ycla gilarak segilen N adet &rnek yardimiyla N
adet filtre katsayisi CCk> = HCw)] adet egitligin
V=[N cziilmesiyle bulunabilir. Filtrenin frekans
cevablr mutlaka arzu edilen noktalardan gegecektir. N tane
egitligi direskt cozmek genellikle istenmeyen bir
durumdur . Yaklagaik olarak Naadet aritmetik iglem
gerektirir. Frekans &rnekleme egit zaman araliklariyla
vaprliyorsa DFT kullanilabilir. Impuls cevabinmin DFT nu
frekans cevabinin rneklerini verir. Frekans Srneklerinin
ters DFT nu € IDFT 3> filtrenin impuls cevabini wverir.
Burada genel olaral N’aritmetik iglem yapilir. Eger FFT
kullanilacak olursa N log N adet igslem yeterli olur.,
Frekans ornekleme metodunda IDFT kullanarak hCn2 filtre
katsayilari kolayca hesaplanabilir.

N~-1
hCnd = 1/N § ¢ o ™ (5.1)

=0

Eer filtrenin frekans cevabi HC(w) lineer fazli ise
dsrdiincll bslimde verilen dort degigik filtre tipi igin su
sadelegtirmeler yapilabilir

1.Tip igin :
N tek,
L =N,
M = C N -1 22 » 2 ve w = 0 da 1 frekans &rnedgi



alinarak ,
N-1
Ak= L 2hind cos C 2kC M-N 2 ~/ N 3 + hCM (5.2)
n=0
ACW) wyi1 kullanarak IDFT nunu alirsak

N-4

-je[pk/ N jznnk/N
hCnd = 1/N ¥ e A e , (5.3.a)
=0
N~ J2[f n-M kN
= 1N} Ak e elde edilir.
k=0
(5.3.0)
hCnd reel cldigundan Ak = AN—k dir. Bunu g@ztintine alirsak,
M
HCnd = 1N C Ao + L& Ak cos C 2 n~M 2ksN 3 3 olur. (5.4)
k=1

Sadece hi{n) in M noktasindaki dederi simetri yiiziinden
hesaplanmas: yeterlidir.Bu formiille impuls cevabi hind
frekanz cevabi Srnekleri Akyar dimiyla bulunur. Gereken

aritmetik iglem sayisi N? yverine M° dir.

2. Tip

N gift ise,

N/2-1
A = L 2htnd cos C 2r€C M-ndk ~ND dir. (5.5

n=0
tasarim formili ,

N/2~4
= - (5.6)

hCrnd 1/NCA°+ EaAk cos C 2 n-M Jk/N O

k=1

N gift ve A = O dar.
N2

Bu durum frekans &rneklerinin w= Z&rk/N k=0,1...,N-1
seklinde alinmasiyvlia elde edilir. N egit aralikla 8rnek
w = O dan baslanarak alinmir DiGer durumda ise
w=0C 2k+l 2 # N k= 0,1,... N-1 ancak w = 0 da &rnek

alinmaz. Bu tip frekans trneklemenin DFT ile iligkisini



kurmak daha zordur fakat A%YL tteleyrek ve 2N DFT nunu

alarak miimkiin olur.

Tek ve ¢ift wzunluk iki tipi , sifirda &rnek ve sifar
frekansinda drnek almamak da diger iki durumu
belirlediginden ©nceki btlimde bahsedilen 1l.ci ve 2.ci
tipteki FIR filtrelerin dort degdisik frekans ornekleme

metoduyla tasarimini elde ederiz.

Tek uzunluk ve sifir da drnek olmazsa ,

M-1
Ak= I 2hlnd cos C 2 M-N 2Ck+1/2> ~/ N 3 + h(M (5:7)
n=o0 4
M~-1
hCnd = 1N CﬁAkCOSCBan—M JCk+1 720+ AMCOSC nCn-MDD 2

.

(5.8)

Drdiincd durum Cift uzunluk ve sifirda ve w=0 da rnek

olmazsa ,
N-4
A = L 2hCnd cos C Z[C M-n 2Ck+1/2> / N D (5.9)
n=o
M-1
hCnd = 1-N CREA cosC2Kn-M dCk+1-20-N 5 (5510)
k=0

Gift simetrik filtreler 3.cid ve 4.tip igin benzer
iligkileri kullanarak ,

3.tip igin,
M-1

Ak= L 2hind sin € 2K M-n 2ks N D (5.11)

n=0



M
h(nd = 1N C} 2 Ak sin CE”CM—nDk N D (5.12)
k=1
4.tip igin ,
N/A2-1
Ak= L 2hind sin € r.'?.nC M—-n 2k~ N D (5.13)
n=0
NAo2-1
hCn> = 1/N CczkiAksinCEHCM—nDk N D +AN/zsinCnCM—nDD

(5.14)

l.ci ve 2.ci tip igin kullanilan frekans &rnekleme

vaprsini kullanarak ,

3. tip igin esitlikler ,

M-1
Ak= L 2hind sin € 2€ M-n 3Ck+1,23/N 23 (5.15)
n=o
M-1
hCnd = 1-N C(} & Ak sin CE]’FM*n)Ck-‘-l/&D/N ] (5.16)
k=0

4, tip igin ezitlikler ,

N-/2-1
A = L 2hnd sin C Z[C M-n JCk+1/2>7/ N D (5.17)
Nn=o
N-/2-1
hind = 1-N CCF 2A sinCE[KM-ndCk+1-2> ~N >  (5.18)
k=0

B.cii ve 4.cl tip igin verilen formUller fark alici ve
hillber dgnUstirticiileri tasariminda igin LS hata metodu

baz alinarak kullanilazar.



Sonug¢ olarak

Frekans trnekleme metoduyla FIR filtre tasariminda faz
O ile Nyquist frekasi C w=[P , normalize olarak f= .5
arasinda defigtirilir,. Tecribeler filtre uzunl ugu
arttifinda filtre cevabinin arzulanan idezal cevaba daha
¢ok vaklagtigini gistermigtir. Filtre uzunlugunun tek
veva gift olmasi disinda sifir frekansinda Srnek alma
veya almama ile gecis ve durdurma bandlari arasinda orta
noktada bir gegig bSlgesi tanimlamak miimkiin olacaktir.

Bu sekilde czilasyon ve asim azaltilabilir.

1A fw)]

Sekil 5.4 N=20 FIR filtre.Frekans Ornekleme Metoduyla

tasaram , Frekans cevab:i.



8.2.2 LS Hata Frekans Domeni Tasarim

GCenel olarak pek ¢ok filtre istenen ve istenmeysn
igaretlerin ayrigtirilmasinda kullanilar. Si1klikla
igaretin tanimi frekans doméninde frekans bilegsenleri
veya frekans bandina igsarelin enerjisiyle wverilir. Bu
yizden filtre 8zellikleri frekans domeninde verilir.

Isaretin ener jisi isaretin karesiyle bagintilaidar.

Karesel hata yakinsama kriteri tasarima uygun
digmektedir. Bu bl timde temel olarak iki metod
incelenecektir.

1. Hatanin karesi toplami trneklenen frekanslarda

tlgtilen sonlu =ayida bir kimedir.
2. Hatanin karesinin sonlu yada sonsuz sayida

frekanslardaki integralidir.

5.2.2.1 Ayrik Frekans Ornekleri

-Frekans trnekleme metodu gergektie bir yakinsama olmamakla
birlikte bir interpoclasyondur. Frekans cevabi timiiyle
Srneklensn noktalardan geger ama bu noktalar arasinda
cevabin ne gekilde olacagini kontrol eden faktsrleri
igermez. Bu yilizden istenmeyen sonuglar alinabilir. Simdi
bu nokatalar arsindaki cevabi na=sil kontrol edeilecedini
irdelermek igin alinan drneklerin filtrenin uzunlufundan
daha biiylik oldugunu varsayalim. PBu bilinmeyenlerden daha
fazla egitlife wyolagcar. Bu kullanilarak bir yakinsama

‘"elde edilebilir. FIR filtrenin frekans cevabi ,

N-1

HCwd = ¥ hend e
n=0

wn

olarak verilmisti. (5.19)



Tasarim problemi arzu edilen ve gergeklegsen frekans
cevabinin farkinin karesi olarak L adet @rnekteki hatanin
toplaminin BlgUlmesivle miimk Un olmaktadair. Hata
fonksiyonu su sekilde tanimlanmaktadar.

L-1

2
E=E|HCw)—HCw)|' . (5.20)
X=0 k k

ttfv&) istenen cevabin L adet Srnedidir.

Bu problemi formiile etmek frekans Orneklemesi egit

aralikla yapiliyorsa oldukga kolaydar.

Ayna zamanda prablem Lineer Faz filtrelerle
sinirlanmgtir. Kompleks dederli HCw) yerine Reel dederli
ACwW) ya yakinsama yapilmaktadair. Bu kosullarla ,
(L-1)/2
2
E=1| h - hdrl olur. Daha basit bir notasyonla ,
1 1

n= ~{L-1/2 (5 22.a)
L~1
2
E=L | A-4A, | olarak yazilabilir. (5.22.b)
k=0

Fourier doinlglmii LS tasarimina iligkin giiclil @Sizelliklere
sahiptir. Parserval teoremi DFT nun ortogonallik
gzelligni kullanmir, Bu teoreme gire frekans domeninde
verilen hata ayni zamanda zaman domeninde hesaplanabilir.
L gift ise,

(L-1)72
2

E=E|h-h,| (5.23.a)

n= ~(L-1/2

hd L uzunluunda FIR filtre.

A ak L. tane frekans cevabil trnegidir.



Filtrenin frekans cevabini frekans ©rneklems metodunda
kullanilan formiillerle L uzunlujunda IDFT kullanarak
bulabiliriz. Bu sekilde N uzunlufundaki filtrenin impuls
cevabini L uzunl udunda frekans cevabi grnediyle
hesaplayabiliriz. Filtre uzunluu N olduunda Hata
fonksiyonu iki toplama ayrilarak yazilabilir

M , vz
E=X|h-b, | +E2|n, | (5231
n= ~-M n= M+1

Bu esitlik E hatasinin nasil minimize edilebilecedni

gosterir. N tane hn N tane hdn deferine egit wolarak

segilir. Diger bir deyigle hri hdn i keserek elde ederiz.
1

Sonug olarak éift uzunlukta bir filtre tasarim icin Snce
L Cgiftd uzunlufunda filtre frekans Srnekleme metoduyla
elde edilir. Simetrik olarak kesilerek ¢ gift 2> N
uzunluga indirilir. Tek wuzunlukta bir filtre tasarim
igin ©nce L (C(tekd uzunlugunda filtre frekans Srnekleme
metoduyla elde edilir. Simetrik oclarak kesilerek ¢ tekd N
uzunluga indirilir. Elde edilen N uzunlujundaki FIR

filtre LS hata yaklagiklifiyla elde edilir.
5.28.2.28 Integral Karesel Hata Yaklagim Kriteri

Hata arzu edilen genlik ile elde edilen genligin
farkinin bir peryot boyunca M < w < [1 arasinda
integralidir.
m
2
E =120 [ | ACW - ACw | dw (5.24)
-n



5.3 Glbss Olay:

Algakgegiren filtrenin genlik frekans cevabl gegirme
bandinin ucunda osilasyona sahiptir. Bu davranigsa Gibss
Olayl denir, Stureksizligdi olan bir fonksiyonun fourier
vaklagidl alinirken streksizlik bdilgesi civarinda asim
meydana geldigi gorulir. Fourier serisi terimleri
artirildiginda karesel hata azalir wve terim saylis1i
sonsuza gigturildigiinde hata sifira gider. Bununla
beraber agsimin maksimum deferi ve maksimum hata sifzir
olmaz yaklasik %11 kadar asam olur. Bu durun LS hata
tasarim metodunda elde edilir. Frekans srneklemes

metodunda siireksizlik civarinda %18 kadardir. [14]

& Aw)

1.11

" w

.

Sek 5.5 LS hata filtre tasariminda Gibbs oclayi.

1L Alw)

1.18

M‘\ "w

Sek 8.6 Frekans trnekleme metodundaki agima Srnek.



5.4 Turev alicinin LS hata yakinsamasi tasarim

fdeal bir fark alici linesr faz FIR filtre ile elde

edilebilir. Bir fark alicinin frekans cevaba
HCw) = jw veya ACwD) = w dar.

ACwD tek bir fonksiyondur ve 890 derece faz tielemesi
- vardar. 3. cid ve 4.cil tip filtreler bu amacla
kullanalabilir. Yuksek frekans girigimini engellemek igin
algak gegiren 32.cii tip filtre eJer daha genis bir band
kullamiliyorsa 4.cld tip filtre kullanilar.

Fark alaicisi 3.tip filtre tasarimy icin N tek olmak Uzere
< w < Jp araliginda periyodu 2] olan AdeDtanlmlarsak
bu durumda filtre katzsayilarz agsafidaki formtilden

hesaplanabilir
T
nnd = =12 [ wsin € wn D dw (5.25)
M
cos C fn2 7 n nt=20
hCnd = o n =0

Genig band fark alici tasarim icgin 4.ci tip FIR filtre N
¢ift olmak Uzere -2 < w < 2 aralifinda AdeD
tanimlarsak , 4[] periyotlu , ideal yanit



Filtre katsayilara

2
nin> = -1/4p [ A Cwd sin € wns/2 D dw (5.26.a)
...zn
2 2
h(n) = -4 sin C < &n+tl 2 /223 7/ [JC4n + 4n + 1D
bulunur. (5.26.b)

5.5 Gegis bolgeli LS hata yaklagim

FIR filtre tasarim problemi gegis ve durdurma bandlara
arasanda bir gegcig btlgesi saglanmasiyla oldukca esnek
bir yapiya kavusur. Gegis bSlgesi tanimiyla durdurma ve
gegirme bandlarina tek bir frekans ayirmaz ve Gibss
olay:r ortadan kaldirilabilir. Istenen cevaba yakinsama

gecis btlgesli sayesinde daha kolay olur.

Geciyg bUlgesi gtiyle tanimlansin :
0O < f < i‘1 gecirme bandi ,

f1< f < fz gegig bdlgesi ,

f‘z< f < .5 durdurma bandi. Bu yapiya iligkin gekil
agafida grilmektedir , Hth‘D gecig fonksiyonudur.

} AP
i ]

. . : S :C
0 $4 f2 0.5

Sek 5.7 Gegig bSlgeli yapinin ideal cevaba



Gegis bandini durdurma bandina bagliyan fonksiyon birinci

dereceden basit bir gizgi seklindeyse impuls cevabl style
vazilabilir

[ sinCrFfa—flDCn—MDDsinCrFf2+f1)Cn—MDD

hCnd = { O<Sn=N-1
[ [Ef2-f12Cn-M [KCn-M
0, digerleri
(5.27)
Bu formiil AdeD ideal frekans cevabinin ters fourier

doniiglimii alinarak elde edilebilir. Gecig bolgesindeki diiz
cizginin fonksiyonu ideal yitksekligi 1212 ve
genigligi fe-f1 olan ve band ug noktasi (f2+f10/2 de clan

dar bir dikdortgensel fonksiyon olarak tanimlanabilir.

EGer gegig btlgesi 2. dereceden bir parabolse bu durumda
hi{nd style hesaplanabilir

2
sinC(rra-r1on-M /22 SinCrf2+£12Cn-MD

htn> = { = O<n<N-1
t CrEf2-f13Cn—-M /23 Kn-M>
o, . digerleri
(5.28)/

Bunu genellegtirirsek p. ci dereceden c¢izgi igin h{nd su

formiille hesaplanabilir

P
sin(Ef2-f12Cn-M/p) sin([Lf2+£13Cn-M>D
h(n> = { O=nsN-1
l Crrfa-r1dcn-Mmpd © MEn-M

o, digerleri

(5.29)



Alternatif gecig bblgesi fonksiyonu olarak yikselen

cosiniis fonksiyonu kullanilabilir.

[, 0 < f<f1
ACw) =4 1 +cos C Ef-f1d 7 (f2-f1) f1 < £ < 2
L © f2a< f < 0.8

(5.30)

Bu tanimama kullanilarak ,

cos(rﬁf&-fl)(n-MD) sinCrFfE+f1)Cn—M)D

hCRD = » O<Kn<N

1-4cr2-r13%n-M? K n-M>
O dierleri
(5.31)

Bu fonksiyon cizgi fonksiyonuyla birlegtirilerek daha
yumugak gecisgler saglanabilir. hCnd) hesaplama hizi artan
n ile azalir ama ters fourier dunigiiminde hata azalair.
AdCWD nin Q kez tUrevi alimirsa sonlu hind 1/n in
CQ+1).ci kuvvet carpaniyla kigiilecektir. Cegis
fonksiyonun secimi gegig bBlgesinin buylikliuigune , band
genigligine ve filtre uzunludu N e badlidir.Gegis bulgesi
kavram sadece algakgegiren filtrelerde degil
yvilksekgeciren , hillbert ve tirev alicilardada
kullanilir. [12]

FAd(w)

/2 ™ w

Sekil 5.8 Gecisg btlgeli LS hata tasaraimla: filtre



5.8 FIR filtre tasariminda Gegig bdlgeleri , AZirlik

Fonksiyonlari ve Pencereleme

Hatayir minimize etmek igin dort yaklagsim gz “nine
alinabilir

1. yaklasim : Arzulana frekans cevabindaki stireksizlik
blgesini gegig blgesiyle yok ederek Gibss olayini
ortadan kaldirmaktir. Bu sgsekilde dgecig wve durdurma
bslgeleri birbkbirine baglanar.

2. vaklagim : Hata kriterini deigtirerek agim
azaltmak ~wveya ortadan kaldirmaktar. Bu bir frekans
btlgesini optimizasyonda ortadan kaldirmakla sadlanir.
Bu egit aralikl: oclamayan #rneklemede ayrik LS hata
kriteriyle saglanir.

3. yaklagsim : AGirlik fonksiyonlari kullanarak @lgiilen
hatanin defigtirilmesidir. Hatanin fazla oldugu yerlerde
agirlig:r fazla , diustlik olan vyerlerde ,Srnegin gegis
blgesinde kigiik alarak sadlanir.

4. yvaklagim : LS hata tasariminmin sonuglarini
kullanarak dirket olarak hnkatsayllarlnln ag1m. azaltacak
sekilde dizeltilmesidir. Sonug artik optimal dedildir.
Azim somlu L wuzunluundaki sekansin kesilmesi sonucu
ortaya ciktigr igin , zaman domeni pencereleri ile daha

iyi kesme sonuclari elde edilebilir.



5.8.1 Arzu edilen Frekans cevabinda diizeltmeler

En basit dizeltem genlik fonksiyonunun gecis bandinda 1
durdurma bandinda O ve gecisg bdlgesinde 1.ci dereden bir

dodru olmasi durumudur, Genlik cevabi style
tanimlanabilir.
([ 0 < w< wt
Ade) = & Cwe-wd /Cwe—wld wli < w < w2
e w2 < w <
(5.32)

5.6.2 0Gecig bBSlge=inin kullanim:

Cecig bilgesi fonksiyonun gegis bSlgesinde ideal strekli
frekans cevabina yakinsamay:r sagladigl Snceki bdlimde
incelenmigti.Geglg bdlgesinin frekans band: hata
fonksiyonundan kaldirilir. Bu biilgeye dikkate alinmayan
band denir. Hata fonksiyonu bu durumda :

vi n
2 2
E= [ ] Aw - Acw | dw+ [ [ACW-A Cwd| dw (5.33)
o w2
clarak yvazilabilir. wil ve we arasindaki bl ge
kaldarilmistar.

85.68.3 Agarlaikla Karesel Hata Kriteri kullanilmasa

Hata tanimini esneklegtirmek igin pozitif bir WCw
fonksiyonu kullanilarsa ,
z

E=17 WCw) |ACW) — A Cw)| dw sekline girer. (5.34)
o d



5.6.4 FIR filtre Tasariminda Pencereleme Fonksiyonlarinin

Kullanimu

Sonsuz terimin zaman domeninde L adet terim olarak
kesilmesi frekans domeninde sitreksizlik blllgesinde Gibss
clayina yol agmaktaydi. Bunu karesel bir fonksiyonu ele
alarak incelersek -M <( n { M olmak uUzere 1 ve diger
btlgelerde sifir olan ve sifir noktasina gore simetrik

olan fonksiyon ve hCnd kesilen sonlu sonug clmak Uzere ,

hCnd = thnD rCnd ,

1, In] = M
rcn) =

o , |n| > M (5.35)

ve

Iki fonksiyonun zaman domneninde carpimi iki isgaretin
Fourier donUgliginiin konvolisyonudur. Dikdsrtgensel bir

isaretin fourier dégniisiimi alinirsa

m :
—Jvn

RCwd) = FTC rCnd 2 = L rind e N terim igin , (5.36.a)

n=-—~00

M :
~jwn

Y rind e = sinCwNr /2D /sinCw, 230
n=—M

I

(5.36.b)
elde edilir.

Zaman domenindeki kesme frekans domeninde ,
HCwD = HdeD % RCw) olarak gosterilir.
Sonlu uzunluktaki filtrenin frekans cevabil dikdsrtgen

fonksiyonuyla konvoliisyonu ideal frekans cevabina

vermektedir. Uzunluu N olan Dikddrgen fonksiyonunun



frekans cevabir sekil S5, 9 da goriilmektedir.

A
1 pre. W wmn, S wem omen . f—
H
(4
f
. i
|
] E*Q‘T/Nf LD‘“/N
3 L -

Sekil 5.9 Dikdortgen fonksiyonun Fourier ddniigiimil

Ideal frekans cevabivyla dikdsrtgen fonksi yonunun
konvol tisyonu Gibss olayinl vermektedir. Sekilden
gorilecedi Uzere N artirildikga oczilasyonun ana pargasl
dahada daralmaktadir ama yilikseklidi hep ayni kalmaktadir.
Csilasyonlu kenar loplari Gibss clayina yol agmaktadir.
Ideal RCwWD da asim ve yan loplar yoktur ve yumusak
bir gecig vardir. Ideal RCw) nin geniglidi sifirdir. Buda
DIRAC delta fonksiyonuna karsi dusmektedir. Ancak bu
durum N sonsuza gitirtiliirse elde edilir. Bu durumda
sonlu uzunlukta filtre yapmak imkansizdir ama ideal RCw)
va yakinsayan literatirde alti: tane pencere fonksiyonu

tanimlanmistir. Bunlar ,



1. Bartlett tiggensel penceresi

r an+1d /C N+1 3

WCnd = { 2- 2C(n+1) ~ CN+1D

L ©

n o=
n = CN-12>.2
digerleri

0,1...CN-13,2

+. - N-1

(5.37)

2,3,4,85 Cenellegtirilmis kosinuds pencereleri

[
a~-b cosC ZEn+13/CN+13+ c cosC4TEn+1D/CN+1)

WCnd = 4 n=0,1,2..

L O digerleri
Pencere Tipi a b c
Dikdsrtgen 1 8] O
Hanning .5 .8 C
Hamming .54 .46 O
Blackman .42 .9 .08

6. Kaiser penceresi [ parametreli

2

IOCG SQRC 1-C C2n+1d/CN+13 > D

Wend = e

| O

diderleri

(5.39)



En basit pencere fonksiyonu dikddrtgen penceredir ve

Gibss clayina yol agar.

Bartlett penceresi agsimi azaltir ancak gegis bdSlge=zini

biytitir.

Hanning ’ Hamming ve Blackman komplile kasiniis
fonksiyonlaridir ve ideal cevaba daha yumusak bir gecgis

saglar.

Kaiser pesnceresi ve2 kullanilan 3 parametresi asimin
azaltilmasy wve geciz bélgesi genizlifinin zyvarlanmasina
clanak wverir. Gecis ve durdurma bandlarindaki agim filtre
uzunlugu N e ve 3 parameiesine gevrilir. Kaissr pencerési
besszel fonksiyonunun ¢BzUlmesini gerektirir. Verilen en

ivi pencere fonksiyonudur. [15]

W(n)

Sekil S5.10 1-Dikdurtgen pencere

Z-Bartlett penceresi



Wn)

Wi(n)

Y

0 , s "

]

Sekil 5.11 3-~Hanning pencesresi

4~Hamming penceresi

0

n

Sekil B5.12 S-Blackman penceresi
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by

W(n)

sekil B.13 Kaiser penceresi

ll"lu)l

el
-

Sekil 5.14 N=21 FIR filtre , Kaiser penceresi ile =9



5.6.5 Chebyshev Yakinsamasi

Frekans kiimesindeki maksimum hatalari minimize etmeyi
ama¢layarak FIR filtre katsayilarini hesaplayan yakinsama
metodudur. Bundan sonraki bslumde incelenecek olan
Parks-McCellan algoritmasida bu yakinsamayl
kullanmaktadir. Dordiincli bSlimde bahsedilen 4 tip filtre

igin kullanilan yakinsama fonksiyonlari sunlardir

Genel fonsiyon ,

™ —juN-v 22T
Cf2> AU e

0, 1 olmak tzere , (5.40)

HC D

ve m

1. Tek Simetri + Tek Uzunluk igin,

hin = ht N-n-1 2 , ¢ m=0 2 (5.41)
(N=-1)/2

ACE) = P a, cos C 2rfk D (5.42)
k=0

ao = hCN~-1D.2 (5.43.a)

a, =2hC -k + C N-1 >/2 D (5.43.p)

k =1,8,...,N2-1 (5.43.¢c)

2. Tek Simetri + Cift Uzunluk icgin,

h€Cnd = -h{ N-n-1 2> , C m=1 D (5.44)

IN-D)S2
ACfY = sin € 20f 2 E_o c, cos C 2rfFk O {5.45)
co— 1/8 cC2) = 2ht C(N-32 2 2 (5.46.a)
c CCN-SD.2 3 = 4nh€1D (5.46.b)

¢ CCN-3D2 D

4hC0OD (5.46.c)



c Ck-12 -~ c € k+1 2 = 2hC¢ -k + € N-1 > ~ &2 D (5.46.d)

k =2,..... y CN-ZD2

3. Cift Simetri + Tek Uzunluk igin,

hCnd = hC N-n-1 ) , € m=0 >
(N~2)/2
ACEY = cos € If D L b, cos C 2k O (5.47)
k=0
b+ 1/2 bC1) = 2hC N-3 D / 2 (5.48,a)
B C CN=-3)/2 3 = 4hCOD (5.48.b)
BC k-1 D + BCkD = 4hC —k+ CN-1d,2 O (5.48.c)
k=2,...., C N=2 >2

4, Cift Simetri + Cift Uzunluk ,

h€nd = -h€ N-n-1 3> , € m=1 D (5.49)
{IN-83)/2

ACF) = sin C f 2 T bk cos C 2[fk 2 (5.50)
k=0

d°+ 1/2 dC1> = 2hC N-3 > - 2 (5.51.a)

d € CN-32/2 3 = 4hCOD , (5.51.b)

dC k=1 2 + dCkD = 4hC -k + CN-1>2 > (5.51.c)

k =2 ,...., C N=3 d>r2

Chebyshev yakinsamasi igin su sartlar sadlanmalidir ,

1. Lineer faz
2. Durdurma ve gecirme bandlari arasinda Af gibi
gegiz bblgesi oclmala

2. Birim degerinde salinim —/-b-:S1 kadar , gegirme band:

bir

nda



4, Sifir degerinde salinim —/+ézkadar gsalinim , durdurma

bandinda
Teoreme gire ,

1.F &O,.8) arasinda tanimlai,
2. XD arzu edilen cevap F Uzerinde sirekli ve taniml:i ,

3.Pozitif afirlik fonksiyonu WCf2 F Uzrerinde strekli wve
tanimli olsun ,

r-1
ACED = QX3 L e cos C 2k D (5.52)

k=0

burada amag e, ¥ minimize etmektir.
| EC£> | = max W CfD> | DCFO-ACED | (5.53)
f €«F

ACED nin segimine gre QCf> afirlik fonksiyonu su sekilde
segilir

1,

cos nf
QLD = <in anf' (5.54)

sin [F »

Filtre katsayilari ACfD bulunduktan sonra verilen genel
fonksiyonlar kullanilarak frekans cevabi hesaplanir.
Problem  bir frekans setindeki maksimum deviasyonu
minimize etmektir. Buda alternasyon teoremi ile dofrudan
baglantilidair. Alternsayon teocremi 1.tip filtrelere
direkt olark onun digsindakilere QCfD ile birlikte
uygulanir. Zaten 1.tip igin QCf2 = 1 dir. Alternsayon
tecremine gtre ACED r tane lineer kosinUs fonksiyonundan
olugsmugtur ,



r-i

Ec cos C En'fk 2 (5.55)
=0

ACLD

it

Gerek ve yeter kosulu saglayan ACfD tektir ,en iyl
Chebyshev yakinsamasiniy sadlayan silrekli fonksiyon F
kiimesinde D olmak izere , adirlikla hata fonksiyonu ,
ECLD = WCfD & .DCEfD - ACLD 1, olmak Uzere en az r+l tane

ug frekans gtsterir. Bu frekanslar ,

fr<fa<.... <f < ¥f dir.
r r-1
EC £f2 = - ECf 3 vem=1,2,..... ' T (5.56)
ACED
E o ———;"-O'————-—
N ~ N
7 ™
—— e N e e g
v
z’n
3
'
——————— — e e TR o wmme  mmt emms ewm e
. A
I Y A

Sekil 5.15 Ug frekanslar , N=13 igin 8 adest.

5.6.6 Remez Yerdegistirme Algoritmasi

Remsz yerdedistirme algoritmasa her Zaman hata
fonksiyonun agagdidaki formda olabilecegini kullanarak ,
r-1

ECfD = IXfD - T ¢
k=0

X cosC 2[fk 3 ve herhangibir verilen

r+l frekans noktasinda --+¢ degerlerini alarak ,



r-1
m
EKme = ;-ckcos C Enfmk 2 +C -1 3¢ , m=1,....r+l
k=0 (5.57)
denkleminin ckva genlik igin tek bir ¢tziimid wvardair. o
fmfrekanSLndaki osilasyonun degderidir. Bu algoritma

Parks—-Mclellan tarafindan gelistirilmigtir. F frekans
kiimesi yaklagik olarak filtre uzunlufunun 10 kati eleman
igermektedir. Efer F kimesi r+i1 frekansdan oluguyorsa
yvakinsama 1ilk adimda gergeklegir. F kimesinin maksimum

hatasi |e]| kadardir. F r+l eleman igeriyorsa ,

r-1
max | DXfD> - ¢ c, cosCapfkd | = Je| dir. (5.58)
f €F k=0

Efer F r+1 den fazla elemana sahipse problem yeni bir r+i
ug frekans bularak hatanin maksimum ocldufu frekans setini
olugturmaktar. Verilen  Dbir frekans kimesinde Remez

algoritmasina gtre su islemler yapilair
T=<f ,f ,f ...... T >
1’2" "3

1. XD ezitligini ¢z, Bu g¢oziimUn hatasi freknas
setinin k.c1 iterasyonunda o, kadardair.
2. Frekans cevabini bulmak igin tilm frekans kiumesini

kullanarak yer dedigtir.

3. Tudm frekans kiimesini arastar ysbulunan hatanin

maksimum dederi 1.ci adimda bulunan oidan buytik mii.

4. 32.ci adimda bulunan hatanin maksimum degeri caya

egitse dur , dedgilse r+1 frekans alarak hatanin maksimum

olabilecedi yeni bir frekans kumesi alarak 1.ci adima
geri don. [12]



1At T2 7T Tr+

ECfD yi hesapla

csilasyvon dederi ok

o=max IECfDI
T ug¢ frekansl.

r+l yeni frekans al
ECfD max € F olacak

$ekil 5.18 Remez algoritmasinin akis diyagrami.

Parks—-McCellan algoitmas: Remez dedistirme metodunu
kullanir. Diger algoritmalardan UstUnlugti Remez metoduyla
dedigik siniflarda FIR filtrelerin yapilabilmesidir. ¢
Bandgeciren , ¢oklu band , hillbert doniigiim filtreleri,
fark alici filtreler 3.

Program girig , yakinsama , Remez c¢oizimii , filtre impuls
cevabinin hesabi wve bunlarin gikisindan olusmaktadir.
Programin ayrintili akig diyagramlari sgekil 5.17 - 5.21
de verilmistir. [15]



Filtre o©zellik.
gir

bandgeciren different. hillbert

F igin grid yofunl.
hesapla

WATE ] EFF arzu
agirlik fonk edilen genlik

Yakinsama problemi
formiilUnti he=sapla

r+l1 frekanz igin
bagslangig¢ tahmini

1

Remez algoritmas:i
impulse cevabi hesapla

-+

¢lkig dosyasina yaz

Sek 5.17 Parks-McCellan Algoritmasa butiin blok semasi.



Filtre parametrelerini gir
1. Filtre uzunlugu NFILT
2. Filtre tipi JTYPE
3. Frekans bandi =sayisai NBANDS
4. Grid yodjunlugu LGRID

—— | dur

E

1.Band dizi=si EDGECD
2. Fonksiyon dizisi FXC(D
3.A3arlik dizisi WTXCD

Grid yogunlugu
.8 7/ CLGRID) CNFCNSD

WTX FX
1 4 4
<Y —
WATE DESCD ve WI(D dizilerinin EFF
hesab21
1.tipt [ 2-3.cu tip

Cift uzunluk
Mul tiband

Cift uzunluk
Diff+Hillb,

Tek uzunluk
Diff+Hillb.

r+l baglangig tahmini frekans seti
indisler IEXT dizisinde sakla

l

A

Sekil 5.18 Detayl: akig diyagrami. A sekil 5.19 devami




Remez fonksiyonunu ¢afar

1
Tek Uznluk Cift Uzunl. Cift Uzun. Tek Uzunl.
Mul tiband Mul tiband Diff veva Diff veya
Hillbert Hillbert
| | I |
Program gikiglarainin
yazilmas:i
5.19 Detayl: akig divagraminin devami.
EFF FONKSIYONU
1-3 2
yr *r
=
—  Ix= /fxa
O x4 £x3 .8 o) l | I‘."s
_ x1 x3
EFFCFI=FXCJ2 EFFCFI= FXCJd.F

B. 20 EFF fonksiyonu akig divagram




WATE FONKSIYONU

WATECFO =WTXC j3
WATECFD

5. 21 WATE fonksiyonu akig diyagram




SONUGCLAR VE ONERILER

Dijital igparet iglemede FFT en etkin algoritmalardan biri
dir. Ornek alma sayvasinin CNJ , gift olmasi durumunda
girig yada ¢ikig s=kanslari sirekli ikiye bdliinerek
hesaplama yapilir. Bu durumdan yapilan islem sayisi: N
1og2N ile orantalidar. Genel halinde ise girisg igareti
ornekleme saylisi garpanlarina ayrilarak DFT hesabi  igin
ayrigtirma yapilir. Girig igaretleri guruplanarak DFT
ve ’cikis kombinezonlarina kullanarak ters DFT
hesaplanabilir. hesaplamak miimkiindiir, Bu algoritmalar
dijital filtre realizasyonunda kullanilar. FFT klasik
fourier analiiine gore olduk¢ca hizlidair. Bu yiizden

gergek zaman uygulamalaraina da uygundur.

Dijital filtrelerin temelde g ana avantaji wvardr
1> Esneklik

Dijital filtreler parametrelerin yeniden ckunmasyla
kolayca defigitirilebilir. Bu ytizden zamanla dedisen
filtreler kolayca gereklenebilir. Cok daha Snemlisi tek
bir filtre yapisi Zaman paylasiml: olarak goklu
filtrelemede kullanlabilir.

22 Guvenilirlik
Dijital elemanlarn kullanimi , eleman toleransi ’

fiziksel Dbuytiklugi ve diigiik frekanslarda caligma
tzelligi gibi pek ¢ok problemi ortadan kaldirar.



._.85_.
30 Modiflerlik

Dijital filtreler gok yiksek yapirda modiler alarak
cluturulabilir. LSI € Large Scale Integration 2 igin
uygundur . Ornegin iki tane ikinecl dereceden filtre
programlanabilar karakteristikleriyvle birlikte +tek bir
LSl vyonga igine konabilir. [2]

FIR filtre algoritmalari arasinda Parks-McCellan yttemi

ocldukga tnemli bir yer tutmaktadir. Bu algoritma ile

genel amagli tiim FIR filtreler y fark alicilar ve

hillbert duntgtiriciileri tasarlanabilmektedir. En iyl

pencere fonksiyonu iss Kaiser tarafindan wverilen bir
bessel denklemidir. Yakinsama kriterleri arasinda da

Chebyshev ve Remez dedigtirme metodlari etkin olarak

kullanllmaktadlr.
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EK.A  PROGRAMLAR

DFT. C

RADIX-2 DFT algoritmasidir., Herhangibir #rnek doyasin
alarak DFT’nunu hesaplar. Socnug o anda directoryde bulun
mayan bir dosya ismi otomatik oalarak bulunarak bu

dosyaya yazilir. Dosyalarin 1ilk d&rt harfi RFFT ile
baglar.
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int dft_win(veid);

int Calc_DPT(unsigned char *SampFil,int nwn);

struct kompleks *komp sub{struct kompleks *a,struct kompleks *b);
struct kompleks *komp add(struct kompleks *a,struct kompleks *b);
struct kompleks *komp mul(struct Kkompleks *a,struct kompleks *b);
double komp_mag(struct kompleks *a);

double komp aci(struct kompleks *a);

int calc_fft(struct kompleks *ary,int n);

int cale BF(struet kompleks *ary,int §,int r int p,int gq);
struct kompleks *Wi(int N,int r);

int bit_rev(int gg,int s);

struct kompleks *OrnekOku(unsigned char *Fname,int *Elem);

int TYaz_Sonuc(struct kempleks *r_ary,int length,int awn);

void FreMem(struct kompleks *ary,int length);



$include (vestdio.h)

$include (stdio.h}

$include (math.h)

ginclude (stdlib.h}

$include (malloc.hd

¢include (direct.h}

$inciude “komp.h"

$define PI (double)3,141592654
§define TEXT  unsigned char
$define COUAT unsigned short

double atef();
char  *tmpnamn(});

typedef struct kompleks {
double reel;
double sanal;
} KOKP;
void  Frellen();
T0MP  *QrnekOku();
KOMP  *komp_mul(),
*komp_sub(},
*komp_add();
double komp_magq(),
komp_aci();
KNP *WW();
int bit rev();
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/xxtxxnxuuxxxxxutnxxnxtnnnxnuuxunnn/

dft_win()

{

TEXT  SFil[13];
it nwnd,

Own;

expty ( SFil , 13 );
mwn0 = wxxopen{ 9,

mwn = wopen (4§,

13,
10,
66,
s

ACTIVE+COOXED,
0,
0,
4,
178 };

1¢,
19,
64,
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"DFT HESAPLAMR"

)i
wxatsay ( mwn , 5, 1, "ORHEELEKE DOSYA ADI : ¢, 7 );
xatget ( 5, 23, SFil, "XXXXXXXX.XXX*, HULLFUNC, °°, *°, vec.dflt, ve.dflt );
switch ( readgets() )

case  RET:
wxatsay (mwn , 6, ! , "DFT Hesaplaniyor Lutfen Bekleyiniz .
Calc_DFT ( SFil , mwn );
break;
case  RSC:
deafult
break;
!
wclose ( nwn )3
weloge ( mwnl );
}
Cale_DFT( SampFil , mwn )
TEXT  *SampFil;
int B¥D;
{
KOHP  *r ary; /* it's going to be allocated in function OrnekOku */
int length;
r ary = OrnekOku( SampFil , &length ); /* Reads the samples  */

/* Calculates
cale fft { r_ary , length ); f* Calculates the DET */
Yaz_Sonuc( r_ary , length , mwn ); [* Writes it to a file */

1

,ittRXtﬁtttit!titkttttktltttk*i!xtixktklttikksﬂktktl

FOKP *komp sub{ a , b )
T0¥P *a , *b ;

{

static XOHP c;

}

g.reel = a-dreel - b-)reel;
c.sanal = a-)sanal - b-)sanal;
return (( XOMP * ) ( &c ) );

/t!lkx!tlktitltitxtttt!ﬂtk*!tttttt!txliitillt*txxttl

TOMP *kemp add( a , b )
KOMP *a , *b ;

{

static XOHP ¢;

}

c.reel = a-)reel + b~)rassl;
c.sanal = a-)sanal + b-)sanal;
return ({ XOKP * ) ( &c ) );

/xnzxxxxx:xtxxikttxtixxtxxtztxxxxtzx:ax::axxnxtnxxt/

EOMP *komp mul( a2 , b )
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KOMP *a , *}b;

{

static XO¥P c;
¢.ganal = a-)reel * b-)sanal + a-)sanal * b-)reel:
c.reel = a-)rsel * b-)reel - a-)sanmal * b-)sanal;

return (( KONP * ) ( &c ) );

/ixktt!tﬂ!kttx*tkltt!tttl*l!!tltkiktttt!!tttkkitxat/

double konp mag( 2 )
EOHP *a; [* Calculates the magnitude of complex var a */
{

return ( sqrt ( pow ( a->reel , 2 ) + pow ( a-)samal , 2 ) ) );

)

/ixlx!ltttxxtkxktl&ﬁtitttt*ilxttitttttiktt!tt&ktiti/

double komp aci( a )
ROHP *a;
{
if ( a-)samal == 0 ) {
if ( a-)reel )= 0)
return ( double ) PI/Z;
else
return ( double ) -PI/2Z;

return ( atan ( a-dreel / a-)samal ) );

)

/txxxxxxxxixtxxx:‘xxxtxttxxtx:xxxxtttxxxx‘:xitxxtta/

cale fft( ary, n)
KOHP  *ary; /* array ¥/

int n; /* length of array */
{
int B /* first element of Bf */
q /* second element of Bf */
R, /* Stages + 1 *x/
Z,
k,
2,
I,
i,
s,
r /* stages %/

R=(int ) (log(n) flog( 2 )+ .8 );/xK=12711*
N2 = n;
B = n/2;

for (r=0;r(R; +r) {
Rl=8/ %4
k=0
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Us = XX = 0;
for (2=0; 2z (RH; ++z) {
Pk
g=k+ 102
calc BF( ary , o, KX, p, q );
k=kt1;
ff((z+1) M2 =011 N==1) {
k=k+ 0§
+405;
Kt = 52 * bit rev( US , r~1);
}
}

!
}

/tlllktlkXl!ttlkiklxtixtitxt*xl!itttittk!txttixtttt/

Itttxttixtttllil!kllttt!&!ii/

/* Calculate a butterfly */

/* 15.haz.91 Netin Ralayei */
/ixxaxxtxx:xtxxxxzxxxxxx:xt:/

calc BF (ary, K, r,p,q)

HOMP  *ary;  [* complex array ;length must be X */

int ; /* Samples ;Array length
int I; /* Stages ;r = loglN -1
int D /* Butterfly first element
int q; /* Butterfly second element
{

KOXP  W_ary,

T ary; /* Twiddle factor storage register */

¥ary=*ompmul (WW( K, r), aty+q );

Tary=*(ary+ pl; ‘

*(ary + p ) = *komp add ( ary +p , &V ary );

*( ary + ¢ ) = *komp_sub ( &T ary , &W_ary );
!

/tiktlt!x!kkxtktktk!tktxxk!!tR!txtktt!i!*t!ttltt!tx/

/ltkt!titttXxi*tttttlttttttttt/

/* Calculate twiddle factors */

{* 13.haz.91 Hetin Kalayei */

/zxxtxxxxtnxtxttx:xuxxaxxtitxx/

I0MP  *WH( K, r)

int N, /* samples */

r; [* stage */

/* funtion returns exp( -j(2PI/H)*r ) */

{

static KOHP I;
I.reel = cos { 2*PI*r/R );
I.sanal = -sin ( 2*PI*z/N );
return ( (EOMP *)&Z );

}

/xtxttxtzxxtxtxxt:xxt:xgxxxxxxz:ttaxthxtatxxxt:xtx/

'
*

*
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1"
/* Reverses the bits of 66 and refurns the resulf */
/* Reversing length is § xf
I**!
int bit rev( g3 , 8 )
int 99,
85
{
int t,tmp(10],tp, dd;
tp=0;
dd = 0X0001;
99 = gg & OXFFFF;
for (t=s8;t?»0;--t){
top[s-t] = 0X0000;
top[s-t] = gg & dd;
dd = dd * 2;
tp=tp+tmpfs-t]* pow(2,t)/pow(2,s8~-¢t);
return £p;
3”:xnnnuunzxunuxxxnxxuxnxunnuxnn/
/"]
/* 26.6.1991 Metin KALAYCI */

/* Reads the samples from the file named Fname and returns rf
/* reallocated array Pointer

/* Samples length is restricted with allocated memory! */
/* each samples requires 2*( sizeof ( double ) “16 bytes x/
/* 1 K can hold “64 samples B4
/* 1024 samples requires 16 X free memory x/
/* Format of the file : x/
/* Each line represents one complex sample separated by comma */
/% double reel part , double imaginal part x/
**
T0¥P  *OrnekOku{ Fname , Elem )
TEIT  *Fname;
iat *Elen;
{
COURT  Ofset;
0P *iary;
FILE  *sd;
TEXT  line[256],

Rbuff[128],

Kbuff[128];

if ( ( sd = fopen { Fname , "r" ) } == ( FILE *) NULL ) {
printf ( "Ornek Dosyasi Acilamadailn® );
exit(0);

*
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*Elen = 0;
fary = ( XONP * ) HULL; /* Hot Allocated */
while ( readlipe ( sd , line ) != EQF ) {
0fset = 0; /* Search from the head */

Satircoz ( 80fset , lime , Rbuff ); J* Get the real part */
Satircoz ( &0fset , line , Ebuff ); /* Get the imagimal part */
fary = ( XOHP * ) realloc ( fary , ( *Elem + 1) * sizeof ( KOMP ) };
if ( iary == BULL ) {
printf ( “Can not allocate memory for samples! exiting to DOS\n® );

exit(0);
}
( iary +*Elem)-)reel = atof ( Rbuff ); [* define atef as double */
( iary +*Elem)-)sanal = atef ( Ebuff ); /* in the header ! o
(*Elen)+4;

H
fclose ( sd );
return ( KOMP * ) iary;

;xtlxlttt*tktkttllta*kx!!l!tlxt!kttl!tllttttltlxtk!/
**

f* Writes the FFT of the samples to a temporary file */
1**

Yaz_Sonuc( r_ary , length , nwn )

KCHP  *r_ary;

int length;

int nwR;

{

FILE  *fd;

char  fnam[13];
char  Dadi[ _MAX PATH |;
char  *TmpHame,

*Curdir;
int '}

i,

k;

CurDir = getcwd( NULL , MAX PATH ); /* HAX PATH defined in stdlib.h */
if ( Curlir == §ULL ) {
printf ( “Cannot get current directory path !. exiting to DOS \n* );
exit(0);
!
TmpName = tempnam( CurDir , "R_FFT" ); /* Get an inexsiatent name */
/* Creates it in cur
fd = fopen ( TmpName , "w" ); /* REach time a different file */
if { fd == ( FILE * ) FULL ) {
printf ( “"Temporary FFT result file can not be opened !, exiting to DOS \n* );
exit(0);
!
wxatsay ( mwn , 7, 1, "DFT Sonuclari * , 7 );
strepy ( Dadi , TmpName );
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k = strlen ( Dadi );

while ( k >= 0 && Dadi[--k] != "\\' );

strepy ( fnam, Dadi +k +1);

weatsay (mwn , 7, 14, fnam , 7 );

wxatsay ( mwn , 7, 28 , " Dosyasina Yaziliyer !...", 7 );
= (int ) ( log( length ) / log( 2 )+ .5)-1;

fprintf ( £4 , *$DFT\n® );
fprintf ( fd , °DISCRETE FOURIER TRARSFORM\n" );
fprintf ( £d , *\n* );
fprintf ( £d , "SAMPLES,REEL, IMAGINAL,¥AGKITUDE,PHASE\n® );
for (1=0; 1 (length; ++i ) {
k=Ditrev (i, p);
fprintf ( £d4 , “%7d-), %-6.61f , %-6.61f , %6.61f, %6.61f\n",

i, rary(k].reel , r_ary[k].sanal , konp mag ( r ary+% ),

!
fclose ( £d );

**l
[* Frees allocated memory */
I*
veid  FreMem( ary , length )
IOHP  *ary;
int length;
{
while ( length )

free ( ( char * ) ary + length-- );
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int fhesap(double huge *x,double huge *b,double huge *a,double fp,double n,double dc,double k};

int mabs(double huge *bval);

int nmyfr(double huge *x,double huge *b,double n,double k);

int yazfir00i(double huge *x,double huge *b,double huge *a,int m,double fp,double n,double dc,double
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PARK-MC CELLAN.C

GENEL AMACII FIR FILTRE , DIFFERENTIATOR VE HILLBERT
TRANSFORMER TASARIMI
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/tkllxtttttttttx!lxxtkttlx!tttt/

/* PARKS-MAC CELLAN ALGORITHY */
/lttxtkttltxkttt!ttkktlittttttt/
/X
inputs
nfilt 1 filter length
jtype : type of filter
1= pultiband passhand/stopband
1= diferentiater
3= hillbert transforn filter
nbands : number of bands
edge  : ( 3*nbands )
fx(nbands) : desired funtion array in eachband ( or desired slope if a
differentiator ) for each band.

utx(nbands): weight function array in each band , for a diferentiator,
the weight function is inversely proportional to f
X/

$define Extern /* */

$include(stdio.h)

$include¢vestdio. b}

ginclude(malloc.h)

#include(math.h)

#include®pnar.h®

double atof();

vaid  sifirla ( double * , int );

TEIT  mes003[20]([81] = {
“HULTIBARD/DIFFERENTIATOR/HILLBERT TRARSFORMER DESIGN *,
SPILENAKE 3,
*FILTER LERGTH RO,
"FILTER TYPE H
“BARD HO M
“EDGE INPUT FOR BARD *,
*LOVER BAND EDGE :°,
“UPPER BARD EDGE :°,
°DESIRED VALUE FOR BARD®,
“DESIRED VALUE Ha
"YEIGHTING FOR BAND !,
*¥EIGHTING A

b

int ed_dv wg(); J* function to input band edges & desired value & weights */

TEXT  remes_nam[15];

parks()

{
getpvar(};

getpvar()

{
TEAT  remes bnd[5);
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TEXT  remes_typ[5];
TEXT  remes_uzn[5];
int mwno,

mWD;

awn0 = wxxopen( 3,
12,
1,
66,

L]
’

ACTIVE+COOXED,
0,
0,
4,
178 );

nWn = wopen | 4,
10,
1,
64,
"PARKS-MC CELLAN FIR FILIER DESIGN®
)i

nesG03f0}, 111 );
nes003{l], 7 J);
nes003[2}, 7 );
nes003{3], 7 );
nes003[4), 7T )i
nes003{5], 112 );
nes003[6], 7 );
res003(7], 7 );
nes003(8], 111 );
nes003[9], 7 );
nes003(10],112 );
pes003[11], 7 );

wxatsay (mwn , 1,
wiatsay (mwn , 3,
wxatsay (mwn , 4,
weatsay (mwn , §,
wxatsay (mwn , 6,
wxatsay ( mwn , 9,
wxatsay ( mwn , 10 ,

) 1

€ £ P A3 b

wxatsay ( m#n , 11
wxatsay ( mwn , 12
wratsay ( mwn , 13
wxatsay { mwn , 14
wratsay ( mwn , 15

L e e T e i ]

- w wm wm m e e m e wm -

enpty ( remes nam , 13 };
enpty ( remes typ , 2 );
empty ( remes bnd , 3 );
enpty ( remes uzn , 4 );

xatget ( 3, 23, remes_nam , "REMESXXX.FIR®, BULLFURC, **, °*, vc.dflt, ve.dflt );
xatget ( 4, 25, remes uzn, "999", RULLFURC, °*, °*, ve.dflt, ve.dflt );

xatget ( 3, 25, remes_typ, "9, NULLFURC, *, *®, ve.dflt, vec.dflt );

xatget ( 6, 25, remes bnd, "99°, NULLFURC, *®, **, ve.dflt, ve.dflt );

switeh { readgets() ) {
case  RET:
pfilt = atoi ( remes_uzn );
jtype = atoi ( remes typ );
nbands = atei ( remes_bnd );
ed dv_wg( remes_bnd };



int
TEIT

TEXT
TRXT
TEXT
TRIT
TEXT
-int
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break;
case  ESC:
deafult
wclose ( mwn );
welose ( mwal );
return 0;
}
getinput();

getout( remes nam );
wclose ( mwn );
wclase { mwn0 )

ed_dv wg( tstr )
*tstr;

remes wt{15];
reaes_dv[15];
remes_up{15];
remes_low[15);
cvsay[10];
cevnua,
evr;

cevaum = atoi ( tstr );
for (cvr =0 ; evr (2 *cevnun ; evr = ¢vr + 2 ) {

empty ( remes up , 6 );

empty ( remes low, 6 );

sprintf ( cvsay , "%4d" , cvr /2 +1 );
atsay ( 9 , 38, cvsay );

xatget ( 10, 25, remes_low , ".9999", NULLFURC, ®®, °°, ve.dflt, ve.dflt );
xatget ( 11, 25, remes_up , ".9999", NULLFUNC, ®*, °°, ve.dflt, ve.dflt );

s¥iteh ( readgets () ) {

case RET:
edge [ cvr + 1 ] = atof ( remes_low );
edge [ cvr + 2 ] = atof ( remes up };
break;

case E§C:
return §;

1

}
for ( evr = 1 ; cvr (= cevmum ; cvri+ )
enpty ( remes dv , 9 );

sprintf ( evsay , "¥4d* , ovr );
atsay (12 ¢+ 38, cvsay );

T.C. YURSEROGRETIM KURULU
DOKUMANTASYON MERKEZL
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zatget ( 13, 25, remes dv , "Hbd.HH#", NULLFUNC, **, ™, ve.dfIt, ve.dflt );
switch ( readgets () ) {

case REI:
fx [ cvr | = atof ( remes_ dv );
break;

case ESC:
return 1;

}

!

for ( cvr = 1 ; cvr {= cevmum ; cvr+t ) {
empty ( remes wt, 9 );
sprintf ( cvsay , "¥4d" , cvr });
atsay (14 ; 33, cvsay );

xatget ( 15, 25, remes wt , "$&&4.884°, NULLFUNC, **, ", vc.df1t, ve.dflt );
switch ( readgets () ) {

case RET:
¥tx [ cvr ) = atof ( remes wt );
break;
case ESC:
return 1;
}
!
return 0;

!

vold  sifirla( veri , leni)
double *veri;
int leni;

{

while ( ~-leni =0 )
*( veri + leni ) = DIERG;

1

getinput()

{
/kttxttttttXtttxttttxxtltxxxttitxt/
/** caleulation of pi value *
/txttnxx:xxx:xtxxtxtx:nkxxxnxxxxtx/
fout = 3;

pi =4.0*atan (1);

pi2 = 2.0 * pi;
/!ltt!xll‘l*tttt!!t!tttttt!ix/
nfpax = 128;

/t

scanf ( "%d" , &nfilt );

scanf ( "%d" , &jtype );

scanf ( °%d" , &nbands);
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*

if (nfilt==10)
return 0;

if ( t( nfilt (= nfmax !} nfilt )= 3 ) )
return 0;

if ( nbands (=0 )
nbands = 1;

/txkl!tttttxt!tttkt!ltltlttkt*tttkl

/* qrid density assumed to be 16 */

/!ktlkt!tti!*ktlttlttitktttkttxkkt/

lgrid = 16;
jb = 2*nbands;

/kttttttttlttltltllx!itkktktt!txtk,

J* read for edge(j) j =1 to §b %/

/ttittxtlxtttt!*xlttxttlt*t!ttttlx,

/X
for (§=1;3¢3b;+3)

scanf { "%1f* , &edge[ § ] );
*

/tttttttltlxx*ttX!!kil!t!tkt!t*%tktkttlxttt/

/* read for desired value for band edges */

/* fx(j) , j = 1, nbands */
/tixltttktt!ttttttttttkttxtttkttttttltktttt/
/x

for (j=1; 7 (=nbands ; ++ )
scanf ( "%lf* , &fx{ j ] );

for (j=1; j (= nbands ; +¢ § )
scanf ( "%if" , &wtx[ j ] );

H

if (1 jtype > 0 i) jtype (=3 ) )
return 0;

neg = 1;

if ( jtype = 1)
neg = 0;

podd = nfilt / 2;

nedd = nfilt - 2*nodd;

nfens = nfilt / %;

if (nodd == 1 &k neg == 0 )
nfenstt;

/t!t!tttt*tklittlk!tt!tltxtlttk*tlklttttttttttilktt!xttk/

J* setup the dense grid number of points in the grid

Jt is { filter lenght + 1 ) * grid demsity / 2

/lxklt*ktt*ikt*lktlttittttkkktttttiklttltttktk!*!*tktltt/

grid[1] = edge[l];
delf = (double) lgrid * nfcas;
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delf = .5 / delf;
if (neg!=10)
if ( edgell] ¢ delf )
grid[1] = delf;

i= 5
l=1;
Iband = 1;

/kli!i!t!i!ttlXltl!lx!ltt!!titttttittt!!ttlxkitlk*x*,

/¥ Calculate the desired magnitude response and */
[* weight function on the grid */

/tt!!i!tt!xtt*xtlttixttttttikkxttitittktktktxt!tﬂtt!/

ds {
fup = edge[l1];

do {
temp = grid(j;
des{j] = eff ( temp , fx[lband] , wtx[lband} , jtype );
wt[j] = wate( temp , fx[Iband] , wtx[lband] , jtype };
jH;
qrid[j] = temp t delf;
} while ( grid[j] ¢= fup );

grid( §-1] = fup,
des [ j-1 ] = eff ( fup , fx[lband] , wtx[lband] , jtype );
wt [ j-1] = wate{ fup , fx[Iband] , wtx[iDand] , jtype );
Ihandt+;
I 4= 2;
if ( Iband > nbands )

break;

grid{j] = edge[l];
? while ( lband (= nbands };
agrid = §-1;

if ( neg == nodd )
if ( grid[ngrid) > ( .5 - delf ) )

ngrid--;
switch ( neg (=0 ) {
gase 1!
if (nodd == 1)
break;

for (j=1; 7 (nagrid ; +§ )
change = cos ( (double )pi * gqrid[j] );
des[j] = des[j} / change;
wt[j] = wt[j] * change;

}

break;

case 0:

if (nodd == 1) {

for (§=1; 7§ (=ngrid ; ++j ){
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change = sin ( (double ) pi2 * grid(j] );
des{j] = des{j] / change;
wt [j] = wt[]] * change;

}
} else {
for (=13 3§ (=ngrid ; ++j ){
change = sin ( (double ) pi * grid(j] J;
des(j] = des[j] / change;
wt {j] = wt[j] * change;

}

break;
default:

break;

}
temp = (double) { ngrid - 1 ) / nfcnms;
for ((§=1; 7 (=afens ; ++j ) {
tw=j-1
fext([j] = zt * temp + 1.0;

fext[ nfens + 1 ) = ngrid;
nnl = nfens-1;
nz = nfcnstl;

/tt
call remes exchange algorithm to the approximation problem

ttl
reses{);
/* Calculate the impulse response */

switch ( meg ¢= 0 ) {

case 1t
if (nodd ==0) {
h{1] = (double)0.25 * alpha[nfens];
for (=2 <¢=mml;+j)¢{
azej = Bz - j;
nf2j = nfens + 2 - §;
h(j1 = (double)0.25 * ( alphafnzmj] + alpha[nf2j] );
!
h(nfcns]) = (double)0.5 * alpha[1] + .25 * alpha{2];
} else {
for (§=1;7¢ml;+j) ¢
nzaj = nz - ji;
h[j} = (double)0.5 * alpha [ nzmj };
}
h{nfens] = alpha[l];
1
break;
case 0!

if (nodd == 0 ) {
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k{1] = {double),25 * alpha{nfens];
for (j=2;j (ol +j){
nzanj = 0z - j;
nf2j = nfens + 2 - j;
h[{j] = (double}.25 * ( alpha[nznj] - alpha[nf2j] };
}
k[nfcns] = (double).5 * alpka{l] - .25 * alpha[2];
} else {
h{1] = (double)0.25 * alpha[nfens);
h{2] = (double)0.25 * alpha[nml];
for (j=3;3j¢=nml; +4j) {
aznj = 0z - j;
pf3j = nfens + 3 - §;
h{j] =(double) 0.25 * (alpha[nzmj] -~ alpha{nf3j]);

}
hinfens] = (double)0.5 * aipha[l] - 0,25 *alpha{3);
kinz] = (double}d.0;
}
break;
default:
break;
!
}
/ttkttttttttttttk/

/* RENES 2/

/ttttlttt!ktxtkti/

remes ()

{

double xe;

int jml,
inl,
nflj,
nzz,
nzznj,
jxt;

double itrmax,
a[67],
dak,
k.
pl67],
g[67],
dtenp,
jet,
dnun,
dden,
o,
devl,
jehnge,
ki,
knz,
klow,
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nut,
conp,
err,
mtl,
ynz,
g,
luck,
kn,
fsh,
gtemp,
en,
kkk,
aa,
bk,
ft,
xtl;

itrmax = 25;
devl = {double) -1.0;
nz = nfens + i;
nzz = nfens + 3
niter = DZERO;
Al00:
iext [ nzz ] = ngrid + {;
nitertt;
if ( niter ) itrmax )
goto A400;
for (§=1;4(nz; +j) {
jat =dext [ I;
dtemp = grid [ jxt };
dtemp = cos ( (double )dtemp * pil );
x{j] = dtenp;
}
jet = (nfens - 1) /154 1;
for (j=1;j<=nz; ++)
ad[ j)=dval (j, oz, (int) jet);

dnum = DZERD;

dden = DIERO;

k=1;

for (j=1;j¢=nz; ++j) {
l=1fext [ ]}

dtemp = ( double ) (ad[ j ] *des[1] );
dnun = ( double ) ( doum + dtemp );

dtemp = (double )k *ad [ ] /wt[ 1 ];
dden = dden + dtemp;

= -k:
}
gev = ( double ) ( dnum / dden );
st = ( double ) I;

if ( dev » DIERO )
nu =( double ) -I;
dev = ( double ) -nu * dev;
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k= (int) m

for {j=1;3Gn;tj){
P=dext [ ] s
dtemp =k * dev /wt [ 1]);
y[j]=des [ 1] + dtemp;
k=-k

1

if ( dev ) devl )
goto A150;
ouch();
goto A400;
A150:
devl = dev;
jehnge = 0;
kKl =dext [1];
knz = iext[ nz |;
klow = 0;
nut = -nu;
j= L
A200:
if ( § == nzz )
ynz = comp;
if (§ Y= nzz ) ‘
goto A300;
kup = fext{ j+1];
I=dext[j]+1;
nut = -nut;
if(j==12)
yoy = comp;
conp = dev;
if (1 )= kup)
goto A220;
err=gee (1, nz );
err=(err-des [1])*wt([1];
dtemp = nut * err - conmp;
if ( dtemp (= DIERO )
goto A220;
conp = nut * err;
A210:
1+4;
if (1= kup)
qote A213;
err =gee (1, nz );
err={err-des[1])*wt([1];
dtemp = nut * err - comp;
if ( dtemp (= DIERQ )
goto A215;
comp = nut * err;
goto A210;
A215:
fext[j] =1-1;
jHt;
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klow = 1 ~1;
jehngett;
goto A200;
A220:
-
3225:
I--;
if (1 ¢= klow )
goto A250;
err=gee (1, 02);
err=(err-des[1])*wt 1]
dtemp = nut * err - comp;
if ( dtemp ) DZERQ )
gots A230;
if ( jchnge (= DIERQ )

goto A223;
goto A260;
A230:
copp = put * err;
A23%:
1--;
if (1 <= klow)
goto A240;
err=gee (1, 102);
err=(err-des 1)) *wt[1];
dtemp = nut * err - comp;
if ( dtemp (= DZERO )
goto A240;
comp = put * err;
goto A233;
A240:
klow =dext [ I
fext[j]=1+1
i
jehngett;
goto A200;
A250:
l=dext [J]+1;
if ( jchnge ) DZERC )
goto A215;
A235:
144;
if (1)=kup)

goto A260;
err =gee (1, 02 )
err=(err-des{1]))*wt(1];
dtemp = nut * err - comp;
if ( dtemp (= DIERQ )

gote A233;
comp = aut * err;
goto A210;
A260:
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klow = fext [ { 1;
jtt;
goto A200;
A300:
if (§)nzz)
goto A320;
if(klYiext{1])
kl = iext{ ] ];
if (knz (dext [nz ] )
knz = iext[ nz J;
nutl

i

nut;
=-ny;

=

=

-
1

1 =0
kup = ki;
conp = ynz * (double) ( 1.00001 );
luck = 1;
a310:
144
f£(12=kup)
goto A315;
err=gee (I, nz);
err = (err-des [1] ) *wt[1];
dtenp = nut * err - comp;
if ( dtemp (= DIERO )
goto A310;
comp = nut * err;
i = nzz;
goto A210;
A315:
luck = 6;
goto A325;
A320:
if ( luck > 9)
gota A350;
if ( comp ) ymy )
yay = comp;
kl = iext [ nzz ];
A325:
1= ngrid + 1;
kiow = knz;
nut = -putl;
conp = yny * (double)( 1.00001 );
2330:
1--;
if (1 ¢= klow )
goto A340;
err =qgee (1, 02);
erxr={err-des [ 1] )*wt[1];
dtemp = nut * err - conmp;
if ( dtemp (= DIERO )
goto A330;
i = nzz;
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comp = nut * err;
Iuck = luck + 10;
goto AZ35;
h340:
if ( Iuck == 6)
goto A370;
for { §=1; § (=nfens ; ++] ) {
azzmj = nzz - §;
nzaj =nz - j;
iext[ nzzmj ] = iext { nznj [;
}
iext{ 1] = kI;
goto A100;
A350:
kn = {ext | nzz |;
for (j=1; 7 (= nfens ; +4j )
fext[ ] =dext [j¢+11];
fext [ nz ] = kn;
goto A100;
A370:
if ( jchnge ) DZERQ )
gote A100;
A400:
nnl = nfeas - 1;
fsh = (double)0.000001;
gtemp = grid [ 1 };
x [ nzz ] = (double)-2.0;
cn = (double) ( 2 * nfens -1 );
delf = ( double ) 1.0 / cn;
l=1;
kkk = 0;
if ( ( edgel 1 ) == ( double ) 0.0 )} &% ( edge{i*nbands] ==( double ) 0.5 ) )
kkk = 1;
if ( nfens (= 3)
kkk = 1;
if (kkk==1)
goto A405;
dtemp = cos ( (double )pi2 * gqrid[ 1] };
doun = cos { (double )pi2 * grid] ngrid ] );

aa = (double ) 2.0 / ( dtemp - dnum );
bb = (double ) - ( dtemp + dnum ) / ( dtemp - dnum );
A405:
for (j=1; 7 ¢=nfcns ; ++j ) {
ft=3-1;
ft = ft * delf;
xt = (double) cos ( (double )pi2 * £t };

if (kkk==1)
goto R410;
xt = (double) ( xt - bb ) / aa;
xtl = (double) sqrt ( (double) (1.0 - xt *xt ) );



A410:

Adl5:

A420:

A4i5:

A505:

A510:
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ft = (double)atan2 { (double)xtl ,{double)xt ) / pil;

xe=x{11];
if (xt ) xe)
goto A420;
if ((xe-xt) (fsh)
goto Ad15;
T+;
goto R410;
aljl =yl 1}
goto R415;
if ((xt-xe) ( fsh)
goto A415;
grid [ 1] =
a[i]=se ,M):
iHf(1»1)
-

}

grid[ 1] = gtemp;

dden = ( double ) piZ / cn;

for (j=1; 7 (=nfens ; #4j ) {
dtenp = DZERO;
dnum = (double) (j - 1);
dnun = dnun * dden;

if (nml (1)
goto A505;
for (k=1; k (= nnl ; ++k }{
dak=a{k+1l];
= {double)k;

dtemp = dtemp + dak * cos ( (double )dnum * dk );

}
dtemp = (double)2.0 * dtemp +a [ 1 ];

alpha [ j ] = dtemp;
}

for {j= 2 ;7 ¢(=nfens ; +j )
alpha [ j ] = 2.0 *alpha [ j ] / cn;
alpha [ 1 ] =alpha { 1] / ¢n;
if (kkk==1)
goto A545;
p[ 1] =12.0* alpha [ nfens ] * bb + alpha [ nal };
pl 2] =12,0*aa* alpha [ nfens };
g 1] =alpha[ nfens - 2 ] - alpha [ afens |;
for (§=23; 7 (znmml; ++) ) ¢
if (jC(ml )
goto A515;

W non
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aa = .3 *aa
bk = .5 * bb;
A515:
p[ j + 1] = DIERQ;
for (k=1;k<=7;ktt ) {
a[k]j=p[k];

A520: plk]=2.0*bb*a[k];
}
plaj=p{2)+a[1]*2.0*ay
jal = § - 1;

2525:
for (k=1; k {(=qjnl ; ++k )

plk]=plk]+q[k]+taa*ralktl];

4530:
=i+
for (k= 3; k (= jpl ; ++k )

plk}=p{k]taara[k-1}
if( j==nml )
continue;
for (k=1;k(=7; +tk)
glk])=-a[k];
oflj = nfens - 1 - §;
gf1])=q{1]+alpha [ nflj];
!
for (§=1; 3 (=nfens ; +4§ )
alpha [j]=p[]0
A545:
if ( nfens ¥ 3)
return 0;
alpha [ nfens + 1 ] = DIZERO;
alpha [ nfens + 2 ] = DIERO;
return 0;

}

double fcevi[100];

/ntunuxun/

*D */

/ltt*xtttttttt:/

double dval{ k1, nl , ml)

int ki,
nl,
nl;

{

int 11;

int ipl;
double di;
double ql;

di = (double)l.0;
qgl=x[kl };
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for (11 =1; 11 (=ml; ++11 )¢
for ( jpl =11 ; ipl ¢=nl; jpl = pl + ml ) {
switeh ( (fpl - k1) !1=0} {

cage 1:
dl = (double) 2.0 * 41 * ( ql-x{ jpI ] );
break;

case 0:

default:
break;

1

}
}
dl = (double) ( 1.0 / dl );
reture ( double ) dl;

}

/t!ttt!itiktttttt/

/* GEE v

/ttlttxittxtttilx/

double gee ( k2, 02 )

int k2,
nl;
{
int jpli
double p2,
¢,
if,
d2;
p2 = DIERQ;

xf = grid [ k2 };

xf ="cos ( (double )pi2 * xf );

d2 = DIERO;

for (jpl =1 jpl (= nd ; #4jpl ) {
¢2 = xf - x[jpl];
el =adf jpl ] / cX;
d2 = d2 + ¢2;
p=pltce2ry{ipl];

!

return (double) ( p2 / d2 );
1

/tttxxthxxzxxt/

/* 0UCH '

/xxxxxxxxxxx:xx/

void  ouch()

{
printf ( "probale cause is machine rounding error\n® );
printf ( “number of iterations = %If ° , niter )i
printf ( ®If the number of iterations exceeds 3\n" );
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printf ( °the design may be correct, but should be verified\n"
}

/1ttttlittt&*ktkktt!t/

/* FUNCTIONS )

Iikltktﬁtlitttttxttkl/

/t!kttixtttiktktttitt/

/* EFE 2/

/tklitttltlxtl!illt!&/

double eff ( freq , fx2 , wtx2 , jtyp )
double freq;

int jtyp;
double f£x2,

wtxld;
{

if (jtyp==1)
return { double) ( fx2 * freq J;

else
return { double ) fx2;
}
Itttktkt!tttxtx%ttttt/
J* VATE */

/Rktﬁxtxittttttttkth/

double wate ( freq , fx1 , wixl , jtyp )
double freq;

int jtye
double fxi,

wixl;
{

double wat;

if ( jtyp 1= 2)
return { double } wixi;
if ( fxl ( (double) .0001 )
return ( double ) wtxi;
elge
return ( double } ( wtxl / freq );
H

/tkttttktltit*ttt/

/* ERROR 3

/l!lllkllttt!tkll/

vaid error()

printf ( *error in input data....!\n" );

}

/ilt!t#!l*tatlttlaxtk!kkltt/

/* PROGRAK QUTPUT SECTIOR */

)i
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/ttklxttt*ttttttt!tilt*ttktl

getout( nam )
TEIT  *nam;
{

FILE  *fq;
double psvar;
double fr;

fd = fopen ( nam , "w" );

if (fd == { FILE* ) NULL ) {
printf ( "Dosya acma hatasi .... Exiting to DOS!\n® );
exit(0);

}

fprintf ( fd , "$COEFFICENIS\n" );
if (neg ==10)

fprintf ( £d4 , "BANDPASS FIR FILTER ° );
else

fprintf ( £d , “DIFFERENTIATOR - HILLBERT® );
if { nodd == 0)

fprintf ( fd , °"UIUNLUEK CIFT® );
else

fprintf ( 4 , "UUZUBLUX TER® );
fprintf ( fd , "\nCOEFFICENT-XQ,\n" );
fprintf ( fd , "AMPLITUDE,\n® );

if (neg==14& nodd == 1)
fprintf ( £d , "0.0\0" );
for ( i=1;1¢(=nfens ; ++i )
hh[i] = h{i};
if (neg == 0 &k nodd == 0 ) {
for (n=1;n (= nfens ; +¢n )
hi{nfcns+n] = h{nfens-ntl];
for (i=1;1<{=nfens *2; 4 )
fprintf ( fd , "%6.0d,%3.91f\n* , i, Bh{i] );
}else if ( neg == 0 &k nodd == 1) {
for (n=1;n¢=nafcns -1 ; ++n)
hh{ nfcnstn ] = h[ nfens - n |;
for (i= 1;i(nfens*2-1; )
fprintf ( fd , "%6.0d,%3.91f\n" , i, Bh[i] );
}else if (neg==1 &8 nodd == 0 ) {
for {n=1; 18 {=nfcns ; +4n )
hh[nfeus+n] = -h[nfcns-n+1};
for {1=1;1(=nfcns *2 ; ++i )
fprintf ( fd , "%6.0d,%3.91f\n" , 1 , hh[i] };
} else if ( neg == 1 && nodd == 1} {
for (n=1;n{=nfecns ; ++n )
hh[nfcns+ntl] = -h{nfens-nt1];
for (i=1;i(¢=nfens *2+1;++1)
forintf ( fd , *%6.04,%3.91f\n" , 1 , RR[i] );

}
fprintf ( f4 , "))\n* );
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fre cev( &hh[0] , &fcevi[0] , nfilt , 80 );
fprintf ( £d , "4FREQUENCY RESP( dB )\n® );
fprintf ( fd , "FREQUERCY RESPONSE REMES IN DB\n\n® );
fprintf ( fd , "FREQUENCY,AMPLITUDE,\n" );
for (k=1;k¢(=80; +k ) ¢{
fr = (double) .5* (k-1 /80;
if ( feevif k] ( DIERO)
feevi[ k ] = ~feevi[ k ];
povar = 30 * logl0 ( feevi[ k | };
fprintf ( fd , "%4.101f , %4.101f\n" , fr , psvar );
!
fprintf ( £fd , *))\n* );

fprintf ( £4 , "$FREQUENCY RESPOESE\n® );
fprintf ( fd , "FREQUENCY RESPONSE REMES\n\n" );
fprintf ( £d , "FREQUENCY,AMPLITUDE \n" );
for (k=1;%k¢=80; ++k ) {
fr = (double) .5 * (k-1 / 80;
fprintf ( £ , *%4.101f , %4.101f\n" , fr , fcevi[k] );
!
fpeintf ( £d , “))\n" );

fprintf ( fd , “$HEADER\n" );

fprintf ( fd , "finite impulse response (fir)\n" );
fprintf ( £d , "linear phase digital filter desigm\n® );
fprintf ( fd , “remez exchange algorithm\n® );

switeh ( jtype ) {

case 1:
fprintf ( fd , "Bandpass Filter\n® );
break;

case 2:
fprintf ( fd , "Differentiator\n® );
break;

case 3:
fprintf ( fd , “Hillbert Transformer\n® );
break;

default:
break;

}

fprintf ( £d , "filter length = %5d\n* , nfilt );
for (§ =1 ; § (= nbands ; ++] )
fprintf ( fd , "lower band edge[%5d])=,%3.91f, upper band edge=[%5d]=, %3.91f\n* , j ,
for (j=1; j (= nbands ; +4+j } {
if ( jtype 1= 2)
fprintf { fd , "Desired value{%d]=" , § );
else
fprintf ( fd , "Desired slope[%d]}=* , § );
fprintf ( £d4 , *, %3.91f \n" , fx[j]);
}
fprintf ( £d ,"\n Weights\n* );
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for { =1, § (= nbands ; ++ )
fprintf ( fd , "[%5d] , %3.91f\n" , § , wx(j] );
fprintf ( fd ,*\ndeviations\n® );
for (j=1; j (= abands ; +4 } {
deviat[j] = dev [ wtx[i];
fprintf ( fd , °"%6d , %3.91f\n* , j , deviat{j] );

}
fprintf ( fd ,"\ndeviations in dB\n" );
for (j=1;j (=nbands ; ++j ) {
deviat[j} = 20.0 * logl0 ( deviat[j] );
fprintf ( £ , "%6.0d , %3.91f \n" , j , deviat{j] );
}
fprintf ( £4 , *))\n* )s
for (J=1;j<C=nz; +j}) {
ix = ( int ) iext(j];
grid [ j ] = grid[ ix |;

}
fprintf ( fd , "§EXTREMAL FREQUENCIES\n" );
fprintf ( £d , "EXTREMAL FREQUERCIES\n" );
forintf ( £d , °BARD-RO,\n" };
fprintf ( £d , "FREQUENCY,\n* };
for (=133 ¢nz; )
fprintf ( fd , "%5d , %3.91f \n* , j , grid[j] );
fprintf ( £, *))\n" );

felose ( fd );

}
fre cev( fr x, fr d, frn, frk)
double *fr x, J** array of filter coefficents **/
*fr b; J** array of frequency response **/
int fr n, [** filter length **/
fr k; /** fresponse number **/
{
double fr g,
fr am,
fr_at,
fr f;
int fr i,
fr §,
fr n,
fr n2,
fr el;

fr el =frn /%

fr el = fr n - 2*r_cl;

fr ¢ = (double) (3.141592654 / fr k);
fram= ( fra+l) *5;

frm = (fratl) /%

fr n2 = fr o/2;

for (fr j=1; fr j (= frktl ; +frj ) {

fr at = (double)0;
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if (frel)

fr at = .5 * fr x[fr n);
for (fri=1; fri(=frnl; +ri)

fr at = fr_at + fr x(fr_i] * cos ( (double) (fr_g*(fr am-fr i)*(fr_j-1) ) );
fr blfr ji = 2*fr at;



#define DZERQ (double) 0
$define TRXT  unsigmed char
veid  ouch();

double gee ( int , int );
double dval( int , int , int );

120 -

double eff ( double , double , double , int );
double wate( double , double , double , int );

/t!tkttkl!!t/

/* GLOBALS */

litttiti!t!x/

/* INTEGERS */

Bxtern static int nfmax,
mni,

1,

n,

k,

ix,
nz,

1

i,
nzaj,
nflj,
nf3j,
lgrid,
ib,
kup,
neg,
jtype,
1band,
nodd,
nfilt,
nfens,
ngrid,
nbands;

/* DOUBLES */

Extern static double xt,
tenp,
fup,
change,
delf,
pil,
pi,
dev,
piter,
iout,
jext[100],
ad[100],
alpha[100],
x{100],
y[100],
h{1o0],
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hk{256],
des[1250],
qrid[1250],
wt[1250],
edge[25],
fx(25],
wtx[25],
deviat[25);
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DIFERENT. C

Differentiator tasaraim programidir.



int
int
int
int
int
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pain({void);

diferent{double huge *x,double *b,double n,double k);

nyfr(double huge *x,double huge *b,double n,double X);
yazfir003(double huge *x,double huge *b,int m,double n,double Ek);
mabs(double huge *bval);
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$include(nath.h}
$includedutl2dfn. b
$includeduti2def.h)
$inciude(vestdio.h)
$include"diferent.h®
huge *halloc();

extern double atof();
$define DZERO (double)0

TEXT  fuzn[3],
frev(7],
dadi[13];

TEXT  mes005[4][81] = {
o LS DIFFERENTIATOR DESIGN

“Dosya Adi H
*Filtre Uzunlugu A
“Frekans Cevabi Sayisi :"
Y
nain()
{
int nwD;
double huge *x, [t array of coeff */
huge *b; |* array of fresp */
double n, /* filter length */
x; /* § of fresponse calculated */
COUNT girdi;
int i
int mwn0;
enpty ( fuzn , 5 );
empty ( frev , 7 );
enpty ( dadi , 13 );

men0 = wxxopen( §,
12,
20,
66,
ACTIVE+COQKED,
0,
0,
4,
178 );

mvn = wopen  { 4,
10,



wxatsay ( mwn ,
uxatsay ( awn ,
wxatsay ( mwn ,
wxatsay { mwn ,

H
?
!
H

-~ e LD

— e —

xatget ( 3, 25, dadi,
xatget ( 5, 25, fuzn,
zatget (7, 25, frev,

girdi = 0;

switch ( readgets() ) {

case

case
deafult

}
if ( girdi ) {

RET:

ESC:

1

1

I
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19,

64,

“ALCAEGECIREN FILTRE TANIMLAMA®
)i

mes005[0], 111 );
mes003[1], 7 );
mes005(2], 7 );
pes005[3], 7 );

“DIFFRXXX.DIF®, BULLFURC, "*, °°, vc.dflIt, ve.dflt );
“9999", NULLFUKC, °®, *®, vc.dflt, ve.dflt );
"999999" , NULLFUNC, *®, **, ve.dflt, ve.dflt );

k = atof { frev );

n = atef ( fuzn );

b =x = ( double * ) NULL:

b = (double huge * ) halloc ( (long)(k+l) , sizeof ( double )
if { b ==( double * ) WULL ) {

printf ( "Benull ° );
exit(0);

!
x = (double huge * ) halloc ( (long)(n/2+2) , sizeaf ( double
if ( x == ( double * ) WULL ) {

printf ( *x=pull * );

exit(0);
}
diferent(x, b, n, k );
girdi = 1;
break;
break;

hfree ( (char *) b );
hfree ( (char *) x );

}

wclose ( mwn );
wclose ( nwn0 );

diferent(x , b, o, k)

double huge
double n,

{

double an;

Xx‘

ﬂb;

/* fir filter length */
/* freq. cale § of claculted points */

k;
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int m,
12;
double p,
'H
int i

{ntl ) } 3
(otl ) [ 4
n/2;
4 *atan (1 )
eg==an ) { /* For odd R ¥/
for (j=1;3¢n1;4+)
x[j] = cos ( p ' (=i )/ (n-j );

meseT
— n u n o

} else { [* For even § */
for (j=1;3¢Gn;+) {
g=p* (1-m),
x{j] =sin (@) / ( q*(j-am) );

}
}
eyfr{x , b ,n,k);
yazfir003( x, b, n, o, k );
}

/tttthl&ttkkkil!ﬂt!itttttitlittttt!ittttt/

/*** CALCULATION OF FREQUENCY RESPONSE ***/

/ttxtllxttttt!tikitkt!tktxttxtt!llxkittttxl

myfr{ x, b, n, k)

double huge *x, /** array of filter coefficents **/

huge *b; /** array of frequency response **/
double n, [x* filter length **/

k; /** fresponse number **/
{
double q,

anm,

at,

f;
int i,

i

m,

0,

cl;

el =1 /Y

¢l =1n - 1*%l;

= (double) (3.141592654 / k);
am = {n+l)r5;

B o= (n+l) /%

22 = n/2;

for (j=1;§¢Gk1;+]){

at = (douhle)o'
if (el)
at = .5 * x[n];
for (1=1;1i(=nl; +)
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at = at + x[i] * sin ( (double) (q*(am-i)*(j-1) ) );

b{j] = 2*at;
!
}
JAARRARRRRRRRERKARKRRRKRRKRARRKRKRRRRRKRRE |
J*** ENF OF CALCULATION oy

Ilttkkl!!tk!ktlttt!liltttttl!llttttttxxitk/

yazfir005( x, b, m, 0, k)
double huge *x,

huge *b;
int n;
double k,
N
{
FILE  *id;
{nt i
double f;
fd = fopen ( dadl , "w" ); /** DOSYAYI AC *¢/

{f (fd == ( FILE * ) FULL ) {
printf ( "Dosya Acma Hatasi !\n*);
exit(0);

}

/ttlttkttl!ttlt

fprintf ( £4 , "4HEADER\n\a® ); /** HEADER YAZ **/
fprintf ( fd , "FREKANS ORNELLEME KETODU\n" );
fprintf ( fd , "LINEAR PHASE DIFFERENTIATOR\n\m\n" };

fprintf ( £d , "FILTRE UZURLUGU P §-5.01E\m\R" 0 )
fprintf ( fd , "HESAPLANAN FRE.CEV.SAY. : %-6.01f\nm\n" , k ):
fprintf ( £d , *))\n" ); /** EED OF HEADER *+/
/tlttt!ttxttttxl

/ttkltktttt!ttt

forintf ( fd , “§COEFFICERTS\n® ); /** COEFFICENTS **/
fprintf ( £d , "FOURIER COEFFICENTS\n" );
fprintf ( £d , "COEFFICERT-XO,\n" );
fprintf ( fd , "AMPLITUDE,\n® );
for (j=1;7 (GnH)
fprintf ( £d , "%d,%-6.61f\n" , j,x[j] );

fprintf ( £4 , ®*))\n" ); /** END QF COEFFICENTS **/
[rrrsarsassasas )
JrRrsasReRerRas )
fprintf ( fd , "$FREQUERCY RESPONSE\n* ); /** FREQUERCY RESPONSE **/

fprintf ( £d , "LENGTH %-5.01f DIFFERERTIATOR LS DESIGE\n® , n );
fprintf ( fd , *FREQUENCY,\n® );
fprintf ( £d , °AMPLITUDE,\n* );
for {j=1;3¢Ek1; )
= (double).5 * (j-1)/k;
mabs( &b{j] );
fprintf ( fd , "§-6.61f , %-6.61f\n" , £, b[j] );
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}
fprintf ( £4 , *))\2* );

/t*tt**tlttitkt/

fprintf ( £, *))\n" );
felose ( £d );
}

/ttttttttttttttttlxltittttttitttttttttttt!ltt/

/** absender function of frequency reponse **/
/ll!lgttkttttatkiRixttkltttxktttxtliltltxt!tt[
mabs( bval )
double huge *bval;
{

if ( *bval < (double)0 )

(*bval) = -(*bval);

!

/ttﬂlttk!tttlttlx!tttxkttttt!ttltl*lttxttlttt/

{** end of absender fumction x)
/!xttittt!kttlttttlittllﬂtiRttaititttt!ktt!itl

{** ERD OF FREQUENCY RESPONSE **/

[** END OF FREQUENCY RESPONSE **/
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Window kullanarak LS kriterine gore FIR filtre taszarim
yvapan programdir. Tanimli window fonkziyonlari Bartlett,

Hanning , Hamming , Kaiser , Rectangular widow'dur.
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int main(veid);

int ls{double bhuge *x,double n,doubls fp);

int wind(double huge *x,double n,int tp,double betas);

double fio{double z);

int nmyfr(double huge *x,double huge *b,double =,double Ekj;

int yazfir0o4(double huge *x,double buge *b,double huge *a,int n,double fp,double
int mabs{double huge *bval);

n,int typs,double |
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$include(math.h)

$includeutl2dfn.b)

$include(utlddef.h)

$include(vestdic.h)

$include®Iswin.h®

huge *hallec();

double fio();

TBXT  filtname[5]{20} = { "Bartlett®,
*Hanning®,
*Hamming®,
*Blackmann®,
"Raiger® };

extern double atof();
§define DZERO (double)t

TEXT  fuzn{5],
tipi[2],
kosf[13],
frev(7},
bsta[5],
dadi[13];

TEXT  mes004[8][81] = {
"FREXANS ORNEKLEME HETODU-OPTIMAL LEAST SQUARES ERROR *,

“Dosya Adi 39,
“Filtre Uzunlugu RO
"Kose Frekansi 18
"Pencere Tipi ( 1-5 ) :°,

"Beta ( Raiser icin ) :
“Frekans Cevabi Sayisi :

=

5
main()
{
fnt mwD;
double huge *x, /* array of coeff */
huge *b, /* array of fresp */
huge *a; /* array of samps */
int typs; /* window type  */
double fp, /* edge freq */
R,
k; /* % of fresponse calculated */
COUNT  girdi;
int i,
R,
nwn0;

double beta;

vestart( CLRSCRE );



enpty ( fuzn
empty ( tipi
eapty ( kosf
erpty ( frev
enpty ( bsta
empty ( dadi

— o ~3 Y B2
et Sl S St Vot et
—a e ww mn ww wa

- - e m wm o=

mwn0 = wxxopen{ 5,

EWD = woper ( 4,

wxatsay ( mwn
wxatsay ( mwn
wxatsay ( mwn
wxatsay ( nwn
wxatsay ( mwn
wratsay ( mwn
wxatsay ( mwn

Ca = O I W O
P RS g i —

o o o - o o

11,
13,
xatget ( 3, 25, dadi,
xatget ( 5, 25, fuzm,
xatget ( 7, 25, kosf,
xatget ( 9, 25, tipi,

xatget (11, 23, Dbsta,
zatget (13, 23, frev,

~girdi = 0;
switch ( readgets() ) {
case  RET:
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11,
20,
66,
R

ACTIVE+COOKED,
g,
0,
4,
178 );

10,
19,
64,
“ALCAKGECIREN FILTRE TANIMLAMA®
);

, mes004[0}, 112 );
, nes004{1}, 7 );
, mes004[2], 7 };
, mes004(3), 7 );
, nes004[4], 7 );
, Bes004[5], 7 );
, mes004[6], 7 };

*LSWINXXX.FIR®, HULLFUNC, *°, *¥, vc.dflt, ve.dflt );
"9999*, NULLFUNC, "*, **, ve.dflt, ve.dflt );

*.$4#", NULLFURC, "®, **, ve.dflt, ve.dflt );

9%, NULLFURC, ®*, **, ve.dflt, ve.dflt );

“99*, RULLFUXC, °*, "*, vc.dflt, ve.dflt );

999999 , NULLFUNC, °®, "®, ve.dflt, ve.dfIt );

fp = atof ( kosf );
typs = atoi ( tipi );
k = atof ( frev );
n = atef ( fuzn );
beta = atef ( bsta );

¥ = a = ( double * ) NULL;
(double huge * ) balloc ( (long)(k+1) ,
b == ( double * } NULL ) ({

printf ( "b=mull * });

b
b
i

—_—n u

£

sizeof ( double )
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exit(0);

!
x = (double huge * ) halloc ( (long)(n/2+2) , sizecf ( doubl
if ( x == { double * ) NULL ) ¢
printf ( “x=pull *® );
exit(0);

}
a = (double huge * ) halloc { (long)(n/2+2) , sizeof ( doubl
if (a==(double * ) NULL ) ¢
printf ( "a=mull ® );
exit(0);
}
Is (x,n, fp);
wind( x , o, typs , beta );
pyfr( x , b, 0, k);
m=(ntl) [
yazfir004( %, b, a , m, fp, n, typs ., k );

girdi = 1;
break;
cage  ESC:
deafult :
break;
}
if (girdi ) ¢
hfree ( (char *) b );
hfree ( (char *) x );
hfree ( (char *) a );
}
wclose ( mwn );
wclose ( mwnl );
veend ( CLOSE );
}
/xuxnuxuxnnuunn/
[* S8t parameters /
/% call subrouitnes */
/tttﬂktxttk!ttltttttttikt/
/xinxxxxnnxnxnnuxx/
/* LeastSquares Funtion */
/xtxnaxnxnnnnnun/
Is(x,n, fp)
double huge *x; /* array of samples */
double n; /* filter length %/
double fp; /* band edge in Hz. */
{
int B,
it
double p,
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anm,
nl;

p =4 % atan (1);

n = (ntl)/2;

an = {double)(nt1)/2;
n? = n/2;

ff (m==an)
%(n] = (double)2*fp;

for (§=1;j¢=nl; +4j ) {
g=p*(j-amn);
x[j] = sin( fp*i*q ) / q;

wind{ x , n, tp , betas )
double huge *x; /* array of samples */
double n ; /* filter lemgth */

int tp; /* window type x/
double betas; /* beta for kaiser */
{
int i
double fiel,

qQ,

wt,

am,

ag,

gi;

am=(n+1}) /2

g =4 * atan(l) / am;
gl=q/(am-1});

switch ( tp ) {

case 1: /* Bartlett window */
for (j=1;j¢an; +j){
wt =13/ am;
x[j] = wt * x[j];
}
break;
case 2: /* Hanning windaw */

for (J=1;]¢a; +j){
wt = 0.5 - 0.5 * cos(j * q );
: x[j] = wt * x[i]:

break;

case 3: /* Hamming %/
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for (§=1;j<¢an;+j){

Wt = 0,54 - 0.46 * cos( (j-1) * ql );
} x(j] = wt * x[j];
break;

case 4: /* Blackmann xf

for (j=1;j¢an; +i){
wt = 0.42 - 0.5 *cos( § *q )+ .08 * cos( 2*j*q );
} x{j] = wt * x{j];

break;
case §: [* Kaiser tf

fiol = fio( betas );

for (§=1;3C¢Gan;+){
ag = betas * sqrt ( 1~ pow ( (am-j)/(am-1) , 2) );
wt = fio{ ag ) / fiol;

, x[j) = wt * x[j);

break;

default:
break;

l*%ttttttltilttltkltttttttt!tl

/* Bessel for Raiser Window */
/xxtuxtxxxxxxtxtanxattxn*xttzl

double fio( z )

double z;
{
double 7y,
e,
d2,
d;
int i
¥ = (double)z/1.0;
e = (double)l,0;
d=1;
for (§=1;3¢125; #j) {
d=d*y /]
1=42*4d;

e += d1;
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if ( 42 ¢ e*le-7 )
return { double )e;

printf ( °I0 failed to converage \n* );
return (double)e;

}

/!ktkltkltttttlkxtxttlxxttttttk*ltﬁ!tlt/

/* Funtion to calculate freq response */
/tttxattlitxltlktxixtitlxittlkttx!ktltl/
ayfr( %, b, n, k)
double huge *x, /** array of filter coefficents **/

huge *b; /** array of frequency response **/
double m, /** Eilter length **/

k: {** fresponse number **/
{

double q,

int i,

n /%
n - 2%¢l;
{double) (3.141592654 ) k);
am = (n+tl) %5
B = (n+l}) /Y
n? = nfi;
for (j=1;] Gk ;#]){
at = (double)0;
if (el)
at = .5 * x{n);
for (1=1;1(=1n2; ++i )
at = at + x[i} * cos ( (double) (g*(am-i)*(j-1} ) );

[x)
—
n 1" n

b[f] = 2*at;
}
}
[FARRRARARRRARLARRRARARARAXERRRRRRAR AR |
/*** ENF OF CALCULATION iy

/ttklllltktt!tl!l!llttxttltltli*klliltitll/

/ttth!*tktittlttx!xttttttttktki*i*t*kﬁlk/

/* funtion to write resuits to a file */
/itxtxtttRttktttttttt!ltltlt*ttti*x*lttik/
yazfir004( x, b, a , m, fp, n, typs , k)
double huge *x,

huge *b,



int
int
double k,

{

FILE  *fd;

int
double f;
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huge *a;
typs;
fp,

it

fd = fopen ( dadi , "#* ); [** DOSYAYI AC **/
if ( fd == ( FILE * ) §ULL ) {

printf ( “Dosya Acma Hatasi !\n");

exit(0);
}

AEKRRAXRRRARRK

fprintf ( fd , "$HEADER\n\n" ); /** HEADER YAZ **/
fprintf ( fd , "LS ERROR DESIGH\n" });
fprintf ( £ , "VINDOWS FOR FIR FILTERS \m\n\n® );

fprintf ( fd , "KOSE FREEANSI U §-6.31f\n\n", fp );

fprintf ( £d , °FILIRE UZUBLUGU ¢ §-5,01f\n\n" , n );

fprintf ( fd , "FILTRE TIPI t §-1.01f\n\n" , filtname[typs -1]);
fprintf ( fd , "HESAPLANAR FRE.CEV.SAY. : %-6.01f\nm\n" , X );

fprintf ( £4 , "})\n" ); J** END OF HEADER **/
/xxxxxxttxxn:xx/

/Xtﬂ*xl!!ttiklt/

fprintf ( fd , "4COEFFICERTS\n® ); J** COEFFICENTS *+/

fprintf ( fd , “FOURIER COEFFICENTS - LS+WIRDOW : %s UZUNLUK : %-5.01f\n* , filtname[typs-1]
fprintf ( £d , °"COEFFICENT-RO,\n" };
fprintf ( f£d , "AMPLITUDE,\n" );
for (=157 (=n;4j)
fprintf ( fd , °%d,%-6.61f\n" , §.x{{] );

fprintf ( £4 , *))\a* ); /** END OF COEFFICENTS **/
/iltttitt!ttktx,
/ttxaxnxxxxxxxx/
fprintf ( fd , "$FREQUERCY RESPONSE\n* ); /** FREQUENCY RESPONSE **/

fprintf ( fd , "FIR FILTER DESIGN - LS+¥INDOW : %s UZURLUL : %-5.01f\n" , filtname[typs-1] ,
fprintf ( f4 , “FREQUERCY,\z® );
fprintf ( £d , “AMPLITUDE,\n* );
for (j=17;3(=ktl;+]) {
f = (double).5 * (j-1)/k;
nabs( &b[j] );
fprintf ( fd , "%-6.61f , %~6.61f\n" , £, B{j] );

1

fprintf ( £d , *))\n* ); /** END OF FREQUERCY RESPORSE **/
/titixttttxttttl

fprintf ( fd , "$FREQ. RESPONSE(in dB)\n® );  /** FREQUENCY RESPONSE *t/

fprintf ( fd , “FIR FILTER DESIGN - LS+WINDOW : %s UZUNLUX : %-5.01f\n* , filtname[typs-1], n
fprintf ( fd , "FREQUERCY,\n" );
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fprintf ( fd , “ANPLITUDE (in dB },\n" );
for (j=1:9G; ) {
f = (double).5 * (j-1)/k:

fprintf ( £d , "$-6.61f , %-6.61f\n" , £, 20 * loglO( b[j] ) );

!
fprintf ( fd , ")N\2* );

felose ( 4 );
}

/!lxkt!ltttttttk!!tiltltltxttt!!tttttttllttt!/

/** absender function of frequency reponse **/
/:ttxxxx::xtt::t:ttx:axttxxatxxxaxxaxtxxtxtaz/

nabs( bval )
double huge *bval;

{
if ( *bval ¢ (double)d )
(*bval) = -(*bval});
;ltlttxktttkl!xtlt&ttt!tttktklttltltitt:!ltkt,
/** end of absender function )

/xxxxtxnx:xax}xxxxxxxxxxxatxxxtx:ttattttatxxx/

/** END OF FREQUENCY RESPONSE **/
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Frekans @©rnekleme Metodu , LS FIR filtre tasarim

programidir.
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$include(math.h)
$include(uti2dfn.h)
$includeCutlddef. b
$include(vestdia. b}
$include"vap.h®

hage  *hallec();

int sts_knt( cher * );

extern double atof();
$define DIERO {double)o

TEXT  fuzn[6],
desp(3],
kosf[14],
frevi8],
dadi[14];

TEXT  mes001([7][81] = {
“FREKANS ORNEELEME METODU-OPTIMAL LEAST SQUARES ERROR *,

*Dosya Adi R
“Filtre Uzunlugu L
“Fose Frekansi RO,
“DC Ornek (1/0) 30,
“Prekans Cevabi Sayisi :*
h
filt fsm_1s()
{
int mwR;
double huge *x, /* array of coeff */
huge *b, J* array of fresp */
hige *a; J* array of samps */
double fp, /* edge freq */
n, [* filter length */
de, /* # of dc samples */
k; /* # of fresponse calculated */
COUNT  girdi;
int i;
int awnd;

eppty ( fuzn , 5 );
enpty ( desp, 2 );
empty ( kosf , § );
empty ( frev , 7 });
espty ( dadi , 13 );

mwn0 = wxxopen( 3,
i1,
20,
86,
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ACTIVE+CQOKED,
0,
0,
4,
1718 );

mWn = wopen (4,
10,
19,
64,
"ALCAXGECIREN FILTRE TANIHMLAMA®
)i

wratsay (mwn , 1, 0, mes001[0], 112 };
wyatsay (mwn , 3, 1, mesO0i[l], 7 );
wxatsay (mwn , 5, 1, mesO0L[2], 7 );
wxatsay (mwn , 7, 1, mes00L[3], 7 );
wratsay (mwn , 9, 1, mes00L[4}, 7 );
wxatsay ( mwn , 11 , 1, mes001{5], 7 );

xatget ( 3, 25, dadi, "FSLESXXX.FIR", NULLFUNC, *°, "¢, vg.dflt, ve.dfIt );
xatget ( 3, 25, fuzn, "9999°, sts kat , °*, *", vc.dflt, ve.dflt );
xatget ( 7, 25, kosf, ".#H", sts kat, "', **, ve.dfIt, ve.dflt );
xatget ( 9, 25, desp, "9°, NULLFUNC, °®®, **, ve.dflt, ve.dflt );
zatget (11, 25, frev, "999999" , sts_knt, °*, *¥, ve.dflt, ve.dflt );
girdi = 0;
suitch ( readgets() ) {
cage  RET:

fp = atoef ( kosf );

de = atef { desp );

k = atof ( frev );

n = atef ( fuzn );

b =x=a={( double * )} KULL;

b = (double huge * ) halloc { (long)(k+l) , sizeof ( double )

if (b =={( double * ) NULL ) {
printf ( “benull ® );
exit{0);

!
x = (double huge * ) halloc ( {long)(n/2+2) , sizeof ( double
if { x == ( double * ) RULL ) ¢
printf ( *x=mull * );
exit(0);
}
@ = (double huge * ) halloc ( (long)(n/2+2) , sizeof { double
if (2 == ( double * ) WULL ) ¢
printf ( “a=null * );

exit(0);
}
fhesap( x , b, &, fp, n, dc, k };
girdi = 1;
break;

cage ESC:



deafult

!
if ( girdi ) {

}

wclose (

wclose ( mwn0 );

hfree (
hiree (
hfree (

nwn );
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break;

{char *} b );
(char *) x );
{char *) a };

/ikttltxktttt*t!*tkttttliltttt*tttiixkltxl

J** Calculation of fourier coefficents **/
/tkttlXllttlttttﬁlitt!xtttitxtttttl!t&!tt,

fhesap( z, b, &, fp, n , dc, k)

double huge *x,
huge *b,
huge *a;
double fp,
n,
de,
k;
{
double q,
am,
np,
at,
it,
f;
int i,
i
ml
nl,
nZ;

/* edge

n=(ntl} /3;
am = (double)( n + 1.0 ) /2.0;
nl = n/2tl;
q = 6.283185330717939 / n;
nd =1 /1;
np=sfprtntl0;

{f ( de

for (

)

"
"
W

np

=1;]

1

[* array of coeff */
/* array of fresp */
/* array of samps */
freq */
/¥ filter length */
[* & of dec samples */
/* % of fresponse calculated */

n*fpt.5;

(= (int)np ; ++] )
a[j] = (double)1.0;

for ( j = nptl ; § (= (int)al ; ++] )

a[j] = (double)}0;
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if(de==0){

for (=153 ¢n;4]){
xt = (double)afl] / 2;
for (i=2;1i¢nr; i)

xt = xt + a[i] * cos ( (double)q*(double)(am-j)*(double)(i-1}))

x[j] = (double) 2.0*xt /n;

}
} else {
for (J=177¢m;+4j){
xt = (double)d;
for (1=1;1¢Gn;+i)
gt = xt + a[i] * cos ( q*(am-j)*(i-.5));
if (am!=n)
xt = xt + a[n] * cos{ (double)3.141592654*(double)(an-j)} /2;
2[j] = (double) 2.0*xt /u;
}

pyfr( %, b, 0, k );

yazfir001( x, b, a , o, fp, 0, de, k );

}

/ttttlxt!ltt!lt!tltkktitllttt*tkttlx*ttti/

/** END of fourier coefficents cale. **/
RRRKRRRKRRRKRARRRKRRRARRRRRXAARRKKKR KRR
/ /

/xxxaxxxttxxx:xxatxaxxtxtkttxtxtzxxxkxttxxaxxl

/** absender function of frequency reponse **/
/xktlixtlttttthtk&tkttlttltltktkt*tttttt!!tx/

nabs( bval )
double huge *bval;

{
if ( *bval ¢ (double)o )
(*bval) = -(*bval);
3:kxaxxxtxlxt:txxxxxxaxtxxxxtxxtxxxxxx:axxxtx/
[** end of absender function )

/xxtxtttxxxxtxttxxt:xxxxxxxxxt:xxxxttxxtxxxxx/

/xauxxxttxtxuxxxxxxx:xtxtxtxkxxxxxtxxanaxx/

/*** CALCULATION OF FREQUEHCY RESPORSE ***/

/iittlttxttkxkttti!kltktt!tttttt!ktttttttk/

eyfr{ x, b, n, k)

double huge *x, /** array of filfer coefficents **/
huge *b; /** array of frequency response **/
double mn, [** filter length **/
k: /** fresponse number **/
{
double g,
an,
at,
f;

int i,
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n /3
n - 2*cl;
(double) (3.141592654 / k);
an = (n+l) %5;
no= (n+l) /%
n? = n/2; ’
for (J=1;7 Gkl ) {
at = (double)0;
if (c1)
at = .5 * x[a];
for (i=1;1¢12; +i)
at = at ¥ x[i} * cos ( (double) (g*(am-1)*(j-1) ) );

" 0
ey
n o n

b[j] = 2*at;
}
[ARRERARRARRRRALRARRERRRRARRARRRARKRARRARE |
[*** ENF OF CALCULATION I

/txxxxxatxx:xxxtxﬁxttxxt:axxxtttxtxxxtaxxt/

yazfir001( x, b, a , m, fp , 0, dec, k)
double huge *x,

huge *I,

huge *a;
int R;
double &k,

fp,

de,

n;
{
FILE  *fd;
int i
double f;

fd = fopen ( dadi , *#* ); J** DOSYAYI AC %/

if ( fd == ( FILE * ) HULL ) {
printf { "Dosya Acma Hatasi !\a");
exit(0};

}

/ikltl!tiktxttt/

fprintf ( £4 , "$HEADER\n\n" ); /** HEADER YA **/
fprintf ( fd , "FREKANS ORNEKLEME NETODU\n® );
fprintf ( fd , "OPTINUN LEAST SQUARES ERROR\n\n\n" );

fprintf ( fd , "EOSE FREKARSI } %-6.31f\n\n", fp );
fprintf ( £fd , "FILTRE UZURLUGU } §-5.01f\n\2* , 0 );
fprintf ( fd , °DC ORNEK ( 1/0 ) ! %-1.01f\n\n* | dc );

fprintf ( fd , "HESAPLANAN FRE.CEV.SAY. : %-6.01f\n\n" , k );
fprintf ( £¢ , "))\n" ); [%* END OF HEADER **/



int
char
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/tli*tkt*ttkktt/

/!kllitlktitktxl

fprintf ( £d , *$COEFFICENTS\n® ); /** COEFFICENTS **/

fprintf ( fd , "FOURIER COEFFICENTS\n® );

fprintf ( fd , "COEFFICENT-RO,\n" );

fprintf ( fd , "AMPLITUDE,\n® );

for (j=1;] Gn;tj) )
fprintf ( fd , "%d,%-6.61f\n* , ,x[§] );

fprintf ( £ , *))\n" ); /** EBD OF COEFFICENTS **/
[ArRrRRRLRRRRR |
[AERRRRRRRRRRRR ]
fprintf ( fd , "4FREQUENCY RESPONSE\n® ); J** FREQUEHCY RESPONSE **/

fprintf ( £4 , "FIR FILTER DESIGN - OPTINAL LEAST SQUARES ERROR\n" );
fprintf ( fd , "FREQUENCY,\n" );
fprintf ( £d , "AMPLITUDE,\n" );
for (§=1;7¢Gk1; )
f = (double).5 * (j-1)/k;
nabs( &b[j] );
fprintf ( fd , *%-6.61f , §-6.61f\n" , £, b[j] ):

}
fprintf ( £d , "))\n" )5 /¥* END OF FREQUENCY RESPORSE **/

/tl!lkkxliilktt/

fclogse ( fd );

sts_knt( sts )

*5ts;

if ( atof ( sts ) == DIERO )

else

return 1;

return 0;
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FSMTW. C

Gegis budlgeli FIR filtre tasarim programidir.
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/xxxxxx

22.12,1991 Hetin KALAYCI

LEAST SQUARES ERROR FIR FILTERS WITH A TRANSITION REGION DESIGN PROGRAM
FOR A LIREAR PHASE LOWPASS FILTER
FILTER LERGTH = R
PASSBARD EDGE IN HI = £P
STOP BAND EDGE IN HI = FS$
SAMPLING RATE = 1
TRANSITIOR TYPE TP :
0.RAISED COSINE
1.2nd ORDER
3.3rd ORDER
4.4th ORDER , etc
FP=F§ KO TRANSITION REGION

lit!til

$include(nath.h?

$include(utl2dfn.b)

$include(ut]2def.h)

$inciude(vestdio. k>

extern myfr(); " |* Frequency response function external */
huge  *halloec();

extern double atof();
#define DIERO (doubls)d

TEXT  filaom[15],  /* Dosya Adi */
filduz{1o0], /* filtre uzunlugu */
fi12bs{10}, /* filtre gecis bandi baslangici */
Eil2snf10], /* filtre gecis bandi somu t)
filatp[1], J* gecis tipi */
filafe[l0); /* hesaplanacak filtre frekans cevabi sayisi */

TEAT  mes002([7][81]) = {
" LINEER FAZ FIR FILTRE - SAHPLING RAIE = 1 Y

"Dosya Adi ,
“Filtre Uzunlugu o
"Baslangic Kose Frekamsi :*,
"pitis Kose Frekansi L
"Gecis Tipi N
“Frekans Cevabi Sayisi :*
h

filt_fpb Is()

{

int k;

double fp,
tq,
fpt,

fql,



double huge *x,

COURT  girdi;

int

i,
awng,
awn;
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tp,
trt,
n;
/* array of coeff */
huge *B, {* array of fresp */
huge *a; /* array of samps */

empty ( fil2nm,13); /* Dosya Adi */

empty ( filluz,10); /* filtre uzunlugu */

enpty ( fildbs, 5); /* filtre gecis bandi baslangici */

empty ( fil2sn, §); /* filtre gecis bandi somu s/

enpty ( filatp, 2); /* gecis tipi */

empty ( filife, 7); /* hesaplanacak filtre frekans cevabi sayisi */

renf = wxxopen( §,

12,
0,
66,

i
ACTIVE+COORED,
0,

0,
4,
178 );

men = wopen ( 4,

10,

19,

64,

“ALCAYGECIREN FILTRE TANIMLAKA-GECIS BOLGELI"
)i

nes002{0], 117 );
mes002{1], 7 );
mes002{2], 7 );

wxatsay ( mwn )
, mesd02{3}, 7))

wxatsay ( mwn
wxatsay ( nwn
wxatsay { nwn
wxatsay ( mwn
wxatsay ( nwn
wxatsay ( mwn

mes002{4], 7 )
res002(5}, 7)
mes002[6), 7))

L T AD ~T W D 2
ot Tt et r O

L T

11, H
13, ;
xatget ( 3, 25, fillnm, “FSLPBXXX.FIR®, HULLFUNC, **, ", vc.dflt, ve.dflt );
xatget ( 5, 25, filluz, "999999999", FULLFUKC, °*, "*, ve.dfit, ve.dflt );
xatget ( 7, 25, fil2bs, °,9999", HULLFURC, °®, °*, vc.dflt, ve.df1t );
xatget ( 9, 25, fillsm, °.9999*, BULLFURC, **, **,6 vc.dflt, ve.dflt );
xatget (11, 25, fil2tp, °9*, NULLFUNC, ¢, *", vc.dflt, ve.dflt );
xatget (13, 25, filafc, "99999", NULLFURC, *®, **, ve.dflt, ve.dflt };
girdi = 0;
switch ( readgets() ) {

case  RET:
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cage ESC:
deafult

!
if (girdi } {
hfree { (char *) b );
hfree ( (char *) x );
}
welose ( mwn );
welese ( mwn0 );

}

/lttttkktlkktlttktt/

/* 1§ */
/nnuxxuxxunn/

int Is{x,n, fp, ig)
double huge *x;

double fp,

n,

fp = atof ( fil2bs );
fq = atef ( fillsn );
if(fprfqg){

trt = fp;
fp = fq;
fq = trt;
K
fpl = fq - fp;

fqt = fp + fq;

n- = atof ( fil2uz );
tp = atef ( filltp );
k = atoi ( fil2fc );

b = x = ( double * ) KRULL;
b = (double huge * } halloc ( (long)(k+l) , sizeof { double )
ff { b == ( double * ) NULL ) {

printf { "b=mull * );
exit(0);
}
x = (double huge * ) halloc ( {long)(n/2+2) , sizeof ( double
if ( x == ( double * ) NULL } ¢
printf ( "x=null ® );
exit(0);
}
girdi = 1;
Is (x,n, fql , fpl );
wet{ x , n, tp, fq1 , fpl );
atsay ( 0, 0, “"wgt geldi® );
nyfr( x, b, n, (double)k );
atsay ( 0, 0, "frc geldi® );
yazfir002( fil2am , x, b, n, X, tp, fp, fq);
atsay ( 0, 0, *yazfir geldi® );
break;

break;
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fq;
{
int n,
i
double p,
am,
B,
4
p = (double) 3.141592654;
a = (double) (n+1.0) /2.0;
am = (double) (n+1)/
nd = (int)n/ %
if (m==2an)
z[{iat)n] = fp;
for (j=1;7¢01;+j)({
g=p*(j-~an);
x(jl=sin(fp*q)/q
1
/ktktiktt*tilttlttt/
/* WEIGHTS ¥
/unununxxnn/
int wot( x , n, tp, fp, fq)
double huge *x;
double tp,
n,
fp,
fq;
{
double wt,
an,
q,
qi,
B
int i
double pt;
am={n+t+1,0) /2.0
p = (double) 3.141591654;
g =p*ig
if (fg==10)
return 0;
if ( tp 1= DZERO ) ¢ [* Calculation of tp order spline */

for (j= 17§ Gaml; ) {
ql = (double)q * (double)( j - am ) / (double)tp;
pt = (double)sin( (double)ql ) /(double) gi;
wt= pow (pt , tp);
x[j] = wt * x[j];
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!
} else { /* Raised COSIHE */

for (j=1;7anl;+j){
wt=cos (q*(j-an));
if ( wt ¢ 0.0000001 & wt ) -0,0000001 )
wt=wt/(1-(2*fg*pow ((j-am),2)));

else
Wt =p ] 4.0;
x[j] = wt * x[j];
}
}
/txtlxtltt*txtxtxttkttktxtxtt*itiaxxlttkal
/* FREQUENCY RESPORSE x/

/* Same function that is given in vap.c */
/xxx:xxtxntxxxxxataaxxttxxxaxxxxxxxxt:axx/
yazfir002( fnams , x, b, m, kX, tp, fp, fq)
TEXT  *fnams;

double huge *x,

huge *b;
double =,

tp,

fp,

fq;
int k;
{
FILE  *fd;
int i
double f;

fd = fopen { fnams , *w* }; /¥* DOSYAYI AC **/

if ( fd == ( FILE * } BULL ) {
printf ( “Dosya Acma Hatasi !\n®);
exit(0);

H

/t!kktik!ii!tki/

fprintf ( fd , "$HEADER\n\n" ); /** HEADER YA **/

fprintf ( fd , "OPTIMUM LEAST SQUARES ERROR\n® );

fprintf ( fd , "GECIS BANDLI - FIR FILTRE \n® );

fprintf ( fd , "0, raised cosine\n" };

fprintf ( fd , °1. lci derece\n® );

fprintf ( fd , "n. n.ci derece\n\n" );

fprintf ( fd , "KOSE FREXANSI BASLARGICI: %-6.31f\n\n", fp );
fprintf ( f4 , "KOSE FREEANSI SONU ! %-6.31f\n\n*, fq);

fprintf ( fd , "FILIRE UZUNLUGU ¢ §5.0lf\n\nt, m )
fprintf ( fd , "GECIS TIPI U %-1.01f\n\n", tp );
fprintf ( fd , "HESAPLANAN FRE.CEV.SAY. : %-6.0I1f\r\n", k );
fprintf ( £4 , "))\n" ); /** END OF HEADER **/
/*Rtttitttttttxl

/lktittxktktttt/
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fprintf ( fd , "§COEFFICERTS\n® ); /** CORFFICERTS **/
fprintf ( fd , "POURIER COEFFICENTS\n® );
fprintf ( fd , °COEFFICENT-RO,\n* );
fprintf ( fd , °AMPLITUDE,\n" };
for (J=1; 1< (+1)/2 ;44] ) _
fprintf ( fd , "%d,%-6.61f\n" , §,x(j] );

fprintf ( £¢ , "))\n" ): /** END OF COEFFICERTIS **/
[Hrararresanens f
[Harsrarasaran ]
fprintf ( fd , "$FREQUENCY RESPONSE\n® ); [** FREQUENCY RESPONSE **/

fprintf ( £d¢ , "FIR FILTER DESIGR - OPTIMAL LEAST SQUARES ERROR\n® );
fprintf ( £d , "FREQUEACY,\n" );
fprintf ( fd , "AMPLITUDE,\n" };
for (j=1;7 Gkl +j){
t = (double).§ * (j-1)/k;
nabs( &b[j] );
fprintf ( fd , "%-6.61f , ¥-6.61f\n" , {, B[j] );

}
fprintf ( £4 , *))\n® ); /** ERD OF FREQUENCY RESPONSE **/

/ititttttltktkl/

fcloge ( £d );
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DRAW. C

Gensl amagly: grafik gizim programidir. Bir wveya birden
fazla grafifi ekrana cgizebilir. Ekran karti tipine
otomatik olarak wuyar. Eksen bSlmeleme otomatik olarak
hesaplanir. Tasarim sonucunda clugan dosyalar
gizdirlebilecedi gibi herhangibir text dosyanin icindeki
bagka programlarin niimerik cg¢iktilarida cgizdirilebilir.

Tiimiiyle bagdimsiz ve ssnek bir programdir.
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int init g(unsigned char *Fnam,unsigned char *SreStr,int Plack,int PlacY);

struect xyval *DeGer(unsigned char *Fnam,int *Elem,int Xdeg Place,int Ydeg Place,unsigned char *SrcStr);
int HxBul(char *Fnam,char *$reStr);

int AxisBul(char *Fnam,char *SrcStr);

int dr_win(veid);

fat pl(char *des);

iat pp{char *des);

int p2(char *des);



$include (vestdic.h)
$include (stdio.h)
$include (conic.h}
$include (stdlib.h)
$include (mallec.h)
#include (string.h}
¢include (pgchart.h)
$include (graph.h)
$include *draw.h”
§define NFONTIS 6

§define TEXT
$define COUNT

ungigned char
unsigned short

extern ConFile( char * , char * );

static TEIT

gtatic int

struct ldef {
TEXT
TEXT
struct
struct

b

extern TEIT

grn{4}[81],
vxa[4][8l],
vya[4][81]);
xyer[4],
yyer(4];

dstr[80];
astr(80];
ldef  *next;
ldef  *prev;

*pen_haz();

typedef struct ldef PLIN;

static int

TEXT

int
int
float
float
double atof();
chartenv
extern PLIN
int

PLIN
int
typedef struct

fleat

float
} DEGER;

*xvalue;
tyvalue;

*AxRoot,

screen_num;

nnan[356],

xnan[256],
ynan{236];
HAX XPIXEL;
HAX_YPIXEL;

nyenv;
*ElenEk ();
p10),

pe(),

p3();

*KxRoot;
AxElem,
¥xElsn;

gyval {
tm;
yyYS
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DEGER  *DeGer();
TEXT  Decfile{15);

init g ( Fmam , SrcStr , PlacX , PlacY )
TEIT  *SreStr;
IEXT  *Fnam;

int Placlk,
Placl;

{

int Elen;

DEGER X Y;

struct videoconfig ve;

int P,
PY;

int chrisay,
nchrt;

int basx,
basy,
301X,
sony;

int 8;

*mnam = *xpan = *ynan = 0;
strepy ( Decfile , Fnam );
KxBul ( Pnam , SreStr );
dr win ();
if ( _setvideomode ( MAXRESMODE ) == 0 )
exit(0);
_getvideoconfig ( &ve );
_p9_initchart();
_pg_defaultchart ( &myenv , PG _SCATTERCHART , P6_POINTAKDLIXE );

myeav.xaxis.grid = 1;
pyeav,yaxis.grid = I;
nyenv.xaxis.gridstyle = 7;
nyenv.yaxis.gridstyle = 7;

chrtsay = 0;
for (8=0;8¢13; +s)
if ( xyer[s] != 0 & yyer[s] !=0)
chrtsaytt;

if ( chrtsay »=2)

mchrt = 2;
elge

pehrt = 1;
for (8=0; 3¢ 3; 3 ) {

if (yyer{s]j!=0& xyer[s] !=0) {
X Y = *DeGer{ Fnam , &Elem , zyer{s] , yyer{s] , gra[s] );
xvalue = X Y.xxx;
yvalue = X_Y.7yy;
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switch (9 ) {

case 0:
basx = 0;
basy = 0;
son® = ve.nupxpixels / mchrt ;
sony = ve.nunypixels / mehrt ;
break;
case 1:
basx = ve.numxpixels / mehrt;
hasy = 0;
sonx = ve,nupxpixels;
sony = ve.numypixels [ mehrt ;
break;
case 1
basx = 0;
basy = ve.numypixels / mehrt;
sonx = ve.numxpixels / mchrt ;
sony = vc.numypixels ;
break;
case 3:
basx = ve.numxpixels/ mebrt;
basy = ve.numypixels/ mehrt;
sonx = vc.numxpixels;
sony = vc.numypizels;
break;
!
nyenv.chartwindow.x! = basx;
nyenv.datawindow.xl = hasx;
pyenv,chartwindow.y! = basy;
nyenv.datawindow.yl = Dbasy;
ryenv.datawindow.x2 = sonx-1;
nyeav.chartwindow.x2 = gsonx-1;
myenv,datawindow,y2 = sony-l;
myenv.chartwindow.y2 = sony-1;

if (gyer( 8] !=08k xyer(s]!=0) {
strepy ( nyenv.maintitle.title , mnam );
strepy ( myenv,xaxis.axistitle.title , vxa[s] );
myenv.xaxis.axistitle.justify = PG _RIGHT;
myenv.yaxis.axistitie.justify = PG LEFT;
strepy ( myeav.yaxis.axistitle.title , vya[s] );
_Dg_chartscatter( &myenv , zvalue , yvalue , Elem );
free ( ( char * ) I Y.xxx );
free ( ( char * ) X Y.yyy );
if ( ~-chrtsay == 0 )
break;
!
}
getone();
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_setvideomode( _DEFAULTHODE );

DEGER  *DeGer( Fnam , Elem , Xdeg Place , Ydeg Place , SrcStr )
TEXT  *SreStr;
TEXT  *Fnam;
int *Elen;
int Ideg_Place,
Tdeg_Place;

{
float *yv,

*xv;
TEXT  1ine[236);
FILE  *fd;

TEXT  Rbuff[128);
COUNT  Ofset;
static DEGER x_y;
int nin,
Rax,
top;

*Elen = 0;

if ( ( fd = fopen ( Fpam , "r* ) } == { FILE * ) NULL ) {
printf ( "Can not open DFT result file exiting to DOS® });
exit(0);

}

yv = RULL;

xv = FULL;

nin = Xdeg Place;

nax = Ydeg Place;

if ( Xdeg Place ) Ydeg Place )} ¢
nin = Ydeg Place;
pax = Xdeg Place;

!
saghosluk { SrcStr );
solbosluk ( SreStr );
~ while ( readline ( fd , line ) != EOF )
if ( !strnemp ( SreStr , linetl , strlem ( SreStr )} ) )
break;

if ( readiine ( fd , mpam ) != -1 )
if ( readline ( €4 , xnam )} !=-1)
readline ( fd , ynam );
while ( ( readiine ( fd , line ) ) != EOF
if (*lipe==")"' &4 *( line + 1) =
break;
Gfset = 0;
top = nin;
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while ( tmp-- ) 0 )
Satircoz ( &40fset , line , Rbuff );
switch ( XIdeg Place ) Ydeg Place ) {
case 1:
yv = (float *) realloc ( yv , (size t)({ *Elem ¢+ 1 ) * sizeof ( float ) ) ;
*( yv + *Elem ) = (float) atof ( Rbuff );
tmp = max - min ;
while ( tmp-- > 0)
Satircoz ( &0fset , line , Rbuif );
xv = (float *) reallec ( zv , (size t)( *Elem + 1 ) * sizeof ( float ) ) ;
*( xv+ *Elem } = (float) atof ( Rbuff );
break;

case 0:
xv = (float *) realloc ( xv , (size t)( *Elem + 1 ) * sizeof ( float ) ) ;
t( xv + *Elem ) = (fleat) atof ( Rbuff );
top = max - min ;
while ( tap-- ) 0)
Satircoz { &0fset , line , Rbuff });
yv = (float *) realloe ( yv , (size t)( *Elem + 1 ) * sizeof ( float ) ) ;
*{ yv + *Elem } = (float) atef ( Rbuff };
break;
}
(*Elen)+t;
1
Z_Y.XXX = Xv;
Y73 = 10
fclose ( fd );
return ( ( DEGER * ) &x y );
!

/tRttkttltltk*ktttt!tlttttitttttt!tt!tkt!lttk*tlttt/

KxBul( Fpam , SreStr )

. char  *SreStr,

*Fnam;
{
FILE  *fd;
TEXT  line{236];
TEXT  tmpS[236];
gtatic TEXT  curfile;
COURT  oft;
int gira;

HxRoot = { PLIN * ) HULL;
fd = fopen ( Fpam , "r" );
if (fd== (FILE*) RULL ) {
printf ( "Dosya Acma Hatasi ... exiting te DOS\n" );

exit(0);
!
MxElem = 0;
oft = 0;

while ( readline ( fd , line ) != EQF )
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dr_win()

{

int H
int nwno0,

RWR;

for (s=0;8¢3;+s){
*grn[s] = tvzals] = *vya[s) = 0;
xyerf s ] =yyer {5} = 0;

}

p¥n0 = wxxopen({ 3,
16,
21,
10,
(4]

ACTIVE+COOKED,

n¥n = wopen {2,
14,
1,
68,
"X-Y PARAMEIRE SECINI®
)i

‘Grafik Adi-1:*, 7);
"Y-axis Var-1:*, 7);
"Y-axis Var-1:°, 7 );

wxatsay ( mwn , 3
wxatsay ( mwn
wxatsay ( mwn

-
L
T
—
-

«n
—
-

wxatsay (mwn , 6, 1, *6rafik Adi-2:*, 7 );
wxatsay (mwn , 7,1, "X-axis Var-2:", 7 );
wratsay (mwn , 8,1, "Y-axis Var-2:", 7 );
wxatsay ( mwn , 9, 1, "Grafik Adi-3 :", 7 );
wratsay (mwn , 10, 1, *X-axis Var-3:°, 7 );
wxatsay ( mwn , 11, 1, *Y-axis Var-3:", 7 );
wxatsay ( men , 12, 1, “Grafik Adi-4 :*, 7 );
wxatsay (mwn , 13, 1, "X-axis Var-4 :*, 7 );
weatsay (mwn , 14, 1, "Y-axis Var-4 :“, 7 );

/* SCREEN 1 */
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screen_num = 0;
xatget (3, 21, grn{0] , “XXXXXXXXXXXXXXXXXXXX", p1 , **, "%, vc.dflt, vc.dflt );
zatget ( 4, 21, vxa[0] , "XXXXXXXXXXXXXXXXXXIX®, pp , "%, "*, vc.dflt, ve.dfit );
xatget (5, 21, vya[0] , "XXXXXXXKXXXXXXXXXXXX®, p2 , **, "°, vc.dflt, vc.dflt );
switch ( readgets() ) {
case RET:
break;
case ESC:
default :
wclose { mwnd );
wclose ( mwn );

return 0;
!
/* SCREER 2 */
screen_pum = 1;

xatget (6, 21, gra(l] , “XEXXKXXXXKEXXXXXEXXX®, p1 , *®, ®*, ve.dflt, ve.dflt );
xatget ( 7, 21, vxal] , °"XXXXXXXXXKXXXXXXXKEX®, pp , "*, **, ve.dflt, vc.dfit );
xatget ( 8, 21, vya[l] , °XEXXXXXXXKXXKKXXXKXX®, p2 , *®, °", ve.dflt, vc.dflt );
switch ( readgets() ) {
case RET:
break;
case ESC:
default :
wclose ( mwal );
welose ( mwn );

return 0;
!
/* SCREEN 3 */
screen num = 2;

xatget (9, 21, gra[2] , "XXXXXXXXXXXXXKXKXXXE®, pl , *®, *%, vc.dflt, ve.dfit );
xatget ( 10, 21, vxa[2] , "XXXXXKXXXXXXXXXXXXXK®, pp , ", ", ve.dflt, ve.dflt );
xatget ( 11, 21, vya2] , "XXXXXXXXXXXXXXXXXXXX®, p2 , ", **, ve.dflt, ve.dflt );
switch ( readgets() ) {
case RET:
break;
case ESC:
default :
welose ( mund );
welose (mwn )
return 0;

}

/* SCREEN 4 */
sereen_num = 3;
tatget ( 12, 21, qrn[3} , “XXXXXXXXXXXXXXXXXXXX®, pl , ®", °*, ve.dflt, ve.dflt );
xatget ( 13, 21, vxa[d] , "XXXXXXXXXXXXXXXXXXIK®, pp , "°, "%, vc.dflt, ve.dflt );
xatget ( 14, 21, vya[3] , “XXXXXXXXXXXXXXXIXXXX®, p2 , *°, °*, vc.dflt, ve.dflt );

switch ( readgets() ) {
case RET:
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break;
case ESC:
default :
break;
}
uclose ( mwn0 );
welose ( mwn )
}
int pi{ des )
char  *des;
{
TEXT . *x;
x= pen_haz( 40 , 4 , 62 , 19, 7, 32 , VDVRAP + BORDER+ACTIVE+BDI1+COOKED , “CIZILEBILER® , ¥
if (2 == (char * ) BULL ) {
tdes = 0;
return 0;
}
sprintf ( des , "%-20.208" , x );
AxisBul ( Decfile , x );
return 0;
}
int pp( des )
char  *des;
{
TEXT  *x;
PLIF  *tmpReot;
x= pen_haz( 40 , 4, 62 , 19, 7, 32 , WDVWRAP + BORDER+ACTIVE+BDI+COOKED , "AYISTYPE" , AxRo
if (x == (char * ) RULL ) {
tdes = 0;
return 0;
}

tmpRoot = AxRoot;

while ( stremp ( tmpRoot-)dstr , x ) && tmpRoot-)next != ( PLIN * ) RULL )
topRoot = tmpRoot-)next;

xyer| screen num ] = atoi { tmpRoot-lastr );

sprintf ( des , °%-20.20s" , x ):

return 0;
}
int p2({ des )
char  *des;
{
TEXT  *x;

PLIN  *tmpRoot;

x= pen_haz( 40 , 4, 62 , 19, 7, 32 , WDWRAP + BORDER+ACTIVE+BD1+COOKED , "AXISTYPE® , AxRoo
{f (x == (char * ) NULL ) {
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tdes = 0;
return 0;
1
trpRoot = AxRoot;
while ( stremp ( tmpRoot-)dstr , x )} && tmpRoot-dnext != ( PLIR * ) NULL )
tnpRoot = tmpRoot-)next; ‘
yyer( screen_num ] = atoi ( tmpRoot-dastr );
sprintf ( des , "%-20.20s" , x );
return 0;
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MENU. C

Genel amagli menu programi. Rekiirsif olarak menu. scr text
dosyasina okuyarak programlarain birbirlerivle oclan

iligkilerini dizenler.



$¢include (utl2dfn.h)

finclude (utlldef.h)

$include (vestdio.h)

fdefine LINES 25

gdefine COLS 80

/tttﬂt/

extern TEXT *pen();

TEXT  CurFile[15];

/xuu/

typedef struct menscr KHSCR;

struct menser {
COURT  win_y0;
COUNT  win x0;
COURT  win_yl;
COURT  win_xl;
TEXT  win_ac[80];

int win ct;

COURT  win rw;

COUNT  win_cl;

COURT  win_at;

COURT  win_fc;
L

typedef struct nenus MENU;
struct menus {
short menmu x;:
short nmenu y;
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/* window lefty */
/* window leftx */
/% window righty */
/* window rightx */
/¥ window Acikla */
[ window Ctrl %/
/* window row ¢/
/* window column */
/* window attrib */
/* window filchar*/

{* x ekseni kordinati
/* ¥ ekseni kordinati

TEXT  menuop[25]; /* Secenek stringi t/

TEXIT  menuCp[2];
short menbof;

/* Buyuk Harf
/* Buyuk Harf Kacinei Rarakteri

TEXT  nmenuac{80]; /* Secenek Aciklama ¥/
int (*fnk)(); /* Secenegin Cagirdigi
TEXT  meln; /¥ Serial Xacinei eleman -)root = 1 tail = 0

MHSCR  ekr;
HENU  *sag;
MERU  *sol;

HERU  *asg;
HEKE  *yuk;
H
[F mememeene FUNCTIONS --------

MEND  *readmenu( TEXT * );
HERU  *menubir ( TEXT * );

/* Vindow yapisi

/¥ Sonraki sag secenek
/* Somraki sol secenek
/* hssagl secenek

/* Yukari ecenek

MENU  *TusMenu ( COURT * , HERU * );
int Satircoz ( COURT * , TEXT * , TEXT * );
COURT  pos ( TEXT * , TEXT , COUNT );

[t mmmemmeem GLOBALS ----=---

int Stack{50};
int §p=0;
[t =mmm——- ERD OF GLOBALS ----
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typedef struct {
int (*fonk)();
} FSC;
int ffile(),
dftfl(),
1dfes(),
sampl(),
¢_dft(),
¢c_idft(),
drw_dft(),
filt_fsmls(),
filt_fsmpb(),
filt_parksmac(),
drw_idft(),
xy_param(});
int nulfune();
F§C ¥_Fonk[50] = {
RULL, J* 0 reserved for exit */
nulfune, /* 1 reserved for nop */
ffile, [* ¥=2 user defined functions */
dftfl, /x3
idftf, r4 ¥
sampl, I BT
drw_dft, [¥6 %
Xy _param, T
¢ dft, r8
¢ idft, /9 ¥
filt_fsmls, J* 10 %/
filt fsmpd, J* 11 ¢
filt parksmac, /* 12 %/
nulfune,
nul func,
nulfune,
nulfunc,
nulfunc,
nulfune,
nul func,
nulfune,
nul fune,
nulfune,
nulfune,
nulfunc,
nul fune,
nulfunc,
nul func,
nulfunc

int Back ¥in;
pain()

FILE  *fd;
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MERU  *kok;
TEKT  Strip[80);

int Vin,i;
front = 7;
back = 11%;

*CurFile = 0;
strepy ( Strip , "ANRKENU® );
kok = readmenu( Strip );
i = kok-dekr.win_at;
pyvestart( CLRSCRN );
Back _VWin = Bak_Ser Ae();
kok->ekr.win_at = i;
Ac{ kok };
menuyaz { kok , fromt , kok-’melm );
menuopr { kok );
Kapa();
Bak_Ser Xp( Back Win );
veend (CLOSE);
!

HENU  *readmenu( String )

TEET  *String;

{

MEEU  *tmp,
*root,
totmp;

TEXT  line[256];

COURT  secsay;

COUNT  ofs;

COUNT  icerde;

FILE  *fd;
secsay = 0;
jcerde = 1;

reot = otmp = top = ( MENU * ) HULL;
if { ( fd = fopen ( "menu.scr® , °r" ) ) == ( FILE * ) RULL )
return (HERU *) RULL;
while ( readline ( fd , line ) != -1} {

if (! ( *line == '"§' && !stremp ( line + 1, String ) ) && icerde )

continue;
if ( icerde ==1) {
icerde = 0;
continue;
!
if (*line=="')r g&* (line+1 ) ==1*)")
break;
otup = tmp;

tp = menubir ( lipe );
tap-)sol = otmp;
if (otmp !'= ( MERU * ) BULL )
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otmp-)sag = tmp;
secsaytt;
tap-)neln = secsay;
if ( secsay == 1)

rost = tmp;

if ( *line == 'g' ) {
ofs = pos ( Iipe , ',', 0 );
line[ ofs ] = "\0';
strepy ( String, line + 1 );
tmp-dasg = readmenu ( String );
if ( tmp-dasg != ( KERU * ) WULL ) {
HERU *tmpR;
tnpR = tmp-lasq;
do { ‘
topR-)yuk = tomp;
topR = tmpR-)sag;
} while ( topR-dmelm != 1 );

}

K

felose ( fd );

if ( tmp != ( MERU * ) BULL )
tap-)sag = root;
tnp-dmeln = 0;

}

if { root != ( MENU * ) BULL )
root-)sel = tap;

return { { KENU * ) root );

HERU  *menubir( Satir )
TEXT  *Satir:

¥ERU *ngd;
COURT  yrl;
TEXT  tmpStr{256];

yrt = 0;
ned = ( MENU * ) malloc ( sizeof ( HENU ) );
Satircoz ( &yrl , Satir , tmpStr ); /* Alt menu gostergesi ¥/

Satircoz ( &yrl , Satir , tmpStr );
nod->fnk = ¥ Fonk[ atoi ( tmpStr ) ].fonk; /* Cagrilacak Fonksiyon */

Satircoz ( &yrl , Satir , tmpStr );
nod->menu_x = atei ( tmpStr ); J* ¥ coordinati ¢/

Satircoz ( &yrl , Satir , tmpStr );
nod-dmenu_y = atoi ( tmpStr ); /* ¥ coordinati */



int
COUNT
TEXT
TEXT

TEXT
COUNT

*offl;
sHStr;
*Yeri;
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Satircez ( &yrl , Satir , tapStr );

sprintf ( nod-)menuop ,°%s", tmpStr ); /* Secenek J
rod-)menhof = 0;

sprintf ( nod-)menuCp ,*%c”, BuyukHarf ( &nod-)menbof ,tmpStr ) );

Satircoz { &yrl , Satir , tmpStr );
strcpy  ( nod-dmenuac , tmpStr ) ;  /* Secemek Aciklamasi */

Satircoz ( &yrl , Satir , tmpStr ); /* RESERVED COMMA */

Satircoz ( &yrl , Satir , tmpStr );
nod-Yekr.win_y0 = atoi ( tapStr ); [* window lefty */

Satircoz ( &yrl , Satir , tmpStr ); .
nod-)ekr.win_x0 = atei ( tapStr ); /* window leftx */

Satircoz ( &yrl , Satir , tmpStr );
nod-Yekr.win_yl = atei ( tmpStr ); /* window righty */

Satircoz { &yrl , Satir , tampStr );
od->ekr.win x1 = atei { tmpStr ); /* window rightx */

n

Satircoz ( &yrl , Satir , tmpStr );
strepy ( nod-dekr.win ac, tmpStr ); . /* window Acikla */

Satircoz ( &yrl , Satir , tmpStr );
ned-)ekr.win_ct = atoi ( tmpStr ); /* window ctrl */

Satircoz ( &yri , Satir , tmpStr );
ned-dekr.win_rw = atei ( tmpStr ); {* window row  */

Satircoz ( &yrl , Satir , tmpStr );
nod-Yekr.win_cl = atoi ( tmpStr ); /* window column */

Satircoz ( &yri , Satir , tmpStr );
nod->ekr.win_at = atoi { tmpStr }; /* window attributes */

Satircoz ( &yrl , Satir , tmpStr );
nod-dekr.win_fc = atoi ( tmpStr ); /* window fillchar */

nod-?sag = nod-}sel = nod-dasq = nod-dyuk = ( MEHU * } RULL;
return  ( ( HERU * ) nod );

Satircoz( offi , YStr , Veri )

tnpStr{256];

off2;

off2 = pos ( MStr , ',' , toffl );
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if ( off t=-1)
sprintf ( Veri , "%-*.*s" , off2-*offl , off2-*offl, ¥Str + *offl );
else
strepy ( Veri , MStr + *offl );
*offl = ++off2;
if (off2 ==10)

return -1;
else
return 0;
}
int BuyukHarf( offset , String )

TEXT  *String;
COURT  *offset;

while ( *8tring ) {

if ( *String )= 65 && *String (= 91 )
return ( *String );

Stringt+;
(*offset )t+;

}

*offset = -1;

reture 0;

}

menuyaz { toy , attr , elm )
HENU  *toy;
COURT  attr;
COURT  eln;
{
wxatsay ( Stack [Sp-1] ,toy-’menu y , toy-)menu x , toy-)menucp , attr };
if ( toy-imenbof != -1 )
wxatsay ( Stack [Sp-1] ,toy-)menu_y , toy-dmenu x + toy-)menbef , toy-)menuCp , 15 );
if (elni=10})
menuyaz ( toy-)sag , back , toy-)sag-dmelm );

!

penuopr ( toy )
HERU  *toy;

{
COURT  tus,
hep,
Ass;
Ass = 0;
for (35) {
if ( Ass == 1 & toy-dasg != ( MERU *) NULL && Sp ==1) {
toy = toy-lasg;
ke ( toy );
menuyaz ( toy , front , toy-)meln };
}
Y: tus = getone();
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menuyaz ( tey-)yuk , back, 0
menuyaz ( toy-dyuk-)sag , fr
toy = toy-)yuk-)sag;

} else
toy = toy-)yuk;

break;
}
case  SPACE:

case  COR_DOWN:
toy = toy-)sag;

break;
case  RET:
if { toy-nk != NULL ) {
if ( toy-)fnk == nulfunc )
return 0;
else
toy-nk();
} else
if { toy-rasq != { MERU *) NULL ) {
menuyaz ( toy , fromt , 0 );
toy = toy-)asg;
Rsg = 1;
Re( toy );
hep = 1;
} else
toy = toy-)sag;
break;
case  -100
if ( toy->fnk != RULL } {
if ( toy-)fnk == gulfunc )
return 0;
else
toy-)fnk(});
} else
if ( toy-rasq != ( MERU *) NOULL ) {
nenuyaz { toy , front , 0 );
toy = toy-)asg;
Ass = 1;
he( toy );
hep = 1;
!
break;
case  CUR_UP:
case  ESC:
if ( toy-dyuk != { HERU *) NOULL && ( toy-)melm == 1 !} tus ==
toy = toy-dyuk;
Yapa();
penuyaz ( toy , fromt , 0 );
hep = 1;
if (8p==1)

Ass = 0;



hep = 0;
nenuyaz
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( toy , -back , hep );

toy = TusMenu( &tus , toy );
switch( tus ) {

case  ACF9:
system { "cls® );
systen ( “command.con® };
Call_Back Windows();
break;
case  CUR_LEFT:
if ( toy-)yuk != ( MENU * ) BULL ) {

Tapa();
if ( toy-)yuk-)sol-dasg != ( MENU * ) EULL ) {
: hep = 1;

i (8p==1){
menuyaz ( toy-d>yuk, back, 0
meruyaz ( toy-)yuk-)sel , fr
toy = toy-)yuk-)sol-)asg;
Be( toy );

} else { )
toy = toy-dyuk;
menvyaz ( toy , frent , 0 );
goto 1;

}

} else {

it (8p==1){
menuyaz ( toy-)yuk , back, 0
menuyaz ( toy-)yuk-)sel , fr
toy = toy-dyuk-)sol;

} else
toy = toy-)yuk;

!

} else
toy = toy-isol;
break;
case  COR_RIGHT:
ff ( toy-)yuk != ( MERU * ) RULL )

Tapa();
if ( toy-)yuk-)sag-dasg != ( MERU * ) NULL ) {
hep = 1;
if(sp==1){
menuyaz ( toy-)yuk , back, (
menayaz ( toy-)yuk-dsag , fi
toy = toy-)yuk-)sag-lasq;
Ae( toy ); :
} else {
toy = toy-)yuk;
menuyaz ( toy , froat , 0 );
goto ¥;
}
} else {

i (Sp==1){
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goto ¥;
} else
toy = toy-)sol;
break;
!
menuyaz ( toy , fromt , hep );
!
H
Ae{ toy )
MERU  *toy;
{
int nywin;
ny¥in = wxxopen(toy-)ekr.win_y0,
toy-)ekr.win_x0,
toy-)ekr.win_y!,
toy-dekr.win x1,
toy-dekr.win ac,
toy-dekr.win_ct,
toy-)ekr.win_rv,
toy-dekr.win_cl,
toy-dekr.win at,
toy-Yekr.win_fe);
winpush( &5p , mywin );
iF(sprt )¢
front = 112;
back = 7;
} else {
front = 7;
back = 113;
!
}
Kapa()
{
welose ( winpop( &5p ) );
If (8Sp==1){
front = 7;
back = 11%;
} else
front = 111;
back = 7;
}
H
winpush( sp, var )
fnt *3p,
var;
{

Stack { { *sp )++ ] = var;
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H
int winpop( sp )
int isp:
{
if{*sp)o)
return ( Stack [ --( *sp ) ] );
}

NERU  *TusMenu ( kod, Struk )
MERU  *Struk;
COURT  *kod;

COUNT Cpos;
HERU  *curpoes;
Cpos = Struk-’melm;
curpes = Struk;
if { *kod )= 97 && *kod (= 122 )
*kod -= 32;
do {
if ( *curpos-)menuCp == *ked ) {
*kod = -100;
return ( ENU *} curpos;
!
curpos = curpos-)sag;
} while { curpos-)meln != Cpos };
return ( MERU *) Struk;
!

Bak_Ser Ac()
{

int nywin;
nywin = wxxopen(0,

0,
LINES-1,
CoLS-1,
132,
LINES,
COLS,
3
1717);
return mywin;

!

Bak_Ser Ep( bwin )

int bwin;

{

wclose { bwin );

int nulfunc()
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{
}
myvestart( no )
COURT  no;
{
vestart ( no );
wtable[1).bd t = 11%;
wtable[l}.bg t = 113;
wtable[1].say t = 113;
wtable[l].nget t = T;
wtable[l].get t = 112;
wtable[1].tit t = 112;
wtable[2].bd t = 112;
wtable[2).bg t = 112;
wtable[2].say t = 112;
wtable{2].nget t = 7;
wtable[2].qet t = 112;
wtable[2).tit t = 112;
wtable[3].bd t = 1§;
wtable[3].bg t = 15;
wtable[3].say t = 112;
wtable[3).nget t = T;
wtable[3].get t = 112;
wtable[3].tit t = 112;
wtable[4].bd t = T;
wtable[4].bg t = T;
wtable[4].say t = 112;
wtable[4].nget t = T;
wtable[4].get t = 112;
wtable[4].tit t = 112;
}ttiltktttt
int ffile()
{
TEIT  *p;
P = pen ( ltl’ tlFIRH );
if (ptl=HNULL) {
strepy ( CurFile , p );
}
}
Ant ditfl()
{
TEIT  *p;

p = pen ( "R_EFFT**, ®** );
if (p!= WUIL)



int

TEXT

int

TEXT

H

strepy ( CurFile , p ):

fdftf()
lp;
p = pen ( "**, “IDF* );

if (p != BULL )
strepy ( CurFile , p );

sampl()
ip:
p = pen ( "*°, "SAM" );

if (p != WULL )
strepy ( CurFile , p );

Call_Back Windows()

{
int

}

t;
whide ( Back Win );
wshow ( Back ¥in );
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for (t=0;t(Sptt) {
whide( Stack[t] );
wshow({ Stack{t] );

}

/!kxtlttltttktktttlktttttttkkktltkt!ltltlt!&ttltl/

/tht%!tt!tltl GRAPHIC UTILITIES ltxtkttltxllttt!/

tkttktkkktltlk!ttkktxt#R!lttttttltklkxttktthttl/

int
{

}

drw_dft()

if ( *CurFile !=0 ) {

init_g( CurFile , ** , 0,0 );

Call_Back_Windows();
}

/x** Bnd of Drawings ***/

/iltttl*kttttll&ttkttttktttlittt*/

Jx** Filter Design Progranmes ***/
J¥%* 08.12,1991 Hetin XALAYCI ***/

lithitkk&lattktlttkk!tttktkltttt/

/ktxtltttttttltlt*iiktt!ttttttittﬁtl



/xtti Program Ro H l tttttltl
j**** Frequency Sampling Hethod */
/¥*** Optinum Least Squares Error */
/**** Metin KALAYCI 08.12,1991 ¥/

/lttttttlkttt!tttttxtklkttkltttxt!ﬂ/

int

filt_fsmls()
filt_fsm_ls();

filt_fsmpb()
filt_fpb 1s();

filt_parksmac()

parks();

Xy_paran()

¢ dft()

dft win();

¢ 1dft()
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FEN. C

DIRCK.C ile ckunan directory listesini alfabetik olarak
siraya dizerek dosya segimine uygun halde bir menu
yapsina sokar. Dosya segme iglemleri bu programin

fonksiyonlariva gerceklesir.
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unsigned char *pen(unsigned char *pfil,unsigned char *pext);

struct 1def *pget new(void);

int nmpen_link(struct Idef *pkoku,struct Idef *pnmext);

int pen_dat_trns(struct ldef *pkek,unsigned char *pdata,unsigned char *adata);

char *pen_haz(int wnx,int wny,int waxl,int waoyl,int wattr,int wic,int wetrl,unsigned char *whdr,s
char *pen_sec(int p win,struct Idef *p_data,int tlim,int tcol,int pelem,int sirali,int acikla);
int p yaz(int p win,struct ldef *p_data,int sec);

int imm yaz(int p_win,unsigned char *dtsi,int line,int tcol,int attr,int flag);

int invert(int color);

int BHarf(unsigned char *String);

int dggwin(veid);

int descrwin(veid);

int descr(unsigned char *fnam,int fwin,int curwin);

int ConFile(unsigned char *varl,unsigned char *varl);
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$include (utlldfn.h)
$include (utldef.h)
$include (vestdio.h)
$include "penpro.b”
$define LIRES 25
gdefine COLS 80

struct Idef {
TEXT  dstr{s0];
TEXT  astr[80};
struct ldef  *next;
struct ldef  *prev;

b

typedef struct ldef PLIN;
TEET  *pen():

PLIN  *pget_new();
PLIE  *DirReot;
int Direlen;

TEXT  *pen{ pfil , pext )
TEXT  *pfil;

TEIT  *pext;

{ :
PLIR  *proot, *ptmp0, *ptmpl;
TEXIT  tdata[l5];

int ik

TEXT  *x;

Direlen = 0;
directory ( pfil , pext );

1= pen_haz{ 10, 4,25, 19, 7, 32 , WDWRAP + BORDER+ACTIVE+BD1+COOKED , "DOSYALAR® , DirRe
if (x == ( char * ) NOLL )
return ( char * ) RULL;
temizle ( DirReot ) ;
ConFile ( x , tdata );
return ( TEXT * ) tdata;
}

terizle ( kokus )
PLIE  *kokus;

{
PLIN  *mps;

while ( kokus {= ( PLIN * ) NULL ) {
nps = kokus-dnegt;
free ( (char *) kokus );
kokus = mps;
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BLIE  *pget new()
{
gtatic PLIF  *nkok;

nkok = ( PLIN * ) malloc ( sizeof ( PLIN } );

if ( nkok == { PLIN * ) NULL } ¢
printf ( “Nemory Allecation Error !...(PLID\n® );
exit(0);

}
nkok-)next = nkok-)prev = ( PLIK *) NULL;
return (PLIN *) nkok;

mpen_link( pkoku , pnext )
PLIF  *pkoku,

*pnext;
{
pkoku-)next = pnext;
pnext-)prev = pkoku;
}

pen_dat_trns( pkok , pdata , adata )
PLIE  *pkok;
TEXT  *pdata;
TEIT  *adata;

{
if ( strlen ( pdata ) ¢ 80 )
sprintf { pkok-ddstr , “%s® , pdata );
else
sprintf ( pkok-ddstr , "%-79.79s" , pdata );
if ( strlen ( adata ) ¢ 80 )
sprintf ( pkok-)astr , "§s" , adata );
else
sprintf ( pkok-rastr , “%-79.79s" , adata );
}

char  *pen_haz( wnx , wny , waxl , wnyl , wattr , wic , wetrl , whdr , pkok , pelem , sirali , acikla)

int WX,
wny,
WOXl,
wnyl,
wattr,
ufe,
wetrl;

TEXT  *whdr;

PLIF  *pkek;

COURT pelen;

COURT  sirali;

COURT  acikle;
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{
int pywin;
int mywi;

char *css;

pyui = wxxopen(wny *1,

ny¥in = wxxopen{wny,

css = pen_sec { mywin , pkok , wnyl-wny-1 , wnxl -wmx- 1

wclose ( mywin );
welose ( mywi );
return (char *) css;

char  *pen sec( p_win , p_data , tlin, tcol
PLIN  *p_data;

int p_win;
int tlin;
int teol;

COUNT pelen;
COURT  sirali,

acikla;

{

COUNT  secenek;

COURT  attrl;

COUNT  attr;

COURT  tus;

COURT  §;

int flag,
dgg_win,
des_win;

PLIN  *ptmp data;
¥PIR wptr;

Wnx + 2,
wnyl + 1,

wnxl + 2,

un'
ACTIVE+COOKED,
0,

WX,
weyl,
wuxl,
whdr,
uctrl,
0,

00
wattr,
wfe);

., pelen , sirali , acikla )

, pelem , sirali

, acikla };
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COURT  curelen,
ok,
old,
DEw,
oldcur;

curelem = oldeur = 1;

wptr = &winfo{ p win };

attrl = wptr-)say at;

attr = invert { wptr-)say at );

secenek = 0;
ok = 0;
ptnp_data = p_data;
{f ( p_data != ( PLIN * ) NULL )
p.yvaz ( pwin, pdata, 0});
else
pelen = 1;

de {

if ( acikla && p data != ( PLIN * ) NULL &8 ok ) {
werabox ( des win , 0, 0, 17,40, 7 );
descr ( p_data-ddstr , des_win , p_win );

}

old = oldcur * tlin / pelem;

new = curelen* tiin / pelen;

old = {old ==10) 21 : old;

new = { new == 0) ? 1 : new;

if ( p_data != { PLIN * ) NULL )
on_border ( p_win , old , new );
oldeur = curelen;

tus = getone ();
if ( p_data != ( PLIN * ) ROULL )
switeh ( tus ) {
case ACF1:
break;
if ( acikla && lok ) {
dgg win = dggwin();
des_win = descrwin();
}else {
welose ( des win );
welese ( dgg win );

}
ok = !ok;
break;

case HOME KEY:
if ( p_data != ptmp data ) {
secenek = 0;



case

case

case

case
case
case
case

case

ERD XEY:

PGUP:

PGDN:

l_l:
BTAB:
CUR_UP:
CUR_LEFT:

l+l:

case TAB:
case CUR_DOWN:
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curelem = 1;
p_data = ptmp data;
pyvaz ( pwin, p data, secenek };

break;

if ( p_data != ptmp data-dprev ) {

secenek = 0;

gurelen = pelem;

p_data = ptmp data-)dprev;

p_yvaz ( p win , p data , secenek );
!

break;

secenek = 0;

for (1i=0;1Ctlin; +i)

if ( p_data-)prev != ptmp data-dprev ) {
p_data = p data-prev;
curelen--;

p_yez ( p_win, p data , secenek );
break;

secengk = 0;
for (1=0;1(¢tlin; ++ )
if ( p_data-dmext != ( PLIN * ) RULL )

p_data = p_data-)next;

curelentt;
}
pyaz ( pwin, p data, secenek );
break;
flag = -1;

if ( p_data-dprev != ptmp_data-)prev )
p_data = p_data-)prev;

else
break;
--gacenek;
if ( secenek == -1 } {
secenek = 0;
myscroll updown( p win , 1, 0, -1 );
flag = 0;
}
curelen--;

inm_yaz ( p_win , p_data-)dstr , secemek , tcol , attrl , flag );
break;
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case CUR_RIGHT:

flag = 1;

if ( p_data-dmext != { PLIN *)NULL )
p_data = p_data-)next;

else
break;

if ( secenek == tiin -1 ) {
myscroll_updown( pwin , 1, 0,1 );

flag = 0;
}
else
+secenek;
curelentt;
imm_yaz ( p_win , p data-)dstr , secemek , tcol , attrl , flag );
break;
case  REI:
case  KSC:
if ( acikla &8 ok § {
wselect { des_win );
wclose ( des win );
wselect ( dgg win );
wclose ( dgg win );
wselect ( pwin });
1
if ( tus == RET )
return ( char * ) p_data-)dstr;
else
return ( char * ) NULL;
default:

if ( sirali && ( tus >= 65 |} tus (= 90 ) && { tus )= 48 |} tus (=
if ( BHarf ( p_data-)dstr ) (= tus ) {

do {
if ( p_data-dnext != ( PLIK * ) NULL ) {
if ( BHarf( p_data-)next-)dstr ) (=
p_data = p_data-dne
curelentt;
} else break;
} else break;

} while ( BHarf( p data-)dstr ) ( tus );
} else {

do {
if ( p_data-dprev != ( PLIN * ) ptmp data-y
if ( BHarf( p data-)prev-)dstr } )=
p_data = p_data-)prev;
curelem--;
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} else break;
} else break;

} while ( BHarf( p data-)dstr ) )= tus );
}

secenek = 0;
p yaz ( p win , p data , secenek );

}

break;

}
} while ( tus != RET && tus != ESC );
!

p.yaz { p_win , p data, sec)

PLIF  *p data;

int p_win;
int sec;
{
COUNT  cattr,
i,
k,
teol,
tlin,
attr,
hd,
iatt;
WPTR  wptr;
TEXT  SpeTxt[80};
COURT lo_r,
lo_e,
up_r,
up_c;
wptr = dwinfo[ p win J;
iatt = wptr-)say at;
attr = invert ( wptr-)say at );

bd=(wptr->control & BORDER ? 1 : 0);
up_r=wptr-Jupper rihd;

up_c=wptr~upper_ctbd;

lo_r=wptr-)lower_r-bd;

lo_c=wptr-}lower_c-bd;

tlin = lo_r-up_rtl;

teol = lo_c-up ctl;

woff();
for (=0 ;1 (tlin; 441 ) {
if ({==38c)
cattr = attr;
else
cattr = iatt;



}

inm_yaz
int

TEXT

TEXT

COURT
COURT

COURT

int
TEIT
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sprintf ( SpeTxt , "§-*.*s" , tcol , tcol , p data-)dstr );
weatsay ( pwin, i, 0, SpeTxt , cattr );
if ( p_data-dnext != (PLIF *) RULL )
p_data = p_data-dnext;
else
break;
}
for (k=1+41; k (tlin; k) {
sprintf { SpcTxt , "§-*.*s* , tcol , tcol , " * );
wzatsay ( pwin, k , 0, SpeIxt , fatt );
!

won{);

( p_win , dtsi , line , tcol , attr , flag )
p_win,
attr,
flag,
teol,
line;
*dtsi;

SpeTxt{235};

woff();
sprintf ( Spelxt , "%-*.*s" , tcol , tcol , dtsi );
if (flagi=0) {
at ( line , 0 );
wputattr( p win , favert ( attr ) , tecol );
at ( line - flag, 0 );
wputattr( p win , attr , teol };
} else
wratsay ( p_win , line , 0, SpeTxt , imvert { attr ) );
won();

invert { color )
color;

fg,
by,
e}

fg=(color& 7 );
bg=(color D 4)am:
nc = fg * 16 + bg;
return ( nc );

BHarf{ String )
t5tring;
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while ( *String ) {
if ( *String = 65 && *String ¢= 91 )
return { *String );

Stringtt;
}
return 0;
}
int dgguin()
{
return( wxxopen( 4,
32,
1,
12,
ACTIVE+COOKED,
0,
0,
4,
178) );
!
int descruin()
{
return( wxxopen( 3,
30,
20,
70,
“FILTRE OZELLIELERI®,
ACTIVE+BORDER + BDZ + COOXED,
0,
0,
T,
2} )
}
descr( fnam , fwin , curwin )
TBIT  *fpam;
int fwin,
curwin;
{
FILE  *fd;
COUNT  girdi;
COUNT 1;

TEIT  line[256];
TEXT  fevnar[15];

ConFile( fnam , fcvman );

fd = fopen ( fcvnam , "r* );

if ( fd == ( FILE * ) RULL )
return 0;

wselect ( fwin );
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i=190;
girdl = 1;
woff();
while ( readline ( fd , line ) != -1} {
if { stremp ( line , "$HEADER® )
continue;

& girdi )

girdi = 0;
if ( 'strocmp ( line , *))* , 2))
break;
if ( *lipe != '§' )
wxatsay ( fwin , i++ , 1, line , 7 );
!
won();
wselect ( curwin };
felose ( fd );
}

ConFile{ varl , var2 )
TEIT *varl;
TEXT *yarl;

{
TEXT  fovnam[15];
int px;

if ( varl == ( TEXT * ) NULL ) {
*vard = 0;
return 0;
}
strepy  ( var? , varl );
saghosluk ( var? };
solbosiuk { var2 );
px=pos {varz , ' ', 0 );
if (ppl=-1})¢
varz [ px ] = ".";
solbosluk ( var2 + px + 1 );
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DIRCK. C

BOIS interruptlarin: dedigtirerek dosya ve/veya

directory’leri okur.
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int directory(char *nam,char *ara);

int dir first(char _far *fil namint attrib);

int set dta(unsigned int offset,unsigned int segment);

int dir_list(int mod);

struct ldef *ElemEk(struct ldef *proot,unsigned char *dts,unsigned char *pts,int *dcnt);
void MyQuickSort(struct ldef *prot,int elems);

int compl{char *vari,char *varl);
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#include {utl2dfn.h}
$include (utl2def.h)
$include (stdio.h)
$include (dos.h)
$include {search.h)
ginclude “doku.h"

int

char
char
char

comp! ({ char * , char * );
far *fil_nam;

nybuf[63];
far *dta = &nybuf]0];

struct ldef {

b

TEXT  dstr{80];
TEIT  astr[80];
struct Idef  *next;
struct ldef  *prev;

typedef struct ldef PLIN;

void

extern
extern
extern
extern
PLIN

HyQuickSort ( PLIK * , int );

PLIN  *DirRoot;

int Direlem;
PLIN  *pget new();
pen_dat trns ();
*ElemBk();

directory{ nam , ara )

char

{
char
int

!

*nam , *ara;

file[255);
AlTrib;

Direlen = 0;

DirRoot = ( PLIN * ) NULL;
if ( !*nam )  /* name */

nag = “*";
if (f*tara ) [text ¥/
ara = "*Y;

if ( !strcmp( ara , "(diry* ) ) {
ATTrib = 16;/* DIRECTORY */
ara = ﬁlll:

} else
ATTrib = 0;/* ONLY FILES */

sprintf ( file , "$s.%s" , nam , ara );
fil _nam = (char far *) file;
dir_first( fil_sam , ATTrid );

dir_first( fil_nam , attrid )

char
int

far *£i1_nam;
attrid;
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static union REGS  inregs , outregs;

static struct SREGS  segregs;

static unsigned int myreg es ,
myreg bx;

{* get the original DTA location esibx */
inregs.h.ah = 0X2F;
int86x( 0X21 , &inregs , doutregs , &seqregs );
myreg es = segregs.es;
myreg_bx = outregs.x.bx;
/* set DTA to mybuf */
set_dta( FP_OFF( dta ) , FP_SE6( dta ) );

J* ds:dx --) mypath */
inregs.x.dx = FP_OFF ( fil nam };
segregs.ds = FP_SEG ( fil mam );
inregs.x.cx = attrib; /* set file attrib*/
/* 00F --)FORKAL */
/¥ 01 --)RD_OKL */
/* 00 --)HIDDER */
/* 000 -~-)SYSTEN */
inregs.h.ah = OX4E; /* interrupt 4E of 21 */
{* read the first match */
int86x( 0X21 , dinregs , &outregs , &segregs );
if ( outregs.x.cflag ) {
set_dta( myreg bx , myreg es );
return -1; /* match not found */

1

} else
dir_list ( attrib );  /* add the file to the list */

for(;s) {

/* find the next match */
inregs.h.ah = OX4F;
int86x ( 0X21 , &inregs , doutregs , &segregs );
if ( outregs.x.cflag )
break;
else
dir_list( attrib );

!
set_dta( myreg_bx , myreg es );
if ( DirRoot != ( PLIN * ) BULL )
¥yQuickSort ( DirRoot , Direlem );
}

set_dta( offset , segment )
unsigned int segment,

offset;
{

static union REGS  inregs , outregs;
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static struct SREGS  segregs;

[*set the DTA to buffer */
inregs.x.dx = offset;
segregs.ds = segment;

/tset DTA location ds:idx */
inregs.h.ah = 0X1A;
int86x( 0X21 , &inregs , koutregs , &segregs );

}

dir list( mod )
int nod;

{

COURT OF,

ofs;
char  patStr([8l];
char  pat8{si];

X = 0;
switeh ( mod ) ¢
case  16:/*DIRY/
if { (int ) mybuf[21] == 16 } {
0f = 1;
sprintf ( pats , "%-*.*s* , 12, 12, mybuf + 30 );
strcat ( pat§ , “(DIR}");
}
. break;
case  0:/*FILES*/
if ( (int ) mybuf[21] == 32 } {
0f = 1;
sprintf ( patStr , "%-*.*s" , 12, 12 , mybuf + 30 );
ofs = pos { patStr, '.' , 0 );
if (ofs !1=-1) {
patStr[ofs] = 0;
sprintf ( pat§ , * %-8.8s %-3.35°, patStr , patStr + ofs + 1)
} else
strepy { patS , patStr );
}
break;
!
if (01)
DirRoot = ElemEk ( DirRoot , patS , *°, &Direlem );
}

/t‘Xi!lll!tt*!ttittltlttxltt!tt&ttktttt%tttttxttt:ttl!!l!ttt!ttitkl

/* Construct two-ways 1inked list and calculate list elem number */
/* root-)prev is linked to tail and tail-dnext is BULL t
/xttaatxttxxaxxtttxattxaxxxxta:aatxaxttzxxttxaxxxxtttttxxxxant:xtt/
PLIF  *ElemEk ( proot , dts , pts , dent )

PLIE  *proot;

TEXT  *dts,
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tpts;
int *dent;
{
static PLIN  *ptmpl,
*ptopl;

(*dent)+t;

ptnpl = pget new ();

pen_dat tras ( ptmpl , dts , pts );

if ( proot == { PLIN * ) RULL ) {
proot = ptmpl;

} else {
pimpl-dprev = ptmp0;
ptepd-rnext = ptapl;

}

ptap0 = ptmpl;
proat-}prev = ptmpd;
return { PLIN * ) proot;

void  HyQuickSort ( prot , elems )
PLIR  *pret;

int elens;
{

TEIT  *key;

int ofs;

PLIK ttnrot;

torot = prot;
key = ( TEXT * ) malloc ( 80 * elems );
ofs = 0;
while ( tmrot != { PLIK * ) NULL ) {
strepy ( key + 80*cfs , tmrot-)dstr );
ofstt;
torot = tmrot-)next;
}
gsort ( (void *)key , (size t)elems , 80 * sizeof ( char } , compl );
torot = prot;
ofs = 0;
kkile ( tmrot != ( PLIN * ) RULL ) {
strepy ( tmrot-)dstr , key + 80*ofs );
ofstt;
torot = tarot-)next;

}
free ( ( char * ) key );

!
int comp! ( varl , var? )
char  *vari,
*yarl;
{

return ( stremp ( varl , vard ) );
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EK.B PROGRAM CIKTILARI

Sekil B.1 N=128 Kare dalganin DFT'si

DISCRETE FOURIER TRANSFORM DISCRETE FOURIER TRANSFORM
M 78 R 79
2 -,
N 69 I, 69 ‘
! é 4
5 =e — 59 L- ]
D i
E a0 49 '
30 30
26 20
1@ F 1 19
a M— . 7 a .w__
a 50 180 158 9 59 190 15@
SAMPLES SAMPLES
DISCRETE FOURIER TRANSFORM
1 45
M 49 %
a
G
I
8
L
@ 50 180 i5@
SAMPLES
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FSLNS039.FIR

FREKANS ORNEKLEME METODU
OPTIMUM LEAST SQUARES ERROR

KOSE FREKANSIT : 0.250
FILTRE UZUNLUGU : 21
DC ORNEK ( 1/0 ) : 0

HESAPLANAN FRE.CEV.SAY. : 80

)) _ :
FOURIER COEFFICENTS LS FREQUENCY SAMPLING LENGTH=21
COEFFICENT-NO,

AMPLITUDE,

1,-0.032480

2,0.038187

3,0.028817

4,-0.047619

5,-0.026427

6,0.065171

7,0.024917

8,-0.106999

9,-0.024078

10,0.318607

11,0.523810

))
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OPTIMAL LEAST SQUARES ERROR LS FREQUENCY SAMPLING LENGTH=21
1.5@
A
)
1
T
i
D
E
F
1.99W &'* ;
}
?
|
8.50 *
*
!
|
s‘ 9%
;J TR e
@.09 # 1 XF L |
.08 @.95 0.10 9.15 @.2¢ 9.25 0.30 ©8.35 0.48 8.45 .50

FREQUENCY

Sekil B.2 N=21 Algakgeciren filtrenin (frekans Srnekleme metodu)
frekans cevabi
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FOURIER COEFFICENTS LS FREQUENCY SAMPLING LENGTH=21

g

FIC iy XD

e

a.45 /

8.44

—] |

8.35 t

8.39

a.25 f

8.28 }

-2.00 £ kY £

-@.85 */ \\Lff"f \R /*

-9.18 AV

-08.19

-@.209

e 9 10 15
COEFFICENT-NO

Sekil B.3 N=21 Algakgegiren filtrenin ( frekans Ornekleme metodu )

fourier katsayilari.
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FSLMS040.FIR

FREKANS ORNEKLEME METODU
OPTIMUM LEAST SQUARES ERROR

KOSE FREKANSI : 0.250
FILTRE UZUNLUGU : 20
DC ORNEK ( 1/0 ) : 0

HESAPLANAN FRE.CEV.SAY. : 80

))

FOURIER COEFFICENTS LS FREQUENCY SAMPLING LENGTH=20
COEFFICENT-NO,
MAMPLITUDE,
1,-0.032573
2,0.043843
3,0.020711
4,-0.057021
5,-0.005159
6,0.076751
7,-0.022339
8,-0.120711
9,0.111910
10,0.484588

»

T.C. YURSEROGRETIM KURULU
DOKUMANTASYON MERKEZ
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PRIt Y XD

a.28

8.13

a.1@

8.89

-@.0a

~-@.@5

-8.135

-a.2e

FOURIER COEFFICENIS LS FREQUENCY SAMPLING LENGTR=28

ML—_‘_

10
COEFFICENT-NO

Sekil B.4 N=20 Algakgegiren filtrenin (frekans Srnekleme metodu )

fourier katsayilara.
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OPTIMAL LEAST SQUARES ERROR LS FREQUENCY SAMPLING LENGTH=20

EHGEe gD

*')'*
R
! * x
8.4¢ ‘\‘
6.8 @8.85 @.190 @.15 8.20 9.25 6.39 8.35 8.48 0.45 B.50
FREQUENCY

Sekil B.5 N=20 Algakgegiren filtrenin (frekans Ornekleme metodu )

frekans cevabl.
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FSLPBO67.FIR

OPTIMUM LERST SQUARES ERROR
GECIS BANDLI - FIR FILTRE
0. raised cosine

1. ici derece

n. n.ci derece

KOSE FREKANSI BASLANGICI: 0.200

KOSE FREKANSI SONU : 0.300
FILTRE UZUNLUGU 21
GECIS TIPI 1

HESAPLANAN FRE.CEV.SAY. : O

))

FOURIER COEFFICENTS LENGTH=21 LS DESIGN WITH TRANSITION AREA
COEFFICENT-NO,
AMPLITUDE,
1,0.000000
2,0.003865
3,0.000000
4,-0.016729
5,~0.000000
6,0.040528
7,0.000000
8,-0.091078
9,-0.000000
10,0.313100
11,0.500000

))
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FOURIER COEFFICENIS LENGTH=21 LS DESIGN WITH TRANSITION ARER
8.59

[

g.40 ‘ !

PR XD
]

a.35

8.30

8.25 }

/

8.15

a.1@

s ‘ .f’

COEFFICENT-NO

Sekil B.6 N=21 Geg¢is bandli algakgegiren filtrenin fourier katsayilari.
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OPTIMAL LEAST SQUARES ERROR LENGTH=21 LS DESIGN WITH TRANSITION AREA
1.58

Sy XD

i
)
A
0.50 i
X
*%
5,
@.98 i MadENEN
9.9¢ @.e5 ©.18 0.15 ©.20 0.25 @.3@ @.35 @.48 0.45 0.50

FREQUENCY

Sekil B.7 N=21 Geg¢is bandli algakgegiren filtrenin frekans cevabi.
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LSWING73.FIR

LS ERROR DESIGN
WINDOWS FOR FIR FILTERS

KOSE FREKANSI ¢ 0.250
FILTRE UZUNLUGU 21
FILTRE TIPI P2

HESAPLANAN FRE.CEV.SAY. { 80

))

FOURIER COEFFICENTS - LS+WINDOW : Hanning UZUNLUK : 21
COEFFICENT-NO,
AMPLITUDE,
1,0.000000
2,0.002807
3,-0.000000
4,-0.013291
5,0.000000
6,0.036361
7,-0.000000
8,-0.087793

9, 0.000000
10,0.311863
11,0.500000

)
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.45

PSS g XD
]

@.35

Q.38

a.235

-@.a5

FOURIER COEFFICENTS - LS+WINDOK :

Hanning UZUNLUK : 21

1e

COEFFICENT-NO

15

Sekil B.8 N=21 Algakgegiren filtrenin (window: hanning )

fourier katsayilari.
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FIR FILTIER DESIGN ~ LS+WINDOW : Hanning HZUNLUK : 21

ity XD

L.QG—WW

9.80 . i TR
2.060 a.e5 8.10 @.15 a.20 8.25 Qa.3a a.35 8.48 9.45 8.50
FREQUENCY

Sekil B.9 N=21 Alcakgeciren filtrenin ( window : hanning )

frekans cevabi.
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FIR FILTER DESIGN - LS+WINDOMW : Hanning UZUNLUK : 21

Wi Fm EOIS--YXD
L
(L]
-
-
3
K

-ia h;¥
-15 .

X
-29 *
-25 ﬁi
-39

I
D
3
I I S

i

i
-3
[V

1
)
[1 I ~]
Foef
e
T

#*

-89 “\:‘f‘ =
-85 +

K
-98 %
...95 .

28.a68 a.85 a.10 .19 a.28 8,23 2.30 8.3%5 a.40 8.45 a.50
FREQUENCY

Sekil B.10 N=21 Algakgecgiren filtrenin ( window : hanning )

frekans cevabi. (dB )
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LSWINO77.FIR

LS ERROR DESIGN
WINDOWS FOR FIR FILTERS

KOSE FREKANSI : 0.250
FILTRE UZUNLUGU 21
FILTRE TIPI : 5, Kaiser , BETA=4

HESAPLANAN FRE.CEV.SAY. : 80

))

FOURIER COEFFICENTS - LS+WINDOW : Kaiser UZUNLUK : 21 BETA=4
COEFFICENT-NO,
AMPLITUDE,
1,0.000000
2,0.006000
3,-0.000000
4,-0.017498
5,0.000000
6,0.040326
7,-0.000000
8,-0.090558
9,0.000000
10,0.312849
11,0.500000

)
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BIIEZ e XD
®
'
1]

-@.8635

FOURIER COEFFICENIS ~ LS+WINDOW :

Kaiser UZUNLUK : 21 BEIA=4

10 15
COEFFICENTI-NO

Sekil B.1l N=21 Alcgakgegiren filtfenin ( window : Kaiser : beta=4 )

fourier katsayilari.
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FIR FILTER DESIGN - LS+WINDOW : Kaiser UZUNLUK : 21 BETA=4

[l 1 i iy - &4

1. 06 —PESEaeraEasIERRINNEoKReuEEii,

ﬁ&
X
y
)\
.58 %
y
‘ti
4
.00 § .
8.60 ©.05 .16 9.15 ©8.26 ©0.25 @.30 ©.35 .42 0.45 0.50

FREQUENCY

Sekil B.12 N=21 Alcakgegiren filtrenin ( window : Kaiser : beta=4 )

frekans cevabl.
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FIR FILTER DESIGN - LS+WINDOW : Kaiser UZUNLUK : 21 BETA=4

i i
i i

e - 22 B W

Wi D= FOSe-Y XD
[
3]
K

L S

"<I

i

]
0.8 ©.05 ©.180 8.15 0.20 @8.25 9.30 0.335 8.48 0.45 0.50
FREQUENCY

Sekil B. 13 N=21 Alcakgegiren filtrenin ( window : Kaiser : beta=4 )

frekans cevabi. ( dB )
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LSWINO78.FIR

LS ERROR DESIGN
WINDOWS FOR FIR FILTERS

KOSE FREKANSI t 0.250
FILTRE UZUNLUGU 21
FILTRE TIPI : 5, Kaiser , BETA=9

HESAPLANAN FRE.CEV.SAY. : 80

))

FOURIER COEFFICENTS — LS+WINDOW : Kaiser UZUNLUK : 21
COEFFICENT-NO,
AMPLITUDE,
1,0.000000
2,0.000342
3,-0.000000
4,~-0.004134
5,0.000000
6,0.020537
7,~0.000000
8,-0.071823
2,0.000000
10,0.305059 b
11,0.500000

»)

BETA=9
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FOURIER COEFFICENTS ~ LS+WINDOW ! Kaiser UZUNLUK

21 BETA=9

Sty XD
®
o
(1]

15
COEFFICENTI-No

Sekil B.14 N=21 Alcakgeciren filtrenin ( window

fourier katsayalara.

Kaiser : beta=9 )
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FIR FILTER DESIGN ~ LS+WINDOM : Kaiser UZUNLUK : 21 BETA=9

FIDRmira g XD

L

8.9@ @.65 ©8.10 @.15 .20 8.25 8,38 ©6.35 98.49 0@.45 0.50
FREQUENCY

Sekil B.15 N=21 Algakgeciren filtrenin ( window : Kaiser : beta=9 )

frekans cevabi.
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FIR FILTER DESIGN ~ LS+WINDOW : Kaiser UZUNLUK : 21 BETIAz9

a 50
M
P
L
I
T
u
D
E
i
n
F a
B
*’Se
**
-50 %

-100 ' | *ﬁ )f)i fﬂ&i

% * &
-158
9.8 .65 0.10 9.15 ©.20 .25 8.3@ ©.35 9.4¢ 8.45 09.50
FREGQUENCY

Sekil B.16 N=21 Algakgegiren filtrenin frekans cevabi. ( dB )

( window : Kaiser : beta=9 )
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LSWINO79.FIR

LS ERROR DESIGN
WINDOWS FOR FIR FILTERS

KOSE FREKANSI : 0.250
FILTRE UZUNLUGU : 101
FILTRE TIPI : 5, Kaiser , BETA=6

-HESAPLANAN FRE.CEV.SAY. : 80

))

FOURIER COEFFICENTS - LS+WINDOW : Kaiser UZUNLUK : 101
COEFFICENT-NO,
RMPLITUDE,
1,-0.000000
2,0.000134
3,-0.000000
4,-0.000237
5,0.000000
6,0.000378
7,-0.000000
8,-0.000565
9,-0.000000
10,0.000806
11,-0.000000
12,-0.001111
13, 0.000000
14,0.001491
15,-0.000000
16,-0.001958
17,-0.000000
18,0.002525
19,-0.000000
20,-0.003207
21, 0.000000
22,0.004023
23,-0.000000
24,-0.004995
25,-0.000000
26,0.006149
27,-0.000000
28,-0.007522
29,0.000000
30,0.009160
31,-0.000000
32,-0.011130
33,0.000000
34,0.013528
35,-0.000000

BETA=6



36,-0.016501
37,0.000000

38,0.020290

39, ~0.000000
40,-0.025310
41,0.000000

42,0.032345

43,-0.000000
44,-0.043087
45,0.000000

46,0.061939

47,-0.000000
48, -0.105062
49,0.000000

50,0.317962

51,0.500000

))
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FOURIER COEFFICENTS ~ LS+WINDOW : Kaiser UZUNLUK : 181 BEIA=6
8.59

a.45 ; l

o=l Tl ey i +-4

.48 }

a.335

2.30

a.25

a,.2g

8.15

8.18

8.a@s *

-B.GB—W—H**%MQM =~ 2 N

_&r’
L el

-8.05
-9.18 }l

-8.13

-a.29

9 S 1@ 15 20 25 3e 33 409 45 50 55
COEFFICENT~NO

Sekil B.17 N=101 Alcakgecifen filtrenin fourier katsayilar.

( window : Kaiser : beta = &7)
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FIR FILTER DESIGN - LS+WINDOM : Kaiser UZUNLUK : 101 BETA=6

Sy XD

|
i
¥

8.8 ©.05 ©0.18 ©.15 0.20 0.25 8.38 06.35 ©.46 08.45 0@.5@
FREQLUENCY

Sekil B.18 N=101 Algakgeciren filtrenin frekans cevabi.

( window : Kaiser : beta= 6 )



- 223 -

FIR FILTER DESIGN -~ LS+WINDOM : Kaiser UZUNLUK : 181 BEIA=6

a 5@
]
P
L
}
3
E
A
—IAIEIIE IS IOCIIE M IR I 3
i %
*i\
-58 ',
e
,[ l‘*}f 1T X X 1
W BTN
-108 3 u
iy
-15@
8.88 .65 0.10 0.15 @.20 .25 4.36 6.35 @.48 ©.45 0.50

FREQUENCY

Sekil B.19 N=101 Alcakgegiren filtrenin frekans cevabi. ( dB )

(window : Kaiser % beta = 6 )




DIFFRO64.FIR

FREKANS ORNEKLEME METODU
LINEAR PHASE DIFFERENTIATOR

FILTRE UZUNLUGU 1 20
HESAPLANAN FRE.CEV.SAY. : 80

))

FOURIER COEFFICENTS
COEFFICENT-NO,
AMPLITUDE,
1,0.003527
2,-0.004406
3,0.005659
4,-0.007534
5,0.010523
6,-0.015719
7,0.025984
8,-0.050930
9,0.141471
10,-1.273240
)
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PRty XD

a.50

~-8.5@

~1.8@

-1.50

FOURIER COEFFICENTS

j

COEFFICENI-NO

18

Sekil B.20 N=20 Differentiator'in katsayilari.
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LENGTH 2@

DIFFERENTIATOR LS DESIGN

BIRSSrdetg XD

1.50

d.e8 -—f

a.85

8.18 Q.15

@.20

0.23

a.39

.35 @.40
FREQUENCY

8.43

8.5@

Sekil B.21 N=20 Differentiator'in frekans cevabi.
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DIFFRO63.FIR

FREKANS ORNEKLEME METODU
LINEAR PHASE DIFFERENTIATOR

FILTRE UZUNLUGU VA
HESAPLANAN FRE.CEV.SAY. : 80

))

FOURIER COEFFICENTS
COEFFICENT-NO,
AMPLITUDE,
1,0.100000
2,-0.111111
3,0.125000
4,-0.142857
5,0.166667
6,-0.200000
7,0.250000
8,-0.333333
9,0.500000
10,-1.000000
11,0.000000

D)
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HOR -ty XD

FOURIER COEFFICENIS

|
®
L]
P
T ——

PRI
Sty
T —

ie
COEFFICENT-NO

Sekil B.22 N=21 Differentiator'in Katsayilari.
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LENGIH 21 DIFFERENTIATOR LS DESIGN

a 3.50 :

: he

i *
i ] \
4 i *
]]% 3.00 t

1
|

o ot
¥
2.80 3
‘*M"*
1.58 ?? )
N ** \
1.0@ ya ‘

.08 @.05 0.18 ©.15 ©.20 0.25 6.38 @.35 0.40 0.45 .50
FREQUENCY

Sekil B.23 N=21 Differentiator'in frekans cevabi.



REMESS514.FIR
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BANDPASS FIR FILTER UZUNLUK CIFT

COEFFICENT-NO,
AMPLITUDE,
1,0.003374091
2,0.014938298
3,0.010569358
4,0.002541507
5,-0.015929993
6,-0.034085342
7,-0.038112175
8,-0.014629168
9,0.040089542
10,0.115407127
11,0.188507516
12,0.233546058
13,0.233546058
14,0.188507516
15,0.115407127
16,0.040089542
17,-0.014629168
18,-0.038112175
19,-0.034085342
20,-0.015929993
21,0.002541507
22,0.010569358
23,0.014938298
24,0.003374091
))

finite impulse response (fir)

linear phase digital filter design

remez exchange algorithm
Bandpass Filter
filter length = 24

lower band edge( 1]=,0.000000000, upper band edge=[
lower band edge|[ 2]=,0.160000000, upper band edge=[

Desired value[l]=, 1.000000000
Desired value[2]=, 0.000000000

Weights
[ 1} , 1.000000000
[ 2] , 1.000000000

deviations
1, 0.012433639
2, 0.012433639

deviations in dB
1 , -38.108035083
2 , —38.108035083
)
EXTREMAL FREQUENCIES
BAND-NO,

1]=, 0.080000000
2]=, 0.500000000



FREQUENCY,
1, 0.000000000
2 , 0.036458333
3 , 0.067708333
4 , 0.080000000
5 , 0.160000000
6 , 0.173020833
7 , 0.206875000
8 , 0.245937500
9 , 0.287604167
10 , 0.331875000
11 , 0.378750000
12 , 0.425625000
13 , 0.475104167

)

~ 231 -
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BANDPASS FIR FILTER UZUNLUK CIFT

@.25

FREQUENCY RESPONSE REMES IN DB

18
I a
M e M
I a.ze [\ P )
1 ’ » I _;a . -
1 ! I *
D ©.15 A D -2@ ‘3‘?
E i ! ¥ a0 »
@.1@ ] 1 1 ?%
PV T, [ ROU—— ﬁ =
1
8.05 l ; —:m--~-~-~—-~----~—-iE ] -j;—’?f u*
\
\ -68
0. 80 L2, j W R
*:l l# *‘ # ‘79
! g Joo€ |
-9.85 - ; -g@
) 5 18 15 28 25 2.60 @.50
COEFFICENT-NO FREQUENCY
FREQUENCY RESPONSE REMES EXTREMAL FREQUENCIES
a 1l.58 F ©.50
M R x
P B e.ss
¥ i .48
U N a.35
D 1.88 c *
E ¥ a.30 :
* 8.25 Va -
* e.20 e
8.56 %* .15 *
4 o —
ti 0.85
9.09 @.00
8.0a 8.50 ] 5 10 15
FREQUENCY BAND-NO

Sekil B.24 N=24 Alcakgecgiren filtre. ( Parks-McCellan )
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REMESS515.FIR

BANDPASS FIR FILTER UZUNLUK CIFT

COEFFICENT-NO,

RMPLITUDE,
1,~-0.005753412
2,0.000990273
3,0.007573354
4,-0.006514120
5,0.013960526
6,0.002295146
7,-0.019994065
8,0.007136958
9,-0.039657363
10,0.011260113
11,0.066233640
12,-0.010497221
13,0.085136137
14,-0.120249928
15,-0.296785766
16,0.304109170
17,0.304109170
18,-0.296785766
19,-0.120249928
20,0.085136137
21,-0.010497221
22,0.066233640
23,0.011260113
24,-0.039657363
25,0.007136958
26,-0.019994065
27,0.002295146
28,0.013960526
29,-0.006514120
30,0.007573354
31,0.000990273
32,-0.005753412

))

finite impulse response (fir)

linear phase digital filter design

remez exchange algorithm

Bandpass Filter

filter length = 32

lower band edgel 1}=,0.000000000, upper band edge=[

lower band edgef 2]=,0.200000000, upper band edge=[

lower band edge( 3]=,0.425000000, upper band edge=[

Desired value[l]=, 0.000000000

Desired value[2]=, 1.000000000

Desired value[3]=, 0.000000000

Weights

[ 1] , 10.000000000
[ 2] , 1.000000000
[ 3] , 10.000000000

1]
2]
3]

, 0.
. 0.
, 0.

100000000
350000000
500000000



deviations
1, 0.001513118
2 , 0.015131176
3, 0.001513118

deviations in dB

1, -56.402546362
2 , —36.402546362
3 , -56.402546362

))

EXTREMAL FREQUENCIES
BAND-NO,

FREQUENCY,

1 , 0.000000000
2 , 0.027343750
3 , 0.052734375
4 , 0.076171875
5 , 0.093750000
& , 0.100000000
7 , 0.200000000
8 , 0.219531250
9 , 0.252734375
10 , 0.283984375
11 , 0.313281250
12, 0.338671875
13 , 0.350000000
14 , 0.425000000
15 , 0.432812500
16 , 0.450390625
17 , 0.479687500

)

LN
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BANDPASS FIR FILTER UZUNLUK CIFT FREQUENCY RESPONSE REMES IN DB
M 8.38 . ] a- i
I e.2s ; P ?“‘-"-‘”’"g
I ] I _ ]
1 8.20 ] i ia F
i 9.15 u * *
D 9,10 i D -ze i ¥
E * * E ]
@.85 i v -38 % %
8.00 -%ﬁ-&# i :%**MN 4
-@.85 * ' ; ¥ -4 ? \
-@.18@
-5@
-8.15 ’E T o
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-9.25 | A 1l
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@ 5 18 15 2@ 25 38 35 8.69 8.50
COEFFICENT-NO FREQUENCY
FREQUENCY RESPOMSE REMES EXTREMAL FREQUENCIES
a 1.50 §F ©.50 —
M R i
P a.49 o
L g *
I i ©.4e J
i N a.35 1"
D 1,00 e e e c * f
E ¥ a.20 )
v’
Iy i @.25 -
# ’f{ 8.20 f’*
@.58 1 * 8.15 ).f
1)
# * e.10 -
vy @.as5 <
; =17
9.00 2. 88 <
2.068 9.5@ @ 5 i@ 15 20
FREQUENCY BAND-NO

Sekil B.25 N=32 Bandgecifen filtre. (

Parks-McCellan )
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REMESS517.FIR
BANDPASS FIR FILTER UUZUNLUK TEK
COEFFICENT-NO,
AMPLITUDE,
1,-0.004372580
2,0.019295933
3,-0.005698289
4,0.052360281
5,0.003155024
6,0.043481228
7,0.011696225
8,-0.037915417
9,0.003484416
10,-0.087599028
11,-0.010993060
12,0.044455164
13,-0.006934717
14,0.311448245
15,0.009662981
16,0.452967337
17,0.009662981
18,0.311448245
19,-0.006934717
20,0.044455164
21,-0.010993060
22,-0.087599028
23,0.003484416
24,-0.037915417
25,0.011696225
26,0.043481228
27,0.003155024
28,0.052360281
29,-0.005698289
30,0.019295933
31,-0.004372580
))
finite impulse response (fir)
linear phase digital filter design
remez exchange algorithm
Bandpass Filter
filter length = 31
lower band edge{ 1]=,0.000000000, upper band edge=[
lower band edge{ 2]=,0.150000000, upper band edge=[
lower band edgel 3]=,0.420000000, upper band edge={
Desired value[l]=, 1.000000000
Desired value{2]=, 0.000000000
Desired value[3]=, 1.000000000

Weights

[ 1] , 1.000000000
[ 2] , 50.000000000
[ 3] , 1.000000000

1]=, 0.100000000
2]=, 0.350000000
3]=, 0.500000000



deviations
1 , 0.144020150
2 , 0.002880403
3 , 0.144020150

deviations in 4B
1, -16.831534819
2 , —-50.810934906
3 , -16.831534819
))
EXTREMAL FREQUENCIES
BAND-NO,
FREQUENCY,
1 , 0.000000000
, 0.039062500
, 0.078125000
, 0.100000000
, 0.150000000
, 0.157812500
, 0.175390625
, 0.200781250
, 0.226171875
10 , 0.255468750
, 0.282812500
, 0.308203125
, 0.333593750
, 0.350000000
, 0.425859375
, 0.462968750
, 0.500000000
))
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BANDPASS FIR FILTER UUZUNLUK TEK FREQUENCY RESPONSE REMES IN DB
a ©.50 s 5@
M g.45 M
g .48 §
T 8.35 I
Y @.30 ~LT B e -
E g.25 E
8.28 *
@.15 i ﬁ
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COEFFICENT-NO FREQUENCY
FREQUENCY RESPONSE REMES EXTREMAL FREQUENCIES
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3 1 4 é 8.49 ,?
i EL : N 8.35 ;
D 1.0 1 %ég;i iiégy g o %0 F
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# a.25 ¥#
* 8.20 -
g.50@ a.15 }Hr*
1 4 @.1@ ;5!
* a.es
% s |
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Sekil B.26 N=31 Bandsondiiren filtre. ( Parks-McCellan ).




REMESS518.FIR
BANDPASS FIR FILTER UUZUNLUK TEK
COEFFICENT-NO,
ANPLITUDE,
1,0.001066267
2,0.006377761
3,0.003375560
4,-0.009067788
5,-0.009090699
6,0.002915567
7,0.003963797
8,0.011172049
9,0.011646758
10,-0.009963080
11,-0.009238423
12,-0.020406392
13,-0.019460481
14,0.031243017
15,0.006304552
16,-0.020482807
17,0.006574053
18,-0.001120211
19,0.041956986
20,0.035784268
21,0.034744804
22,0.071496355
23,-0.171388314
24,-0.182550435
25,0.074059027
26,-0.103174214
27,0.025716719
28,0.378135465
29,0.025716719
30,-0.1038174214
31,0.074059027
32,-0.182550435
33,-0.171388314
34,0.071496355
35,0.034744804
36,0.035784268
37,0.041956986
38,-0.001120211
39,0.006574053
40,-0.020482807
41, 0.006304552
42,0.031243017
43,-0.019460481
44,-0.020406392
45,-0.009238423
46,-0.009963080
47,0.011646758
48,0.011172049
49,0.003963797

239 -



50,0.002915567

51,-0.009090699

52,-0.009067788

53,0.003575560

54,0.006377761

55,0.001066267

))

finite impulse response (fir)
linear phase digital filter design
remez exchange algorithm

Bandpass Filter
filter length =
lower band edgel
lower band edgel

lower band edgel[
lower band edge[
lower band edgel
Desired value[l]=
Desired value{[2]=

Desired value[4]=

Desired value[3]=,

Desired value[5]=

55

1]=,0.000000000,
2]=,0.100000000,
3]=,0.180000000,
4]=,0.300000000,
5]=,0.410000000,

0.000000000
1.000000000
0.000000000
1.000000000
0.000000000

Weights
[ 1] , 10.000000000
[ 2] , 1.000000000
[ 3] , 3.000000000
[ 4] , 1.000000000
[ 5] , 20.000000000
deviations
1 , 0.003444859
2 , 0.034448592
3, 0.011482864
4 , 0.034448592
5 , 0.001722430
deviations in dB
1, -49.256570538
2, —-29.256570538
3 , —38.798995632
4 , —-29.256570538
5 , =55.277170451
))
FXTREMAL FREQUENCIES
BAND-NO,
FREQUENCY,

1 , 0.000000000
2 , 0.016741071
3 , 0.032366071
4 , 0.044642857
5 , 0.050000000

- 240 -

upper band edge=[
upper band edge=[
upper band edge={
upper band edge=[
upper band edge=|[

0.050000000
0.150000000
, 0.250000000
0.360000000
0.500000000



)

L . R T e N R

L T S O O . S

0.100000000
0.108928571
0.126785714
0.142410714
0.150000000
0.180000000
0.185580357
0.197857143
0.213482143
0.230223214
0.243616071

0.250000000
0.300000000
0.312276786
0.332366071
0.350223214
0.360000000
0.410000000
0.415580357
0.428973214
0.445714286
0.463571429
0.481428571
0.500000000

- 241
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BANDPASS FIR FILTER UUZUNLUK TEX FREQUENCY RESPONSE REMES IN DB
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Sekil B.27 N=55 Multiband filtre. ( Parks-McCellan ).



remes516.fir
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BANDPASS FIR FILTER UZUNLUK CIFT

COEFFICENT-NO,
AMPLITUDE,

1,0.001564841
2,0.003081630
3,-0.003174526
4,-0.006198003
5,0.007435068
6,0.009836896
7,-0.011103734
8,-0.010101927
9,0.008994919
10,0.002898019
11,0.002663300
12,0.012021958
13,-0.020657141
14,-0.027189007
15,0.032337126
16,0.028305612
17,~0.020922036
18,-0.001876113
19,-0.022823360
20,-0.053926219
21,0.090472538
22,0.123157720
23,-0.156392205
24,-0.177334476
25,0.190781642
26,0.190781642
27,-0.177334476
28,~-0.156392205
29,0.123157720
30,0.090472538
31,-0.053926219
32,-0.022823360
33,-0.001876113
34,-0.020922036
35,0.028305612
36,0.032337126
37,-0.027189007

38,-0.020657141 -

39,0.012021958
40,0.002663300
41,0.002898019
42,0.008994919
43,-0.010101927
44,-0.011103734
45,0.009836896
46,0.007435068
47,-0.006198003
48,-0.003174526
49,0.003081630



50,0.001564841 - 244 -
))
finite impulse response (fir)
linear phase digital filter design
remez exchange algorithm
Bandpass Filter
filter length = 50
lower band edgel 1]=,0.000000000, upper band edge={
lower band edgel 2]=,0.200000000, upper band edge=|[
lower band edgel 3}=,0.350000000, upper band edge=|[
Desired value[1]=, 0.000000000
Desired value[2]=, 1.000000000
Desired value([3]=, 0.000000000

Weights

[ 1] , 10.000000000
[ 2] , 1.000000000

[ 3] , 100.000000000

deviations
1 , 0.003705049
2 , 0.037050487
3 , 0.000370505

deviations in dB
1, -48.624121639
2 , —-28.624121639
3, —68.624121639
)
EXTREMAL FREQUENCIES
BAND-NO,
FREQUENCY,

1 , 0.000000000
2 , 0.020000000
3 , 0.040000000
4 , 0.061250000
5 , 0.081250000
6 , 0.101250000
7 , 0.122500000
8 , 0.141250000
9 , 0.150000000
10 , 0.200000000
11 , 0.210000000
12 , 0.228750000
13 , 0.250000000
14 , 0.271250000
15 , 0.290000000
16 , 0.300000000
17 , 0.350000000
18 , 0.353750000
19 , 0.363750000
20 , 0.376250000

1]
2]
3]

, 0.
. 0.
, O

150000000
300000000
500000000



)

21
22
23
24
25
26

L N

0.392500000
0.410000000
0.428750000
0.448750000
0.468750000
0.4S0000000
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BANDPASS FIR FILTER UZUNLHUK CIFT FREQUENCY RESPONSE REMES IN DB
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Sekil B.28 N=50 Bandgegiren filtre. ( Parks-McCellan ).
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