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1. 

Digital Filters. A Sound Designer's Approach 

1.1 Introduction 



pre- fiitcr dpnrrtians. It w u  che mtbac's obcen.tio11 rnd klief cbu 
e ~ d a n q m t i u ~ a n q m a s I h r r i t d b t ~ t o ~ ~ ~ ~ f i h & n g  
tooIs~ont&ir#sdr,8ndmoiieiiapa9nt,usetoolsthutheyriiefrmili.r 
w i t h . T h e y s b o P l d w t ~ t o b c a q # t C ~ ~ ~ a ~ ~ c a n p l e x  
analysisinadatobeabkolmikiàigimifiua 

ThisdresirUwria#iwÏtâtbirpmidnniird_Asad~Ihrechosen 
~guhertheb.riciafoimiriooa~arrry~8miobl~6khua.lai~0abDw~ 
ù u i l d d i g i t d i s r m M t i b s . ~ Y U I y a i s a r n a d o d a d d y b i 9 c ~  
~ w l a i g c i s n t s d t d m ~ d i c r a T h c ~ r i n b a d r n ~ ~ ~ r p b y  
s t c p m e t h o d f a h d l d i i y d i g i t d r r c i r d v c n b a u s i n g f i ~ ~ c ~ i c ~ ~ t ~ I b e  
r n e ~ u s e d i s t h 8 t o f t h c ~ t i I t t h e a h o i u r n c J r ~ c h O i a 8 s m w h t  
f ï l t e r h U w a r k n s c d r M a s o w . o c a p l a ~ m c ( n i c a m h u w t o ~  
ta various digital filter J ~ t h r n s ,  uahg o o l l l p u ~ ~  music lrngurgcs such u 
Csod~Si ipaCol l ida~AsI~pmioprly .myri i inni ir .wrr(&tthe£i l t~ ,  
aninstrumtntinigelf,sînmidkpatoftheaidethrt~tberound 

1.2 Availabk DigiW FiMering Tools 

Equalizen ue devices wbooe primuy hinction is U, modify the 
charactttistics of the Pgad purSng thiwgh tkm. 'Ibey do so by dividibg the 
~ofthtP@iathrse(bw.&hi~)amorr~.fœerchancd 
which a fixed numkr of pma~tus elch as gain, Wwidth, an-  ikqucllcy. 
etc., can bc djustad, w- tric f d  in m g - s t d i o  mîio ooasdea, as 
~tpaTatchrdw~rdcviccr.Mdrrcampiiaratwrirrmio(bne~k,upaoC 
t h t d c c i s d a ~ o A M i c m i r i n ~ g r p p Ü c r r i a a ) ~ ~ ~ ~ b e c L i r i f Y d h  
the following groripr: 

a ) R o t c v y - K ~ ~ . T b t a ~ ~ r ~ ~ i s a i l o ~ l r y  
knob.Romypotentiometasvmyibtrmooirdboatac~.wbilemayswi~:hes 
s r t a s u r l l y u r s d d n f m p w a c y ~  

b) P~O1YllfCEqiiPClaa. Iliey m d d  p m n w i c  bause theyoff&r 



Software T d s  



Cornputer Murk Lu- 





Filters in the Analog Domain 

2.1 Filters: An Intrducüom 

atthepoint wbaethcrmplihdcrrrpoiuecbrngesûyifac~irof.7û7 (a3dB).  
Band-Pars film wiU kt JI nisqwacies within a seiectd b u d  80 pur 

thrioughd~wbüe~i#~niuting.U~~oiiaidetbebrad'Ibtbrsdb 
d e f i o e d b y i i s b a r i m u i d r h B W . w h r h i r t h c d i n a a c e ~ ~ i i p p s r i n d a  



ampli& twpcmsc of 1 bnâ-pass filtcr. Bad-refrct nIccn wiU aftm~llibt dl 
f r a q U G l l C i c s a r i t t r i n a ~ b u d W h i k ~ ~ ~ . u ~  
~ ~ ~ & t b e ~ w i d i b ~ ' I b e y ~ e r l i o ~ b y a a n o r b i a p u a c y f , , ~ a  

b a n d w î û t h B W . F i g u t e 2 4 r b o i P r c b c ~ r r r p m i c d a ) r n b ~ a h a .  
This thesis ~csf iveMit typesotrmpl i tPbrrrpoaw:  a) tbe 

Butterworth respcmse, b) the Chebyshev respcmre. c) the lmrrse ckebyshev 
mpnsc, d) tbeBusrlierpoiue.iade) theElYpricrripoarc.~o(itveaUmiaC 
thesrtsponses inmaedetd, w e h v e o ~ n t t h e c a i i c e p o f  ( p y J < g m è r  
f ù n c ~ ~ .  



Stop-Band f , f 





no diicct physicai d g ,  it a b w s  us to expmrr the nwia of W. (2.2). These 
valuescanbtdeprtsdont&~~irancrn~aeinFiguiie2.5. 





2.3 The Butterrrorth Response 

filter, and a, its prr-buuî rmpütnAr!- Tbc Buttmumtû ir *fi allod 

t h c ~ u t b e ~ ~ ~ ~ w i l l d e p a d o a c h e W œ o f e ,  which, as 

cq. (25) shows, is dusd to tbc p h i N i  ripplc. In nuny dcvtiopnents, it is 
coaveni~1ltmwmirlipthedralPcacycaleby~ru,=1mdls~IbU.Ibwr 



2.4 The Chebyshev Response 





2.5 The Inverse Chebyrkv R c r p ~ w  

with a given by al. (25) rad ibc Qcbyrbnr pdynomi.lr by eq. (2.8). 

W h a u c t h e ~ d a i d i a i y ~ a l o n i s c s P i r i p p k i n t h e p r u - b . a d  
and muirmlly flrt in dic staptmnd, tbc Inverse Qieôyshcv rcsponr has a 

mrximrUynit~huG_iiicbopur-~radcpPrlrigg~intbe~)rnA_The 
ficqucncy ru, (a f 3 m w  definer the begïnnhg af tbt stopknd, 'Iae Invcm 

2.6 The Elliptic Response 



d-q 
Rd-b* &da; i f n ù m m  

a r c c h a r a c ~ b y s q o P i p p k ~ i n b o t h t b c p u r l k n d d t b e ~ b M d .  
Figiire 2.8 shows tbe fam d t b c  ellipcr f i a a b  Car k = 5. W1th ellipric 
f i i t a s i s p o s r i b l e t o ~ b a t h t h c ~ i i u r i i r r n n ~ r i p p l e I m l i n t b t ~ ~ d c h e  
mimmmattcnUltjQlImlincbcaopb.ad 



2.7 The Bessel Rcrponrc 

wheie J*,(cp) arc BcJseJ POtyllOllljQIS [Apptadir A]. 'Ibc constant bo of the 

numerator i s  given by: 





2.8 Comprisan and Applia.tins 



3. 

Filters in the Digitai Domain 

3.1 Digital Fiitem 





Lct us now nad .a UUIytid expmdcm fa tk digital cMlÉa fimction H(z), ôy 
app1ying the ~ O I L I U t i O ( l  of cp. (3.1) O eq. (3.3). W e  gct 





S i m ü n l y m t h e ~ d ~ p a b . a d . r m a m a J g m a r t a f P a e D i o a  
oathes-plrne(-22),*pdcrridaen*diaPloriran-anbe 
deprisd cm the z-pliir. u rbown in Fi- 3.4: 

'Ihe unit k 1 e  of F i  3.4 rrpitccao cL Eoaditim fa smlility d i digital nla. 
T b e R d i u s d t h e c i n : k ~ t b e ~ h a q ~ m @ g f n m a c n , m  
tbeNyquisthtqutllcy.Ifadi~fllahrpdaoutredde~œoiiLlideoied 
&le, tbefiltaaiülbcpartiblr-ginoiirpptcbunrymaotdmiad 
w t r i t t i i r n a a i i o w h e n t h c ~ i a p c t i s f u n o v a l  



3.2 Digitai Lew-Pm8 Filbr Dcdp. The BUiwu 

whatthecoasmt Cischamrothuthc~ucacyscJcafthc&dcPr~nlais 
~caledmtbepropa~pf~theoerircdrppüadon.~nche~a~b~-p~ 
siter. is @ai by: 



varioustypesdrrrpaara,AppadixApwidcrcberrdawiththecanpktc 
analog low-pus -da fiinctions fœ the Bummœth, Chcbyrbcv, Inverse 
c h c ~ , ~ d E l l i p i c r i u p o a # r B u s d o a t b e d e r i r i s d r # g o i u e i n d n I t a  
ada.therrdcrcrnderiveoWmdogaPuCafpaccioaasingthecqouioarof 
A p p r d i x A . i a d c h e n u r e t h e f a m u l i r o f t b e f ~ I l a w i a g ~ m c l l c ~ t h e  





Anotha way in which the digitai bigh-pw mnrfa fiinctioa miy bc daived ïs 
directly from the digitai bar-pw tmmkr functb. If H,,(z) uuî H,,(z) nic the 

hi@- and bw-pur digital Prnifa ruiiclioar -y, bri ir 6- 
by : 



3.4 Band-Pur Digital Fiîter IMp 

In the .bow famiily BW is  t&Mwid thdthc  filter, udf , i tsœnwr 



wbich nai l ts  in: 

Cornparison of (3.21) d equ8tùm (3.10) *s the digital 2nd-OCdQ bud-pass 
filter COtb]EjCimts: 



3.5 Band-Rejection DigiW FUter Ddgn  





Digital Filter Design in Csound and 
SuperCoIlider 

whae we have uriimtd tb. namJioal ar of me= J r d s .  .ad aibrtituoéd tbe 

values a the cœfacicorr C, 8nd B. iuing Tabk B.l a the umt rppc&. 



The ncxt step is Ü, couvert dK COCftiCients of (4.5) to hi@-pw digitpl filter 
coefficients, Using (3.13) a (3.14) w gct 





;&p& renvsion fd: yfn-2) = fin), fin-2) = y(#-1). etc. 
d=& 













Then. ccmphmn d (4.8) with eq. (3.7) @ver: 

Now we can daive the 4th- digital ômd-p~sr coeîfkknts ôy rpplying the 

u a n s f d o n  of cq. (3.16) to (4.8). rad cornpire our mdts with (3.10). By 
doing so WC get: 











-Mîy reC14SiO~fOcmYh 
d g 4  = mg3; 
ang3 = Usig2; 
ang2 = angz; 
mg1 = mg; 









5. 

Conclusion 



whac. mgah, the d (3.8,3.11.3.16,3.23) rr d 
T h t c h o l a d t b e ~ ~ ~ U ~ d d ~ t h e  

~ a t b c ~ ~ i r ~ ~ i r r ~ r b i p l i d y r d . e a r r y . T h m  
a h a m a h o d r t b r a a b c u a d ~ o p I ~ J l l Y l l l S O l Y Y ~ a d a t s t r p -  
r i i w i r i n a r m a b o d ~ m c L L p P b o ~ n u h a l [ l f l . a t i i i p P l r  
n s p o n r c o b t b e d ~ 9 1 ~ m r t b e t a r r l l l l l l . a p r o p a i i o u l t o t b t  
-giaDpPlrrrrpoaredtbcpaayp-f ihartsrmp-pQaa 
Figure 5.1 illustn~es di.t. 



s imünmtheimpuiroinvrriuvxmechod.~~twinoccmiEdie  
ampiitudc rcspoare d the tlller ir mt rbiipfy hd-linrired. 

na i l ly .a fewaia6rbandrnobmitbsmipia l~dthedwirUwrr  
the authdsintcntimtopmvidt*ioid- withitutœid.ie.~bow-fb@k 
ondigitalzcadvcnIiar H U m i i n ~ w u a o t ~ p a a i t m i n ~  
~cal1i111i1yrUdOuabjon:ibcrrir~ltliaraiaonchirrprwatrivc 
s a m p k d w h i c h U p a m t d i a t h c ~  t y.mmuevu.charisoayb 
~ i n f O C r m t i Q l p l # c n m d i n t b c r i a A n c [ C ' b u b s c a m d c t b o i y h ~  
t ~ a m k c i t c n r L l f k t h t ~ d t b e r s c b a i q P e r p r r w a o d  



Appendix A 

Complete Analog Low-Pass Transfer Fundions 

A . l  Bessel Trader hiaction 

The B e d  pdyaomlll B(l IS)  CM k u r p e d  in tums of Beml fuactioas as 

follows: 



A. 2 Butterworth Trrtosler Function 



A.3 EUiptic or Cauer Tramfer Functioi 



and 



A.4 Chebyshev Trindu Fmctioa 



A. 5 Inverse Chebyskv Traa8ftt Funetion 



and 





Appendix B 

Analog Bessel, Butterworth, Chebyshev, 
Inverse Chebyshev, and Elliptic Filter Data 

L f . f a e x 1 ~ 1 1 p k . t h e a d e r d r b c b l a k 3 , c h c a h ~ g ~ f P n c c i o a  
wocildbctbepoQPctd~lpnmd~ffam@.1)a~.2),odoeccrmd~ 
fami(B.3).Ifdwoidadthca10~tù4.tbeim1prm,~diefoim(B.l)a@2) 
wii i  be u d  We now givccdfkbtsA,B,C,  f œ a d a n 2 m S f a d f i v e  
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