;15 e3eq) dsqg&ppg<r Xrr 6sTds# New Filter Bank for G aphics Equali zer

-I'nmpl enent ati on Background of the Invention Field of the Invention This
invention relates to circuits and a nethod for inplenenti ngmmmmmmmmm"mmm
equalizers utilizing a filter bank arrangenment for use m au

el ectrical systens. More particularly this invention relates tou@iseCcuits
and a nethod utilizing cascaded recursive digital filters whose arrangenent
has t he advantage of not distorting the spectral characteristics of

magni t ude andNepweBitearBlanlk ésr Cohphat s quintizer implemBatatiopt i on of Rel at ed
Art Today, conventional filter banks are inplenmented using parallel
arrangenents. In Fig. 1, the input signal 150 Is fed into a parallel bank
of bandpass filters F1, Egckﬁl?bund of'fﬁb(lglw tioa0: 130, 140). Each bandpass
filter filters and sel ects ohe channel o tne signal for gam adjustnent by
a gain control circuit G, &, &, ... Gn (170, 180, 190, 19S) in series

W t h eache.nar gl thiibgr el enent. The frequency responses of the various
channelsh'f)'gr’at':ﬁed’%!qvtie.'rI lEank are shown in Fig. 2. In Fig. 2, F1, F2, F3,

Fm (210, 220, t83GhveRfN rethi& thRFcGEHhER BV H Bem&iting RRiphRBdPass filters
of Fig. 1. In Fig. 1, the outputs of all of the gain controls are sumed

198 to prefliaerd B@izingHitePbErRrrah§8mer fE-QUEERMaRiOMEaRMdN gr aphi cs
equalizers built using the structure of Fig. 1 is that when all of the

channel ggjstenmMisrelpartic@arly tiissingition felates toycrouitr helra hethed edizinga f | at
response, the output of the filter bank is not an exact replica of the

i nput . Theasoudigairecurent dignal fia Whose drramyenentinss the ativantagerof néi g. 3 shows a
typi cal' frequency response plot 310 for the above conventional graphics
equal i zer disteingaicsmictrallvhacbansids of alagniteletand phaseGmddoes set ddlay unity in a
| ow cost filter bank inplenentation. In addition, in the conventional

paral | el fhelsigal.bank inplementation of Fig. 1, the output is a del ayed
replica of the input when all of the channel gain control variables are set
to unity. U S. Patent 4,284,9G (H gashi, et al.} "Tone Control Device"
describes a tone control device conprised of nultiple m xers and at | east
one band DsftexptiomofiRélated AThe devi ce al | ows i ndependent adj ust nent of the
center frequency, Q value, and gain independently. U S. Patent 5,524,022
(Ki hara, et alT9daymogiventiongfiiprhankEqipdmprarenteddseingedien digital graphic
equal i zer used to obtain a boost characteristic and an attenuation

char act er RERREMEhgN5hd. ey $ippdr s0 sdrdin'e ara@'gpank digital filter and

S gnal i SERIEEBATS PP 5P muial 611 Shudily! Bk “CaBRERER A" desor bes a
cor oot 9uA28 213 B A P Bl B B AR BT 1
high frequeagyebass . am (170, 180, 190, 195) in series with each paraliel fiter

element. The frequency responses of the various channels of the filter bank are

shown in Fig. 2. In F'ig. 2, F1,F2,F3, ...Fm (210, 220, 230, 240) are the center

frequencies of the bandpass filters of Fig. 1. In Fig. 1, the outputs of all of the

gain controls are summed 198 to produce the final output 160. A common

problem with graphics equalizers buiit using the structure of Fig. 1 is that when all

of the channel gain controls, Gm, are set to unity In order to create a flat
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U S. Patent 4,891,841 (Bohn) "Reciprocal, Subtractive, and Audi o Spectrum
-Equal i zer" descri bes an equalizer circuit having adjustable band pass
filters 2 connected with operational anplifiers in feedforward and

f eedback paths so as to form frequency sel ective boost and cut signal
components U. S. Patent 4,316,060 {Adans, et al ) "Equalizing Systent
descri bes a systemfor nodifying an i nput signal representative of original
sound so as to correct for nonflat frequency response distortion caused by
t'he audi orespengentntoutpatiofl the fikatibagk smet ao Axashteplica of e iPptedthe 5, 892, 833
(Maag, et al.) "Gam and Equali zation System and Met hod" describes a

muf t i - baneutauigoninsRkese antarepliade Jietertien s Figns poows 2BBIC FRGUaHY pr ocessi ng
audi o signals

Patent 5, 19 T I al
descri besre§ﬁ°'&fﬁ?t%2QF&H'S?/?W‘E&O%@P‘P%'@? l?ﬁt?é& 'g%lre‘?r‘%gra"t gﬁ? ! fJ_.erS. Pat ent
4, 8_45_, 78805%%?‘ esiea@g&ﬁagg a;re)sﬁ}stgqlﬁﬁ h\zaellc:).w o%trhltpi% t abl e Band Filters and

a Digital izer escribes a manual ly

oper at ed fil ters U S. Patent
5, 841, 810 R}%ﬂ&&gﬁn‘ gn QGM%H Whewng?'gggéﬁﬁg@%m%ﬁ%ﬁm i zer" describes an
adaptive ﬁﬁ&&héﬁt@ﬁo%‘ﬁgj‘. 11 PeloddRs isBddidyrbi®epes bf Rk inpuCRvE S

the channel gain control variables are set to unity.

U. S. Patent 4,284,965 (Higashi, et al.) "Tone Control Device" describes a
tone control device comprised of multiple mixers and at least one band rejection
filter. The device allows independent adjustment of the center frequency, Q

value, and gain independently.

U. S. Patent 5,524,022 (Kihara, et al.) "Digital Graphic Equalizer" describes a
digital graphic equalizer used to obtain a boost characteristic and an attenuation
characteristic using band pass filters constituted by a dgital filter and an adder.

U. 8. Patent 5,418,859 (Cho) "Correcting apparatus of sound signal distortion
by way of audio frequency band segmentation" describes a correcting apparatus
of sound signal distortion by means of segmenting the audio frequency band

more heavily in the low frequency bands than in the high frequency bands.

U. S. Patent 4,891,841 (Bohn) "Reciprocal, Subtractive, and Audlo Spectrum

Equalizer" describes an equalizer circuit having adjustable band pass filters



adaptive filter stages. 3 Brief Summary of the Invention It is the
objective of this invention to provide a nultichannel digital filter bank
circuit and a nethod inplenmented by cascading sub-filters of the recursive
type suitable for graphically equalizing electrical signals received via a
comuni cation path. It is also an objective of this invention to produce
equal i zed signals having mnimal distortion of signal spectra
characteristics including magni tude and phase. The circuit of this

i nvent i orcohRedt¢tpivigimepdratibnal drhiplitiasdm fbedionodrt @al feeabadskfpatissstasas der or second
order digital filters. It is an additional objective of this invention to
provi de fform fréspuepcpsplesine bgosdnd ba signdl santheakntsr ansf er functi ons of the
above digital filters so as to produce unity gain This unity gain case
results in an output signal which is an exact replica of the input signal
with no delay. This result indicates the mninmal distortion introduced by
t he met hdd DPataitt 4.31R:0ER (Adamy et alprEeyalipag Systpm| eepcobPes haysiimawi ngs FIG 1

shows a prior art conventional filter bank inplemented with _parall el
st uct ur dor Bpeing HERd HoRe TFPEstiRl I LUBHSEUM 5q FRIOSPIER ir t par al | el

filter bank.of, fig. 1. FlG 3 shows a i cal frequency response plot of
the pri ornoé'lﬂ?t fbeﬁygﬁ]‘fyerles'?cinﬁ? gptqggﬁkoagfse# ?gt'hefue\llﬁgﬂgigwan%pg channel gain
settings Y) Lty. FIG 4 shows the cascade inplenmentation of this
i nventi Onﬂ%&%érﬁ@rﬂﬁ%. a typical frequency response plot of the cascade

U. S. Patent 5,892,833 (Maag, et al.) "Gain and Equalization System and
Method" describes a multi-band digital gain and equalizer system for receiving

and processing audio signals.

U. S. Patent 5,194,832 (Iga) “Transversal Equalizer" describes an equalizer

having a specified number of rear taps.

U. S. Patent 4,845,758 (Op de Beek, et al.) "Equalizer with Adjustable Band
Filters and a Digital Filter Suitable for Use in the Equalizer” describes a manually

operated or automatic equalizer with adjustable band filters.

U. 8. Patent 5,841,810 (Wong, et al.) "Multiple Stage Adaptive Equalizer"
describes an adaptive equalizer which includes multiple, senally coupled

adaptive filter stages.



i npl ementation of this invention. 5 Det ai |l ed Description OF The Invention
Fig. 4 shows a bl ock diagram of the enbodi nent of this invention. The audio
or electrical signal 450 to be equalized enters the first digital filter
410 of the cascaded filter bank nade up of digital filters HL, H2, H3,
Hm (410, 420, 430, 440). H1, H2, H3, ... ) Hmrepresent the transfer
functions of the digital filters mthe serial filter bank just descri bed.
The resultant equalized signal 460 cones out of the filter represented by
Hm 440. The overall z-tran (Y ' ..H(z), of the conposite
filter bank for inplenentiE%qépgpg%ﬁ%ggcg&ﬂgﬁhggﬁ“PE given by Hz) = H1
(z)H2(z)H3(z) .... HMz) H-(z) controls the gain of the i th channel of the
gr aphi cs equal.j zer re d.=1. . 1 i of. . ss filter but
is either a %o'%é% °5’mf“¥eﬁ%ﬁ"é'%ﬁ§ﬁ§“e"r” tggﬁ({eandggnéa%ﬁaa\%ﬂgltﬁ%%l {ﬂﬁggg%ect ral of
that parti giddanelarit@lod igplefmebadytcaBstaiRdulnteRhrtee feuivkYjecal
frequency response plot for H (z) is showmn in Fig.5. H (z) nmay be of any
order. The spitadle fof glipbically d@pIARPNEGNdANSighas reabivee eiarctorinileiicalion t ers.
However, if Hi(z) is 1st order, then it is given by ~,GC ~) -b a.hd s
path. It is also an objective of this invention to produce equalized signals having

minimal distortion of signal spectral characteristics including magnitude and
phase. The circuit of this invention is implemented with cascaded connections of
first order or second order digital filters. It is an additional objective of this
invention to provide for the programming of the individual transfer functions of the
above digital filters so as to produce unity gain This unity gain case results in an
output signal which is an exact replica of the input signal with no delay. This

result indicates the minimal distortion introduced by the method of this invention



Furthernore, a and b nust be of the same sign. If ais greater than b, then
it is anotch. If ais smaller than b, then it is a line enhancer. If ais
equal to b, then Hi(z) = 1 and passes all signals w thout affecting the
signals' spectral characteristics, its gain at d.c. (or half sanpling
frequency depending on the signs of a and b is 1- Al 1- | 61 Back to Fig.

5 if H(z) is 2"~ ordeBriehBestriptiongof/the Byaninge ~~ ~ ~- ~ 2 g~ ~5C
p,~) ~ i +rZ. zz2. Both g, and r are positive and | ess than unity. The

gain 540 of H{z) at z ~rr is determ ned by the values of g) end r, (where
Fs, is the sanpling frequency) and is given by ._ I*~ If g is greater than

r, then it is aFieot ehols8 prigfargcdneerstivabll fater bamkmmplemeht@d with pasllel | i ne
enhancer 510. If g is equal to r) then H (z) =1 and passes all signals
wi t hout af ksgadtureg t he signals' spectral characteristics 520.

FIG. 2 shows the frequency response of the prior art paraliel filter bank of

fig. 1.

FIG. 3 shows a typical frequency response plot of the prior art parallel filter

bank of fig. 1 when all the channel gain settings are set to unity.

FIG. 4 shows the cascade implementation of this invention.

FIG. 5 shows a typical frequency response plot of the cascade

implementation of this invention.



7 If HL (2) = H2(Z) = H3(2) _ ... = Hnz) =1, then the overall Hz) =1
and the output is an exact replica of the input. While this invention has
been particularly shown and described with Reference to the preferred
enbodi ments thereof, it will be understood by those Skilled in the art that
various changes mformand details may be nmade wi thout Departing fromthe
spirit and scope of this invention. 8 Clains 1. A multichannel digital
filter bank inplenented by cascading sub-filters of the recursive type
Suitable for graphically equalizing electrical signals received via a
communi cati on pat h hRetaidediDesaripiost@f Thednventiognal spectral
characteristics including nagni tude and phase nor does this nethod
i ntroduce additional delay to the signal conprising: A plurality of first
order or seFEignd showkea bidickdiagrani of the embodiarenecfiteid inventionc headediof ashi on. 2.
The mul tichannel digital fitter bank of claim1, wherein said digital
filters areldctricalsigmalletc0dmde kavalizad en@risthe first digidlifiber Aib@sthequation is ~~. C
~~"Ng§g- ~ ~s~ -b~ slIQ ~cLW I bl cue, r~e.

cascaded filter bank made up of digital filters H1, H2, H3, ..., Hm (410, 420, 430,

440), H1, H2, H3, ..., Hm represent the transfer functions of the digital filters in
the serial filter bank just described. The resultant equalized signal 460 comes
out of the filter represented by Hm 440.

The overall z-transform transfer function, H(z), of the composite filter bank for

implementing a graphics equalizer is given by

H(z) = H1(z)H2(2)H3(2) .... Hm(z)

H,: (2z) controls the gain of the i th channel of the graphics equalizer where
i=1,2,3,....m. Hi(z) is not a bandpass filter but is either a notch or line enhancer
depending on whether the spectral of that particular channel is to be attenuated
or enhanced. A typical frequency response plot for Hi(z) 1s shown in Fig.5. Hi(z)
may be of any order. The plot of F.ig. 5 represents the use of second order filters.

However, if Hi(z) is 1st order, then itis given by
H/_‘(-i) — i s Q—%“
1-bz"
la] and [bl< 1




a. ~h d b h Av.e. -+l.~e.. sa~.~s ; ,~ ~ , 3. The multichannel digital
filter bank of claiml1 wherein said fitters are second order and have a
_transfer function whose equationis H~C-.~~~ - 29~ c0S~P~~~1

~9,~~1~2r~ ~ S~p~| ~ ~+ 4 A nmethod for equalizing electrical
signals received via a conmuni cation path having mnimal distortion of
signal spectral characteristics including 9 magni t ude and phase wherein

the- st ops. EHeRwBC) ahd bristEe ofiipiseind Yin, Ri€Ypafelpdhis k¥R disar "o second
et hod of b SRl B B3 i P R SRR R o der

conprising the steps of: using a transfer function whose equation is: H-~
C~~ ~ _ b~_s

Hi(z) = 1 and passes all signals without affecting the signals' spectral

characteristics. Its gain at d.c. (or half sampling frequency depending on the

4= fal
1= bl

Back to Fig. 5, if Hi(z) is 2™ order, then it is given by

signsofaandbis

Hi(2)= 1-29.c0s(ppet qFa®
1-2vr;Cos(p)zl+ 2

Both g, and r are positive and less than unity.

The gain 540 of Hi(z) at
P %

27

is determined by the values of g, gnd r, (where Fs, is the sampling frequency)
and is given by
1-9;

'1"'!"/_;

If g is greater than r, then it is a notch 530. If g is smaller than r, then itis a line
enhancer 510. If g is equal tor, then Hi(z) =1 and passes all signals without

affecting the signals' spectral characteristics 520.



O.vw ~b ( ar.~e. ~~ ~ CL cue, ~ ~ ~ aver -~-~. S a~ 5iyh, 6. The nethod
of claim4, wherein the digital filters are of the first order) conprising
the steps of: using a transfer function whose equationis: |-~ ~C~~ ~ .~
~~~~c¢c0St ~~) ~~ ~9~-- 2z, r'~ casCp.~~~+~",~~1Z
paranmeters g and r of the digital filters which determ ne whether the
filter bank enhances the signal, attenuates the signal or sinply returns
the indentical input signal undel ayed as the output. 10 . Al.A( . A . AfY
A A AY?. A L.A&S.A RTS|M 5
SxeyV8} } xsnicbral e cale) cal cal ealti@) 4] eah Gelaalaskodl cakeal cal cal cal ca
] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] cRa! DI kg$FKg3" d} xsni d_Z] ca] ca] ca] ca]c
a] ca] c" a] el GiAktG &l exlce kel Grabembaal ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
aJcajcaljcalcal Ze)@# n ! I'"# #{## $3$ $, $0$2$Gbu$$zupke [V]ca] ¢
a] cal] ca] cajwrirlteealvehfic faleenbaabaailc sl faldeadrali aalrcal cal ca] ca] caj cal ¢
a] c$a] ca] ca] c0™a] cOa] ca] cOa] c0™a! $$% YKIWBBB%e & &&&+' D q' ' (+(X(e(z((((Nn)Qq){
zupke' [ V] &d&rence to the preferred embodiments thereof, it will be understood by those
a] calU] ca] ca] c*a] c6a] ] ca] ca] ca] ca] c$a] c*a] c*"a] c*a] ca] ca] ca] c*a] ca] ca] ca] ca]
ca] cal ca] sjlled jrcthpartahat*vaddes* dhogetShifd€m@nd details may be made without
10% u& ()-10% u& ()-L310% u& ()-SS10% u& ()-9@

Departing from the spirit and scope of this invention.
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2. The muitichannel digital filter bank of claim 1, wherein said digital filters are

first order and have a transfer funchon whos equation is

H,g(%3 - 1 - &%’i
1 -2t
b and (L] ovre < 1

a. a;hc! b howve +he Same. S A‘jh
3. The multichannel digital filter bank of claim 1 wherein said filters are second

order and have a transfer function whose equation i1s

Ho@)= 1-29q.cos(pz’ + gr ="

1 - ?Tr/;Cos( PX)E—i +4- Q?—EL

4. A method for equalizing electrical signals received via a communication

path having minimal distortion of signal spectral characteristics including
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comprising the steps of:

using a transfer function whose equation is:
. ‘ 1

H (2) . L==Z
1 - bz

\Ql oand [ L‘ avre < 1 3 A. and b have —H'm Sqm&Sigh.
6. The method of claim 4, wherein the digital filters are of the first order,

comprising the steps of:

using a transfer function whose equation is:

HL(':Z-_'): _'1.-"231;6.0.5({7,(;)’%41- cifzz‘

T

I-2r cos(pHe" + 2"

parameters g and r of the digital filters which determine whether the filter bank
enhances the signal, attenuates the signal or simply returns the indentical input

signal undelayed as the output.
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