i i l'i zer | nplenmentation
er Bank for Gaphics Equali mpl ¢ _ ol at es

Backar zgogf N’?\r:veFll Int/enti on Field of the Invention Thi aa: in\z/:pgl 3& feirsal
Backgrount and a nmethod for inplementing graphics _eql Lzers uti |zl _
1Eiol tCIe;Cg:amE arrangenment for use in a;,ldl oi ?(r:lgi te!se;tn(rjl garret h)c/)d Tl ione

i is invention relates to c : of
p:;g;gggaﬁ la%:/uf' 2: ve digital filters whose arrangenent has the ‘4sgvantagse
c

i sti [ hase and
i istics of magni tude and p
not distortln& t he_spectral character

ipipili ¢ conventi onal
does not del ay “eMEiltsrgRank fDeShup}mtid:@EI gﬁ%ﬁ%@%@%ﬁf@gﬁm B the
fi ’ i nted using par N L th
thLterngﬂgf irSS :gp:c 2{:}6i nto a parallel bank of bandpass filters F

i

SRt i filters and sel ects
oe channel of the s, 130|,B§ngaal n@ggﬁﬂgﬁﬁiﬁ?{i%t grgai n control «circuit
one channel of the signal for

&3 Gn (170, 180, 190, 195) in series with each parallel filter

i |s of the filter bank
' i i onses of the various channe ank
° enen:lbmﬁl}dﬁfq;fl;mhgsmfﬁels:f)g- 2, F1, F2, F3, ...Fm (210, 220, 230, 240)
are s . 2.

t he center This invention relates to circuits and a method for im plementing graphics
equalizers utilizing a filter bank arrangement for use in audio and electrical
systems. More particularly this invention relates to circuits and a method utitizing
cascaded recursive digital filters whose arrangement has the advantage of not

distorting the spectral characteristics of magnitude and phase and does not delay

the signal,

Description of Related Art

Today, conventional filter banks are implemented using parallel

arrangements. In Fig. 1, the input signal 150 is fed into a parallel bank of

bandpass filters F1,F2, F3, ... Fm (110, 120, 130, 140). Each bandpass filter

filters and selects one channel of the signal for gain adjustment by a gain control
circuit G1, G2, G3, ... Gm (170, 180, 190, 195) in series with each paralle! filter
element. The frequency responses of the various channels of the filter bank are

shown in Fig. 2. in Fig. 2, F1, F2, F3, ...Fm (210, 220, 230, 240} are the center

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

gain controls are summed 198 to produce the fina output 160. A common
problem with graphics equalizers built 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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Equalpi ser ,'}irhhlésmgﬁaﬂ%ofﬁg. 1, the output is a delayed replica of the input when aii of

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 muttiple mixers and at least one band rejection

fiter. The device allows iIndependent adjustment of the center frequency, Q

vaiue, 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 digital 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 signat distortion by means of segmenting the audio frequency band
more heavily in the fow frequency bands than in the high frequency bands.

U. S. Patent 4,891,841 (Bohn) "Reciprocal, SUbtractive, and Audio Spectrum

Equalizer" describes an equalizer circuit having adjustable band pass filters
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characteristic using band pass filters constituted by a
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Pat ent 4, 316,060 (Adans, et al.) "Equalizing Systenm describes a system
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~U.S. Patent 5,194 832 (iga)

listening environment.

U. S. Patent 5,892,833 (Maag, et al.) "Gain and Equalization System and

Method" describes a multi-band digital gain and equatizer system for receiving

and processing audio signals.

Transversal Equalizer" describes an equaiizer

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 fitters.

U. 8. Patent 5,841,810 (Wong, et al.) "Multiple Stage Adaptive Equalizer"

describes an adaptive equalizer which includes muttiple, serially coupled

adaptive filter stages.
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and processing audio signals. U S. Patent 5,194,832 (lga) "Transversal
Equal i zer" describes an equalizer having a specified nunber 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
manual |y operated or automatic equalizer with adjustable band filters. U.
S. Patent 5,841,810 (Wng, et al.) "Miltiple Stage Adaptive‘FquaIi '
~descri bes an adaptive equalizer which includes multiple, ser %NW@ @gipled

adaptive filter stages. 3 xh%EﬂSBh%ﬂQgﬂﬁkkﬁé'éyggﬁéﬁaOf the Invention It is

the objective of this invention to provide a nu nnel digital filter
bank ~circuit and a nethod i nplenmented by cascadi ng sub-filters of the

recursive tymas theWwblaorkiof | [ \ ual.i.zing electrical signals
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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.




first order or second order digital filters. It is an additional objective
of this invention to provide for the programm ng 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 ﬁﬁf\liﬁﬁ% of
the input signal with no_delay. This result indicates the m Hi

di stortion introduced byB’E'ﬁﬁD%éﬂﬁﬂﬁlQﬂ of tihe Dravdangson. 4 1 3 JUN 2006 Brief
Description of the Drawings FIG | shows a prior art conventional filter
bank inplemented with parallel structure. FIG 2 shows the frequency
response of the prior art parallel filter bank of fig. 1. FIG 3 shows a

t ypi cal frequenE‘F-F&B‘Gﬁ@@”eﬂthG%Wemtmaﬁnﬁeobaraﬁmp[pméﬂﬂebQJithfph}atil@r bank of
fig. 1 when_all the channel gain settings are set to unity. FIG 4 shows
the cascad€'Fii€ement ation of this invention. FIG 5 shows a typical
frequency response plot of the cascade inplenentation of this invention. 5

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 paralle 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 typi_ca_[ frequency response plot of the cascade

implementation of this invention.




1 3 JUN 2006 Detail ed Description O The Invention Fig. 4 shows a bl ock

di agram 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 nmade up of digital filters HL, H2, H3, ..., Hm (410,
420, 430, 440). H1, H2, H3, .... Hmnrepresent the transfer functions of
the digital filters in the serial filter bank just describdd JiNeo
resul tant equalized signal 460 cones out of the filter represented by Hm
440. The overall z-transformtransfer function, H(z), of the conposite

filter bank for inpDetailéd Descigpaohi OFTRBYAVERRRL S Ji ven by H(z) =
Hi(z)H2(z)H3(z) .... HWz) H- (z) controls the gain of the i th channel of
the graphics equalizer where i=1,2,3, ..,m H (z) is not a band pass

filter but Fiy. gishbes aalodRHUBERE of thoe dependi ng, on whet her the
spectral of that particul arbcha?\nel @B?g{agg&ért”gg@ﬁ@longhSF“@Hhanced. A

typi cal faretpstivalsigres P60 bHLQiaibOd eltbfZhe FSt § I D4Fig.s. H (z) may be
of any order. The plot of Fi 99& 5l re?)resen%Eé{%g&m\gﬂeﬂgﬁgé’g@%d or der
filters. cabeadedditer hank niddz)upl o albthl Medays, Hhem it Hirr§(4%,"&'8 5%

440). H1, H2, H3, ..., Hm represent the transfer functions of the digitai filters in

the serial filter bank just described. The resultant equalized sigﬁal 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(2) = H1{(z)H2(z)H3(z) .... Hm{z)

HL' () 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 fre'quency response plot for Hi(z) is shown in Fig.5. Hi(z}

may be of any order. The plot of F.ig. S represents the use of second order filters.

However, if Hi(z) is 1st order, then it is given by
H,C', C—i) — i - a :Z:—l
1-b=z
l cll and | b! < 1




6 1 3 JUN 2006 Furthernore, a and b nust be of the same sign. If ais
greater than b, then it is a notch. If ais smaller than b, thenit is a

| ine enhancer. If a is equal to b, then H(z) = 1 and passes all signals

wi t hout "affecting the signals' spectral characteristics. Its gain at d.c.
(or half sanpling frequency depending on the signs of a andy ?JUQN %g?c]k to
Fig. 5 if H(z) is 2nd order, then it is given by 2- ¢) S Both

ar e posi ipetnatbrd a6 snd YAt drthe Jhe 63 A 2o AT, Alnd 5. Jeterni ned by

the values of g, and r, (where Fs, equenc and is given

by I'f g i ho@hedbes st titan U, BRA if ik a'l"ﬁe@nﬁéﬂc@h H5d3iQequ§I t(ﬂb'tﬁ cmal ler than r,
then it is a line enhancer 510. If g is equal , (z) =1 and

passes all signals without affecting the si gnal s spectral characteristics
520. 7 1 3 JUN 2006

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

characteristics. Its gain at d.c. {or half sampling freqdency depending on the

4= {a]

| bl

Back to Fig. 5, if Hi(z) is 2 order, then it is given by
H (%)__ 1- 23 QOS(P)E +j?— 2
1=2r.Cos(ps)zt + rz™

Both g, and r are positive and {ess than umty

signsofaandbis

The gain 540 of Hi(z) at
Pe 7

27

is determined by the values of g, gnd r, (where Fs, is the sampling frequency)

and is given by
1-9;.

A
'1 g

i g is greater than r, then itis a notch 5630. If g is smaller than r, thenitis a line

enhancer 510. If gis equal tor, then Hi(z) =1 and passes all signals without

affecting the signals' spectral characteristics 520,




If HI(Z) = H2(Z) = H3(Z2) = = H(z) =1, then the overall H(z) =1 and the
output is an exact replica of the input. Wile this invention has been
particul arly shown and described with Reference to the preferred
enbodi nents thereof, it will be understood by those Skilled in the art
t hat various changes in formand details may be nmade w thout Departing
fromthe spirit and scope of this invention. 8 Clains 13 J H:N 20 1, A
mul ti channel digital filter bank inplenented by cascading s bt PPNE0s of
the recursive type suitable for graphically equalizing electrical signals
recei ved vi alf Ha(gemmypi €aisiAn: path haying ymni nal distortion of signal
spectr al characfgristi%s Fﬁgluding'ngéwgfu &L presdEH@EbE 1dods this net hod
- introduce tddutpubinah estedtaypikg of A8 s gnal conprising: A plurality of first
order or second order digital filters, connected in a cascade fashion. 2.
The nul ti cha¥hid thiti igidnaibn hid b&in hank i m herein said digital

& AR SGhi ?Qﬁl]%els\ﬁ\@wd

filters are first order and have a transfer W3 equation is
Reference to the preferred embodiments thereof, it will be understood by those

Skilied in the art that various changes in form and details may be made without

Departing from the spirit and scope of this invention.




K~o- OV14 ILI | 0- ~K~ 6 kew~_ +k-e- 51 , | h, 3. The nultichannel
digital filter bank of claiml wherein said filters are second order and
have a transfer function whose equation is H (z) = (I - 2gi COS(p,)Z -1 +
gi2 z2) /| (1 - 2ri cos(pj)z -1 +ri2 2) wherein the gain of H (z) is
determ ned by the values of g, and r, wherein if g is greater than r, then
there is-notch filtering, ®hewmsin if g is smaller than r,13 deN 2086here is

si gnal enhancenent, wherein if g is equal tor, then H (z) =1 and signals
pass w thout any effect on signal spectral characteristics. 4. A nethod for
equal i £i Agnustickenne] dgilal Hieghlkdmplewentoe lly sgadincoinilieis edbt on  path having
m.ni mal distortion of si‘gnal _spectral characteristics including 9 1 8 JUN

2006 -magHctENE YRR GUIRESe HARF S e M L ReHiEg! 3BBE "H6tef Ker oduce addi ti onal

delay to the signal, rising.the steps of, Filtering the electrical
si gnal s ﬁ§?‘ﬁ5‘”f“lg$‘sofl pgﬁ‘gjggn%P]ms"g%ghsgorg?"d‘g%ga?lSf?cgﬁl filtering, wherein said

filters g‘lﬁa‘?‘a&@r&ﬁ@ﬁﬁd&f?@ﬁ&g}nﬁ@de and phase nor does this method
introduce additional delay 1o the signal comprising:
A plurality of first arder or second order digital filters, connected in a

cascade fashion.

2. The multichannel digital filter bank of claim 1, wherein said digita! filters are

first order and have a transfer function whos equation is

HL(%) = i - Os%*i
| 1 - b=t
ol and {b] owe < 1

A and b hove the same S1qh

3. The multichanne! digital filter bank of claim 1 wherein said filters are second order -

and have a transfer function whose equation is
Hi (z) = (1 - 2g; cos(pi)z ™ + g 2%} 1 (1 - 2r, cos(p)z ™ + 2 2)
wherein the gain of Hi(z) is determined by the values of g, and r, wherein if g
is greater than r, then there is notch filtering, wherein if g is smaller than r, then
there is signal enhancement, wherein if g is equal to 1, then Hi(z) =1 and signals

pass without any effect on signal spectrai characteristics.

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

path having minimal distortion of signal spectral characteristics including




5. The nmethod of claim4, wherein the digital filters are of the first
order, conprising the steps of. using a transfer function whose equation
is: ate-1 10.1 an4 1 h | I-b aand b 1,-,ve- -(-tan $am$i yh. 6- The net hod
of claim4, wherein the digital filters are of the first order, conprising
the steps of: using a transfer function whose equation is: T JU¥)2086 (1 -
29, cos( pi )magriiude gnd pta2) wherih this @kthod 86@fhot intrdddee addignaiher ei n t he gai n of
Hi (z) is determ ned by the values of g, and r, wherein if g is greater
than r, thefflayiethe Jaaheeerisilthestpirpt wherein if g is snaller than r, then
there 1is signal nhar}gerrent wherein if gis equal tor, then H(z) =1 and

signal s pass Wi fﬁ%{'ﬁg f§leaiFal signg usingyiralordgs e pacand Aediditeler i sti cs. 10

filtering, wherein said filters are cascade connected.

S. The method of claim 4, wherein the digital filters are of the first ordér,
comprising the steps of:
using a transfer function whose equation is:
. ‘ 1
H.(2). L—<22
A — -1
1 - b=z

A and | kqw.—H'qumo.sigq.

-
2

1.
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6. The method of claim 4, wherein the digital filiers are of the first order,
comprising the steps of:

using a transfer function whose equation is:
Hi (2) = (1 - 2g, cos(p)z " + g’ 2) / (1 - 25, cos(pi)z ' + 1 2)
wherein the gain of Hi{z) is determined by the values of g, and r, wherein if g is
greater than r, then there is notch fittering, wherein if g is smaller than r, then there

is signal enhancement, wherein if g is equal to r, then Hi(z) =1 and signhals pass

without any effect on signal spectral characteristics.
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