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(Computer-Aided Design of Digital Elliptic Filters)
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Abstract

In this paper, we stiidied on the design of elliptic digital filters using the bilinear z transfor-

mation method, and proposed a design procedure satisfying prescribed specifications.

The

magnitude characteristics of digital filters are compared with its of analog filiters by com-

puter simulation.

Finaly we considered the quantization effects of digital filters. In cascader realization of
fixed-point digital filters under dynamic range constraints, the output noise for IIR digital
filters depends on the pole-zero pairing and ordering of the second order sections. Therfore an
optimization procedure to finding a good ordering and pairing is very desirable.

Thus, we proposed a sub-optimization procedure for finding ‘“near optimal’ solution.

I. ®

Digital ¥R = 2T PCM@fE, A LHNAEES
ol lold H4-Ag] srpelrt. 53] digial e = §
SR, BfORE, ke FREmEeE ety
digital B A S ofelokol 22l RS2

B
ar

glow],

“IEEE, 2t KB BRLER
(Dept. of Electrical Eng., Chonbuk Natl Univ.)
T 7 D 19869 117 24R

(%A B+ 1986718 #ub7] g2} stagch

el el e ol Fol Al Hgl)

23kl

(123)

analog HEfoll el e, FEE, DH#E,
ol A 7hx o e

Digital®#¥] &it#§ FIM sl E®E Butterworth,
Chebyshev, Bessel, 5 (Elliptic) 58 5-'* Vo]
b A (pass band) 3 H LK (stop band) oll 4] %
Hiik (equal ripple) ¥ttt S 7F=l 2 BB (transition
band) ol 7}4 F2 MEEEE AT e Litiiol

= gol o selA . Qeps

HE

qle

;}]1_ 135

A ol e fh el ol M AR ol
7t B A5 BEEBE FIF sk 1R digital L&
cascaded} Ao g AT 4+ A%, digital e 9

BB (specification) o] AR #ilgol 4 T}



124

THBE
computer program-o

IR digital L& 5

Fol A o, digita HSEHE S & 87
fFaE skl
dynamic range {§#:'*" TFol| &
BB (fixed point) registerZ {§H stod cascade
J@fn(ﬁoi e A register®]  HRZER (finite
of R HIRES & 2K&HAE
- (quardratic factor) 2| pole-zero pairing® pairing
5 & 2AHE blocky sequantial orderingell ulz}
ol f- ot2A Heh ze{ng ok LM EHN Y
I8 (noise gain)'*® EYN, & 79 Fhzd +
computer program-3 {ERY 6} high-pass, band-pass
dejo) A My #ERBS #Ag shdeh

OT

word length) #%

A o)l
=

I. &M (Elliptic) &

1. Analog ¥ 9] HEHH

Caueroll ff3tol Ag #HEH U= A2 2
o] ¥ Neol| f@%eolw ikt 45 (o kst F—st
AL, Ar#elw Sire] REE o ke s oE
& HBEY

KI (s*+C)

Aot A T T Ar T Ans,
o 7] 4 (N—1)/2, N: 714 (odd)
- N/2, N: 4 (even)
cascade @5k o A Z Hukslr] Bol
o] % 2 (low-pass) °V"fl T35 # el (normali-
lized form) & Jie}uind, 29k 7hch

H, ST+ Ay
Dols) 1+ S*L Bys+ By

(2)
o] 714 Do(s) =s +ao(N: 714), 1 (NI §-%)olr,
() o] FH¥E Grossman? &4 75
21l M KkBZE 715, S5 e 8% F5t

5] ol el Hdch
28l ] o4 parameter As2} Ae % dBR E£58
ol &3} 3} A (maximum passband ripple) 3 %

2] 7| o4 42 4] (

H(s)=

O

AE

|
1

T H(s)—

fsls) =5 o &

T

'T‘ )\A
ct.

(loss charpcterlsnc) -

o

1—?-

minimum stopband loss) 7], rad/sec

2 ZAE Y edge west M2 o5
7ot

©w=vk, w,=1/Vk (3)

o 7] A k= wp/w, = HIBE (selectivity factor) olt},
IEBL#EML (nonnormalize) 1 A4 &3 (Hx(s)),

53 (Hee(5)), - HEES B 1ol viehyl Fal4-8

Tedge wu

B

7

gl e Rl sted KE FH KT 5 9k
o M, ¢ 5A
Hy (s) =Hx(s) s=1,(5) " Di(s) ,I:],*Z+B(,<+Bm
(4)

(124)

19874

1 BTIPERGE B 24 % B 1R

a8 . 715, 9 A9 eld"eol o 454
Fig. 1. Loss characteristics for Elliptic filters
of odd and even order.
E 1. Analog@9] Fulg A3
Table 1. Frequency transformation of analog
functions.
Hy (s) fu(s) A I Scaling factor
He (s) s=As B : Band width
Hue (5) s=)/s (@p,— wpy)
- _ 1/- w? (war— way)
Har (5) s= §<S+ N ) w,: Center freq,
- Bs V¥ Wpy - Wey
HBS(S) s=
S'+w: VW, Way
od 714 Do(s) =s+ao(NI 7I1§), =& 1(N: )0l
=
o

Digital e o] {H%H%
Digital 4 et o] HEZRMY H(z) =

<.

Hy(s) 258 k3t

o, 2aA2x8] 27k ahyol ot iAol 4
analogfi B 2] Fal+ HIAY S HPonmg Nole W
45 FIA gk

K4)2 He(5)ZHE H(z) & KRsle  wioe o

ik 7o Q) o} A /WA= aliasing effect™?
5 BEY 4+ A analogERBE Y-8 FE
EE 2 #HMYWSE one-to-one mapping©)
bilinear z Stk & FIM e} =

digital
W HE &



Digitalf5H 2 ¥l 2] Computer-Aided Design
NO.1
Normallized Anllﬂ ApPly Nonnormalized Deslred
Lou-Pass Flite £requency Band Digital —— plgital
Functlons * H, |l’ Transformation) Functions @ Hiz) Flitecs

Anslog-to-Analag

NO.2

Normalired Analog Normalized apply Deslred
Low-Pass Filter oigltel Foequency Band bigital
Functions : Wyle) Functlions Kt} TransCormation rilters

Olgltal-to-Digital

a8l 2. H(s)& Fe @ tFstsl digital¥4 H(z) 2
=AY
Fig. 2. Approximation of the nonnormalized digital

functions H(z) by H(s).

§¥2z.1 Tz

H(z) = He(s)

125

= 2 el
Q‘ATtan > (6)

aelog wE Q% HEE one-to-one mapping Al %
749 27| (magnitude) Fft & & --sh}
effect™" (G EHMER) 7 B4 sl 2 prewarping
% @ Fofek ghch

warping

Prewarpingiioll & MEEE F# 5 prewarping Al
Il Eine 2t BEKE S BB (pole) 7 KL (zero) &
BRI 22 prewarpingA] 7= "e] e, K &K

Lol 4= HEE = slo] MEIEE) &8 ot
-Hri o g 1R digital HEf o] FITHMBEM (speci-

fication) & RN MIEAN A Folal =, o #FitEH

o Q2% AA analogHM H~<<)% Fakr) el

Holz D ohgah e M Kokl H(z) & Keop deh
<C+Uo) - {C - 00)7. i=1 ) @ Eﬁ‘éff%#ﬂ Q‘ETE‘] ;: ‘?_T *“ﬁﬁ 5—]_0:] AHE_%
(C1+ A —2(C? Ao,> F(CH AL 2" ‘ e o
T B LGB OB BT analog B o 3w
(142 ") T oagtag Hanz @ o wiE His)F K& o
T Urea TR b (5) @ E1z%d ()& Rgoh
o] 7] 4 T= sampling 571, C=2/T @ X(5)% FIA ] H(z) & R3oh
C-a H,, et @it o 2 XE 319 A B, w2 Ha(s) o
" 7 I 7
Cra Ctoo wes ZAA ok qeh. 2 ABE F 2o Hebygl
_._ _CtAs _ . _2(CAL)
BT AT CIUBIEBLC, °Y | CHBaiBiC
2(C*—B.) C*+ By, ~ By C H 2. Digital AAHAzAc 2 ¥E F&]3 analog
bu: e bzi T EhA o o} i 3}
C'+ B+ BiC C*+BLTBiC H4-0] AB, Woob W, of w33
K205 % 2 t] analoghl 7B w,(i=1,2, )%} Table2. A, B, W, and'Wp trar?stormanon .téble of
analog function obtained from digital
digital {48 @, (i=1,2, ) & BAlE K62z vk specifications.
W o4 9lewl o) 3a o
LP | w.=VK, A=, T/[2tan(QpT/2)
P | we=1/vEKs A=2w, tan(Q,T/2) /T
ap | oo |V KezK) | Wo=2vEe/T
z 2 lar TIVE L (Ke<Ka) | b —2KJ/T W,
( W= pansy B ]1/\/K_., (KezKe) | Wo=2VEKe/T
S [
1/\/K2, (K(<K ) BﬁZKAwP/T
- /
= = —AA (R T/2) Q.,T Q.7
= _ tanlsde 172} el S ]
Vs Ko™ (@, T/2) K= ran™H™ —tan™5
- Kian(@,T72) —an Qe T 8, T
. K=K tant(@,T/2)  Semten Ty teny
E  Kutan(2,T/2) o QaT  @,T
HGY R o K= (@, T/2) —K, ReTtan g rany
£
= 3. Computer program % Simulation
(1) Program
3 Q,gfg IR digital L&l o] FITAMBEAS ] BB Sk 4
0 1 i (]
{As, A 2oy, @, THE Fo{ A ol cascade #HfFihog
233, Q% w, [H(w) | s [H(e™ 2l 2 digial I8 AR 5 =S KG9 & KBUS
Fig. 3. Relation ship € and @, |H() | and K ek program® fEAK T 2™ structured program$
IH(e . 23 4o Jepgin

(125)



126

PROCEDURE Design
READ Types,Ap,Aa,T
IF Type$ = Lp or Hp
THEN BEGIN
READ Wp,Wa
calculate Lamda
END
BEGIN
READ Wpl,Wp2,Wal,wWa2
caculate Wo,Bw
END
routine of normalized equation 3
call routine of frequency transformation
call routine of bilinear z transformation 3
WRITE coefficient of digital filters
WRITE polea % zeros
END PROCEDURE

ELSE
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H(z)

call

a3 4. IR digital E}8e] 4AE
T2 Eg oy

structured program for IIR digital

g
Fig. 4. Elliptic
filters design.
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Table 3. High-pass filter coefficients.

INPUT DATA Ou UTPUT DATA:
SAMPLING FREO : 10000 (Hz) Lamda  : 24989.5885225
A(dB) 1,5 Selectivity : . 824100732787
Aa(dB) 1 90 ORDER : 10

W, I 3000(H) ’

W, 2700(He) ACTUAL A, : 93.95708232

I L T TR P AR T Y
* H(Z)=H *H1(Z) *H2(Z) *- *
* H1(Z)=(A0i+ALZ" (-1)+A2%Z" (-2))/(BOi+B1iZ" (-1)+B2Z" (-2)) *

TR 22 2R EEE R R E R EE SRR EEEEE S L R RS

SECTION # . 1

A0, 1) © 0385801820078 BOD: 1

Al 1) © —. 0694478938898 B(L1): 1.37682786336

A2, .0385801820078 2,1) ;52343612127
SECTION # : 2

A(0,2) © 184646013718 B©,2): 1

A(1,2) © ~. 159078153268 B(1,2): 1.125677867786768

A(2.2) . . 184646013718 B(2 . 654048048381
SECTION # : 3

A(0.3) . 431680073234 1

A(1,3) : —.0847308231003 , . 852080221967

A(2,3) 1 431680073234 B(2,3) : .800171191536
SECTION # : 4

A(0,4) 1 651481246828 BO.4: 1

A(1,4) 1 .0766417641219 B(1.4): 677467165088

AQ2,4) . 651481246828 B(2,4) © .903787894622

SECTION # : 5

A(0,5 775189486915 B@.5): 1

A(1,5 : 183939168044 B(L5): .605294057638

A(2,5) 1 . 775189486915 B(2,5) 1 971733863423
H .. 944060876286
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£ FRBE H40 vehidn, 2V HERES
26 (a),(b)oll F& HebRR

(3) W&

235, 62 Z7|#H T BEEEA Jebd A
prewarpingdi & HEEL FiHEHA o FiAal,
prewarpingf o B2 RG4S S ¥ £
o} e} analog ¥toll H.3l #o]od (transition band)

PR |
I
i
.8
v
o
=) .7
>
c .6
o
F
T s
4
.3
2
| )
T
[ 1 2 E] 4 H
Frequency [KMz)
(a)
200
180
m @
° 4
140
" 1
0
o 1251
=
108

3 4

Frequency [KHzl
(b)

a8 5. High-pass HH 9 (a) 27154 (b) £AEA
Fig. 5. High-pass characteristics of .

(a) magnitude and (b} los
digital (before prewarping)
—e—o—analog
—+—sdigital (after prewarping)




Digital¥5H Z &1 & Computer-Aided Design

H 4 . Band-pass HE 8] A4
Table 4, Band-pass filter coefficiens.

hLLIPTIC BANDPASS FILTER

INPUT DATA OUTPUT DATA:
SAMPLING FREO : 10000 {Hz) W, 520000
AB) : .2 BW 14346, 8356566
AJ[dB) 1 40 Selectivity © . 820633474907
Wl 1 2000(H:) ORDER :6
W2 1 3000(Hz) ACTUAL A, | 44. 1716376224
Wol  : 1900(Hz)
W2 1 3100(H:)
3k o ek K kK K Kk ok ko ik ok 3k ok ok ok ok ok ok ok ok o ok ok ok ok Nk ok B ok K ok Xk ko k Xk
* H(Z)=H % HI(Z) * H2(Z) % - *

* HI(Z)=(AG+ALZ" (-1) + A2Z" (-2))/(BOI+BUZ  (-1)+B2AZ" (-2)] *

* ok dk ok ok ok ok ke ok Kk K K K K Bk ok ok ko kK ok ok ok %ok ok ok ok ok ok Kk kX

SECTION # . 1

A0, 1) © 3.28804048478 BO.1}: 1

A(L 1)1 505694796214 B(1,1): 224201447476

A2, 1)1 328804048478 B(2,1) 1 743334454886
SECTION # : 2

A(0,2) ;55611807898 B(0,2): 1

A(1,2) : —. 855209744402 B(L,2) : -.224201447476

A2.2): 55611807898 B(2,2) 1 743334454886
SECTION # : 3

A(0,3) 1 122898878906 B(0.3): 1

A(L3) 1 109279819887 B(1,3): 515377097592

A(2,3) 1 122898878906 B{2,3) . 880556476811
SECTION # : 4

A0, 4) . 8292766672 B(0.4: 1

A(1.4) © —.737380240037 B(1,4) | -.515377097592

A2 4) 8292766672 B(2,4) 1 880556476844
SECTION # . 5

A(0,5) 1 1.07834308529 B(0,5: 1

A{1,5) . 807356256566 B(L,5 : 621224902758

A(2,5) 0 1.07834308529 B(2,5) . 97055481678
SECTION # : 6

A{0,6) 1 .94291084148 B.6): 1

A(1,6) © —. 705958036579 B(1,6) . -.621224902758

A{2,6) 1 94291084148 B(2.6)
H . 00618524833689

. 970554816798
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Fig. 7. Canonic form digital filter structures
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Fig. 8. Cascade realization of Fig.7.
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¥ 3] hardware WHE: BEE /B registers FH
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o
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1

l) z*l

z)D 2" )D (2)D, (z“’)

"fD

Si= Sa §heSE N (z) (z)N‘(z")z"dz
(z) D« (2)Di (270
(13)
a2 {8(n)t-& St Di(z) o buy, b FH &
Hele #Eolw, {62 & 572 AHE 2
Ni(z) &} Di(z) ol BE 3 #Eolck 292 A

H) EHE % 2% (output mean-squared error) E?
o ohesp 7op e

ZM[ L

27
wzm fglgfﬂgg:w
1714 k= 0ol Ni(z) =Dy (z) =193, M= iy
2 REW blockoll 4 #M (integer) 7} ofd el &
olm, My=3,M,=20lck zme]i N,=2""/12¢|
Bt BEIE/ME B AdAM A bitd: LIE bit
ok

PNk ()N (27D, de

=NoAo
1

Sk4 +Ml (14)

é‘-(n) 5( b‘,(n)
INPUT o—e—5,>+(+) SN2 (5 - O
H, (z) SkH (2)
&(n)
------ B ASNG) OUTPUT
S0, (2}
B 9. Overflows WA 37] A cascade A H 9]
scaling
Fig. 9. Scaling of a casdcaed realization to

prevent over flow.

2. Pairing®} ordering% B3 program %
simulation

(1) Program

Jacko™ 2¥IFOo R H MERES 42 of

orderingoll #slol M N#F o] WML E A&l RiF
BHAle #7 sgdew], Hwang'*'s
leuder Ki# pole-zero pairing®} ordering$ 4
A& F+ dynamic program2 R st ov &k

&t ordering?]

SRS
<

®el 7% computer 9] ‘L’éﬁ SR o] ER
A &AM E R0Y& FIH sl scaling RF5 K
st K49z ¢ %%ﬂﬁ(noise gain) E?/N,-& A2l

(129)

129

Bh2 ¥4 Qdn AHEEsMECl WA =
%% program¥ fERRK sl3ich KMol 24&BEH block
o] cascade A4 s{AF B, EYNZ HH 7 Bl
A dynamic program< & (145 ek 1(”"“)~1ﬂ4 A)
Ab3teE dbHoll X program-$ FIM sbH MK(K—1)/2
+119 Al b 71 M FE ] ®Koloh A
(142] HFEHB K5 (complex integral) &
2] algorithm$ FIA slel2m, & program$)
tured program-§- 281100 el ol o},

computer 2]

Angstrom''™

struc-

PROCEDURE Optimal
READ ¥ ,M
FOR I := { TO K DO
FOR J := 1 TO X
READ Ai j,Bij
J o= 1
Mim := 1.E+15
REPEAT
call random generating routine
Foles 3= Mp(r)
Zeros := Mz (%)
Min = 1.E+15
I =1
REPEAT
L =1+ 1
REPEAT
call err computing routine
IF Err < Min
THEN BEGIN
MiN := Err
Mloc (%} := Mz (%)
ND

Do

g = Mz (I}
Mz (I} = Mz (L)
Mz (L} := §
L Lo+ 1
UNTIL L=k
I =1 +1
Qs K- 1
UNTIL I=Q
IF Min < Mim
THEN BEGIN
Mim 2= Min
Mzloc (%) = Mz (%)
Mploc(x) = Mloc (%)
END
J =3 + 1
UNTIL J=M
WRITE optimal zero ordering Mzloc(#)
WRITE optimal pol=2 ardering Mploc (k)
WRITE error for this ording Mim
end procedure

R0, FHA ¥ A% Fadzzoa
Fig.10. Structured program for sub-optimal
assignment.

(2) Simulation

A wel I -3-2004 R7d digital FEZE &
ool AS EYN.E Ao B s €+ sle %88
pole-zero pairing® orderings K37 Bl FHA
HP - 1000°}7i, fEE o} #8 M2 52 3
b Fatfie) & B e K00z vepdir] B
s b Rlow, A TS 2O B Azkellel H
=2 HEE‘ Add. 2832 overflowe] #AE #4%
scaling R ¥ S+ #EABo] 713 He S B}
o] k&gt

LA ko) #% 58 high-pass, band-pass JEeE X
5,601 && vielHdct

computer ¥
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(3) K o W3t

High-pass¥ e 9] 79 F 50 EHFFE EV/N T A
o] H4z ¥ 4 e A& FE pairing?} ordering
< 154 Jeldgieh & A R19F 5x((6x4/2)+
1} =554 A4Atsle ¥t dynamic program-- é<2>;5‘+12)
— 1 =461 AALSHA sch o] Uele] F EHEH
#|% (assignment) & (ﬁ;f‘;f} olu}, REFIB S 43. 42dB
olch, E5olA Haxsh Hehxe) & 0.81dB ol x
2 % Ay 257 A9 Bl e o] He e
7% s Jm @S K programo.2 Rajwwud
(yizolm), 2-g0)5& 64.30dBolch, KERMI .2 6dB

B 5. High-pass HE 2 pole-zero pairing®}
ordering
Pole-zero pairing and ordering of high-

pass filter.

Table 5.

ELLIPTIC HIGHPASS FILTER

SAMPLING FREQ. : 10000 (Hz)
A(dB):.5

A.(dB) : %0

W, 3000(Hz)

W,  2700(H)

ORDER ]

ACTUAL A, : 93.9570708232
Lamda 1 24989, 5885225
(Selectivity) : . 824100732787

H(Z)=A0%H1(Z) *H2(Z) %

H1(2) = [Ai0+AiL(Z 1)+A.2( -2))/(Bi0+Bil(Z~1)+Bil(Z2-2)) 2

RECURSIVE FILTER OF ORDER 10

SECTION #

AQ1,0) 1 (LO): 1

AL 1) © —1.80009243803 B(1,1): 137682786336

A2 1 B(1,2): .52343612127
SECTION # : 2

AQRD 1 B(2,0): 1

AQ, 1) 1 -. 861530395728 B2, 1) 112567786768

AQRD: 1 B(2,2): 654048048381
SECTION % : 3

ABO: 1 B(3,00: 1

A(3,1): —. 1962815255032 B3, 1) : 852080221967

AG2 1 B(3.2): 800171191536
SECTION # : 4

A0 1 B@4.0): 1

A4, 1) : 117642318171 4.1): 677467165088

A2 1 4,2) 1 .903787894622
SECTION#: 5

AGO): 1 BG.0): 1

AG,1): 237282846515 510 605294057638

AG2 1 B(5,2) 1 971733863423

A0 ©.00146614189235

19874

1A BTIRERGE B 24k B 1R

BEST ASSIGNMENT NOISE GAIN DB
1 g ? s i 2447722 43.89
2 22 : 26307.24  44.20
3 A 24498.67  43.89
4 SO 24034.38  43.81
5 A 20362.85  43.50
6 sy 25125.20  44.00
7 A 22266.53  43.48
8 O 24412.61  43.88
9 A 26562.48  44.24
10 A 24434.25  43.88
1 e 24524.29  43.90
12 VP L 22002.87  43.42
13 L 24524. 29 43.90
1 2yt 24366.41  43.87
15 T . 26456.66 44,23

HP FILTER NEAR OPTIMAL ASSIGNMENT

OPTIMAL ASSIGNMENT

SCALING

&
COEFFICIENTS
NOISE ‘GAIN

dB

1
3

2 4 3 5
1 5 2 4

22002. 87

43.42

S

S {4)=. 064965416033

=. 279131591003

S (2)=. 003488423972
S (5)=. 272074558381

S
S

[3)=. 294369716936
(6= 289. 78786485

7t tbitol ket z, (VMRS 2 digital UeEl S

& o@cks 4biczl o] Be

o1%g

at, dynamic program-Z 1715% o]c},
wECL ®instd & 45 AAk

=

3L

o]
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B2 T o5
Band-pass & 9

o,
77dBel e},
o,

SIEERRES

A GwrolA #or st

7t e

4312,

=3
oleh,

AS 7Aztel A

o] EE

462351

program® E}}A-S

register5 A}l o}

1o
X‘Z’ﬂ

Abeke g o]
olxlal e 2
eha 2 A)

N 463521

?% ﬁﬁ ?I -4 ‘Ci (D ;26‘1:’:;3

) oled,

12 (V) ol =191, 184B
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28l Hwang'*'el RLolA FHEFH 8, low-pass I
B BBl Heled mAal wokth o] "9 AH$
Hwang e # #E (V20 ¢ wain s L(2077)
=1254 ¢ A4s ot & R/ programol s
5% (4x3/2+1) =354 AAFSIA =™, K program

¥ 6. Band-pass ¥ 9 pole-zero pairing®}
ordering

Table6. Pole-zero pairing and ordering of
Band-pass filtér.

ELLIPTIC BANDPASS FILTER

SAMPLING FREQ. 10000 (Hz)

A(dB) .2

A(dB) 1 40

We1: 2000(H)

W2 3000(Hz)

W1 1900(Hz)

W,2: 3100(Hz)

ORDER 6

ACTUAL A, : 44. 1716376224

W, : 20000

BW : 14346. 8356566

(Se lectivity) : . 820653474907

H(Z)=A0 *H1(Z) *H2(Z) % -

H1(Z) = (Ai0+AIL{Z - 1) +Ai2(Z°-2))/(Bi0+Bil(Z-1) + Bi2(2*-2) )
RECURSIVE FILTER OF ORDER 12

SECTION # : 1

ALO): 1 B(LO): 1

A(L1): 153798226803 B(L DI 224201447476

AL 1 B(1,2): 743334454886
SECTION # : 2

A2,0): 2000 1

A1) -1,53798226803 2,1) 1 -. 224201447476

AR2) 1 B(2,2) 1 743334454886
SECTION # 3

AGBO)T 1 B(3,00 1

A3, 1) 889184839273 3,1) 515377097592

AB2: 1 3,2) T 880556476844
SECTION # : 4

Al40): 1 B0} 1

A(4,1) 1 —.889184839273 4,1) T -, 515377097592

A4 1 B(4,2): 880556476844
SECTION # : 5

AGO: 1 B(5,0): 1

A(5,1) 0 7487000731313 5.1) 0 621224902758

AG2 1 5,2) 0 97055481678
SECTION#: 6

A0 1 B(6.0): 1

A(6,1) : —.74.8700731313 B{6,1) : -.621224902758

AB2: 1 6,2) 1 97055481678

A0 1. 011720233543
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BEST ASSIGNMENT NOISE GAIN DB

. 6 5 4 1 2 3 2990. 63 34.76
2 1 4 5 6 3
2 O S - 1962.77 3 32.93
3 o ‘i st - 1986. 85 32.98
4 eyl 2192.66 33.41
5 Voo r e 2353,07 3. 72
6 sz 2519.70 3. 01
7 g 2 o ! s 2100. 13 33.22
8 ez 2475.02 33,94
9 PR - G 2245.80 33.51
10 ! s O 2 2505. 19 33.99
1 2z > : 2600. 34 34.15
12 A 1921. 02 32, 84
13 D SIS 2268. 99 33.56
14 5. 2 E s 2766. 32 3. 424
15 A 1572. 95 31.97

BP FILTER NEAR OPTIMAL ASSIGNMENT
&
SCALING COEFFIENTS
OPTIMAL ASSIGNMENT NOISE GAIN dB

4 6 3 5 2 1 1572.95 31.97
2 6 1 5 4 3

S (1)=. 440053343525
S(4)=. 213413823968
S(7)=8. 88584716846

S (2)= 241802530609
S(5)=. 493640440918

S {3)=. 713053848929
S(6)=. 16501204705

oz ke 15490 # RESE ol BE ()]
2. 32.04dBe] 5 ﬁt%(ﬂjﬁ;})g 32.37dBolie}h. %
% 7% 0.5dBE =& ¥§S e 2
238 K program% FIMA 3l SwEE ) 7§ dynamic
programoll Hsled dch whE A7k Aol R& T
pole-zero pairing®} orderingS K& 4+ olch

V. & R
Digital " e o} HitBA MM o FREE #EA (A,
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A Qe G, TV 2 Fol A o, BB A7) AN )
ft ol s by EED BHEHS Kit7] 93
program< #7390 2w, &k IR digital el
WE 1R =& 2KEHS SRt diginlde EF
5 RPE e BE canoniclbo 3 AR €% cas-
cade B o2 Fkshs HEEE Bch 28
hardware X B HMRER register A &E S}
© Bt BEE S Hdtod, dynamic rangef#k F
ol EE/ BB (egisterS {#FH Sle] cascade kL
2.2 digital | & KE Y 7249 B EHEHBES A9
B h2 % 4 Sl+E pole-zero pairing® ordering &
®IE 3k programg #5 3H o

aezg oy 5B digital UEl JitEdE A R
el A #R8 program& FIA A bithsl He
register & i sto] 433 FAEE EEEMES 2L
4 o+t digital el & #iE 4 AL Aol
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