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Abstract

Digital filters suffer from roundoff noise and ad—
der overflows due to finite precision arithmetic ef—
fects.

Scaling is an attempt to alter internal signal
levels such that all signals are as large as possible,
yet without the onccurrence of overflows.

Scaling requirements are inplemented by the use
of 'wave digital transformers'.

This paper describes a procedure for scaling wave

digital filters to avoid overflow problems and at

the same time maximizing the output signal -to-noise
ratio.

Results indicate that the scaled networks have an
improved signal to noise ratio over the unscaled fil-
ters under the condition that there be no overflows

occurring.

1.4 &

dA% WEHE FE olBo2 ANUR YASHE LAE U 8%
of L 4D U 13 BAZE oPELI WEY 24
b gk o 7N $AE A2 nedene 4e FYE  H
seid SNRE AHY 4 HE PHE BEoh oldUe 440z Y
el dshe 189 24§ el AdUgelha geh O

P ERFE F 42 Yol dlAHIl AYRE UL Y 2w
2 23U PG

2PHES T DAL QYA T2 dasel Ha 39
A% g Yok

HEY LA F S el Yobe wedold Advigoz
Ut olAE o SWlsh 149 S s hdY AR &
SAE A Yk of ASUs 24 sl Yo oA YA

o Qe ol g WA gkt

ol Aol Y mINA goug JAAYE Yd SNRL A
AsAg 29 240 23 8 U A& B2/ 2
FHEZF £ goiA ATt SNRol bt

Gebd YT L0t BLEE ok MW AE FHehE
dl 3Het e o2 WDFS 554 998 JANHER Gt

& &2 M.N.S Swamy ¥ 28 WDF§ 4Agznte’ AR
BEo A & st Yol dete) mAwcl, E£4 WDFE HAY
28 2AYHY st L4EZSE WY gomM SNRE HAMEHE
g dFgch

2. 459 x% 2H

YA e E 24FY AR T4 JMbvlel Q9B
257 44 F 3ok e Folal sl 554 d9e fAsdA
2FHEZFE Ash] At HRdA AEe AE WIE Ak
g t3)

IVeG) 1S HFie ™ 1by U (7%l ovrmemiemesmminmens (21)
, 1,1
714 ptrg=1!
P, g1l
HAC™) 0, L, norm®& BASTH
HAal,=C WL,JW‘ (A 1P du]F comemercmmieemenns (2—2)
p 2 gtol coolm
Al o= 0£\|§§XW, P P N €T D

28 E2RE AN At |V, () |5 (€ WSEE (po@) @
e (1,00) (2,2) (o0, 1D7} glrk. F,(e™)8 L, normg A
At AL 0sWsre T4 F (e )9 A & e Aok

F (p.gl)=(00, 1)& Vi) ISl 57 9& | Fy (el
=1 3 HeRAjolch,

[ViD I SHFi (™l U™ llao wveremremmsmomen (2—4)
IVi G IS TF @) Il U, (2—5)
FViOD ESTF ™)l TUGE Nz e (2—6)

71



.o e 4Ry T4
4y AU AR AR Tk
9 wdeE asAe s EANE At AT WA
V=0 S Yn )
Al Uabshel S B4 S
Cpn 2= 4 Etn\llﬁj K=1,2
(-DAE  (3-2)4d st
(=01 R0 TG g G
Wbtk st oA
R; —Ry +SL

(3—-1)

- (3-2)

(3-3)

2R,
Ry +R, + SL

R, +R, +SL
17 a - (34
Eg’] 2R, Ry~ R, + SL ¢ )
R;+ R, + SL R]""R,'*'SL)

AR A Hebed ox G g o= v

[(Ry— Ry+L) Z+ {R;— Ri~— L)
R+ R, +L)Z4 (R, +R; —L)

R, (Z+1)
(Ry +R; +L) Z+ (R +R.—L)

[2‘): 2R, (Z+1)

(3-5)
37 | (Ry+ Ry +L)Z+ Ry +Ra~L)

SUBES

(Ry ~Ry +L)Z+ (Ry—R,—~L)
(Ry =Rz +L )Z+ (Ry +Ra—L)

g2 g 4ciabg EEASA AL Aol e FFEE Q] 9
Bl ebg 22 WESedof gk O

Ry =R, +L B N & o D)
(3—6)4cN o=R, /Ry ojztad (3—~7)4e Hrh
-1
Lo=27 g 4g-
1+0Z°7 NP
0y 1+eZ a,
erenes (3—7
% | cca+zhy  G-o) ay? (3=
(1+ez! 1+az2-!
(3-7)4 2% Fig.1l 9 J3s8AEE F4Yt
Signal_Flow Graph )
o Inductor
Nyz et
R . {3 gy R g=ah
) Capactor
R
a‘& A a="t/p
Transter  Fynctions
Rz) { Inductor} | F(z)(Capactor)
Input Node ~
D=1+07" o=1-gz”!
A vi ' 1
Az Vi - -1
A V2 (1+27)/0 (-2/o
Az ] ~(1+z7) /0 | -G-2)/0
A Vi (¢-) /0 (g-1) /0
Ar vy -(C-1/0 | ~@-1/D
Ay 81 (C-1)27/0 | ~(e- N YD
a2 81 (1+271%/0 -2/
A 8: T(1+2°V0 q-z Yo
A1 8: (-0)/0__| _(+0 /D

Fig.l. signal flow graph of series inductor

72

4. WDF9 Hegs

WD FS] AAAY 2§ Fahedl s g4 A8
ek Z&Asel sz AAY T~y slade F4sE 8

49 Aol T—dHE I d¢ 4+ Uk
An= A B Baw
1 2 -—- K — . N
Br— Sis A A

Aax B =7
B . Ay =0

Fig.2. unscaled wave digital filter

Fig.2o 4 apsiet ubtate] Al

Bu

C ] . (4—-1)

(41D el Ron=Ru d¥ Asn=00]ch

By _Tl___._
Au (= T/J Srestersssmesiemse e (42
J=k 21

kA 2% 4 Ayl 4

2= ¢

Aix (4=

N
N
E‘ T,-J f‘l;,u B IR TR

N
(T3
Bix = Azsa =_’i_.. .
[ Z Ti]'-z

=1

Ayy  cesemesensssismninine (44 )

N
(Y T
A=Az

An rreimreiireti it e (4—5 )

N
g, v

5. 27 dd Wy

A0 & ohd 2z Yol A 7} oo AW WEATS] sl
olgrh, AAYYE o] Hskd WAuZE #i1ql o} gAY WbIE
T4 spolo] 4RIgHE ofdf o) 4Aql ksl AsAWE  elA
vhosb s g @k

M.N.S Swamy® WDFE v 444%g $502 PH3loe
Hoblo g aAdgshed qgstet. WDF& &AUdY] dated »
ot 1/l A 7h 840 Aol ARglgtet

ko ol 4 AREE = ol el Wiskr 9 e YAlY 4xhAYE Fig.
3. ol debdek Fig.d.e WDFE a4yl 4719
FAIgek

k-3



I ¢ [>
As B, Rt R;
Vi Ve R Rz g n
i
4 B1 —— :l——— Ay a vh
Trgnster Fynctons
Input Node T F(2)
A1 81 Q
Az B a
Al B2 a
Al 8 o]
Fig. 3. Ideal transformer and digital 2-port

™ Ny Ny Mot Ny
A » > > Ban
- 4 < < Agu=
Vn, ‘/r\ l/”n-i Ut

Fig.4. Scaled wave digital filter

°
%

6. AA o W nA

Fig.5.2 €3 did&e] 17~19.7(KHZ]olx, Fud 2| ol
0.18eB)2l NG Eogeiolch of Atz YEHE WD FE A5t &
Holl 4] Aoigt WY & ol 43le] WDFE &A A et

obd2a dHE wHAF YEHZ dyp] Yt AYN HHE

Ege 5 dEHY A Fobs ool YA Yo oA g
e E A o Fue dFE Folr] Hdio opgE
1 #HEol Prewarping$ et

Ry ~ S Lty Cu

Cy Cs
C%J: L3 ce"JW Ly

Fig.5. 12th-order band passfilter

.98 297} wshAl g APl AAYY A % WDFo &
AUYE . DF SNRE vimgteh, 24Adsl dejodld dy A%

2

AdAE rel Axs WEY HEE A vt
AP YA ax P ooz APYch

s

i
ng = -

k-t
L Ems IOk

73

Tablel. L, Scaling (Theoret ical)

Sam Max Noise |Signal S/N S/N
Eregq. {mprove—
(kHz) Input | Variance | Variance|Ratio ment
125 99 |[.11E7 | 57E4 | 37.1
3 250 99 |.26E-8 | .14E-4| 27.3
S 500 89 | .96 E7 | (37ES5| 15.8
= 1000 .99 |.56E5 | .83E6 | 17
125 1 |.19E7 6 E-2| 49.2 +12.1
g | om0 | 1 [azes [asez| waz |13 |
s 500 1 |.9%6E6 | 17E-2] 324 | +86.6
” 1000 1 |.58 E5 A3E-2| 235 +21.8
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