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A Study on the Scaling in Wave
Digital Filter
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ABSTRACT  Digital filters suffer from roundoff noise and adder overflows due to finite word length effects.
Scaling is an attempt to alter internal signal levels such that all signals are as large as possible, yet without the
occurrence of overflows. Scaling requirements are implemented by the use of transformer. This paper proposes 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 un-
scaled filters under the condition that there be no overflows occurring.
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pha Betas 28 72] 7 whol 4 £4b719] gk
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L, Norm-&
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AFAlS ol A WHekrle 2AdHe o LA LT

A7 2
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TERM | SHC|| SHI {]SELC] ™77 SEI X
B, ] L SHI SkEC An
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Unscaled WDF block diagram.

B2 £#A9¥ gt WDF 9 A+
Coefficent of unscaled WDF.

Type of Element L C R Coefficients
Termination 0. 1000000E.+ 00 Sect Type of Element Sigma | Alpha Beta
Shunt capacitor 0.0000000E +00( 0.1314488E+02 1 }nput section —0.903530
Shunt Inductor 0.3094326E +00( 0.0000000Z+00 2 | Shunt Capacitor |0.333822 [ 0.000000
Series LC tank 0.5745986E +00/ 0.5138777E+C1 3 | Shunt Inductor 0.509372 0.000000
Series LC tank 0.7915223E+00] 0.7073779E+-01 4 | Series L.C tank 0.512265 | —0.494021
Shunt capacitor 0.0000000E +00| 0.1994763E +02 5 |Series LC tank |0.214866 | —0.697'08
Shunt Inductor 0.2039067E+00| 0.0000000E +00 6 | Shunt Capacitor 0.345610‘ 0.000000
Series LC tank 0.3093935E +001 0.1029243E +02 7 | Shunt Inductor 0.534492 0.000000
Series LC tank 0.3951870E-+00) 0.1314653E+02 8 | Series LC Tank 0.583651 | —0.522037
—~Shunt capacitor 0.0000004E+001 0.2007754E +02 9 | Series LC Tank 0.384587 | —0.677177
Shunt Inductor 0.2025874E +00 | 0.0000000E+00 10 | Shunt Capa citor |0.199658 | 0.000000
Series Inductor 0.1053363E+-02 | 0.0000000E +00 11 | Shunt Inductor 0.014478 0.000000
Series capacitor 0.0000000E+00| 0.3861402E -+ 00 12 | Series Inductor 0.236143 0.000000
Termination 0.6667000E + 00 QS Series Capacitor |0.204733 | 0.000000
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& £A4713S TReh E 364 Scale(I, 1) 2 AZ7 Fsi4 Hsle] @25 SNRE AR}
2 nz+e Scale(1, 2)¥ 1/n 3% vebdich 1 o] & 59 vebdr},
| 82 Ay kgt WDFS] &545%
bl o, A Qelsl WDFe| Alew 229 & E4 £7da WDFS A+
1 olgdld B4l Gebuch E2, £3, 8 Coefficent of scaled WDF.
pol GE AL S ASRE AT AkA F [ Coefficients
st7] gleted 25 AR ko A4t Sect.| Type of Element Coeff( T, 1)| Coeff( 1,2)
3 ~AAY qkgr B89 AANY 1 | Transformer 0.988373 |  0.000000
Unscaled peak signal and scaling values. 2 | Input Section —0.903530 0.000000
o [ Seating Values 3 | Transformer 4485511 | 0.222940
Sect| Type of Element| b Sigml [Sater1 1seale( 1,2) 4 | Shunt Capacitor | 0.333822 | 0.000000
1 | Termination 1.01176 | 0.9884 1.0118 5 | Transformer 0.878100 | 1.138823
2 | Shunt Capacitor | 0.225% | 4.4855 | 0.2229 | 6 | Shunt Inductor 0.509372 | 0.000000
3 | Shunt Inductor | 0.25688 | 0.8781 | 1.1388 | 7| Transformer 1.469130 | 0.680675
1 | Series LC Tank | 0.17485 | 1.4691 | 0.6807 8 | Series LC Tank 0.512265 | —0.494021
5 | Series LC Tank | 0.15716 | 1.1125 | 0.8988 9 | Transtormer 1.112548 | 0.898837
6 | Shunt Capacitor | 0.07032 | 2.2351 | 0.4474 10 | Series LC Tank 0.214866 | —0.697108
7 | Shunt Inductor | 0.07414 | 0.9484 | 1.0545 11 | Transformer 2.235088 | 0.447410
8 | Series LC Tank| 0.06145 1.2066 0.8288 12 | Shunt Capacitor 0.345610 |  0.000000
9 | Series LC Tank | 0.05831 | 1.0538 | 0.9489 13 | Transformer 0.948356 | 0.054456
10 | Shunt Capacitor | 0.06515 | 0.8950 | 1.1174 14 | Shunt Inductor 0.534492 | 1.000000
11 | Shunt Inductor | 0.40029 | 0.1628 | 6.1439 15 | Transformer 1.206622 | 0.828760
12 | Series Inductor | 0.79335 | 0.5046 | 1.9%20 16 | Series LC Tank 0.583651 | —0.522037
13 | Series Capacitor | 0.18797 | 4.2205 [ 0.2369 17_| Transformer 1.053820 | 0.348923
18 | Series LC Tank 0.384587 | —0.677177
Wols2 £=|ol Pat WDFoll 4 SNRo| A4l 19 | Transformer 0.894972 | 1.117353
S b AlAbsle] wlmiro 2M Al okl upu ] 20 | Shunt Capacitor 0.199658 0.0000(10
B AL AEstel Rae]ael ShEsl o] FA 21 | Transformer 0.162764 | 6.143857
& w okxps EalE Amshyl ek mRAS 22 | Shunt Inductor 0.014478 |  0.000000
2 eAanz ATE A% °| PERER L 23 | Transformer 0.504554 1 1 981950
A5 oh almae) o ¥ 28} /} A4 Zto 24 | Series Inductor 0.236143 |  0.000000
SNR-S A|4tshed &5l V}E]ﬂ;il;]—_ et A E T 25 | Transformer 4.220540 | 0.236936
ZFsh4=7b H3tskA ff‘%i}% od Lo) HEFLE 26 | Series Capacitor 0.204733 |  0.000000
n " n n g .
An 1 2 - s H>H ¢ }_ i1 12 13 l’“B"‘
TR [ he sHi | seic(-—- | s SEI SECJ_
1/n, 1/n, 1/ny 1/n¢ 1/nn 1/n0 1/n,
agls 2MgEx WDOF £54x
Scaled WDF blo¢k diagram.
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o
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.
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