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Abstract

The desirable attributes of wave digital filters are related to the
low sensitivity to element variations in the case of double-terminated
lossless analog filters. Low sensitivity in digital filters implies low
coefficient quantization error and in certain circumstances low
roundoff noise. The type of wave digital filter that is in several
respects the simplest of all is that obtained from a reference filter
consisting of a chain of unit elements. Such reference filters are
well known from microwave filter theory. Theory and design of
reference filters involving unit elements follow essentially the same
principles as for the usual ladder filters except for some simple
generalizations.

This paper describes wave digital realizations of unit elements
connecting the Richard’s network. The design of wave digital filter
and the analvsis of frequency response under finite word length is
also discussed. From the result of design we confirmed that the
wave digital filters has a desirable attributes of an analog reference

filter
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Fig. 14. (a) Filter consisting of a cascade of unit elements.
{b) Corresponding WDF structure.

(c) UEWDE structure for hardware implementation
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(a)

(b)

Fig. 15. Structure essentially equivalent to Fig. 14(b) and (c).

Fig. 159 #z& #Ad7] d= FZ7t 4714

T

gog wx@ TFEolth

WAE + glck o Aeol AAlY Fe A

RE2 Fig. 149

= 5 olg 9Fr] AATNES FAA st AAVE DED BF Y

A7 9AE ARIRA e Y MR

%4 Fig. 148t} Huto g

Zol 5 |t
O—>— ll—-» > — >
Ri l ‘ R Rz l ‘ Ri Ra-i
O—e— —_— ----4-

,29A

T
Ra Ra

—




(b)

Fig. 16. Structure essentially equivalent to Fig. 15(a) and (b).
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Fig. 17 Frequency reponse of the designed 7th order UEWDF.
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showing passband in detail.
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Table. 1. WDF Mulitiplier Coefficients

Index | Characteristic impedance( Zx ) Multiplier Coefficients( ax )
k Levy's Table Synthesis Levy's Table Synthesis
0 1 1
1 5.622 55770 -0.697 976 442 -0.695 909 989
2 0.2557 0.2547 0912 993 177 0912 649 827
3 8.329 8.2820 -0.940 428 902 -0.940 328 229
4 0.2373 0.2547 0.944 619 551 0.944 542 274
5 8.329 8.2820 -0.944 (19 551 -0.944 542 274
6 0.2557 0.2547 0.940 428 902 0.940 328 229
7 5622 5.5770 -0.912 993 177 0912 649 827
8 1 1 0.697 976 442 -0.695 909 989

Table. 2. Pole locations of transfer function

Index

Pole locations

0.777 603 898 917 +

0.791 659 984 325 =+

0.833 790 481 944 =

4

10.569 465 587 037
10435 899 653 843

10.236 946 440 081

0.854 598 225 945




Table. 2. Coefficients of transfer function

Computed value
Index
Using the Levy table Using the synthesis program
b 941.101 221 835 214 929.548 913 071 491
b -5327298 233 039 975 -5256.733 604 321 222
b; 13458.195 262 399 13 13267.877 706 650 84
b. 19600.844 123 649 55 -19307.118 831 341 67
by 17736.063 391 210 31 17455951 187 090 24
b, 9958147 960 390 27 9793.066 625 001 88
[o% 3210.407 772 087 483 3154.713 159 998 412
bz A8ATT 330 452 352 7 450.171 906 146 223
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