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The Design of the Robust Digital IIR Filters

LI Zhengrong, SANG Huat sheng, WANG Fetxue, YONG Shae-wei
(ATR Lab, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: By using the analog cascade elliptic filters design method, and the bilinear method of transforming analog filters to
digital filters, and the frequency transformation method of digital filters, a simple robust cascading digital IIR filter is designed. The
stability of this filter can be assured by setting rational frequency transformation parameters. The internal magnitude bound of this
filter can be minimized by using an empirical optimal method of poles and zeros organization. At the end of this paper, an example
of designing a cascading digital elliptic band stop filter is provided.
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Fig. 1 Structure of a digital cascading IIR filter
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Fig.2 Structure of first order and second order IIR subfilters
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Tab.1 Frequency transformation methods of digital filters ( @ is the cutoff frequency of lowpass digital prototype)
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Tab.2  Coefficients of cascading subfilters
A Ao By; Ba;

1 — 0. 6498 1 - 0.3366 0. 0358

2 - 0. 2463 1 0. 2143 0. 7781

3 - 0. 0781 1 0. 0656 0. 9652

4 - 1. 0018 1 - 1.2089 0. 8277

5 - 11232 1 - 1.2015 0. 9723

3

Tab.3 Maximum internal magnitude bound comparisons between the normal method and the

optimal method of poles and zeros organization

(x 2m) (x 2m)
1 1 0.5 3.72 1 1 0.5 3.72
2 3 0.256 81.87 2 2 0.28 6. 28
3 2 0.285 3.4 3 3 0.26 18. 21
4 5 0. 146 98.07 4 4 0.127 7.92
5 4 0.123 3.92 5 5 0.145 19. 94
4 :
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Fig.4 Comparison of cascading filters and direct filters magnitude responses with different coefficient quantization bits
(a) infinite coefficient quantization bits; (b) cascading filters; (c) direct filters

[0,1] , o 4

IR )

IR

Taylor F J. Digital Filter Design Handbook [M]. Marcel Dekker Inc., 1983.
M]. - . 199.

Antoniou A. Digital Filters: Analysis and Design [M]. McGraw— Hill Inc., 1979.
[ ] Ingle Vihg K, Proakis John G. MATLAB [M]. : , 1998.

, [M]. : , 1978
[ ] . [M]. : , 1985.
Bose N K. Digital Filters Theory and Applicatios [ M]. Elsevier Science Publishing Co. Inc., 1985.

s > s . [M]. : , 2001.
Knowles J B, Olcayto E M. Coefficient Accuracy and Digital Filter Response [ J]. IEEE Trans. On Circuit Theory, 1968, CT - 15 (1): 31
- 41.



