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On the Estimation and Distribution of Gain Constant
for IIR Digital Elliptic Filters

Toshinori Yoshikawa, Yoshinari Oguro

Owing to the rapid development of LSI technology in recent years, it has become easy to realize digital filters
with custom LSIs. Presently, most digital filters are realized using fixed-point arithmetic. Because fixed-point
arithmetic has a narrow dynamic range, it is important to suppress overflow. Moreover, the multiplier is a large
circuit component in digital filters. If we choose an IIR digital filter for amplitude characteristic realization, the
filter order may be low and the circuit scale could be reduced. The elliptic type filter is the most common type of
IR digital filter. Therefore, we will consider a digital elliptic filter with fixed-point arithmetic in this paper.

First, in designing the digital filters, it is important to know the dynamic range required in implementation.
The gain constant of a digital filter is important when estimating the required dynamic range. Next, in cascade
form digital filters, the gain constant has to be distributed to each second-order section to prevent overflow under
operation.

In this paper, we show a simple method of estimating the gain constant from filter designing parameters ; filter
order, pass band ripple, pass band edge frequency and transition band width. And we confirm the effectiveness of
the method. Next, we show a simple and high precision method to distribute the gain constant to each second-order

section.
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Fig.1 Cascade form of the 6th order IIR digital filter.
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filter.
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Table 1. Example of distribution of gain constant for 6 th

order digital filter.

5% w H E # oE & | AErERE (%]

0.03651894 0.03651842 0.0014167
2 0.25133614 0.25131185 0.0096624
3 0.51913644 0.51919397 0.0110802

Table 2. Example of distribution of gain constant for 12 th

order digital filter.

B B #E A H# E A AExTEEE (%]
1 0.07062367 0.07062324 0.0006104
2 0.17163817 0.17163578 0.0013896
3 0.36245749 0.36244681 0.0029468
4 0.57050484 0.57047832 0.0046484
5 0.72980236 0.72975893 0.0059507
6 0.82074047 0.82086808 0.0155474

Table 3. Example of distribution of gain constant for 22 th
order digital filter.

B KO fE HOE AR (%)
1 0.01140400 0.01140400 0.0000182
2 0.05347362 0.05362822 0.2891196
3 0.14014851 0.14180786 1.1839968
4 0.26515677 0.26411553 0.3926891
5 0.40760768 0.40538569 0.5451308
6 0.54459418 0.54316670 0.2621196
7 0.66115551 0.66029656 0.1299165
8 0.75156329 0.75106502 0.0662987
9 0.81615318 0.81586563 0.0352317
10 0.85778720 0.85761709 0.0198305
11 0.87947454 0.87937089 0.0062632

Table 4. Number of evaluated frequency points for the
distributions.
5 BL Bl BE R 0 5 BB * 4 B O
a 15000 15
b 30000 48
c 55000 143
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