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Hilbert Transformer Design Using CSD FIR Filter
Yasuhiro Takahashi, Tatsuo Kitajima, Kazukiyo Takahashi (Yamagata University)

Abstract

This paper describes the design of Canonic Signed-Digit (CSD) expression Hilbert Transformer (HT). The feature is
algorithm of the direct-form FIR filter applied to HT, resulting in reduction of the number of the used adders. The number
of the adders and delays in the proposed HT is compared with that in the conventional Hawley’s HT. When the quantized
coefficients are given by an 8-digit CSD code with 2 nonzero digits, the numbers of the required adders and delays are

found to be reduced by 87.7%, and 83.9% respectively.
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Fig.1. Amplitude and phase response of HT.
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Fig.2. HT using FIR digital filter.
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Fig.3. HT which shared delay correction.
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Fig.4. Table of coefficient and ensemble (N=7).
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(1) Set of HT Label Parameter
(E(a)="xfi] - YN -1-]"

(a)=csb(h,)

Change
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(1") Set of Suzuki’s Label Parameter
Eq.(4) and Eq.(5)

(2) Calculate Coefficient correlation
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Fig.6. Table of the HT coefficient and ensemble (N=7).
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01 00oooooo0 (15-tap)
Table.1. Design parameter for 15-tap HT.

0000 15| 0D000 8bit | O0OO0O0 2bit
000000
H =(-10,-12,0,-7,0,64,0,-64,0,7,012,0,1) x 2
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Fig.7. Amplitude V.S. Frequency for 15-tap HT Filter.
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Fig.8. Signal Flow for 15-tap HT Filter.
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Table.2. Design parameter for 31-tap HT.
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H =(-4,0,-3,0,-2,0,-1,0,3,0,9,0,20,0,80,
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Fig.9. Amplitude V.S. Frequency for 31-tap HT Filter.
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Fig.10. Signal Flow for 31-tap HT Filter.
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Fig.11. Structure of Hawley’s HT filter tap.
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Table.3. Comparison for adders and delays

A. Hawley | B. proposed B—EBQOO[%]
O AQO

ADDER 187 23 87.7

DELAY 186 30 83.9
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