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Design of the 2nd order Digital Filter with Minimum

Coefficient Quantization Error
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ABSTRACT  When digital filters are implemented on a computer or with special purpose hardware, they unavoi-
dably suffer from errors due to finite wordlength implementation, These errors are classified into coefficient quantiz
ation error and roundoff error.The synthesizing method for realizations with minimum coefficient quantization error and
minimum roundoff error has been studied.

In this paper, it is shown that there is an equivalent transform relation between realizations with minimumn coeffi-
cient quantization error and minimum roundoff error, To show the validity of this equivalent transfrom, we derived
the 2nd order digital filter with minimum coefficient quantization error from the 2nd order digital filter with minimum
roundoff error and proved the efficiency of realization with minimum coefficient quantization error-by simulation,
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x(k+1)=Ax(k)+4Bu(k)
y(k)=Cx(k)+Du(k) (1)

4714 x(k)= nat KE H4E, u(k)= 44,

yvk)v 29, gl A, B, C, D= A(2)¢}
e AL B KHEE 175k
N i1
_N[.A_-’,.E (2)
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X(k+1)=[A+8A] X(k)+[B+AB] u(k)+a (k)

y(k)=[C+AC] x(k)+[D+AaD] u(k)+8(k)
(4)
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E 1. 2FY 23 oAE delo 437 A4
State-space coefficient of the canonic 2nd oreder

digital filter.
e 2+
R A B ct D
A a4 % 3 0 1 0 0.001104 0.005541
gzlE 4 -0.800779 1.778611 1 0.020937
29 & 0 1 0 0.001830 0.067818
oz & He -0.765976 -1.734697 1 -0.029197
o o & 3 0 1 0 -0.05905 0.030452
o= g dE -0.9390 1845099 | 1 | 0056188 |
B2 373 449 7z 384 93 o 3 9
Covariance matnix and noise matrix of the cancnic
realization structure.
ji:%% LPF HPF BPF
K 113914 112.5117 68.915 -67.69445 89.5085 85.1697
112.5117 113.914 -67.69445 68.915 85.1697 89.5085
W 0.035445 -0.04370 0.03885 0.04978 0.0295 -0.02809
-0.04370 0.055273 0.04978 0.06621 -0.02809 0.029525
E 3 74!;’?‘ AR Yy 23 AFHE S AdelEt
gl;t_e-space coefficient of the 2nd order digital filter
with minimum coefficient quantization error
HzE He 4w F A s
i 21 r 0.8317885 0.1149934 0.217562 1
LPF 2 ABy= -0.1149934 0.946822 -0.261285
[C D] - -0.217562 -0.2612853 0.00554 -
21 ~ -0.9349130 0.1350834 0.287491 A
HPF 2 [A B] = -0.1350834  -0.799784 -0.231201
cD - 0.28749148 -0.231202 0.007818 -
21 r 0.953002 0.2982021 -0.0378311 7
BPF 2 AB)= -0.2982021 0.8920972 -0.240039
1 [C DJ ~ 0.03783118 -0.240039 0.030452 -
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structure with minimurm- coefficient quantization error

HzE Y
LPF HPF BPF
T+ ®
K 0682 O 0.682 0 0.5 0
0 0182 0 0182 0 0.5
W 0.682 0 0.682 0 0.5 0
0 0182 0 0182 0 0.5

AT T e 9 10 11 12
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SSpreAda. EC4y3) 3% (Theoretical)
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Car AR AR ELY ;0 Q A obt 3 @ 3HA £ 3 (-)

08 2. Ad 37 Ala ols Wl 73 &8 ezt - 30
F4b Al gelold BHAE
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Qutput error variance due to the state-space coe-
fficient differential variation
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0.9% Response of inlinite wordlength
::‘; Response by 8 bit quantization
0.80 U] 7 bit "

0.73

0.20 " 6 bit "

.63 f

o " 5 pit o

0.55 4 bit "

0.50

0,45

0.40

.33

0.30
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0.1%

0.10

o.0%

0.00 +X
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.55
.50
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e T 1Y 3 T3 Yo 3.8
ARDIAN/SEC{N]
{b)
a2l 4 Al B 4ol okxbstoll g Fiba FRHA
(@) 238 (b) A+ gast 23 2
Frequency response curve for the state-space
coefficient quantization
(a) canonic realization (b) minimum coetficient
quantization realization
)t Response of infinite wordlengeh
612 Respanse by 8 bit quantization
" 7bit "
0.10 ] 6 bit "
o " S pit "
" 4 bit "
o0
o
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Impulse response curve for the state-space coeff-
icient quantization
(a) canonic realization (b) minimum coefficient
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