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Abstract

The lossless bounded real(LLBR) two-pair cascade structure is one of the existing low—sensitivity digital filter
structures such as wave digital filters(WDFs), orthogonal filters. They are known to have the same structures,
which are composed of canonic building blocks interconnected to each other. The LBR two-pair cascade filters
amount to describing in a unified manner the existing canonic low-sensitivity filters in terms of transfer
matrices and chain matrices. However, the existing structures have somewhat degraded low-sensitivity
performance because they include dependent parameters within their structures. In this paper we propose a
filter structure called “two-type-interlaced(T'TT) structure.” eliminating such problem completely. This structures
can be viewed as the WDFs of analog ladder circuits. As ladder circuits are obtained by cascading Brune
sections and merging neighboring inductors or capacitors, so TTI structures are obtained by cascading Type 3
LBR two-pairs and merging neighboring Type 1 LBR two-pairs. Next. a test procedure called “LBR test” is also
presented in this paper. which determines whether or not the quantized TTI structure is stable. If it is unstable
we can fine-tune the quantized parameters to make the overall structure stable. Therefore we can solve the
dependent parameter problem completely with TTI structure along with LBR test.
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. Frequency characteristics of exem-
plified filter and quantization effect
(a) Characteristic of Brune adaptor
based realization: (b) Characteristic
of two-type-interlaced realization.
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Table 1. Parameters in LBR cascade for the
exemplified filter.
Posh oY ot Bz
1A | -2, 787’:)‘)69},7027_ e
! 2B | 8.3418947¢+00 | -9.4402088e-01
A | -1.2848047e+00
1A | =7.7190552¢-02 -
2| 2B | 2.4020942¢+00 |=7.7133043¢-01
| 1A [ ~18317773¢+00
1A [ ~1,0438415¢-01
3| 2B | 1.5785996¢+00 | -7.0722201¢-01
) LA | =3.0252417¢+00
1A | 4.0320685¢-01
| 4 213 | 7.7704944e-01 | 6.2065181e-01
L[ IA 167682736+ 00
j 1A | 6.6134144e-01
| 5 | 2B | 2.8353396e-01| 7.0038970e-01
| [ 1A ] 1.4579339¢+00
| 1A | 2.6350222¢-01
| 6 |.2B_| 59207347e-01 | 0.2436673¢-01
U IA ] 1.0944209¢+00
. 7™ 4.9660465e-01
2 FREeR 398 JYPadtz g

B3k

A

Table 2. Parameters for two-type-interlaced
realization with infinite precision.

9 3

B 2k

1A

-2.7879569e-02

2B

23
LA

iy

8.3418947¢+00 ~9,4402088¢-01
9.9174785¢-02
2.4020942¢+00 ~7.7133043¢-01

1.9120852e-01

2B
1A
2B

1A
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1.578599%6e+00

-7.0722201e-01

|
1A

 -1.2197981e+00

7.7704944e-01

6.2065181e-01

4.7543750e-01

6.6134144¢-01

7.0038970e-01

3.8416884e-01

5.9207347e-01

9.2436673e-01

1A

1.0944209¢+00

™

4.9660465¢-01

T
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Table 5. Parameters quantized by ceilling
with six bit mantissa.

#F 3 6ME ukeol| ola) Faisbd sl
Table 3. Pmeters quantized by rounding with
six-bit mantissa.

L8] o 2k b2k
S C1A | -0.0283203125
[ e o 3k b | 2B 85 ~0.953125
1A | -0.02783203125 B ) DIA 0.099609375 |
2B 8.5 B ~-0.9375 i P2 2.4375 ~-0.78125
N 0.099609375 T 1A 0.19140625
28 2.375 -0.765625 2B 1.59375 -0.71875
1A | 019140625 1A -1.25
L 2B 1.59375 | Z0.703125 2B 0.78125 0.625
L 1A -1.21875 1A 0.4765625
. 2B 0.78125 0.625 2B 0.671875 0.703125
A 0.4765625 * 1A 0.390625
FJB_ 0.65625 0.703125 2B 0.59375 0.9375
1A 0.3828125 1A 1.125
2B 0.59375 0.921875 T™M 0.5
1A 1.09375
TM | 0.5 l # 6. A 38 A=y F=o FepvlEt
Table 6. Parameters for Type 3 re-assembled
form.
E 4 A 38 7xe] gebelelg I b 2
Table 4. Parameters for Type 3 re-assembled ! 1A |72 832051 0e-02
- Lers : ' 1oL 8.5000000e+00 | -0.953125
form. [ 1A [-1.4149160e+00
| 1A [-7.0399494c-02
2| 2B | 2.4375000e+00 -0.78125
1 1A [-1.9686988¢+00
TR o 2 8 7t 1A |-9.722474Ge-02
_lA -27832031e-02 ‘ 3 2B 1.5937500e+00 -0.71875~_4
1| 28 | 8.2500000e+00 -0.9375 \ 1A _|-3.1949688¢+00
1A [-1.1869030e+00 1A | 3.9124011e-01
1A |-83923767e-02 4 2B | 7.8125000e-01 0.625
2 2B | 2.3750000e+00 | -0.765625 i 1A |} 1.68%6488e+00
1A [-1.7291934e+00 | 1A | 2.8204825¢-01
1A [-1.1069105e~01 5 213 | 6.7187500e-01 0.703125
3| 2B | 15937500e+00 | -0.703125 * 1A | 1.4659076e+00
1A 1-2.8119850e+00 J 1A | 2.6647313¢-01 0.9375
1A | 4.3341207¢-01 i 6 | 2B | 59375000e-01
|4 (28] 78125000001 0625 [ LA | 10780673¢+00
1A | 16470252¢+00 L7 1A o, = 1.043534
1A | 2.893474]e-01
5 | 2B | 65625000e-01 0.703125
| 1A | 1.4465807e+00
1A | 2.6463264¢-01 0.921875 V. EE
6 | 2B | 59375000¢-01
1A | 1.0979679¢+00 2 =Foxis 7]&e] LBR two-pair 72327t
7_L1A 0 = 09961584 ZunonE opda Alrtels e WDFZ v

N

A3k Eedstebs 4g el gstel. TiAY dodeld F

12l LBR two-pair7t # 13 LBR two-pairsh Al
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