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Verification on the Characteristic of a Fixed-Point Notch Filter
— Comparison of a Shift Model and a Delta Model —
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Abstract:In recent years, a mechanical system requires various functions, such as high speed, light weight, energy saving,
and low cost. As a result, stiffness of a component becomes low, and the whole mechanical system vibrates easily and
mechanical resonance occurs. Since this compliance often reduces stability margins, feedback gain is necessary to reduce.
As a result, machine performance becomes poor. The simplest way to reduce mechanical resonance is to use a notch filter
that attenuates only a resonance frequency. On the other hand, FPGA used for an artificial satellite etc. requires low power
consumption and low cost severely. The power consumption is greatly saved by converting from floating-point arithmetic
to fixed-point arithmetic. Thus, fixed-point implementation of a filter is desired. In this paper, the calculation accuracy of
the shift model and the delta model of a notch filter are compared. The root mean square error between a double precision
floating-point arithmetic and fixed-point arithmetic on a Bode diagram is considered as an evaluation index. From these
results, the word length which can perform calculation of a filter with sufficient accuracy is derived. In order to verify the
derived result, PID control of a DC motor using a notch filter is considered. Since there is compliance in a DC motor, a
damped oscillation occurs without a notch filter. The effectiveness of a proposed fixed-point filter is verified by the step

and sinusoidal response on a PID control system.
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Fig. 2 Second-order delta model
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Fig. 3 RMSE on the Bode diagram of a notch filter

Table 1 Specification of a notch filter

Center frequency wr | 50rad/s
Width of a notch filter G 105
Depth of a notch filter d | 0.01

Table 2 Notch filter coefficients
| [ shift | Delta |

ki 0.0030 | 0.0450
ko 1.0000 | 0.9500
ao 0.7323 | 1.2561
ar | —1.6476 | 0.7049
bo 0.8648 | 1.2561
by | —1.6476 | 0.1749
by 0.8675 | 0.8675
T — 0.5000
T, — 0.1350
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Fig. 4 Bode diagrams of a notch filter based on the shift model
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Fig. 5 Bode diagrams of a notch filter based on the delta model
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Fig. 6 PID control system with a notch filter
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Fig. 7 The impulse response of a DC motor
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Fig. 8 PID control without and with a notch filter
Table 3 The physical parameters of a DC motor

Moment of inertia of the rotor J 1.0 e-5 kgm?
Motor viscous friction constant B 2.0 e-3 Nms
Electromotive force constant K; | 3.0e-2 V/rad/s
Motor torque constant K | 3.0e-2 Nm/A
Electric resistance R | 40Q

Electric inductance L 4.0e-5H
Motor natural frequency wp | 50rad/s

Motor damping factor ¢ | 5.0e-2
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Fig. 9 Step responce of a DC motor
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Fig. 10 Sinusoidal responce of a DC motor
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