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Model Construction Based on Real-Time System
Identification Method (Proposal of a Model Construction
Method for Anomaly Detection of Control Systems)
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Real-time system identification is a technique for the monitoring or anomaly detection of control
systems, and it enables us to construct numerical models reflecting on the instantaneous properties of
control objects by hardware acceleration. In our research, ARX model is selected for the abovementioned
purpose and its implementation on field programmable logic devices considerably shortens parameter
estimation time. However, in the application of real-time system identification, there arise difficulties
derived from closed-loop system identification and the consequent ill-conditions. Real-time system
identification is supposed to be used for actual machine operations, therefore, the reference signals for
control are sometimes set to constant which are understandably insufficient for system identification. This
problem can be addressed by a modified estimation procedure considering input signal conditions and
a model with partially fixed parameter values. The effectiveness of the proposed method is investigated
by experiments. They show us that both of accuracy and stability in parameter estimation are obtained.
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Data monitoring and analysis in industrial plants.
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Fig. 2 Real-time system identification.
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Fig. 4 Close-loop system with external input and noise.
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Table 1 12— N7 = 7HELEW 5 O FPGA K — F/RT.
FPGA & L TH\ % Intel #1# Cyclone V 133 K H &M T
HY, FAHOBES A v Fy FTIIRD ZMC AT iE%
FNAADVEDTH A, N— K7 =7 &N A0
ERFEY =V THAH Quartus I ZHWB E L (I, 7T
J XL DENA Y — VT3 % DSP Builder Z 1§ 5.
Table 2 |[ZIHFHAM OB G TH % CPU K— FOthAkz
Y

Table 1 Specifications of FPGA board.
Items Description
FPGA device Intel Cyclone V FPGA
Development Quartus II
software tool DSP Builder (MATLAB/Simulink)

Table 2 Specifications of CPU board.

Items Description
CPU device Renesas Electronics SH-4A
(R8A77850 600 MHz)
Development software tool | GNU C++ Compiler
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Table 3 Comparison of calculation time by FPGA and CPU.

Step Calculation load [usec]
FPGA CPU ratio [%]

1 0.73 15.24 4.77

2 0.03 1.35 2.05

3 0.80 12.01 6.63

4 0.13 5.89 2.24

5 8.52 817.93 1.04
Total 10.20 852.41 1.20
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Fig. 9 Flow chart of parameter estimation.
Step.1 and 2: Data vectors X and y are assembled. Step.3 and
4: X™X and X'y are calculated. Step.5: Parameters are calcu-
lated by solving Linear equation.
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Fig. 10 Frequency responses at multiple stage positions
without the consideration of input signal conditions.
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