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Abstract : Nuclear power plants operate an early warning system that classifies signal groups based on the
correlation between measurement signals and that learns past normal operation data patterns to detect fault
signs through comparison with real-time data. A suitable technology expansion is needed in the startup
operation since the signal distribution varies complexly after the planned preventive maintenance to reaching
the normal operation. In this paper, we propose a fault detection method that applies the approximate
nearest neighbor search technique to secure sophisticated prediction performance even in signal groups with
weak correlations. As a result of comparing and analyzing the difference between predicted and actual
values by selecting signal groups that represent the startup operation including increasing trend, decreasing
trend, and different physical unit groups, it was shown that residual changes can be detected at a faster
time point compared to existing techniques. Since the method can generate alarms for fault detection early,
it can be supplemented to safely reach the normal operation even in the startup operation.
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Fig. 1 Model decision scheme for fault detection
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Fig. 3 Correlation Analysis Matrix

Table 1 Dataset & parameter summary

Train set 30,240 raws
Data set
Test set 10,080 raws
AAKR Kernel Bandwidth 0.7
Number of Tree Nodes 100
ANNOY Number of Nearest 10
Neighbors
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Table 2 Reconstruction time & MSE

Dataset AAKR ANNOY
Reconstruction | Train set 40.6 12.3
Time(sec) | Test set 38.5 115
Flow Rate | Train set | 29.1312 0.8435
MSE
(liter/min) Test set 40.7963 3.1358
Pressure Train set 0.0109 0.0014
MSE
(kg/cm,g) Test set 0.0291 0.0065
Backpressure | Train set | 3,652.1991 | 233.9328
MSE
(cmH,0) Test set | 5,866.8976 | 1,237.7626
AAKR
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Fig. 4 Time-series Graphs of Flow Rate Test set
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Fig. 5 Time-series Graphs of Pressure Test set
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Table 3 Summary of dataset & Parameters

Train set 13,501 raws
Dataset
Test set 4,490 raws
AAKR Kernel Bandwidth 0.7
Number of Tree
Nodes 100
ANNOY
Number of Nearest 10
Neighbors




ZHx|
O -

lol

Mol AR AP, olF A RART 5 9
A Rl SMEUE wefste AW 1072)
WE AHE B F BIROR MASES 5
k.

AAKR 7] 9] Kernel bandwidth?} ANNOY
Bol Ee] e Sb urE AYS Ea) 2o

HE AbEshe gez dAsHnh A A9

2xz

£ =9 998 e 2d2 AR AS A= A
o & AZ AT MR FAEHo glon,
ANNOY 7|®¥o] AAKR tj®] A7 AZ Aze
Isul, &&= A& Az Bt 598 Feds B
ok VlEAt A 2l a5 A 4
I gaelEe] wE AT MSE A3 ZAibs

Table 42} 7t}

B Table 31} Zrc}. Fig. 79% 7z 24 I8oA U7 AT E Ad
% AT WAL A& 2/RE AT sl AP A2Ue WA mEW Aom,
5 U5HA Euclidean distance® At&3}9 0w, <+  ANNOY 7|#Ho| AAKR thu] x}7} zto}p 4w s}
AFLAMSEE A% e Bd X 4G A S AsHe SAsrh
skt
AAKR
322 M Zat o] e .
7 24 AERe & Vi) 9 A AE | g
2 FAEo] 9lon MSE H|i ZI, ANNOY 7] y
Mol AAKR fiv] B 2069 o4 Hege B ¢
Atk Ak A ABZL E 340 4 AZ 4 i S—
T2 FAES om, ANNOY 7|®Ho] H4 218
Wl olA} HEIHS Wolrh mrumom Az o) [ P
E3
Table 4 MSE of residuals for each group H : /
§
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Increasin Fig. 7 Pressure 1 results of the increasing trend group
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Fig. 8 Pressure 1 results of the decreasing trend group
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