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Sensor Fault Detection and Diagnosis of Air-conditioning System Based on
Improved Principal Component Analysis Method

Zhang Shuangshuang Chen Huanxin Zhang Hongtao Guo Yabin

(School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan, 430074, Chi-
na)

Abstract Sensors mainly play monitoring and controlling roles in air-conditioning systems and affect their normal operation, thereby cau-
sing adverse effects such as increased energy consumption if there are faults in sensors. In this study, an improved principal component a-
nalysis method combining wavelet transform data optimization and neural network-based fault diagnosis optimization is proposed for the sen-
sor fault detection and diagnosis in an air-conditioning system. By comparing the results of principal component analysis before the data op-
timization and the results of the principal component analysis after the data optimization, it was found that in the principle of the same
0. 850 O cumulative contribution rate after the wavelet transform used to remove noise, the number of principal components was reduced by
two; the detection effect was improved by 0. 020 7, 0. 020 8, and 0. 041 5 respectively; and the effect of the airflow sensor fixed deviation
failure detection was improved by 0. 160 6. To find the source of the fault, the principal component analysis was used as the input of the
neural network to test five sensor fixed deviation faults based on the wavelet transform and principal component analysis. The fault diagno-
sis results were 0. 766 7, 0.866 7, 0.900 0, 1.000 0, and 1. 000 O, respectively.

Keywords fault detection and diagnosis; principal component analysis; neural network; wavelet denoising; air-conditioning system
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Fig.1 Principle of air-cooled air conditioning system

refrigeration cycle
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Fig.2 The flow of sensor fault detection and diagnosis of air conditioning system based on improved PCA method
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Tab.1 The eigenvalues, contribution rates, and cumulative
contribution rates of the training matrix based on
the PCA model

5 NAFEIC FREAE BUEkR ENImiTES
1 4.610 6 0.354 7 0.354 7
2 2.1551 0.165 8 0.520 4
3 1.478 2 0.1137 0.634 1
4 1.053 9 0.0811 0.715 2
5 0.736 5 0.056 7 0.771 9
6 0.672 1 0.0517 0.823 6
7 0.583 9 0.044 9 0.868 5
8 0.477 6 0.036 7 0.905 2
9 0.370 8 0.028 5 0.9337
10 0.296 9 0.022 8 0.956 6
11 0.2430 0.018 7 0.9753
12 0.240 2 0.018 5 0.993 8
13 0.081 2 0. 006 2 1.000 O

I, FETC N B AR A BT AN XN AR AE (R AR
TUHRR LB R . B 8 IO, BT XN A4 TTRR
E2MKE 0.036 7, LWL 8 4> FIoof & i BAR

b ATl g AT, HRAE R DTk 0.850 0 AY bR
i, TEICE Ik S 7,00 7 A ook Bt TuEk s
iF0.868 5,
2.2 EF WPCA WIHLAKIE S

TEH M T TTo BT i REal B S T 455/ Nk g
AR I e Kt DA T v | B BRI ), S R T/ IND 2 Al
FERAF T R BG4 v £ S e e R AG D AR
9 TAET RS B, R kTR LR ST B AR NPCA
(normal principal component analysis) , 25 & /N 25
B TC 5 Hr 77 ¥ FR S WPCA ( principal component a-
nalysis combined with wavelet transfer) ,

ARSCHITRIESE AR FH—1> 443 17 13 SRR &
N 13 ARG 443 DRl R/INB S AR 5 9EAT BR
Mg, SEIBCHLZH B b 5 TR o3, 45 2 HLLH Kicdls 76 /)
P MRS M B . SR NPCA Hl WPCA J5 i 14
A TTBRAR LR BT or kAR s fE R 2, ik 2
AL, WPCA Jr 88 — Eum i ¥ e &8 1
0.403 0, i K F NPCA k% — F 70 1Y 5Tk %
0.354 7, Ut WPCA J7iE5 — 0Tl & R IG 15
BHZ AR R TTER 0. 850 0 BYFRIE, WP-
CA JTEAE I EON 5 wF, 23T 5TkA N 0.852 9,
ATLL#E WPCA ik i =000 5, M EE T NPCA
TR Foe B> TP 0T TR T R 3
PG BRI TR ST R EH Y
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Tab.2 Comparison of eigenvalues, contribution rates, and cumulative contribution rates of NPCA and WPCA

NPCA WPCA
% NAFETT

FRAE(E BTk Ei e FRAE(E DIl &3 Eii e
1 4.610 6 0.354 7 0.354 7 5.238 5 0. 403 0 0. 403 0
2 2.155 1 0.165 8 0.520 4 2.473 3 0.190 3 0.593 2
3 1.478 2 0.113 7 0.634 1 1.626 2 0.125 1 0.718 3
4 1.053 9 0.081 1 0.7152 1.101 2 0.084 7 0. 803 0
5 0.736 5 0. 056 7 0.771 9 0.649 1 0.049 9 0.852 9
6 0.672 1 0.051 7 0.823 6 0.550 9 0.042 4 0. 895 3
7 0.583 9 0.044 9 0. 868 5 0.410 9 0.031 6 0.926 9
8 0.477 6 0.036 7 0.905 2 0.278 3 0.021 4 0.948 3
9 0.370 8 0.028 5 0.933 7 0.225 3 0.017 3 0.965 7
10 0.296 9 0.022 8 0. 956 6 0.186 6 0.014 4 0. 980 0
11 0.243 0 0.018 7 0.975 3 0.127 6 0.009 8 0.989 8
12 0.240 2 0.018 5 0.993 8 0.094 3 0.007 3 0.997 1
13 0.081 2 0. 006 2 1.000 0 0.037 9 0.002 9 1.000 0
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Fig.3 Change of SPE statistics in +0.2 °C

fixed deviation of temperature sensor
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Tab.3 Comparison of NPCA and WPCA methods for fault detection efficiency
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Fig.5 Neural network method fault diagnosis results
with WPCA
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Tab.4 Neural network model fault diagnosis efficiency
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