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Research on fault prognosis for air supply system based on
TPE-Informer
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Abstract: Addressing the susceptibility of rail transit air supply system to faults under high-intensity and high-load daily
operations, this study presents a fault warning framework tailored to the intermittent operation of the core component,
the air compressor. The framework is designed to handle the uneven temporal distribution of monitoring data due to
various influencing factors. Multidimensional temporal features are extracted from different types of data, and the
Informer model is utilized to learn the characteristics of normal operation, with the TPE algorithm optimizing model
parameters. A method for calculating a warning index is proposed based on the analysis of residuals between predicted
and actual measurements. Simulation experiments on the MetroPT3 Air Supply fault dataset confirm the framework’s

can issue warning signals as early as 220 cycles prior to a fault and as late as 22 cycles before the fault occurs, and

exhibiting its robustness against false alarms.
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Table 2 Fault information

-
Eéf;z R goieti Rk
1 2020/03/06 21:42 2020/03/06 23:00 =
2 2020/03/12 00:10 2020/03/12 17:59 =<
3 2020/03/27 07:12 2020/04/01 14:00 WA
4 2020/04/12 11:50 2020/04/12 23:35 T <
5 2020/04/17 09:25 2020/04/21 02:00 JEHLE
6 2020/04/29 03:20 2020/04/29 22:20 bR
7 2020/05/13 13:40 2020/05/14 01:15 =
8  2020/05/19 22:20 2020/05/20 19:50 T
9  2020/05/26 09:20 2020/05/28 03:16  JEALHFE
10 2020/05/29 23:15 2020/05/30 06:10 =
11 2020/06/05 09:48 2020/06/08 14:00 A
12 2020/06/12 02:05 2020/06/12 17:50 JEAL#FE
13 2020/06/22 13:05 2020/06/25 05:08 =
14 2020/07/08 17:30 2020/07/08 23:40 A
15 2020/07/15 14:25 2020/07/15 18:50 bR
16  2020/07/21 13:48 2020/07/22 13:05  FEHMLHkE
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Fig. 7 Integral curve of TP3 compression segment

before failure
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{85 EL S AE 00 5k 22 3T A0 52 8 i 0 A L A5 B IE S 1s AT e
Wl ML Bl 75 50 [ Bt B IE T %6 3% 2% A9 4341 4017 .

WA, A8 3036 18 34 7 & 22 (MSE) 3 5 i iR 22
(RMSE) | 3 ¥ 4 %} % 25 (MAE) | 3 3 4 %F 7 4> H iR 22
(MAPE) 4 4 ¥ #r 48 #5 3 %} [t TPE-Transformer , TPE-
LSTM.TPE-GRU #& %I f# 7l ] 45 2 . UL 35 iE TPE-Informer
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Table 3 Fault information
e AL SRS E 2 FLE R L4
seq_len (40, 120) 104 d_layers (1, 3 1
label len (6, 12) 8 d_ff (512, 1024, 2 048) 2 048
pred_len (1, 6) 3 factor 1, 9 6
d_model (128, 256, 512) 512 dropout (0.0, 1.0 0. 05
n_heads (5, 10) 5 learning_rate (1X107°, 1xX10™H 0. 000 5
e_layers (1, 3) 1 batch_size (16, 32, 64, 128) 32
24 F —A— S R B 0 PR . SRR E AW T .
—e— TiiifE 1< ‘
2r MSE = — > (y, —3)° (1
n o
20 i
L 13 <
I& MSE = | — > (y, —»)" (15)
16 | n -
2T MAE = — > |y, =3, | (16)
12+ o
10 MAPE — 1> |29 an
sk n o Vi
oL X b5 A 4 o . 7] LLE H TPE-Transformer £5
T 10 BN B 15 TPE Tnformer #1227 K . 7 1 25 FE i &
(00100 =200 30%%&}00 L 125 60% ., LSTM Fl GRU #<7 B SRAEAS B8 40, (H 451 2k ¢
as m;ﬁ e KA T AL B AR
8 R TR 4
Fig.§ M fl Jdg . I 33 WMEEER
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Table 4 Different model predictions

i i 452 7 MSE RMSE MAE MAPE #E0}/s

TPE-Informer 0.323 4 0.568 6 0.391 7 1.251 0 178.01
TPE-Trans-
former
TPE-LSTM 0.7399 0.8602 0.6290 0.958 5 63.83
TPE-GRU 0.6924 0.8321 0.596 1 0.9516 57.19

0.340 5 0.5835 0.4225 1.577 6 284.54
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Fig. 10 Fault warning diagram No. 1
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5 TPE-Informer B9 #4245 5 KB . SR W7, X F — L&
R S R U B /N HL AR BORY RORE (A 4.7.12. 14,16
5,1 F TPE-LSTM #1 TPE-GRU # %! {12 fig 1 %%
S NI B N I B SR U Bl A BOER B AR, T B0 A T
FEFEW G .

x5 MERELER

Table S Fault warning result

i TPE- TPE- TPE- TPE-
75 Informer Transformer LSTM GRU
1 161 160 160 160
2 22 22 22 22
3 55 54 54 53
4 77 78 45 45
5 37 37 37 37
6 48 47 45 47
7 145 145 114 114
8 30 31 30 31
9 23 23 23 23
10 134 134 134 135
11 68 68 68 68
12 110 112 41 41
13 47 47 47 47
14 150 150 69 71
15 15 15 15 15
16 220 220 191 193

R B AEAS SC T PR AL R AR BRI OO A SR F
S A Al B R B i A B 1 S e 1 e 9 A Y A7
IRREIE . WAL R WA 11 pis, 5 & 10 M, 7 TLULE
LI BRI T B A — SR E M TR AR 25 A A —
ZINT B B8 Bl L AEL R B8 0 R R R A TIUE L S I T A SC R
PEPUEME LR AU IR B R 1

2o LB

| —e— T
g5t
=
LS
10
| 1 | | | | | | | |
]
%
&lll 0 » AI o
g | —a— 75385 - 4 4
; —o— T fERR
c+ . 1 - ¢ - o o 1 o 1 . 1 4 1
0 100 200 300 400 500 600 700 800 900
JaE
B 11 REIE

Fig. 11 False positive verification
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