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Fault diagnosis based on meta learning and neural architecture search for
new modes with small samples

LI Xin'23, LI Xian“23*, LI Shuai*-*37, ZHOUXiao—fengl’273, JINLiangl’Q’3

(1. Key Laboratory of Networked Control Systems, Chinese Academy of Sciences, Shenyang 110016, China;
2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China; 3. Institutes for
Robotics and Intelligent Manufacturing, Chinese Academy of Sciences, Shenyang 110169, China; 4. University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In the actual multimode chemical processes, new modes are usually generated due to the adjustments of product
requirements. The existing fault diagnosis methods based on deep learning have limitations, such as the insufficient use
of the design experience from the existing modes and the difficulty of training models with small samples. Aiming at the
above problems, a fault diagnosis method named MetaNAS based on meta learning (ML) and neural architecture search
(NAS) is proposed for new modes. The proposed method first uses NAS to automatically obtain the network models
with the best performances for the existing modes. Then, ML is used to learn the design experience of the fault diagnosis
models from the NAS processes of the existing modes. Finally, when new modes are generated, gradient update is carried
out on the basis of the learned design experience, that is, the fault diagnosis models of new modes can be quickly obtained
under the condition of small samples. The effectiveness and feasibility of the proposed method are fully verified by the
simulation experiments of a numerical system and the Tennessee Eastman (TE) chemical process.

Keywords: new modes; fault diagnosis; meta learning; neural architecture search; small samples
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Sinner = 15+ Eimner = 15, WEBH K M = 4, 4% 2] %
Youter = 1073 Souter = 1073« guier = 1073, TOAERT BL I
A KN Q = 150, M 25 1| 2k Eoph I¥] B = 5, Bl AL 4l
BT AT 5NN So = 80, BUMH R 4 % Wi SE 46
R WFE 1R,

*1 FRINZENR THENESHESEERE

mode 2 s;

YIgrEE WA MetaNAS/% MAML+ +/% Reptile/% MAML/%

4x10 4x150 74.00 68.17 64.54 62.75
4x50 4x150 85.27 75.53 73.25 71.95
4x100 4x150 86.35 79.16 77.39 74.98
4x150 4x150 88.34 81.69 83.96 84.93

H 2% 1 0] W, B % 7F mode 2 $ 4 b )1l 45 4 1A
(38 K, 25 7 19 B Hh 2 =) 30 1 S0 R B A 9 1
i, MetaNAS. MAML+ +21, Reptile], MAMLI
(112 W v 2 A Bl 2 BT I ZRE R 4 10 11
MetaNAS 2 Wi 15 By 26 =13k 74 %, 110 6 b 75 v 8 s
MAML+ + 1] 68.17%. Il 45 5 # #E A 4x50 (1)
MetaNAS 2 Wi 1 % 85.27 %, i Hb v 3 Rt ik
76 %. YIZREE TR A 4 100 I}, MetaNAS 112 Wr i i
#8635 %, W LU T7 iR AR I 80 %. YIZREEFNAE Ay

4x 150 If, MetaNAS 112 W #E i 5y 88.34 %, X L7
RARE I 84 %. FERERYIZRE R HE_E, MetaNAS
HIHAS 1 fo e 02 W AR 2.

32 TEZESHE

TEA TR R — Mt SE I 5V &, AR SCR
FHI#] 2 http://depts.washington.edu/control/LARRY/TE
/download.html #2 {4t 1] TE 1/f & ¥ & #1715 &7, 78
2R R B 2 W S B 9T b, B TE R R 07
-G 6 F G/H 77 b EEF R 6 MRS NI IEHE L
DU R T 00 T i I A e, il i 2 S TE R
WA 12 I S 06 36 1E MetaNAS F P4 BE.

FERE RS IEH T 005 5 72 h, K AE A FE 9 3
min, K15 1440 > IEH FEA SR SR AE AN i & T
15 P e B, 126 2 P, 045 7 P BR A Ak g e (M B
1~ 5 7) 5 Tl BEALAR A e (R 8 ~ e 12) L 14
7 15 VRS W (AR 13) R A b B R (B 14 A
PR 15), 78 1R 5 00 B 05 2 10 AN/ JE 51N, 4k
SEAJT H 62 /NS KA [ B 09 3 min, RIR AR Hi R ke A
7 3 I R A RIS BE 31 200 A TE S BE AT 1 220 4 i
g N

R2 TEBITRN BEpeid

T FEs WA T
Wb 1 1 A C YRR I, BAE BT
W 2 2 BAEK, A/ CHEEHLR RS MR
b3 3 D WRERHR AR (7 2) MR ERT41
w4 4 T BERVA HIK N VRS B BR T4
Tk 5 5 SRS HIKN TR WK1
Mk 6 6 ABPRHR G 1) MR
ek 7 7 Y4 C ST BB MR ERT1
Tk 8 8 A\ B. CHEELRAY (i 4) BEMLT-H1
R 9 9 D st EHEFE (1 2) BEHLFE

ik 10 10 C IERHRBE (AL 4) BEHLFE
AR 11 11 P BERRVA HIK N VL RS BEAL T
R 12 12 AE L QN =Y BENLTFH1
i 13 13 AR EBFIR
ik 14 14 SR AR A HIK T BT
R 15 15 RSV HIK IR 1] HEETI

T 2 A58 25 1 2 B 12 T S 36 b, e SR AR 6 A
5 T R s, S A S TR 1000 4 1R % HEA (3%
6 000 ™ IE H A A%) ANEE il B 1000 > FE A (B 43
TR 6 000 N FEAS) 4L pfs 1 I Hdle 48, B 2 Bt %
12 R AR AR B A 41 AN I RE AR B, 5 2% B o ) A2 R 4
JE 99 53, FERH R A 78 0, PR EE 45 8 x 8 () — 4 fE
TR 2% [R5 .

BB 1~ 5 BRI 2R, S 6 11
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FHE A A, B SN 2 B B AR AT b
LW, BRI N =2, 536 45 K = 10, 50,
100, 150, M 4% Il 25 Boph 1] By = 12, BEALHh U 37 11
FESANELST = 200, N 2 2 Xinner = 0.05+ inner =

15+ Einner = 15, 5K M = 4, 58525 31 2 Xouter =
10731 Souter = 1072« £outer = 1073, BB B IR B4
KN Q =150, &%) Z5 Eoph ] Eo = 6, BEA LU T
AT 5N ECN So =90, B I2 I 45 SR 436 3 fiTs.

3 PRINZGEMET TE BHFEISHERE %
YIZREE2x 10, MikEE 2 x 150 YIZHEE 2% 100, TR EE 2 x 150
g
MetaNAS MAML+ + Reptile MAML MetaNAS MAML+ + Reptile MAML
1 96.70 94.30 88.33 85.45 100.00 96.70 100.00 93.00
2 93.30 83.35 80.00 63.33 100.00 96.70 88.67 88.33
3 73.34 76.66 66.55 67.00 79.00 86.67 73.34 74.66
4 96.70 97.30 96.00 93.30 100.00 98.34 100.00 94.00
5 93.30 75.70 88.67 90.00 96.70 90.67 90.67 93.30
6 100.00 100.00 99.00 97.66 100.00 100.00 100.00 100.00
7 100.00 96.00 100.00 98.00 100.00 99.30 100.00 98.34
8 100.00 100.00 96.34 93.00 100.00 100.00 97.66 97.30
9 76.66 73.34 69.34 73.34 80.00 76.66 80.00 75.00
10 83.35 63.00 80.00 73.00 93.60 82.00 93.30 78.30
11 73.34 64.65 76.66 69.70 85.35 81.70 78.65 83.35
12 100.00 73.00 100.00 89.00 100.00 90.33 100.00 92.70
13 96.70 100.00 90.67 81.00 100.00 100.00 91.00 95.00
14 76.66 60.35 80.00 72.30 84.67 82.67 82.00 81.23
15 76.66 80.00 69.70 61.00 84.35 83.35 73.34 75.34
top 9 6 4 14 4 6 1

B2 3 AT WL, 4 I R A 2 X 10 I MetaNAS A
9 Al B 38 BUAR T A IR 2 W HE A R, A B T
MAML+ + ] 6 1~ Reptile ] 4 4~ 5 MAML ] 0 4~ 5t
13 7 A2 Wk RE. BEE U SRR R 3G K, 24 1)1 25
A A 2% 100 I, MetaNAS 7E 15 ANl 4 14 4N i
B 1) BUAS 1 de i 2 W VB 26, A EE T MAMIL A+ +
f]4 . Reptile ] 6 41~ 5 MAML f 1 ANEUE T 5 4710
CWER 2, H I ZRE S N 2 100 B, MetaNAS
TR 1 WA 2 ks 4, R 6 Wik 7 Wik 8 | g
12 R 13 _EIHUE T 100 % HI2 Wik 2.

X} 2 A E A SR AT 2 W12 W S5, HUE
O MR 1, Hif 8. ke 13 Wb 15 35 5 AN T A 9t
FXF G, W T W R BEVL T ST
P EET ISR FAREN RS N = 5, 80k %
K =10, 50,100, 150, M 2% )| 2% Eoph ] E; = 15, [
HUHIDUIR ST A AE 55 A 25051 = 500, N7 2T 2 Xinner =
0.1+ Ginner = 30~ Einner = 30, WK M = 5, b4 2]
2 Xouterr = 1073 Gouterr = 1073 €outerr = 1073, BHIE P BR
FIIAREHE K/ Q = 150, 2531 %5 Eoph ] By = 10,
BE AT U S AT 55408 S = 100, 2 i 12 Wi 45
RInF4FTR.

R4 TREINGEMNRT TE SHPEISHILER

YZrEE MREE MetaNAS/% MAMLA+ +/% Reptile/% MAML/%

5x10 5x150 72.35 57.07 53.14 51.25
5x50 5x150 80.47 65.50 64.36 62.65
5x100 5x150 84.29 74.10 75.29 72.18
5x150 5x150 85.34 73.60 76.64 74.63

M3 4 1] 0, B A2 6 VI S B S A 18 K,
MetaNAS. MAML+ 4211 Reptile23], MAMLI {14
Wy e B R B BE 2 B TR U 2R SN 5x10 1
MetaNAS 2 Wi 1 R 72.35 %, 10 X b 5 25 B e A
MAMLA + ] 57.07%. Il 25 & M B N 5x50 [
MetaNAS 1112 Wi i f % S 80.47 %, i L 77 ik 35 A
it 66 %. VIl 255 FL AL N 5100 I, MetaNAS 12 W
W 2R N 84.29 Y%, X Lb 7 V2 38 R I 76 %. Il 4E
B A 5 150 [ MetaNAS 12 Wi HE 7 5 4 85.34 %,
Wb bl 5 v E R L 77 %, AE B 2K 4 4 AR
|, MetaNAS BJHUAS T 5 (2 I ff 22

H1 T MetaNAS [0 s 2 F) FH ¥ vk 22 56, g B
AWTHREA M 28 451, AMEMAML+ +21 Reptilel?®! |
MAMLU — ¢ ff F [ 5 9 265 55 78, 8] b e 3 o 75 2
APAI B R 1D 4 SR 4T X 48 RS TR 1 2 . TE £ i i
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N

*

F %£38%

SEIG I 2 1, MetaNAS . MAML . MAML+ + . Reptile
TER R S B RN 24963298 3.2 96, 3.2
JK, B AE B BEEE LV MetaNAS EE MAML %2 46 2% £
1.5's 19 19X 25 450 704 A i B[], JFG o A Y 2 4 vl ol
thop.profile () B8 £ v 5 15 2, £ 8 iz 47 i [A) @ i
time.time () BT 57 2.

B2h DL b 3 AN S0 R AR, AR K 4y B
MetaNAS 1] 12 Wr #E 5 % ¥ = T MAML+ +21,
Reptile®) 5 MAMLU® & Xt LG 77 7%, MetaNAS 7£
MAML ) £ it ) B AutoFD #F 1T NAS, iy MAML
PRt T 3 L P 245 25 4, fift v 1 OG5 2] N 4% 45
4 B — [ 5] B, H. MetaNAS [ ) 28 155 50 A 75 345 A
FEOT B BE T FE. 6T bl 3 AN 9256 45 S H MetaNAS
MAML (1) 25 5 0] W, £E 6] — 048 5 1 A [F] )1 25 4
S LT, MetaNAS f112 Wr 45 5 2 w8 T 366k 5 %
MAML, 3£ B MetaNAS 7E Il A\ AutoFD J&, H T 2%
TR 45 K6 AT 2 =1, MetaNAS T 3K 15 5 410 0 i s 12 Thir
A& 77, H MetaNAS £ Ak 2 i Fi w1 i 5 12 B 45 SR AR
T1E MAML [ JEfili b 3547 50k ) MAML+ +21
Reptile31 5%, F B T MetaNAS J5 ik (175 Rk,

4 4 ®

ASCHEH T MetaNAS J7 7%, % 7 ¥ 8 65 )
HBINAS 7 2% 2] ARV 46 S 50, S 18
AT UE S H i Femt b R AT DB LD B R
AT R % 21 28 I A AR 11 ) 4% 45 4. MetaNAS F1
NAS R T6 % 2] I BSR4k 1 =& 0] 2% 2T 1 ) 4% 22 44,
545 702 2] (1 I 265 225 K6 A P — (] A {43 ) 4% 12
T E B, B AR DR AR B A] PR 15 2 M e B
() B 2 WA Y A s St 3 5 Sk ok TR T
L A3 SR AN Ak, 5 A B T P, K
T8 306 B P2 4 A8 i B (AL G 72, MetaNAS fi#f 4
T I NAS JEAT RS W A7 7 (1 2R 78 20 1 LA A5
BT /AT M DL SR A5 AL 25 R R i i %5
H ARG TE S F207 B UE T AT $e th 7 e s
ANFEAR TR B2 Wb A RO E AR R (R B
(RS R T 22 56 35 2 A TF) — 44 T3 AR B AN RIS s o
SR, W 6 AR T BB A T 2 e 22 2] T
— 3P B TAF H pUR U 8 T AR Tk PR A v v
S0 11 2 2] SV AAS 7 1 B 4 Y NAS BV
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