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Fig.5 Reliability assessment curve of space rolling bearing 1
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K=16
80
60
40 N
A
20 )
g 3Oy
or x o
o~ +
E ol oo
i A ERERRERE
—40} X R ALEALH B
O WL B
60 : P
+ EHRETITEAR B A
-80 O BRSSP ABRGH B &
* BRRRSA KR B A
-100 :

980 —60 =40 20 0 20 40 60 80
$HEL F1

BI10  MAMTL i H 5 445 i 28 - SNE B4 J5 (19 HU 1
Fig. 10 Scatter plot of high-dimensional features output by
MAMTL after dimension reduction by t-SNE

80
60
40
A
20+ XX
+0.%
£ of wor o
f-\-_;'l + »
& -20r od g
% 2 A EREBRERA
-40} X VI B
O S Bk
60| ST L KR B A
O BIBERRERA
+ BRI B
-80 O FHRAE IR (L B
S B R KR B
_100 1 1 1 1 1 1

=80 =60 —40 20 0 20 40 60 80
$HEL F1

P11 DDC i i @ 4R IE 28 - SNE B2k 5 () 155 18]
Fig. 11 Scatter plot of high-dimensional features output by
DDC after dimension reduction by t-SNE



%55 W Zatgs— A5 BIRLIC G TTIE B 2 2 T 25 AR 8h Bl ok 75 i o B iR 1465
80 80
60 601
40+ = 40+ x
20t x{; 2 o 20} s ff(f y
g F oot g T s
o Oor o 06 6 ~ Or
& 0t % £ 0
ﬂ‘(——' A FERIEHREREAR ;ﬂa A BRIEFREHEE
-40 + X YRR B A -40+ X SR B A
o ifﬂuzxﬁﬁwm&#;ﬁ o iﬁﬁzmi&ﬂ:}h’r&#ﬂi
60 O RRATERa. ~601- 5 BRATRRER
-80t 3 R MR -80} 8 iy oiad
. . ) ) * E"ﬂimﬁﬁ&&%&#ﬂi ~100 . ) | . Eh’ﬁmé%&l‘ﬁ&#*
10980 -60 -40 20 0 20 40 60 80 -80 —60 —40 -20 O 20 40 60 80
HHEL F1 HHEL F1
E12  JDA LAY s AR IE S CSNE RR4E G R el 8 BI13 ETIM i il 19 & 4EFRE £ - SNE B4k f5 (9 5N A
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by JDA after dimension reduction by t-SNE
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Model-agnostic meta-transfer learning for life stage identification

of space rolling bearings

LI Tongyi', LI Feng', TANG Bao-ping’, WANG Yong-chao'
(1.School of Mechanical Engineering, Sichuan University, Chengdu 610065, China;
2.The State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044, China)

Abstract: Considering the low accuracy of life stage identification caused by the large difference of sample distribution, the small
number of life stage training samples and the unequal number of samples in different life stages, Model-Agnostic Meta-Transfer
Learning (MAMTL) is proposed to identify the life stage of space rolling bearings. In MAMTL, model-agnostic meta-learning
and transfer learning are combined to achieve multi-task synchronous parallel training instead of traditional iterative training. Multi-
ple task loss functions in MAMTL use unlabeled samples under different working conditions and a small number of labeled samples
under historical working conditions to jointly update the network parameters of MAMTL to seek global optimal solutions of them,
which makes MAMTL have better generalization ability so that MAMTL has better domain adaptability than traditional transfer
learnings when there are few labeled training samples under historical conditions. Moreover, a new prototype network is construct-
ed in MAMTL to represent the samples of each class in historical working conditions as a prototype. Thus, the testing samples un-
der current working conditions are classified by calculating the similarity between the testing samples and the prototypes, and the
classification process does not need parameter learning, which can prevent the problem of large difference in identification accuracy
of different classes under the unequal number of samples in different classes and the over fitting problem of network in the case of
few labeled training samples, and then better improve the classification accuracy. The above advantages of MAMTL enable it to
use few and unequal training samples known for the life stages under historical working conditions of space rolling bearings to per-
form high-precision life stage identification for the current testing samples. The life stage identification examples of a space rolling

bearing demonstrate the effectiveness of the proposed MAMTL-based life stage identification method.
Key words: life stage identification; space rolling bearings; prototype network; meta learning; transfer learning
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