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Abstract

Remaining useful life (RUL) prediction is crucial for implementing predictive maintenance, reducing
operation and maintenance costs, and minimizing unexpected downtime. It is a key technology for
enhancing production efficiency, supporting scientific decision-making, and driving the intelligent
transformation of industry. In this paper, we conduct a bibliometric analysis of 1083 core journal ar-
ticles from the CNKI database (1992~2025) using CiteSpace. The results indicate that since 2018,
research on RUL prediction has witnessed significant growth, primarily driven by advancements in
machine learning and data analysis technologies. Research efforts are concentrated in fields such as
mechanical engineering, automation technology, electrical engineering, and aerospace engineering.
Chinese research institutions have emerged as active contributors, although inter-institutional col-
laboration remains limited. Notable trends include the increasing adoption of data-driven methods
and deep learning techniques (such as long short-term memory networks and convolutional neural
networks), as well as their applications in critical areas like rolling bearings, pipeline corrosion, and
lithium-ion batteries. Keyword burst analysis reveals a shift in research focus from traditional meth-
ods, such as particle filtering, to emerging technologies, such as deep learning. This comprehensive re-
view outlines the evolutionary trajectory of RUL research in China, identifies core research themes,
leading institutions, and emerging frontiers, and highlights the challenges and future opportunities
in advancing practical applications.
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1. 5|8

TR, Tk 4.0 i@ £ A EE M (Internet of Things, ToT) K EE > BT AR REHIliE RS HR,
WK BB AL G, X EEEOR B 7GR, A R EAF N 25 dh e AR PR
[1] [2]. 28 F 7 fiy(Remaining Useful Life, RUL) TRME L PP A % 45 M AT HRRAS, R i Al FL Ak T
SEIZAT RIS A], 2 ST PR 43 A% 03] A RUL TGRS0 7 e Tl 5 i e 45 2 5 4t (Prognostics
and Health Management, PHM)f) & Je & # 7 HEMEH . B 24 H, RUL W OO T gefhiz
Y\ LI PEAIE AN RIE RG22 AR OREER . B PHM BORIRFEEEEE, EAERSA A Blsk, g
RUL 900 S 3152 6 i SRR 100 1 ST I Wi 42 AN T s 1k 4 47 Sk, AT AT B Tl 45 WL ) F0 BRI 4 B e A
S VEGH 1) [ A SN A RT 225 SRIR SRR [4]-[10]

H 2018 #£LAok, RUL FINAH 7T SR E G, HLER5 o) WS )8 N DR REBORIPUsUR &, A
P AR S M SN[ 11] [12]. FFFm AR T B EOR . UL RE . B TR R EL
5 TR, X U % AT SV S e BRI, 9 RUL FOMEEARSRAE 110 B 3 s fUR
J&5)71. e, E BT OO S BRI DT, AR SR RO E R . BB
FEEE KB 7k H a3 S WREEE ST HOR(BFEAR T KAEHICIZM 4. Long Short-Term Memory
(LSTM). HRIMZ M 4% (Convolutional Neural Network, CNN))J R I8N, PLETERShGhA . BB,
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BB H R 25 R S 2 e B AT A S P 3 B[ 13]-[16]. H BT, RUL FNGE R FH =F EE k. 3
TR k. B IKEh ARG 5L [10]. #ilin, Saxena 25 AFIH NASA ) C-MAPSS %t 4& Fit il
F 25 e R R B ME RS o AT T LSTM A1 CNN 2538035 3R Bh H R AL B Z4 A6 I B i, 76
TR B EH T R T[17]. B T AR B MO T ) BB A, sl F B0 5 ke T 9 42 456 FH 5
A WDBR R SO R MR A 4 (AR . i1, Kalman T 1960 4E4R H 1R /R 8 JE I 28 18] LA 2 J5 Sk Ho A 2
BHEH YRR 2 PEPAE, Gordon 55N T 1993 FEFE H IR F-UE UL 25 [ 19155, I 465y F 8 ik A A
UL s 1) 28 A (R IR 25 20 A7 BASE I RUL F[20] [21]0 T RUL TR b 35 - W #0780 () F 00 7 vk 5 N V4
I BARNE S 7T 2 0L Cubillo 25 A\ [22] /) 45348 STk .

H s DR 3 77 A B 5L E i AR R B A BRI [ 23] . R IX BT VE TR R E R
B, {FLIE S 1] 5 HL AR B A b0l B % Al 5[ 24] . H LA ST AL S R T R R BOR AN BE T B R ] SRR
K. Widodo Fl Yang + 2007 H45 N HF RUL T [25]. Ak, N THRZE M 45 (Artificial Neural Network,
ANNs) [26]F1 LSTM P 284k i 2h M H T RUL Fill[27]. Wang 25 N [28]1 Ferreira 5 \[29] )45k S = 1
— B TR IR E R, RE TR TR 1 e M T R S R DA R B T BS A ST
TN Ik 1 3 P AEZE

TRAEFENGE S T H TR AR IR BN AR, DABE i TR R HE R M A AT SE 14 [30]. A B AL i
WV SRS IS S, I E AR T A MR . TR A BELIR R 52 28 T 2 YR A0 il & F0
ZRIREE RN [31]. B4, Zio 1 Di Maio i1 Kk ¥ Y€K %5 (Particle Filter, PF)-5 #4148 [ 48 AH 45 & 1 77 V2
[32]. %F RUL N HRIRA T AT HRRA TS, 7] 2 I Liao 5 A\[33]. Wang %5 \[34]#1 Li
SN [35]MZRIR TR -

KRR ET B AR RS, RGN B A %35 76 E 9 RUL F00 A58 i iF e gk e 34 5 ¢
B, BIRALL b E N R R R OO IS, B AR N T R b R E N
WY (CNKDHHE FEAE A B N AR BRI EZE N &, 7 RUL FROIICE 0[5 1R R R ik 2 44t 1 4x1i B
BB SCRRFEEA o A LEEAL AR, [ bR RUL S50 50 580 AR R AT A, 1 m ] Py 3 25 25 1t 7 SR AR 0T AR
BReHNE S, HeH E bR FEE S A A .

ARWFFEET CiteSpace fF, X CNKI Hd e iz sk AF A 138 ZER (1A 5 SCRR AT nT Ak TF 2
#r, BERGMEV KBS, W OEEFIE SN, P2 CHENREA, FRERIIATHE
5T, WO ZSUR AR R R IR M S 5k 5%, (1, KT ONKI £dlE, Kl
N DY b 25 2 1 [ Rl P2 R R A SO, RIS ISR G AL, AT Re S e i 78 1) e B 4

AL : 5 2 TR AT AT T EE RIR AN 7T 5% B8 3 19 s RUL Tl 43
WM ET BTSSR, iR CEES . EEGIEEI LN EEREN: 5 4 WIEg e ik
B, RAERDT RUL OISO Fe RIS I 78 feJa, 28 5 g 5.

2. WsRit
2.1. FRHE

AR SCRAE MR SRR T CNKIT i 2GR 1K RUL FI0I AT Hh SCHATIE SCAE it e 258 » Jd it o ]
N DR B e R R R IR, KB H R Y IR A T BT R A A A T, A S
BREEZR, 7R _ERe s R BN 70 3 U B TR SOR R T 1992 48, MOCERRE RIS RIVE Y 1992 4F 4
2025 4, N T HREEAZEIATIMARME, BIATISRIER € 6 K% 0. CSSCI F CSCD, SRR E %
AREATI, AT SR 1095 58, KdFaifE, SRR SRETTRER, RATEL 1083 FSCHE
R TEFEAR

DOI: 10.12677/csa.2025.1510261 206 LR 5 R


https://doi.org/10.12677/csa.2025.1510261

KGR &

22. ARFZE

CiteSpace & H1 3 [F 1 T 28 /R KM R B BIBIT A i — bt ik B S5 AR e s r TR, T2
JS2FH TR SCRR R Z v+ B0 47+ R0V B A 22 5 0F S R AR I [36] 0 A SR A v [ A b2 2 FO 9 18
5, T CNKI He 2 iR SCoR B, 32 CiteSpace 121 22 4k FE SR 1, TF /& R MERTALAL 5y
B o SRR S BRAA S AT FERUAL IR 2 B SRR, #o RUL T 50t 7 (A% Lot 9 35 45 R
SR A BN A 2 PR A AT T R I B AT, RIS KRR S s S5 A R IIEOR, R
ST BT (¥ G B 1], A A S A P R Mk 3 S R T 1)

AR EAER G E I AL RUL PN USRI T2 s AL SRR A SR a %, AR ST Fide
HHELSH 5 RHSH .

3. ARGRE5Hh
3.1. FATISCERSE & SC B 4

RUL T2 OrFeeke s ml SEVE L HESH B BRISHER SR IAZ DR, HSAR B ST L S AR JEE 1
R RUERERE . LR SCR G A, TR U B 2 B A B BURFE,  IRFTRORTE . Pk
R AT BRIKE M, NIEIR R & bk 4 4R ALK YR . A SR 1992 4 2 2025 444 1A] RUL FUl 4idsk
BT BEACSCRREAT Geit o0, a5 RanlE 1 fos, BV 4Rk RUL T SGUSAIT 7045 22T HiR )
JEAYy, IR I 2 SR R L T T B BE S
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Figure 1. The number of publications in the field of RUL prediction research since 1992

& 1. 1992 & A3 RUL FUNSUSIR A X2

M RUL TR0 AT 75 (4 ST 22 IR, 12U K F 70k Je B o5 i (R 4R 2B B3 BT IS
#. H 1992~2010 4, X—BHARCEKE T, H21E 1997 FHIME RGO, 1358 240
RUL TRIUAEE P34« AN I T8 07 1715 B2 4R T 3R BT S0 SR A5 IR, R ) ¥2 1 22 R 9342 2011~2017
5, AU R SRS T AR B B X — I R SCE WML EOE D EE T, 2011 4RIk 16 8, JE85E
ERKE 3R X B, BEENTAE R BINL AHBT E it S AT e 5 4 AT M A A ) )
SREEFE, RUL F0 A 52 AN E A IZ BN RN [37]. [EIR, ARSI (55 0Bk MIE ke, At s
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7RISR, OB iR, U NS R . BRI B M 2018 SEFFAS, K EE
B0 MK, 2018 FEIA 42 B, 2021 4EZREE 100 &, 2023 FIEE 149 K, 2024 4 5 2R FIE(E
170 %, 2025 42 8 H 31 H, KRCEIX 1195, I TEEK. X Brgr gk, 5HR%
FOAEEE TR SR CE IR BN PIAH . — T, PIBE . REE . AN TR REROR S &, S RUL Tl 42
LT BRME M 2% BRI IHEOR TR, #7007 VR AL G oA n) B R SV E T (38]-[40]: 53—
D7, RREHE . BrRe VRS P A A A i A A B ) R oK [41] [42], {8 RUL F000 Bl R DR P 4%
ATEEME ., PRIRIBERUAR IR LR Z —.

Zx b, RUL Tl s i 7o it B Wil A2 22 2 20008, CANVPIAOIR R K N e, HAEERRIEAR
ol F KRR EEHES) N, ASRASE TR A 78 75 18] .
3.2. B & EE SR

RICNEF 3 W 2 R 82 R 8 AR DTG J5) 5 A VR 48 S50 (A% O35 o S8 I SR T 1) R SCER
GIER R AR IR P RIALE, RefS OIS N = =R . OB S R kN . 456
VEZ LI AT AL IS 2, ATk m R EAR R, SR AL AR O 2R DA R S AR 5 AT A AE, AR
W TR IR s R BE ARSI 5 B A S VSR AR SR
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Figure 2. Co-occurrence network of authors in the RUL prediction research field
B 2. RUL FUR SUgiif 3200 & SO RS LR E

M RUL 0 S5t 6 i R SCHE# LSRG, 753 N i 689, L E Ny 685, M LN
0.0029, RI7E RUL TR0l St 7 o 7 126 H 689 A7 A F1 685 S5 VE & Z IR IE Lk o (H & bh T I 4% 2% BE RN,
BRGEEEA S, RIX WA EZTTE AT 7T A Z G 1ERD, REEEE NS D5 e &
VEEWER, FERIERT 2 M BN A ER 2 . B4, TkEfh. /M. B, 28 . F&EM
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FAREN R IR, RGN OEE, BEBREKCES RPN R OIEH K]
RAENLER 51« U [A] RS RFAE I 95 SR TN A5 A i [43], I 87t vy B BRI 7t
SRR BT OEE B T 2R SRR T4, XL o N AL B, SRR
SE IR T IBN A AL B, W E e w1/ SR 5 5% 1 B3 2 i (1 141 BA TR 58 % A7 i B 28 T IR AL B2 4 RUL
T T35 R U, HEBN % USAE IR FE 27 STHESE T 1 BB A

Ziik, RUL B SU8AT 7t QAT iz A& 2251 . BB BRI 2R AR, A R OREE 11 TR
o AEORR R (et it5 B A SRR, S Z AU L), AR IR B 7 AN A S &R SCHE .

3.3. MRA T

W SN 2 22 AR T A% O L 4k A, RUL T S UM AL R, BEIE RIS IR0 A s 1%l
WUREERE A M EARFAE o AT LA LI I, AT B TS O T 90 2 A . LA M EASE 30 B AR TR 2 AL
IR LB, AU & 1E S IR AR 63 % . 18] CiteSpace B4, MR8 I STk AR 2 I 0F FemL
PR R B AT 20 M, BB EI R 40 1992 4E & 2025 4, ZE M al MLAL B an & 3 R, AR %A
WK OCEHT 10 BRI AT e 1 s .

Table 1. Top 10 institutions in terms of the number of publications in the RUL prediction research field

%< 1. RUL FUNSUBIiE R A SC=RT 10 B =4

4 GIR AR S Gk
1 S IEN YN L 22
2 TREITRRFESEIE AN TR 16
3 RS R AU S 3 ) TR AR 15
4 i AL R R 2 R B 15
5 K TR 15
6 PNCEEE DN R RS 15
7 TR AR SR S AR 8
8 T FRHBOR AL TR 2B 8
9 AL TS A AT AR S5 R [ 5K R SRR (AL TR ) 8
10 T T RE B 7

B¢ 1 AT, A& RUL TN AR 78 () 460 3 77, FBERT A AR MU iR/ BB R Reas . &%
GHEETRERS . MU MR BB e 8 SUET “Re I EEPE” | “RIRAE A R AT a7 Sk B
DG, BA%E T A RN ATAR IS GE A R, ST RUL FI0I PRORS 18 LR ™57, HEShT 2 iR/ Bl B 2 bt
REFFREET R T [44]. LA BMGACHE RS RIERHE K22 EARE LA TRk, FERIET IR T
2R LR A LR, 456 N LR A REER S HHAR, 4 RUL TSR (EES 22 B 75 S BOR S .

M RUL Pl s it it S HUAG JE LIS KRG, 15 R N A 469, SEZHCH 216, X St E A FEHL
FITEZ AR CY B2 N BRSO Fo e, EBHA TR 5T 5 MBS ER e R 2 7. — T,
AR R EAE BN BB, BT T RR K5 AN [F) 22 B8 6350 0 B R AP AE B R A R 2R, R/
YA FAUE A R RIS ST, ZENREEMRE AR <R, AE M. B s
EETEMA AR TR B B X IR LA BT 5 N5 o
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Figure 3. Co-occurrence network of publishing institutions in the RUL prediction research field
B 3. RUL FUR USR5 89 & SCHL A LT i

Zi b, RUL TN USAT 7E RN LAY 2 A BEAA I 1 RUL FINEAR G0 73 137 540 73 A1 25 & B 7 76 5K
WRRE RREL ERIR GBS A 5@ o, midt DR AR, RS, HEzh
AT ARG A E T TR R

4. MEBRIH
RS US4 R USRI, R B R TEIETE B T  FU 1 0 SRR A

s SCHRAIT 9T R v FE R R ST, SR P AL IR SO N B SRR A, R SR 2 R S
WG BRI OB I E R AR RO E A DUEE R U N I RO TT 1, ER TR
SETR) AR SRV PR A e TR, R S DT I 9 80 e ) SR B AR

4.1. XEIALM 4T

SRR SCHRAIT 7T E R 0 e BE R SR, RUL TG U S S A SRS 0, T DA DU PR LA 7 3 AL B
RERE S %O TR AT 18] SR I 28 S5 4 o AL SR IR IR 04, REF2 0 AH T ORIR RO AT FL 1, R340
SR RIS, SO USRI 7T B RS R AR HR, BRI S s LR WL 4.

M RUL Tl U S s i S B R, RN =515, ELME=616 5%, HHZ Q=0.8469
RUIIRBEHURIE I BLIX 73 BE i, DRG0 ERE S=0.9851 T A& SRR N [ B PE . “ ol 2 4 FH A3 7
FE A% T R, HE U TR O R, BT AT AR TUEY R e TR HE T 2 4% RUL J&JT, R3L
G T REENE S Bhs bk, RIS A7 R G T R T i st, 2 R
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AR AR 5T 45 05 SR LT 4 73 S

CRBNER” 5 MM . ERERRRT . CERTIN” ST EL, SRS AR B UMk %
RGO, H RUL PN AKIE I 28 P20 35 8 RE ik, I (@ BedRbn, T RSB Ul ok sl
[46]-[48]. “HEIENEM” 5 “HmiEE” o CWARVEIE” . REELRT A AR LB AT TR
S ROV ARGEMTE L R TREETE, #1 XA FIRRMAR R 8 1k ROT e RUL T3 “ KL 807
CREIR” RS CRIRMA EAT . CEEEM L, RERELG NIRRT, RN
BATH R BRI A, A I RIS, (HRAGHRATIEA AT EAIME. “Mamsg” o “RE
F27 5 RS CPEREIBAL” FEEL, PRI 1 R Kl 1R BT I[49]. KEMTIT LIRS Rl AR N
X, FIFHARZE PSR BURFIESS S, B0 RESE IR A Rk
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Figure 4. Co-occurrence graph of keywords in the RUL prediction research field

B 4. RUL FU Susifft e By > S a2 I E

5 b, RUL T 5Tt 72 1) 5 B 1] 3L B 3 A48 7 12 Uk A E 22 o A% e Y 5 8 e vk EL AR 45 RO B BL
LU BEA A 37 55 (O T 75 K

4.2. SRR

REFIEIL AT P AR S5 RO PR R s i T U O TR RIR S R S OB R I R ) B B R AR
TR S — R BEAI 7R 1R S I () B B 8, e 0] B AR AZ AT A F FE R 3R T 1),
LRI PR rho otk DU OGS 7 SL L I 2% vh (R S5 A B LA, AR AN R 50T RE R AR 2
PER, OB RT 0.1 75 A BA BB FR R A R U M OGBE Y . 4 & A RCRABE R 5%
TSR I Rl - K7 M. BARS IO et 45 R Wk 2 s .
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Table 2. High-frequency keywords in the RUL prediction research field
% 2. RUL T Susiff ST Y S 80K 52 1)

EE ik Fth ]
326 1.00 1992 ol A8 75 A
172 0.18 2013 brETIL TP
61 0.11 2019 R
36 0.11 2000 EAE
29 0.04 2012 DA 1,4
22 0.06 1994 Pl AR08 5 75w
22 0.04 2002 FHEE W 2
20 0.02 2011 YL AR

72 nfAL, ZOFEEE “FREHGFN” AG. “FIRMEHE@” Ll 326 WHEHIK. 1.00 1
RO PEA R AL, H R LT 1992 4, BEUEH] RUL FHRI 2400 K 01 Bz O ik e i, SR Ao
PR, ORER AT 7T E R AR AL “RIRIEST 7 AR “RIRME A A& fre i —Jrm, it
— DR AT I S I 57 B3, A% I 40 o3 R o AT B 3% 570K 2 1) TR ATOs bR . “IR
R HIXFEAT 2013 47, SO 172, H0MER 0.18, ENURFE S RS R CE AL, Kt H RUL Ti
M E PR I SV, ORI N g 5, “BTER M NS g s 2 mm . L TEE
TR, A RUL BUNAEAS [ Tk 5 s P S M E e . RUL F00 7 vt 2 00\ T8 e 5
KBRS IE . “PPEMZ” RSB BERIE, 2002 455 N RUL TN, I8 30k 38 sh 7 v 18R
K[50]-[52]; “HiTIEM” JB TR S 5ILE G IA[53], EH TIEE M. Emir KRG A RS,
RN TAE G R BRPE s “ERBEE ] LL 61 Mm A, T Ak N LR RRIRE R, TR IR IR
FE AR A I T VR BB AR A, R VAT IR P [54]-[56]0 BEAh,  “HEgNIEFE” Bt T 00 R Z LA
WA R R, IR RS TR, FHE A RO R BSR T Rfh THE A 2
#, N RUL WMMERE SRS TR, £5 7 RIS,

2% I, RUL TR TS0 70 1 B0 ey SRR AE ,  BRAREL T %0 K IARR e M, il R 3 5%
MFn Y TR AR B 1 S5 T SO 2% 1 R Gk

4.3. XEIARKIIT

AR R B TRONTERR 78 £, R (E R B R A b B e B DGRV I SCIRAE AL, AT
R R ARG SR FTE N, IR SISO R K4S« %0 B8 SO A I Bl SR
R, WA RBICIRET A AR, N I R A B OGER[57]. ASCRA “OHEA A
AR R IHEAT SO0 HT, I84T CiteSpace FAFA U R RS G (&) 5 s, BRI T 3 BEF 7L 5 MR
FHEEM KRR

M RUL il st 5 () O B ] SRR R R, B Q = 0.8469, MIACTI%ERE S = 0.9851, &
BIRIEFE (SR EE M B2, PIE R, RERS RN EE AR MEHS 2B RUL T 40k i W e . RS FE R T
“HO FIRMERZFar” « “#1 FIRIEF AFdn” « HRLTURET . 43 BIEMT . W IRBEIR” L “#5
ML | “Ho VEREIBIL”  “HTIREEZES]T L CHSMEERTRART . “HO TIEERE” 3L 10 ARSI .

“HO TIRAEH A A7 RBAZOMIERIE, B T TN % RUL SIS A% 0 H k. RUL FRY
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