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On the Research and Development of Terminal Sliding Mode Control

Cai Yuanli"?,Li Huijie'
(1. School of Electronic and Information Engineering, Xi’an Jiaotong University, Shaanxi,Xi'an, 710049;
2. Xiamen Institute of Technology, Fujian, Xiamen, 361021)

Abstract: This paper gives out a brief review on the application and development of terminal sliding
mode (TSM) control theory. The terminal sliding mode surface structures, reaching conditions,
singularity phenomenon, chattering problem, systems with unmatched uncertainties, systems with input
constraints, and discrete terminal sliding mode control are discussed in details. TSM. fast TSM,
nonsingular TSM, double-power fast TSM, nonsingular fast TSM, global TSM and other types are
involved and analyzed. The main current results on the reaching laws, finite-time convergence, and
fixed-time convergence for sliding mode reaching conditions are presented. Some possible research
directions for TSM control are provided from the authors point of view.

Key words: Nonsingular TSM; Reaching Law; Chattering; Finite-time Convergence; Fixed-time Convergence

FIRE BRI R
2 HImBRMEHR

1 3|8
VRS ) SR AR G A R B — N A 3, B —

AR AR S il XoF T A2 IC T 2% A RS R0 AN i 5E 1 B AR A
P TEDLAEA B REE . RATAR I S SRR FE XA
AR T TZ R . 2 v R g R A IR I P 5 AR
Rtk R [ RGCREAEA PRI [ S E Vi .
T B i PR TR AR A Tl A AR ) A, AR R 5 ) AL
PR T AT S ) R, DR I i AR o v o T A

EE B AT ZEER (1963 —) , B RINE LN B2 44 S0, 05
77 ) Ry B G B S B B R G S O B AT A R S5
W RATB H A ZE A (1990—) , B VTR N A W E RS A L BF
FE07 ) A AR R AT AR S SR R TS
ELTH : BF HAREEES (61202128, 61463029) FIF- A8 f1H
FEALREIFHIES (2011ADL-JD0202) ,

BRI R BUR RGORE WAL & 8 T S H0H
BT A R L B BER, R G R E B LR
B (B T R (B B BT ESS .

2.1 ZimER

Zak"P AR T AR S| T RIS . Venkataraman
SRR T A AR T O vk A R T R G AE AW
SEVERT RS IRZE R . Man 006 2 0 W R 1 7 b 4
I3 =B MIMO R4t #4578t ] ik K. Yu
AEUOTIR T 3 B AR i MR R A 1k

LRG| AT AELR YT, PR T S 5 BRI A
WS SACE A [ it R I 1 3 S A5 S B I



F—E RS EIRE

2.2 RBLIGBE

Man 5507 fE MIMO £t 28 4 i IAE LR PR 1A o
AT BT, Yo S0 e 28 b BT 51 T etk
T, IR T IR AGE B I B R G R A S S VA S f Wi BB
BE IR Hh T st a1k

PR 2 S R EARAIE T 2R e MR AT -l BRE T e 19 i
S [N A 1 0 1 A e N ACBACR  F  REL

i T AR PR S PR AR B PR AS SRR R0 (ELAS
A fil A A P AT 5

2.3 FHRARBR

Feng 55019 4 WY T — b B Bkt % a7 57 0 4k 4R 1 08
B BPAE A S A B JF 4 Bkt MIMO R 48, 28
RGP T B R G IE Ay S 4 AR R 4a
TS ) Al

AT S 40 R ] AR ) S (1) 2R 5K 5 A g
PRASTAR ] (AR bR 285 8 1 7 e A A Tl M

2.4 WFRBURIE L 4 B 1R

Yu SEFUER T U RRE U B S R
RLZ B B AR LA Be R 1 W SGH . Yang S0 X XL
SRR S R ) SR )RR 1 T XSO R 24 i L
H45 T T R S L AT o A A S ] e ik 3. 3
AT XURR R R O F I (e ) Rk

555 GE AL VAR L o OUTRE U 7R PR 24 i A 42
A B T AR GUIR A B e SIGE BE L {EL{TY T A e A= 4 1]
A5t

2.5 FHFFRRELIRBE

ZETR IS A SRR AT S 2 i T A M i
18 F )L i 1 T — I Ay S PR A v AR AR T
T R 0T LA o R Wi St [ e ke UE W T AR A R
R A i R P A S R R R T A A S 4 i AR ) S5
BEo BEAh Pl b A ORI B T AT SR LR .

2.6 £RAZRBE

Park 555 7ELR PR o 5 AT RRR % Bl bR B 4
M T R T B R G K AR, LA B
F WSS ] AT AR A S  [R] INR BR T W Rk B B, FE
TP — R R B RS B T T &
YR 25101 2K ) 4 Jo) 28 S B AL T SRS JE IR T Park 453
BT FRORFE S A 8. Liu 0755 & 4 J7) 2 0 8 1
BhAS L i i BB P R A S BOR W 55 BHIR L OF 4R
E T A7 FRE SR . AT T 2 R A m Bt 1
— g B PR A 2R . 3 4 R AE B %) — 26 MIMO
ARLRIER G $ T — R U o) B A 2 JR A i PR

R A TS AS T b SR — T I AR P, 5 EORE  FO AR

BHIATE R BEGIERGORE 2 FAL T W L.
2.7 ETESTHROFTRERBE

Yu SEFOR T ool AT S A 2 S R R A
Uit R R B . Li 55 IER BB A T Hi B bR
B0 O T IR R S . FRATTRE T R B 1 B A U
YR AU PR 24 s T AL, R HH T — ol B T AT 5 G PR X v
B 25 T st ) E R AT XA R A AR
A 55 RURR U T PR 28 S A ) (4 (OSSO BE o LTS 1]
AT RGEREWIE R LR Zuo™ JE T XURE K B
Lyt T 55— P X i b S A7 5 i 2 DA

2.8 HAbEAMNLimEE

Yu ZEPER A HCR RS | A A B, R T R
PEPASE PR A i WAL I AT 0 i TS I P SERICRE R B
Hong %55 61 % — K BB IR R 48, i3+ T X5 FARiE
TER LA, FEFAEC R T — b4 S8 Pk A v
TR, OSSP e i Y A (BT A AE AT S [
K TH AR T B T — o oo B A PR R VA, R R
SRR T — b O 2 A0 A A R 20 i VA8, HE 4R
FHl SO A R sf iRBE T AT R, REREIRTE
B BRE T T —F Ak MR A7 7 4 o T A
HATR AR R L S A, BB & & T —
ok % MRS Ay S v VAR A 52 B W B, DR R A 40
Wy B B o T WCRIGH R . 2 i N A AR 0 i R A
PR s T K R BOEN . Jo 1Ay T A AR Y
— Ak T, B A AT T Y A A A S R
B IR TR AR A R, A TR EEEE R
PR 2 Vi AR B SO BHO () ik 3K, Chiu™ X6 A8 X B
N1 HIRGE B T o B AR 43 7Y 28 0 S, 3o it 3
M RHET BB A X B R 46, Cruz-Zavala M58 T
&G AR il W A 153107 1% L i i Lyapunov pR%H #
RIS HI . Feng &M 80 & B B4 R 48
BobE T —F e A PR R B0 1) 28 i ¥ A T, 3 i B
X4 il A B0 R AR I 55 B .

3 BERIEFMGRER

Utkin™™ 5 55 b i 7 W 847 76 89 78 70 A s LR
Slotine SF4 i T WHE B K 404, R T RERES B W
AGETE B4 7 BE B i B RGPk .

3.1 BEEERE

BRI HRYE T WAL K Y B . R R B
S o3 =Pk e I - G =PRc NSV Ebline S R
AT Yu SR T R R U s ML S 4R
T XUCREUE T ; TR IREUO R T SR I

MR R EOR RGOS F BB L W I , 48 B0
TR PR T S PR T N RS TR . R R DURE
U RN 2R YO AR R AR R0, BRTH BR T #



FADHARARAZRILMA - F 19%

ik MEEZ AR RE . RERREIERYE T
PR L T TR A T 50 3 o /N R B3R A DU IR
HIT 2 RGBT R BA 2R P S i .

FEL S L ] v, 45 B A R A A, R R
VRAR T RIS SRR EIZ B A Fh . Tang™ K548 35 1 AL
F o A 45 A O N ) 2 RAUE 2 1 5 KB
FUURM T T RECEL RO Bu I R A AR A
S i AL ] ) R v » I 7 R S IR AT S ) A
Bl b, 4R T UCSGH B s VP B S R T —Fh F AR
TR .

3.2 HFREYEISK

FEUCHS T HE | DR R OB S L OURE YR T R A 2
Y A LA A RS [BICSSRF . Bhat 50 @ SL T A
PR sF ] AL S5CFR) ) o L

3.3 ElEAEs

RUREYCRAE A2 U S P4 LA LS T8
Hi b, Polyakov %15 44 T [R5 MK 041525 3., e
TS T U U2 2 A LA T 9
RS,

4 FREM

2% o A T o £ A S 1) A £ S PR AR A AR R
5 . B TR R EEA B E A R
]k F B4R Wu 548 i W B B i O ik, B0 E
SR I H A B 7 o E R GRS ENAER 7 K8 R )5
Y3 g R 0 W RS ] . Feng 57 75 — By 7 4 48 i 1A
BRI AERRAIR, SE TERT AR, HEE
AR A R B AR LIRSS, BT ERA IS
SRR A A S R L AR LA R b R

5 PHfia) @

2 G ) YRR ) 7 A A F) 0 [ 26 i A6
PRI AN . T BREHIR 7 vk A 16 A R 4K Sigmoid B8
B0 B 1E ) RO SR T I » 22 R 4% T UL
PRGN E VRS T AMEE T ¥, DA B sh 75 98 B A 3h B X
B A NUR UK R A A A L A A T B
B BREHIR , I S iz 3 A0 R

6 AELELATE REHILIRIBRIZH

VTR € R GE R L m R T ST i — N E A
860 7 S o X — R AR TR E MIMO RS,
T R 0 28 S PR AR TG S O 2 ) SR (i R GOR SRR
R B[] Py A A0 °F- o PR A AR SR . KRB TR e a —
ESPHE RIRB R LB AT E R RS R T —
o 13 O A i R R . RN S R MR |
FIAT A7 SR A A T A S5 SR PR ot 9 78 B
WA AR THOR I 88 A T HE T RS T4 OF 80t T

A B Y A A 2. Yang %Y R A1 BR B ] 0
W ARG AR T RS T4, F 7 3F 37 5 4 05 38 B4 il o i LA
.

7 BWANFERRGHLRBREH

RS ] A TR 5IA T RIE
B BRBB (k5 M A . Ding %553 i gost A A 57 4 v 1
B ACHE R RGN AZIREE. Hu S8t TET
J T Y70 R 4 A R i) R 28 i PR ASE P i 2

8 BHAIRFRES

Janardhanan % 5} T 450 BEY B HOAL VL 3F
16 RS BUILR 5 % 24 WA 1A BHE . Abidi %025 &
SR P BURIZC SR, H th T — o B OO W B
M. Li SR T B LK B B LR B A R R
Du %7 5MH7 T B UL M 1 B A PERE

9 ZitE5RE

Lo i O v B R RSt A e i, 7
PR SRR T B S T R B AR (B 7 4
A5 BHIR R UCES T 42 0 A 52 PR L o () 2 d AL S
T BB 5E 4 AN FE 4

LRI ARLAE A Sfe— BB [ P 473 48 2 ol B3 5 4
TR EE AT SR, —Ln] RER B ST T A
15 - O i Bl 28 5 B (] e A , B9F 5 T B A (81 o i) A Ay
SAGMEE; © #t— SRR R, T REIRE
B GEE VRS L B IE R A A RS ] 4 07 o B
S EHR 3 8 ) DA O SR 5 © S A 3
B R BOR 4 BR AT 5 » ARE A P 2R 0 i DR e Sl 15 @ A
BOAT B 0K o 8 M 0o 25 55 T B T O LT A i PR A
P BRI © BRABFIT 1 32 FRA PR (8] / ] 22 i 18]
PR ARLRRE T  THR S3 BT 5 © K TR S 3 S TN [R) %
Ui PR AL T ) R AN 7 0

S 3Lk

[17] Slotine J J, Sastry S S. Tracking control of non-linear
systems using sliding surfaces with application to robot
manipulators [J]. International Journal of Control,1983,38
(2).465-492.

[2] Utkin V, Guldner J, Shijun M. Sliding Mode Control in
Electromechanical Systems [M]. Taylor & Francis, 1999.

[3] Feng Y,Yu X H,Man Z H. Non-singular terminal sliding
mode control of rigid manipulators [J]. Automatica, 2002,
38(12).2159-2167.

[4] Huerta H, Loukianov A G, Canedo J M. Multimachine
power-system control: Integral-SM approach [J]. IEEE
Transactions on Industrial Electronics, 2009, 56 (6 ):
2229-2236.

[5] 8, RK%E, 2KE, % ET _H3hE Terminal ¥ ELHY L
Zs(a) KATRR R0, FMSEH.2010,31(4) :1056-1062.

[6] i, Bmfl. BT TN 3 KKV S8h 1/ B



F—EWZ RSTWWKIRE

[7]

(8]

Le]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

HE ARSI, Bl 5 5R%,2012,27(4) . 579-583.
TG BT TR AT AR A R TR 2 o ek (.
PO AS 3 K224, 2014,48(1) . 67-72.

Gao J W,Cai Y L. Fixed-time control for spacecraft attitude
tracking based on quaternion [J]. Acta Astronautica, 2015,
115:303-313.

e, BEAT R, AR R, BT LMI B8 7 3 R AT SR
m L], €47 H15,2016,34(5) :49-53.

Gao J W,Cai Y L. Adaptive finite-time control for attitude
tracking of rigid spacecraft [J]. Journal of Aerospace
Engineering,2016,29(4) :04016016.

Gao J W, Cai Y L. Robust adaptive finite time control for
L 1.

Proceedings of the Institution of Mechanical Engineers Part

spacecraft global attitude tracking maneuvers
G: Journal of Aerospace Engineering, 2016, 230 (6).
1027-1043.

R, A EHpEA AR SREMED]. RS
i KE#H B A ,2018,359(1) :63-68.

Zak M. Terminal attractors for addressable memory in
neural network [J]. Physics Letters A, 1988, 133 (1/2):
18-22.

Venkataraman S T,Gulati S. Terminal sliding modes: A new
approach to nonlinear control synthesis [ C]//91 ICAR,
Fifth International Conference on Advanced Robotics,
Robots in Unstructured Environments, 1991 :443-448.

Man Z, Paplinski A P, Wu H R. A robust MIMO terminal
sliding mode control scheme for rigid robotic manipulators
[J]. IEEE Transactions on Automatic Control, 1994, 39
(12) :2464-2469.

Yu X H, Man Z H. Model reference adaptive control
systems with terminal sliding modes [J]. International
Journal of Control,1996,64(6):1165-1176.

Man Z,Xing H Y. Terminal sliding mode control of MIMO
linear systems [J]. IEEE Transactions on Circuits and
Systems | : Fundamental Theory and Applications, 1997, 44
(11) :1065-1070.

Yu X H, Man Z H. Fast terminal sliding-mode control
[J]. IEEE
Transactions on Circuits and Systems I: Fundamental Theory
and Applications,2002,49(2) : 261-264.

Feng Y, Han X, Wang Y, et al. Second-order terminal

design for nonlinear dynamical systems

sliding mode control of uncertain multivariable systems [J].
International Journal of Control,2007,80(6) :856-862.
B, RE K IMIR. JEAT 540 AR 6 R G A BLL A
AN, A 3h k4R, 2013,39(6) : 902-908.

Yu X H,Man Z,Wu Y Q. Terminal sliding modes with fast
transient performance [ C]//Proceedings of the 36th IEEE
Conference on Decision and Control,1997:962-963.

Yang L, Yang J Y. Nonsingular fast terminal sliding-mode
control for nonlinear dynamical systems [J]. International
Journal of Robust and Nonlinear Control, 2011, 21 (16):
1865-1879.

T, RS, KA E. FTRYEE Terminal ¥R K 76T
23 6] KATRE LN AT ], Mg 24, 2011,32(7) :1283-1291.
T TR, FHEOR, %5, AEAT 5P PR A A o M AR R O
R CBR A g o R [0, 5 ) 338 5 R A, 2010, 27 (5)

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]
[37]
[38]

[39]

(40]
[41]

[42]

[43]

543-550.

Park K B, Tsuji T. Terminal sliding mode-control of second-
order nonlinear uncertain systems [J]. International Journal
of Robust and Nonlinear Control,1999,9(11) ;769-780.
FEFF, ka8, R, % mBdEL RS Terminal #
Pl (], 770 K22 (T2 kD, 2002, 36 (5) ; 482-
485;539.

Liu J K, Fuchun S. A novel dynamic terminal sliding mode
control of uncertain nonlinear systems [J]. Journal of
Control Theory and Applications,2007,5(2):189-193.

Tang W Q, Cai Y L. High-order sliding mode control design
based on adaptive terminal sliding mode [J]. International
Journal of Robust and Nonlinear Control, 2013, 23 (2):
149-166.

WERNEFE. —LAESHEARHE n MEWMAZHHE
LR Terminal WBEEMI[T]. %] 2w 5 0, 2013,
30(3):324-329.

Yu S,DulJ, Yu X, et al. A novel recursive terminal sliding
mode with finite-time convergence [C]. Proceedings of the
17th World Congress, the International Federation of
Automatic Control,2008:5945-5949.

Li H, Dou L, Su Z. Adaptive nonsingular fast terminal
sliding mode control for electromechanical actuator [J].
International Journal of Systems Science, 2011, 44 (3):
401-415.

Li HJ, Cai Y L. On SFTSM control with fixed-time
convergence [J]. IET Control Theory and Applications,
2017,11(6) . 766-773.

Zuo Z. Non-singular fixed-time terminal sliding mode
control of non-linear systems [J]. IET Control Theory and
Applications, 2015,9(4) . 545-552.

Yu S H,Yu X H, Shirinzadeh B, et al. Continuous finite-
time control for robotic manipulators with terminal sliding
mode [J]. Automatica,2005,41(11):1957-1964.

Hong Y G, Yang G W,Cheng D Z, et al. A new approach
to terminal sliding mode control design [J]. Asian Journal of
Control,2005,7(2) :177-181.

B B R, NG A R e R SRR A A A 4
(1], 45 RH ,2004,21(4) :623-626.

TR R, T, A5 PR AT A S Terminal ¥ A6 42
BHI]. # i T, 2008,15(6) : 637-639.
BRI A . TR S A A AT R AR BT A
s sEdl ], Mias2R,2014,35(1) : 249-258.

B EEE. R, F. ETEESERMNREIET A
VAT I (0], db B 2 A K K2 4 4k, 2011, 37 (1)
110-113.

D, FERER, A, X T ESOMEARERIES R
Terminal ¥ HI[J]. #4554 ,2015,30(1) : 76-80.
EEM, BESR, DHR. &R—-HLmEEER].
X ,2008,25(1) : 36-38.

JoY H,Lee Y H,Park K B. Design of generalized terminal
sliding mode control for second-order systems [ J .
International Journal of Control, Automation and Systems,
2011,9(3) :606-610.

Chiu C S. Derivative and integral terminal sliding mode
control for a class of MIMO nonlinear systems [ J ].



RADRBARABILEA - F19%

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Automatica, 2012,48(2) :316-326.

Cruz-Zavala E, Moreno J A, Fridman L. Fast second-order
sliding mode control design based on Lyapunov function
[C]//2013 IEEE 52nd Annual Conference on Decision and
Control (CDC),2013:2858-2863.

Feng Y, Han F, Yu X. Chattering free full-order sliding-
mode control [J]. Automatica,2014,50(4):1310-1314.
Utkin V 1. Variable structure systems with sliding modes
[J]. IEEE Transactions on Automatic Control,1977,22(2) .
212-222.

TR, ARG Rk (M. Jbat Rl R
#1,1996.

ML, £ 5. Pl sl AR AR gl ], FES
il , 2009, 38(5) : 552-557.

KB, DR AT, 4. —Fh B RUOR BRSO 54
#ilI]. H3hikeFdR . 2016,42(3) :466-472.

Tang Y. Terminal sliding mode control for rigid robots [J].
Automatica,1998,34(1) .51-56.

i, R0 BETIRBOBIEA MR A 5 Terminal ¥R
[J]. #iHl5%,2012,27(6):909-913.

VR, ARBRRK. B 3E B AR AT 4 I R i) & HAE BPMSM
HrE R ALY, il PR, 2014,29(5) - 833-837.

Bhat S P, Bernstein D S. Finite-time stability of continuous
autonomous systems [J]. SIAM Journal on Control and
Optimization,2000,38(3) ;: 751-766.

Polyakov A. Nonlinear feedback design for fixed-time
stabilization of systems [ J ]. IEEE
Transactions on Automatic Control,2012,57(8) :2106-2110.
AR BOL A BT RO T A R ) ek (0], #E
il 583K ,2016,31(3) : 498-502.

Wu Y Q,Yu X H,Man Z H. Terminal sliding mode control
design for uncertain dynamic systems [J]. Systems & Control
Letters,1998,34(5) . 281-287.

Feng Y, Yu X, Han F. On nonsingular terminal sliding-mode
control of nonlinear systems [J]. Automatica,2013,49(6):
1715-1722.

XulJ X, Lee T H, Wang M, et al. Design of variable
structure controllers with continuous switching control [J].
International Journal of Control,1996,65(3) :409-431.

linear control

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

L70]

[71]

B D KT JEVCE A E MIMO 28 #4: 3% 52 1) 28 S
WA ], 5 Y%, 2003, 18(5) : 531-534;539.

KR D5 AR AR DA S 2R G0 4 S DR i 4
(0], it 5 5 A, 2004, 21(4) :617-622.

GG E KR T M, A A E AR LR R G H A R
Zm R R[], ) Bie 5 N L2009, 26(4) :410-414.
ZE¥h WA, b . ARDCRANHE RS H & R R A
PR v W AR W (0], F5 ) 5 P 3R, 2012, 27(10) . 1584-
1587;1592.

W, RPRZE, B KA E . AT ECARHE S B AR L v R gk
B Terminal ¥ #8424 [J]. A 3h 4k % 4%, 2012, 38 (11):
1777-1793.

Yang J, Li S H, SulJ Y, et al. Continuous nonsingular
terminal sliding mode control for systems with mismatched
disturbances [J]. Automatica,2013,49(7);2287-2291.

Zeif, 20, BRUKERL L 5. B0 A 32 R A R A v A R AT AR
B3E B Terminal ¥ B4 I [J]. A28 2% 4. 2012, 33 (2).
220-233.

Ding S H, Zheng W X. New design method of sliding mode
controller for a class of nonlinear second-order systems
[C]//2014 IEEE International Symposium on Circuits and
Systems (ISCAS) ,2014.2784-2787.

Hu Q, Tan X, Akella M R. Finite-time fault-tolerant
spacecraft attitude control with torque saturation [ .
Journal of Guidance, Control, and Dynamics, 2017,40(10):
2524-2537.

Janardhanan S, Bandyopadhyay B. On discretization of
continuous-time terminal sliding mode [ J |. IEEE
Transactions on Automatic Control,2006,51(9):1532-1536.
Abidi K,XuJ X,She J] H. A discrete-time terminal sliding-
mode control approach applied to a motion control problem
[J]. IEEE Transactions on Industrial Electronics, 2009, 56
(9):3619-3627.

Li S, Du H, Yu X. Discrete-time terminal sliding mode
control systems based on euler’s discretization [J]. IEEE
Transactions on Automatic Control,2014,59(2) : 546-552.
Du H, Yu X, Li S. Dynamical behaviors of discrete-time fast
terminal sliding mode control systems [ M]. Berlin: Springer
International Publishing,2015:77-97.



FB—EBZ RSIWWHRRE 7

ETHEnEEIBNEEXEENBERERERE X

TG AT KA, T KR, TR R
(L. PIBAEHE R 2 T35 B TR B 752 , o, 710040 52, BLBRA 6 76 4 T B2 I T A0S0 58 , B 7552 , o [, 710049)

i B AIXEGNEMI R, EARBRESGELIEFE, EAITHRRELT S KR FERKE, AL
BT —FETIERIEMES AL XRS5 R IERE F %, 4 &4 A7 Euclidean 35 & # A 5
TR EZ4EE E 9RM B8, EARA N =R RE I G 45 I xRN B HIT R, RERE SRS
BRIEME A R HAEE T T HABPT BRI £, EAAXEHGMMEREE L XER AN, 5 LB EE
A, ZF R T AR AR MRS AT A S K, B A BRI 5 A A% Ao 55 A,

KA dE RAE MR 8 R S AR A KRS AL

FE 43S TP181

Clustering Algorithm for Reciprocating Compressor Fault Data Based on
Non-negative Matrix Factorization

Kong Hanyang', Yang Qingyu'?*,Cai Yuanli',Nai Yonggiang',Zhang Zhigiang'
(1. School of Electronic & Information Engineering, Xi’an Jiao tong University,Shaanxi, Xi’an,710049;
2.SKLMSE Lab, Xi’an Jiao tong University, Shaanxi, Xi’an,710049)

Abstract: The structure of reciprocating compressor is complex, which is a strongly coupled nonlinear
system. The working conditions of reciprocating compressor are harsh. It has lots of fault inducement.
In this paper, we propose a method of clustering the fault data of reciprocating compressor based on
non-negative matrix decomposition. First, we establish the cost function of the error matrix E by using
the concept of square Euclidean distance. Then we solve the cost function in three different non-negative
matrix decomposition algorithms and determine the classification of data based on the decomposed basis
matrix and coefficient matrix. The test result on the reciprocating compressor fault data set shows that,
compared with other clustering algorithms, the method can classify different types of faults accurately,
which has good application prospect and practical value.

Key words: Non-negative Matrix Decomposition; Clustering; Fault Diagnosis; Reciprocating Compressor

L, A D — TSR 42 i 1) T B 1, A I A2 T IR

1 35|18

S AU A it ol 2 T DL K ity ol e % oz ol
Wk TSI Bl SRS 5 FEAE B A2 s s i Rl e R 2
BB — AR B SR 7E Tl A= 7R 2R 3 b L
W mTERXERIL L EZ 2% TR,
R— AL RS RS, B TR &S 4
By B Xk oMl A 77 T AR W R A o R
HEAT Bt ) B B2 T

RS W A AS T D2 i A e R 0 £ 0 2 / SR 2K )

EEB A AEF (1974, 55, #AZ, WL A T, BF 587 1 Ay e
WS AR R AR 5 B e AR AR

BEAERTZMRHE, CER[2]#E T —F3F K-means
R B He i L% LA (R i B a2 W B i v B B 4 v
TR A A SAR R 2 A OR  [m) REE {T AR 2
A SRR A s SCRRL 3 148 HH T — o 35 F K EC i A I s 4%
A SR 2 i, SR PR SR A 22 1] G G S B s ) g
ATARRME BE it B A {URE 26 B, T X RE A BE T 2
ELAH bb T HA TE W B R A th TR T E A
FERRE, BT LI R R 2B .

BN LA b AR, A SR T — 35 T £ 6 ¥ e 114
R AEA VLR R 8. B 6 T WK EG HE 2
MESEAN. TIRZEHE M E 9 sR 8, 285 F1H = Fh AS )
PR B 6 % A e SR e X A PR BSCHEA ToR A% 5 AR B 40 1



