Tk ESH
2017 4E

JEEAE TR AR (A ARBR2RR)
Journal of Beijing University of Chemical Technology ( Natural Science) 2017

Vol. 44, No.5

BT 2 2 6 FE 4% AN S Y WM A P 9

HEX B

Rt R

(dbEfb T2 Ml TREZERE, dbat 100029)

B OB O TR AEEON (CS) FAY Sk FA R AR BOR R IR 155 A EE AR A i A (R, B 4 — e T
o S A TR AR R DU BCIB BR 1 o 1 SEAE TUAR 7 I HpoR A IR 155 I BRe o 27 23 (W], SR 1 B A2 23 [ v )
FEAST 2 HHOR ISR (55, e Jm ARIR IR 365 5 O 1 AT SE e . 5 RAE WA SO 4 i 75 S i
FRGRE , T AN B i LB 3 5 A e B G 00 7 4 A0

KB JRATEHN(CS) 5 MHilE; (552005 w Bk il
DOI: 10. 13543/j. bhxbzr. 2017. 05. 013

FESES . TP29

TR AR D oMl 2 7= i 1) E 2L 20 B
TEAE I 5 S 2R ) AR BREE , B LA i B s 17
T OLBEAT AR MG I AN B2 B, AL GEAR 5 REETTIA
BORRAIEPCRAE TR 5 e i PR A P4, (45
o Ak B AR R A AR R A A R R R R R B B
SrHT AR BT Y R A AL s A R BSR4
Mgt , B A R RS S R ER . H AT
AR H S 4 JEOR B S B 5 oR A 5 A B 3 22 1 W
ANMERSL, — i R A SRk TP A9 I S T LR AR TGk
ARAFBARER A, — 2 T 3RAFX 5 S i Y
fift , e BB TCAR T T ML TOR PRI S BUS
5 11 TR M LA B AR

SCHRL3 - 518 IR 4 RO AL T 5 A I
WIE T 4 B R8T LASE IR i 15 5 ) v b B2
HH, SCHRL 6 — 12 R e 4 SR 505 I T15 5
IR S AGHI | (E2 AT ik DR ok T 1 52 7 WA A
PEAR = BT RE IR Rl

BEXF L W58 R AE AR R AL, AR SC LA 4 R
DCRCHE BR T (CoSaMP) Dy it 3 ik X i 3 12 A7
Ot A — i T 5 23 ) A s 406 >R R DT IC I B
1% (SSCoSaMP) , BV JoAETUAY 7 L R 5 5 1Y

Wk B 2017-01-22

HEEWH . ERHRBFHEE4E (51405012)
B, 55,1989 44 M

= IR A

E-mail ; tanggang@ mail. buct. edu. cn

IR F N2 6], SR A fre P s 23 18] p EAE TR
JEHRTE S e 75 S R EARERE , R SR HLAR 3h
T IR DN e ) S A

1 E4R & (CS)E

JE 4 BB A8 1, A R RE A2 58 20 A IS S 1Y
Mgtk A7 T BE R I SEBLAR 5 T A AR 2R, IXAE A
RERZ R AL TR R AR A5 5 I 253K, T HAR BE D/
EREICP OB NiB) I

XN HESLBRE S x, R xR A D RARE
ZBC PR x ARHLAE S 4 x A ARMHE S
B, A DL R R R —A1E A2 1] B et 2

N

x= ) ay, (1)

k=1

W a, 1 HADBEEER 28, NFRES x 7E1E
K P HARGE, WA x R — e R, T
DA m < n AEULINAE -5 2 B F A AR 155 x
SIAE T y 7 LAFRR K

y =Ax =AD« (2)
Hrv A R mxn B o ABELRE,D HIE
L, S T RIEE I y ok R A SRR
5 MR A T2 R A PR T (RIP) | RIXF
THES, € (0,1), 2

| Ax |
J1-6,< 2< /1 +6, (3)

[ x, |l
W x R AEWHGES ,HEAFR D FH
ARG, W 752 AD 3 /2 RIP HEN], BIXF F 5 %%
8,e(0,1),FWE

<./l +6, (4)



- 86 - A T2 (A RRER)

A ] g i REALAR A , DR O v i R AL AR A
SR 3 f7 54, i EL R AR e R SR H T 2 RIP DN

2 ETEEZREHEMT S

M PR EZHELPR G x ARMELE I 3878 B3 2
R iR AR TUAY F L 1 I B AR
IR TUAR P I R FE 5 1 e B E A, R
{55 EM A A RS WIS S y BB
FH o SRG T @ TR EHES © =Da, X
Pl R GE S x A FB HITUR T E
P55 BOR FEXE LAAS B O R, TR AR . (1) B
TUATH D W (55 x 76 D L RR o £ R A 20—
(1), X EWE x 76 D L FFEAF eV 2 HAh 0 76 5 2
TREEHL S (2) MR FE A W RIP YD A AR X
IFE A 5 D 3R RIP HEN] Bk Gl G 5
MEAREEE ; (3) B S x A 7SR &
BT D x @ 1531, R FHIT A I o B EH
WE |a-a| 5 x WEMRKE | x -x || FA—3,
X R B BV AT DAL UE @ (RS BE , o 0 I AR I 4R A
Fx EKE

P ) AT ) AR s 1R A 5 E A A e v A
B R BGHEAY , A9 SCHE A SSCoSaMP B3 ik o T
PR B AR A, e E AR E RS, X RRH
TUARTF M E M FIRE S, Wb A T 280 2 —4 D-
RIP EN, R T4 %05, € (0,1) , 7 i 2

| ADe || ,
0= D, <

K (5) HR(3) BRI AR, (LA AT IX
Sle 2 (3)H RIP fENIZOR x & ENAER R
¥, M=t (5) b D-RIP iR ZELK x 78 D P&
B R, SN S

2 D-RIP MER (1500 R, 75 i e X (6) 3t
B D ES x B R4S 6]

/\opt(x’k) =arg min;,,_, | x - P, x || (6)
H, ANei1,2-,d} FREGE R(D,)FRD,
Hr g F LR B 2 ], P x R 1R x fEZS ]
R(D ) PIESEBEE, N, (x, k) B3R 2516, 1
R LA R NG5 x B9 kA1) T AL 28 9]
TR A, (B R T LATE A, (x k) s ATk
RAEHZEEME S x, SSCoSaMP iz F H A4 i 7
.

1 +6, (5)

AN CEHEEAcR" , TURTH De R,
Sy e R™ Wi k

i EES X e R

(1) MRt & SE 28R %E r, =y WRESS
i T = &, B L= 1

(2) KM v=A"r;

(3) RKIw WREERZ R Q=N (v,k);

(4) BIFRGIET=0UT;

(5) FHZERBHERERFES X'

x=argmin_ ||y -Az | s.t.ze R(D;)

T=A\, (x,k)

X' =P.x

r, =y -AX'

[=1+1

(6) HETRZE ry A LB IS0, 2R
W HR A X WA IR IME R (2)

3 SEA| BN B4R AT

AR SCLATE Bl i 9 LB A5 o S B X 2 iR 4 7
ARSI ORS00I, 5250 7 580« 1 S 4 ] I i il
R B BN 155 1 AL 28 A0 TR, S U B R IR AT 5%
SRJG 3 B LA TE 45 R FE R 25% F1 50% X 5 1615 5 it
AT FEARRAE I R 4 S0 54 5 vk A 1 R AR 15
S G EME S RS R e E , X
P55 A 45 Ak el T 1T L e A B A B, 5K
55K FH A% T 1300 v/min ) % DY BB A 5, SRR
Wi 2000 Hz, i R AE 45 32 145. 84 Hz, i f R~
0.7 mm x0. 05 mm,

3.1 [R@RiES

B RO 5 i M HA S I 1 s

HE 1 F g Ak K145 3 1 4 Pl e A
WA 1 AT 2 A8 3 A5
3.2 EHERHE25%

X RIGRE S T R4 R B R4 F 5 v,
REN 25% AF BN R RAEE S 2 (a) PR,

JESi 3 25% T, 8 Je b ] CoSaMP 5k A4 Jit
WG, 20 R F IE 28 - B0 A - L R A7 S0 00
DLHE 38 WA o EE ARG B, P AR SCH Y
SSCoSaMP Fi: E M JF IR {55 . 3 R ki ih iy &
ME S TS A 2(b) () . (d) IR,



%5 FARERSE  JETFE 528 () 48 BN S A H LA 12 W - 87 -
0.20
m X 1457
¥:0.1828
0.15 X:436.4 g
Y:0.1255| x-290.7 -
Y: 0.1445
ui% % 0.10}
= =
0.05
) 500 1000 1500 2000 0 100 200 300 400 500
(ER=P SR/ Hz
() IR ES (b) ELERAT 1 5]
B ok B EES
Fig.1 Bearing inner race fault signal
200 0.4
100F o X:1455
Y:0.281
g 0 ﬁ!; 0.2
= =
-100}
7200 n 1 1 L n 1 n 1 n N Il 1
0 100 200 300 400 500 0 100 200 300 400 500
(CREI Y22/
(a) RS RARAGS (b) CoSaMP/E B 45 ) (11 38 5 1)
0.4 0.4
X: 1455
Y: 0.2872 X 145.5
m Y 0.224
m 02 = 02F
X:291
®y:0.1243
0 100 200 300 400 500 0 100 200 300 400 500
IR Hy A/ He
(c) CoSaMPEILAIE B (TR L) (d) SSCoSaMPE LS E (TU AT L)
B2 SRFEZR25% T R4 RIS R EMAE 5% E

Fig.2 Compressed sampling signal and envelope spectrum of the reconstructed signal ( sampling rate 25% )
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Fig.3 Compressed sampling signal and envelope spectrum of the reconstructed signal ( sampling rate 50% )
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Mechanical fault diagnosis based on a signal space

compressed sensing algorithm

DU JiaBing TANG Gang”®

(College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

WANG HuaQing

Abstract: Compressive sensing (CS) theory makes use of sparse characteristics that allow a signal with a low sam-

pling rate to be reconstructed. However, because compressive sensing algorithms solve the original signal by recon-

structing the sparse coefficients, the precision of the reconstructed signal is difficult to guarantee. In order to solve

this problem, this paper presents a new signal space compressive sensing algorithm. The algorithm solves the opti-

mal representation space of the primary signal and then reconstructs the original signal directly by means of an itera-

tive algorithm. The optimal representation space is composed of vectors which are optimal linear representations of

the original signal. It has been verified by experiment that the method improves the precision of the signal and en-

hances the fault detection capability.

Key words: compressive sensing ( CS) ; sparse characteristics; signal space; fault diagnosis
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