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Application of Pattern Recognition Technique to Fault

Diagnosis for Loudspeaker

LU Xue-jun, CHU Biao, XU Zeng-pu, YIN Wei
( College of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: Loudspeakers faults are now detected by ears in the factories,so a fault diagnosis method based on pattern recognition
technique was presented. Firstly,the responses of some classified speakers were acquired and processed in order to get the
standard frequency spectrum of different types of loudspeakers. Secondly,three kinds of indexes of Euclidean distance,similarity
and two—dimensional correlation coefficient were used to recognize the types of the rest known types of loudspeakers by
comparing their frequency spectrum figures of response with the standard ones. Results show that the new method can improve

the rate of correct recognition.
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Fig.1 The flow chart of loudspeakers’ fault

= Rt bR AR IR A A A2

pattern recognition

ora s ik A R, 3 A A 27 ) 5 U1

R BHEA: 2006-09-27
EBR: F2F%E (1968—) o dbEEI A, BI##%, 1.



2007 4 3 Ay A RSP BORTE S AR i B2 Wi b ) - 73 -

P RN -S AR5 A SR AR B 55 2E A 7 AL B BRI
NTE AR R AL 27 ) i R R A E— € 4 75 e (B
HE)VREAS LA b M Hs— R A9 2 AR B3 T2 26 %,
11 P R R R 5 IR (9 00 28 Bt A T
DERCAR U R s X A4 2001 47 P e A R ) A
1R,

2 PEHEFESRERFIERN

Wt E S RERGEMABGE S K L. B
i AR AR BRI RGN T PR UESS P
WA S A5 A FLPR B RS 1 T8, BT A A I i e T
P HEAT A A A R g e TE SR b R ORI
H HYEE BANAE FRE 5 A4 A FET X 20~1 500HZ.38
AP BT S RAE BRGSO 175 5 A A A5 5
A S I D4 X[ A A7 E T SR,

A0SR A E R S 4 75 A 1 P Al
FEUE IR 2 TE S 75 A i L {5 5 S W ok 47 7 g i)
WAE T R MR AR RS 2 AR BU A T /NI . Wigner
1 Hilbert-Huang %5 Z MEFAa {5 5 i ik 2,
B B S AR (STFT) S35 1 B0, ) 52 B 38 50
B R HLREWS S A7 P 5 LA 5 B I UL LA
R STRT 5k 47 m e 0l A5 5 A 7 A0 23 K
M 17 {5 5 DA o ) — WAL 18 — 4 s i) 225 46 3] B ) —
R —RE B (1) = 4EAS (8], 23 BTl RS RO

STFT W55 ZER 1] t B4 i OO 7E t
AT BRER () 515 S ARTRR S B T AN TR B I ] ¢,
()2 HeF il 4 201, STRT 8 e 24

S(f)= [e " x@)h(z-t)dz @)

B X(OTERIA t Al i AT )

Pt f)=|S(f) =
| fe > *x(o)h(z ~t)d| @

X F-hE—N AN [ (RS R] ¢ 48 AT LA — A ]
B 3ok BEATE ()RR T A I A Py (t, )
SRR A3 A AT 14

X3 (2) BEEABALBE, AT LAARARE S AR AR
BWREFNNES () G5 KN xRN f I
B xR B K EE A w i) hanning %, 5 5 22 ]
HEEMW S o8 L—NKNN wxe HFEFE F5E5
X(t) I E R (3) HEFIEAEME[X],,

x[0]  x[w-o]
Yo x['l] x[l.+w -o] -
x[w — 1] x[Z.w -o-1] -
X[(c—=1) (w—-0)]
X[(c=D (w—-0)+1]
X[ce-Dw-0)+w-1]
s, o=| X204 05 | e 19U
WX 501 T FRT IR EI Y], ST [Y]o. R
BRI (4) 2B HA5 BUHTHERE[Z).
Z[i, j]=10log,, (I Wi, j11) ,
(i=04%..,s-1, j=01.c-1) (4)
Krh, s=w/2+1 JE M [Z], SUR R 4 0 RRIE A6 B,
TS B 473 75 25 0 A5 B RFAE SR IR b IR R
MRS IR ZR G 2 T s e sig .

(3)

3 #HEAREERIRBIETR

R AR [R]— A 7= 25 1 T TR1 247 7 s e i g 555
W AP 22 5 AT s A AN [R]L A T 0 RT3
Xof T [RS8 70 ) 47 7 #4515 1 22 R A 4]
SR IS Y38 K- 14 I R 08 1S A SRz Fig 7 i S 7
PR A T P AT P61 SR ST-38 2 4 e T L HL A A (] 58
R R v P A P R ) A7 A 3R A R BE (AR T
SROF, Y345 21 I 0 5K (B F T A s — R &1, AT
15 B PRI ]

N T EPERR AT T 3 R IR SIS R, 25N
RIEGIE S . ARRURE RN 2 M 56 2R 800 25 5 40 11 ) 4
A3 FECTEIR BRI SR

BEITE I N =W x H MR SR LW AT H 43
R TERE R EE, GG, ) AR ESE 175 | IR R
SR K B, P I<i < H 1< | <W U
Kl AFI B Z A AER GBS B, i A

EAB=Ji§[GA<i,j)—GB(i,j)] ©)

=1 j=1

PG AT B ZIAIHOHILE Sie o
2. 2.Gali: 1)-Gs (i, J)

Sre = H i\;l = H W ©)
\/ZZG:(LD-ZZG;(LD

AR A B Z IR —HEAHSC R A Rag



74 -
2. 2(Gu(i, ) =G)(G,(i, ))~Gy)
RAB= H V\;=l — — 0w —
\/(ZZ(GA(L =G (Gs (i, 1) - Go)?)

()
KA G, (1, §) Gy (i, ) 70 FR I P A B H2
AT | ORI K.
PUNEIN 255 =R br ERR R R . IR
IR i R B A AR b, LA A R 42
PRI TR R A AR X — 2K

4 L I§

BEET W] — 484 P2k B A = I IR R LS 87 A
P A E R AEA, N H AT A 60 M4 75
SRR RS AIAL 27 AN A o R R R 11 4
BRI TR 8 Al AR B T &
Py g WA AR 1], I DA G747 75 2 R 20 Mt
Tk P X L 1 JE AR B I 747 75 A ) AR AT 1]
W 2 R X5 T 3 e o i 6 e A A
WA TR AR B HAR N AR S AN 3K 4.
’l 5 FiR.

o 02 04 06
i /s

B2 FHERReER S E
Fig. 2 Standard spectrogram of good loudspeakers
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Fig.3 Standard spectrogram of voice

coil hitting the back plate
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Fig. 4 Standard spectrogram of loose glue joint
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Fig. 5 Standard spectrogram of having sands
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Tab.1 Recognition score comparison to three indexes’
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