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Machinery condition monitoring data compression

based on morphological lifting wavelet transformation

WANG Huai-guang ,ZHANG Pei-lin ,WU Ding-hai LI Bing ,FAN Hong-bo
(Vehicle and Electric Engineering Department, Ordnance Engineering College,, Shijiazhuang 050003, China)

Abstract; In order to solve the problem of mass data transmission faced by the distributed condition monitoring of
large-scale electromechanical equipments, a method for data compression of vibration signals based on lifting wavelet
transformation and that based on morphological lifting wavelet transformation were studied contrastively. For actual
floating-point vibration signals, a method for data compression of mechanical vibration signals based on lifting wavelet
transformation was put forward by taking the advantage of wavelet sparse decomposition characteristic. The effects of data
compression with threshold processing were improved greatly through optimal combination of the transformed wavelet
coefficients and code improvement. To overcome the shortcoming of the measured data containing much redundant
information, a method for data compression based on morphological lifting wavelet transformation was proposed for
condition monitoring. The pretreatment of network monitoring data of vibration signals was realized in the process of data
compression transmission by adopting the non-linear analysis characteristic of a morphological filter, then the noise was
reduced and the useful information of signals was reserved. A maximum differentiating capacity criterion was proposed for
selecting the number of decomposition. By comparing these two methods for data compression, it was shown that the
morphological lifting wavelet transformation has the advantages of simple calculation, fast analysis speed and high
compression ratio.
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Fig. 1 Data compression program of lifting wavelet

RSP /INE I i 2R AL B3 AR LA 1,
L2

(1) MR AE S HEAT 3T /INEAZ e, AR B0 A
JE o M /N AR BRI TR L, 0 5 0 2 A

(2) X/ 2R B AT 3 o 30 W 964 T 58T HE A7
A4, AT IR AR I . XN R o, 208 b, ik

IS Ly = UO%”VLEF)“%@%J& L=L,+2L, ,/ﬁ\:':f:' L, = max
(1,[Ly/2]) AT Y b, Wes R E -

B = (1 -ALa*/S,), (4)
o8] = 3 wiiA - logh =3307 I fi S Iy 2,
E AT A5 40 /N R B E

median( |, |)

7T 06745 (3)
YT 2B b, RS e Ab HE .
;)k = Bw,, for w, € b, (6)

(3) MEERAENERBEM, HLEFEHRAK
FFICRALE, X A T R K] FOl sk B RALE
X AL /N 2R B ZE A A A T s 4 2 e BV AT S5 3

(4) Bl CAN MA&ALhm 2] LAV, iS5
AR/, T A ZRAT IR 5

2 ETHRSRANBEBEESERZE

2.1 EEFRKESE
DS — M3 Ry B U AR LA B e, XA B0
G IR IR PRG5BS IR I A o & e e it
BN )2 AR LM IR, o TE 5 LA 4 i)y
ik, R T 5E E SCH 2544 70 28 X5 5 147 DL e 1% Jmy B
EIE , A RERIUE 5 550 B A0 e 75 JF Ok B8 A TG
Bo TEAEIRM AT 2k JESTF LR IR,
T RO 5 A o AR /IME, T TR B B
A SR .
2.2 EERFANEZIBR
TEAAR TN & T 5 Al 3 AR L B A B ik
wo WV, NS REEFS 25 M, W, 5 ) R4 2
[f], s
(1) BT, A XHE N — B 55 i
FHAEAHEF IR ¢ VooV e’ s Wo—W,,
BT WV x WV, il 5 B T T
Vi W, KoE SUIE W, BT SO 7~ B IE S
5H
y'o= oy =) (7)
WAE W, FAEEIE T4, Hi e
(i Fy) =5 = =) 4y, = yl} (8)
Y1,y € W,
TR AR ETERERF S », HE B g7y
E5 HMTE S FR RSN
(2) HOFHRTE. SUFHRT s i ek E = o b
EF LA WE TR AR N, eV, BAFTE
AT, <7 R
(%, Fx,) =x, = (x5, =%,) +x, = x, (9)



164 & s 5 &

2014 4E45 33 %

SEUUE RERFSH
2", = x, = A(y,) (10)
A PR ITR A W, SR VR T
(3) [FoEN, JFESERR
X, = 1//l(xl,y]) = zpi [/, +
A D)y +m(a + Ay ] (11)
TV A T o0 S E A R L 2,

K2 B - SRR T TR
Fig. 2 Predict-update lifting scheme
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Fig. 3 Data compression scheme based on

morphological lifting wavelet transform
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Fig. 4 Simulated signal and frequency spectrum
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Fig.5 Time domain coefficients of lifting wavelet transform
D5 FLAF I SR P S DL 40 X5 FLAE 5 0F
FrARTH/NE O, S W 2B 3, o3 ik 45 2 /N R KL



55 10 1] FMOEE: B TIREIRTH MBI AUMCIRZS W I EE 4557 5% 165
ULIEL'S o EHERTE 2N FR BT S B 1 45 55 TR M , i i N
FHZIKjCﬁ%Xﬂ‘%&%EiFﬁET 5‘60 SGiPUE/ PAWAN § 0
B ik e R B0 A e O MR S R B X AR, DL = 1024 2048 3072 40%
6(b) ﬁﬁl‘aﬂfﬁ%&lﬁgﬂc,?ﬁfﬂ 7t 4, A {4 = @ e
i e A ROR . B 6( *)ﬂﬁﬁﬁf%’#ﬁﬁl‘}fﬁipﬁ% £ 20
B 6(d) KT A (5 B, 5 A B T X g_zg“’“‘“w‘ W‘*’W i
A, ﬁﬁ«iﬂﬁﬁa’-}f%ﬁz%,@%MWMM%@ =0T ey Y
IR, B Rk — i A 3 ~ (b) TEATEF /NP 40
220
7 £ Y SR RPN 7 IR SR T
g 0 m “20; 1024 2048 3072 409
-H:sz 205 1024 2048 3072 4096 = ;%*ﬁﬁ{g o
E %ﬁé,"—iﬁN ;;\ S (C) IR AEE T
o (a) RTINS RECEA E A\
T 50 < mu'.,,m,,m
E 0 — @ (1Y VY . . e
3 1o .
sm -50 . . , , = fx10Hz
l”;ﬁ 0 1024 ;(é(.)é%ﬁ v 3072 4096 () TRIE 5SSyt
i NiES , .
gy O REEERIRRN BT SIS NI A AR
\E, 0 Fig. 7 Data compression effect of lifting
% ‘100 1004 4};(')43& 3072 4096 morphological lifting wavelet
-HE- ﬁé "')‘l‘T"" N : A " 2 N ZH $8 b =
() %g}j—igﬁim{gg Xfth?‘jﬁﬁﬁ}fzﬁi)fi%,I_I‘%:/fﬁ’j:ﬂfﬂlj\{ﬁ/ﬁ%}‘f
T W, AR5 DR IE AR R E R EC 0. 1879 , T4 JHE /M i
£ 1“. Jr R SR B R HCH 0. 5326,
~ 0 sP = 2
% 0 D 3 3.2 XSS HH

(d) fRE4E S
F6  $-Th/ NP e A BOR
Fig. 6 Data compression effect of lifting wavelet

K7 R AR SOE 25 82 TH /N5 12 0 5 BLA5 5 ik
Fr o3 i R 4, R IR ORIE 2582 TH/N, 3 2 ik 1A
7(b) oI A 3 2 U AR K Kbl h i 4 096 Iy
512, Bt i R MR sl b, BE B RCPR B 0 A 5w ke
Ho, R . 7 (o) I IEAEME S %055
PG ILIE 7 (d) , BA R B AR IR 7 o

AR SR S D U e B4 5 0 DA B B8R s 46 U7 v
HEFTIAIE .t ACPR BN FE {5 5 B A 3 R U A A4 1A 50
&, % 1 800 r/min, SRAEATZE 15 kH, SRAE S 40%
B 4096, [E8 v Fe ARl R A B K 15 5 B Sk B
BTG E

X R A5 S A TR T LN B 43 A, DR AR (9,
7) $ETEINGE, o240 3 2 SR TN AR e 5 R Bk
Sy B BE S R4 T (A AL B, PR T A5 S A L
K9 (a) , fE—ERRE R PRME S T3, A JE cXf=d

SR SRE . E il 9 (b) B, i L4 5 15
SR KRB IURE R, SR AE A ﬁo
é&';lr_LL | | L éilll l | " 5%
géc,;-,:w“‘,; Mt ae cT;-,;L!“Lw::[ e nannayy g 0 W
=3 : =3 =3
=70 5 10 15 20 25 30 =70 5 10 15 20 35 =0 5 10 15 20 25
tx 10%/s tx 10%/s 1x 10%/s o
(@) WA (@) WS () AR S SRES S
~ 3r ~3 x4 10
X X (%) 96Hz
< 2 2 <% 2 288Hz . | 192Hz
2012 3 4 05 67 %8 =20 2 6 8 10 T (R A S SRR S )
Fx 10¥Hz Fx 10¥Hz Fx 10¥Hz
(b) i (b) Hiik (b) FREAE S
IR SR (T A RPN B9 RTINS Bt FEL10 JBAFETH/ N B i 5 Bk

Fig. 8 Fault signal and frequency

spectrum of gear box

Fig. 9 Decompression signal and

frequency spectrum of lifting wavelet

Fig. 10 Decompression signal and frequency

spectrum of morphological lifting wavelet
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