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Feature extraction of acoustic signal and internal defect
detection of hardwood logs based on IPSO-VMD

Xu Feng,Wu Yin,Liu Yunfei, Lin Haifeng

(College of Information Science and Technology, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The accurate quality detection of hardwood logs can realize efficient utilization and profit maximization of wood. However, due
to the difference in extraction principle of acoustic parameters and interaction mechanism between parameters and wood properties, the
evaluation results in log quality are different to some extent. On this basis, a method for acoustic feature extraction and defect detection
is proposed, which is based on the improved particle swarm optimization-variational modal decomposition (IPSO-VMD). By analyzing
the sparse characteristics of defect signals, the minimum average envelope entropy is determined as the fitness function of PSO optimized
VMD to search for the optimal combination parameters (K, ). And the search of PSO is accelerated and the global optimal solution is
achieved through improving the inertia weight and learning factor of PSO. Then, the effective sub-modes from the IPSO-VMD are
selected based on marginal spectrum and energy ratio of sub-band components, and the frequency band distribution and energy ratio of
each effective mode are used as the characteristic parameters characterized the defect signal to realize the accurate quality detection of
hardwood logs. The actual sawing results show that the major defect types and priorities of logs are detected with accuracy of 88. 6% and
72.7% , respectively, and which not identifiable by global parameters could be examined effectively based on the IPSO-VMD method.
The effectiveness of the new feature parameters can provide a reliable basis for the accurate detection in log quality through fusing the
multi-parameter features and constructing the artificial intelligence recognition system.

Keywords : hardwood logs; defect detection; variational modal decomposition; particle swarm optimization; feature extraction

S H 9. 2022-07-09 Received Date; 2022-07-09



206 f# £ ¥

43

0 3l

T

I A T A PR R 32 T A S0 3 i 1) SE A DA M
FLE IR A 5 10T 8 A o] 1 BRI A A oty AR P J b
Ak, TRl B R A S T S F A %R, BA B
Jyfnm i Sk AR I T B A ] A JEOR o B — i
AR P IRES K I bE o A A S8, R i o T A o
TR 2SR RS BRI ELR B % R R B
7 L B 2 [ — W B A S T A L T AR A, UK
PR PSR RSG5 e BN (S RE SA A il 55 2490 T
A R EARHOR BRI AR R R e 2 S BUARHE
(W PEALFI AR A

PREARGIN A AR IR DR A 5 H 5 T B Rk
SR AR ARG v i W B 7 1k 22— BRI,
TCE WL O T, ) B ER 45 4 b A 452 408 T R X
VAR A ARG R ™ AR B S  , (HL H E F Ry
SRS JRORTE BT A AR DG L I 38 JEOA 5 2 A6 ) G ok
IRB R AR B AR AL AE AL Ge i LR I
LEE IS HEA LIS pocy BELJE LE | 25 2 P O
FEZH WEFEHE H X S8 75 2 B0 ] A A o k53 25 5
BB () T 55 A5 GE P 3 5 I A L R A R ks
SRR TR BN AR 0, AEUEERG I SR 2D
P TR 500 B HOR B I B A 7 vk F ST RN
R E 155 R SRR U 132 25 2 BRI TR 5 A R
PO B HCIR T R bt PR S AR B
L G AFHE BAE IR AS AR R 24745 F e 4
BULR S RAFAE—E 2252, NI, ARSI IR {5 5 Rk
R B R HCH AR IE 25, A RE e il & 2 S 5 3,
P N TR RE U R ST, 52 B AS Jo e s v A I 2 3t T
SR

JEAKGIE 5 & — P AL 2L H B i 3 55,
25 KW A B T JBT B AR I 2 R A R T A R ME JEE
Trnka 55 BFFE T il 3 U TE 5 Bl ik b1 o i) £ 76
R, BIFSEE8 -5 I AR A A 76 T 0 A L, RS e
PRI ST D 7EACHE oh ) (ORI 28080, Lawday 55 2%
3 I 1A AT I (8 L A8 40 5 VR PA MR S AR B N
PRI FPIRDL BTN R 75 A5 B IR A3 335 J2 ST AR JE A
FERBAFIITAR IR AR . BEAh, —SefF oy 7O g N fE
5 A& I3 AL 2% FRAR S B - AU IR R 454 (i
A BREE RN BRI AT 7%

AR 4y B A 43 f# ( variational mode decomposition,
VMD) & Dragomiretskiy U4 0014 AR H 1 — Fh o Al
AR RS H IS NS 5 A BTV RE B K AR 5 A
FRSERUBEA Vo - A5 5204, m] A 8 A o 2 TR e B
G BT ARG AR T B0 i AR B, e

TN P T T R O 5 T 0 2 G R A R
S A TR

VMD F e A FRAE 5 i X A5 A7 o F 3
K AT RE o EEZIBIES R 98, o BOR, 25
3Rl U8 Z AN R I R s AR, K (3 E A Y
W2 FEE IR B sad i, WS 5 BRI R E
I, R A A I (K, o) 21 J2 AR i OB B 15 5L 1 5C
G, FRT—LEBL PO CIF R T VMD S ik
UE ki BEEL (particle swarm optimization, PSO) 8L
HER SHOE D T T IR R A SO R Y
PSO Jrik T VMD IS Ei ik,

ARSORAESCHR [ 7 14555 B Sl b 42 Hh i — Fh i itk
RS VMD FRAESEAER IO SR B R0 705 o 3l 2 Xk B 5
SRRBLREAE 23 AT, 8 fe /N B AL 2R R E D PSO LAk
VMD 138 B3 pR K, SEN R B S HU(K, o) IR, N
HEG PSO B JR) R /ME A BE 52 304 Ja) dee 10 e Stk
PSO 82 H o HAR VAL AR S o7 > B 7 iR AT 1 ekt
HET Hilbert H1PRils AR RE R R L BUXT VMD A B
ORI, I i AU 23 A K B e A SR 32 B gk
B2 e FE R M RAESEL, SR A A8 5T 1 (BRI )
RO BHE T DAL

1 ESESHBREE

AR 4y BEAS 41 f# ( variational mode decomposition,
VMD ) 3 i 325 AR 38 A 8 e 0 A 0 1 20 ) o
AR S G, BT A 5 i o — R B B AT
PERRROBEAS A3 A RS U RR B AR AE AL S o
%7 ( band-limited intrinsic mode function, BIMF) , H:h—4~
PIBIAR w gt B4 BRA 05, BRI
w, (1) = A, (t)cos[ P, (1) ] (1)
s u, () ST RS RE E AR FEGA, (1) 2B
WRIE b, () ARG BREL W2 br(0) = 0, BT FARR
w,(1) = ¢ (1) BEMHEEIL/NT ¢, (1) L,
J9oR A 4% BIME 3 5 A5 55 F048 50, VMD 51 A T
3(2) P i 2 RAS S50
min {3 [1,0(8(6) +j/m) wu,(1) e |}
S (2)
s. t. ;uk = f(1)
Ko, N kDS KA PO AR K RS SRR,
9, Je: IF 18] B4 i L 20 R RR, 45 (| - L 20 SRR B R 5
BLf AR,
R B AL, 5 T REE ST o FIHIAR B H A



5510 1] i

ACe) K3 (2) A X (3) FroR 3 Hias B H J5 e .
L‘( %uk} ,%wk} ,/\) =

@3 10,150 + im0 w0 e ™ +

VOEDWAO) S IONORWA (3)
< >SHNTR SHL o T AR R 37 e A i), CRAIE (R
SR TS A (o) AT ALY SROBR e

2 (2) BB EE AU /M T LA AL S 388 O 1) 3+
% (alternating direction method of multipliers, ADMM ) 3K
F ST RIS B R R A e DR, R DUR Ve Ry
Plancherel {8 B M- 2% 5 322 FIl Hermitian %f FR 78 55 18 Py 3R
fife, B RO A ff i A2 ADMM 7k #2620 (4) ~ (6)
TR w o) AT, AT R H A AR S A
B R (7) YLk S5, AT AR AT B350 RUBE A %5 2
BIMF /&

w(w) =

flo) = Y & (w) - Yil(w) +A"(w)/2

i=1,i<k i>k

(4)

1+ 2a(w - w:)z
@“=ﬁwmrw»V@%ﬁ\nwwﬂﬂw ()
F(w) = 1) +y[f(@) - T ()] (6)

Sl —aplBsllagll < e (7)
k

LA 0 (o) j‘jglﬁﬁﬁ)%ff(w) - 2 u!(w) B Wiener

i=1,i#k

TEWH Iy MR AR e R R AT

2 ETHHBNTFEAN-EIEESIEE
EBYERPEIR A FT IR

2.1 IPSO-VMD Fi&

B FBEAG AL 5725 (particle swarm optimization, PSO)
J& Kennedy 5 228 0017 08 & M4 H 19— Fp i g lkE
PLUEE o SR HrORL— TR Ao A W B 25 ) 825 (G R i
JERNOE ) FEP 2225 ) rp SR ) R e AL, PSO 532
PRI PR A AT S50 AT SR ik 4 ey i D0 ok 1) 1 2801, 30 4 SR AR
JRLe ) A3 7Tz

VMD &R FEBOR K S A E (K, a) . N
T Y Y SR ™ R e B 15 S R B R, 3L
JEAR BT et A 1 ) DLt 5 A ik A Bk [ B AR
VMD X BRI RS BSEAE (K, o) A —
i s B A NI A I T N AN AR S
K (8) F(9) MIERKLF,

B A R R JRUR P 55 R AE B BB A T ke s A 207
vy v A ES
| T +cry - +
Ve, Vo P | | %

gk, Xg,
c,T,y - (8)
8a, Xo,
n n+1
3 Vi
n + n+1 ( 9>
xﬂ vll

A o A BEAUE, F 11 Ja 3R 42 Jm) 148 R g

¢, e, AT iRk B B 2= > fig
J1,r00m, (0, 1) ZEIRIBEHLEL, v", &7 p" g A3 s
S n UGEAUP S (AR R AL E R R R LB UL
TR 2,

H1EC(8) AT, PSO PR AE 32 2K THEH S o (¢,
ey o PRINGHE 5 B S EA A AT LUINPRSE T ) Wi SI0H B8 O
IKE A Ja) B U0, — B ok Bk 7 B L A B
(improved particle swarm optimization, 1PSO) &4 o 1%
A (10) PR B IEAUE c, e, R (11)
() 262 ST AR DA S B pRG AR A

w=0, (0, -o,) Xt/T, (10)

¢, =cy,=cpp — (Cowe = Coin) X /T (11)
K i@, @0 o~ Con I3 BB AUE B 27 2] T d
K F/ME e T, 5350 215 Rk AR

FE IPSO T4 VMD S8 #2 v | 38 1 oR 5001 6
ES e RS A S ALY R AT S )W N - |
N AR I SR R AR S E S R T R A
PR BT RARAS . A7 AR R g A, DR 4l — A AT 41 2 21
W, Ho kb 13 R o595 224 A AR B IR SN, (5 5 4K
SRR T Y SRR N AEAE B B R e A5 5 06 SR 25 PR B
B — RE gAY | AR B RS R A T R R R A IR
R, BT RIES BB RENS 1A S LS S
BAFAE T B S B B, , A R (AN,
ZIEE A, P, TR 4% BIMF 43w, 0960 2% 0 76
IPSO flifb. VMD (3 I 3 R 8, o = (12) PR,

N
Epk == 2 Prlog,(py)
i=1

P = ‘lm'/ ; @i
K £, oy, 0008 w, PELEE AR A A8 12 pR 50, N 1R
SEE, a, N u, HOKESIRE,

VMD S EU(K, o) AT R /40 2%
TR/

(K,a)=arg(£r;'i‘n){%kzl\llfpk} (13)

2.2 BEARNEREEIRA
TPSO-VMD Ji FHZE 539 [ 38 0 380 28 15 5 1 AH S A3

(12)



208 f# £ ¥

43

e IR B A A DRI 43 T A5 1 BIMF BE
8 T 55 R I B A & TR (S L, X
4% BIMF fE Hilbert 284 33K F 301 B | 388 2 50 B3 135 i 48
INE A AR AR A R BIMF; =X (14) 43 9138 A 5L
BIMF 3B RERLR £, , DA ISR IR A Rk Ok i
SRR A P B R S L R

Y (u())’
> (3 (uli))?)

k=

E =

x 100% (14)

3 MBERE

4 BB AL 15 ARIFRBEASK [ 56 6 it He 2 M A&
DT —ZEARM N T A, RN AR 10 (A&l 1 fF
) WP AR A AT W e, Gk e 3K H iy 2
RIS 1WA 5 IF T T IR BT T 03X el oo
w7 ISR — 3, Wi 7 A5 5 P 3 e 2 O SR AR R (NI 5132)
AL IRAR £ (Fakopp Enterprise Bt. , Agfalva, Hungary)
I, (55 O RAE MRy 20 kHz RBEK N 2 000 £,
A i) 73 0 A% 47 ] 1) 0 3 e - Fakopp fRD T, 00 48 16
HETEIy 5% 10 & 5 B 2 REE 0 A R AR ZE T
5 mm &b, WO AR EX 5 /N A R AR O
TR, R IR 2 i 4 T WARAR B 2 18] (19 3 i g0 ¢
N7 T3 ARt 1], AR K 30 em AR I 4R, 4B

30 em - HE, 43 BIUWTAR [ K- (a-a) FIIEEL(b-b) BN 5 [A]
HEAT , EL A IR 5 e A8 ) B 1) 0 3k 3 A Al
T B A RO T, DM SR B DI &, Ttk — 2
B SRR BB SE BRI B oA, JRAREAR 1 R I 3K
B A AR 4t B 5 5 K R it D SR e i AR T
WSCHR[ 6], RAE T30, BUKREA I R 2 W) H S50 %
WFRFFIE S TS T3 1,

NI5132

JEAKEA 4

‘FFE%‘I‘H]T

‘ Fakoppf& a3 #REH

(a) YIRS PR
(a) Acoustic impact test in longitudinal direction
HEBBRE € A A B
liillliilll
SERRRLEC DR
ttrr et
4 5 t
30 cm 30cm 30 cm
30cm 30 cm
(b) 2T B 773 B ] ik

(b) Stress wave transit time measurements in radial direction

BT ISR Ty s =

Fig. 1 Schematic diagram of stress wave test in a log
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Table 4 Acoustic feature parameters of the response signals and predicted defects of the hardwood logs

B 5 o m AR R %

750~1 950/Hz

1 950~2 550/Hz

2 850~3 750/Hz

;g ]15500:750;?; 750~ 1050~ 1350~ 1650~ 1950~ 2250~ 22522(; 2850~ 3150~ 3450~ P
450 750 1050 1350 1650 1950 2250 2550 /Hz 3150 3450 3750
1 - - - - - - - - 18.6 385 354 . VAT
2 - 4.2 5.5 - 29.1 30.3 18.9 - - - - - W/ G/
3 21.5 - 16.7 - - - 22.2 350 - - - - RGN
4 9.9 - 324 - - 30.3 - 18.5 7.9 - - - EE/RE B A v R
5 34.6 - - - 24.9 - - - 32.2 - - - ERE IS
6  66.9 - - - - 33.1 - - - - - - ZWAE
7 - 40.5 - - 515 - 6.6 - - - - - PR AR A
8 - - 178 - - - - 82.2 - - - - W/ EIER
9 - 19. 4 - 43.5  37.0 - - - - - - - EHE/PIE/ ST
10 44.8 - 45.4 - - - 9.9 - - - - - HE/EIR A
11 5.0 69 - - - - - 5.1 - - - 32.0  ZSi/RE
12 - - 43.6 - - - 56. 4 - - - - - RguEE
13 - - - - 12.8 - - 87.2 - - - - BRI
14 - 23.7 - 54.9 - - - 19.0 - - - - EE/S/ AR
15 - 20.2 17.2 - 17.8 - 4.8 - - - - - B s EIG TG

X 4 HRRIAR AT ARSI T, BR T4 R, A P8

W, X 4 R 1 AT DRI, BR— /NG T TSR
YT LA B 430 B 8 kA A0 1R 28 S 40, KA TR AR Y
SR T 45 R 5 S PR WA — B, R & i A A T )
JINBIBEAE N, AR I Y T R SR 2R 73, 6% T X 3=

LG o S AR S RO B TN o R 0] 4y 1 ok )
88. 6% Fl 72.7% ., T 45 Sk — IE SCA SO 3 7 vk Y
AR,

TR IE R A R FUR 8, ZE R 5E 7 vh i e,
PSR A s BHJR F R SR U A 4 SR BRI N



212 % & L F ¥

43

(b) EA 2

(d)JFA 4

(@) JF A1 () A8
(a) No.1 log (b) No.2 log (¢) No.3 log (d) No.4 log (e) No.8 log

7 3 JEUA S 1T e D7) T e e AR 0

Fig.7 Defects located in the end face and the dissected cross-section of some logs
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