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Soft sensing modeling of mill load parameter based on adaptive feature
selection and extraction of multi-scale vibration and acoustic frequency
spectrum
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Abstract: Aiming at the fuzzy type characteristics between multi-frequency spectrums of vibration/acoustic signal and
mill load parameters, the redundancy and complementarity in the multi-frequency spectrums , and the difficulty of using
latent structural selected model in existing literatures to simulate the operation expert “listen” inference to identify
the mill load parameters, a soft sensing model of mill load parameters based on adaptive extraction and selection of
multi-scale vibration/acoustic spectrum characteristics is proposed. The method firstly acquires multi-scale spectrum,
then extracts and selects the features of multi-scale vibration and acoustic spectrum adaptively using kernel partial least
squares (KPLS) and mutual information (MI). Finally, the soft sensing model of mill load parameters is constructed by
using online clustering, Madani fuzzy model, banch and bound (BB), adaptation weighted fusion (AWF) and modeling
of selective sets. The experiments are carried out in the experimental wet mill. The experimental results show that the
proposed model can simulate the expert’s reasoning mechanism and has better modeling accuracy.

Keywords: mill load; emprical mode decomposition (EMD); multi-scale frequency spectrum; feature selection and

extraction; fuzzy inference; selective ensemble modeling
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&2 ¥z 1000 1000 100 10 1000 1 1000 1000 1000 1000
CVR FRPRE 71.49 63.92 63.69 60.17 57.93 56.81 48.13 37.29 32.22 26.01
Her 1 3 4 5 9 7 8 2 10 6
PR ¥z 1000 100 1000 10 10 1 1 1 0.1 10
EisaN ! 104.7 90.54 85.73 83.65 76.08 75.79 72.98 72.38 70.10 64.25

R2HHER W, AF KBNS E AR 2
JRUBE AT (R RH SR AEAF A 22 5 2k, 75 AR A S 1)
ST FEATE P AL ) 36 ML SRS 1B 5. X T MBVR.

PD 1 CVR H [ AT Ar] — AN BE L 61 fuf 40, R 5 2 R
JEE ATRE 1) 25 A Fe A AE 25 v T AR IR 3. & 1R IR 3 Xt
IMFs 3% £ 1) K 2 =2 i T LA 9% 7 0 % MBVR A1 PD
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X 2 H AT S RERNAIRFEINESFIE A £ 0 RIR GBI QAT AN E 2609

P T S EI LN IMFs. SR BLAS SORE AR B T
PR AR 45 G 1 FE 57 48 M BEAN BEALA er S50 Hh 2%
B ¥R bR AE S5 1 IMF - 4L

5 BB R, 7R IR AR L IMFs )5, 38 7
T N OB i AT IR (A0 A AT IR
323 BHEEEREESER

T I R AR RN () R L L 5 A R I R AN
TR 22 I A7 3 S0, T R HE P A ) Y 2
A KLV #2294 B L N 0.69, 14 4 5 fig 2 Bk
HERE P AR AL,

HE ) 522 P 0 32 7 A 2R 1 2 e, T R SR RS 40
N2 ~ 101, BEAL A7 A 25 2 MBVR 16 4 14 2 A5
e PRS0 1) AR R 22 0 R () B T AR B AT LS
W55, 1 7 106 45 e FE B RS D 3. G, 3 38 ) B A
TR XS B 15 5 9 VIMFS . VIMF1 #1 VIMF2.

A SC TR R g B R AR R HE B Y
(BBSEN-fuzzy). & AEBIHEEL T 158 (sub-fuzzy) LA
T 2 A A 35 B - A5 R 1) £ R Y (En-fuzzy)
BRI A R A A 4D ) 2 by 28 ) 3 s

3.5

—— true value
—=— sub-fuzzy
—o- BBSEN-fuzzy
251 = En-fuzzy

sample

(a) ke

35k true value

. —-=— sub-fuzzy
—©- BBSEN-fuzzy
—o— En-fuzzy

2.5

1.5} o

0.5

sample
(b) MAFEA
E 3 REHEIERER AR
HARRNZ /%% (MBVR)

FH &1 3 ] LA Y, AR ST HE D32 3 4 SR
FHEBEASERY (14 BE A T A 9 P Y, 35X 3 W ST AR
RIHERE TR (0 e mty b, AT IR B T L B

Jir 49 g 1R AN () B8 L 67 A 2 0 1) 3 36 1k R A
B ER AR R Gk 1 AN R 2 ROBESIE, 451 1 MBVR
RS 3% £ 1 2 VIMFS. VIMF1 Al VIMF2, PD Y &
PRI 5L VIMFS Al VIMFES, CVR A5 1 1% £ 1) J& AIMF4.
VIMF3 fil AIMF1. H 1 CVRIEF 45 51 5 2 R FEE M

WEENEENSREN B NA— 1M AKEE, £

JROBE Al 2 B i 5 5 AR HE EASE 28 ] 1 5 R ]

DA M 3 T filter FRREAE %6 5 5 32, T3 & 1O 5 ¥2A4T)

BB

3.24 ETEMD REREMESE SR B4 R LR
WA 7145 SRk [12] 0 SCRiR [13] 3% 5 EMD )

PR AR BRI B T VR AT LA, 2 SR N3k 3 TR,
#3 ETEMDRIEIFEMERINELERILE

RMSREs
7k {55283
MBVR  PD CVR ¥y

XHA[12] 0.5454 03074 0.2527 03685 Rzh
YHER[13] 03173 0.1876 0.1932 02327 #Rzh. RH
A 03045 02501 03369 0.2892 RE0. KA

HH & 3 AT %0, A SC 5 30 57 U MBVR A5 7 LA it
AN 5, 1K 5 A ST 7 V2 ML IZ AT & K )
FHEFE A KNAT A AR A AT AR BN BT 43 1. A S B
Tl Bz s, MBVR 218 17 & K EE T IR F (5 5 &
25 5 U BB B A7 fuf S50

AR SCR I N 34 42 R B B ) A 2 Mk Vs AT A AE
Ay R 1 U ) R R A Y N — e FE R B
A DAASEADL A S HE BT e 21 1) T 3037 BEE L 75 5 1) i
55 40 W7 S L A7 faf S ORI A FOATL . B R, &
KA R R 75 BIA ) — @ B i A B i HoA
NATRE 77, DA S T PR B4, 1% 5 g Al AT e, 3%
TP 2 AR SC 5 ¥ 1 e 5 R 55 F SCHR 1131 11— A&
. 46, & RER R KELR R T, BE iz FAF
fis G B 1 2 56, 24 35 s B & 560 723
FRPE b aX B 2200 BT oF 7 P 5 2 B0 SR AR )1 0
A EPEA A I FE A RS AT T KA R
HEATAME R AR, & — A 7 4 Il R
4 4 B

RICHRH T 5T 2 RE RS FIR 75 AT 08 75 45
I [ 38 W $ 5 38 36 14D S L 97 A 2 002 28 1 B A
PR, AR ST 1) ZEDTRk A 1) KA EEMD 43 fi#
BB EAT IE SV B8 0, S T AR IR SIS 5 1
2 R HIE R fif; 2) RS AR B RHE Tk R A S
RN G S50 AR R GE A 1) B R S, I N
% REARBERFAE S B SN RIT 5E R A IME 2
JXBE SR R (0 R B S e R 68 775 3) SR BRI 41 B
BB, BERLIZ AT & K IMIZ 2 N AL AR e M3
DA 3k B P A5 2 Rl (0 2. S8 S 6 BE LI 5 A
PRENFNIR PG S IE 7 AP Ok BT AT
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