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Abstract: For the material accurate measure problems of double input and double output(BBD) ball mill, a method of
BBD ball mill’s material measure based on type-2 fuzzy neural network(Type-2 FNN) data fusion is proposed. Firstly, the
variables parameters are dealed with fuzzily according to the type-2 fuzzy rules, which are acquisitied by multi-sensor. Then
the neural network is structured for data fusion, and the result is the material data. The method not only has good capabilities
of self-organization, self-learning and respectively processing, but also ensures that detecting result has higher accuracy.
Simulation results show that, the application of this fusion system can effectively remedy the lacks of single measurement
method to achieve more accurate measurement.

Key words: multi-information data fusion; material accurate measure; type-2 fuzzy sets; neural network; BBD ball mill

==

1 51 &

RCE X PR LA A 0 i T 42 o) 2R 4 1)
HEAR 7>, X TR G IEH IS H EE R X,
PR GE PR BEAEAR AL R LI TR Ao 0 f v
BPE. EgE S b, SO R L I LU AR Sy T olis
A7, FEHLFRAN K, [l A7 AR 2 a8, L S P 2
I BAT — R AT SE OB AN T B AT B RERL A
BRI T3 EAR 2, (H P78 3 B 5 s
g L ) PR s 22 VI — A 4 1) 4 U
- WIRP NS O Wpco U Y =3 IR C RS Y 18V o8P P A
MAFAEA K, RN, 22 A5 5 I AN A7 SR 10 R R
2, A R LR SRS S K 2 oo

Y B HA:
EEWH:

2010-05-25; f&[E HEA: 2010-08-19.

T H (521102302).
EHE N
¥, -k, N Tt Fedadhil & Refs B R %

A2 57 (1984—), FI G ig), TR, fit, A T R fdhil =28 ROUERAENITL;
WL,

B K, Or DA S A7 AR AR AR A . MRS VAL R A
JEER AT IR S, WG AR A SRR SR AR
LR AT PR 5 AN ) A W A7 A, 365 P RS B A
PR B R P A5 B R A FAl 75 5 5 B R
2, HZAMTPBOR. A vE R A 5 AL F
AU IR 5 28 SEBURHAE ARSI sl s vy T LR 1 98¢
SNECR, PUTIRETT RN A E VERI A2, Fi b, Sk
PRBhid . WAL P RS TR T A AR
SR, BUEARAAE ] DA, SR 245 B R & BOR 18
REASIN T3 3% C 8 Ay B BT A 0 AT PR B 5T 4
.

MLAFEAR, 48 2 Hdfm il 5 SR LR N B

XK A AREBIHEFE 4T H (60905054); 1L T4 B T RHFE 430 H (2006T102); Pk BH Tk K284 5 h 3 4

HEM(1962—), &, #



1260 = *) * E 3 926 %
R Aisg, Hoob: BEFAEYE F G (D-SUFEE B b WIAESRIRIE s, s 1 Bk,
DR LK o N N 3 RS T 4 A s

B D-S UE e B 18 B AT HE AE 1 5 8015 B = AR A i 4L
I T) 5220 B TR 22 I A A% R SEVE I N A 22 M
2% (BP 22 M &%) I Rl & ik, T ee o i i, 18]
Pl B2 30 B AT BUAE 100 R, A7 A8 SR R/ A 8

T TGRS B & L PRI, & T B
B ANIEVE R I R, e R AR R Ty
Iy AL, FERE L R AR 2 T I N, A A AR
R 1 20 52 B LD A ASOR $HE B b 2 LA 5 3 s JEE
BRI B . DRI, RO Ao 2 I 4 1) 22 At il

(Type-2) (14 S, A7 2% filt e T 53¢ Jeg B2 i 48 3 00 1Pk A
SE IR ) R, A 21 22 A B 0 il & R RS 5
(1 —A8r 77 ).

ALK RSOR I  A 8 I 2 HH 25 4 I Y
T 2 AL B AT B, X RGN B S AT R A
I, R — RORORIAE AT B PR SR JE R ) 1 Ak
AT AN PR 00, 80 SR S 5 o 5 S e H T
(R SERERE, T el T — ZUBERI 4R (Type-1) 45
B HLRRE M2 I 0. 5 A, MR AR A I (1 A
PR B L AR I AR 1) 280, Wt 7 36T A
B #2925 (Type-2 FNN) 115 B Rl 4544, K s okl
ARG I N AT i A RGN, R S RS
HOBM RS 25 S A7 B8 0G 3 B, AR ST A A
H A8 m e, o] DL B LA R 2 2% T
DR BV A 0
2 3T Type-2 FNN 1 2 Hdm il &
21 “BIEMIRS

10 52 e B T v, — JRASOR £ 1) SR e B2 ek B0 o
LG 2 560 0 LA e SCI, BAT R 1) 30, AN )
) RSEA A A 3B 25 A8 [i] — o) 7 A AN [R] 1) 45 R, LR
DRLAE T SO SR J B2 bR A [R). 56 B, Zadeh $2 1 T
—Fi 1 Type-1 BB AR 4] 15 21 1) Type-2 FUASRA4E.
Type-2 BRI 4E 5 Type-1 T BUMI 4 (AN ] 2 A 7E T,
B AT IS8 8 O OB B0 1, 1t HLS e o EoA
B ASH 2 1 BRI, B Type-2 ORI A2 ANV AEH
R ICFE AN P, 7 H AR RERGA A SR 2R AU A
fifi 2 Pk Type-2 BORIAR K — e S T

EXT R AGEE URAE X 11— BB 4R,
AN X BB, © € X, WE

A= {((z,u), pz(z,u) Vo € X, u; € Jo € [0,1])},
0<pz(r) <L (D

b pg(2) o = BORBOR 4 SR i R ok 2K, o — B

1 ................. 1
/\ (%)
u’ / 'd
O tl
X X X X

(a) Type-1Z455 ) FE R L (b) Type-2 R4S JE & i 5k

v
(=]
.
.
0
.
0
0
.
— o
v

1 Type-1E 5 Type-2 BUREE RN BRE

TORURD R S A IE L — B R Ge A AL, fy
TG NAGOR 2% o U 2 | HE FE 5 | SR AR AR 2%, {H
IR R GE 38 T B Ru 2%, tnl&l 2 fros.

AL PR | RS

. i
e 7o DR
i i Ty L N
e BRI .
%iﬂ%ﬁ __}quj:g;
HEHR 5|
o i

ETPANES LOHE S

2 ZERURMIRGIE

2.2 Type-2 FNN &% #1&

Type-2 FNN #1$h &5 44 41 3 i, Type-2 Fofi 4k
(1) H ) 2 BEAT FNN (1) 458 g U S50 e . [ it
Type-2 B0 4R 75 45 52 FL R AT I 45411, A <o
AR i 5 AR A0 T (1) &5 18 350 0, 0T ROk SR Jeg
PR AL AH S S AT T A, DA = R GE I 1 .

)z q

K p

T e

RIEPE)Z j

HINE i

X X, X5

3 Type-2 BH#IHZ W EIRINEH

18 F Type-2 BR #oh 28 190 48 (¥ 5500 fi 75 S IR
RSN, 25 5 L7 AR Ak 1) 22 A R 22 IR 2K
5 2 FNN [ 4 A\ A2 B, Al FHFNN 32 1) R 2508 3T R
R S L - T AT WU AT PR 2 B R TN D ke
§F. tH Type-2 FNN M il & 45 52 rfv 3143 00 70 DAL 4
F4 7 FNIN f H 1R i 22 AR o B, J ek 3 22 1) ) £
F AP 52 ASORI AN VUL JE AN S i B2 pR B S 4K



%8

w2 F % AT Type-2 FNN 44345 k449 it

32 B A AR ) 1261

Type-2 FNN REE1H 1 2 ARNZ. H &N &S
HORE R vy HEALLBH 2 2.

B2 REAFEER. 2R T M ACRS A =
(SR B . BN AR R Type-2 BEM R 25— MBS
Ak, SR ve 407 R B b SR P e S, TR AR
Iy XD R g R R

(2) 1 1’2 - C( ) lug )3 ’i C'Lj?
P =exp | - s | = @)

2 2 ..
05 B i = e

o net® W2 RN MG (o= 1,9 A
(F3XH net, EnZm T AW, n =15
m = i,5,k,p,q); cij N TR B BIME 0y o i 0T R
B T7 % puy Sy ORI SR 18 0 KL, 1 0 585 0 J2 1
CAS 5 Y BLIR E AR 38 8 T AE W 46 S22 K00 s 9 4N
AU S 2 BNV
T Type-2 FRBENR [Aj(4ys Miay)> o 2 )2 HI
H u§» ) %y Type-2 HUBIA4E [E§2)7u§2)][9 101,
553 2 g B2 AR BRI e b B SR R
P BRI N, B 5 | 4P R AR i AR U i
HEATHERE & A2 51, JL4s S A2 I
2 IS AR R, FY S AR5 i A
7443 5, SR JH Mamdani 348000 /5 £ [y Y, 5] o
AL Fy A H T 120 RN R T
If x(13) is };'11 and x(?’) is 1*:‘1 and ---
Then ) is [y, 7). 3)
SRR U ) 0 N AT LIRS 57, 75 54
S5 JL G

and xz(-?’) is ﬁ‘il,

s,
=37
H(waky;(f)%
Jj=1
Horprw;, KoRH 2 )2 555 3 ]2 %15 fURN R IEHAUE.
AR Sk KSR HE B g Y ) 2 2
Type-2 2 B 45 11 AN 2 1 i 1R BOAE, DR O 7 K5 7 A
4y H A DA 2R A T A R OV121 ) o g JUARLRE K Type-2
YRR 2 — AN RR IR 1 Type-1 BB 45 LR, B
Type-2 RBCHI LR R BT B n A L X TR U H
XTI kS B A 2 R AR A, AR IXFE 1)
LEPTER DT EHSNAEREZAN T D ITEN
Type-1 BUBCRA AR, X Ho 43 590 SR 75 500, 75 eb O FTAH
I I S5 B AR — AN BT I Type-1 ZUBOBIEE, BRI 4
BT Ay [ 2Ry B s 5 SR 16

Y@ = £ [(Z w&)yés))/z y<s)]
k=1

k=1,---,n. (@)

4
= (3

RkpyRk)/Z YRk>

p=1 (5
Yrp —<

3
LkpyLk)>/Z Yrks

H*%ﬁﬁ”mf¢@¢“ﬁwﬁﬁﬁ“m&.

52N R, %2R RS g R, SR XY
S A A A AR B 2 T B R o
H i, B

4)

(4) (4)
) +
(5) _ pr pr (6)

Yq

oy, 4 Type-2 FNN E@ﬁﬁﬁtlf, EDWQ@D@ME.
2.3 Type-2 FNN RGHIF B %

TEANZE P 28 1) 257 2] vy, v S (E PR B0 20T 1 22 TR s
P L B R, R IR sl T Bk 8 1N
MINSHL, ST R A KA

E=§wm—ym2:%e ()

Fore dp, WIEETH, ym = f(nety,) P4 S Fr
W T8 I S ) A R R ZEAE T, 19 B A 2 ) AR R

R340,
E E E
0= a(s) -5 8%_ e ayﬁ)’ ®
oy OYm, oy e 8ym oy 5
5@ _ _LELL __VOE 5%4 _ L, ©)
8netz(, ) 95 8net( )2
_ oF 8netp ayRkp
@) OF 8net1(,4) ayRkp dw g,zp
AWy =T~y = @ 5,4
Owy,,, _ oF 3netp YLy
6net 8yLkp ow (L4kp
ném%/iﬁh, (10)
s __ OF OB 0y onetl) 9y,
8net(3) 3yq5) anetz(;l) 3y(3) anet(?’)
1) (3) 3
ot (wkj)zy — Wiy iy )/(Zyij)) :
k=1
(1D
[ oF 3net(3) 5y(2)
OF Onet;, (3) dy; 2) d¢;j
ACij 17667 = ®) =
Cij [ OF Onet) ay }
Onet,, (3) By ) 0 ¢y
(2)
7706(3)3}](_2) (z; _Qgij)’
(045) (12)



1262 =

}5

K

& * % 26 %

_, 9F _
1 By =

OF 8net,(€3) 3yj(»2) 8net§2)
—No

8net,(€3) ay](?) 8net§2) Joij

AUij =

5, @ T = Cij
Py = o (13)

#E < min{Es, Eps} (Es N &5V R ZE %
B, Eps A HAFEA I 5 22 25 R BA 21 Fi e 148
SR, WA 2 S50 A5 0, AT R 22 I I A 1

wid(n+1) = wid (n) + Awly) (n) =

N0

Wi, () + Awl) (n),
4
Wi () + Awl) (n);
Eij (n) + AEZ'J',

5)

cij(n+1) = ¢i5(n) + Acij =
Cij (n) + AQ@‘?

oij(n+1) = g;;(n) + Aoy, (16)
3 Type-2 FNN $(#7 it 45 7 BBD K} 47 £ 3l
SRR
31 REFUELRE
T 3k X 8 47 2 500 3 R S B 3 S 56 T 4,
SCMRR I T AR A N s 25 ¥ KU L B R
T TR L IR XA DL A B 5 4
WIS 7 AN B g X AN, B2 3 A 4% AL
K, [RI IS B 0 AR e 2 3 b 8 0 22 N o B, %)
W) 2% 11 38 B N I 1)t A7 A 5 . AT e A SCRH
SCHR [15] Hh R RELRE B2 92000 %% R 3 1EAT 23 A AR B 1B HX
IR AR 1) 100 41 s V5 A I ZRFE AR, 50 204 24 i
PEAR. 22 A A% SR AR 10 JRUUE B 8 4 3 19U B8 )5
S B B AL, R R sk R A I A PR B K A AR
R A TR AR R G, A S R ) Y I
P, JEBENLIE L 100 21 £ 4 15 o v SR . vk o
KPR U = {wi = 1,2,3}; &M@ C = {Cr: B
NOJEZE, Co: W&, Cs: BEHTR, Cy: BRI, Cs:
B IR, Co: SRR, Cr: BEMES( 5 ), 41FI8
PRI Ve, € (0,1); S IEYE D = {Dy}, vk g kAl
WV = {1 ARIEAL X, 20 BeAESEALIX, 30 Az X ]
X SR N X R AR, 5 X A3 BR B R X 43 e B
HEH AN BT SR, B R SRAS LA 2 Ul ik
IR 3 ANt
Q= {Cy: BNIERZE, C3: BRI, Cg: FXIR
}

e

Q2 = {Co: W IRIE, C5: BEH TIRE Y,

Qs = {Cy: &1EE, Cp: EMEE (55 ).
BiEmE Ak REL

Foy 3 1 22 Bl it OB AG DU 2R e dn 1 4

3.2

. B G a IR S Kt AT AR B SR JE XS 3 A
MR IAIEANIE S g VAR R €/t T SE s R G
FFREAT BCH i 5 o R 50 2 i £ F) A b 5 Rk
AT IR AT LU R S i 15, 19 B IR AH.

DR

i EAE y
B4 HEMSFRGENE

3.3 Type-2 FNNHIEREE L

1) K RAE (W I A 20 KRS SR 13047 04 Ak
BB 7SS 5RO 3 AN AH R IO IR £ 1R AR A
X1, Xo, Xg, JEAL3 MG 7 AP I 45, B RS
(AR A A 1 8 ) 285 FR N

2) Fa) I ORI A 22 I 9, EAT B R KN
At X, Xo, X3 53 I8 NI 3 A4S fh 28 19 2 vh
HEAT U ZR, JFad S A6 4657 ) SR A S B AT
PEAC TR HE, 5 243 30 3 AR 255y, ya, ys.

3) X y1, yo, ys HAT PR HAT B RLE . M E HKE
B E 3NN v, yo, ys I8 FIERAUE, A7 INAL
SRR Bl 45 3y, BUBMS A IE. SRk

y = 0.2y; + 0.1y2 4+ 0.7ys.

4 SEREERKSH

AR ST B S5 AE G T T LR 5K S
AT, B AE L I RS AR L )
BT 8837 3 AN K I 7 i 22 P 4%, J2 1 Type-2 FNN Il 25
S BRRN 22 B0 Rl ST, 6 3 AN - 28 ) 2841
300 ZHE s 73 AEAT Y 2k, 15K 1 100 21 Bl 2R 47 5k
o ) e, sk 0 20 £ R R SR 2 £ 45 B e A
BV AE. Sk 36 UF A S i ) Je b v 5 s A, R SR:
F Type-1 FNN R G/} LU sz 56, 445 21 1 5 41 50
L5 S BR AR HEAT LA, L 20 21 £l 3R AT 0 L 1 B,
W 1.

M 1Al LUE th, Type-2 FNN RS0k 15 1EH
B 5 SE R W) & 8, B4 72 B Type-1 FNN &
SR P i, B A A A T S R B RETL P A IO
UL [FII, Type-2 FNN 2 G0l 15 508 (I HERG %, it
ST ARSI I 2 T E i, AL T Type-1 FNN &R 4E.

a7)



%8

2 F % T Type-2 FNN £k3 fkA-44 st 3 iy B HEAUHHE A

1263

F 1 Type-2 FNN BBt SRR EXT LR

s b AL S el HE -y
U7 R RMME ORI SKREEE SRR
1 32.8 35.7 35.2 2.9 2.4
2 36.0 39.3 38.6 33 2.6
3 374 404 39.3 3.0 19
4 42.1 447 437 2.6 1.6
5 43.9 47.0 45.7 3.1 1.8
6 44.4 474 46.1 3.0 1.7
7 45.6 49.0 48.0 3.4 2.4
8 46.6 495 48.6 29 2.0
9 473 50.1 49.0 2.8 1.7
10 48.2 50.9 495 2.7 1.3
11 49.8 52.7 51.7 29 1.9
12 50.0 53.1 52.0 3.1 2.0
13 51.9 54.6 54.1 2.7 22
14 525 55.3 54.5 2.8 2.0
15 53.2 56.5 55.9 33 2.7
16 54.0 57.2 56.1 32 2.1
17 54.9 575 56.6 2.6 1.7
18 59.6 62.8 61.9 32 2.3
19 61.1 64.7 63.6 3.6 25
20 62.6 66.4 65.2 3.8 2.6

T 1) R SR 100 4P AT R LEG
2) ML I 5 AR CREFICKY ) (¥I3C78 B2, BV o5 A7 1A 5 IR0 7 45 L
PR ML ARE BA57 4 T 40 4L
5 4 %

ASCKs ZRUBORI B IR 5 BP M4 4 AH 45 4,
LT A BOBI A HAT B B SR R R B R, A
SR e T RO P SH R R T O SR D ) R,
F BP 1 8 4 25 0] Jf AT A BE DA B 25 5 M R 65 4 1P i
FIAL AL, i T AR M 48 (57 ) 2R, [ H
SYFIAEEERE ), AT AT RCORAIE T 200 R 1 e Aff
¥ Type-2 15 KL Rl& 28 G0 B T T 0UHE X HS B LR
oril, 07 S R AW, AE BRI AR T, b PR e
S E IR RS, BEATXUHE XL B L AE A o 5
R AR  RRMAL IIAT 55

2% ik (References)

[1] Cui B X, Su G H. Measurement and disposal of noise on
double-in and double-out stell ball mill[C]. ISTM/2005 6th
Int Symposium on Test and Measurment. Beijing: Word
Publising Corporation, 2005: 2569-2572.

(2] ke, BRE 2 X0 HH A 3R B B A B A

HIIC]. 57 8 Jm TALACR Y A sh b # AR R SCEk. bt
AESUU R IR KA H kL, 2007: 293-298.
(Hou D L, Chen Y J. The double type mill level
measuring technique and its controls[C]. The 8th Industrial
Instrumentation and Automation Conf. Beijing: Beijing
University of Aeronautics and Astronautics Press, 2007:
293-298.)

(3] HESdk, 20, ARUK. A AEXHEXT HS B AR UL AS DI
FHRINZF[I]. LB Tk K22 274]), 2008, 30(3): 341-345.
(Cui B X, Li M, Xu B. Application of wavelet packet in

material level measuremen of double in/out ball mill[J]. J

(4]

(3]

(6]

(71

(8]

(9]

(10]

(11]

[12]

[13]

(14]

[15]

[16]

of Shenyang University of Technology, 2008, 30(3): 341-
345.)

KA 9. Dy (LR V08 B RELIE A7 142 1 55 B T [0,
HEA L), 2001, 7(3): 48-49.

(Zhang Y Q. Coal level control for coal pulverizer using
power(current) method[J]. East China Electric Power,
2001, 7(3): 48-49.)

Zadeh L A. The conceptofa linguistic variable and
its application to approximate reasoning[J]. Information
Sciences, 1975, 8(3): 199-249.

Wral, hEYT. —RUBORI RGeS T[] BRI R GE
H%¥, 2005, 19(1): 126-135.

(Chen W, Sun Z Q. Research on of type-2 fuzzy
logic system and its application[J]. Fuzzy Systems and
Mathematics, 2005, 19(1): 126-135.)

Mendel Jerry, Mendel Robert I, Bob John. Type-2 fuzzy
sets made simple[J]. IEEE Trans on Fuzzy System, 2002,
10(2): 117-127.

Mendel Jerry, Mendel Robert I, John Feilong Liu. Interval
type-2 fuzzy logic systems made simple[J]. IEEE Trans on
Fuzzy System, 2006, 14(6): 808-821.

Mendel J M. Uncertain rule-based fuzzy logic systems:
Introductionand Prentice-Hall:
Englewood Cliffs, 2001.

Karnik N N, Mendel J M. Centroid of a type-2 fuzzy set[J].
Information Science, 2001, 132(4): 195-220.

Liang Q, Mendel J M. Interval type-2 fuzzy logic systems:
Theory and design[J]. IEEE Trans on Fuzzy System, 2000,
5(8): 535-550.

Karnik N N, Mendel J M. Type-2 fuzzy logic systems:

new directions[M].

Type-reduction[C]. Systems, Man, and Cybernetics. San
Diego: Proc IEEE Int Conf, 1998: 2046-2051.

Lin F J, Shieh P H, Hung Y C. An intelligent control
for linear ultrasonic motor using interval type-2 fuzzy
neural network[C]. The Institution of Engineering and
Technology 2008. Hangzhou:
2008: 32-41.

IEEE Computer Society,

Passino K M, Yurkovich S. Fuzzy control[M]. Beijing:
Tsinghua University Press and Addison-Wesley, 2001.

BE AR, BREIL, B BUFE XU H P A LR o 22 190 2% 1A
SR PERH AL K244, 2009, 31(4): 432-435.
(Cui B X, Chen K, Duan Y. Fuzzy neural network modeling
and simulation of BBD ball mill[J]. J of Shenyang
University of Technology, 2009, 31(4): 432-435.)

T U JEE IR A S D 5 P U [D. TR : PR
TARAAR BB S TR BE, 2008.

(Li R. Material measure and control of BBD coal
mill[D]. Shenyang: College of Information Sicence and

Engineering, Shenyang University of Technology, 2008.)



