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Temperature-sectioned prediction model for microwave heating process
based on adaptive network-based fuzzy inference system
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versity, Chengdu 610064, China)

Abstract ; During the microwave heating process, materials in different temperature regions have different internal
characteristics. Using traditional temperature forecasting methods, it is difficult to obtain satisfactory prediction re-
sults for both low-and high-temperature sections in a medium. To solve this problem, this study proposes a new tem-
perature-sectioned forecasting model based on the ANFIS ( adaptive neuro-fuzzy inference system). For this meth-
od, we established a temperature-division mechanism based on K-means clustering. Additionally, we used an AN-
FIS with different structures to forecast the temperature of the heated medium at different stages. We also construc-
ted a conventional ANFIS to predict a material’s low temperature and a subtraction-clustering ANFIS that determines
the fuzzy rules from data to predict a material’s high temperature. Simulation results demonstrate that the proposed
method achieves satisfactory results for both low- and high-temperature sections when compared to ANFISs and BP
(back propagation) networks with a single structure. Model efficiency can reach 97.41% and the prediction accura-
cy is significantly improved. The proposed model can improve the efficiency and safety of the microwave heating
process.

Keywords : microwave heating process; sectioned temperature prediction; K-means clustering; adaptive Neuro-

Fuzzy inference system; BP nerve network; subtraction clustering

{1 Sy — BRI 2 B AN R T R, 32 M 0 5 B 1 A A
PR, R AT R A e M RO TETBZ . MR R A 5
- PRV A PR L R I 5 R BB R
b i TR B AR 5T A 2 G B 22
BIS1EE JAHE. E-mail : x2.7hou@ scu.edu.cn. IR G Y N AR P SR, PRI R i A




- 62 - BOBE R & ¢ WK B
A it B2 A VA T PRI R D R SRl T #Ad 7 N R 25 W8 05 35 B e BB 3 /N R R 5
LA AR O TR R A AT MRS S AT /N i, SRS AR R 1 B A e
Wz —, ORI (ELXF ik I B vos 00 28 A I (L AL A B

A, ] P Ah 2 e 3l R Tl 5 vk EL A TR
5T, Pedreno-Molina 254 RBF #4455 £
T 66 4 7 R AH 45 110 JEAEFH T AW 2 B T bt
RTINS . TRIPATHY P. P. %5F 2009 4E{#
it R 245 7 i TN H O T4 0 AR B £ R IR RS
TWREMEERD . BN 2E T2 5% T 2006 4-F)
PR FREA A0 AL BP M 4%, 7 38 1Y 4R 7K 28 50
FEFHR ALY B T L 0 B 2K L ) 0 5 A
R RELST S 2012 AT Aok A 25 1) FH B0 32 i B 42 B
REASBHRAERE | 57 T T-S BBy o 25 190 4 5 75 5 0
PSR R TR TR 45 SR 86 T Oy iR R T BP
RIZg T SR, Bk A R A, H—
SR 2 D) 4% 11 TR T i e R AR SR A i, IR L
TEFSFACAHMAEE AR, L2 Frksy
A FEIMPA A [ T B BE P B A2 1 A [ e
TR

BEXTE A ST AR A 2, A SO R R
[ 35 07 2 ABOR) 1 2L 2 290 ok T At AR R A
TR EE . ANFIS'™ ¥ i 25 1 4% 5 B M 3R Ge 45
A A RG] LR & ZAR R FREARZLRAR
(RS SRR 2 I 2 I AN I 5 13 A T R 2t
FOTSIN ), AE LR b AR A A B A A )R
FEBBOA AN R 5L K BRI
AN TR 43 S ARG IR B BRI 3R o B 43 £ T 9
W LA B AL ER b R | v T o B
TSRS L R A7 L 4h A5 T T o) AR 2 AR 7R R
SR,

1 BT E

TERIBE N R At v, A S 0 o 18 S B i BE AR
SRR | B IR R AR AR PR R
TR PR L PEE SR AL s AN BE A (SURE G 5 MO 7 L B
T 5 B2 B N R AR R B R LA
Dl T G i B AR e 2 M 070k | /NI S R AR AR
e i) LM 07 T HA 58 AP . FSE R,
Donoho & H ) /N7 9 F 25 W J7 vk I T e v 2 FH e
ST AR NI A 2% MR T R A%
SR DN 14 5 MR B A S E A T AR B, 5 R P
(1) X

S(1) =s(t) +n(t) (1)
s (o) O SRR IR B R, n (o) S MR AN IE 2590 A1
AR ELT5 26 0 B i v 34 R

e JE AR AR/ N B R HOR 25 MR F5 4 va A/ N B R R
155 R LR EE S

IR/ M sk A TR A 25 MR AKCR ) 4
IR/ INCRE R TR o3 A Y T2 180 (T pR K 18 B LA
L BEL R E A ARG AR . BUE pR BT B BE
Foft, A EE T 10 1 PR SR 9 L PR 65 2 MR SR B -
T, DRLIH AR S48 20 o {1 PR K5, 8 BR L PR 00 S
(2) Fi7s

w, = sgn(w; ) (1w, 1 =A), 1w, 1=A (2)

0, 1w, <A
S, il 0, 4010 2 22 Ak B 9/ 2
FE sen( - ) IS REL, BE A BOH o’lg(M)
=" L) A O M
SRR,

V5 (L PR B KA /IS R (R T 5 0, 7 A — A
/NI R ZE IR B(EL, BR T R 1 PR 6
FHBELAIAG T30k | i w5 20 4% 538 B /N Al i
B R Z R AR TSR A 7 10 5 /N IERE DL B
O3k V2B, JF SR FIAE MR LE (SNR) | 29 07 iR 22
(RMSE) LIRS 38 BE AR AR AE S 5 BBCR 3T
P, TEZEE IR T JURR R /N LA [
SHRIEEUR AR 1 PR rYSER,

F1 ARNEEURSHBEHERIRGTNER
Tablel De-noising result evaluation of different wavelet

basis and destruct levels

INBEEL AR EEL SNR RMSE PSS
haar NI/ 43R 1 )2 47.633 0457 2 0.952 7
dbd /NI 3R 3 )2 63.038  0.077 6 0.990 6
sym6 /NI /43 4 Z 55.374 0.187 5 0.977 9

1AM R T LA 2, 2 dbd /Nt
JUUh TR BRI AT 32 0 i, {5 R HE T LSk B
63.038, &= T H db4 /NEE A sym6 /N S BRAE 5 1)
ML YT AR 22 H9 0.077 6, Lt db4 /NIl sym6
AN S8 AR 25 TN S0 FEHE BN = T dbd
WA sym6 /N, Fe R R MRE S BT, i
dbd /N L R B AE R AT 3 240, TT L3k E]
ARAF 1) Ze Mg R ) LI 0 3 M B s 5 S 2 )5
AL B An 1] 1 B



A5 ANFIS Bl I 7 73 B il B2 P A - 63 -

2001
150}
[}
s 100f
e
50- s S g
— AR
------- AN SR
0 1 1 1 . \ ) . :
1020 30 40 50 6 70 80
#/min

E1 BEEBEHR
Fig.1 Wavelet threshold method de-noising results
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Fig.2 Temperature sectioned mechanism
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Fig.5 Prediction result in low temperature use bell

membership function and gauss membership

function
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Table 4 Comparison of results between prediction value

and real value with three different models
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Table 5 The performance of three different prediction
methods
RIpSRFS RMSE STD SSE  MAE RY/%

ANFIS JREE/MB: 8.08  9.64 53549 512  97.41
Pi— ANFIS 9.33  11.03 71455 5.99 96.54
BP %% 10.97 10.19 9875.6 7.31 95.21

4 HEFE
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S AE A e B IROROR B U] K4 i ANFIS #E 47 FU
T4 SR B BT ANFIS B I 3 43 B Tt 5 B 7
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