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Abstract

The reliable temperature prediction of grain heap has great influence on safe storage of grain. Grain
heap temperature prediction by interpretable method can improve the reliability of prediction re-
sults. Since the interpretability of Belief Rule Base may be weakened or lost during the modeling
process. Therefore, a new reservoir temperature prediction model based on Principal Components
Analysis and Interpretable Belief Rule Base (PCA-IBRB) is proposed. First, the main indicators af-
fecting the temperature of the grain reactor were selected by PCA, and the interpretability modeling
criteria of the model were defined according to the selected indicators and the grain reactor tem-
perature characteristics. Secondly, the Evidential Reasoning (ER) method, as a transparent reason-
ing engine, ensures the interpretability of the reasoning process. Then, a new Projection Covariance
Matrix Adaptation Evolutionary Strategies (P-CMA-ES) algorithm with interpretability constraint is
proposed to ensure the interpretability of the optimization process. Finally, the temperature pre-
diction of grain reactor was studied by the measured data, and the average MSE value reached 0.0044,
which verified the effectiveness of the model in the temperature prediction of grain reactor.
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Figure 1. Structure diagram of the grain reactor temperature prediction model
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Figure 2. The criterion for the interpretability of the GTP-BRB
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Figure 3. Optimization procedure of the P-CMA-ES algorithm
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Table 1. Eigenvalues and contribution rate of the principal component analysis
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Figure 4. PCA-IBRB rule activation weights
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Table 2. Interpretability constraints
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Table 3. Optimize the algorithm parameter settings
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Figure 5. PCA-IBRB versus BRBO rule weights comparison
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Figure 6. Regular confidence distribution plots

6. MUNERFEHH
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W MSE 182y HAntl Ak s 2111 BRB 4 #ir 44 4 BRBO.

BRB i th AISEBrE I 7, HAbridZfir: 5 BRBO AHLL, PCA-IBRB HASFERS %, HTH)
UG AR E], ST H L F AR AR PCA-IBRB [IHER RS PE K. Rk, 5K n it
WAL BEAT 08, IR ER AT, (S 00 &5 ST B mT e, XAV ORAIE 1 A 2 f o 1 052
AR PR, i HAE A I FE b B — e B AT AR

N T VFAL PCA-IBRB A5 R R Efff 4 7 UE B o Asfd v, #E47 T 20 IRE R 5256, PCA-IBRB R (1) 5246
SR °F34 MSE J 0.0044. G155 4 B, FATMEH T 1 BRBO. PCA-IBRB. BP #iZE 4%, Yo (RF)-
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Figure 7. Comparison of the PCA-IBRB and BRBO results
[ 7. PCA-IBRB 5 BRBO £ R L

Table 4. Mean MSE of each model
4. BIER MSE FHE

J7ik MSE MAE
PCA-IBRB 4.4e—03 0.032
BRBO 3.1e-03 0.025
BP 3.6e—03 0.035

RF 3.8e-03 0.036
RBF 5.7e—03 0.041
KNN 6.3e—03 0.048

5. &g
AFFEINT —F 3T PCA-IBRB HUIRHEIR B TMARTY, JHfE T BRB oI @Bt pR HE IR B TR
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R (B AT DI AR (1 AT R

BIFFE A=A T3 TN R HE I FE TN AT BRB AU HEAT 1 5Tk, 56, DUtk BRB REIAYAERHEDR 2 T
I PR A 22 T GV BUR AR bR )8, SR PCA J7 A MM R IR jema Fehrdb AT i . ik, A
TR R R R, 58 1 11 AN P PN T RV A, X TR G A AL A R Y
ARV DT T o B, SRt B TR E L A P-CMA-ES Lk 5%, SN i REvE LI,
SR AR A R BT AR, FRESRHEEL(ER) VAN MR BEAT HERE, 45 S MR WSS R N T
B AT B R VARG F R R, 4555 T PCA-IBRB FFUHR M il FE TIOMNASE A 37 T35 bR SR G g o
BRGBIRT T o B TS5 RAE M 1% 75 VAL R L T 7 T PR R, O ELAE DR B e M A R 2
I IR AT AR

FEA IR B TErr, ARIEHHER 20 B AIE, 7T LS8 F 3l i B & L BRB B S B HEE, Dk
WRIEEFFIR, WESHHRE, REESGHEOSHME. WnEg e kis PCA-IBRB FEAL AT
R PEANHE R 3 /52— 2D R I
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