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Abstract: Dairy products are important nutritious food items in people’s daily life. To improve the analysis of dairy product quality and
safety risk prediction, the randomness, fuzziness, and incomplete information of detection products and inspection data obtained during dairy
product evaluation in different regions were divided into grades using an improved softmax formula and processed in boxes according to the
natural day. The risk grades were determined from the risk weight and other proportional mapping methods, and the dairy gray data were used to
determine the potential risks in the qualified inspection data. Wavelet decomposition combined with the long short-term memory (LSTM) model
was used to predict the risk of dairy product detection data in different regions. The results showed that the combined model exhibited an
average accuracy of 97.54% and a standard deviation of 0.03, indicating higher accuracy and better stability compared to those of the empirical
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mode decomposition-LSTM model and wavelet decomposition-LSTM model with selective reconstruction and an interval of 2. Thus, risks
associated with dairy product can be predicted and prevented. These results provide a reference and technical support for supervising risks
associated with dairy products.
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Table 1 Index system of inspection items for risk warning of dairy products
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Table 3 Risk classification standard of inspection items
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MAPE) fiifEiZRiffiRzE (A 12, 13), ix{E#k
RRIJIRZEER, MPNE S B E e EVI AR5+
0. ZIEAILE 29 ANHLX HFU i K MAE 2 0.07,
K MAPE R 2.71%, %{A& MAE 1 MAPE [ 1-#3{H
90,02 F10.83%. iEiE AT 14, AT ATHE H iZAR AT
DUTRIAERR R, HERRR SN 86.49%, HARIFTE 92.45%
PLE, BRSTAUERR N 97.54%, FrifEwZEA 0.03.
%G5 BRH, AT WD-LSTM AR A] LUt )
i B A S S A R Pl . 29 /N HBIX A S
iR WA 5,

75 29 MXFLH MG FRTNILER
Table 5 Prediction results of risk grade of dairy products in 29 regions

[P, #/i%i {{Z;J/% i AE Mﬁ/I:E [ fr%/iék ﬁj;ﬁ?/% MAE M;?/I:E
1 i 103 99.03 007 222 16 N1 1289 99.03 001  0.28
2 S1 908 98.94 001  0.29 17 H3 858 98.13 001 044
3 A 523 100.00 0.00  0.00 18 z 476 97.86 001  0.60
4 H1 954 97.66 000 011 19 H4 352 10000 000  0.00
5 B 388 98.18 003 121 20 Y 374 92.45 003 110
6 S2 369 98.08 002  0.80 21 G3 395 95.80 002 074
7 H2 413 95.80 003  1.26 22 F 168 10000 000  0.00
8 2 619 95.72 001 053 23 S4 332 97.83 003 127
9 T 535 98.11 002 094 24 G4 167 86.49 003 135
10 C 139 100.00 0.00  0.00 25 X 669 99.51 001 037
1 H5 287 98.70 001 043 26 Gl 486 99.30 001 058
12 S5 469 97.08 003  1.28 27 S3 684 98.56 001 052
13 L 579 95.40 005 230 28 N2 475 97.12 004 162
14 33 174 100.00 000  0.00 29 Q 316 96.51 002 116
15 G2 536 97.50 006 271
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Fig.4 Schematic diagram of risk prediction of dairy products in
N1
PANL i DXLl b B 22 TS SR et 1B 4
v, AN REBIE R SR a KK SR, TN
WD-LSTM BRI 21 i) Fil U452 (B a Sy Fiuiil X
S5, P b U AT XU A5250 o Ehn ] rh A

BB E G LEY, —HYA RS, Ui
ST (R BT
223 HA i G 5

AUWFEH, &5 Ik T EMD-LSTM HAYA
H IR HLIERE A 2 () WD-LSTM #58, ditxf
KR FH AN R 0 43 54 R BOAS [ P ) B R B A
SCHITEFH ) WD-LSTM R A 75 L i 2K E 550008 L ()40
HRER, R 6 NAFIBEL T 2T L

1Y 1 & EMD-LSTM ZHA 1R, Xt 29 ANHEIX )
2015~2020 L] A I BSCHE (4 FRE R TIAL B/, A
1 G AR N EMD BT M, KSR
%4y IMFs i\ LSTM #5i8Y, T4 SR, HER
REARIUN 29.73%, BARUERIRIUA 86.97%, Frif
WZEHN 0.14. Sk &, BRL 1 e S /NE iR
-LSTM S AUAHLL I L FRAR,  EL T 45 R 22 R, AN
figfasE . -5 MAE F1 MAPE 4351125 0.27 A1 12.95%,
Hi Kk MAE Al MAPE iy 1.95 Fl1 54.91%, #0755
T WD-LSTM B!, 1T EMD (R A IR B I 5™ 8,
2 SPEUSIESRE. BRI, BRI IS X, IMF
(T A R B — R RO, Bk, 254 EMD-LSTM
BRI S A5 BN 0 B IMFs SR BT R BN 341,
TR ZE K, I S50 A i RS B TR 22 K
T /I AR AT A [ 2 1, 7R NBBSTRI AT R T
BHAEIFHDCIPER db8 /INEIE, A RN T 54
BUMEANESNE, SRS &
H 75 LSTM RIR o Fry v P o w2

FEAY 2 5ACEAL ) WD-LSTM A1, H&
—ANINBOME TR BEARN LSTM TR 2H SR,
WS AR AT EAY, SRS R R
LSTM BEBSHAT TN . FEAR S H AT G R EAA i 5%
ITEIREA 2, DABSIE 1R /N A 2 A (152 o
A 556 JF AR P FNHEAT I AL, S0 A4
TS BA PR, TR BB BTREAS, J1 HhX ik
WRAUN 66.67%, BAAUERIR N 92.42%, trdElmz
4 0.07, “F#4 MAE #1 MAPE 435114 0.09 F1 4.83%.
WO R 6, TEREARTIRE BE AR ZE b, ASCRTHm)
WD-LSTM BRI TH AL 1 1 2,

R 6 NEITUAEERYERZEITLL
Table 6 Comparison of accuracy of different prediction models

WD-LSTM #&A!

AR 1

AR 2

EE KL EMD-LSTM ##! HAFE G 2 9T EH
% BHEI% MAE  MAPE/% FHEY%  MAE  MAPE/%

1 N1 99.03 8000 027 2333 6667 0.3 6.67

2 s1 98.94 8697 020 1221 89.08 0.3 6.87

3 A 100.00 100.00 0.0 0.00 100.00 0.0 0.00
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§ER6

WD-LSTM #&A!

A1

AR 2

BE KWL EMD-LSTM #£2! wAERRA 2 90 EEMH

B EY HEHE%  MAE  MAPE/% FHES  MAE  MAPE/%
4 H1 97.66 9599 007 5.24 9565  0.05 2.84
5 B 98.18 9818 005 5.45 96.36 008 5.45
6 S2 98.08 7596 045 2196 9519  0.08 353
7 H2 95.80 8403 034 1681 90.76  0.11 5.32
8 32 95.72 7112 047 2467 8663 017 9.80
9 T 98.11 7925 017 7.65 9874 002 157
10 C 100.00 10000  0.00 0.00 100.00 ~ 0.00 0.00
11 H5 98.70 9351 023 9.31 96.10 004 1.95
12 S5 97.08 9416 0.9 8.03 9197 0.9 4.74
13 L 95.40 7931 043 2433 89.08 0.4 6.99
14 33 100.00 100.00 0.0 0.00 100.00 0.0 0.00
15 G2 97.50 9125 0.9 5.83 9250 0.9 5.00
16 N1 99.03 8832 015 1200 8856 0.5 7.79
17 H3 98.13 9064 015 7.47 9438 007 4.24
18 z 97.86 9143 012 5.83 9786 004 321
19 H4 100.00 100.00 0.0 0.00 100.00 0.0 0.00
20 Y 92.45 8679 031  17.20 8396 017 7.70
21 G3 95.80 7345 017 8.11 8761 008 3.98
22 F 100.00 100.00 0.0 0.00 100.00 0.0 0.00
23 S4 97.83 9239 082 3370 8696  0.16 851
24 G4 86.49 2973 195 5491 8649 030 1892
25 X 99.51 9559 0.9 4.98 9314 008 4.17
26 Gl 99.30 9580  0.16 8.93 9371 007 350
27 S3 98.56 95.22 0.11 7.50 9282  0.10 4.86
28 N2 97.12 7626 042 2116 9065 012 6.12
29 Q 96.51 7674 051 2907 9535  0.13 6.40

3 g

EE50F H AT S ORI FLE] R R A i, AL
MRS RAG 5 B HARB Z FEER L oAk (3L
PEHEAT T 705 OTRAR IR, FEA It H T AN R 45
VUG, G566 SRAT /0 idAS 30 S A I E 1 R 25
F G MARNBGHER softmax Ax,  FHARE= M X
R A5 2 1) o B 3R K 3 DX ] o K 29 AN Hi X FRTAS:
MIEAE N LA RGN EE ) WD-LSTM
PR, 15 BFRARUERZR N 97.54%, HrdEfRZEN 0.03,
MAE F MAPE [ F35{E > 0.02 F1 0.83%, 1AL ik
BRXTHARA 1. 2 BRI 250 86.97% AN
92.42%, FRiEZESy 19 0.14 F10.07, “F¥) MAE 435
49 0.27 #10.09, *F-#4 MAPE 435 12.95%7#11 4.83%.
I TTOES SLRE R A A SR 1) WD-LSTM AR A Tt 4

PR, EAERS EEAIRE 7 T 0 TSR RAR R
R, USRS L] o R 2 A T 2 HE B ELAT
R, AT DA 20T LA i B2 s R R XU B 4
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XFARMRMI AR, ATBLWEL ST A T —
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