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Fig. 1 UWL analyzer and other instrumentation

used in the experiment

A58 R G b Bt R Sy 3 4 ) 44l B BPCL-2-
ZL, BARMPERE M SC0e S8k - TN Y ok B I 0 LR
300~650 nm; JGF P FMEAE N 26 4~ - s PR
FEHR 0.1 ms; Fii thIE(E W E N 1 500 Vi TAER SR E
A 5~40 C(278~313 K); T.fE #5540 X 18 B K 20% ~
80% .,

A LI KRBT 43 A AP B s 5B — B B v B )
PR, MR B H(19.040.5) °C, MHEH 1 030
V., WORERE E R B R 5 s, i BRI B R Ry 240 s, JEBEH
1500 s, 35 B BOR BE £ AT 92 30 BB AL & B B . T AR
POLF xS AR ST AR B U, Jy TR R UE IR A5 R 0 o
BPE . A SCIG SR T LUR W5 LUAR Ak 0. 58, BT A /D
FERESL IR BT . AR B A PR 30 min, R 286 % 15
FE S A2 5 FEURAERE S ISR o S 30 5 P TR B AR AR A
(8E1D) °C, M 21% 620 M4 T 47 . ik B () 78 4 K
F24410.00—11:00 2 [&]#47,

1.2 #HmEl&E

SCEG AT RN 2015 ) 2019 4F 5 Fl/NE KR S T R A %
VM AR R AL, AR AR BURE 50 17, B2 30 g £
SRJE T B A HEAT B3, MUF R0 . IR DR AFAE UK AR b v

DA JE Sl . S0 A7, K A7 00 /0 22 4 i AT T R T A 2
FEEEE TSP BERBURL . A BRI L 24 R A, I ZE IR OK
Ve = WUE s BB R TRAE P AE  AK arak B 12. 5% £
0.2% k4.

TE/NE REAS B AR S A e, LA 2015 4E /N g ol BURE
50 {4, AR E R (20,0020, 02) g, Horf 40 3 4E R
WIGRFEAS , 5350 10 43 Ry MR AE A . LA 00 Fh 4R 13 (4 /0 22
Wi 8 JR AR A TR AR D R 4 Ak R O £ i R R A B
1.3 HiEREMLE

I B 55 2 SR AT 5 FRAE Oy i BT AT /N 22 B S R 688 B
KGR T RGO AT I RE s, i TR TR B A LR
RVERRIE . FEPTE SR ES U 43 TSR A AR AR A /N FE T 3
FTFHAE, RIAPAHT 5 MAEMN/NER A KL RNY
{8 05 22 AR 2% .

R1 AMEMPMEERBE R ALBENSEITHT
Table 1 Wheat UWL data statistical characteristics

in five years

Mean value Variance Standard deviation
2015 41.79 375. 06 19. 37
2016 44.78 347.19 18. 63
2017 63.33 369. 42 19.22
2018 57.95 393.02 19. 82
2019 182. 31 6 960. 43 83.43

1.4 BHEER S REHSHE(MMPE)

N T S B B R — 4 B PL B R 8 A9 M . Band et 4
1 T HEP) G (permutation entropy, PE), E4EH W 5T & 1
HEZ 8 1 BE Atk L 4% T 2 ROE HEF1 4% (multi-scale permuta-
tion entropy, MPE), #F5% A 51 & BLXF IR 45 48 51 A KL AL 1k
N5 8 9% B 5¢ 48 A A% b X B AL T 5 2 AT AR, SR
MPE B EAFTE— & WA R Z AL - 0] 56 0 18] ) B i A
fE TR B WS REAR, HARE s 22, M hisE ERF
(ARG R AT (B 0 T A B R R (R 25 ORI
REFRAEWREHPE TR, D4l T i 1] 7 51 54 B R kL
i .

B E TS {Y D, i=1, 2,
JFHIT R A

eaonbs SRR S Y

Js

(=1 Dy 1< i<nls D

. s ERENTF. 24 s=1 8, 2D B K 54 B E F 51
Bs>1 0 BB o/s HBLALIF S, j 0 R fE— %
10,

7E MPE 53k iy 60l . SCRROIS )51 T Bt 2 RO HE
FIF 1 (MMPE) o of BB A i 2 3 47 ok . i 3k 3048 5
MPE P£RE /Y F R - T S 45 3 i ke phy LR A6 5 1A B e 1) ©
FRE AR 5 AR B TR L. Xk 0 A IR R B Y (D FE R T s
TN BEATIUF AL, 433 s U8 ROHUBAC I BT )3 51 DL s
=4 N, BAGEEILIE 2 BiR .

TRV s AU 50 AT R



2168 i 2% 5 61 43 Hr

CEENE o

zi = {y}l ’ y;‘z}

s—1
§ Lotits(G—1)

=0

i=1,2, .5 (2)

F—
Yij = .
S

e B anion N O e

s, N7
AP PPEGOD

T PR PR
4 |
z3

XX XXX
P X

2 EMMPEEZXFRERT s=4 HFFHEMLTEE

Fig. 2 Coarse-graining scheme of a sequence for

scale factor s=4 in MMPE algorithm
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Fig. 3 The scatter diagram of average wheat UWL

data in five years
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Table 2 Classification result by introducing

MPE values as main features

Input correct group total group correct
parameters numbers numbers rate/ %
mean, variance,
standard deviation, 37 40 92.5

MPE
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Abstract Wheat kernels, as a type of living organisms, will continue consuming the nutrients of themselves to maintain their
vital activities during the normal storage period. With the increase of storage time, various enzymes inside wheat kernels
decrease or lose their activities, the intensity of respiration decreasing gradually, the colloid structure of protoplasm getting
relaxed, and then the physical and chemical states of wheat kernels have changed, which result in the deterioration of subsequent
edible and processing quality. Therefore, it is of great economic value and social significance for our country to carry out accurate
fresh degree detection to stored wheat and ensure the quantity and quality of wheat kernels. The identification methods
commonly used for fresh wheat degree mainly include sensory determination method and various biochemical methods. The
former method with poor repeatability, mainly depending on the operator’s subjective experiences, is easily disturbed by external
factors, and has an obvious error in the determination results, which is always used as a sort of auxiliary testing method in the
aspect of wheat quality detection. Although the latter’s accuracy is high, the whole detection process is time-consuming, and it
is usually involved in a complex pretreatment for the tested samples. Meanwhile, various chemical reagents used in the detection
process may cause certain pollution to the environment. Thus, it is urgent to establish a fast, accurate and green identification
method for the fresh wheat degree. Special biophotonic instruments have tested biophoton signals of stored wheat kernels in five
different years in this paper, and then combined the improved multiscale permutation entropy algorithm to analyze the features of
wheat biophoton signals in four years from 2015 to 2018, finally, taking advantage of backpropagation neural network to classify
the fresh wheat degree in four years. Experimental results show that there exist certain differences in the spontaneous biophoton
number of wheat kernels stored in different years, among of which the biophoton numbers of wheat kernels in 2019 are much
larger than the numbers in the other years, and the permutation entropy value of biophoton numbers of the rest wheat samples
shows an increasing trend with the extension of storage time. It has been validated by simulation experiment that the improved
algorithm greatly solves the problems of signal dither and mutation that existed in the MPE algorithm which can be used as an
obvious feature to characterize the fresh degree of wheat kernels. After simulating by backpropagation neural network, the
recognition accuracy rate of the novel classification model proposed in this paper can reach 95% and be able to precisely determine

the fresh degree of wheat kernels.
Keywords Biophoton; Wheat; Fresh degree; MMPE
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