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Apple Quality Detection Based on Photon Transmission Simulation and
Convolutional Neural Network

XU Huanliang SUN Yunxiao CAO Xuelian JI Chengming CHEN Long WANG Haoyun
(College of Artificial Intelligence, Nanjing Agricultural University, Nanjing 210095, China)

Abstract; Aiming at the problem of large detection errors caused by insufficient sample quantity in
traditional fruit and vegetable quality detection methods, an apple quality detection method based on
photon transmission simulation under surface light source was proposed. Taking apples as the research
object, Monte Carlo method was used to simulate the motion trajectory of photons on the apple double-
layer flat model, totally 20 000 apple tissue surface brightness distribution maps were quickly obtained,
optical parameters were used as labels, and input convolutional neural network training was used to obtain
the model. The fine-tuning migration was applied to a small number of data sets of measured apple
spectral images to realize the inversion of optical characteristic parameters. Finally, the output result of
the fully connected layer of the network model was associated with the quality of the apple, so as to
realize the non-destructive testing of the sugar content and hardness of the apple. The final result was that
the inversion accuracy of pulp absorption coefficient u,, was 93.24% , and the inversion accuracy of pulp
scattering coefficient u, was 92.54% . The prediction accuracy of sugar content and hardness of the
quality classification model were improved by 5. 87 and 6. 48 percentage points compared with that of the
traditional method. The determination coefficient of sugar content and hardness of the quality regression
model was improved by 0. 139 7 and 0. 088 compared with that of the traditional method. Compared with
the pre-trained model based on point light source, it also achieved better results.

Key words: apple; quality detection; optical parameter; convolutional neural network; transfer

learning; Monte Carlo simulation

Wk H . 2021 =02 -19 &[] 0 #]. 2021 -05 -12

E&TH: PR B EEARHI L 45 9% % 0% 4000 H (KYLH202006 \KYZ201914 ) F1 [ 5 A S8 Bl 5 4: 500 H (31601545)
EEB N MR (1963—) , 53, B0, 1A T 0, 28 A i A0l AR 95 38 3 2800 & WF 5%, E-mail : huanliangxu@ njau. edu. cn
BIEMEE: EW20981—) B @l Zd W+, £ NG RO AEY R B S H00 B 57, E-mail : wanghy@ njau. edu. cn



M R A5 ST AR U A BRI 4% 1 30 2R i B AG N 339

4 8 1)
0 3%

UEAT R, 3 B S 50 7l e e o R S AR R
WA LT E A PR T A 0 B R R
HABUIE Lo BRES 5 AN AR Ab 38 5 58 L o i
AR AR R AR FEXME ST,
TSP IR it BT ) I A D X i R SR S )
HAEEE L,

IKL AU G2 P S 5 T AR I R M
w B R, , 5K BT & o B VI A 56 . Horp
Wi e 2R K o R e 21 2 PN R A 2 A R T AU R B
5RMMAL Wiy #mrr A2, Kk, 15
HeF R ES BT F KR S T A . SR,
FH T 5% SR 88 41 200 2 R M 2 55000 BRI A 70 7 R AE
HGE 20 2 5 ok T AE AR SR B O B HRE A 3
— MBS G R E S R0 T O B A
W25 45 7 6T I A — e AR s Y . FR,
15 T R AR A AR 7= i b S5 43 BT O T L R Y
PR, 38 AT TS R R G AN R A B m kS R A
A& REDOEIEE B ERAE B, L E B Rk R
(0 B8 K KA 1oy, B R B K S A T
FRAE o DRI SR O AR R 5O v 2
BRI — Pl LB AT R AT T B

H AT, K 2 BT 58 78 52 B i mh A7 76 AR AR B0
AR RFET K N T W 1 )@, AT DL RO A%
RN TR AR B R TE AR B . SRR R ISR
P55 T AR SRy S 78 7K 2R 21 2RSS R A% S A 4L 1) A
W, AEF T R SR RO T OWZ
SERABRIZE S K 808 nm Tt FAEfad R, 2=
g U T SRR T AR T AL SO R S
B B FT R R A SRR IS IR A B T T RS R
TR A TCA ARG A B A DG IR 2R o 22 AT X O 22
PES O HBEAT T 055 BARMAN 4512 Fi) J 52/
TR S 1) AL R L T O 2 R S HOR i
T Z A TR R 0% 55 g b T O 2 AR M S B . )
PRt R fe /D R L T TR SN
R RE B K SR T AR R W i 2R O
ZH TR IR2Z R 8.23% 1 3.71% , B4 1f
2 L) P 52 0 R 3% D7 s B LS B T B2 0 XU
JEH LU 2 S 50 ST, B2 A SU A X R 2 R
3% WUZH LM IR ZE N 10% iR 560 £ W, 2 ) 75
MBI R 2 H o 1 B, ROBEROCR & N R, TR
2 I IR AE 62 B U P U T 5 R ROR B
& TR 28 90 26 1 Y1 2 75 2 45, FLI ) ol
AR 5, T 8% 2 20 0] LAAR g 3t 5k MR B 2% 2T 19 B
VRRORESE A /INAR S RO 37 45 T RS o

~J 7 P BN AMY AU, 48 7R R A B R TR R
SN ST TR B A ) DR D SRR
WY FOR A R T ARk (HR 0 5 e S
RO R 2 T O IR R, TR A8 RO TRCR 4 K dls
IF, AR OG5 B A, = O Sk Al AR 9 fF B R A T
oy AFTERZE NIRRT A IR

AR SCUASE R g BE TS0 5, 7 — i 2 0 1 1%
i R AUL Y 0 R i BRAGIN O o B G, A R DR T
BARGER AL TDOCI A 1E T B30 R0 1% BIE T3] i 4
M RUJZ VAR RY ) 5 00 R 9 O 1 0 LA B R R
TG IR 6 T 1S9 0 3R TG 58 B2 oA B 4 0 A
18 i N s AR 28 0 2% 41 3] T I A 2 RS A Y AT
o B39 SR S I Kl b AT 00, e I S ST i T
BRI, DA S B0 S 2RO T2 R 32 F) T 45 A

1 HBSHE

L1 HEHERE
1.1.1 AR

I I AR A B TRV A0 SRR R AR L
118 A~ By R W OE 1 R/ 5 JC W) B 45 3 19 1E
WA o I AR o Ar 7 S5 e IR PR R A4l AR
HEAT B R AT, SR 3 R A AU T 0 R 5
B ] FE K B F R (20°C ) o W R ok
B JET 1L A S5 ) O B R B K HE A
L 1.2 SERMOGI OGS EIR R E

il FF it LA SRR A RS Rl Y HST— VNIR —
0001 %Y ' 1% R R 58, 5 an 181 1 s, SR AR il B
N 373.79 ~ 1 029.22 nm, % & 4 £ E 1 Raptor
EM285 CL % 25 B AR HL . 1T3900 Ik 1 5 %0 G485 41
(150 W) & 3k H1 HL A Tnspector VIOE %I 5 3% 4% 4H
B, 1] HST Analyzer B8 i Ot 1% BR B = 1

1 St g R G a8 R B
Fig. 1  Schematic of hyperspectral imaging system structure
L 1.3 SPEROG RS BOR S
i 17 OB O A R RAT BR 2 w9 BURR 73 BR &
e, 45 2 s RAEAF B 118 ANSPREEA K S



340 /4

IR

2021 4

P B, G R A% i ((Tnverse  adding-
doubling, TAD) & & AT BN R A U 2 Rt 2
o f3 SRR AH A R W R, (0.4~
6.5mm™") SRAMWIRE p,(0.03 ~8.7mm "),
HR U R, (1,69 ~260 mm ™" ) SR YU R
B, (0.01 ~75 mm "),

B2 AR ER R G R B
Fig.2 Schematic of double integrating sphere

LOBIEAC 2060 3. 06 4. Bk SRR 6. B4
B 7064
114 P00 A2 R R R A

it ] ATAGO PAL — 1 AU% b 22 31 ) & 3 2R
W FE, 0 BURR 0 DIl A 0 3 SRR A L, 5 i R
J5 I ABBEAL 10 5% B AE R U . B REAI
i3 UM 2 AR R R O R A T
GY — 4 BRI A R A 32 31 I S SRl 32, 00
TS AR A 2 21 2 BRI Sk 20 BE 2R Ak O 1k, i
T F N ECT . BRI 3 BRI {E S
FILFEA Y RE S
L2 EFEEETAFEHRUNNEEYHRA

R

55 % (Monte Carlo, MC) J5 i ) F: A< EAEZ
A A — R AN 7, M i — A 5 SR
Pk AR — B BE AL AR, I AR 4 e T S
(SR E O X i S Sl IS B B o E
RGN S 2 A B BR ) AN 5 2 M A% i g A X
ARG 2 R P 2 BB SR B R 3 5 17 5 55 0
S TEAE W) SR A% i U 2 I

SRS RIKITEB RO T s Ot 2 A
YWHARAZ R =Be— P HILE K, Z R a5 HA
FR) TR, il 48 A A4 W8 WACRIT RIS o R e 5 BBORL R T
B 2 (A7 05 5 1) g8 o o e 7 R AR AU w03t
C RN
, WK
R,
A w— T E— P A

T ' A% 4% 7 10] £ 2 th O 2 AR B S i %
i 0 B A S0 5

B=2me (2)

(0,1) X TH] | 1y it #1 £k

(1)

w

A e

az[arccos(zlg(l+g2—(l 4—12;/5—g) )) (g#0)
(g=0)
(3)

arccos(2g — 1)

A g A T
BB R 2R T2 MR S BHL S K
WA LSRR LT TR i Tt b R T
8 HUHE 6 G T 5 38 17, DA e T 6 3 11 ke )
T B AT BT RO E L N, 24
BRI 0 e 9 A T 5 3
SEHLSERR B LRI 3 BT

TR
BESL= AT LK

N

YT SR,

UOesT e
AT TR

B3 T SRR R i B D't T i 0L I A
Fig.3 Flow chart of photon transmission simulation

based on Monte Carlo
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Fig.4 Simulated brightness distributions of apple

surface light source
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Fig.5 Convolutional neural network structure diagram
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Tab.2 Influence of input range on inversion results
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Tab.3 Inversion accuracy of optical parameters of

measured data by different methods %
E# M2 Mg
FETB 83.63 80. 41
Fel 89. 87 87.96
Fel + conv3 93.24 92. 54
Fel + conv2 + conv3 91. 64 91.45
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Fig. 6 Hyperspectral image of pre-processed apple sample
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sugar content and hardness
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Tab.4 Classification accuracy of different data

sources of apple quality %
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[P 78.72
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Tab.5 Regression effect of different data sources on apple quality
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