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Portable Bean Quality Detecting Device System
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Abstract; Traditional destructive detection methods have been unable to meet the requirements of rapid
detection of quality content of beans. The existing non-destructive testing equipment has the problems of
low stability and accuracy. In order to improve the performance of the device for detecting the quality
content of beans, a non-destructive testing device for the quality content of beans was developed based on
near infrared spectroscopy technology, which was small, portable and suitable for on-site detection.
Based on the developed device, totally 30 samples of soybean, mungbean, red bean and black bean were
taken respectively, and the same sample was measured 20 times by means of rotating static multi-spectral
averaging and one spectral acquisition. It was concluded that with the increase of acquisition times, the
average coefficient of variation of spectral reflectance was gradually decreased until it was flat. The
selected bean acquisition times were 16, 8, 14 and 16, and the corresponding average coefficient of
variation of spectrum were 2. 9% , 2. 435% , 2. 763% and 3. 019% , respectively. Taking soybean as an
example, totally 80 samples were selected. Using different pretreatment methods, partial least squares
prediction models for protein, crude fat and starch content of soybean were established respectively. The
results showed that protein, crude fat and starch models were better than other pretreatments after SG —

MSC, SNV and SNV pretreatment, respectively. The R, were 0.974 6, 0.950 5 and 0.960 7, and the
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RMSEP were 0.249% , 0.572% and 0. 623% , respectively. Totally 40 soybean samples were taken to
validate the device model. The R, of protein, crude fat and starch were 0.941 1, 0.943 9 and 0. 933 4,
respectively. The RMSEI were 0.465% , 0. 604% and 0. 673% , respectively. The AD of 20 repeated
measurements were 0. 409% , 0.623% and 0. 637% , respectively. The results showed that the device

had good prediction accuracy. Visual Studio 2015 was used as the software development platform to

develop the real-time detection software for the quality of beans, which can realize the one-button

operation detection of the quality of multiple beans. Elastic compute service and MySQL database were

selected. Based on TCP/IP network communication protocol, the detection data were uploaded to the

database automatically. Based on the development framework, a front-end network monitoring system was

designed to facilitate the monitoring of bean quality and display the database information in real time.

Key words: beans; quality; nondestructive testing; near infrared spectroscopy

0 5

T 2 A 7 R B K B AT AR TR K
B v 6k T AR T R TR
S g A K B, 5l AR TR 2 O AR
EEMA S, SR EESNREMAEE., EAMK
FING 5 A B 2 407 B WL R P R AR &
P15 R E By e R 4 O R R A AR R
K 7 B ZE s (GB 1352—2009 ) o R 1 il K
LI REL AR P A5 b o R R R R L AR
AR, X TR TR S G R SR A% R T
PRI, A 9% 2 208 I Rl TG 408 A6 T 32k B 985 52
BHARZTEE L,

AL/ LTAM IS BR B T B AR R b
HE KWLM PR TG TS Qe R BT
T RE T E R NN ok A
A 0 1) SRR

B Py A 20 JB R R G RS T 5 e, ST
k(14 18 3T T 3 F 65 R AF B K 485 20K SR
i 15 2 B AR R 40, SR AR AL T ORI T2 E
K FHIZ ZRGe %t 48 A FEAR HEAT B0 R 4 9 # a7 A A
HAAIEEAR R HCH 0. 809 3, 28 Ik 34 7 i 15 22
1,251 8, UM SE R 5C R A 0. 798 6, ¥y MR 1% 2%
1,301 3, WU R v A R AR T o SCER[7 ] DL
e Bl AT FR 2 7 1AS — 2000 #9458 #5821 40 Y6 i
SO K R 1 B R A AR ok 1] B O /) — 3fe
e ST AR RS IE AR AE O R ECR 0,962, 38 IR IE
JrHR 5 22 4 0. 396, 55 iF 42 4 G R R 0. 954,37
HR1R 25 0 0. 498, J AR AR By (H g e — oK
REATIN & 2R T . P2 AR\ & IR 241
WA AT AR D A 22 Fh G2k R HL R AR (H AR B R
i NI NS TR | | B2B 787 R o M 581 I A ) N
S fF 5 X6 RS i P B AT R G A A L a2k 4R
Yo B PR A, B2 X 45 b X 5 2 I I 1T 5
T AT DL SIS o W I 5 R 2 3 ot 4% Bl AR B A R
WA, SC B R ) 2 ) AE B 32 e 1 — i 4%

il 1

AR AR B T A A AT b B
I, 55 LT ' A AR R B 4 R 7 S B
SRR A I ) JEE Al 5 R0 G R S A

A ST %A 4 2 T 2 T TR B A W
B3 S R A — S 1) R 4R 2 OB S SR E 1
(BT 7 6 o — R S B S R PR . LA Gy
TR 5 %k 5 e 7 26 15 ML s LV o 5 ek 400 T
I IE B R R . 3R T
ARG E T2 RS W R S, LS B 4 HL X
A IS W

1 REEHIRIT

BT WL/ LD, IF A T G T A
B RE AR I B, B A P B T DG IR T L A
BT R BLOC HUBRZE ) B OCAE 3 E i TR B B
PINIET T 7 o 4 o B0 0 52 4% ol e % BILAA 5 3 A
JETEANAR 7 2R 4 5 YL IR AT 1 53 e Y AR 5 B 1 D'E 5
HUEA BT 00 D22 B 0 R PR BRI Lk o B A 1
Ot 3 7R BT 9 5T 2 R AR B K2 B A DL s ML A
Fo BT 00 BT e — AR

‘ . B ﬁiﬂ
: | : | TG
[ e 12 ViR s B | i s ] i ]

[220vin] 1 @ma | wwist
P12 S Jor e e i
Fig. 1  Schematic of bean crude fat device

1.1 $EHI#85T

A BILHDETE A ORI RAL R R AL B
PLIR B &8 SR AL, e G U B A2 B 3
P RE X B A3 B A A I 4 R e MR I R
1T SR WORDIR Y 5, # LT 4 07 50, RO
T R R AR 2 R T 2 A D' 1 18 S Y O
AL UNE 2 B .



406 S

2023 4

1

K2 RETARERE
Fig.2 Schematic of acquisition mode
LAER AR 2. FRIRE R, 3. 062F

TR BB OHLAR 7 | R A A3 WO B =
AR T E KT LT AN IR T O 1 I A A T
C14486GA T ARG TE AL, P K 10 Fl A0 AR 2 14 7T ol 2
RN BUE AT, H RGN (R AR X
HPIR IR B SR AN AT A O R IR OGS A
WSEnE 1 xR,

F 1 Cl4486GA BB S
Tab.1 Parameters information of C14486GA

spectrometer

28 BE
P (K x 98 x 8 ) /(mm x mm x mm) 80 x 60 x 12
Fiik/g 88
WG Hl/nm 950 ~ 1700
T3 I H] / s 1 ~100 000
15 F Kt 256
B4 BB/ wm 25

AL AL A WalkFish 24 w] B M1K_J4125
RIDE AR AL, B CPU 4 DU A% b B &%, i 17 W AF A
8 GB, H R ~H{UA 135 mm x45 mm x 15 mm, [fi §:{¥
A85 g, L AT E I C/C + + BIARIFIETT,

B MR R SE /NS5 9 Arduino NodeMC — U,
1545 1t v LI S 4% A I A SR e e AL oA 2D 0k A ALY
P
1.2 ERET

R 755 PP A T A 26 O T B s 15 AT A T
Ze it NG B0, >R Al Bt i 455 4 1 1) S e SF WA B
B, R 121 mm x 95 mm x 10 mm, i & & 259 ¢,
RTS8 if HDMIT 285% #2187 Bt Jf 7 53 18R B
HUE A2 ERS
1.3 HWEHET

TR LA AP b 2D FE AL AL (AP EE A 1.8°) LR/
R SRR O R S A A B 1 2H R, L 45 4 4
3TN o dE AR R LA N 1A R B A B e
gy, R AT SR SR

K3 iR LA A5 R

Fig. 3 Diagram of rotating structure
LS 2.8l 3. AL 4 iR AER 5. R

1.4 tiR&T

JEIRHTCH 6 A~ b0 AT SOLMHDCEF 4,
RIOEBEOLIE B B A 300 ~2 600 nm, B 3 1 A WL/
U LLAMGTE BB B, AR 2 4R AT R i DG TR
HA5 Rz E e 4 s

B4 LIRSS R 8
Fig. 4 [Illustration of light source structure

LRI ALE 2068 3. RO

1.5 ENEH

SR G BB A B T A B AR A S ) 43 T,
AN WL EE Y ZS (], 3 AT LG P T AR R R B S
PEFT o A6 DN 26 5 R K 25 4 5% JH SolidWorks ¢ 3%
I HAMES a1 S B, B LR STy 230 mm x
225 mm x 145 mm, i & 4 3. 1 kg, H 7N i 1 8 W
R BE XU RS b e SR . TERRAE AR
st P A it 0 7 2K A it R R S i TR A b
W FEAT A

S T2 32 5 AR DU ke 1
Fig.5 Diagram of main bean quality testing device
2 MHE5FE

2.1 HEAMBRELFESN
AR 3 P T SRR O TR 9 T i X 3
5Tz FiRL R B A R, LA BR300 O B



5730

WER . SRS ARG 407

577 SR 337 YR L 127 g 137 R0 rp Bg
377 HiME GB 5491 — 85 HEATHUAE, &4 b i il %
16 AR fm, B A 100 g, 3k 80 AMFEAC K H oy %
TE OB, %5 R AT 4C R IKA . A
RS TE A 5 T A 4% IR 3 LR AT A A AR IE 4 60 A
FEAS, T4 20 AREAS . B ELER B f b ok B AL
{ELAHR B SCHk [ 18 ] B ML Ay Bl TG 232 A7 D00 4 5
JOi 07 5 e s A LA (B Bl SRR [ 19 ] BT B E 19 K IR
fil 4 vk 2 AT D A5 R O A b o B A (E K s S
HK[ 20 | RILAE B TR /K A 35 20 A7 D0 4 o X 45 A R A )
3 IR LR 3 YR 1P A
2.2 RERKEEITM

i T 28 Jm T BURLIR By 5, UKL 2 (8] A7 [ B
AT 52 Wi 2 B 1) A RE M DL R HE T T O A R 4
FRILLLAOC I w, R R N AR E 1
LA B B e e — JAl R B FEAS 246,810 12,
1416 .18 .20 YOLIERF¥E. \ TARE R
A R, fRT AR H 20 B O DR e e AR R 8
FEdh AR — JH 360° HE 47 25 0r, IF RN 6 A
B B AT S RE M AL 2 Fron . NI
SRR R R R B E AR R R BRI 2
Jig P i) AR 28 R AR B B A O . WD AR SR
R AN

360°
. (1)

n
A iR AR RAL 2 4, 20
A, — W REME, (°)
x2 KEAE
Tab.2 Rotation angle

A

/()

2 180,360

4 90,180,270 ,360

6 60,120,180 ,240 ,300 ,360
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Tab.3 Detection results of soybean protein
and soybean sample quality
PR /A, Sl TR,
n % % %

KIE#E 60 16.05 21.95 19.59
BURR RS g 20 16.50 2150 19.47
KIESE 60 38.45  41.88  40.46
CE L IR S 20 38.89  41.83  40.39
K IE 4 60 10.82  16.94  14.31
W4 20 10.85 16.85  14.58




408 B A VIR = SO 4

2023 4

X B A R G AR S T A T T
S RV, Sy BT O RAR A T A R A
3.2 BEmAEERRBOW

TEJG 1 2R 4 Z A, 4T 91 O 3% 40 5 0l U 5 Tk
30 min, fRUESEIE L ROG R 8958 E . 4% B 30 4>
ARIRSF G L0 BT SRR X 6] — R A
H A R4 20 WK, DA 30 S REAR 4 i BOGIE AL 7 R
- R Al i SR AR IR E M SR N 4 PR

4 TARERBAEERRY
Tab.4 Spectral variation coefficient of different

acquisition times
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10 2.943 2. 445 3.015 3.198
12 2.928 2.435 2.915 3.135
14 2.917 2.434 2.763 3.096
16 2.900 2.432 2.765 3.019
18 2. 905 2.444 2.773 3.025
20 2.904 2.432 2.765 3.020
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Tab.5 Modeling results of soybean protein, crude

fat and starch contents with full wavelength PLS

BIE4E FURIIE S
ZH BUL S 75 MR Bt
- ik R R,
%/ % "2/ %
I 0.9671 0.281 0.9434  0.332
SNV 0.9835 0.213  0.9723  0.286
MSC 0.9836 0.207 0.9689  0.279
EA=lin
B Nor 0.9834 0.214 0.9720  0.288
Jo 4 A
SG-SNV 0.9855 0.178 0.9725  0.255
SG-MSC 0.9877 0.171  0.9746  0.249
SG-Nor 0.9757 0.207 0.9688  0.276
Je 0.9379  0.604 0.9222  0.720
SNV 0.9591 0.492  0.9505  0.572
MSC 0.9556 0.512  0.9469  0.597
HH AR i
o Nor 0.9556 0.512  0.9470  0.59
i 53 U .
SG-SNV 0.9477 0.554 0.9420  0.620
SG-MSC 0.9426  0.580 0.9452  0.609
SG-Nor 0.9427 0.580 0.9453  0.609
T 0.9537 0.602 0.9239  0.791
SNV 0.9640 0.525 0.9607  0.623
N MSC 0.9602 0.568 0.9477  0.632
VE M I
’ Nor 0.9619  0.555 0.9480  0.627
415
SG-SNV 0.9557 0.578  0.9552  0.666
SG-MSC 0.9514 0.629 0.9433  0.663
SG-Nor 0.9514 0.634 0.9433  0.663
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Fig. 9 Scatter plots of device test results
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