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Fig.1 Working principle diagram of detection instrument
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1. Device enclosure 2. Miniature spectrometer 3. Enclosure upper panel
4. Sample cup 5. LCD touch screen 6. Raspberry Pi processor 7. Lithium-ion
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Fig.2 Schematic diagram of the core components of the detector
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Table 1 Device parameters
i H Item 2% Parameter
JU5t Size/mm 246x128%127

i Weight / kg 1.9

HUFEYEH] Sampling range/g 3~7
Wi 23 Coefficient ofdetermination R*>0.73

FasE  Stability 15~35C 40%~70% FiX} 5
% Bt Wavelength range/nm 900~1 700
TR 7] Prediction time/s 13
{5ME L Signal-to-noise ratio 5000 : 1

2 HSRATIRLISNSE R R R AL TR

2.1 RIEMR R 5 E

RIGH R R, PRSI Er7 X 3L 41 AN
SEFPAE S M5 & USRI SR 24 AN fh (3% 65 D,
FE Ak { 2% GB/T 14488.1-2008. GB/T 14489.1-2008,
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Fig.4 Raw training spectra
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Fig.5 Model training process
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distances, SPXY) 113 i 75 2411 53 65 Fivith SEHF 93T 41 4b
SRS, G SNRELLE A 8:2, IR
ARl AR, A AR 20 B R T AR

4 8 fi B 7y -3¢ (partial least squares, PLS) £ 7,

PLAREE 14 /7R 1% Z  (root mean square error, RMSE) .
e5E R (coefficient of determination , R*) AT EIF
febr, LA iR%E (mean square error, MAE) iR E g
bR, 3 MR 795 PLS &5 SR sk 2, b EAE E R
KS XI55 fipese 250 R 4 0.901. 0.770. KA KS Jiik
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PR TR NS, TR B A BRI 2 B A B A A T
i, 49N R*=0.635 Fl R*>=0.637.
F2 TRBEFEENDFETHRR/NZRIEE IR

Table 2 Partial least squares (PLS) model indicators for different
dividing methods of dataset

Sy oL iR R KRB0
Dividing method Y aluns RMSE R MAE
TR/ Y% 1.403 0.848 1228
" AR/ % 2.078 0.593 1.493

BHL S Bt ol
Random it /(umol'g ') 23.018 0.635  17.640
BIKE/ % 0.459 0.890  0.343
TR % 7.017 0.637  5.260
Bl Y% 1.374 0.901 1.153
A% 1.713 0.770  1.443
KS(Kennard-Stone) Bt (umol'g™))  29.603 0316 24.530
BIKE Y% 0.633 0.656  0.472
TR 7.693 0229 5522
N — % 1.706 0812 1.559
L &5 /% 1.935 0749  1.694
(Sample set partitioning e g 0,. . : ’

based on joint X-Y B (umol-g™) 18350 0300  16.845
distances) HIKE% 0.399 0.794 0315
TR/ % 5.057 -0.102  4.140

TE: B E RER AR E A, FoRkI R SR AR
VLR,

Note: A negative coefficient of determination R? in the table indicates severe
overfitting, meaning the dividing method does not match the corresponding physical
and chemical values.
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Fig.6  Pearson analysis
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R IRRIE, SR TUAY B B B RAE . K 1 R
BENLZY 2 KA BT XIRAE, WG R4 50, &K
HAARECH 200, X XHAEGZH 0.7, BRFE 0.2, WLk
L i 222 /N T [ A BB A AR B 5 TR, R R K
HHIEARET 160 e Rfk. GAEEHE. O
B BRE . SRR AR AEBCKH O 81 754 80,
80. 78,

6) Spa 43HT

HEE R EE (Spa) & — M A RUH R R L2
[y e 2k IR0 2o TAR L () 5 4 A B 45 ) Spa &
HEKFA, ald S E. B, R 8K
IR PLS A A, R A IR R A1) TN R 22 )
AN 11 pR, & BRAGAE A 5 75 35 e BRI,
JE A sE. LAEIHE E R Y], RMSE B R AE % K
B PEAS, FRE, 6B IBE K55S ks,
EFRRHE K ECN 124y, ik 5 41 5 54615 B 5.8%
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Table 3 Prediction accuracy under different feature selection

methods
AL FREUE: B e

Physicochemical  Extraction Data RMSE R MAE

values algorithms  dimensionality
Pca 2 1.831  0.824 1.598
Cars 56 1.579  0.892 1.071
R Lars 3 4173 0.663 3.527
Oil/% Uve 69 8.732  0.563 1.690
Spa 18 1.948  0.811 1.624
GA 81 1.995 0.754 1.680
Pca 2 1412 0.866 1.195
Cars 73 1351  0.787 1.617
HER Lars 2 3.691  0.591 3.454
Protein/% Uve 32 13.414  0.488 1.725
Spa 12 1.441  0.835 1.207
GA 75 1.623  0.808 1316
Pca 2 21.876 0490  16.308
pra Cars 24 17913 0.444  15.484
o Lars 2 22765 0489  21.234
Glucosinolates/ Uve 23 77327 0258 16.824
(kmol-g7) Spa 16 20890 0535 17513
GA 80 21.818 0493 18281
Pca 2 0.504  0.671 0.414
Cars 18 0.525 0.712  0.355
HIKE Lars 32 1.428  0.513 1.422
Moisture/% Uve 87 0.664 0.636  0.315
Spa 19 0512 0.694 0433
GA 80 0399 0.807 0314
Pca 2 4155 0.838  3.626
Cars 41 4227 0552 5304
PiaA Lars 105 1050  0.280  10.679
Erucic acid/% Uve 9 6.537 0346  9.811
Spa 12 7.040  0.534  5.190
GA 78 6.885 0.554  5.351

GE SRR, BEHEAERRERSY,
B R IR IEAR A K ] KS+SG+Cars+PLS, & [ )5 {4 ]
Spxy+SG+Pca+PLS, it H i /] Random+SG+PLS, 7K
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B BT UL AMGRE (5 35 O SO it SRS 2 B AT 19

Z ffif] Random+SG+ELM, JF & f# | Random+SG+

Pca+PLS. FHAIERA T : &) RMSE, R°, MAE

3N 1.40%. 0.95. 1.16%; H H N 1.46%. 0.86.

1.24%; BitFN 20.70 pmol/g. 0.73. 15.73 umol/g; FFF&

N 3.63%- 0.86+ 3.28%; F/KFE N 0.36%- 0.98 0.24%.
Fz4 TREVAEAETREE TGS E

Table 4 Model prediction accuracy under different regression

algorithms
[EIEK:$7S HALE 2
Regression algorithm  Physicochemical values RMSE R MAE
R Y% 1400 0949  1.169
o EAT/Y% 1456 0.862  1.240
/N 7 o
PLS B F/(umol-g™) 20.708  0.730 15.732
A~ - 27
EIKE % 0371  0.885 0313
TR/ Y% 3.627  0.862  3.280
R/ Y% 8.056  0.591  4.979
} AT/ % 5112 —0.465 4531
TR : ) ‘ ' '
A ﬁ\&ﬂ # i /(umol-g ) 26.066 0276 24.460
A %7
EIKES% 1.678 0463  1.463
TR/ % 10241 0414  6.993
B Y% 3170 0226 2516
—— FHHFUY% 2681 0622 2333
T Bt/ (umol-g™) 27.147 0215 22236
SVR h
IR % 0.800  0.668  0.584
TR/ % 11.591  0.564  5.449
R % 2358 0572 1.871
, L E /% 2497 0412 1511
B ST B ol
ELM i /(umol-g™) 23.615 0406 18.813
A %7
EIKE% 0363 0976  0.236
TR/ % 9221 0200 5.728
g/ % 2611 0475 2135
HE /% 2694 0316 2350
BRI , :
wh éﬁ;NH g i /(umol-g™) 30.986 —0.023 27.445
A~ 3
IR % 0739  0.716  0.572
TFR/% 10288  0.460  6.801
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Development of the portable device for rapeseed quality detection based on
near-infrared spectroscopy

PENG Wang'? , WANG Qian' , LIAO Qingxi** , WANG Hao', XU Yi?

(1. College of Engineering, Huazhong Agriculture University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in Mid-
lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China; 3. Wuhan Liannong Seed Science and Technology
Co., Ltd., Wuhan 430070, China)

Abstract: Oil content, protein, glucosinolates, and internal qualities are required to be detected during harvesting,
transportation, storage, and sale of rapeseed. In this study, a portable device was designed to detect the rapeseed internal quality
using near-infrared spectroscopy, in order to realize the multi-index, portable, and rapid non-destructive testing. The hardware
was integrated with the dimensions of 246 mm x 128 mm X 127 mm, such as a mini spectrometer, an LCD touchscreen, and a
Raspberry Pi processor. The device was operated stably outdoors for 6 hours. The 65 varieties of rapeseed were sampled from
different production areas. Diffuse reflectance spectra were then collected from 900 to 1700 nm. The wavelength stability tests
were carried out to determine a stable spectral region from 900 to 1 633 nm. Data was divided using KS (Kennard-Stone),
SPXY (sample set partitioning based on joint X-Y distances), and Random number. The dataset division was obtained with R*
as the index, where the KS was used for the oil content and protein, while the random numbers were for the glucosinolates,
erucic acid, and moisture content. Various methods of data smoothing were evaluated with data smoothness as the index, such
as SNV, SG, MSC, DI, and D2. SG smoothing (5-window, and 3rd order) was determined as the best preprocessing. Cars, Pca,
GA, Lars, Uve, and Spa were used as data reduction to explore the best dimension reduction for each physicochemical index.
Cars reduced the dimensions of the oil content model by 73%. Pca reduced the dimensions of the protein and erucic acid
models by 98%. Thus the predictive accuracy of erucic acid was improved by 31.49%, whereas, the predictive error was
reduced by 40.78%. PLS, ANN, CNN, SVR, and ELM models were used with RMSE, RZ, and MAE as the indices. The
calibration model was determined for the oil content using KS+SG+Cars+PLS, for the protein using SPXY-+SG+Pca+PLS, for
the glucosinolates using Random+SG+PLS, for the moisture content using Random+SG+ELM, and the for erucic acid using
Random+SG+Pca+PLS. Model indices were as follows: RMSE, R%, and MAE for the oil content were 1.40%, 0.95, 1.16%; for
the protein 1.46%, 0.86, 1.24%; for the glucosinolates 20.70 pmol/g, 0.73, 15.73 pumol/g; for the erucic acid 3.63%, 0.86,
3.28%; for the moisture content 0.36%, 0.98, 0.24%, respectively. The device was used to collect the spectra from 1 to 7 g of
rapeseed seven times for the light transmission. Results showed that the absorption error for 3 to 7 g was within £5%.
Electronic scales were then removed for direct sample testing during field tests. Five stability tests were conducted at
temperatures from 15 to 35 °C, all of which were within reliable ranges; Stability tests were set as the relative humidity from
40% to 80% and found condensation at 70% relative humidity, which was corrected to maintain stability from 40% to 70%
relative humidity. Accuracy tests on the device showed the correlation coefficients (R for oil content, protein content,
glucosinolates, moisture content, and erucic acid between predicted and real sets at 0.932, 0.855, 0.734, 0.968, and 0.761,
respectively; RMSE values were 1.35, 1.67, 19.6, 0.34, and 2.96, respectively. Therefore, the device can be expected to perform
real-time non-destructive testing of oil content, protein, glucosinolates, moisture content, and erucic acid in rapeseed after safe
storage.

Keywords: non-destructive testing; near-infrared; portable; multi-index; rapeseed
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