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Identification of Soybean Seed Coat Crack Based on
Near Infrared Spectroscopy and Machine Learning

WANG Liusan HUANG Ziliang WANG Rujing
( Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)

Abstract: At present, the detection of soybean seed coat crack mainly depends on visual inspection,
which has low detection efficiency and large error, a method for automatic identification of soybean seed
coat cracks based on near infrared spectroscopy and machine learning was proposed. The near infrared
spectra of 150 soybean samples (75 cracked and 75 normal) were collected by FT — NIR spectrometer.
The original spectra, standard normal variable (SNV), multiple scatter correction ( MSC ), the first
derivative and the second derivative with SG smoothing were used to process the obtained spectra. Then
partial least squares discriminant analysis ( PLS — DA ), k-nearest neighbor ( KNN), support vector
machine ( SVM ), random forest ( RF), stochastic gradient boosting ( SGB) and extreme gradient
boosting ( XGBoost) were used to establish soybean seed coat crack identification models. The effects of
different spectral preprocessing methods on the classification results of the six machine learning methods
were compared and analyzed. Under the appropriate spectral preprocessing conditions, the accuracy of
validation set of six different machine learning algorithms was not less than 80. 00% . PLS — DA had the
best classification result, and the optimal accuracy rate of validation set reached 90. 00% ; the next was
XGBoost, the optimal accuracy rate of validation set reached 86. 67% , followed by SVM, KNN, SGB
and RF. The results showed that near infrared spectroscopy combined with machine learning was feasible
to identify soybean seed coat cracks, and PLS — DA was the best method to identify soybean seed coat
cracks under the original spectral conditions. The research result can provide a method for automatic
identification of soybean seed coat cracks.
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Fig.3 Average spectra of cracked and normal soybeans under different pretreatment conditions
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Tab.1 Classification results of PLS — DA under different pretreatment conditions

B )72k v Rrs FIER
Sp/ % Sn/% Ac/% Sp/ % Sn/% Ac/ %
LR T 5 90. 00 91.67 90. 83 80. 00 100 90. 00
SNV 5 86. 67 93.33 90. 00 80. 00 80. 00 80. 00
MSC 9 100 98. 33 99.17 66. 67 80. 00 73.33
—Br R E SG TR 5 91. 67 95.00 93.33 86. 67 80. 00 83.33
RS A SG TR 4 98. 33 96. 67 97.50 73.33 53.33 63.33
F2 AEFAELEHET KNN SHELER
Tab.2 Classification results of KNN under different pretreatment conditions
BTk K Rr FES
Sp/ % Sn/% Ac/ % Sp/ % Sn/% Ac/%
JE IR T 5 78.33 95. 00 86. 67 66. 67 80. 00 73.33
SNV 3 91. 67 90. 00 90. 83 93.33 73.33 83.33
MSC 3 91.67 90. 00 90. 83 93.33 73.33 83.33
—Br R E SG TR 5 83.33 86. 67 85. 00 73.33 60. 00 66. 67
TR A SG TR 5 53.33 78.33 40. 00 73.33 53.33 56. 67

1R AE 40. 00% ~90. 83% 2 [1] ; B UF £E Hh 4 S M 7
66.67% ~ 93.33% Z [6], R ¥ #£ 53.33% ~
80.00% = [u], HE#f R 7E 56.67% ~ 83.33% Z [i],
SNV Fll MSC ¥ IESEHUAS T el i e gh 21, Hoork
S5 LR ], 52 15 42 056 TF 4 WE B R 43 31 R 90. 83%
H183.33% AL IEAE GG UESERE ST PE 2 510 91. 67%
H193.33% A% IEAE A UESE R AGLE 53 51k 90. 00%

M 73.33% , IRIGIEM L Rk 2z, R E 4
TG IE 45 v A R 43 531 35 F)) 86. 67% 1 73.33% , —
B EELE A SG - A T 4 R G UE 4 oA R I
TR AR IS JE MR R . B RS S SG
IR R 2, 25 LIRS R AL B
Xt KNN 1R LR Bz 248053 Z8CRAR 5 U A T
4 SNV (MSC) Jifotilk . —Fr S84 & SG Fi .
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T 80. 00% , (HI5IE A 1 R 41k 76. 67% , 15 BH 4%
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RF [R5 28000 FEHUERAE B 7 MR R — B 35K
454 SG FI SNV | -S4 & SG - \MSC Ji
I,
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Tab.3 Classification results of SVM under different pretreatment conditions

ST y . Ll SN
Sp/ % Sn/% Ac/% Sp/ % Sn/% Ac/%
BRI 1x10°¢ 1 x10° 98.33 100 99. 17 73.33 93.33 83.33
SNV 1x107° 10 000 100 96. 67 98. 33 80. 00 80. 00 80. 00
MSC 1x10°° 1 x10° 100 100 100 73.33 80. 00 76. 67
— B s G SG T 10 10 80. 00 91. 67 85.83 73.33 73.33 73.33
Z B SRS SG 10 1000 90. 00 98.33 94. 17 40. 00 73.33 56. 67
4 AETREEGFT RF HERER
Tab.4 Classification results of RF under different pretreatment conditions %
SR BB SR
Sp Sn Ac Sp Sn Ac

BRI 76. 67 78.33 77.50 66. 67 86. 67 76. 67
SNV 83.33 80. 00 81.67 80. 00 73.33 76. 67
MSC 80. 00 80. 00 80. 00 80. 00 73.33 76. 67
— B s G SG 85. 00 88.33 86. 67 80. 00 80. 00 80. 00
ZBr SR A SG 86. 67 75.00 80. 83 80. 00 73.33 76. 67

5 AAF BB ST SGB 4 2K45 8, M
5 Al LLFE Y, BOIE £ P RE S PETE98.33% ~
100% Z 8], R ELE95. 00% ~100% 2 I8], HEHH %
1E 96.67% ~100% Z [d]; % ik £t FF = Pk 7E
66.67% ~80.00% = [a], R i & £ 66.67% ~
86.67% Z [u), EHf R 7E 66.67% ~ 80.00% 2 [A],
— B RS G SC IOt o R A R AR IE AR
I8 IF 5 R R 2 B 2] T 100% A1 80. 00% , Ji

LGS SNV MSC i 56 0F 55 1 K 24k 76.67% ,
{H SNV il MSC A% 1E4E R HERG R R 100% , I T )5 4R
LA TERR % (96. 67% ) . SNV B iF 4 1 R G Ny
80. 00% , KT MSC Wy REE (73.33% ), SNV i
Oy FBORIEE T MSC i . - TS & SG il
i ar 2 gl Wix 22 WU EWERI RN 66.67% , 47
RTIR S FPEALEE T R SGB R R84y AL
B N JF AR K — By 2545 & SG T SNV,
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x5 AEFAELEHET SGB 7 HLER
Tab.5 Classification results of SGB under different pretreatment conditions %
) I 4 LAl
i A B ik
Sp Sn Ac Sp Sn Ac
JE IR 98.33 95 96. 67 66. 67 86. 67 76. 67
SNV 100 100 100 73.33 80. 00 76. 67
MSC 100 100 100 80. 00 73.33 76. 67
— BB A SCG iR 100 100 100 80. 00 80. 00 80. 00
TR G SG 100 98.33 99. 17 66. 67 66. 67 66. 67

MSC | JR RGBS 5 4 & SG .

6 NAFFAL B A5 T XGBoost 732545
o D RERIRIE e H¥IH RHSED e h
AL fE, IR 6 ] LIE I, KOEE e R PEAE
95.00% ~100% Z I}, REEETEI3.33% ~100% Z
6], WERARTE 94. 17% ~100% =22 [] ; B iE 5 FpRR Sk
1E 60.00% ~86. 67% Z ], REIEAET3. 33% ~93.33%
Z I8, HERRTE 76. 67% ~ 86. 67% 2 ], 45 kb
DR AER IEE I IS TARLF B o3 4 51 Ml R
KT 94.00% (B IG5 UESE 43I 25 T A B IE AR 4, U
BRE/NTF 90.00% , SNV i B T fe 4 1943
L L R IE ARG E AR HE R 4 )55 2] 100% Al

86.67% ., MSC Fl— [ 445 & SC PRz, K
E A5 I TIE 4 1 5 23 43 35 21 100% F1 83.33%
MSC 1ES UESE R HUE (86. 67% ) KT — B 44k
£ SG V-7 R AHUE (80. 00% ) , MSC G i 43 25 %%
B T — I S A SC Filr, s o
SG - 1 ik AR 4R O B 56 UE 4R I i R 2N
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ik,

Fx6 ARETLEEHET XGBoost LR

Tab.6 Classification results of XGBoost under different pretreatment conditions

‘ B4R UESE
ST A BE 5 D e

Sp/ % Sn/% Ac/% Sp/ % Sn/% Ac/%
JR R 1 0.6 95.00 93.33 94. 17 60. 00 93.33 76. 67
SNV 3 0.1 100 100 100 80. 00 93.33 86. 67
MSC 1 0.6 100 100 100 80. 00 86. 67 83.33
— B FEEE A SG il 3 0.4 100 100 100 86. 67 80. 00 83.33
S A SC 1 0.4 100 100 100 80. 00 73.33 76. 67
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Fig.4 Performance comparison of six modeling methods
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