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Identification of Foreign Objects in Soybeans Using Near-infrared Spectroscopy

Jong-Guk Lim, Sukwon Kang*, Kangjin Lee, Changyeon Mo, and Jaeyong Son

National Academy of Agricultural Science, RDA

Abstract

The objective of this research was to classify intact soybeans and foreign objects using near-infrared (NIR) spec-
troscopy. Intact soybeans and foreign objects were scanned using a NIR spectrometer equipped with scanning mono-
chromator. NIR spectra of intact soybeans and foreign objects in the wavelength range from 900 to 1800 nm were
collected. The classification of intact soybeans and foreign objects were conducted by using partial least-square dis-
criminant analysis (PLS-DA) and soft independent modelling of class analogy (SIMCA) multivariate methods. Var-
ious types of data pretreatments were tested to develop the classification models. Intact soybeans and foreign objects
were successfully classified by the PLS-DA prediction model with mean normalization pretreatment. These results
showed the potential of NIR spectroscopy combined with multivariate analysis as a method for classifying intact

soybeans and foreign objects.
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2006; Tonning et al., 2009; Dowell et al., 2010).
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(Taekwangkong), 2H)E-F(Pungsannamulkong), TH2-F
(Daolkong), %%%’—(Keunolkong)_i 7} FEHE 10 ¥4
T 60 Ho] AT A FE AsdrkFig ). &3, F
o &= 71540 Y= o] A7 e
M7 2] ZZH(broken glass), 3%
< THskR e =& T3 A%
color)?] &3} T}eFst A /}}(vanegated color)°] 4
< 7H7F 10 A8 F=RIEAAL 7R ] 22 AEE
A (brown)# FH(clear)?] F 7HE 2+ 10 HA wHEo]
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Z 2] Z 2 (Polypropylene)S 22} 10 A4 FH|ske] =
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250TH, Dongwoo Optron Co., Korea), T4 3}7 7<](MonoRa

150i, Dongwoo Optron Co. Korea), AYFHF S22 F
AERom 2HAEHLS QR §YUEE Fo] JTFS vl
A7) fete 278 AEE ol AdkE AR W9
37 Ao FHAA WARGe] A|l71E SA ste] ARE-SHA

ok of7]of] o] &H ZA e T2 900 nmell A

1800 nme] F+7+o.Z7A 718 3474 (gap size)S 10 nm=

skl EA AT A Fo 2HERY SH e £
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3% SA4ste] F 120 719 2 ERLS 59Tt

= -
olzde] Wi 9% oﬂ% =98 PLS-DAS} SIMCAS
gk wE A &% (Correct
Classification Rate, %)= 3}%’\13}(Kasemsumran et al
2007). PLS-DA%} SIMCA ¥E =4 7HHL° flal AR
AA 240 71 AHERS F OF0 8 /R ‘j‘é
7H-8 Calibration groupS = 168 7H(7‘4’\]' F 84 7N, °l&
2 84 /W), 24l FAZE prediction groupS & L A] 72 7
(8% F 36 7N, ol=4 36 /)2 ZHEH HolEE 7+ A
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Variety

Pictures of Intact soybeans

Daewonkong
Danbaegkong
Taekwangkong
Pungsannamulkong
Daolkong

Keunolkong

Fig. 1. Pictures of intact soybeans used for an experiment.

Description . . .
- Pictures of foreign objects
Material Color
Brown
Broken glass
Clear
Variegated
Small stone )
Beige
Polyethylene White
Polypropylene Translucent

Fig. 2. Pictures of foreign materials used for an experiment.
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HEE o]835le] =7 WM< (independent variables)?] HE
d dlo]eete] A3 ARDE /L= (Lee et al., 1998;
Son et al., 2009) A= €] PLS-DAE THHETE 5%
7t tAlel #E3I2A Sl 2FES 7MY W (dummy
variables)= A 3te] 3]7] 2dlS 7l dgtr}(Alexandrakis et
al, 2008). ¥ oA PLS-DA =4 /feHS &) o] &%
168 71 2~ EZ Q| calibration groupollX 84 7] A F
2 ER ‘CLASS I 991¢] 7 W 3 0= ot
2] 84 7o) o] B g AFER ‘CLASS II'e 9
ole] TP WM # IR FHEHUTFTE AA S W Bd S
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SIMCA®= ¥H38}a 7} sh= 7iE EH /‘-4 54 L]'Ehﬂ
= F/J & (Principal Component, PC)S F4J -4 (Principal
Component Analysis, PCA)°l ]3] —,—iﬁl—l e zhz}
o] PCA RH &2 VA 9] A2 A5 2e] fFAMIS HlaLs)
of ztzhe]l &g WEE= Y Q12 7R o] th(Wold,
1976; Maesschalck et al., 1999; Roggo et al., 2003). SIMCA
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AW X(class)gol 232 4 d= AE A A2 (critical
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PCA RHEZ FE3}] o] F ZF2 PCA 2YL prediction
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dE A EH 1]"]‘51‘” B o]=d Y
FArE B e WEA SR /S flal ok
gk bl el ]BH A2 2] (pretreatment)S 4857l
¥ Th(Hwang, 2000). & AFel AHEHE 3% A3t
(Normalization) ®H 2= A EY Hujgh A+F3t
(Maximum Normalization), 3%t “d7F3HMean Normaliza-
tion), 474 H L7t A +3HRange Normalization)S ©]-&3}
Ao, 2HEY ZHYA| F Ao G AAY 5H o
Z SNV(Standard Normal Variate)2} MSC(Mean Scattering
Correction)& AMS-3FA T BEgF A ER o] HAghS FYU3s)
Al ®7d3}7] $13F Baseline?} 274414 A 2] 0] Z(noise)
& AlAsH] 918 H&3KSmoothing) S 4831501,
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AN AR Aake] e B T olEd e
ZHEA G Fat o] BAR R F s IS
2dS Adsly] s WA PLS-DAE &3tk /es

PLS-DA 249 FUX+= ZAA A4 (Coefficient of Deter-
mination, R*)¢} E&2J Al 2] 3£ 2 XK(Standard Error of
Calibration, SEC), RdAFE gt o FX9 HFE A}
(Standard Error of Prediction, SEP)Z Zz}Z} YERR o™
T F S+ Fig. 49} 59 Aol BZo] Z} F 29
E7 CLASS I3 o]=3 2 Ef CLASS 19] #387]%
A F 0 e SR 055 VLR st e

| 5X] 8] FE7F Lol A 7] wizol] dS A3 3ol 05K
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E4) g3l CLASS 1IE #eH3}9) th(Alexandrakis et
al, 2008). webA B F 2HER o] AHEYI]

o & Az} gho] Z4zbe] dH7IER] 03 1o 2HETFE
PLS-DA ¥h3d _1;_13_:]/] /\—L‘:_C; _?4:‘,:(,].1—4__7 B = 011:} 7(4)\1-
T} olEd ] 2HEF HolHE thkdt o= A
sto] JaE PLS-DA ®de] A= Table 19 Yebd v}
o} 2t}

ol A& A &2 ~FEH Ho|HE o] &35ty
7haek o o] =2 g o] M =(Fig. 4a) 2ollA A3k CLASS
17} CLASS [IE 257 F5A17A 100%2] B &8 B3]
o SNV HAZE H&3t 2l A9 A4 T2 100%
FHSFAR| T o] 522 CLASS 119] 84 7l o=x] F 2 7}
7F A4 Feol 7= 0.5 ©|3t= o S(false positives)=]
°] 97.6%°] WHEES el AFE & F AATHEFig.
4b). o= sjuto A PLS-DA®] A7 Table 1914
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Fig. 3. Original reflectance spectra of Intact soybeans and foreign objects in the wavelength range from 900 to 1800 nm: (a)
Daewonkong; (b) Danbaegkong; (c¢) Taekwangkong; (d) Pungsannamulkong; (e) Daolkong; (f) Keunolkong; (g) Broken glas
s(brown); (h) Broken glass(clear); (i) Small stone(variegated color); (j) Small stone(beige color); (k) Polyethylene; and (1)

Polypropylene.
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Fig. 4. PLS-DA calibration results for intact soybeans and foreign objects discrimination with non-pretreatment and SNV

pretreatment.
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Table 1. Calibration and prediction results of intact soybeans and foreign objects using PLS-DA model with various pretreatments

in the wavelength range from 900 to 1800 nm.

Calibration result

Prediction result

(sample : 168 ea) (sample : 72 ea) ’
Data pretreatment ] CCRY (%) ] CCR (%) PC
R SEC R SEP
Is? FO? IS FO
Non-Pretreatment 0.946 0.117 100.0 100.0 0.936 0.124 97.2 97.2 3
Mean 0.963 0.097 100.0 100.0 0.945 0.115 100.0 100.0 4
Nor? Maximum 0.961 0.100 100.0 100.0 0.946 0.115 100.0 97.2 4
Range 0.967 0.091 100.0 100.0 0.943 0.117 100.0 91.6 4
SNV 0.934 0.129 100.0 94.4 0.941 0.117 100.0 91.6 3
MSC? 0.961 0.098 100.0 100.0 0.945 0.115 100.0 91.6 5
Baseline 0.947 0.116 100.0 100.0 0.932 0.126 97.2 97.2 3
Smoothing (50 nm gap) 0.945 0.118 100.0 100.0 0.929 0.132 94.4 97.2 3
1st Derivate (50 nm gap)  0.950 0.112 100.0 100.0 0.941 0.120 94.4 100.0 3
2nd Derivate (90 nm gap)  0.938 0.125 100.0 100.0 0.929 0.127 100.0 97.2 4
UCCR : Correct Classification Rate.
IS : Intact Soybeans.
9FO : Foreign Objects.
“Nor : Normalization.
98NV : Standard Normal Variate.
9MSC : Mean Scattering Correction.
PC : Principal Component
2 2
R2= 0.945 R2= 0.929
SEP=0.115 SEP=0.132 (h\', False Positive
15 n=72 15 {n=72 N/
Foreign - Foreign %
o 1 jects bjects
;:;: 3 (():é?:) %‘ P % E =5 (()3é ::)A %
g 05 | E 05 @/)False Positive
T g W h
g 9 o“ ae.:ans Lo |"t9:"s
&% s(;:ea) & ;2 ?‘ s«(rsy::a)
-0.5 -0.5

20 40 60
sample numbers

(a) Mean normalization

Fig.
pretreatment.
I 4 glzo] e RE mdEL g T sl 100%
of WEES HYoH olEH e SNV A W
HE AQstae 25 e W A5 HoFSn o
Ak w2 Alge] thek 2 E- dlolEll 72 709 predic-
tion group®l] W&t o & Rde] AFe M= Htak &
T3 AAE e 4835 mdvte] A4 F 36 9 9]
=4 36 & 100% HHeFR o Aok A+tsh, ¢4 9
A%k A3}k, SNV, MSC, baseline, 22} @ 5'1—4 Az)g W
He 2448 PLS-DA RHo) tisixE g4 T 100%2]
S-S JERH AT o] & oA = *‘tH o2 Figol
A LT

71 ehde eSS vebd Bt At A E e
PLS-DA Rde] ARAFR)E 0945, 53] #FL%}

4 M -
{ ,:False Positive

20 40
sample numbers

(b) Smoothing

5. PLS-DA prediction results for intact soybeans and foreign objects discrimination with mean normalization and smoothing

(SEP)= 0.115°] 1 tH(Fig. 5a). &3} Axz]" PLS-DA &
o] At Fig. Sboll YERH viel Zow g Fofl of
g o & 3 T St ol EHE AGEHAL &S XIS

dF #e AU Aol A FolAs 2, o2
M 7F FE7E HE Hol=S & 5 Asdrh

Table 191141 100% EE&S HAFAH HA7t A+t
Ax 2] WES 283 PLS-DA Edo|A¢] PC 13 PC 29]
7 4*(scores)= WERH W Fig. 63} 7t} 7] Fig. 6a:e

Al g0l gk
A o2 PC 13} PC 2 F 7N F/d8 Ut scores
plotel A Bo] A F3} o]52 o] 2 ER] PC | F9
0 7|22 M2 & FEHo] #ZstE o] o HF F
2~HE] sFs= CLASS I°] o] &=

calibration group, Fig. 6b prediction group
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Fig. 6. PLS-DA scores plots(PC1 x PC2) for intact soybeans and foreign objects discrimination with mean normalization pretreatment.
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o] SIMCA Ed-& 7Hdsilon wx]e] A EY 72 7]
Haix 2de AFskdnt 29 sidg 2 EY 168 i
ZollA 84 Heol A4 F ~¥EY CLASS 9] 3k PCA
297} 84 7ol o]&EF A ER CLASS 119 thgh PCA
Ut]_O_ ;(—];‘qg] H]—Bhgi _g_g].cﬁo]:q 7—]21: Eo]s]_ Z']Zi
g A&t W AR E FUsiH SIMCAE °l&
g ¥ A= Table 20 VR whol Hom A A Z Q]
7 3= PLS-DAZ ¥ wd uf WA VEelstt) PLS-
DACA 100% E &S JEIHA Fd3k BsE 283

SIMCAZ 0|83} 0|
Z%N—i/\_ﬂlEFH_,,]. ]

Table 2. SIMCA classification results with various pretreatments
in the wavelength range from 900 to 1800 nm.

SIMCA classification results (CCR" %)

Data pretreatment

Is? FO? Average
Non-Pretreatment 91.7 88.9 90.3
Mean 94.4 91.7 93.1
Nor? Maximum 97.2 91.7 94.5
Range 97.2 91.7 94.5
Standard Normal Variate 94.4 91.7 93.1
Mean Scattering 94.4 917 93.1

Correction

Baseline 91.7 83.37 87.5
Smoothing (50 nm gap) 96.1 88.9 87.5
1st Derivate (50 nm gap) 97.2 86.1 91.7
2nd Derivate (90 nm gap) 972 88.9 93.1

YCCR : Correct classification rate.
IS : Intact soybeans.

YFO : Foreign objects.

“Nor : Normalization.

AA = SIMCAYIA = 93.1%2] #HE&E Jepfion
Hoigt Aatst 2 A W9k Arsh AxE) e AE
gk mdlo] A T3 olEAe] Ht WHEOIAM 944%=
MV FEH AAE e AAFd0s g5 W

&5 HoFUE PLS-DAS= €3] SIMCAS] HEA3+=
ojul gt A olA % %@@ WHEES IR XIS &
AN, AA7A] A2 = olEF 9] W= PLS-DA
o] Wigol § Y3gh Zioi HAAE AT} ©]= SIMCA &
de] o wE Fho] T3 o=l dlal suE zHzhe]

THgo A ME SR EE Fio] WA
}9 o o]o H3] PLS-DA RY= 7|
%@94 T THE=E F
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2 o

T B FF old 4= olEdE
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= prediction groupS = U7o] AMESIGTH 58 A~HE
HE o EMYS AR A718 FEjellA 7IRlE=
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3Tt
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