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Table 1. Number of acorns collected from each family

Family Acorns Family Acorns Family Acorns
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WA 19 ot 8 3l <A 6
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F%2-3 3 %443 13 8l A4 14
FEAEY 14 Py 16 vy 12
FEEH1 25 AEFEA1-2 19 <13 28
Tl 14 syt 13 T4 25
AE 11 slé1-1 17 3kl d g 23

SIS 11 ?’E 12

Figure 1. Location of the seedling seed orchard of Quercus acuta in

Jeju
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Figure 4. Acorn spectroscopy using integrating sphere. @: Lip, @:
Integrating sphere, @: Light source, @: Light from the source, ®:
Sample reflected light, ®: Reflected light processed by scattered
light exception within the sphere, and @: Optical fiber —moves the
reflected light from the sphere to a detector
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Normal Variate), 1%, Savitsky—-Golay filter, Multiplicative Scatter Cor-

rection & 4~ 3}t
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goltH(F21{4}). A3t 2 MSCE o] -83}o] Fakgto] &
AA 7= A EaRES AASAGHNes et al., 2002).

X k
x!;nv — OTl O.Zk Drl/ { 3 }
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A= v 2 F24S ARSI T A {5
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SG(Savitsky—Golay fileter)+= P]it& ©]-8¢F smoothing, 5 54 AW
W] dFolth. SGHA & o] &3to] FAAHIA S FA sk AbE-skaat
st 39| 7l (window size)©F thal2A] o] 2F=(the degree of the fitted
polynomia) & A 3te] thaA & AlLbst 7, AFSE a3 d o] 7Hg T4l 2l
= ARgetE WA o ® Z18skqint. o] HAell A
ow FFAFAM FFEE T

Tkl A o] nxf vl 2gk
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S ZENAY
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FFA A 2k S o] AEHY] witol FFHFEL Al daAAE AA
S e TR B4 VIS ARGl oF Sk B 3 A w X, 2000). v

2 BEA7IHME PCA, PLS-DA$ OPLS-DAE AM&3}9itl. Simca-P

ol
rr

DA A BHEA A BEYAEAS TG BRAER Q) B

el e & i dd-8 £ 229 wads A5s7] A8 cal-

&1 t}. Calibration set¥} validation set®] I 7]+ 2+ 3669, 184
Aol om, Az zgo 7; set iR = Roll HE o] 91+ sample, rep
Zo] TgE o] &l Ay o2 ujx]E ). Calibration setoll = 74 E%}

2469, Za|E2}F 1209, validation setoll+= AAE2}F 1239, F31F4} 61

AR o Ao Sol7h7] Ao AR S AXNA e Ad s}
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Y
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9
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setol| A7k Al &1 TH(Wise et al., 2006).

TAAQ A Yo 2=, NIR 3 dlo]H & Xt 8tat, T4 #4 &+
& T3l €& 3llF 7hel ol -5 Yeb shlS W, X&= 601709 iR
A® 550709 sHgdlolE1(550 * 601), Y& -1, 12 74 E 745 FE 9
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dlolg &2 wrEol it s dlol gl tiaA = 1,22k 1, MSC, Savitsky—
Golay filter, SNV 52 Hlo|¥ ] 2] & o] &3] NIR 4 2] T st=
L FE AAS Y. ©] F calibration set, validation set .2 #H S 2 368,
18270 ¢] o3 ats el ek tha s E45 st7] doll g HFE9]
S 002 75 7] 98] mean—centering= A3 3% T}, Calibration set
of tiste] 7} Mg 9F PLS-DA, OPLS-DAS Z§akelth tHEolx cali-

bration E 2ol thaf A= 7-fold cross—validation= A| 33} o},
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oFAY] A vt o F 3| TP AEAE wlalsqlvh mg
400~1000nm 3= 400~780nm7kA] 9] 7hA] 334 od <], 780~1000nm
o] A9 g om o] FolA 7] wliEell, 400~1000nm®] Vis-Nir
o], 400~780nme] 7FA34A, 780~1000nme] 424 G 2 upd
TE YA 72 d9gpd Rd AT 3 vusigiy. Rdd 52 classifi-
cation evaluation index& ©]-&3}o] U] u &} T},

Classification®l] 2*o]&= 7|24 ¢l XX EZ+= TP, TN, FP, FNo] gl
TP+ True Positive2] ¢fo]l & 2 dlof o]3] 1 = True® 78 #2Hgto]
AA 2 true?] A9 =5 9|t} FP+= false negatived] ofoj= 24l
of ]g

false positive 2] ¢fojo|m w o o] ¢k F37 = positive©| L} 2 A &= neg-

F 9 A4 5 = U} positived! A9 = 9Ju]dlt}. FP+

M

ative?l 4-5-¢] & oJn|gr}. npA 2o = TN true negative®] °Foj =,

mdlo] AA| 2 Negative®l #2373 Al 2 Negative® 573+ 452 4

Xf=1WisSSY; {6}
vir, = |—=—/—— __"«k
SSYtotal * F

( VIP: KH A 3-8 52X VIP, wy o KH A 918 5= 9} il 74

o

)

N

PLS7}5 ], SSYy: FRAA] 524 5 o] A ©] YO] AW 76 HAY, S8V B E

FAR V) Y A IFs AL R AR 527
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Table 2. Evaluation of accuracy and precision

Accuracy

Recall

Precision

F1_Score

G_mean

TP

FP

FN

TN

(TP+ TN)/(TP+ TN+ FP+ FN)

(TP)/(TP+FN)

(TP)/(TP+ FP)

(2#Precision*Recall)/(Precision+ Reccall)

TP TN
E3
TP+ FN TN+ FP
Actual positive-pred postive
Actual negative—pred positive

Actual positive-pred negative

Actual negative—pred negative
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o] YERL7] Al #FeRA] R, A 9] d f 919l 780nm o] F-= T W3] H ik
= Zboll Zpol 7} A sl T, ZHA o whE i) o] Afol= A o] EAfEkA] %
A H(p<0.05).
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Figure 5. Whole VIS—-NIR raw spectra from 400 to 1000nm for acorns

of Quercus acuta
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Figure 6. Average of wavelength between sound and damage acorns

from 400 to 1000nm
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= o.957 R2x[2] = 0.0333
780-1000nm -1i intact seeds +ii seeds attacked by pests

Figure 7. Principal component analysis for sound and damaged acorns

in wave range from 780 to 1000nm

AAR Aol e s 24 2l A 5o] o)k =X E 3
Qlsl7] #ske]l AA 27} Q% calibration sets /o= 400~1000nm,
400~780nm, 780~1000nm= WHA #4183 tHTable 3). 2E 73t =
A& g0l 95% o] oz AMFEA] B0l sl & B e BT
At 53] 400~780nm T-7tj ol A= PLS-DA, OPLS-DA 7}7} 98.37%,

99.19%9] =& AAES RAFAY. 28y FalFsAe] &7 3 w9 sl

400~1000nm el A=, PLS-DA, OPLS-DA Z}7} 85.87%, 77.17%<]

N
N ﬂl
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%2
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E
-
o

21 780~1000nm®] 7-%-, PLS, OPLS-

DA 5 t} 85.87% % &Y AT EE HAFQh v 7pA A J9itS

B A8 400~780nm Q] A9 AT} 67-69%% ThE F F7Ho
vl gl ®2dl A5 o] vk

G mean®| 7-%-, o] o]t ¥ F=F . 400~780nmeHel A 9] G
mean< PLS, OPLS-DA Z}Z} 33.60%, 22.09% % 65-80%%] t}& -7Hdj
o Hlate] vf-§- & F2E HoFI)
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Table 3. Evaluation index for raw spectra

Preprocessed Raw spectra

Wavelength 400~1000nm 400~780nm 780~1000nm

Model name RawWP RawWO RawVisP RawVisO RawInfP RawInfO
Analysis PLS-DA OPLS-DA PLS-DA OPLS-DA PLS-DA OPLS-DA

Components 12 1+3 2 1+0 7 1+5
Accuracy 0.8587 0.7717 0.6957 0.6793 0.8587 0.8587

Recall 0.9512 0.9350 0.9837 0.9919 0.9593 0.9512

Precision 0.8540 0.7718 0.6914 0.6778 0.8489 0.8540
F1_Score 0.9000 0.8456 0.8121 0.8053 0.9008 0.9000
G_Mean 0.7996 0.6433 0.3360 0.2209 0.7931 0.7996
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Figure 8. Spectra processed with standard normal variate

400~1000nm (upper) and 780~1000nm (lower)

AR E o] &S A9 EAA A2 E A HolHE o] &3 4TS
o] EA R ] xpo] & H]uLst7] 9]3ted, calibration setol] t3
2 & 7}8F3ith. 94 SNV (standard normalized variate) S #
& Fzk=ell B3l variation £ 5313 680nm R 940nm F-+9] FF

AL oAds] Blov, Beg abgsks datel] &fste] g FE R
5ol uakak vk (Figure 8. upper). SNV A2} 2] shell A o] Ax F2 3
vt 2 ERIY A4, o] g uxtR Qlste] 2 A &
T EES Blo, 780nm-1000nme] <4 &4 FiRke iR X e E
o F=A T} (Figure

H
8. lower). A2 thig £/ 28L& P59 0 743 F90)
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:Oé
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= X33 A= AS % Fl score, G mean Z2H2F 80%, 12.75% % ko
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£ 87.69%, 75.98% <.

ﬁo

Z Y EktH(Table 4).
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Table 4. Evaluation index for standard normal variate processed spectra

Prepro—
cessed

Wavelength

Model
name

Analysis

Compo—
nents

Accuracy

Recall

Precision

F1_Score

G_Mean

SVWP

PLS-DA

0.6685

0.9919

0.6703

0.8000

0.1275

Standard Normal Variate (SNV)

400~1000

SVWO

OPLS-DA

1+0

0.6685

0.9919

0.6703

0.8000

0.1275

SVInfP

PLS-DA

0.8261

0.9268

0.8321

0.8769

0.7598

780~1000

SVInfO

OPLS-DA

1+6

0.8261

0.9268

0.8321

0.8769

0.7598
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Figure 9. Spectra processed with multiplicative scatter correction at

780~1000nm

Multiplicative Scatter Correction(MSC)E A A 8] & A}-&3F to] ¥ ¢ 7

-, SNV A "oy o vk Fde Bk o 3 2 Ao

o1}, 780~1000nm -Ztefoll M= of ] F-3kdioll A A &7t &pol 7}
A& 9 tHFigure 9). A A2 400~1000nm 7+ o] &

PLS, OPLS-DA & t} 66.85%, 12.75%°] %2 A& %t G means H.o
1 FEA] EH{7F H7] FEUTE ¥ 780~1000nmE ti/d o= g

749~ PLS, OPLS-DA &t} 85.63% 2] A& =2 H o3 tHTable 5).
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Table 5. Evaluation index for multiplicative scatter correction processed spectra

Prepro—
cessed

Wavelength
Model name
Analysis
Components
Accuracy
Recall
Precision
F1_Score

G_Mean

MWP

PLS—-DA

0.6685

0.9919

0.6703

0.8000

0.1275

400~1000

MWO

OPLS—-DA

1+0

0.6685

0.9919

0.6703

0.8000

0.1275

Multiplicative Scatter Correction (MSC)

MInfP

PLS—-DA

0.8478

0.9350

0.8519

0.8915

0.7927

780~1000

MInfO

OPLS—-DA

1+5

0.8478

0.9350

0.8519

0.8915

0.7927
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Figure 10. Spectra processed with 1% derivative 400~1000nm (upper)
and 780~1000nm (lower)

12} v A A2 E 3 4%, 400~1000nme] 2 3o o a4 = 680nm,
690nm, 980nmy-LAl Al FFx| o] WA= AS B 5 Ao 28
AWA o w = E7as (o delH e 43S 2717F &= A H(Figure 10.

= AYE 8¢S #, 960nm -

oA e FFA S #2180 850nm o] F = A [ EAFe} 7halEAk

N
2,
o
it
)

ko] zpo|7p A e RS B o A ATHFigure 10. lower). A A 2] ¥ H o]

HES ez g 345 3k91S o 400~1000nm %2 780~1000nm
T-Zroll A ] mEle] A= 82~849% = H]528t] o ZF 34 Ul ¢] PLS,
OPLS-DAY RelA 5 3k F1 score ¥ G mean©] 87~88%, 75~78% =
Aol Zpo] 7k YA ¢k kth(Table 6).
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Table 6. Evaluation index for 1% derivative processed spectra

Preprocessed

Wavelength

Model name

Analysis

Components

Accuracy

Recall

Precision

F1_Score

G_Mean

1% derivative

400~1000

1DWP 1DWO 1DInfP
PLS—-DA OPLS—-DA PLS—-DA
5 1+8 6

0.8261 0.8424 0.8424
0.9187 0.9268 0.9268
0.8370 0.8507 0.8507
0.8760 0.8872 0.8872
0.7664 0.7893 0.7893

780~1000

1DInfO

OPLS—-DA

1+7

0.8207

0.9187

0.8309

0.8726

0.7565
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Figure 11. Spectra processed with Savitsky—Golay filter, 400~1000nm
(upper) and 780~1000nm (lower)
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Table 7. Evaluation index for Savitsky—Golay filter processed spectra

Prepro—
cessed

Wavelength

Model name

Analysis

Components

Accuracy

Recall

Precision

F1_Score

G_Mean

SGWP

PLS—-DA

11

0.8641

0.9512

0.8603

0.9035

0.8093

400~1000

SGWO

OPLS—-DA

1+3

0.7717

0.9350

0.7718

0.8456

0.6433

Savitsky —Golay filter (SG)

SGInfP

PLS—-DA

0.8315

0.9350

0.8333

0.8812

0.7632

780~1000

SGInfO

OPLS—-DA

1+6

0.8315

0.9350

0.8333

0.8812

0.7632
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90.35%, 80.93% = &AL, TallFA &7l Aol 7H ¢ EFA8 T

S HAFT agy AAEE 7behA] e mdEo] A oA A

(Figure 12).

(a) (b)
0.90 0.90
0.88 0.88
0.8641 0.8603
08587 08587  0.8587 -
0.8540 08540  0g519 08519
0.86 osarg 086
0.84 0.84
0.82 0.82
0.80 0.80
SGWP RawWP RawInfO RawlInfP MinfP SGWP RawWP RawInfO MinfP MinfO
(© (d)
0.91 0.9035 0.82

0.8093

0.90

0.90 0.7927

0.89

0.89
SGWP RawInfP  RawWP  RawlinfO MinfP SGWP RawWP  RawInfO  RawInfP MinfP

Figure 12. Top 5 evaluated combinations of analyzation methods, ac—
curacy (a), precision (b), f1 score (c), G mean (d), SG: Savitsky—-Golay,
Raw: No preprocessing, W: 400~1000nm, Inf: 780~1000nm, P: PLS-
DA, O: OPLS-DA
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g mdo] golg BEF A AdHow e 7] 98l score scatter
plotg &1k A3 vh-&3} Zokrh. Al F42(77.7%9] £4be A1), Al

’d¥ scatter plot¥re 2+ g13] &+

10 15 20

1]
R2x[1] = 0.777 R2x[2] = 0.13 Ellipse: Hotelling's T2 (95%)

Figure 13. 400~1000nm Savitsky—Golay filter (SG) processed model’s
PC score plot, t1: PLS principal component that take the largest part

of the explainable variation, t> the 2™ largest PC

PLS 2 dlo] AA| wdlo] AMZ FFXHE 20| y-predictability= 0.5
2 A3 7|+ (threshold) S T4 &2 3} observationE= 0,102
LAl Jnh SGWP 229 35, AdTAE AA ddFA 1167] 5 111
Ne Ad=z FHstela, Fl$2 587/ 417 A= 28l

(Figure 14).
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Figure 14. Y-predicted plot, it shows how y predicted values from PLS
regression are set to classes by a certain threshold (Y = 0.5). Sample
classes of 0,1 mean original classification of the samples. Blue dots:

Sound acorns, red dots: damaged acorns

e A Eskes slo] AAIAE etstr] 9]e)
T 1617181 &
W, F2 650~750nm Atol9] 7HAIFA Aol 400nm HF, 1EaL
950nm ©]%e] W50 o] afdsal th(Figure 15). Regression coeffi-
cient B3k v}z7EA] 2 650~750nmeol A 733 peak7F FE# AL

2 Y& peak’} YEFU = AS #2155 tH(Figure 16).

, 400nm,

950nm H-++ =2
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Wavelenaths

Figure 15. Variable Important for the Projection: A normalized index
that explains which spectra in the model were responsible for Y-pre-
dicted-value decision. Mean squared VIP in every wavelength is al-
ways equal to 1. If VIP is over 1, it means the spectra make significant

influence on Y-predicted-value decision in the model.

T
%_;:WWW \/

Figure 16. Regression Coefficient: Coefficients of the regression

Coefficient(Intact)

egre

700
Wevelength

equations formulated with components based on PLS, OPLS-DA. Re-
gression line over Y=0 means its wavelengths helped seeds to be
sorted sound ones and vice versa. If lines shape sharp hills, it is meant

to form a certain material’s absorption peak.
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A5 aF

A1E FAEEH FIA X A

400~1000nm, 780~1000nm +7Ffel] thet PCA-Score plotS 7]RES
% Hoteling’s T? 5439 95% A2 7-7bol] 4] 3l ES o] FA =
A Astal ALA g 3 FH, o] AE A A ¥ A5 Hlusiitt

(Figure 17. upper).
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R2X[1] = 0.357 R2x[2] = 0.0394 Ellipse: Hotelling's T2 (35%)
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Lt
R2x[1] = 0.936 R2x[2] = 0.0581 ElTipse: Hotelling's T2 (95%)

Figure 17. Schematic of outlier detection, outlier removal in
400~1000nm PCA with Hoteling’s T? (confidence interval=95%) (up-
per)- Red dots are the outliers, PLS-DA analysis on raw 400~1000nm

spectra after outlier detection (lower)
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M 1S PABAAN, AHFTAT T FA = FEel o HA FAHAG
(Figure 17. lower). o] A 2] glo] PLS-DA ¥ OPLS-DAE #-£3}3]
=4 400~1000nm¢] 73

780~1000nm- 18707} o] 4= &= A = o] A=At 1 A3} A2 §l
°] PLS-DA, % OPLS-DAE A&3% A3, &%=+ 717} 86.41%, 80.98%

2 71E% SAHAG 288 JHEo} o Dol PPE warh

% calibration set®] 3667019 @z = 2671,

Ao abgol @ chak B4 A ol A welel Yl FUE
PR oAt EARE W AAKE Al G oldHelet wust

(Nicolai et al., 2007), o|x]& #| AslA] ¢l dlolH &4& X3P s}Sit}.

ol

A 22 Aol g iy

|

g F ] ARl gl oW S AREshE el whek s Eof
g g4 defvta 1o Qo) oAt A%, Fl score, G mean 5
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Abstract

Along with the global carbon neutral trend, the need for carbon ab-
sorption sources, especially broad-leaved trees that can adapt to cli—-
mate change, is increasing. Quercus acuta Thunb is an evergreen
broad-leaved tree, and it is expected that its potential distribution is
expanding from the coast to the inland of Korea in the future dew to
climate change. To efficiently produce seeds for future afforestation
demands, low-cost, non—destructive seed testing using spectroscopy
should be investigated. However, studies on the quality classification
of evergreen broad-leaved seeds are insufficient, and research on
forest seeds using near-infrared spectroscopy is lacking in Korea.
Therefore, this study was conducted to distinguish between sound and
damaged acorns using vis—near—infrared spectroscopy (400~1,000nm)
based on preliminary research on chestnuts and pomegranates. A total
of 550 acorns were collected from a Quercus acuta seed orchard lo-
cated in Seogwipo-si, Jeju—do. The collected seeds were classified
into 362 sound seeds and 178 damaged seeds through visual investi—
gation. The seed lots were then randomly divided into a calibration set
of 366 acorns (246 sound and 120 damaged) and a validation set of
184 acorns(116 sound and 58 damaged), respectively. Using Ocean—
optics’ Flame-S-Vis—-Nir spectrometer and ISP-REF, 550 spectra
were obtained by averaging 10 repeated observations at each cardinal
point on the seeds, with an average of 550 observations. Afterwards,
data preprocessing methods such as first derivative, MSC, SNV, and

Savitsky—Golay filter were used to reduce the error of the
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spectroscopic data. In addition, PLS-DA and OPLS-DA multivariate
analysis methods were applied. The performance of models was com-
pared between different wavelength ranges, preprocessing, and mul-
tivariate analysis methods. Model evaluation indexes such as accuracy,
precision and variable importance in projection were used to measure
the performance. The VIS-NIR spectra of acorns displayed a sharp
absorption peak at 660-720 nm and a smooth downward absorption
peak at 900~1,000 nm. As a result of multivariate analysis and model
evaluation, the best model to distinguish damaged seeds was analyzed
with PLS-DA and SG treatment in the whole range of 400 to 1,000 nm.
The model showed accuracy of 0.8641, precision of 0.8603, F1 Score
of 0.9035, and G mean of 0.8093 (p<0.05). The absorbance peaks at
660-720 nm and 960-1,000 nm had a significant effect on the perfor—
mance of the model. In the latter case, it was presumed that the acorn
worms affected moisture and carbohydrates. In the former case, the
peak was strongly influenced by chlorophyll and color variation. How—
ever, the performance of the model changed when the 660-720nm
peak was used with a near—infrared wavelength band (780~1000nm).
The results for absorption peaks can be used to narrow the scope of
subsequent studies utilizing wider wavelength bands or multidimen-—
sional spectroscopy. To improve classification accuracy, this study
suggested incorporating other types of data, such as x-rays, subdi—
viding classification groups of insect—-damaged seeds or oversampling

the minority classes.
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