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Abstract

Coarse aggregates are essential components of concrete. Their gradation curves and flat
and elongated particles, significantly affect the workability and mechanical properties of
concrete. Therefore, accurate particle size distribution and analysis are crucial for
ensuring concrete quality and performance.

Traditionally, particle size and shape evaluation relied on labor-intensive methods such
as sieving method and the use of proportioning calipers. However, with advancements in
image processing and machine learning, image-based particle analysis methods have
gained attention. These methods utilize digital image processing techniques to analyze
particle images and provide instant and accurate information on particle size distribution.
This study focuses on the commonly used coarse aggregates from Hualien and Minhou
in ready concrete plants. The aim is to effectively monitor the information of three-
quarter-inch and one-half-inch aggregates, as these particle sizes are representative of
three-quarter-inch and one-half-inch aggregates. To obtain accurate particle size
distribution information, the image processing software Image Pro Plus is used to acquire
particle image data. Through machine learning classification methods, comprehensive
analysis of the particle sources and sizes is performed. The classification results reveal
the proportions among different sources and facilitate the generation of gradation curves.
Additionally, traditional sieve analysis is employed to determine the weights of particles
in each sieve layer, and the relationship between sieve weights and image data is
established. This allows a thorough understanding of the proportions among different
sources and the generation of accurate gradation curves, with minimal errors as compared

to traditional methods, including approach zero errors in D90 and D50.
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Assessing flat and elongated particles traditionally requires multiple cameras for precise
capture. In this study, a large amount of planar data sampling and estimation of actual
particle weights are conducted to establish the relationship between average image
thickness and measured particle thickness. This enables the estimation of particle flatness,
elongation, and angularity from planar images, yielding results that closely match actual
test results, particularly with small errors in flatness and elongation ratios.

In conclusion, this study combines image recognition and machine learning techniques to
evaluate the particle size distribution and shape characteristics of coarse aggregates using
image data analysis. The proposed method demonstrates high accuracy and efficiency,
providing real-time information to support concrete production and quality management.
It is of significant importance in improving production efficiency, reducing costs, and

ensuring concrete quality.

Keywords: image recognition, machine learning, gradation curve, coarse aggregates,

flat and elongated particl
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F o7 ORI B AT @R A AR R o B A LA F AR Rk

ViR o BRI ATORIR A R AR T B AR LT .

T & (Underfitting) © T £ & % 4 & 803 &2 539" Julicdy @ ahicst e
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et A R L A R D R R S AR
A L eni % o 4o 2.5-1[11]9F 7 o

W #t & (Overfitting) © B# & % 2 G HCRE 47 fe b B R & 3 MBI FF o
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1. &85 ¥ (Supervised learning) * i * 7 § 4t el & {7 21 > 338 H
i3 A~ g e ¥ ol RS (LabeDdp T e R B Y o B ET e
53] %H‘Tmﬁ‘i%] » AR {7 B IR R o

2. g B34 8§ (Unsupervised learning) © i * AR AEIREFIR B R
WEH R PSS R EFA R BRI A 2 F &
Cop R RSB PRV oA c RERS VA YT RN H
TR ERFRE o

3. X EF 3§ ¥ (Semi-supervised learning) 55 & 7 EF{rtE B R Y gk
A R AR DEIREF DR PBFF A A RR oy
HCA] R AR R - R RCRE R - ¥ Yy g Rk
PrAp $ECD BE S I RSy R BOR A oL ae 4 o

4. 3 1 ;% & ¥ (Reinforcement learning) : ¥ BH L R B NI EY » 4510
fEARAFED PnE L o BERBRILES DBEp ) R
o R A LRI E PP R I N EY YR TF LR - kT
AR AT o Ao e S B Ao d b2 B B o

AFTEZZWBEFVHAYT S EFS AR
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3. WAERfrE 2 L R R AL AeP o ERG L DFEZ o bl
DecisionTree ~ RandomForest ~ Support Vector Machine % » & = -] ¥ 2% 8
1 S d

b AR T R HHE RO RS # A8 T B
P oo IR EARE ¥ 2 FHEAIE TS R DR B B " E] (VSR
k2 S

5. BAIER SR R BE BT R i o B R ke &
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6. WALRIFEINE @ % PIREHES DR E FEN T o Ay

~
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1. i (Accuracy): & 3 b ST R ALY T AETERI 0t B0 A SRS
S ¢ 2 FETE R b A A LR A 4 271 4

R TP+TN PN,
= X o=
COUraY = P +FP+FN+TN

BB A BB RIS A T

(1) E M }+(True Positive » TP) @ -7 I £ #-1 %5 % & (Positive)~ %8 5 I %f »

FRBRE LS LA DAY EATER G L e

Y
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(2) E &4 (True Negative » TN) @ -3 #-f 27 & (Negative)» #f 2 f 25 - §F 2

BLARE S fag o DAl RRERIG LR

o

8

(3) ¥ 12 (False Positive » FP) © i3] #-f dfth 2 &5 30 2 50 5 T8> F RS
B R ORI RR G AR -

(4) B4 4 (False Negative » FN) © i3] #- 4% 8 303 2805 (81 9%
BT AR HCRAE R ERIG f A o

2. ¥ FxF (Precision) : & & #ftk & ¥ AR T FEIRRI e bl o T & 5 B M

Il

%S e B i e > st 272 57

TP .

Precision = 3V 2.5-1
TP+FP
3. zwF(Recall): i B F F &~ ¢ AT AR R vt b o A S E B
2 E BB {eBEE R e 2.7-3 BT o

TP .

Recall = v 2.7-3
TP+FN

4. F1 # #(F1 score) * S & #F R fr e » Fehigth > 7 57 £ iR Hcd] ehid
o AHERE ¥ F Mo TIBE > dost 274 47T

2X (precision X recall) .
F1 score = — 3 2.54
(precision + recall)

5. 8% 4L (Confusion Matrix) © * >* 78 B3] A4 SR EEY IR 2% 0 ¥
ERRAERRR e s S Bnt B LM B oIS
dod 2.7-1 #7F o

6. ¥ ¥ s (Learning Curve) @ * »03% 5 48 BE ¥ A1 fr JUE B eh1 &
fo bR A MR AR T R oSk R A R 2 AR TR e

% 2.5-1 RX s

TR 1 LRI
B R 7 HE 4(TP) L 4 (FN)
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B s g B 12 (FP) £ £ 12(TN)

2.6. Fik1 2
FHRIEZPBEEY Y -FLERS L el e TR - Ef oplE
PR AR o AR DHRERE 5 IR 4 2 B B BT o B A2
TEMTULASe Ba e o fpitdeT o
1o s o) Ma i W 3E B A2 T R B R R R 4 B hd
o #e® WA hipRla 4 o Rt e
2. "FMGERRE R 'R D E S NPT L R REAE e raRER 0 B A
MEHER G o P 27 U FT A EFIoplZ B8 5 FFRI 4 o S
MR IERE R R o
3.0 AR B AR > VR RS G (e i@
B iRl S % L F 2 AR fRofzfy -
4, FRFEFTRABHAETRIFAE 2 T RSB B AR
KA &% B TRl R
2.6.1 FHEH
RHFACER D5 > 7 RS HGEE S 2 4 5 Z fEsal
1. /g2 (Filter) © i@ /giz R Ip A AT 4 L= B e 7374
FRBROCOR BN EH P R EF A
2. @ %2 (Wrapper) : ¢ 2 RyRIFRPTE A T L PR Slic & EH -
Pl g - L THEF RERERSREFRES
3. $ 3 2(Embedded): B+ L@ * SBEFY F oA Fy0 o £
FrEAcRE BB RS pAp M R BUE S T E R B B iR 4 00
PRSI SUR I ey S g) i S E
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Foeri B AR PR ACEREO RS R B RV AN E R o
WWEREF AAT SR MES o SR B BRI IE R 4 o .
A&7 3 i * sklearn 77 SelectKBest &3¢ » d Trevor Hastie[12]#& 1 » # & iEim
RBEGER S N R NS R R LY ER B K BEAe v A R
FhEAHEFER R LEHF BEAGEFTL > RERF2EH K B
FHEA EBELERF T K BHFATE RS EHE DFHE - Score & * FFE D
ANOVA F-value % * Z 4 #7(Analysis of Variance * ANOVA)*® - i st & > # 3%
TR APeZ FaRRARELTEFHEEFALRE o ANOVA F-value 78 hd e F %2
friep ¥R 2 Fant @ -8 Fvalue R 2|7 e Feng R LT HF S 2p o
% % ° ANOVA F-value 74 Zp4e®
1. 35 &2 fF % 2 (Between-group variation) @ #-& B ‘e cnT i5(d &2 BT 35E
HZREEFTS o REBETS Fachdek B EeFgR o
2. 3 e p % 2 (Within-group variation) @ #-5 i 2 N GnpLip| @22 H 97 4 e e
T L FEFL S RGBT Lol k> FRlEp g1 o
3. 5 ANOVA F-value : #- 2/ %3 f MmN gR o 73] F-value - F-value
AR A TEFRE T ep FRAXL > TR Rz T iaE 1 B AR
o
% F-value 4% % p¥> & 7 2 e B 3RS onig 4 Ax5 29 H s S igp v o
VLA RAD P R B R o F]P o A * SelectKBest iE # 3 HcF 0
F-value : ¥ ARARL: L & P ¥ n MEHE» B X¥EFE & o
Manikandan Ayyanaretal.[13]& = 7 @ B & ¥ #3507 i e & o Hop 2 3
b A T SelectKBest crdh g $ = 3V ' MF s chgi ko 2 ¢ LGBM fic
A e 4FHE # 12 H accuracy, recall v Fl-score % 7“7t = o
Alexander Powell et al.[14]# * 5 AFHcEH > N2 S BB EF Y 782>

LIEET R BT A A RS I g S RS T i
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- gok#2 + 5 2P Logistic Regression f= SelectKBest e/ & » #-

"@W
F_L

4:&

g s
PFHBE 80 B " 1 10 B > s R i 91% T " 1 88% v (e R P A & i
% 65.04 ) 5 Decision Tree fv SelectKBest ce & » 3+ 5 pFF j&_0.78 #) % 2 0.11
FioRdiesyr hmant PR BB 99% % 3 97% -

Md. Sabab Zulfikeretal.[15]3" = 873 eS8 BE Y ~ 85 F > {1 * & fEAL ¢ 4
v E oo @A ¢ 2L KRR WE AT R Frfoge sttt ER Y T Z A7 g
HE S 2 > ¢ 35 SelectKBest ~ # /| ARfrE < 4p B (Minimum Redundancy and

Maximum Relevance)!? 2 Boruta ##ciE # & 2 - % % &= AdaBoost {- SelectKBest

AL H W e g B 5 92.56% -
2.7. %k
WES Y RN E - A B8 Y foRPEGY BN AR o w2
SRR S Bl A BB Ao B B ORE B Y T T ATOA L
Bh )l o BEEYVFE 2 B E R S S Bk Bt AER KRB
N R gl R A

2.7.1 LogisticRegression
LogisticRegression(:B4& % j7)4_d David Cox[16]# &1 » & - fhses 3] » * »¢

FFR - A5 R F T %%:«%@ﬁ_@ﬂﬁfgﬁﬂ] SRR T % PE - S

P E o I B4R S Hie(4e sigmoid & i) % PR A T][0, 1] % B o

MR FE G R P B R B AR SRR v T T
CR P RAER R 0 XD N S AL RALA TR AE
2.7.2 DecisionTree

Decision Tree (i- LA &d 5 =& ¢ &2 B P& NH > &5 d T Ross

Quinlan[17]** 1986 & & 1 » ¥ 2 Az (ST g ¢ @57 B iLhp¥ foreit o
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2.7.3 RandomForest

“E1% Atk €0 L.Breiman[18]% 2001 £ 4% Jich— S8 Y 3 2> H4Fd Fd
OB e Y R R S TR IR F A LA A e R R
Aot FokE2 g B B E w4 o

" A A AR AT

I T&X )5 nagdhr  EFHREY EREF BT I3%w h4nF

HE o XFBTHEATNG LA
20 VIBUER AT L EPehn BEORY > 22 - B b2 A A
SHBALY o HNE B S T R
(DMTHE P~ d B Ffc : AT iy "EE - d B
Q)i * A B EBL @ Fhind BREAKRFTS R A N
¥ LA N AR IR KRR A B i o
3. EAFkEAIM2 EAREHA 2 22 kBT F R R AR

S Rl o ﬂ\ﬂ}frj}érjgfg;jg FAR o
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4. B FIERIEE BT A REERIE R Ak > S b Uk
ER ATV T N
2.7.4 Xgboost

XGBoost ¢ [ % #[19]>" 2016 & & 11> £ - A& 2 #HED > v E B

B BARERRER TRY R TEZEERIRET v 5 G F o frla
B R TR Ll ol A

11 ™ §_XGBoost 13 & g ik -

I #AR#& 52 XGBoost £~ ftFA# = ¥z » Vil ERF & S H i
AEPIERAL A o T BE - Y R R AR E AL R
BEEATHEE Y BRILRIA L o 37 712 1% > XGBoost it 57 F pk# &
s N R gt Pt e

2. R XGBoost #% # 7 5 f& 1 R i i 4o L1 & Bl fo L2 & R i 0 2

FeAI A i S R ol LB RS o B T R G B4R B T el
it H N5 L R ol o

3. AL ¢ XGBoost & B HORIEA 4 o T A S p B AT A B
BB u| A B s BT A S SR E S ERE RHE R
Bov chlicdy o 3 E R D RO o4 o

4. Fruiic  XGBoost i i § AR FEF R Frrant B i o v T
FE B AT B kA A G R > T E A BB R S AT
eiE 7 o

5. 7 22 :XGBoost #& &7 HH A hV R T AP S FkaOE £ B
BT A BRI O RAR R 8 B S IR RCR] IR A2 e

[T

21

doi:10.6342/NTU202303296



2.7.5 Stacking
Stacking(## 49 ;% )#_d David H. Wolpert[20]** 1992 & 4 41> & - fa f ~ §F ¥ =

UK

e
‘5\\-

E 5 BABANERIES REFERLIER L & F ¥V - BiA(~H
A) kB A ARl MERF RN -
Stacking 4 5 & BFFE
1 2VREPEE DV REB R A E T o dH P IR AR e gk AR
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ENPE ﬁrﬁw“ibﬁr; ~ @iﬁﬂﬂﬁﬁg °
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25% 96.584 50.333 0.345
50% 104.560 62.000 0.351
75% 111.133 74.000 0.360
max 141.044 117.000 0.424

B 4.3-2 ~ife

k3

Bl 433 B3+ %

49

doi:10.6342/NTU202303296



4.3.2 & sFH7A)
AFTF % 2 % 57 11 A 5 RandomForest ~ LogisticRegression ~
DecisionTree ~ Xgboost 12 % Stacking » 4 i 4

1. LogisticRegression #_¢ David Cox[16]# 1> H RIZ A>T ¥ 5 £ 4
B @ & AR B ML - AT /R ) £ R
Hcfeotk g2 B b ¥ 2 % Sigmoid S ¥k £ 57 o i& B Sigmoid & #ek-ig
FoRBEE L A0l ZFehpF @ * WA 75 - BHRARNE - B
R o M E S P ERF R @ R E

2. DecisionTree # % & J. Ross Quinlan[17]# &1 » A3t AHk S i B3 8§
FYEZ @ A i er R - AR s B s s
BeEiimmd] s Ko Rl A S B34 ERRIRLIER o AR B
G Bhes AR o AR B EE A G s BRI R
B3R B ATER A BT o B F NIRRT RN
P~ SRR R E -

3. RandomForest #_¢ LeoBreiman[18]# ! » H % p 24 € $& 4% & ;2 (bagging)
FANEYZ B0 AR IR FACER DML > J AFEB A K ATE
*oE A KD » H BRI E Y o R 145 7 Bk & R R (majority
voting)id- T E ¥ AR BlE % o LA SR B alkdp ot AlEdRE 0
PEE G g ami it 4 o i onr B E S ML

4. Xgboost ¥ d % #[19]#% 41 » H > % % eXtreme Gradient Boosting » % 3
% (Boosting) e & = ;8 & ¥ £ - XGBoost =k 72 A4 > & #& = AH(Gradient
Boosting Tree)sn 2. 18 » i N2V 5 BHEY B> T B0 P s -
o~ B A NEA B SR P RSB PR B g BECAD

?F-‘ | f’} Ak “}f‘f'?f'w‘)i > 1Y ‘i kil i‘lﬁ'm/i‘ i ? “}ff;}'m—@iﬁﬁg I
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5. Stacking #_¢ David H. Wolpert[20]# ! » 3 3& #p ;% (Stacking) g = ;\ &8 ¥
i o1& Stacking H-R|7 A LA AR
(1) A # #5-3] (base model) e SR Ae3E iR 1 & * DTRF R E K5 B2
AR HRAE TR 0 F B AFR A B R By A
4 RIS

(2) 7~ #-4] (meta model) i7" R AeFE B L - A AP I RIS S TS5 R

=

SFEERCTOR 0 A Rde TR 0 1T 5 R0 e iy,
AR R SR RBIRE TR T RF RS DIFREE
Fd R AL A AGR AR IR Y B Y BB K i A T (BT
FHEREERFEAIM) 27 a1t 7 b AHRT 2 I AT
et BRI PR S ek 0 S 0 O {5 iR TR o A
# 7 Stacking #-73] @ * L # 7] 5 ¢ RandomForest ~ DecisionTree -
Xgboost » ~ 7| 5 : LogisticRegression °
¥ TFEFEZANEZT BHEAIR £ 2 & * K-Fold Cross-
Validation S -3 g 220 & 150 > k R T 5 5o MR R A 2 5 Bip % e
M E A ERHY - MO LS HEMATLIRE T 5 K2R %
HoOBREEEA A P andicdp S FFana AR o B % FIRE R+ scikit-learn
cross_val score S f)c » 2 7 score & Accuracy » dr# 4.3-3 17 o

# 433 & BHEAZ 5 T N2 E T 355 Accuracy

LogisticRegression | 0.797 0.912 0.935 0.906 0.919 0.894

DecisionTree 0.724 0.807 0.847 0.862 0.832 0.814

RandomForest 0.734 0.828 0.894 0.877 0.810 0.839

Xgboost 0.775 0.867 0.926 0.906 0.867 0.862
Stacking 0.798 0.921 0.947 0.923 0.920 0.902
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Stacking #5-%] % K-Fold Cross-Validation =7 score  # % » ¥ & # Stacking #-7
5@15‘3 3 ﬁlﬁf”’frq' ,‘+€,xl‘§ﬁr‘$ = rrl’ﬁ _Iﬁ@ae;&g ) i%ﬁ@ _'rﬁﬁt-;sz, s E@z =
T TR B s B A R R T AL L S0 R @ 0 Accuracy(EAER)
p

T 5 A score 0 TR WA AFERIP D AEA SRR At B o AoB] 4.3-4 A5 o

Learning Curve

1.0 W
0.9 1
0.8
-
g
3
9
<
0.7 1
0.6
—@— Training Accuracy
s —— \Validation Accuracy
05

T T T T T T T T
16000 18000 20000 22000 24000 26000 28000 30000
Training Examples

B 43-4 FRyEsaiaz B9 o R FE 2 ¢ Stacking
1995 T it i 7] > 1E 4% Stacking 17 5 & & 0T ¢

L ARRR 431 e AR T g I GRS 304 e et R4 2

puu

B cBf (%3 % 35 33 > Stacking ¥ @ DVRE A AR o dEH A R
FRATHI AHF DR g d AHFAR RO TSR Bl
T8 R AP B A o

2. f&% 4t & * K-Fold Cross-Validation i& {7 3% f » f =t (12 2 AT
24 b > Stacking $A| ¥R W A A E o A & Stacking H7] ¥

PR R AL RETIRRI A XD AW AR o

:\}
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3. Litard T RBFY Y MhE R ¥ g F) Stacking HoA] AR E N F HR
A et e @ R BT A o SRR T S IR HABIRE 0 2 YRR
foski b2 B L BEA P RCN O TR A R B RRE f e seiE
7 Stacking -3 £ F R AF LI G 4 o T TR LB hficdp e 7o
FEIE R o
SFoerab o A% Stacking H03) h B A AR TP IL AL 4 £ 2 6 higd
AL ER KRR F L RRMER L B R -
4.3.3 =it
PR L BB OECR R 20T o B P AUPIRE R o A RE DT
B Fp At > B E - TR TENE B GRRE Eu 4 a2y

S58RE B E R R 2R 6 2% R B2k o @ % scikit-learn P e

Classification Report » # 383+ 5 & 4 & A g TR 452 > 102 R H BTG P
HERHE e
Z 43-4 FRFERAITERIR L 2w 4
Precision Recall F1 score Support
i 4 0.84 0.92 0.88 3452
i 4 0.92 0.84 0.88 3838
Accuracy 0.88 7290
Macor avg 0.88 0.88 0.88 7290
Weighted avg 0.88 0.88 0.88 7290

H ¥ Support: % 77 & BHE L AREE P 9k A B E ; Macro avg - Macro average
A E 5 RBapuamT g enT 30l o 05 Bagu > Lt ik

Hett g B ERE R R T I0 HE BTG ApE e 3 F gk AR o

7 T =% Weighted avg © Weighted average &3+ 8 & i #f %] 3% 5 4g 1 eide
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T o fEE AR BTN AR P etk R o R R R ] A

RETOBEES (R a EAKERS R E T RNOEE T BT A

Uik A e AR > T LA R ATE TS { § ol

+

18

I~

True

{3

1
it

&

B 4.3-5 BXsEE @

Predicted

Bifx

o

% 43-5 FRFESREARER RS B8] S
Precision Recall F1 score Support

i S 0.79 0.83 0.81 2615

B S 0.88 0.85 0.86 3794
Accuracy 0.84 6409
Macor avg 0.84 0.84 0.84 6409
Weighted avg 0.84 0.84 0.84 6409
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True

EifE

& EiE
Predicted

% 4.3-6 FiRFESEIERHEL BN 6

Precision Recall F1 score Support
i 6 0.78 0.59 0.67 2736
6 0.48 0.70 0.57 1500
Accuracy 0.63 4236
Macor avg 0.63 0.65 0.62 4236
Weighted avg 0.68 0.63 0.64 4236
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True

& EiE
Predicted

B 4.3-7 RA3aEE 2w 6

w4 1% w5 o Precision ~ Recall ~ F1 scoreru f= Accuracy % 7 24+ 4

oo RAMRFESER] g HEPREAD LAEFRET G G R LD R R E
fedoEw 6 HH B ww 7 K2 R Wi Recall & F 0.59 2 2 fF % Precision
¥ 3 048 emE IR FFW S Flscore » B3 0.67 & 0.57 chaan o (VA W6 At

RFFREA? 2R E @R ERO6DEIRRALT R FlAeT L

Lok R D en 6 * chfd 21 H s w7 b Kol > gl ol v i
FE AT B R R ERapl g TR oo T oAy FRECAEE

Fab $ten] 6 ol 7 A 0 Fl o A A BUEARY A & B Y I i

H @ el o 199 431 HER TR B ch= s B 5
Density(red) ~ Density(min) ~ Margination > H ¥ Margination % £ |4 4p #i

5 K APl EE AT K L BT R R e e ] 6 2 £ B o
%4372 4 438 L EERBER GARZ B A LT E O &

Y% 4P > % Density(red)™ & > fTiEfodiie s FFeni B2 P A A

gt AR E B ARTOERP > T PR REFDRLCFGE R
¥ ¥ F
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|6 D B R R % o e G R A R B G
B %R MEEFRE L > & Density(red) > -] o Density(min) 3" 52 e
SR GOR R 2 R FR A T g RS e dopr gk Rl E )T R R
il u 6 T BRI TR R T e E Mt e d 3 { RITR
FEFHRARRE PR GEE FRFVRES FRTELIRE L6
FOorH @ el > 4 { S0 d UEH W E2 RN BT 6EMI FR
Hs few] UF o 7 ¢ orit > i i ¥ Density(red)fr Density(min) % 4 ficeis

17 Eu 6 MEFRET MA@ AR AR R G Flz - o

# 4.3-7 Density(red) ~ Density(min)z i3t #icdy =S4k

o Density(red) Density(red) Density(min) | Density(min)
o PR e w6 PR e 2% 6

Mean 98.342 98.627 70.651 65.762
Std 10.708 17.209 18.566 20.122
Min 59.193 61.920 11.000 8.333
25% 91.264 86.436 58.000 52.333
50% 97.691 95.266 73.000 64.333
75% 104.605 107.274 84.333 77.000
max 144.025 166.354 160.000 153.667
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% 4.3-8 Density(red) ~ Density(min)z i3t #icdy & Gk
) Density(red) Density(red) Density(min) | Density(min)

we AR s w6 IR B B u 6
Mean 104.002 112.083 62.009 81.234
Std 11.194 7.283 17.337 11.455
Min 65.026 89.700 5.000 44.333
25% 96.584 106.969 50.333 73.333
50% 104.560 111.227 62.000 80.667
75% 111.133 116.471 74.000 88.333
max 141.044 140.452 117.000 137.333

2. FTHAF 2 T EE A ADREE Y P gEE A s B 0§ Rl

PR AT EEFALE S AV g BRI R i L BRI A RT

oo AFTEPIURRFERICI R P A RO B R 1 R BA TR &

AR T (7> PIARG F TR o BN 40 B 5 095 B S5 L 0.7 1 B

WPRFTAREFERARF 0 2% 6 0 Support v 0 P REILE B TR A

Z_FeantiE i 1.824

WA ATERIEARY &2 BT A ch TR B of

kR AN 60 B B F Rkl ic® B p 1500 0 E_F) L E

A 2kg iy 3/47 0 2

=

w347 ¥ 7 F 300g R F 347

7 AR L R B > BBk B Skg 11 b (5.5kg P )RR T o i@ F
F o g e H L el BRS o

S AL R FER IO A

#0020 ie A BB DT A G - hiERliL 4 Bl

=t

@7 2 2ATTHE TR G R F AT b R R R T
BRI 40§ AR i 1R i 4o

4.4. = <+ £ EHA
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AT RARZ B F A e 2 BACT AR B A N TR R
AR EERVR A AGOE RSP EEY PR B P DL B
FHHFTA)Z I G o0 HRATGER T G 2l ik ELA 4 o
4.4.1 i1

2411 & % 4P cnd pcE % S0 ¥ SelectKBest /EU® $ i 0 10T A R[S R
P RUERGE R OEACER

1 iy %

ETTR

iz F-value = ** 5000 5 A% >k ®iF T 5 23> F-value # = % chdF el 9

Diameter(min)~ Feret(min)~ Axis(minor)’ 4- ] 4.4-1 #75 e # ¢ Diameter(min)

Holes

Hole Ratio

Hole Area 4
Aspect

Cluster T

10D A
Clumpiness A
Density (sum)
Density (std.dev.) 1
Density (min)
Density (max)
Density (mean)
Area/Box

Box X/Y
Heterogeneity
Perimeter (ratio)
Radius Ratio
Density (blue)
Roundness
Density (green)
Density (red)
Margination
Box Width

Axis (major)
Box Height

Size (length)
Radius (max)
Diameter (max)
Feret (max)
Count (adjusted)
Area

Area (polygon)
Perimeter (convex)
Feret (mean)

Per Area (Obj./Total)
Perimeter (ellipse)
Perimeter2
Perimeter3
Perimeter
Diameter (mean)
Radius (min)
Size (width)
Axis (minor)
Feret (min)
Diameter (min) ! -

T T T T
0 5000 10000 15000 20000 25000

B 4.4-1 A~ #EHA 2 & 78 45 pc F-value &350 R
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2. By %
% F-value + 3% 5000 % fL# >k @:E 25 24> F-value = = % endpics B &

Diameter(min) ~ Axis(minor) ~ Feret(min) » 4] 4.4-2 #775

Hole Area
Hole Ratio
Holes
Box X/Y
Clumpiness
Density (max)
Cluster
Perimeter (ratio)
Area/Box
Aspect
Heterogeneity
Density (min)
Radius Ratio
Density (std.dev.)
Roundness
Density (sum)
Margination
Density (blue)
—
-—
—

Density (green)
Density (mean)
Density (red)
Box Width
Box Height
Axis (major)
Size (length)
Diameter (max)
Radius (max)
Feret (max)
Count (adjusted)
Per Area (Obj./Total)
Area (polygon)
Area
10D
Perimeter2
Perimeter3
Perimeter (convex)
Perimeter
Feret (mean)
Perimeter (ellipse)
Diameter (mean)
Radius (min)
Size (width)
Feret (min)
Axis (minor)
Diameter (min)

T T T T T
5000 10000 15000 20000 25000 30000 35000

o -

B 4.4-2 <} A SHC3 2 & 98 24k F-value B & 4Lk
itz P ey B AR AR T 6 ¢ ROl C S AR 5 oA
%2+t 2 ¢ Axis(minor)¥ Size(width) i [5], [6]f-[4] % & 2 kot @ =t & #F TS o
Diameter (min) 2 @& B ¥ % #-3] k3 F-value #ic> 2 T AP MG T8 5 8
B CEREAE Y B E o R R o R4S 3/87 1/273 B A A A B A B 4 0475
0952~ 1.27 > 1395 % 44-1 82 442 7 5 N = w ¥ TI06 2 Fend Bdck § 5 &
BLA P ehZ B RlEc ] BE SRS ELFET N g TR AR B ES T LR

gdF lem ¥ 3 2em oo Hig S LRV 4 R Flde T
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LRl h R P d HR S N TRE RREAR LA

AT F L E R P FRS o EREZ SRR 2 o P E R

EHBIEA T2 R 23 RIEE S P BRT R TR

Ak el > AR AL BT AR 2R

2. HEBH BHEPFEAIHEBHEZM % 0 F L FREFEFIRORRRG

KA FH - BRI AN T A BRRE S 0 & AR DR

BE RIS B 2 R

i% i F-value % % 2. % #ic¥icdy Diameter (min)¥ 2 5 ) T & Jp ] o 5i(de
3 A 2

HA)z ol o 4§ R hEBL(1/27) 4R % chkil © > # 3 30A F Az iR e

i HF)F anTipl G ERAM L anEL 0 AT 2 % AR R

P20} 23R FF R AL A

# 4.4-1 Diameter (min)2- o3t #icdy 4Lk

Diameter (min) #4 3/8” 1/2”
Mean 0.965 1.452 1.832

Std 0.177 0.220 0.249

Min 0.471 0.783 0.043

25% 0.845 1.298 1.658

50% 0.970 1.434 1.826

75% 1.088 1.595 1.991
max 1.568 2.331 2.979
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# 4.4-2 Diameter (min)2_ 5ot #edp & § 4Lk

Diameter (min) #4 3/8” 1/2”
Mean 0.903 1.353 1.876

Std 0.171 0.173 0.277

Min 0.478 0.782 1.078

25% 0.792 1.227 1.671
50% 0.895 1.353 1.864

75% 1.030 1.479 2.069

max 1.452 2.043 3.245

4.4.2 & 8T

fe 4.3.2 i# * RandomForest ~ LogisticRegression ~ DecisionTree ~ Xgboost 14 %
Stacking( 74 #_#i= 3] : RandomForest - DecisionTree -~ Xgboost > =~ #i 7|
LogisticRegression) k 4 %] 5 =i 2 F § #» ® 22 = = 1 £ #F#-74] > K-Fold Cross-
Validation ™ & 5 ' & R kPG B ¥ PR EH - £ 4438 4 44-47° A k2
K-Fold Cross-Validation # % Accuracy ¥ = RandomForest $=3] » & *
RandomForest 73] 4~ %] 58 WE ¥ o 4 > 40§ 4.4-3 2§ 4.4-4 #7577 -
145 T @ B 7] > 3£ % RandomForest 1% 5 & fAlkh2 B % #-7)] :

1. % & i # 1%  RandomForest i * — f&fi 5 4 #c+ B % 4% 1 (Feature
Subsampling) B fiFe &7 5 i KR B ALY o K R It el £ 7 NEis
EH-BIEEBIRER S SIS X ﬁ;#é‘;;}ﬁﬁ@q%g@&;& 24
Ja 3R A M KA MR e e B LB R R H - Bl

oo d AN E PO R A B R E B hdr T | YN F R ReniR
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RIS FRG AT3 oo B DTERLG & LA 15 AR S0 2R Y
FOUH - AR AhIR L BB R R

2. 2 # * K-Fold Cross-Validation & {73% 5 » & 3 12 2 FERE T30
# 3.+ > RandomForest #-73|n#rm ¢ £ A & o H ¢ Stacking 17 %
XGBoost » F #& & i FE & 0 Stacking A" RAA IR 2 AHAIpF > F

B AL B EE - BHEA A AREaIRE R T 3 18900 £ F AL > &

LRSS BRI R T AE S 0 G ERAFIA 2 ARRF Y 2 i@
XGBoost #-3] » # #2p 8 k-5 B A g A R o T RS R
W R B R RAE 0 SRR o BRIt -

30 b TR443 R 44-4 50 BRAZEY Y RV UERIVRE
froed R F R A e e m B B 0 BT F {7 gk

ABLH NECAD SO HOA P TR o P R A B T - AR 1S
;

1

h R AR T 0 ) BF RS o 2V N ACAFHA C Hid
T BAPERE TR G o TR A gD 5000 42 10000 BF 0 ERE B W
FEEFORS VR RFALYRTEEORA AP L DR E LR

AEI VJJ}I]EE_ L lg ('ﬁf”f‘:;;il ~ ?f:jziz

T
(&

i 3) 0 A e Bt g}
BMERA GG o
7+ #rift > RandomForest B3] ci B2 #dd ~ R frilit it 4 R 2 & 5 i

L% A AR hE S HAE R o
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% 44-3 F BRI 2 5 K R 2 8T g Accuracy 1o LR

LogisticRegression | 0.816 0.825 0.807 0.763 0.725 0.787

DecisionTree 0.770 0.810 0.836 0.801 0.805 0.804

RandomForest 0.791 0.851 0.902 0.883 0.872 0.860

Xgboost 0.798 0.843 0.895 0.873 0.871 0.856

Stacking 0.810 0.864 0.893 0.875 0.807 0.850

Learning Curve

[ ]
[ ]

1.0 1 L4 L & ® & & @ L

0.9 1

0.8 1

7 0.7
=1
g
=
0.6 1
0.5 1
0.4 1
—@— Training Accuracy
—&— Validation Accuracy
(R

2000 4000 6000 8000 10000 12000 14000
Training Examples

B 443 2 AHBEA2ZF Y 4 R ER R FE 2 RandomForest
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444 & BHRAZ 5T A BT 55 Accuracy B3 LR

LogisticRegression | 0.826 0.848 0.867 0.874 0.886 0.860
DecisionTree 0.775 0.838 0.841 0.869 0.8841 0.841
RandomForest 0.841 0.881 0.877 0.910 0.886 0.879
Xgboost 0.813 0.881 0.885 0.903 0.887 0.874
Stacking 0.830 0.888 0.876 0.904 0.887 0.877
Learning Curve
1.0 L 4 & & s 4 s 4 s 4 s 4 s 4 s 4 ®
0.9 1
0.8 1
g 07
. 0.6
0.5 1
0.4 1
—@— Training Accuracy
—@— Validation Accuracy
7OIOO 4()'00 ooloo SOIOO lO(‘)OO IZ(I)OO 14(;00 | b(I]OO

Training Examples

B 444 = o289 ¢ R F 3R FE 2 ¢ RandomForest
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4.4.3 =33+
433 @ * plRres iRt > RpH R alRE S A ‘%'Jﬁ%] »IEER A A
BEHCA 2 B % A EHCA e PR R BB ER A AR S RSB B
2o < FEEMECA] 4 58 % <1 0 Precision ~ Recall ~ F1 scorec v Accuracy R 45 2 % &
EARER R AR o R 6X6 2R A LA R R AR > 4B 44-
6~4.4-8 i o JUHEALR AT D AEFERA B A AT H ¢ 4 A AL 60 do ] 4.4-5 4
T BREZRE ST
I B REFESHIR( b ~ £ T): B 46 R AT 0 A FIRL L 4 A A A
#4 &l 2T 2 4F 0 Fl score & 3 0.8 14 b end o Wit ® 3/87E 7 i
T g > £ H w440 w 6> H Precision ¥ F 0.5 % 0.52 R
BGe w2 3/876 % 3 B 38AH#H4 3R 5 3/87hi > 7 E w4 £ RE
4 o # Precision ¥ § 0.44 c =i F 2 1/27& 3 Recall o i cnifie » 24
47 % 046 2 23> B & %R A7 Precision o i< 2 4% > 2% 4 12 o
W6 R G 0.66 1% 0.59 -
2. ARFEFREEMA(ZT b)) TRABMRSE S DEF LR T A
Al FRf e LRGSR A G ond I B e g R 4p iy R FI
score 2 % F 0.8 11 F 2 ko Bk & 3/8"E A 5 ¢ 3 & Precision §&

ey o @ e 12" 6 &~ ¢ B & IR Recall $2 i< cdg 4 o

F1oer o T S BRI L AR A RS G

S AT e A AR R A T BB DT i AR RS AR A D
Fenlbin o BT A E BRI A SR M T AR G AR

T_
FUML HR o E Y R B R A A .
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True
EHiE#4 EE1/2"  {E#3/8"  itiE#4

Ei%3/8"

EiE1/2"

True
EHiE#4 EE1/2"  {E#3/8"  itiE#4

Ei%3/8"

EiE1/2"

79 1 305 20 0
. 46 247 73 10 65 6
- 0 50 335 0 3 27

- 406 25 0 158 0
] 1 57 13 40 357 19
- 0 6 56 0 60 200
EE#4" 1E#3/8" TE#1/2" EiE#4 E3/8" EE1/2"
Predicted

B 44-7 BB ArfpEEz mAaEd 2w 5

801 112 4 726 84 2
- 68 239 30 42 163 4
- 0 104 256 0 37 64
1 309 31 1 837 136 4
11 4 0 7 154 128
0 31 20 0 3 187
TcE#4" fEi3/8" EE1/2" EHiE#4 FiE3/8" FHiE1/2"
Predicted

B 44-8 B ¥ A MEEE 2 AFEL EH6
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4.5 FE % hk

FLRFREHCAI L ¢ A SRR e A B 6 T & R PR

Frig s Ry hE B R BTG R R I Bl e AL R
B G MR G RRE TR RS AR LR P RE LS

B aped Ao
450 R K

ARy S F[6]H P i £ 4 4 2 Bc(Mass transfer coefficient » MTC) > i + £
TR G E ERFTERELAEAFTELE  BES Jﬁ“i RF b maE =
B2 e dost 4.5-1 #5or o [6]# DA AR R AL FVE IR MR & * e -
RO B S B AR E A ERBET g3 A AR AT R IR

FALS GG AR K EELA W 5 127387 # sk 2 1 TR il A0

d

A RIETOR @ DR RS 2 2 B R AR L R R S LK
BBV REUELTY Ao

MTC = Yeotal A 45-]
Atotal

# @ P MTC 5 F £ # 4% % #c(Mass transfer coefficient)(g/em?) ; Wyga) 5 3% %
ok 3 & (Aggregates total weight)(g) 5 Atotal » 7% & F8 & ## 34 fr(Image aggregates

total area)(cm?) -

452 FRAH AEH AR

FEEEGEE 2RI BEP o ot FE A e
BEFRGIE R 4en B F >0 A RAESOEN Fieare AFpE 2 FREH Gk
VR T AL 2 R AL 38 7 £ AF R (Resampling) B2 TR & 2 K> @ * 0T A fE

R LA
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I skt 4 R > e L HERELF R @ ARG T P 24z
R HE G LML EAHES X o
2. kR RA AR VREMERT FhER o T kT
EATpET o
B A N EAFRERT OO TR R F R g 21 R0 2
PIRFRY G O3kl e E R TR G E T 3 EMN L THE LR
PR R 2 R HEH Al Aok 451 417 o B 45-1 SR 452 55 H R F K
Pz FE@EGEE L G52 AR Bdr RApRTTES F2 FEHE G
RS iea AV R RFIAR G0 W TS PR ARG E I ITES FL
AT B enAl Rk B AR R ) o

#0451 PRFRE 2 2 FEER Gk

MTC(g/cm?) 1/2” 3/8” #4
=it 1.599 1.064 0.770
i 1.703 1.123 0.752

0 MTC . MTC

: s ==

0.00 T T T 0.00
o

Bl 451 THEE B2 FREH G B 452 BEE R FREHEAK
i1 ) 131 B
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4.6. B 4T 58 B

@ s R [T) - (9l R PR T R & R AR 2 F R

(e

"R AR B A A 2 T § IO e B 2 e
PH B AN TR GRS Al RRA BT R g
FAR AR RN T R R N TR R R R AT G i

PR R AR R R T A R RRL AT R E ko
4.61 BT IOER Tk

TR A BRBGy P TR ERG - BLE > SERTAFG Y
LR PEFRAE RS A E CF s T @A 0 RIS A
oo @R LB GTHORRE > 4ot 4.6-1 77 - THER L ELEZFEER U
BHERLEMG B9 F ol Tk A BRI 2307 BRIKR MR @Y
TR BRI R B R T ot 4622 47 o
Whotal

Y X Atotal

He ot BT 35 & (Image average thickness)(cm) 3 Wiga) » #423% & B &

;v 4.6-1

i

(Aggregates total weight)(g) ; v & ¥¢ # = & (Dry unit weight)(kgf/cm?) ; Aora & F4L &

## 4, fr(Image aggregates total area)(cm?)

tratio = ta’%‘:a" X 4.6-2
HP D tratio # £ 25 & v B (Thickness ratio) ; tymax » 7 BT 525 < A
(Actual average maximum thickness)(cm) ; t; » %% % T 35 & & (Image average
thickness)(cm) °
95 2.3.1 w&x 2R E R B2 £ ¥ @ % Feret(max) » + % E [T

B R EFR I BT AR LA TR &R ERE TR ERE TS
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B B 5 170 Feret(mean) (% 5 B R 2. T & o B FERE % 2 3k

£ T &5 4.6-3~4.6-5 0

5T = w N 4.6-3
tiXtratio
Feret(max
wE = ﬁin;m)) & 4.6-4
e = Feret(max)  4.6-5
tiXtratio
462 B} TIBER L%
TS RFR AT IO G E R E TR R B2 %
% 4.6-1 Tamax * b ° tratio s ¥ -5 1
=il 1/2” 3/8” #4
ta,max 1.110 0.833 0.612
t; 0.587 0.406 0.318
tratio 1.892 2.052 1.926
% 4.6-2 tamax i tratio & k-0 2
=i 2 1/2” 3/8” #4
ta max 1.113 0.780 0.559
t; 0.582 0.411 0.297
tratio 1.912 1.896 1.885
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% 463 Tymax * G > tratio s % - 703 3
T3 1/2” 3/8” #4
Ta max 1.176 0.871 0.595
3 0.583 0.361 0.253
tratio 2.018 2.410 2.349
% 464 Tymax ~ T~ tratio s % - & 1
il 1/2” 3/8” #4
Tamax 1.345 0.927 0.583
£ 0.649 0.442 0.288
tratio 2.073 2.096 2.026
% 4.6-5 Tymax ~ T tratio s % -F & 2
B2 1/2” 3/8” #4
Tamax 1.266 0.877 0.597
£, 0.635 0.431 0.302
tratio 1.995 2.034 1.974
% 466 Tymax * G~ tratio s % - 3
B3 1/2” 3/8” #4
Tamax 1.399 0.873 0.570
3 0.652 0.402 0.271
tratio 2.145 2.173 2.103
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# 4.6-7 tratio= BT 352 %

tratio 1/2” 3/8” #4
i 1.940 2.119 2.053
e 2.071 2.101 2.034
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FELF > A EFEHS

S5.1. &2 %%

AL Tk B BB R T IR AT R R AT A B
A R RFERECA R ¢ G 4 S ECA A AR 0 R 452 2 TR ik oL K
RAle RS LR LR AP THERE T G414 T %0 1995 CNS486 R 22 &
ARE19mmo B S o 2okl AR ER R E B ERR LB 3 BiE
BliRe o HpliR e e FRPR G2 B R GhEc AT 22 2 A RS REF
Bfied RME PGB APIT VRV AFEFELITERT > AFTHFENH %
127 ~3/8” ~#4 = K i 52 gl > w3472 B FEE P RTE 0

510 Rl %

100 A —— Image
Actual
80
S
3n 60
R=
&
e
5
& 40 A
~
20
0 -
#4 3/8" 172" 3/4"

Sieve size

Bl 5.0-1 sfed % 4
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%0501 e e 12 PR Lk T4
A

i Bugis | BwFE 3+
gl ¥
| FAEON)|FAEH) [BEFEEF A FON)|EHLE A5 (%)
- 2% ¥ %9 i
19.0mm(3/4") 0 0 100 100
12.5mm(1/2") 50.78 28.18 4922 71.82
9.5mm(3/8") 22.35 42.36 26.87 29.46
4.75mm(#4) 26.87 29.46 0 0
100 A —— Image
Actual
80 A
e
35 60
.8
g,
g
S 40 A
&
20 -
0 -
#4 3/8" 172" 3/4"
Sieve size
B 5.1-2 e bAREE TS
405020 jeAc iR U2 BHERE S TES
i g & | BT & k B
B
| FAECO| FAKC) [FHEELT A CH)|EFEET A F (%)
5 53 i 59 i
19.0mm(3/4") 0 0 100 100
12.5mm(1/2") 53.81 56.88 46.19 43.12
9.5mm(3/8") 22.78 20.42 23.41 22.71
4.75mm(#4) 23.41 22.71 0 0
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100 A ——— Image
—— Actual
80
e
55 60 -
.8
g,
g
S 40 1
&
20
0 -
#4 3/8" /2" 3/4"
Sieve size
B 5.1-3 &sfied B%EE TE6
Z 5.0-3 gl EEdeiE 0 2 B aERE S TEG6
- BulgE | BYTEH ke i
EF A
o FAS%) | FAFC) | EHEET A5 %)|BHE LT A % (%)
(s i % i i i
19.0mm(3/4") 0 0 100 100
12.5mm(1/2") 51.77 46.24 48.23 53.76
9.5mm(3/8") 25.81 32.04 22.42 21.71
4.75mm(#4) 22.42 21.71 0 0
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100 A —— Image
—=— Actual
80
S
% 60 1
.8
g
g
g 40 1
&
20
O -
#4 3/8" 12" 3/4"
Sieve size
B 5.14 mped s BG4
514 Rl ErE L Baess s B4
i BRI E | BEYE 3+
e |TAEOO|FATO0 [EHEET AT EFEET 4 F 00
i z ¥ Wi 27 Wi
19.0mm(3/4") 0 0 100 100
12.5mm(1/2") 45.76 54.27 54.24 45.73
9.5mm(3/8") 19.74 19.86 34.50 25.87
4.75mm(#4) 34.5 25.87 0 0
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100 A —— Image
—=— Actual
80
S
%5 60
g
g
g
S 40
&
20 A
O -
#4 3/8" 12" 3/4"
Sieve size
B 5.1-5 mped B BFS
0515 Rl ErE 0 Baenss FES
i BRI E | BEYE 3+
%; FAF%) | FAS%) | EHERT AT (%)|EHFELT A F(%)
i z ¥ Wi 27 Wi
19.0mm(3/4") 0 0 100 100
12.5mm(1/2") 42.01 35.17 57.99 64.83
9.5mm(3/8") 22.75 30.83 35.24 34.00
4.75mm(#4) 35.24 34.00 0 0
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100 A —— Image
=— Actual
80
:\o\
%5 60
g
g
g
S 40
&
20 A
O -
#4 3/8" 12" 3/4"
Sieve size
B 5.1-6 mped % BT O
o 05.1-6 PG E N E B IEREE: FR6
i BRI E | BEYE 3+
i? FAF%) | FAS%) | EHERT AT (%)|EHFELT A F(%)
i z ¥ Wi 27 Wi
19.0mm(3/4") 0 0 100 100
12.5mm(1/2") 55.93 56.4 44.07 43.96
9.5mm(3/8") 23.06 26.35 21.01 17.61
4.75mm(#4) 21.01 17.61 0 0

5.1.2 kel @473 A

MT R GHFAR AV AP REE Y AFLIFEL > BT RG 511 T
M E % DIO~ D50~ D90 g H B 5 0 A it deT

1. DIO: &pfed e 10% % FF @A AT o) > 10% 3k ~f o] 30 & 530

D10 s fs % | o
80

doi:10.6342/NTU202303296



2. D50 : fied Ab b S0% R AL BRI ] o SRR T BRI S0%ENE
F o] AR E T D50 e < o) o

3. D90 : fied b 90% % A% EAS S ] 0 90% T A T ] AR £t
D90 s fE < o] o

Pa-Pi

| x 100 £ 5041

CITOI'abs =

H ¥ erroras » 4 H3iE L | 4+t (Absolute percentage error)(%) ; Pa & F *E B
Pi % B it o
% 5.1-7~% 51~12 53 @ % 2 = B2 R % %% > D10~ D50 ~ D90 a‘;] TR
fed Reh o S HRENWPGFEESF ST ERREAT AT F LR 2P
R CESFAE] > R AL NG 2433% 0 TE4FLAE S > HE AL
3E 13594 BEARY BiF 6 FHMELAE ] » B FA N7 6268% BG4 %
A5 > B SFA 5 9817 HP ¥ and 3L B F1F % R34~ HRpEE
Rt AR TR i B AT
Lo R RO > Ripad B g F - E 2 J vk ® A (10cm) AT
RS A P SR S T T
2. FLRFER 1433 FALRFERZ 2 % > T OUBRR I 2% 4 2. Accuracy § iE
0.88; % %] 52 Accuracy 7 0.84; %] 6 2 Accuracy ¥ 3 0.63 & & 15 %
fed M R wu 48 8 EEBARE LS SARRMRE S L FLAR
Joe BB FEA R F R AT S 5 LB AP o R Ak Ap B PR
o

3. TG AA 443 A AL RE > bl 4 R A BT 1

FUNE

_ES\ “
(&

1278 % 46337 » ¥ § 251 3pakzE2 1 3/87 > B i 3/87é F 43731 0 &
P4 138 AMIEH T 1/27 ) Bk 1/27r 387 2 B et b L BEiE 4 0 b %

FEFT R RFLEL & 127fc387A 8 3 EHEE DR 0 ¥ oA AT
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SRR R VR F R A B ad & - RandomForest 2% * % i DecisionTree °
H ¢ & i DecisionTree chgt# & € #2585 H- A a - AP 7 #3| L HEFR &
0 BHreriFER &~ & 7 A7 IR 74 & o ¥rank i JFR BUF e A
FUVRFEAE G U A S EAH R REVRT MY gk & i
KR A EZEZMDFITOTAR S FiES BRIT A ERE] APRT AL

S RZEFAF o L AT LE BT e § A2 2 EApRlR R o e

‘\1

SR BT E R 6P G RESET O A¥ A FREEEFEEAR
FoAp il o B Rehd kL gL AApiT o Bu] SR FH R IUE Bu 6

EHER BB ES ARG ALE R HE AL R G 5.662% 0 A
REcABH B H BT o 4 517 PRRFIE 38 127k EE R S
A% (£200%7) 0 B P RAFL > FIAIRFIRAPFL 7 RSN
AR LIS A S A AR

517 A M SN E Hix 3

7R Rl 7 g P 7 TR

wul4 | mu4 G GRAE 5] 6 e 6

A 2482 2652 1753 1811 1729 1189
3R | 507 919 447 464 546 558
EE12 | 463 216 415 478 461 311
B #4 3068 2453 2975 2741 918 1212
B 3/8” | 437 570 497 663 341 577
B 12| 333 480 332 252 241 389

4. FER#EGE: AH LR - BT HESLER Y a2 FEEHE Gk R

B4 g R < 4 5 0.475~0.951cm; 3/87 6 @ F o © 4 5 0.952~1.26cm;
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V278 % g A < 4 3 1.27~1.904cm « /2707 2 #4 % G Rt e B s o &

Kt R R G A - TR .

RET G P O R R AT R d RS F B -

FAEEA RRLE G A e IR RERE R Y

4

TN A T
TRk EARE S

CHRT T AT LB A Y G B KBl TS EE-

# R fereit o BB B A e AR 0 T LR R AT i o

% 5.1-8 D10 ~ D50 ~ D90 & % 1t . {3 4
T4 £ 4 (cm) %2 f(cm) errorabs(%o)
D10 0.653 0.637 2.450
D50 1.280 1.106 13.594
D90 1.780 1.678 5.730

% 5.1-9D10 ~ D50 ~ D90 3 % 1 & -5
iS5 2 4 (cm) 2 tf(cm) €ITOrabs(%0)
D10 0.679 0.685 0.884
D50 1.315 1.347 2.433
D90 1.787 1.793 0.336

# 5.1-10D10 ~ D50 ~ D90 2 % & -3 6
6 2 4 (cm) 2 th(cm) errorabs(%)
D10 0.688 0.695 1.017
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D50 1.292 1.233 4.567
D90 1.782 1.768 0.786

% 5.1-11 D10 ~ D50 ~ D90 & & v & B iF 4
i34 B 4 (cm) % (cm) errorabs(%o)
D10 0.613 0.659 7.504
D50 1.202 1.320 9.817
D90 1.767 1.789 1.245

% 5.1-12D10~D50~D90 & %' & B3 5
B35 E ¥ (cm) %2 f(cm) errorabs(%o)
D10 0.610 0.615 0.820
D50 1.158 1.117 3.541
D90 1.754 1.724 1.710

% 5.1-13D10~D50~D90 &% v f2 B F 6
FiZ6 2 4 (cm) 22 (cm) eIrorabs(%0)
D10 0.702 0.746 6.268
D50 1.337 1.338 0.075
D90 1.791 1.792 0.056

52, ~mik & h R

AET R GTIER LR TR R E o HIRT 6 B2 B R 1L A

BUsEREp £

@R A 2

84

bl

N dm

doi:10.6342/NTU202303296



CNSIS171 2 & & ~ dmk & i B AR R AP T W g AFTF R ¥ A 4 b E

FRER PRETZMWHE 130

it
o

Y
EI

521 5T -mE 5 EERES

40521 AT mERHEARSEE 20 RF L Bk T4
2| 120 | 38 4 P | 120 | 3 4
LE s | 30 5% 2% AT F | 2% 3% 3%
ok | 0% 0% 1% wEF | 0% 0% 0%
R 7% 24% | 23% RS 12% 30% | 25%

30522 AT mERHRENELES 2 EF L B TES
29 1/2” 3/8” #4 e 1727 3/8” #4
ATl 1% 4% 7% A% | 3% 5% 4%
wk | 0% 1% 0% wE | 0% 0% 0%
AEF | 1% | 28% | 27% AEF | 1% | 2% | 22%

£ 523 AT vmE AL RS E 2B 4 Bk W6
EF 1/2” 3/8” #4 - 1/2” 3/8” #4
FA 0% 7% 6% FA O 3% 2% 7%
wE & 0% 1% 0% wmE & 0% 0% 0%
CA 15% 15% 23% CAR 14% 20% 31%
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524 5T swmE A R LIRS L EF L B RG4

EF 1/2> 3/8” #4 ik 1/2” 3/8” #4

i T 0% 3% 5% i T 1% 1% 4%
w £ 5 0% 0% 0% ok ¥ 0% 0% 0%
LR 4% 6% 12% DR 1% 6% 13%

o 525 T swmE A R LIRS ZEF L RBRRGES
B9 1/2” 3/8” #4 'S 1/2” 3/8” #4
AT 0% 2% 3% AT 0% 0% 4%
w £ 5 0% 0% 0% fmE ¥ 0% 0% 0%
£ 5 2% 13% 12% kI 0% 12% 12%

% 526 AT ~wi

b

RIS E S EF T R BTG

Eq 1/2” 3/8” #4 o ij 1/2” 3/8” #4

m L 0% 1% 1% m L 0% 0% 2%
wE 5 0% 0% 0% k& 0% 0% 0%
E 5% 5% 11% n k5 9% 2% 14%

522 5T~ mE &5 EIERA
521 ehA et % > AFEENZ B EERE A B HEE S hh TS
Edfrn b 3ok o h T vmE & R EARE R AR P AR L B e

PAGH R LR R B F 1002 F A ) T B4 H Bk e
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2. mEF AP RbwE FL BRI - RO B AXLETF Lo
3. AEF IR EHYRESFTRESSFRA2ZLE S TR R2ZFA

AEER BFFr wid REARFGS

FANAEA BB AFEALT R FheT
I BB U TR R R LR BY k- 5T k- &
BRoERefEREG AL PEXRERGERLAIAFEIN 7
AL KRR - o SRR WA B - T2 ER O CEPHEILFER
FEETZE S 105) PN S 2 T & a £k ofitmid
RHEAELTT BT YRRy o Y BRTHOERFRENE > 827
EARERA TR a R FFEARS RFL - o

2 AR [THOME TR S R bk nE TR 45 i3 SRR > FlR A

R B L EUNTEE ENE S = O AP i (SR T
AP R B 7 RS PE 0 BRI RS R
WA T AP TERE R Rk E O bk A o

3. kRN BRI RS FEE > EAAR G T TEAKZ
LRLEAFBESARG 3o R OBAARRT & § B PRREARL
B3 RN R B BB B AR § SR R R ko
R OTTIEARE L B R R AR I TR E G (BB 46255
FEVRFHRLTOER N E  BIESFGEE R
tratio 7 & 240.15 B TR T toarode ] & 1.885~ % & 2.349 > 11 2 [ 4.5-
1 el 452 5a 0 R FREEHE LEHIUR > TEF REBIPRE FH T
P A A BT RERNE TR RAPRTES FRELL ] 0wl

%
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4. Fe i @ - SHEPREHELML G RIUL . T 4RI T
ERE TR ERAEERY @Rl E R LR R A LR o
5. FRFF AT R Y nE R T & 5 Feret(mean) © + % E jE2 TiEiE 0 F]

g g E R R R B > Axis minor ~ Feret(mean)f- Size(width)4p vt »

Feret(mean) A 48 + % % 5 52 BT 9 2 8RB > 2FH T3 AR
Feret(mean)? @ " 2 £ % A7 — > Vi 2 B34 khz - o

PR IEE R TR ART P R R L - ke ke b
T F e £ 3T A - BEA G EA T D R PR F TR R
BRI R T RO TR i BT e HRF I

W R R R T iR ER M R B R Ak e

—=
o
A

T
o
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6.2. i3k

. *F3H%5=2 72122072 084.75~19mm) > ¥ 114 g% 3/4 35+ &
fo#tS Eenie TR ~ 03] 0 T UK e B fied MR AN > BB 26 folf
FRehsfe G Lo fE T L D * R g 2t {43 0 iR {oin d TR R
E e

2, FHERFIFEERF RS ZZ AR AL EARFRME a7

ROV PET G 6 M TIHE A T Rk o B T T G T ek i o R
A G B Eod WHRAKE S THHAT A E e N R AR R S g

TR TR @ R AR R DR RITRRL o B AT iR P
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3. AT LR L R KRR AT e R € iE - A B R Tk

S
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dind £ AR S o B BT SRR TR € RS R E el
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4, FAFTAIRAT swmEfh E XA GlEY 1030 LR EBHF RS X
EEPCp B o MG APF IR L ARG 115 BRAEY T
CERROES 4 3

5. RETE R P HE A N ATE R AR GRLRFRRECI T L f T s

ER2Z BB i s ®33 7 i * H i e ﬁzar%gzﬁfﬁ%’x ~E RS
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WAIT i A SRR R EL 0 - AR 2
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Aland it e 4 o JBFIFRIEN 0 DREAFERY Y AT Ffeg ooce
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