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Abstract

Accurate chemical composition data is essential for managing pipe wall thinning in nuclear power plants, but this
information is dispersed across thousands of pages in Quality Verification Documents (QVDs) and largely relies on
manual inspection. To address this inefficiency, we propose a two-stage automated deep learning pipeline that classifies
relevant pages and detects table regions containing chemical composition information, designed to be robust across
diverse document formats and complex nested table structures. Experimental results show page classification accuracy
over 99% and table detection mAP50-95 above 0.85, highlighting the pipeline’s effectiveness in automating key

information extraction for pipe wall thinning assessment and providing a foundation for a fully automated database.

Keywords
deep learning, classification, object detection, pipe wall thinning, QVD, CMTR

* FYTOFAYSL A SYIU WASKY e TYTO TN FFE LT T mATAA A
A7 &(F) dAEEFAETL - ORCID: http://orcid.org/0000-0002-6081-1492
- ORCID: https://orcid.org/0009-0000-9828-1063
o G Er)e(F) gAEEFAATA - Received: Aug. 29, 2025, Revised: Sep. 16, 2025, Accepted: Sep. 17, 2025
- ORCID'": http://orcid.org/0009-0009-1048-2473 » Corresponding Author: Hae-Yeoun Lee
- ORCID* http://orcid.org/0000-0001-7187-9997 Dept. of Computer Software Engineering, Kumoh National Institute of
wek 2 QAN Sty HAFE A F A Technology, Korea

- ORCID: http://orcid.org/0009-0007-2039-7067 Tel.: +82-54-458-7548, Email: haeyeoun.lee@kumoh.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2025.23.9.75&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

EN|
[op]
ot
v

L
~N

Ju i)
o,
R
ikt
-y
e
N
e

o2
b

X
S
S e
oz ™ o

Ir Mg
il =
R0
fu B
i o mx yE

D)

1 7
o>

==

A2 WH LA Aol F Fo WA F
Shs il B-5(Pipe wall thmmng)O]E} Hj #7k5-0]
4] wijgo] A7IZE "l ot Wi
golu 54, 24 %Ei el v FA7F
?ﬂ_’;}#i H“f}-’] :rszq o].;dz\qo
?-ﬂ %ﬂﬂﬂ }ﬂ‘—r@‘jr wpba]

< ET7‘4°]‘3}[]
loﬂfﬂ e s &
IREE FF 2 AR

H?——_]Zo“ﬁé AFHQVD,  Quality
Verification Document)7} ST 3}8t24  HoJH &
HE o] FASHARF Ul ASAFEHA(CMIR,
Certified Material Test Report)el]l E3HETh T3y}
= 928 dHAe g gAE KM ojxlo
7“45101331 1_7‘“4 Y olffE X3 FA7F
FHE BaEE 497 2ok #4
A ] d97F opm, ¢ HolA|o L3}
= g A 7‘] ES A T AA B4 A BEe
F 20~25%°l &3ttt

tl5o] 3 HolANAE 38t
Al F F2lo] opd F ¢Ho| & FH,
o] &(Nested Table) 22 HEJ3 22 &
7857t Bk 0|2 <lal AAte
oA BA i FHolAwe WA "F%Qi
=, OA] sl HolA]l Yol =429l Hol &
= §oE glstal HolEE
3t ol59 HlEEAd AWt ,\l‘i}.

HZ 44 A gHe ZFE @ gAY #8

=i

=

A

%é—g

o ol

.
< rr

N o

vl

p
2,

f
of mE W ov W o
S SR, U= W ol o A =)

k)

T«

s

=]
N

A

ra

i
Hi o
o
v

o

(DX, Digital Transformation) 71, £3] -&A5(Al,
Artificial Intelligence) 7]%F &A1 ©] H 7)o T
olglgt =¥ oA ¢F L ST =9+E
AFtaL QTH3). oldl & AFolAe A AuH

A%

FAL] HEaEH TAE jFst] s, et

2e 23 Asst %‘Fﬂ gpo]ZejRl-S A|Qkei.
A WA HolA BF ©AIE CNN(Convolutional

Neural Network) 7| H}«] ojn|7] EF Rd& AME3s}
of, Wh3t FASUAFAA EAo] Do 38tz
A B HolAwE AlGSHA A
’E‘: 9 A2 dAdNAE A

x](Object detectlon) U%% ]

ox
=
ol

S

i dx
o|N
ofr
ol
N
o

in3
K

(o3

T AES

21 olo|x| 27 HEld 7=

v}

1> o,

2o ok
B oof
3=
=2 X R

Jlm X %

o,
bt
It
[l
1,
o
_101'
&

RN}

=
R
=2

o o & o
o%

=
=

AN

> Pr{l

Ofr

ot Hr %
EhiA

o -
=2
2
o

z
to ¢
"y
re
(m
W
S
oft
X,

i j}; rlo

3 H
=

o )
o My

e

E
ol

o)

fo 4y U
T R 4

i,

o

ol o
g o

R

oo i
ol
o)
)

=2

Jjm
ol

o
ol
>

il
Mo

R ol
BN
ol

2
=
40 =
£
V)
4
1o

[o

%
ol
o

Jjm
o

32

}

o
=0
rlr g
oL

%0



Journal of KIIT. Vol. 23, No. 9, pp. 75-83, Sep. 30, 2025. pISSN 1598-8619, eISSN 2093-7571 77

%

Holl= olv| ] ﬂ(ImageNet)Jf} 71%% =2 o]m
A dlolE Moz AP St5H VGG(Visual Geometry
Group), ResNet(Residual Network) 52 =@
ZAste 0|85 (Transfer learning)o] EF W
o= A FHAUTh Holdkge A& HolE
S MHM=S gdAgt & L o.] q_oo]::l_
Atk =l A =l

AZH7& %:‘ 2
90
7]

m
o
é_
Jﬁﬁ

oﬂﬁ b

RlOHE rhu

o

A
|

ol HH
Lo
bl

2

FZ Al
] =2 E
= =57

hintd)
N r}m
eJ
gk
e,

77
3 A8 , A wolx|e HA
& EﬂO]O}—Xg ‘?}Ei & EF dTe
AHOIHTH10]. 53] FLFYAF 1
B A & }5 =

Sy
-0,
>
L

d1 oo X

o o
o mot
©

o,
E
x
et
b %
\
i
N
X
O
Hﬂ
o
=

=
A WM 1071} o}

N
4 =
=
g2
o n
4 A
e
rir
Mo 2
Y
e
)
@

R VRS
=
>
o
.
il
o
e
ol
A
=L
2
e
[
=
L
A
ol

BN 1
N,
i)Y
o
M)
4
Y
o
U
ko
-
i
U

u, ezl s Hlojue A
7] ot Wt 5}74]7} 9}913}[12]. o] &
SVM(Support Vector Machine)?} 22 % ]
St WHo]l =EMARE Held Jled] EHe
o] okl HHTUS A3 upAto] Fokth
CNNZ ofmrlA] HAE ‘?la FH2E LR
Al AekskARt, & #HolA el o2 AA|(%, =
g A gAske dHe A ok o3t
TAE siAdstr] ffs AA &A1 2do] AHA
o o] BHE2 AYEE FASE 294 BA B
1A &

zdo]

=2 v

e
;t
rﬂ
g

>
2,

O[l

o,

I(Two-stage detectors) Tt £55 FAISH=
A 22 (One-stage detectors)2 YT} 2TA

R-CNN(Region-based CNN), Faster R-CNN> $1H
o A BFE Ao s, 19 29
%] YOLO(You Only Look Once) ¢} SSD(Single Shot
MultiBox Detector)= ©] A< dfube] HES T
A A At AARE S8l el it
[13]-[16]. HZole 194 2Ho A =3 I7
e gl &8tk

AA &2 7ee A dolokx EAdA an
o7 gaxo] g}y thEA O F Faster R- <
ol g3l EAT 8 ¥9& WA AEdty Wi +=x
S 437U, YOLOVS 2dE ASH oz g3}
of W& 9994 54 d9o2 A »AE F9
7he A77E ALAHITH19]. ©
=tistaly] H8ll, thtE &4 tlolHAMCRE AR
S5 (Pre-training) ¥ - F3E =w|Ql9] HoJEAlo®
157 (Fine-tuning) 8= Aol 2 AHEHT

Hole oA S<F(Multi-stage training) % ZFo]
e Fe AT 244 H”ﬂoi FEE 9l
o} Ho]Yl(PubLayNet) HloJEIAE AR Ao
A gyt ofmA| H]O]H” A H}i 54 =gl
B} it A EloJHACRE
Y3+ w Aso] Folns}

Gk ojmA|Rk

5 2ol Fe muldl 294 2AE 1 9
5 SAVE S5k AARL

g o]d(DocLayNet) -7olA+= Heloldlo] &
& w2l TR dolort Bekyo] BED T
AE AFstdtt gdolde AF Bk, 7]< b

w4, 53 & ¢ 12000Jﬂ°lxl9+ 80,0007 ©]2]
AA gol g E3siH, , &, A, O9 F
d QA2 T4 z%ﬂ-ﬂ(ﬂ ATH21]. 35, A
, H2EG 02 §35o] Qlo] A &4 9 £A4
T2 B 5d 853 gt &8 7hestH, 30
grol 22 AFH. ol 74 Yo md
g HE o]d3 EMAE w2 ¥uts A
B 4 glom, 3t 8 AN EE3lH 5%
=rele] E3lE7] Mol A9 H¥A FxE &
HHoZ 5T 4 9tk
oo} Zo] A Tt ThetAl IRIF
3 HIHE A gojolx =
S 2t Ty 7€ AFES URE

ul



-3
oo
ot
v

L
~N

Ju i)
rio,
)
ikt
-y
SE,
)
e
Hd
Bl
o,
ok,
Lot
BN
oX
o,
o
il
)
offt

olN
o,
2
=i
fo
L

5
¥
ol

2

AN
ol
i,
iz
A
M
>,
rr
[
Y
=
mﬁ -
o

M e
1l
e
o,

N ofg S rlo

oY

& o

__)iﬂl
rlr om

N

ry
rr o2
o
oX,
ot
2
o
il
a2
oo
ol
ol
=
B >
2
o
ol
ol
>
olN
2

LU I T )

o

B 2
:—‘ mlo
2 o N
o mx >
b

Ku)

o

i

o

&

V)

[40

- rlo

>

2

&

o

N

K=

ru]o i
2

PDF input II

(Qvb)

PDF to PNG

Page
Classification
Yes

Object Detection (ROI)

' | .

No
Page Skip

Title Text etc. Chemical Table
(spool, heat no.) Composition
Image
Compositon, %
c Mn P S
030 060-135 0035 0040 015040
020 040-106 0030 0030
020 031-064 005 005 013037
013 0% 0030 0030 _0.13-037
J8 1. 3tetx=M HolE2 F& Z2MA

Fig. 1. Process of chemical composition table extraction
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