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A Study on the Applicability of Character Recognition Technology for Construction
Supply Chain Management of Structural Steel Components and Precast Concrete Works

Kim, Jun—Sik' - Chin, Sangyoon® - Yoon, Su—Won*
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“Department of Architectural Engineering, Sungkyunkwan University

Abstract :

As construction projects increase their complexity, variety, and scale, various recognition applications

(such as RFID, bar—code etc.) have been tried for managing material effectively in construction projects.
However, existing recognition applications for construction material management have some limitations that
cause additional works (such as attaching RFID tag), additional cost (labor cost, recognition device cost, etc.),
and cognitive impairment of workers, Therefore, this study proposed a character recognition technology as an
alternative of previous recognition technologies such as RFID, bar—code, etc. The technical feasibility of proposed
technology was validated by three recognition tests. Additionally, this study proposed code the structure to
manage materials using the character recognition technology. The effects of character recognition technology are
presented by comparing with existing RFID—based logistics processes.

Keywords : Character Recognition Technology, Construction Information Management, Logistics, Construciton
Supply Chain Management, Construction Material Management

1. ME
gl @

11872 i & 5
214 ) 4?4% 3

P%g K - AE

Sl A

II

AP}
2

, o1& §_O§]—O]-7] 25} kst oq—rL

4l A7} ofso} 4|1 i,

* Corresponding author: Yoon, Su-Won, R&D Center Research &
Engineering Division, POSCO E&C, Incheon 406-840, Korea
E-mail: yoonsuwon@poscoenc.com
Received October 31, 2013: revised January 6, 2014
accepted April 30, 2014

20 s=rspe|ss =27 Mi5HE K4S 2014 7Y

=

= %, Aol Q14 453t
Eolu A Zgzw Q145 7}
CHAN Al RS Ao 471/ 5551
O, WA A $7 Bk @S BA 7 B, s

= RFID(Radlo Frequency IDentification, ©]&} RFID)

So] 714s AEah fsﬂaﬂz ubAstol, dula, EA} )
718, R, A1EY, PO, B 5 thaRe AAel)

2 = Ago] HAE|L ‘RM.

SEAE 7] 2ol FAoll A8 nfal= RFID 7|42 %
SRE AR RS /28 7Rssithes ol Bt
Shal, 7| B4 91FR0] The] ZRA|IoA ARER] oke
Za1(R14] 2] 5)9] =7k 74, A el E $1%F RFID
tag L= H}F S B2l 2o] 27} 2] ul o] & 013} ZHoix}

o] 22 o] Zo] QIAAA] 1 AX|A2] Q14 BIHQIA]
& gl WEe) BHAE £7] 59 ol B e,
HAo] 344 Qol(HtaE A ARGA /Aol 5 RFID-
w4, =, Auk 5ol I3t Alef(Wantt 2004) T7]' HlE-
HHAY 0] AR QI3 /)4 Bhto] Y vldrct Mo 4
efjol] At



g, A8 B Sl W) A Ei )
Az oA AkE erlsl7] 918 Al W, T
5 59 4], maY Ee WY P Sow 4710}0% o
elh Aol QluksiEo] QIR A ATLEE % mujel
Apn) o] A w AL T1e|al B } 0] 4] ]g(Character
Recognition Technology)®] ¥ & Qlal, vfatErt
RFID o1 ¥2j3} 26 Q1418 9Iat F7Haiel, welel
QA A 422 T HAIE AT 4= Sl s A 7
o] tht]ar Sl

E}E'Jr*i 2 Aol A= A A e 4271, EE’J‘% E% #

Ao 7 F7)|%H BAE BxjelA] 7|as:

7] Auto 1D WA19] 7|42 tA|S 4= Q)= 7\]°ﬂ of
F’H & AESHL, o] 2ERl wARIA e 7|HkY
SRS IR AL 3] WA, S AIAE Akt
], AR EARQ1A] HH o EJJ“ gst7] flslf 71
FID 7|4k &5 ] Z2A| 200 vl Faf 4}

J1=
=

ofr ONI
H.I O

E
i

L N

yARS

2 oo

BN
> 1o lo
s

oz

o

o r

Hu
10
)
rit
1:014
N

RS

—

R
Ho

2 re
-4 44 ok
lo o

> o
c o
o ol
<o
_Tdm[mrlr
or Ju ¥ pE
oX T %
Nﬁ%miﬂ
Mo~ of
R
EA -]
> o
<51
e
o o 5
;
Olﬁlofﬁ”
o = o
2 op
po-ﬁ)ir—rl
S B A o
lg T =S
N, i

ola), Hl=, RFIDO| 28
9L, Fig, 13 2ol Aol Al Slaf 44
7V Quiskel Aol B3 PO A dhaoR

ol
2
>
>
il
m 1z o)\

ri.l

Fig. 1. Examples of Management Codes on Structural Steel
and PC Component

Qo] WS Fig. 29} Zol, 7% vls=, RFID,
USN(Ubiquitous Sensor Network, ©]&} USN) 52 IT

7l 7Nk e et B ek AR ATl o
o g L AN OR, HE 9 PC 2] o
715 A= giAto 2 ARR- FxlolA7]4xs A 8-5) oA

[e)
s 5ot Ed AR AAsk, A48 B

2 9IF AN ARG 2 i’E‘ﬂﬁﬂ B 37 WAL Aotet

o Aleker FEAA W B
@i Aol 2183 QIAIE HAE(Q
& 7N BF Belo] A8 KR
HEoh, ol HlgoR BARIA|E Vi) BE xa

AT 24

< RFID 7|8 &3] Al ojjy]

Bar-code or
RFID based
Material Management (focusing on
Structural Steeland Precast
Concrete)

Character Image Recognition
Technology (CIRT)

Studying Feasibility of Character
Image Recognition Technology
& Deriving Improvements

2. M B8 BAIE Y3 214 |20 HE
2

A4 BREEe] A4 QA Wl wagk Hskt
AL sl Aol Bagh Aol EAsRe A5 setst
7] 918 AOE W] A B 4] e = 2
eAhe] ROLOR Bl - PSR PAOIA IT 7143 ol %
3k A Q14) 9 el ) WA 0 = W1 gl Hofolc
13 41919 el 919 82 9l ol 1
IT 7|58 vl =(McCullouch 1993, Bell 1988 et al.),
RFID (Jaselskls 2003, Song 2006, Ergen 2007, Chin
2008 %) , USN(Yoo 2007, Lee 2009 et al.) 53} 22 #}
= oA, AA9) 912 meke QI8 GPS (Navon 2007,
Ergen 2007 -5), “Le]al #ejxp7t B A Q14 A4 &
1} Aol AR o] FRE we|sk] $1%F PDA, AHMEE
p 2 wEpd |7 2R AL QI

ol
Hl
o
nx
il
o
0
.I°_|
r-|u

2 715 x4z 2014 72 2]



1?4 o2IFHIT 7142 7129 7] W 89 F419] o
o] HFAlal tiu|Ele], AlolE EFSle] w2 (Jaselskis 2003
- 9F 30%, Grau 2009— ¢F 88%), 5-AHH] A7k (SAF A
S Al - 0.5%), 5% U] ¢ 4 Kang 2008 - 3
), ] AlZE 9 oA 7] 7 T4 (Chin 2008, e A[RE
oF 17%, oFA1711t oF 43%), A = 9 Ak s}
7101 (Yoon 2012 — ®IAAY oF 28%, sE=HA} oF 7 7+
) & ohkeh a7t A=A Qlet,

T3 BEE =04 RFID W USNC.2 28 7]<o] s}
. QS B, G0 B3] AL el 3 Al
S Q1A AT k., -4 AT ;111] A =
oFal 0]4 194 6}74](Jaselkls 2003, Goodrum 2006)% t}
715 S Fel SEskar Qi

shARt olefat 714 ol Etala 7)) ol

-

d

2

At 88k AR AR AR A, 9147140 A
8- 9J8l Pt ulE=, RFID tag, USN Z2]ef 22 9
APgA| o] Fato] Aasial, QA flsis W <14
AR EH, 2AW )7 8=, a7te] QA AAE &

A3k ohe: etk TreiRte] QLA S8 7o) 4]
o] A Q1A B 371 Waslopsks vt
sk Ao 2wl

3. EXI1214] 7|= I HMAHUAM2| & sl
3.1 XA 7l sigt
A1 7] S HHS
(Brakensiek 2004), AFs-2} FHE T 214 (Chang 2004), X
H}‘” 71715 A3 3k 14 (Mollah 2009) & tokel A
OFOW %QL U 7IEE, Fig, 39} o] QlAJst
AR 7l Fo] QA AAE Fel <14
. °§*o AAe)E Foll B oju|=RE et

3l
o s FET v ”XP— Agto] A HEE &

n

e
m{w

2 B3k SuE el
01 4]

rii
rf

(e}

BARRIA 71450] 1 a0 ) QU] Sk o)
£ THOE A8 Al 9 AZEgePt ThijlE HeR
oAl Zo] uj9- L= Akefo]] Q) o (QIAA] 71F 99%, Lee
o A2 et A = D7 (K5 =4

o = =
548 mukHOR FE5k
2 3l

77 stEzMmEIsE =2 MISH R4S 20144 7

a1 QItHlLee 1994).

el 3ol olebrt BatE el 71| e AnE
Fo| Bijol WHFEo] o] /1S ol§3 T A2
o] ZAprE]in glom AgH9IE Wl 9l

QRSTUVWX

| B |

| } IJKLMNOP

[Character] [Image acquisition devices]

| LensDistortion | | image || | Feature

Correction | || separation Extraction
| i Character
| Binarization Recognilion
| Image Slope | Image | i
| Comection | Classification Postprocessing

ABCDEFGH -
IJKLMNOP

QRSTUVWX I
vz =
1234567890

[Utilization using Computer]
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Table 1. Recognition Test Results between Similar Characters (1)
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Table 5. Results of Test (50 times per a test unit)

Recognition
No. pereentaoe e reco'\;itition

N (Sec.) :
(total 12) % fime
ST—1 11.90 99.17 13.04 0.75
ST—1I 11.84 98.67 14.44 0.80
Steel ST-1Il 11.82 98.50 12.92 0.85
Structural ST—1V 11.92 99.33 13.62 0.78
Component | gT-v 11.88 99.00 13.12 0.77
ST-VI 11.80 98.33 14.54 0.81
Average 11.86 98.83 13.61 0.79
PC— 1 11.38 94.83 13.60 0.84
PC—1I 11.48 95.67 14.08 0.81
PC—1II 11.50 95.83 13.66 0.77
PC PC—1IV 11.54 96.17 15.04 0.87
pPC—-V 11.42 95.17 14.18 0.80
PC—VI 11.22 93.50 14.52 0.82
Average 11.42 95.19 14.18 0.82
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Table 6. Time Study (RFID based Process vs. Proposed

Process)
Time
Location Process Saving
(Measurement unit) REID | Character | (min)
Recognition
Inspection (min/piece) 5.5 5.5 -
RFID tag attachment
(min/piece)
Assign RFID tag ID to a 1.5 _ 1.5
Factory Steel component ID (min/
piece)
Stokyard at factory (day/
vargat laclo 191 g 69 8.69 -
piece)
Shipping (min/piece) 6.7 6.7 -
Receipt (min/piece) 1 1 -
Data input for Received
o 0.07 0.07 -
members (min/piece)
Unloading (min/piece) 6 6 -
Stockyard at Construction
. i 2.07 2.07 -
Site (day/piece)
Construction Removal of RFID tags 0.5 - 0.5
Site Lifting up (min/piece) 14.5 14.5 -
General contractor’ s daily
) . 0.5 0.5 —
report confirm (min/piece)
Subcontractor’ s daily
. 0.5 0.5 -
report (min/piece)
Data input for installed B B _
members (min/piece)
Total process time 36.77 34.77 2
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