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Kim, Taehoon In building construction, the layout operation is performed to accurately construct the building

Tel : 82-62-230-7145 components in their planned locations, and requires a high level of accuracy and precision. With
E-mail : thoonkim@chosun.ackr  jncreases in building size and a lack of skilled laborers, this work has seen an increasing demand for
productivity and quality improvements through robot-based construction automation. In particular,
the layout work for building structures has a higher need for automation. On this background, this

Received : August 10, 2021 study suggests a direction for the development of an automated layout system of building structures.
Revised :August 24,2021 5 technical factors and 17 sub-factors were derived based on reviews of existing similar systems, and
Accepted : August 24, 2021 an evaluation of their importance was carried out through an expert survey. As a result, it was found

that the most important factors were driving and marking systems for coping with poor driving and
working conditions. In terms of sub-factors, control techniques to secure precision and technologies to
automate the overall layout process showed high importance. These findings will contribute to the
development of more practical and efficient automation systems.
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2.2 MAH A 24

2 A g8l /b 2 Sl AR5} A2 37hE B4 SHAT. 24] Takenaka H4], HitachiAHs]9} 1]
=19] Dusty roboties 6] AJ251< 41A51E.0m] £ ATHE Table 13} 2k, o] ALREL FEH 02 vzl Tl
A g BAde] AUE A BER AADS Atk RE ALge] ZaFgulel B2 AHolH(Total
station) i} Fao] 715t HejP R0 T LA H o] glom B A LBzl AN L9
A 2golct,

o

Table 1. Existing systems for automated layout operation

Category Takenaka Hitachi Dusty robotics
Svst Adopted equipment Total station-Marking robot Total station-Marking robot Total station-Marking robot
ystem
. . Dry wall Dry wall
overview
Applicable scope Access floor Access floor Dry wall
Driving unit Three wheel drive Four wheel drive Three wheel drive

Driving . i

system Location control Laser+encoder Laser Laser+acceleration sensor
Moving control Path control Path control autonomous driving
Marking type Line, Text, Symbol Line, Text, Symbol Line, Text, Symbol

Marking Marking device Inkjet printing Inkjet printing Inkjet printing

system Marking control Orthogonal robot Orthogonal robot Single-axis robot
Marking work Stop and mark Stop and mark Marking on the move
Test environment Laboratory On-site On-site

Sys.te.m Marking accuracy Within 3mm Within 3mm Within 2mm

precision
Inspection system - Laser tracker -

B R e P | BT S o MBS B EANES S E SRS AR PRS- Y
A npshe WA o g eE Tt HA| o T, o] 914, AN AE 2ol o] s = 917] 5 213 2] Y1A]E ndshal g
B.E 7)) W nlste] Al2gle AAA AL BT E A A4S nhIe ofo] AR A Age] FaurAle
ab7 2|77k o stel 29 She] BlF AlLE o) F3t Bl A% A4S slske WAL 2 2ieith. 3408 ofF
7} 540 md5] glalAl 2Re] Yulgh Fgo] 87 EH o) AAE Sot 2Tl YU Aol 2P,
HAAFE A B 12 ofalo] nl7slE e Al o 2 o] FulelA] etiak nlRoA Aojrt 715}
o}, o] 5 A|2gl0] BACAE Zo] 7} L

6, Takenaka AF2] Al2ES A}, W2 SRS 5202 51 glon,
Dusty robotics AH= A0 22112 54 A4 A4S 240 531 9lrk. ofo] Ao nguAle] zfole} o]z <)
o Steglo] B A2
ﬂﬂﬂi@%i%liﬂﬂﬂﬂﬂiﬂ%mﬂgﬂ-4ﬂiz°ﬂ5ﬂﬂﬁ w2, 752 v
ﬂi%ﬁAhﬁ@%ﬂ%a1Eﬂme o157t FAlo] migshe ALRS URe] T
A2ego] 3mm o] o] ©4-E B oh11 glon], sig x9S Y
@ 418-40] ickn weloln qqhﬁquﬁﬁﬂ@ oM HAES 4ok glom QAPESIE A4H 0 5
731 Ik, TR @Al ARl 2R AL 918 87 Slal Eulalo] B BA|e EiHlo vt Ao
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3. Hiid XtS2t AL 2478

3.1 A& FEL4

St At E B2 A Q] Wi A5 AFERkE fiste] AlE ZeAIAE R Y 4F 2RO A 9l

S7] St AR ARl e =HARE STl 250 Ags] 9 EHe 7E(A)0] 87 el s,

] 21 @Al R R} HRAYRE Fofl LA HulldS st Bl 25 7o) 875H, ol IA| 254
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Table 2. Technical factors for automated layout system

Process Technical factors Definition
Preparation (A) Automated mapping system System for layout drawing generation and information linkage with marking robot
®B) Robot operating platform Operating system for the marking robot to run in a working environment
Layout © Driving system Positioning system to allow the robot to move itself to the position to work
(D) Marking system System for performing precise marking operation

Inspection (E) Inspection management system  System for progress monitoring and inspection of marking errors
3.2 =03t 7=

Boj7) = sl A Fo1A TAIA Hel 2t 18] Baghulge) 9, R 59 4RE lE EHoE
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7] wi el oF 7R AEHEE AFEelohs 71e2 vt AAoltk. HAdo] iAK=A] &Eelsh] 917t k=S AHu &
Y 772 YD 7 e vPAH RYEE ZIE(EDO] B oo, HAlo] kA IAE 3o el AR =] 2
A7 f1et B o] AAAS 71 (E2)0] B sttt Eet txEehd wuljd AS520E 2ol Halsial 5ol& i) 9fet
ASEI 2SS} 71E(E3)E 7. ol2fRt VeE2 22 et @80l Es S Sl tAEekd Aot JHE Sof aE
2 Q1 9l ASU=7t 7Fs Sl /bt Table 32 9HA 71wt Hulld Al AHsoF Al A7 9] 5712 FH4d 7]zl mhE Al
7le84 RS HERd 2ol

Table 3. Sub-factors for automated layout system

Technical factors Sub-factors
(AD) Automated modelling for layout drawing
. (A2) Site calibration
(A) Automated mapping system . . .
(A3) Analysis and correction of construction errors
(A4) Moving path optimization
(BD) Robot frame
(B) Robot operating platform (B2) Power ‘supply .
(B3) Protection from water and dust ingress
(B4) Robot status monitoring
(C1) Robot position and rotation control
©) Driving system (€2) Obstacle avoidance
(C3) Driving unit for coping with rough conditions
(DD Location control of marking unit
(D) Marking system (D2) Printing control
(D3) Marking quality control
(E1) Marking progress monitoring
(E) Inspection management system (E2) Marking error inspection
(E3) Automated inspection reporting
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S AAISHATY. Table 3014 AAE 471& E AlE 71&8 40 tisto] 9 He 2
2Fset A4 109 o] AErt5Qlo 2 A HE7E HES Foll 3 Atk X2 3AHul Y A5t A AES 9
et 9A7]|E ST H7TO] AiH= Table 49t LTt

Table 4. Importance of technical factors and sub-factors

Technical factors Sub-factors
ID Score ID Score Rank
(A1) 0.003 17
(A2) 0.008 15
(A) 0.0435
(A3) 0.017 11
(A4) 0.017 12
(B1) 0.092
(B2) 0.034
(B) 0.1552
(B3) 0.015 13
(B4) 0.015 14
(C1) 0.233 2
© 0.3679 (C2) 0.039 8
(C3) 0.096 3
(D1) 0.274 1
(D) 0.3679 (D2) 0.044 6
(D3) 0.049 5
(E1) 0.019 10
(E) 0.0655 (E2) 0.042 7
(E3) 0.005 16
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