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Kim, Taehoon Layout work for building structures requires high precision to construct structural elements in the
Tel : 82-62-230-7145 correct location. However, the accuracy and precision of the layout position are affected by the
E-mail : worker's skill, and productivity can be reduced when there is information loss and error. To solve this

thoonkim@chosun.ackr problem, it is necessary to automate the overall layout operation and introduce information technology,

and layout process automation using construction robots can be an effective means of doing this. This
study develops a prototype of an automated layout robot for building structures and evaluates its basic

Received : November 13,2022 performance. The developed robot is largely composed of driving, marking, sensing, and control units,

Revised :November 22,2022 and is designed to enable various driving methods, and movement and rotation of the marking unit in

Accepted : November 24, 2022 consideration of the environment on structural work. The driving and marking performance experiments
showed satisfactory performance in terms of driving distance error and marking quality, while the
need for improvement in terms of some driving methods and marking precision was confirmed. Based
on the results of this study, we intend to continuously improve the robot’s performance and establish
an automation system for overall layout work process.
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Introducing an automated layout system for building structures

Literature review on system development direction and requirements
System configuration System operation method

Developing the prototype of marking robot

Hardware configuration API and program for robot control

Evaluating basic performance of the robot

Laboratory tests on the driving and marking performance
Performance evaluation and improvements derivation

Figure 1. Research procedure

2. HiiH AS XSt AL Y R 28 2t

0

Limetal [7]] AFOIHE 712 G4} A ~E]0] B4 9 74 7128 wlolst 5, %2 B3 BAS Hu7) A58t A28
o) M@ 047147} 4912 AT T, Kim etal [8]2] BT AAH 24 e 285}
Sl AHERLS 9lat 230 Ayl AASHS RIS 2 Wol M 7 A7 AT Erf2 ste] A £

S} A28 0] ZdH Q1 7+ Bl 29 RS AAIRI.

2.1 HiE AMS St ALY 1Y

o
Mt 9 S5 BAE Hej7) A2 A5 A2 Hul S 915 A EHlRAC AR Helz] 8 A2 g7



A

>

ot £5

s
2)HA ol B Ve =

T

his

7] (marking) ¢

o

T

o
il

1719

2

5
2 A

(e}

i
=2

o
%
EEBEEDRER

9]

=
=
oF

S
=
&9

1

Development of an Automated Layout Robot for Building Structures

olE F=

H

71 9]

=
T

5]
(mapping)”]

o

o}

=2

)]
=]

oA
]_

.
N

H
S

=

ol =il 2
%

o]

o

A(])J Al

=

=

HIHA
H

1) = 2hE 8748 71

A

.I

i

8

)

2.1.1 At
71 <

°

TR T TN M o ox o MR W T LT N
WEWT pE o X W g B Tl or @ﬂﬂ%b@%&@%%%
ol g ko oy T E o B oaE T X o ooy om M X
Tom o o~ 5 W > o I N Ho e_amﬂ%ﬂaﬂmﬂoAiEﬂowﬁ
e B ©FF oo N T HyxowTEHHpE N TR
N R R g MR @ o G- Rl B e S
MR B oo N Ry K Cui WHe® PR REY
o 7 o Mo W Q;ﬁoEHPLmuﬂlno 7o 2@..%7@.1&!.2_0 &e
PRy T EETEN <D S ﬂoa_a%7ﬂﬂaTMo_OE%%
_— Jl‘_:.l,ﬂol N o o HR = ,I‘M‘_.r:._._,_o‘_.__m.o.A
o~ N Iy B <pR = OE D N B = B M oge o wo Mo CAEY
To K| oa (=) O_E _&.E —_— 1 . UE JXIL EO — ~ o 2.1 =)
LEOEr FsRRrETL PIgEtueoTiiezd
N oo T KN X — g 2 5 W o —. w2 _
ﬂmem_x%%wywmx%;ﬁmﬂ Maww%o_ﬂ@qm%%%w%
— = = o) o == @ 1jo =~ — X 0 = K° ™
o T & — o p T2 K - Lo mK o 3
z.tE%oc MEAMMMMMP_WMMWEEHE%\HU O_OE¢E¢3WNOUKW|MAT,WJO17_AIMA_MEWE_
T N R o CREF LTy Py K TE
TR P oa Nz o o BN S NN N R e N (G
_U .._ U:A_/rA__‘lg mHO_ ﬁo o < :/OJnO‘mJI_ — o ‘MH_H
2 ETEE S RN R R I IS ST AN ELE
— N~ ] W [ dr O e —_ o o sl ~ &5 Tk
CI S = I Xy ey N — o7 H o B o M
& o= o © :._._,mﬂ,_ﬂul;oaﬂoﬂﬂmo.wﬂe loo,.n__. Z‘.._Al‘_,,_.WE.__.,IE Q0 — mo  X°
MI,WﬁHT,llon_/ﬂ,_m._o_E_aﬁ\wﬂﬂﬂe_z__.Wo_e Z;@:HXOM%Q%EWOM]WWE%%EA
meur,imLL_L%zﬂfﬂﬂMwToﬁm@ L el A I
SR T, oz T H R oy PoXTtaPsdMNlT
SILEIopITas Il EANEEERIIGERAC
N o I B oo S N o I = oo < [
o ° % o K = % 8 o A ok B R B o I+ 2 ol & o
edE RS A deka 2T yenfnETorzidiae
o ! S Lari fife] ™= —
momMTmﬂ_ﬁ%d.Wmﬂmﬁmﬂﬂ%\\&% LS Rl i SR S
,m_.LALeJI,E_qW,_nHﬂMFEAﬂﬂﬂMJD ﬂLﬂHnnuﬂﬁoMrﬂoEWHmm_zMﬂﬂli
S TREYIEEcsESc ity foEroEREfgclavs
7O o= R oo R = T e H W R ot o m N A R =
L_,_Mu_]du,.?_lgam_.izT@ﬂHi@Mﬁﬂ __wwﬂLdﬁxE_aaeEﬂiuT‘_M%
/= B o Bt ogr N m_.aem.ﬂwr Emm_x__o }__oTEﬂmaEﬂOiemum_#oﬂ
Mﬂﬂro%qﬁﬁlﬂLo_eﬂ_.m%EE%ﬁﬂmﬂoo N ﬂo%mﬂ‘_‘va%é.a,z_.mﬁ%uma
X o X0 EH D T S N S Mo m N oo X BN Tl o M o —
o o N XD To! < S oF Mo XX r T o= D T
G P et < o P ®T Wy I YT IS -y
Ko N B g o oo NEo— o R IR~ SO R = e i
oo B g W R X = g N AT S A S 1y
uuuﬂogﬂﬁlﬂx_.z_,i%%%nﬁ.m %iamﬁ%ﬁiﬁimﬂo_eaa%uu%
0 N r X8 T a0 N X ~ il
Tl ARk El P e g s _THErrMETheg PR B
_#oLﬂﬂoEm_‘e._momuﬁplﬂﬂgaiﬂ,_lw Mﬂlﬂduwgmm.aﬁﬂz,_ioqwﬂmlﬁﬂumﬁwu
TETEryuraiEFfes DipItroiAulozREc
TR UE o T B My Mm% T e ® 0 gy ooy
Frrdyphgroleoegdss ZWXPRIF A TYgT s s &
R N Ol - o A e O S| P~ - L o = O S
WEg g prgegpgreeds Tz Tesbggddshaoavog ks
7.mﬁﬂo.xﬁﬂ;|ﬂa_1ﬂr_ﬁué_5mﬂﬂomm;e 2.mﬁ%gi,_o_erﬂLxﬁﬂmﬂnio_aﬂa
TOT O R ok 6 =Ko W R M M Ho 1 A= I SRS TR~ R o poei

691

Journal of The Korea Institute of Building Construction



Park, Gyuseon - Kim, Taehoon - Lim, Hyunsu - Oh, Jhonghyun - Cho, Kyuman

|

23¢0] 917 LS ASATE o] F FAT AN LeZE 23 Rl 3FOR oS4 7 S ARE A5 5 2
o] W, 719718 AR AUAN SRl Salaic. ofefel WS Bl A5 AN Edlz
12 ANtsto] a7 4] 0] 4 ol U A Lokl At
A2 1A 02 2 B B TS @A ] B AT 01E sl

olt}. ol 918l 2D SOIHHLIDAR) AIM-E &-8-51o] =3 o] ARt Aol sl ++7ke] H A& mtefstal 24
H

Hul
o
19
o,
A
1o
ﬁr‘
Fu
1
A,
o,
oy,
)
N
19
40

L)

LIS
o
ﬁ:
o
1o
N
o,
i
o,
2]
ot
K
o
-loll
:oé
ofl
n
-
EN
é
2
e
o
it
H
1
5
N
o
jlll
oo
g
N,
@i
1o
I
El
i
of
:c?_l,_“
12
R
Ho
o,
&£

Itk ol $J5te] A SRelA A2 91XS Aot @Al AXH ERAHol A ol gstel 4AH A2 A2 A
S AV e $1x10k A Bk SIX 04 Sl

[
=

2
Sol7) A5 AR5} AlL0] Tl ahE T 29 AR Figure 29} 2k AL FHIRACIAE Telatpe] Ze
B2 TE5to] ¥ £H U 25 0|5 ARE WY T, AT RS Ao R(HU/)Z Ak SRS So) @4 3

Office PC Control device Layout robot

Preparation step

Generate layout drawings and
robot’s moving path

Set reference points and

perform site calibration

Transmit drawing and
path information

|
v

Move to working position
and stop
- Measure dist: f
Recalculate robot’s position casure cistance o
dowel bars

Transmit measurement information

orrect marking line position?
Transmit changed information
of marking line position

l Transmit position and orientation information

movement control of markin .
device e Perform marking work

Transmit marking information

No :
Move prism target

Finish the work
|
Set inspection points and
Measure making errors

Layout step

L . Transmit the report . K
Review inspection report Generate report -
Inspection step

Figure 2. Operation procedure on layout automation
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Figure 3. Robot prototype design and size
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Figure 4. Robot drive unit
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25 371X 9] HHof| Frste] FAZEY] Hlo|H Ik 11 Ehe=tt, o]uf AR&Sh= RS485 A2 TIA(Telecommunications
Industry Association), EIA(Energy Information Administration) 485]|14] -2 =] o] 4t-g-of d2] AREE 11 gl o, ThE
AeAle] vl5f| SAIA 7} A o] A Aol A 2 AREE = FAIA] F ool ti13].

User Control API

RS232

RS485

DIO ADC
RS485
M Digital In/Out M Motion Control System M Other Sensor Modules
- Emergency Switch(1EA) -MD200T(3EA) - Ultrasonic Sensor(4EA)
- Charger Docking Switch(1EA) -MD200(3EA) - Inclination Sensor(roll, pitch angle)
- Etc. I'O - Battery Voltage

Figure 8. Control diagram

3.4.2 22 HO{ APl & H|of Z2 3 JHe

API(Application Programming Interface)= A~ ZE o] A4 @ A7 A2 B8 4= Q1A sl= w7 S0l 2o nE
S AE = U= = AT Table 1-2 Windows 873 |4 AH8sH= 25A| o] APIoltt. ¢F 107]9] HE-S ARgSt] =
B9 Aoleh 2ol 92-S HaH = Movel2 0|5 Ag] I &£ 52 A5} o]%, Movecs TA 7iEh 20|, Movev
Lulg $Z Y7 7t U &5 A4t Set_handleS 3 ZHE S A A510] B S Yok Wk o 2 2210 1 Rotation

Table 1. API Description

Command Explanation
Movel Set travel distance and speed
Movec Developing
Movev Vector motion settings, angle and speed settings
Set_handle Steering angle
Rotation Turn in place
Move_prism X,Y movement and rotation angle of the prism

1. Back to front
2. Front to back
Print 3. Moving while printing from back to front
4. Moving while printing from front to back
5. Return after moving while printing from back to front

Print 2 Input start and end positions of inkjet and print speed
Move pl2 Inkjet position shift
Stop_ Stop actions
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Table 2. Results on marking length and quality
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