Journal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)
Vol. 38, No. 6: 967-977/ December, 2018 ISSN 2287-934X (Online)
DOI: https://doi.org/10.12652 /Ksce.2018.38.6.0967 www.kscejournal.or.kr

Construction Management

ADIE ESAIAEE 9ISt QAT IS THE SRt et A

ZIM*
(= K(=)==

Kim, Sung-Keun*
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Smart Earthwork System

ABSTRACT

The problems of lack of skilled worker and poor productivity at the construction site continue to be raised, and the introduction of
construction automation as one of the solutions to this has been considered. The development of various types of equipment and
systems has been carried out, especially for earthwork operations with multiple construction equipment. However, the level of
commercialization of developed equipment or systems is very limited. Although the single-product type of earthwork equipment has
been applied to the site, the integrated type of earthwork system is still in the field testing stage. Considering these constraints, the limited
budget and research period, a strategy is needed to identify which technology areas and core technologies should be developed first. In
this study, the technology areas and detailed core technologies that are essential for the development of earthwork systems at the level
of commercialization are set and the priority of development is determined. In addition, the earthwork system that has been developed
so far is analyzed and the detailed development direction is presented based on it. The findings can be used for a decision making to
set the priority for core technologies that should be developed first in the limited budget and period.
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Fig. 2. Fleet Management System for Earthworks (Smart Construction
Tech Research Group, 2018)
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Table 1. AHP Analysis for the Needs of a Smart Earthwork System

Safety Productivity Quality | Economic Value | Labor Displacing Weight Priority
Safety 1 1/3 2 2 4 0.24 2
Productivity 3 1 2 2 4 0.38 1
Quality 12 12 1 2 3 0.18 3
Economic Value 12 12 12 1 3 0.14 4
Labor Displacing 1/4 1/4 1/3 173 1 0.06 5
*a =0.1, CR=0.01
Table 2. Automation Needs for the Subtasks of Earthwork
Task Subtask ?g fzeg Pro((:;;tgi; ity (?(‘)'lallg)y Econc()(l)lﬁz)\/ alue Labor(gi)sg)lacing Score Priority
Clearing & Grubbing 6 10 4 3 7.24 4
Cutting/Digging 11 15 1 2 8.78 1
Earthwork | Filling/Backfilling 6 9 0 2 7.32 3
Hauling 2 16 11 1 8.16 2
Slope Protection 16 3 0 0 6.96 5
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Table 3. Priority of the Core Technologies for Earthwork Systems (Core Technologies are Modified from Kim et al., 2004)

No Tec/llr;;);ogy Core Technology Score | Priority

® Wire & Wireless Technology (CT1) 2.857 2

® Internet & Cloud Technology (CT2) 2.655 5

® [oT (Internet of Things) Technology (CT3) 2.407 11

¢ Information Standardization (CT4) 2.366 13

Information & | ® Communication Protocol Technology (CTS5) 2.368 12

1 | Communication | ® GIS & GPS Technology (CT6) 2.941 1
(TAD) e Ubiquitous & Mobile Technology (CT7) 2841 | 3

® Multi-media Technology (CT8) 2.571 6

® RFID(Radio-Frequency Identification) Technology (CT9) 2.280 15
® API(Application Programming Interface) Technolgy (CT10) 1.998 24
® Database & Big Data Technology (CT11) 2.282 14

® Sensors & MEMS(Micro Electro Mechanical System) Technology (CT12) 2.493 10

® Vision & Sound Technology (CT13) 2232 17

Sensing & ® Planning Algorithms & Softwares (CT14) 2.518 8
2 Control ® Remote & Haptic Control Technology (CT15) 1.948 26
(TA2) o Intelligent Control Technology (CT16) 1977 | 25
® Intuitive OCU (Operator Control Unit) Technology (CT17) 1.941 27

® Man-Machine/Man-Robot Interface Technology (CT18) 2.541 7
® Work Knowledge & Skill Database Technology (CT19) 2.209 18

® Soft Computing Technology (CT20) 2.518 9
Artificial ® Machine Learning & Deep Learning (CT21) 2.159 20
3 Intelligent ® Image, Video & Voice Analysis Technology (CT22) 2.191 19
(TA3) ® Robotic Process Automation Technology (CT23) 1.752 28
® Decision Management Technology (CT24) 2.057 22
® Virtual Agent Technology (CT25) 1.391 32

® BIM(Building Information Model) Technology (CT26) 2.684 4

) ) ¢ Intelligent CAD(Computer Aided Design) & CAC (Computere Aided Construction) Technology (CT27) | 2.052 23
4 S“g‘g?’“ e VR(Virtual Reality) & AR(Augmented Reality) Technology (CT28) 1514 | 30
® Real-Time Simulation Technology (CT29) 2.157 21

® Cyber-Physical System Technology (CT30) 1.382 33
Teaching ® Online & Offline Teaching Technology (CT31) 2.266 16
5 System e Intelligent Teaching Technology (CT32) 1.618 29
(TAS) ® Automated Error Correction Teaching Technology (CT33) 1.504 31

i

9 9= 71, WENITl] 714, AR el s Y, SIRwElE Slele] wIR Ao aliladk Tlke) A4EE e
ABE AmeE W Ameso] 7l ALE AFE V)& A Ui ABZASS sk w B GipoliE el e E3e

O]

SRR AN SR 71e 58] AR o] ofFolA d A2HEe] Vedsns gelslal o|Ald] S7ste] HiE
o & vERiaL SlTk = TeAEEEs 4 } SR L=

4 7167345 Table 400419} o] 9GHA| R Fto] Frk
3.4 7|=C| e AARISO| Vs miot 3l =1 A 7|zl & AHHIAITA), /NdAH AR, +8735 A
TRL (Technology Readiness Level)& NASAo|A 7]<5A} GEA), Al FE] AR YAIEEA), SIS e AR
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Table 4. Classification of the Technologies for Earthwork Operations by TRL

Idea Prototype Validation Production
Type TRL 1: Basic 2: Concept | 3:Needs |4:Lab Scale |5: Pilot Scale| 6: Field Test D 7.t i Cg. ImtlalA e 4 Fmal. |
Research | Formulation | Validation Protype Protype System emonstration | L-ommercia ommercia
System System System
B Stanford B Univ. of B Napier B Cinvestav: | B Industrial B Doosan: B Bickhardt Bau | B Fly-Site: B Trimble:
Univ.: Nottingham:|  Univ.: Haptic Robot: Intelligent Aktiengesellsc | Drone survey| Earthwork
Construction| automated Needs of excavator Remotely excavator haft: Mobile earthwork grade control
automation earthwork construction| (Torress-Ro | operated (Cho, 2015) 3D mapping for| ® Trimble: platform
Stand alone| technologies| planning automation driguez et backhoe ® Jowa DOT: earthwork AR-based B Leica:
system (Paulson, (Mawdesley | (Taylor et al., 2005) (Yoshihiro, Intelligent (Siebert & SiteVision Geosystem
1985) etal.,, 2002) | al., 2003) 2003) compaction Teizer, 2014) prototype  Sokkia: 3D
B KICT: B KICT: B Univ. of system (Iowa MC excavator
Semi-autom | Framework | Central DOT, 2010)  Caterpillar:
atic dozer of an Florida: Acugrade
(KICT, intelligent Tele-operati | g gequ Tech; | mKICT:3D |m Hanyang 5 GS B Maeda: Tele- | ® Kuhn:
1998) . em}lwork. On’. o Intelligent surface Univ.: ICT Construction: earthwork Construction
¥ Inha Um‘v.: system(Kim pOS{tl.()nlng, navigation modeling based fleet Soil system site 4.0
Automation | & Russell, mlhs‘fm system(Kim | system management compaction B Obayashi:
technology 2003) detection etl,2012) (Chaeetal., | system for management Compact
roa}dmap n Sec.)uITech: tech (Oloufa 2011) earthwork system system
Integrated (;(()z)r:l)et al., Euipment etal., 2003) (Seo, 2017) " Fujita:
path B Lancaster Unmanned
system pla_ﬂrling UniV_-:_ . Typel: Smart Earthwork System construction
(Kimet. al, | Feasibility |Wegn|ENISWEIT ) system
2003) analysis for
robot
technology Type2: Smart Earthwork System
(Seward & (Semi-automation)
Zied, 2003)

* TRL: Technology Readiness Level
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Local Functions
= 3D site modeling (Local BIM)
= Local soil distribution planning

Global Functions

* 3D site modeling (Global BIM)

* Global soil distribution planning

= Truck allocation planning

= Truck moving path control

= Truck tracking & monitoring

* Tolal earthwork volume manitoring

= Equipment allocation & malching
* Optimal loading planning
(Excavator + Truck)
= Equipment moving path control
= Collision avoidance planning
= Optimal dumping planning & control
» Compaction planning & compactness control
= Earthwork volume monitoring

Fig. 4. Global and Local Functions of the Smart Earthwork System
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Smart Connect

Machine Control &
Safety Guidance

Fleet Manager

Fig. 5. Smart Earthwork System (Modified from Smart Construction
Tech Research Group, 2018)
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