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Development of the Local Area Design Module for Planning
Automated Excavator Work at Operation Level

ABSTRACT : Today, a shortage of the skilled operator has been intensified gradually and the necessity of an earthwork in extreme
environment operators are difficult to access is increasing for the purpose of resource development and new living space creation.
For this reason, an effort to develop an unmanned excavation robot for fully automated earthwork system is continuing globally.
In Korea, a research consortium called ‘Intelligent Excavation System’ has been formed since 2006 as a part of Construction
Technology Innovation Program of Ministry of Land, Transport and Maritime Affairs of Korea. Among detailed technologies
of the Task Planning System is one of the core technologies of IES, this paper explains research and development process of the
Local Area Design Module, which provides informatization unit to create automated excavators’ work command information
at operation level such as location, range, target, and sequence for excavation work. Designing of Local Area should be considered
various influential factors such as excavator’s specification, working mechanism, heuristics, and structural stability to create work
plan guaranteed safety and effectiveness. For this research, conceptual and detail design of the Local Area is performed for
analyzing design element and variable, and quantization method of design specification corresponding with heuristics and
structural safety is generated. Finally, module is developed through constructed algorithm and developed module is verified.

Key words : earthwork, intelligent excavation system, task planning system, local area
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Fig. 1. Research Objectives
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Fig. 2. Research Strategies for the IES(J. Seo et al., 2007)
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Table 1. Heuristic Analysis for Local Area Design (S.Lee et al,

AYADYS 9 22

FAdARE N

2008)

No Heuristics

Design Considerations

1

- The optimal horizontal excavation distance differs by the specification of an excavator.
- When platform is flat, safe excavation is available in maximum horizontal reachable range.

Horizontal

- Excavation area should not intrude excavator’s platform area.
2 |- Lateral rim of the excavator track must have approximately 2m of buffer space to prevent overturn caused by

Excavation Length,
Grounding Area

(Platform)
the weakened or collapsed platform area.
- When loading after excavation, the horizontal rotating angle of excavator's manipulator should be applied within
3 90 degrees so that it can increase work efficiency. Horizontal
- When working on the platform, horizontal excavation range degree should be set within 180 degrees for frontal| Excavation Range
and excavation work should be continued backward.
4 | Soil in excavation area should be excavated and gathered at the bottom of the platform before truck is placed Pile Area of Soil
for easy excavating and loading. This can also minimize idling of the excavator.
s | 2~3m of excavating depth is appropriate considering the characteristics of phased excavation, despite excavator’s| Vertical Excavation
specification and type difference. It also helps sufficient drainage flow, overturn prevention and easy loading. Depth
6 | Excavation accuracy of designed surface at each layer is recommended as -20cm ~ +20cm to maintain

efficiency. So, it would not block the entering earthwork equipment.

7 |- Excavation for the final formation level should be finished as within +2Cm.

Quality Control

of bucket path has low excavation quality.

+ The additional excavation area should be considered to attain fine quality because the starting and finishing point

(Extra Area)
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Fig. 6. Longitudinal Section Drawing of Local Area considering
Excavator’s Specification
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Table 2. Simulation Condition Definition for Slope Stability Analysis

Contents Simulation Condition
. Unit Weigh Internal Friction Cohesion
1T
Case Soil Type (KN/m’) Angle(°) (KN/m?)
Soil Properties -
(Ministry of Land, Transport 1 Compa((:;jdtusra;ldsy ils)ml-SM- 19 30 20
and Maritime Affairs, 2009) alural 50
Stiff Cohesive Soil-ML-
2 . 18 25 35
(Natural Soil)
Excavation Robot Lhm Wb Ltrack Hgj
Local Area Specification (m) 7.24 1 35 13
Design Local Area Lhe Rpg Dve
Design (m) 7.12 375 2.5

Applied Load Definition

- Tipping Load: Tipping load is vertical load applied at bucket when the back end of the excavator track is
begun to lift during excavation work. (Considered the fact that tipping load varies according to excavation

progress)
- Excavator’s Weight at each part and Tipping load are used to generate vertical reaction force at tipping point.
Case Progress Status
. 1 0% Initial Local Area shape
Excavation Progress —
2 50% 50% cutting is progressed
3 100% 100% cutting is progressed

- Conditions related to water pressure was ignored.

- Other influential load(ex: vibration..) was not considered.

Preconditions

- Slope stability at each simulation case is evaluated by minimum safety factor among all generated safety
factors (7936 safety factor at each case).

- Platform inclination = 0°

- Soil Properties are homogeneous.
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W(n)
(ton)

Li (m)

1. Tipping Load 6.120(0%), 5.435(50%), 3.75(100%)
2. Front 22 3.541
o IR
4. Track 4.8 0.107
5. Rotational Upper Body 4.1 0.502
6. Counterweight 2.2 1.857

Fig. 7. Excavation Robot Specifications for Tipping loads
Generation
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SM | unit Weight: 19KkN/mt L

= Unit Weight: 18KN/m*
0% = Internal Friction Angle: 30° 0% = Internal Friction Angle: 25°
= Gohesion: 20KN/xf = Cohesion: 35KN/ri

(1-1) Sandy Soil & 0% Progress: 2.760 | (2-1) Cohesive Soil & 0% Progress: 3.479

sM = Unit Weight: 18KN/m' ML = Unit Weight: 18KN/m'
50% |° Internal Friction Angle: 30" 50% = Internal Friction Angle: 25°
* Cohesion: 20KN/m! = Gohesion: 35KN/mi

(1-2) Sandy Soll & 50% Progress: 2.074 (2-2) Cohesive Soll & 50% Progress: 2.684

= Unit Weight: 18KN/m'
HS]EIW = Internal Friction Angle: 30" 13‘;‘%
® | = Cohesion: 20KN/xf

(1-3) Sandy Soil & 100% Progress: 1.411(2-3) Cohesive Soil & 100% Progress: 1.860

= Unit Weight: 18KN/m'
= Internal Friction Angle: 25°
= Cohesion: 35KN/ui

Fig. 8. Slope Stability Simulation Results
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Data Input Design Data Processing

Horizontal Excavation Length

Horizontal Reachable
(Lhe)

Maximum Length(Lom)

the Ground (Hgj)

Center-Joint Heigtm from
Radius of Soil Pile Area (Rpg)

/ Length of Track (Lirack) /
Length of Extra Area (Le)

Buffer Length for pile of
Soll Area (2m Default)

The Number of Bucket Path
(Nep)

/ Bucket Width (W) /
Vertical Excavation Depth
(Data Import from Piece
Area)

Horizontal Excavation Range /§‘
(180 * Constant) /

Length of Bucket Path

Point Information Generation of
Bucket Paths

l Visuglization

TPS & Simulator (AutoCAD Environment)

Fig. 9. Algorithm Model for Local Area Design Module
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1 Userb'lnterface ' 2. Data Input

3. Data Processing
(a) Local Area Design Module

Local Amangement on the Moving Pah  Paorn & Bxcavaion Pl Info, DB
(b) Excavation Robot” s Task Generation of TPS

Ll S—

Moving Path & Local Task Autonomous Excavation View(VR) &
Information Order i Project Management Info. System

(c) Task Planning System Implementation Cases

Fig. 10. Implementation Examples of Local Area Design Module
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