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Abstract 

A research consortium called 'Intelligent Excavation System (IES)' has been formed in Korea with the 
support of the Ministry of Land, Transport and Maritime Affairs of Korea. The final goal of this research 
consortium is to develop a robotic excavator that can improve the productivity, the quality, and the safety of 
the conventional earthwork. The knowledge of the construction metrology and task level planning should be 
well fed into the robotic control mechanism in order for the machine to have the intelligence of the 
construction planner and the operator. Task Planning System (TPS) is one of the core technologies of IES. 
TPS generates an optimal earthwork system based on a virtual work environment updated in real time by 
work environment cognitive technology. TPS is an integrated module based on the heuristics of skillful 
excavator operators for effective and error-minimizing work planning. In this paper, the heuristics and the 
functions of system modules along with the virtual reality-based simulation results are presented. 
 
Keywords: Intelligent Excavating System (IES), Task Planning System (TPS), Heuristics, Simulation, 
Earthwork 

1. Introduction 

1.1 Background and Purpose 
The production lines in most industries now have been automated, which has brought many benefits 

such as the improvement of productivity and economical efficiency, the safety against industrial disasters and 
the quality of work. However, the automation in the construction industry has still depended on the labor 
input through the use of the construction equipment because of unstructured and dynamically changing 
work environment and the large handling capacity required by the heavy weight of construction materials. 
The development of construction robots as well as semi-automated construction equipment has been 
increased with the rapid development of IT (Information Technology) along with the needs of the 
construction automation recently. In particular, the development of earthwork   automation system is on its 
way actively because of the highest demands among construction equipments. Now, the development of the 
IES for the earthwork automation is on progress since 2006 as a part of Construction Technology 
Innovation Program of Ministry of Land, Transport and Maritime Affairs in Korea. The development of the 
IES is being performed by the industrial, academic, research institutions of 16 in total such as Hanyang 
University, Korea Institute of Construction Technology, Korea Electronics Technology Institute, Korea 
University, Inha University under the principal investigation of DooSan Infracore Co., LTD. IES has a 
research plan of five years by organizing three research teams after dividing their roles on the basis of three 
detailed core technologies. The third-year research of the development of the IES is under way now. The 
system development for remotely-controlled excavator has been almost completed based on the element 
technical analysis, algorithm and the system structure design which is the first-year research content. The 
development is kept up on the basis of the close technical cooperation among each division until the fourth 
year, and the development of the IES will be completed at the end of 2011 by finishing the fifth-year 
research after going through the performance evaluation of the system. 
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operators perform the work backing the excavator so it becomes well-drained naturally by the gravity to treat 
the flowing groundwater and the surface water affects on excavating.  

The operator decides the spot that has the minimum movement distance and that secures the safety as 
the next target spot even when moving the distance between the work areas. When designating Unit Work 
Area, considering obstacles is efficient when beginning the work in the distance place from the place to 
reduce the damage and to consider the difficult work degree, and enables the platform to be located by 
considering the corners, obstacles of the layer geographical feature. 

 
Figure 7. Unit Work Area Designation 

 

4.3 Division of Local Area 
This is the process to divide Unit Work Area into Local Area. Platform means the spot where the 

excavator is located, and the standardized area where the excavator works after being located once as a 
platform unit area, that is, as Local Area. A certain location of platform position is decided automatically as 
dividing Unit Work Area into Local Area. The skilled operators perform the excavation as keeping up the 
angle between boom and arm to be 90~110°   for efficient working, and can improve the work efficiency by 
designating Local Area so that the horizontal rotation angle of the boom is to be applied within 90° when 
loading the truck. When designing Local Area, the area for gathering the earth and securing the safety is set 
by having the spatial room of a certain radius. This can reduce the excavators’ idle-time and can improve the 
work efficiency by preventing the inversion due to the loss of the track ground capability and by facilitating 
loading trucks. 

Local Area is platform unit area divided by a certain rule considering the trajectory of bucket and 
kinematics. The designed geographical feature including each functional and each unit areas organizing Local 
Area is defined as Local Package. Local Package standards are affected by the specifications and other 
working environment conditions. Local Package Algorithm was developed by considering these conditions. 
Local Package Algorithm was made to calculate standards according to Algorithm if inputting variables being 
required respectively, and U.I (User Interface) for users’ convenience was developed. 

The inputted variables and designed Local Package through this supply the division standards that 
become the standards when performing the area division module, and are applied also to the impact data in 
performing other modules after U.I is configured on the initial screen before the performance of TPS 
modules. 

First of all, the user inputs the track length, the vertical optimal excavation scope, the maximum 
horizontal excavation scope, the height to the center-joint which are the excavator dimension inputted to the 
earthwork as the input data of U.I. The optimal horizontal excavation scope length (O.L) considering the 
excavating depth and the excavator’s height by the inputted data, the radius of gathering the earth and the 
safety guarantee section length (S.L) are to be calculated. The horizontal excavation angle applies 180° by 
considering a skilled worker’s heuristics and the excavating efficiency. The following figure is the plan of the 
Local Package made by applying AutoCAD. 

 

4.4 Optimal Platform Location Setting 



 
When arra
performs 
possible to
of platform
changes o
vertical an
the quanti
Algorithm
the reitera

5. Inspec

So far, thi
module p
mutually, n

 

26th Internatio

anging Local 
the excavatio
o excavate eff
ms for the so

only when cre
nd horizontal 
ified algorithm

m has been dev
ation by applyi

tion of TPS w

s paper has ex
erforms its ro
not being  

onal Symposium

Area and Un
on in the clos
ficiently and e
oil- cutting ar
eating the op
way. Also, Lo

m type is requi
veloped to ca
ing AutoCAD

with VR Sim

xplained the m
ole in series 

Fig

m on Automati

nit Work Area
sed circular ar
economically b
ea is decrease

ptimal platform
ocal Area stan
ired for an Int
alculate the op

D. 

ulation 

modules of TP
or in parallel 

Figure 8 Loc

gure 9.  Local P

ion and Roboti

313 

a, the reiterati
rc form accor
by removing t
ed by reducin
m location w
ndards are cha
telligent TPS t
ptimal platfor

PS, and heuris
and displays

al Package Alg

Package Desig

ics in Construc

ion occurs be
rding to the 
the unnecessar
ng the unnece
where the reit
anged accordi
to decide auto
m location, an

stics applied t
 its function 

gorithm 

gn Drawing 

ction (ISARC 2

ecause the sha
excavators’ ch
ry excavating 
ssary movem

terations are m
ing to the exc
omatically the 
nd verified th

o organizing t
having an or

 

 

009) 

ape of Local 
haracteristics. 
plan. The num
ents and dire
minimized on
cavator dimen
platform loca

he minimizatio

the modules. 
rganic relation

Area 
It is 

mber 
ction 
n the 
nsion, 
ation. 
on of 

Each 
nship 



 
independent. 
affects on ev
platform supp
process for e
reflecting the 

Figure 10. Pl

 
The simula

module funct
First of all,

without mater
Task plan

Local Packag
the horizonta
through mesh
highest layer. 
at the change
excavator. Th
data. The ch
geographic da
and form the
TPS. 

In the pro
was devised 
difficulties in 
by considerin
designation o
hardening op

6. Conclusio

Though e
automation o

Through the 
ven the path 
plies the creat
each bucket 
optimal excav

latform arrang

ation was per
tion organizing
, after acquirin
rial parameter

nning simulato
ge. The depth 
al division m
h configuratio
The layer was

es of the geog
he location of
hanges of the
ata by receivi

e condition sim

ogress of the s
simply as the
working with

ng the shape 
of unit work, 
eration possib

ons 

each country 
of the constru

Aut

area division 
planning of 

tion and the p
supplied the 
vating plan. 

gement and re

rformed by ap
g the intelligen
ng the geograp
rs considering 
or creates Loc
of the horizo

module. The c
on, and it wa
s divided base
graphic data i
f robotic exca
e geographic 
ng the forma
milar to the f

simulator, as t
e geographica

h a certain dire
of the geogr
the operatio

bility of the ex

all over the w
uction industry

tomation and Ro

3

practically, th
the excavator

path plan, and
specific unit 

eiteration spot 

pplying task p
nt TPS with th
phic data to be
the capacity o

cal Package s
ontal area divi
created layers 
as designated 
ed on the obje
in three dime

avator is displa
data through

ation of the g
figures of the 

the operations
al feature bec
ection and con
raphic data w
on plan consi
xpected platfor

world has pe
y, it has run i

obot Application

314 

he sequential c
r bucket and

d the location 
for the opti

calculation co

planning simu
he system con
e the simulatio
of the data flo
standards by i
ision was dete

were change
as Unit work

ect local mode
ensions accord
ayed on the m
h the operati
eographical fe
real field by 

s of the upper
came gentle. A
ntinuity if arra

when designati
idering the pr
rm spot will b

erformed ince
into numerou

ns 

creation of wo
d the excavati

for the excav
imal excavatio

onsidering the

ulator for che
nfiguration. 
on object, it w

ow.  
inputting the 
ermined 2.5m
ed into solid 
k Area creatio
el of the calcu
ding to the pr
map after bein
ion progress 
eature change
being applied

r layers are pr
Also, because

anging after fin
ing the platfo
resence or no
be created. 

essant research
us brick walls 

orks is created
ion control. T
vator. Also, th
on by being 

 
e minimization

ecking the co

was changed in

data necessar
m, and a layer 

object mode
on object afte
ulated 3D solid
ractical operat
ng transmitted
are updated 

es through the
d to the virtua

rogressed, the 
e the robotic 
nding a positio
orm location 
ot of the eve

h and develo
such as the c

d naturally. Th
The designate
he area divisio

designed afte

n of reiteration

ontents of eac

nto solid mod

ry in designin
was created b
els respective
er selecting th
d, and this aim
tion of robot
d through GP
on the glob

e local sensin
al simulation o

operation pla
excavator ha

onable locatio
in case of th

enness and th

opment for th
continuation o

his 
ed 
on 
er 

n 

ch 

del 

ng 
by 
ely 
he 
ms 
tic 
PS 
al 
g, 
of 

an 
as 

on 
he 
he 

he 
of 



 
non-repeti
environme

problems,
equipmen
computer 
incidents, 
perform m
to the aut
implemen
numerous
productivi
achieving 
configurat

26th Internatio

itive operatio
ent, the neces

 it should be 
t correspondi
technology. A
the past’s su

more efficient 
tomation syste
tation of the 
 profits such 
ity and quality
the automatio

tion through t

onal Symposium

ons, the lastin
sary elements

equipped wit
ing to the p

All these thing
uccessful data

operation in 
em after arran
automation th
as the preven

y, and will be 
on. This resea
the algorithm 

m on Automati

ng occurrence
, technologica

Figure 11. Ta

th the necessa
purpose of th
gs such as the
a to improve 
construction 
nging the skil
hrough the de
ntion against v

able to minim
arch improved

development

ion and Roboti

315 

es of uncertai
al shortage, co

sk Planning S

ary element t
he automation
e experiential k

the construc
industry now 
lled workers’ 
evelopment o
various disast
mize the trials
d the efficienc
t of each stage

ics in Construc

in incidents, 
ompared to oth

imulator 

echnologies s
n, and more 
knowledge, th
tion producti

w are essential 
heuristics sys

of construction
ers, efficient o
s and errors a

cy and the safe
e after arrang

ction (ISARC 2

the subjugati
her industries

 

such as the de
exact and r

he plans to co
ivity for the 
data. In partic
tematically an
n machinery, 
operations, th
accompanying
ety by applyin

ging the skilled

009) 

ion of the na
. To solve the

evelopment o
rapid sensing,
pe with dange
skilled worke
cular, if granti

nd faithfully in
it can bring a

he improveme
g in the proce
ng it to the mo
d workers’ and

atural 
ese  

of the 
, and 
erous 
ers to 
ing it 
n the 
about 
ent in 
ess of 
odule 
d the 



Automation and Robot Applications 

 

316 

superintendent’s heuristics being required over the whole of TPS development which is an intelligent plan 
creation system among the IES development. It is necessary to seek the applications and the plans of various 
logics to grant artificial intelligence in the future, and the module that trials and errors are fewer and exquisite 
will be developed only when the development of close algorithm becomes a precondition. 
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