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Task—Visual Information Map to Develop AR Navigators of Construction Equipment

Song, Sujin', Kang, Hojun', Kim, Hanbeen'!, Moon, Taenam', Shin, Do Hyoung®
"Department of Civil Engineering, Inha University

Abstract : Work efficiency of earth work which is one of the main works occurring in construction site mainly depends
on the performance of individual operators of earth work equipment, Consequently, the skill of individual operators
of earth work equipment can significantly affect overall construction schedules, Many invisible areas inevitably exist
in construction site because of the nature of construction site where occlusions occur from structures being built,
installed or moving equipment, moving workers, etc. The lack of visual information regarding tasks critically impedes
the effective performance of operators of earth work equipment, AR (Augmented Reality) is a computer technology
that superimposes virtual objects onto the real world scene, This characteristic of AR may address the lack of visual
informations in earth work process, thus helping to improve the work efficiency of operators of earth work equipment,
The purpose of this study is to present a task—visual information map that identifies visual informations required in
tasks of earth work and which of the tasks are suitable for AR technology. This study focuses on visual informations
in tasks of earth work with excavators, The map was created based on the investigations on the problems of each task
of earth work with excavators and visual informations required to address the problems, Through the map, four visual
informations were found to be suitable for AR technology to improve the work efficiency of excavator operators, Based
on the findings of this study, AR systems for excavators can be developed more effectively,
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Fig. 1. Technology to Performance (Goodhue and Thompson 1995)
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Fig. 2. Current registrations of main earth work equipment (Korea Construction Equipment Association 2015)
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Table 1. Classification of general earthwork

Earthwork Type
Cutting Task

Banking Task

Loading Task

Leveling Task

Carrying Task

118 s=asma|sts) =27 MrH H3s 20169 52

.

£ A0 SRS Abel Salabule} ere] 2

% s, 2k AAe] E5o) o
Fefe] 2o] EAfaich, £ AT
= GhA] QI v} o] BEES Tefsto] 1A Hle] oy
A} &

dz e orle

oX
4z
ok
2
é
u
i,
£
o
kL0
ot
-4
EX
%

SIS SA0= AL SlAAN 3] AHS sh= F47] 9]
E 2AFE| ¢l ‘A5] 7} 71531t

Aoz &4 0] 9lom M0 717ke- A=
=A719] 2HJHel F(Boom), HArm), M7 (Bucket)o] &
At B2 AN 77k T HES Sk, 2414
710 & 9-Zof QJAgtc), QR wf HFl Alo]o] HEG o]
n]ahe, oFe] ZFe7}t 80~110°Y wj ZAko] Al £ AHog
UA ek, MRl 3t A= 2 A SR FEO
2, 21} EAo) e} Mgzl WA golgt 22 Fof



itk &, o BiZle] 22T} HelE FalA BHE EA|o
SA5de] fls A-eoll= 33k IR 350l 7R
ok, Eg AP 22 el =, o vzl Al 2
o}

2, AR SRAP) SISt A oulaie, 2 95
L 3o] ZAfstu] Alokeknzt of27] T 22 i}
Zoju], FAp7] 48] A A SR A . o, 112
o] 7] Mafstz o)t Aasie), S5 hE 24719
o= AR S TR 1R TEA Wt He WAL
A5 797 ol shg R0 Qlsh Azt
PSR M) Aol A S| eiakue] chule] 9]
3ot A asi,

e 2 L

o o off

>

A1 A 2, o, Z10] 22 el wet =
A ARCRA A A Ky Goe BEskey

=1 d
AMG el Amolet, 2l A5 918 Hag o Ay
o A BARPY, Aol 2AZol, Hef 44 241,
2} Ak, At o], A A ol ek,
A} 2ARPAS ot 7

2 2] Bl o] W Yz H<iele]
= 7o) Aole, Ht) Bakglol R Hrjz B
Lol7k 4 2 HEs W] 2w
2 HsPHOR el B ST

A

ez B2 Aol B2 HAROR Yol 2L
3 0 ARAE EF 7FsE Zol2A He) 2410l
stk Pols gront wizle iz B Alejeks HollA
ofrl7} gek. Hel 2ol kv wALS Moz 2 A
o B HuHoR Sl FARUS UL o Aro
HE|o] $rolth Ho) Paizolis Bt b Hrhw BAL,
B Hoieh 2B 3E v Ao e FolzA Pie
2o AAZ 517] ST BLO] o7k 247] Al
$50] Bk whe Algpolofol Tk, Hds ZIPAS At 1)

2 Aot 2032 who] WAE ol
A7) ) Zk2ke] 22 Aol wek choret el
o] ZAfalch, B3] Hrh AR A2) AglabAel E
NS BA) 9§ A A% uoltt
RS A Ao Aol et
A

o
°F
oflt

e
=
o
o

N
b}
1A
O
e}
2
"
o i

Ho |
&
o
-0,
1>

O
KN
=
A

3

.
H

Yashat 247] AR 2712 Qg Az, 2<ie
M) 42 Fo = <ls) YKt Aedue) o

& Agolet, ofef3t ) AN thFt QAle] B o
AR 9 )] n] -8R0l 98-8 i

ZHETH AR HIHAOIE LS ot RE-AZEE ¥ =5

3.1.3 3kt SN 2SS
32 FRA Y] BE Al 7F 22 FA0E SHe s
S 31, A (X, Y, 2ol disl X& 1S

S S(Roll), Y=
342 A (Pitch), Z% 21E& a(Yaw)2hal gick, 2417
TR Fig, 39F 22 33H sl Fo] AR, =41719] o]

FUS XZOR BUS 1), 1 %S FHOE S &
52 24719) 2 (Rolingoleka s, A2 1A
FollA] o] Z45HA) & o WA 4 ik 24719) ofF
WS XZOE 9k 1), YEE FHO SUsH: 958
24719 513 Pitching)olekal sh, BEA o] WS Z
o] ¥ o 7]uke] 743t 31 2 uf whele] ofs obsl

Selu] Witk 24719 o BHRES XEH0E B4 U,
%9 FH0R SUshs 958 2419 29 (Yawing)o]
o), B41719] 2.9 Qubh o A sk ot

N
Rl
J
fob 1N

i
ofi

AV A9E SRR T 27 oS 23, o o
79| B4 P Q3] 29, WO QI el fiEel
ule- ek, A1) 1A SHLF Sl B8 w2
A7) 2§ A HINSHA WA, E 29SSl glol
A AR B AR e S5 Fog Bs

N
30,
s

Fig. 3. 3—dimensional rotation exercise of excavator

9lof o] FA|Y| T2 B LAY ELNS HE
3 @k, 24719] £-8(Operation)FeE SR TEA &
35 910] ofRelocation) T A2 S A% 9159 AT
(Work)© 2 B53F 4= Sk

3.2 2A7]0| ey

FA] 94 Fefie QA AT vlo} o] 27 o]}
Agolek 27b el £RE 4 glow, B4 ofF
© o] FAHA@Y 2 oF5A, Driving Task)ah T4

stEzAMBalEE =28 K7 Mes 20 52 119



W o521 (Moving Task) 2= W I, &41719] Al3-2 =
AF2He] (Excavating Task), 2212 (Loading Task), A2k
&(Leveling Task) 2 & LA tHTable 2).

Table 2. Operations and Tasks

Operations Tasks
Driving Task
Relocation
Moving Task

Excavating Task
Work Loading Task

Leveling Task
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Table 3. Comparative table of tasks for general earthwork and
excavator

Earthwork Type Tasks of Excavator

Cutting Task

Excavating Task
Banking Task

Loading Task Loading Task

Leveling Task Leveling Task (Negligible Task)

Carrying Task None
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PROBLEMS WITH TASK

Problems with excavating

+ As the depth of excavating is increases, the
visible area about surface of excavation is
getting less and it converted to invisible
area in the end. The excavating zone is
often invisible area to worker even if it's
not a deep zone. This causes risk of
pitching due to the excessive inserting of
bucket.

+ There is a risk of collision and caught-
between accidents due to the lack of visual
information about around view including
invisible area turning excavator.

Problems with breaking or ripping

+ Pitching of excavator may occurs if a
worker attempts to breaking more than
the capacity of excavator.

+ Pitching of excavator may occurs if an
unskilled worker is performing breaking
task while not being recognized properties
of rock properly.

OZ——Ar<>nNnxXm

Problems with positioning

+ Inefficient equipment operation occurs as
it's difficult to perceive the maximum
operating radius in the work site.

Problems with loading

+ Caught-between accidents occur due to
careless repeating excavator turning

+ Because of the lack of recognition about
height of dump truck, there is a risk of
collision just before the loading.

Fig. 4. Task - Visual Information Map for Excavator
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VISUAL INFORMATION

Real-time status about surface

Real-time status about motion

Rock and soil information about

REQUIRED

of excavation

of bucket

work site

Around view of excavator
ncluding invisible area as the
back and right side

Maximum operating radius
according to the
specifications of the
excavator at the current or
arbitrary location.

Height of dump truck
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