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ABSTRACT

The role of drones is increasing day by day in smart construction that manages construction sites with 3D data in every life cycles. This
is because both the digital surface model (DSM) and the orthoimage obtained for the construction site through the drone are made of
point cloud data. This study aims to develop standard work types for drone use in order to systematically utilize drones in expressway
construction sites. For the study, two expressway construction sites in Korea were set as test beds, and construction types applicable
to drones were derived and verified through a pilot project. As a result of the study, three construction work types were developed for
road planning, road design and maintenance, respectively, and in road construction, twenty-one detailed construction types were
developed for five construction work types. It is expected that drones can be used more systematically not only at expressway
construction sites, but also at other road construction sites by utilizing the “standard work type at expressway construction site for drone
use” developed in this study.
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Planning of research and pilot projects

|

Work scope analysis for
Korea Expressway Corporation

Deducing of standard work type for drone use
for expressway construction

|

Drone relevance analysis of
cost work and inspection work

|

Pilot projects and result analysis in test bed

1

Interview with head office and
field technicians

1 §

Confirmation of standard work type for drone
use at expressway construction site

Fig. 1. Flowchart of This Study
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| Inspection and Quality Management ‘

Fig. 2. Process of UAV Photogrammetry Performed in This Study
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Table 1. Regulation about Accuracy for Ground Control Point

Surveying
RMSE
Scale Ground Sample - -
Distance Horlzont.al control HelghtA control
points points
1/500 | within 0.08 m 0.14m +0.28 m
1/1,000 | within 0.12 m 0.20 m +0.40 m
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Table 2. Regulation about the Adjustment Computation and Error
for Aerial Triangulation

Scale Standard deviation (m) | Maximum value (m)
1/500 ~ 1/600 0.14m +0.28 m
1/1,000 ~ 1/1200 0.20 m +0.40 m
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Fig. 3. The UAV and RGB Sensor Used in This Study
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Table 3. Horizontal( A XY) and Vertical(AH) Accuracies for the Aerial Triangulation at GCPs (unit :m)

UAYV photogrammetry at A Test Bed

UAV photogrammetry at B Test Bed (Lee et al., 2020)

Division First Second Third First Second
AXY AH AXY AH AXY AH AXY AH AXY AH
Minimum 0.003 0.001 0.008 0.001 0.002 0.003 0.003 0.005 0.014 0.003
Maximum 0.025 0.011 0.022 0.022 0.025 0.016 0.027 0.027 0.057 0.026
Mean 0.018 0.003 0.014 0.009 0.015 0.006 0.013 0.011 0.036 0.013
RMSE +0.019 £0.004 +0.017 £0.012 +0.017 £0.007 +0.016 +0.016 +0.049 £0.014

Table 4. Accuracies of the Mosaic Orthophoto(A XY) and DEM(AH) at the CPs (unit: m)

UAYV photogrammetry at A Test Bed

UAYV photogrammetry at B Test Bed (Lee et al., 2020)

Division First Second Third First Second

AXY AH AXY AH AXY AH AXY AH AXY AH

Minimum 0.004 0.026 0.023 0.012 0.012 0.0004 0.019 0.019 0.047 0.026

Maximum 0.079 0.068 0.063 0.176 0.106 0.177 0.070 0.059 0.070 0.074

Mean 0.045 0.047 0.031 0.068 0.054 0.058 0.043 0.034 0.059 0.045

RMSE +0.053 +0.050 +0.042 +0.093 +0.064 +0.091 +0.047 +£0.038 +0.060 +0.049
Fig, 4= b AV} 72712 Babgol =8 53 2Vt Qe AR PP A3Ie) R4S FES
aL tofElE Aejste] d A oé}(oﬂhomage)ﬂr A EERE = 6‘}1«}‘6}‘% Z1g8le] AS2AGS ARGtk =22 dlolHe

(DSM: Digital Surface Model)2] I¥-&E HojFa Qlt) =2
HATE] gkae] el ol=27 A =RETe] AA e SR
Aegrge] FEEwF FMEEAIE ol8et TFSF AR
(FEA2RY A A)R018- 1075;@)ﬂ Z2315ITHNGII, 2018).
oA vkEeRl A HE A QlEAE AR TS A s}
o] FARAEAYDEM)E 2613 Uﬂ oA A A=

(b) Orthoimage
at A site

(d) Orthoimage

DSM at A sit
@ atasite at B site

(c) DSM at B site

Fig. 4. DSM and orthoimage at A and B expressway construction
site, respectively
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Aol ek 33 A FEE(TIM: Topographic Information
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Fig. 59} 2t} FAlAele] APg%5-E Fig. 5ol oAd= Ref
= 20} o] IAST ARSI 2, WA, B Ak,
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], 7leh gt 2ol 97z F4sIo] Slrk Fig. Sl B3
At o] FAKAG] thstel 22t Bagk dlolold Tk
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stelatelnt. dolole] T4 W BALGE Virtual Surveyor o] E3u]0] XIS AJsRlon] HEHow 1271194 xﬂ*ﬂ
sxEdels Bai9k o] YT Fig. 62 7L ko] YRS HoFe

RAlgRol] QoPis BARe] 3% ool T, okl B, YR, vige okawe, $13 Aokasl %1%, %M
#e), EAge], dARe) TEOME Be SEA8 APsTEE A B, V)R B A Rera gk

(f) slope greenlflcatlon

(g) obstacle investigation (h) drainage construction management (i) other construction management

Fig. 5. Drone Application Result of Detailed Construction Management Work Type (1)

(d) weakness identification during the rainy season (e) grit chamber management (f) waste management

Fig. 6. Drone application Result of Detailed Construction Management Work Type (2)
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N T
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Avjolt}, el =EE 5] Brslel Aele] 58318 fsl]
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Table 5. Standard Drone Work Type in Road Planning, Engineering and Maintenance Step

road life cycle (code) drone work type (code) full code
candidate site survey (01) PL-01
Road (f)iii)rming compensation (02) PL-02
other road planning (03) PL-03
drone surveying (01) EN-01
Road Fzgf\;;eering TIM generation (02) EN-02
other road design (03) EN-03
safety diagnosis (01) MN-01
Road ]\(/Il\a:lilr:]t)enance structure maintenance (02) MN-02
other maintenance (03) MN-03

Table 6. Standard Drone Work Type in Road Construction

road life cycle (code) drone work type (code) detailed drone work type (code) full code
drone surveying (A) CN-01A

construction status map generation (B) CN-01B

clearing and gruffing (C) CN-01C

earthwork volume calculation (D) CN-01D

construction management (01) slope construction management(E) CN-01E

slope greenification (F) CN-01F

obstacle investigation (G) CN-01G

drainage construction management (H) CN-01H

other construction management (I) CN-011

process management (A) CN-02A

Road Construction process management (02)

(N) completed amount management (B) CN-02B
safety management in the slopes (A) CN-03A
weakness identification during the rainy season (B) CN-03B

safety management (03)
analysis of winter season impact (C) CN-03C
other safety management (D) CN-03D
Inspection of facilities with difficulty in access (A) CN-04A
quality management (04) Structure crack investigation (B) CN-04B
other quality management (C) CN-04C
grit chamber management (A) CN-05A
environmental management (05) waste management (B) CN-05B
other environmental management (C) CN-05C
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