Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2022.23.10.719
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 23, No. 10 pp. 719-727, 2022

887 UAV 714 osF AAE 9% 3349 2ds] AAH 25
:’1.

A Study on Construction of 3D Modeling System for
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Abstract The importance of maintaining old bridges is increasing as the number of public years of
domestic bridges increases. Existing inspections are conducted by people or inspection vehicles, but the
need for an inspection method using advanced equipment, such as drones, has recently emerged due
to physical limitations. This study establishes a three-dimensional modeling system that reflects the
characteristics of drone operation for efficient drone-based bridge inspection. To this end, the modeling
system requirements were defined by analyzing existing 3D modeling software/build plans. A 3D library
system for bridge inspection was constructed through an analysis of actual field inspection work
instructions, and library unit members reflecting maintenance characteristics were derived. The target
range selects four major bridge types in Korea and targets the upper side to the lower part of the bridge,
which is difficult to distinguish with the naked eye. The major functional modules were implemented for
pilot bridges by designing a three-dimensional modeling system. This achievement makes it possible to
build a 3D model that is easy for users to handle and reflects the actual field contents. Based on this,
effective drone operation, flight, and bridge inspection management can be expected. In the future, this
will be used to expand research on deriving a 3D flight path for bridge inspections optimized through
the generation of the 3D routing of drones.
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Table 1. Comparison of typical 3D modeling techniques

BIM(Revit, Bently) Tool Sketch-up Drone photogrgphy- based GPS-LlDAR—Dr.one-Based
modeling Modeling
. * Modeling combined with
. Include shape data . . . - .
Include shape and + More manageable Modeling using precision coordinates
Overview attribute data env'ronmen%s than BIM photographic images of based on GPS, 3D
* Parametric-based modeling ! Drone(Point cloud) coordinates based on
Tools X .
LiDAR, and drone images
« Realistic imaging-based * Gain precision when zoom
* User-centric object/unit * A relatively easy and output 8ing in
configuration simple interface compared| . * High-precision global
Advantage | Full-step access from to other 3D S/W Global .coordmates coordinates
R N . * Reflecting status of current K
design to maintenance * Affordable Data Capacity P * Reflecting status of current
facility(displacement, etc.) D
facility(displacement, etc.)
* Quality and time difference| * Quality and time difference
* Massive data(including depending on depending on
non-purpose data) * Low precision (curve, post-processing level of post-processing level of
« Lon pc epat'on time curved surface) drone shooting/point drone shooting/point
Weakness | In tie rcas; of ;xistin * In the case of existing cloud data cloud data
facilities. agin canno% be facilities, aging cannot be | * Accurate figures cannot be| * Securing equipment and
reflecte d sing reflected obtained associated data (drone,
* Equipment acquisition LiDAR, satellite data)
(drone) required required
Global X X o o
coordinates | (Required Mapping tech.) (Required Mapping tech.)
Utilize A
Library o (For rendering) X X
Comp051-t10n o o X A
of Unit
3D Modeling
Example
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Table 2. (A) Investigation of inspection part based
on work instruction for bridge inspection

Sort Facility name Inspection part
Slab
Girder

Abutment

Superstructure

Pier

Substructure
Pylon

Foundation

Bridge Bearing
Cable
Anchor
Hangerband
Saddle

Expansion Joint

Support

Major
Member

Cable

Drainage

Barrier
Curb

Bridge deck pavement

Other member

Sub Cross Beam

Member

2" member
Stringer

Stairway

Anc1.ll.ary Entrance ladder
Facility

Others

Inspection furnace

3xtE 2fo|=E2] HA g
ZGAAIA 7w HHRAE

oz, 5% 338 344 dholnele 732 91 Fig
10} Ze meAs S AAS TSt 1% P
° 4] A9 Aol SO AT & W e,
89 FHo| olele W] 4 LAH Zune W
e oz Fik

of

of Derivation of
Unit Members
for Building 3D

Library for

Reconstruction

Individual of Individual

members for
Lower

Inspection of
Bridge

Inspection part
based on Work

- Members by
Instruction for

Type of 4 Major

Bridge Bridges

Inspection

Bridge
Inspection

Fig. 1. 3D library construction process for bridge
inspection
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Table 3. (B) Arrangement of individual members for
lower inspection of bridge

Sort

Facility name

Inspection part

Reinforced

Bearing/Support zone

Concrete Girder

Center zone

Bearing zone

Center zone

PSC Girder

Cable anchorage zone

Cable

Guard pipe

Bearing zone

Steel Girder

Center zone

Major Member
of Substructure
Inspection

Concrete Cross

Reinforced Concrete Cross

Beam

Beam

PSC Cross Beam

Steel Cross

Steel Cross Beam

Beam/Stringer Steel Stringer
Coping
Abutment Wall

Retaining wall

Coping

Concrete Pier

Wall(with Foundation)

Body

Bridge Bearing

Bearing concrete

Slab

Expansion Joint

Sub Member of| Superstructure Bridge deck pavement
Substructure Barrier & Curb
Inspection Inspection furnace
Drain hole(Inlet)
Drainage

Drain pipe
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Table 4. (C) Reconstruction of individual members
by type of 4 major bridges

Bridge Facility .
Sort Inspection part
type name
Reinforced | Bearing/Support zone
Concrete
Major Girder Center zone
SMEmber of RBC,dSIEb Concrete Reinforced Concrete
u stru({ture MAEES | Cross Beam Cross Beam
Inspection
Coping
Abutment
Wall

723

Retaining wall

Concrete Pier

Coping

Wall(w/ Foundation)

Bridge Body
Bearing Bearing concrete
Bearing zone
Center zone
PSC Girder |Cable anchorage zone
Cable
Guard pipe
Concrete Reinforced Concrete

Cross Beam

PSC-1 Cross Beam
Shape PSC Cross Beam
Bridge Coping
Abutment Wall
Retaining wall
Coping
Concrete Pier
Wall(w/ Foundation)
Bridge Body
Bearing Bearing concrete
Rahmen Bearing zone
Upper
G Center zone
Rahmen Pier+ Center zone
Bridge Reinforced Corner zone
Concrete
Girder Pier zone
Abutment -
Bearing zone
Steel Girder
Center zone
Steel Cross Steel Cross
Beam/Stringer Beam/Stringer
Steel Coping
Box Abutment Wall
Bridge
Retaining wall
Coping
Concrete Pier
Wall(w/ Foundation)
Bridge Body
Bearing Bearing concrete
Slab
Expansion Joint
Super K
Sub Member | Common Bridge deck pavement
of structure
Barrier & Curb
Substructure
Inspection Inspection furnace
Drain hole(Inlet)
Common Drainage

Drain pipe
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Table 5. (D) Derivation of unit members for building
3D library for bridge inspection

, 3D Modeling Modeling by
3D Modeling Target Analysis Bridge Member

Bridge Facility ) R i«lr;elysls ‘ Data Analysis H DataDSe;f:ii?tl:;c"atlon H Data Interface ‘
Sort type name Inspection part l
o et - N
Abutment -
Slab
Bridge Upper Slab Add side and deck Ul Definition
pavement of upper slab
Pier 1~3 - Fig. 2. System deployment procedures
Abutment =
PSC-I P;\infneernt Add side and deck DB= %_l‘ﬂ‘ZQIQ_E %‘ﬂa?l E"O]E] T —r—l‘-ij‘ﬂv/—\-q]
Shape | Gy | pavement of woper s waf, Sy dole] mAY, 7] dols RUY, £
o PSC Girder+Bridge tlolg ey 39AE S5 AL AP Fig.
Bearing ‘ P s
shape 1~2 3= 7H]§ Ho] €] EE]E]%_Q_E, g AN s ETAlS x1z} ,
Concrete Cross Beam . vm = - = _
e : A8 ARE FHOR HolE WAS Agete] 7
Major =
Member of Rahmen Upper structure A‘j 01—9&1’4—_
Substructure Module I Pier+Reinforced
Inspection shape Concrete Girder+Bridge - -
Rahmen Bearin Bridge Bridge data Bridge
Bridge aring Member data 1 Location data
Rahmen Upper structure [
MOSUIe \ Pier+Reinforced 'I/
shape Concrete Girder+Bridge Bridge :
Bearing Property data | User data System Setting
Pier 1~3 -
Jr— : Fig. 3. Conceptual data modeling
Upper Add side and deck o 4o Hlolx S5
Steel Box | Pavement side and dec Fig. 4= EﬂO]EQ,] gc Ij—_CHoﬂ}\—] 73_039_]_‘ l\_'_?‘j’] E"O]H
Bridge Slab pavement of upper slab e _
22| ATlolt}. of £ A4} AXESol
Steel Girder+ Bridge -
Upper Box Bearing TEHEA Oe HARE, Dot gloje Brjlof tigh A4
1~2 - -
Steel Cross Beam/Stringer 7]’ ;ﬂc’gﬁ qu i’_‘%k%]_‘i% 51}%]. i’—%]: E%].Eo] EﬂolE]oﬂ
Streetlight Add surrounding ot AHE 26y, I SAAFEE o5 FAY, &4
1~2 environment s
Obstacle ad n A, FAYE T AF JRE 23otH, w7F FRFE
surrounding _ _
Street tree environment ’E‘ 7—!’ i’-‘—% %‘Q%E P,_Tij:]_%]?l- “?‘XHQ] E@ao tﬂolﬂﬂ’
3L, AR FEE IR EE 2RI
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point_cloud_info
FK point_cloud_idx
Fr1  Brog_io
urce_id
create_date

Brda part info

Brda mbr info
PK  part_iox Pk

o
et Brdg_ld

modify_date Brdg_info geometry,

Pk Brag_lo

Fi1 user_iox
ude,

Brdg_property

PKidx

FK1  Brag_i
Brdg_spec
Brdg_name
Brdg_sido
Brdg_sigungu
Brdg_umd

System_config
[PK  system_config

o

ate_
modify_date
system_code
system_name
active_iag
initial_position
initial_scale

Bragcin User_info
Brdg_height PK  user_iax

B i systom_contg_ax
Brdg_lower_type -
oo user_name
Braei2 preie

modify_date

Fig. 4. Logical data modeling
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Table 6. 3D Modeling output of PSC-I Shape bridge

PSC-I Shape Bridge
Pier 1~3

T ¥ X

Abutment

M _d

Upper Pavement Slab

Upper I shape 1~2

v A v A

Whole bridge
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Table 7. 3D Modeling output of Rahmen bridge

Rahmen Bridge
Abutment

49

Module T shape

Module V shape

g

e §

Whole bridge
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Fig. 5. Combination of individual items of 3D bridge
using 3D library of bridge member
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F

Fig. 6. Zoom of bridge 3D modeling data
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