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1. Background and Objectives
of the Survey

Background

"Build, Build, Build"

Under the slogan "Build, Build, Build", the
Republic of the Philippines (hereinafter
referred to as "the Philippines") has
continued to achieve annual economic
growth of approximately 6%, with a focus
on infrastructure investment to promote
economic growth.

However, COVID-19 is still spreading in the
Philippines and many of the ODA projects
planned and being implemented by JICA
have been delayed or suspended, requiring
immediate action to be taken.
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Objectives of the
Survey

The Survey aims to promote
Digital Transformation (DX) in
JICA's ODA projects in the fields
of civil engineering and
construction in the Philippines by
examining the possibilities of
introducing applicable Digital
Technologies.

Survey Target Projects

A{’]c]cla;ial Road Bypass Project 2018-2022 Metro Manila Subway Phase 1
| | (MmsP)

Davao City Bypass Construction
Project

2018-2027

2015-2022 Technical Assistance Project to
Establish of the Philippine Railway | 2018-2023

i Insti PRI
Dalton Pass East Alignment £019.2020 nstitute (PRI)

Alternative Road Project North - South Commuter Railway

Project (Clark-Malolos-Tutuban) 2015-2021
Central Mindanao Road Project 2020-2021 (NSCR)

Cebu-Mactan Bridge and Coastal Capacity Enhancement of Mass )
Road Construction Project 2020-2029 Transit Systems in Metro Manila 2015-2022

Road Network Development

Project in Conflict Affected Areas | 2019-2021 Metro Rail Transit Line 3 2019-2022
in Mindanao Rehabilitation Project
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2. Political Framework
of Digital Transformation (DX)
in the Construction Sector
in the Philippines

The Philippine Digital Transformation
Strategy (PDTS) 2022:

PDTS 2022 summarizes the Philippine government’s plan as it pursues its digital
transformation goals. It builds on previous and existing plans, such as the Philippine Digital
Strategy of 2011-2016, the Government Information Systems Plan, the Philippine Strategic
ICT (Information and Communications Technology) Roadmap of 2006-2010, and the E-
Government Master Plan of 2012 of the Department of Information and Communications
Technology (DICT).
Intentions of PDTS 2022:

Develop user-generated content and encourage the use of open source technologies

Promote openness by providing online access to information and services

Encourage collaboration among stakeholders in developing DT-related content

Support the anti-corruption drive of the government and recognize the importance of
data privacy and cybersecurity in creating a digital society




E-Government Master Plan (EGMP) 2022:

In 17 June 2019, the Department of Information and Communications Technology
(DICT), in fulfilling its mission to establish a one digitized government, launched
the E-Government Master Plan (EGMP) 2022.

EGMP 2022 is the successor of EGMP 2013-2016, which was also built upon
previous ICT/digital plans, and is consistent with the strategy to continue to
enhance the country’s e-government system as a vital tool for good governance
under the Philippine Development Plan (PDP) 2022.

EGMP 2022 is likewise aligned with the ASEAN ICT Masterplan (AIM) 2020 which

envisions a digitally-enabled economy to enable an innovative, inclusive and
integrated ASEAN Community.

Satellite Positioning System
in the Philippines

L]

According to "Executive Order No. 45, 1993", the geodetic reference system in
the Philippines is defined as "PRS92", which is managed by the National
Mapping and Resource Information Authority (NAMRIA). According to the
2011 Administrative Order No. 16, all investigations conducted by each
ministry and agency should be coordinated with NAMRIA.

In June 2015, the 69th General Assembly of the United Nations resolved for
member nations to shift to a global geodetic reference frame (Japan in 2000).
NAMRIA drafted a revision of “Executive Order No. 45” and announced plans
to install 163 CORS (Continuously Observation Reference Station) and move to
world geodetic frame. As of April 2020, 54 points have been installed in the
CORS network named PageNET (Philippines Active Geodetic Network).

Since the PRS92 is not a coordinate system based on a satellite positioning
system, it is necessary to always correct the position, which can shift as much
as 83mm/year, with measurement values using a global navigation satellite
system (GNSS using WGS84 reference system) during construction work.

Fig. Crustal Movement (NAMRIA (2016.10))




Building Information Management (BIM)
Framework in the Philippines:

DOTr’s BIM Manual

The BIM Manual is a product of the ADB-funded Infrastructure Preparation and Innovation Facility
(IPIF), Output 3 Sub-project: Digital Management Pilot Study for DOTr’s Rail Sector.

The DOTr mandated the use of Building Information Management (BIM) throughout the design,
construction and operational stages of rail sector projects to realize potential cost savings.

The projects must achieve BIM Maturity Level 2 as defined in the ISO 19650 suite and supporting
standards.

The purpose of the BIM Manual is to define the minimum information requirements for BIM to be
achieved by the lead contractors on the projects to achieve the DOTr’s overall BIM objectives.
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Building Information Management (BIM)
Framework in the Philippines:

To establish a collaborative design and review process using a Common Data Environment (CDE) for all
design disciplines and the relevant stakeholders for use throughout the assets lifecycle.

To standardize the production process and to ensure that all deliverables and information (2D, 3D CAD
models, BIM models and data schedules) are produced and issued in a uniform manner to the specified
DOTr CAD Manuals, BIM standards and other specific requirements.

To define the structure of proposed and potential data embedded within the digital BIM Models so that the
data is suitable for future as built records, operations and maintenance.

To eliminate waste by creating virtual building processes and simulations from which the design,
construction, performance and operations can be visualized and simulated, resulting in:
Potential cost savings by the elimination of rework,
Improved coordination,
Clash analysis and detection, and
Long-term benefits for the post-construction operation and maintenance phase (which the contractor
must assist to establish and fully define).

To provide open source as-built BIM Models which can be used by the DOTr's Operation and 12
Maintenance Team.




Specific Information Production Methods and Procedures

GENERAL CONSULTANTS (GC)

The GC shall define the models and documents to be submitted for coordination and uploaded to the Common Data Environment
A) File/Document Naming Structure following the file naming structure and numbering in accordance with the DOTr's Document Management System Manual prior to
the design phase.

The GC shall define the 2
the design phase.

The 3D BIM Models shall be produced to the requirements of
C) 3D Models DOTr's BIM Manual or as defined by the GC in their BIM
Execution Plan (BEP) prior to the design phase.

D) 3D BIM Model Level of Development (LOD)

Provisional LOD provided as a general rule for each design stage. To
be provided by GC: Orange; by Contractor: Blue

Engineer's Desl
Level of Development (Lt Design Project
(COLOCOept) Inception Stage Inception Stage [l The GC shall approve the BIM Execution Plan submitted by the

200 : Lead Contractor, which includes the table, prior to the
(Approximate Geomet Technical Design M commencement of any design authoring.

300/ 350 Technical Design
(Precise Geometry)
400
(Fabrication and Assembly)
500
(As-built)

£) Clash Detection Clash analysis shall be carried out and reports prepared in a log to be maintained by the BIM Team during the project lifecycle.

clash analysis reports shall be submitted to DOTr and GC to confirm the coordination between the 13
various disciplines. The parameters and requirements for the clash analysis shall be agreed with DOTr and GC.

Railroad Bridges Precast Structural I Girder (Concrete)

200 | Element modeling to include | 350 | Element modeling to include

= Type of structural concrete system i = Reinforcing Post-lension profiles and strand
=  Approximate geometry (e.g. depth) of locations

structural elements Reinforcement called out, modeled if required
by the BXP, typically only in congested areas
Pour joints and sequences to heip identify
reinforcing lap splice locations, scheduling
ele
Chamfer
Expansion Joints
Lifting devices
Embeds and anchor rods
Post-tension profile and strands modeled if
required by the BXP
Penetrations for items such as MEP
Any permanent forming or shoring
components

300 | Element modeling to include | 1" 400 | Element modeling to include:

«  Specific sizes and locations of main concrete — ] *  Alireinforcement including post tension
structural members modeled per defined E'e""e"'s dojaied and monded
structural grid with comrect orientation * Finishes
Concrete defined per spec (strength, air
entrainment. a;gregale size elc)

All sloping surfaces included in model element
with exception of elements affected by
manufacturer selection

g ¢

Source: BIM Forum LOD Specification Part | and Commentary for Building Information Models and Data (2019)




3. Current Status and Challenges
of Digital Transformation (DX)
in JICA's ODA Projects
in the Philippines
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Current status of JICA’s Application of Digital Availability of Public Network
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Current Status

of Digital
Transformation (DX)
in ODA projects

DOTr Projects

Metro Manila
Subway Phase 1
(MMSP)

Current status of JICA's Application of Digital Availability of Public Network

ODA projects Technologies Services

Impacts
from
COVID-19

BIM
cell usage

Project Current Status Planned Internet Electricity
Delays Phone

+ Online-

meetings
More than |. GIS, BIM
i + CDE X
ear (Bentley
¥ ProjectWise
365)

Technical
Assistance Project
to Establish of the

Philippine Railway |

Institute (PRI)

Cancelatio
n of + Online-

training in meetings
Japan

North - South
Commuter
Railway Project
(Clark-Malolos-
Tutuban) (NSCR)

+ Online-
More than meetings G

5 - GIS, BIM e

s ODE % el

months (Oracle system

Aconex)

Capacity
Enhancement of
Mass Transit
Systems in Metro
Manila

More than )
6 * Online-

meetings

months

Metro Rail Transit
Line 3
Rehabilitation
Project

More than )
6 * Online-

meetings

months

Current Status
of Utilization of Digital Technologies
in JICA’s ODA Projects

% CDE: Common Data Environment

Utilization of digital technologies in JICA’s ODA projects are currently limited.

All projects have been greatly affected by COVID-19, such as the inability
of engineers to travel to the Philippines.

Since face-to-face meetings and construction management are difficult,
remote communication has been established utilizing communication tools
such as Zoom, Microsoft Teams and Google Meet.

Other than the online conferencing systems, the digital technologies used

are limited to topographical surveys using UAV LiDAR (drone).
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Current Status
of Public Network Services
on Project Sites

Project construction sites in rural area are not covered by service networks.

Regarding information and communication infrastructure, urban areas are
mostly covered by the Internet and cell phone services, even on the islands
of Mindanao and Cebu.

However, except for the railway project sites in the Manila metropolitan
area, construction sites are not covered by the service areas, particularly
the projects of DPWH in rural areas.

Consequently, applicable remote communication technologies are limited.
19

BIM Usage

Creation of a BIM model as a project information management system is not
required in the DPWH projects.

Creation of BIM models as a project information management system is not
required and is not actually applied by the general consultants (GCs) or
contractors of the projects.

Although JICA's preparatory surveys require the creation of BIM models as a
presentation tool, it is not expected that the BIM models will be deliverables
(submitted products) of the design and construction stages.




BIM Usage
in JICA's ODA Projects

Currently, BIM is applied only to the construction stages of railway projects carried
out by DOTr.

DOTr issued a BIM Manual in 2019, which is in accordance with the
international standard 1SO19650, and this manual has been applied to two
railway projects (MMSP and NSCR) .

DOTr also established their Common Data Environment (CDE) to manage
project information and to exchange digital data with general consultants
(GCs) and contractors of the projects.

Currently, the BIM Manual and the CDE have been partly utilized from the
detailed design and construction stages. 2!

Challenges

of Digital Transformation (DX)
in JICA's ODA Projects

in the Philippines

" Toward the utilization of digital te‘Ch'noIogies with a view to applying BIM in the
stages throughout the asset management lifecycle, including the operation and
maintenance stage:

Applicable digital technologies are highly dependent on the availability of
information and communication infrastructure and services.

The area of applicable digital technologies in the stages throughout the
asset management lifecycle, including the operation and maintenance stage,
mainly depends on the quality and quantity of information included in “as-
built models” (asset information models) produced by BIM during the

delivery phase. 2




4. Applicable Digital Technologies in
JICA’s ODA Projects in the
Philippines
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Map of Digital Technologies

Level of DX
A

’ ICT-Construction ‘

Digital technologies related to BIM model

Business Chat / SNS

Online meeting

Stand-alone type equipment

UAV LiDAR, UAV Camera, UAV LiDAR, UAV Camera, UAV LiDAR, UAV Camera, P
3D Laser Scanner 3D Laser Scanner 3D Laser Scanner I’O_]eCt Stage

Design & q Construction Operation &
> Survey >> Planning >> Construction >> management >> Inspection >> A




Digital Technologies
for Surveying

« SVY-UAV-01: UAV LIiDAR
« SVY-UAV-02: UAV Optical Camera
« SVY-TER-01: 3D Laser Scanner

General Description

_ 1 i
. F g e -
. 4
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UAV (Unmanned Aerial Vehicle) LIDAR (Light Detecting and
Ranging) is a drone equipped with Laser Scanner and GNSS /
IMU. We can also measure the riverbed by changing the
wavelength of the laser to green. GNSS (Global Navigation
Satellite System ) is corrected with GNSS ground reference
data, and laser emission positions are accurately identified
using 3—axis tilt data measured by IMU. The ground surface
(DSM) is measured as point cloud by the reflected distance of
the laser. We can generate digital elevation model (DEM) by
extracting and modeling the points that passed through the
leaves and trunks of the vegetation and reached the ground by
filtering processing.

_ To use the drone wirelessly, we need to apply to
é’;:gi?:ri NTC. RPA pilot certificate from the Civil Aviation
Authority of the Philippines (CAAP).

Capital Investment
Cost Cost (CAPEX) 90,000 USD Pasco (technical sheet)

Effectiveness Operational Cost
(OPEX)

10,000 USD/Year




General Description

Using a technology called SfM (Structure from Motion), you
can create a 3D model from the pictures taken by the
camera mounted on the UAV. Suitable for surveying during
earthwork without vegetation. Accuracy depends on
reference point, anti—aircraft sign installation, camera lens,
altitude, etc. As similar as aerial photogrammetry with an
aircraft, you can perform aerial triangulation and map from
overlapping photographs. It can also be used for inspection
of pavement and bridges.

CAD designing

. To use the drone wirelessly, we need to apply
APPicadle | to NTC. RPA pilot certificate from the Civil
Aviation Authority of the Philippines (CAAP).

Capital Investment
Cost Cost (CAPEX) 10,000 USD

Effectiveness Operational Cost

(OPEX) 5,000 USD/Year

Kokusai Kogyo Co, Ltd. (brochure)

General Description

3D laser scanners on the ground can provide progress
information on buildings and civil engineering works.
Acaquiring point cloud data improves reproducibility and
accuracy, makes it easier to visually grasp the situation,
and improves work efficiency. It is also used for inspection
of completed works and collation with BIM data. There is
also a mobile laser scanner that automatically tracks with
TS (Total Station). It can contribute to the efficiency of
pre—start surveying of pavement work.

Useful for collation of BIM data.

Hepliezizle Equipment rental or purchase is required.

Conditions

Capital Investment

Cost Cost (CAPEX) Depends on the situation

Effectiveness Operational Cost

(OPEX) Depends on the situation

Topcon and Nishio—rental (brochure)




Digital Technologies
for Design and Planning

DGN-BIM-01: BIM360 series

DGN-BIM-02: BIM360 Docs, Design, Coordinate
DGN-BIM-03: Dynamo / Grasshopper
DGN-TRA-01: UC-win / Road

_ [ pesgn ) (I PreConsiucton. ]| [ FiekdiExecition T

General Description BIM 360 Deslgl'l BIM 360 Coordin BIM 360 Build

BIM 360 is a cloud collaboration tool that allows teams of Q @@
Autodesk users to work with each other in real time. BIM 360 is ©
very similar to document collaboration tools, such as Google Drive cmg';i_‘i?a':m cgof:mggtmn
or OneDrive. The main difference is that BIM 360 can host and

view CAD files from the cloud. In addition, it may be able to m"‘”m"ﬂ"'
leverage other tools available on the Autodesk platform to BIM 360 DOCS mmﬁi‘”&
enhance construction productivity. BIM 360 Design, Coordinate, -

and Build are built on top of BIM 360 Docs.

BIM 360 series and functions

Browser: Google Chrome, Firefox, Safari, Edge, Internet Explorer 11
Device:iPhone5S+, iPad Air, Pro, Mini2 Subsequent models

Applicable
- 0S:Windows10 (Latest)

Conditions

Capital Investment

Cost Cost (CAPEX) 730 USD~1,440 USD

Effectiveness | Operational Cost Check the interference  Review of MS Office files
(OPEX) position
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General Description

BIM 360 Docs is a cloud-based document management solution
that provides teams with the ability to publish, manage, review and
approve project information in a common data platform with
unlimited storage. BIM 360 Design provides features such as
change tracking, version history, and monitoring tools for ensuring
that new changes have been viewed by project teams. Its
objective is to enable work—sharing in real time. BIM 360
Coordinate allows users to merge local project files to the master
model in the cloud and manage clashes in the process. BIM 360
build hasn’ t been released in Japan.

Design Collaboration

Browser: Google Chrome, Firefox, Safari, Edge, Internet Explorer 11
Device:iPhone5S+, iPad Air, Pro, Mini2 Subsequent models

Applicable
Sl 0S:Windows10 (Latest)

Conditions

Capital Investment

Cost Cost (CAPEX) 730 USD~ 1,440 USD

Effectiveness | Operational Cost
(OPEX)

Design collaboration from BIM 360 Design

General Description

51

Dynamo is a visual programming tool for automating design
tasks provided by Autodesk.

Rather than writing code, programming is done by
connecting functions (nodes) with wires.

No need to build or load, just press the run button.
Use alone or extend Revit and Civil 3D functionality.

Algorithm design utilizing parametric design has made it
possible to make more complicated and organic designs
and streamline workflows. In architectural design,
Grasshopper is a plug—in for Rhinoceros software that has
similar functions to Dynamo.

Applicable PC capability that does not interfere with the
Conditions | operation of each software is recommended.

Capital Investment 3,900 USD
Cost Cost (CAPEX) (Revit2021 with Dynamo)

P

SV e Dynamo IR e JC oviso

Effectiveness | Operational Cost 3,900 USD/Year
(OPEX) (Revit2021 with Dynamo)
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General Description

Forum8 software company has been developing solutions
for information modeling (IM) and virtual reality (VR) for 20
years. This software can combine the creation of an
integrated model with a VR platform. By using a drive
simulator that makes use of a precise 3D model, it is
possible to perform various road design evaluations such
as collection of viewpoint measurement logs with high
accuracy. It can also be linked with Civil 3D, and various
in—house plug—ins allow you to perform various abundant
simulations in a highly compatible environment. It can also
be customized.

L winioad Softwars and technical service
L1 provided a3 solutions at sach stage of CIML

Applicable | PC capability that does not interfere with the
Conditions | operation of each software is recommended.

Capital Investment

Cost (CAPEX) 18,300 USD (Ultimate Ver.)

Cost

Effectiveness Operational Cost

(OPEX) 7,300 USD/Year (Ultimate Ver.)

Digital Technologies
for Construction

CON-BIM-01: Navisworks Manage
CON-BIM-02: Navis+

CON-TBM-01: C-Shield

CON-TBM-02: ARIGATAYA
CON-TBM-03: Segment tracing system
CON-ICN-01: MG (Machine Guidance)
CON-ICN-02: MC (Machine Control)




General Description

NavisWorks is a design review product from Autodesk to

improve BIM

models and navigate around them in real-time and review

the model us

viewpoint and measurements. In attached function, users
can carry out interference (clash) detection, 4D time
simulation so that field workers can easily understand

construction

delays and rework.

coordination. It allows users to combine 3D

ing a set of tools including comments,

process and they can reduce expensive

Applicable
Conditions

CPU:Intel® Pentium® 4 or AMD Athlon™ 3.0 GHz or more
over

MEMORY:RMA 2GB

HDD:15GB or more over

0OS:Windows (latest ver. 64bit)

| 8
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Cost

Capital Investment
Cost (CAPEX) 1,500 USD

Effectiveness

Operational Cost

(OPEX)

General Description

a function of

planning can

management,

Navis+ is an attribute management software which combines with
NavisWorks from Autodesk. This software can manage attribute
information, such as segment information, measurement
information, construction date and time for 3D models. Users can
prepare attribute information using in a spreadsheet, which users
are familiar with. In addition, Timeliner, which contains Navist, has

construction process control and cost information
such as material cost and labour costs, so that 5D
be achieved.

Applicable
Conditions

CPU:Inter® Pentium® 4 or AMD Athlon™ 3.0GHz more
over Memory:8GB HDD: 15GB more over

0S:64bit Japanese ver. Windows10 Windows8.1 Windows7
Software : Autodesk Navisworks Manage or

Simulate Adobe® Acrobat® Reader DC

Cost
Effectiveness

Capital Investment
Cost (CAPEX) 1,500 USD

Operational Cost
(OPEX)

attribute
info with
Excel

3D model,
includ

User can integrate the cost attribute
For example
Material cost, Total cost

i
P aousiorjoy

Cost attribute function (5D)




General Description

C-Shield is a BIM solution software for Shield tunneling project.
This solution must be combined with NavisWorks. This software
automatically builds 3D model of shield tunnel and shield machine
position during the construction process with low requirements for
user skill levels. Based on the positioning information from the
shield machine, this software can visualize the machine’ s model
and assembled segments with accurate positioning in a 3D model.
Plus, combining with topographical and existing structural
information, experts can grasp overburden conditions and
positioning between the structure and the machine.

CPU:Inter® Pentium® 4 or AMD Athlon™ 3.0GHz more over Memory:
8GB HDD: 15GB more over

0S:64bit Japanese ver. Windows10 Windows8.1 Windows7 Software:
Autodesk Navisworks Manage or

Simulate Adobe® Acrobat® Reader DC

Applicable
Conditions

Capital Investment Combine with topographical E . - - h_ . g =
~ information rogress of shield machine

Cost Cost (CAPEX) 1,000 USD and structural informatio

Effectiveness | Operational Cost

(OPEX)

General Description

ARIGATAYA is a shield machine monitoring system that collects
and manages surveying and measurement data from excavation
work and shield tunneling method. This system estimates the
condition of the ground, excavated soil and the load conditions of
the shield machine through statistical processing of construction
measurement data. Additionally, the system calculates the position | Progress of shield machine Result of analysis in the system
of machines and segments to obtain the deviation from the
baseline. This system can facilitate safe construction and reduce
workload to improve construction efficiency.

Planning of machine progress

This system is a lease product and PC with Display Monitor
include this package. The user doesn’ t need to prepare PC
and around tools. Planning of segment assembling
T

Applicable
Conditions

Capital Investment
Cost Cost (CAPEX)

Effectiveness | Operational Cost
(OPEX)

120,000 USD

Planning machine progress and segment assembly
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General Description

Segment tracing system is a segment management system using
QR codes. The QR codes are attached to each segment that will
be assembled on a tunnel project site. First, users check the QR
code of each segment at the stockyard. Next, segments are
transported to the construction site and again the QR code is

checked. Finally, the segments are set in their designated position.

The QR code system includes significant information about the
production date of each segment, factory location, material types
and setting position.

Applicable Internet connection environment shall be prepared by
Conditions customers.

Capital Investment
Cost Cost (CAPEX) 27,000 USD

Effectiveness Operational Cost

(OPEX) 33,000 USD .~ Year

: f J
Reéding segment QR_ code
at stockyard

Rea-ding segment QR code
at construction site

The concept of segment tracing system

General Description

Machine Guidance (MG) displays the design surface (CAD
data) for operators of excavators during manual operation.
The CAD data along with excavator position and survey
data is displayed for operators to facilitate the operability
of construction machinery and achievement of excavation
works in accordance with instructions. It allows for slope
excavation without having to survey the piles.

With bucket angle retention
mode, easy to finish a slope
work based on the target
design

Since machine control is performed by GNSS,
CAD data must also be created in the same
datum.

Applicable
Conditions

Following the design and using
the semi-automated control,
the bucket will not over-dig the
target design

be monitored on a display

»Operators can follow site’s

Capital Investment
Cost Cost (CAPEX)

Effectiveness Operational Cost
(OPEX)

arget level while working
(guidance)

Hitachi Construction Machinery Brochure




General Description

Machine Control (MC) automatically controls construction
equipment to achieve the target design surface in
accordance with CAD data. It is a type of autonomous
operation technology. It can be applied to a variety of
construction equipment, including bulldozers, motor graders,
compactors and backhoes. The equipment are controlled
using 3D position information from GNSS and 3—axis
orientation information from the on—board IMU. There is
also a control system that can be retrofitted to equipment ———————

) y GNSS ROVER *VRS(Network RTK)
already in use. 0oooo *RTK {
| *PPP

Since machine control is performed by GNSS,
CAD data must also be created in the same
datum.

Applicable
Conditions J
GNSS augmentation data delivery

Capital Investment
Cost Cost (CAPEX)

Effectiveness Operational Cost
(OPEX)

Komatsu (Brochure)

Digital Technologies
for Construction Management

« SPV-RMS-01: Digital Progress Monitoring
« SPV-XRS-01: VR/AR (with AR marker)




GenerallPeserintion Changing your handwriting

reports directly into tablet

It can streamline a process from reporting at site through

monitoring at office. Your accustomed Excel forms can be changed

directly into an electronic form for an iPad or a

v . . Windows tablet without losing any convenience of
Progress and test results can be reported at site using S s N ——————

various mobile devices.

v" Reported information can be shared with engineers
working at office.

v" Documents/Drawings stored in the server can be share — A
with people smoothly. , internal system

Internet connection is required. (Mobile-app can . ‘ all
be activated without internet connection. After site work, :
data can be sent through internet.)

Applicable
Conditions

Capital Investment
Cost (CAPEX)
Cost

Effectiveness | Operational Cost 5,000 USD/ 5 user /Year a
(= 22,000 USD/50 user /Year

500 USD

General Description

€ unity Reflect

Virtual Reality (VR): Simulation of immersion in a virtual space.
Augmented Reality (AR): Merged view of a real-world environment
enhanced by a virtual model.

It is used for consensus building by sharing the completed
image with clients, promoting understanding among design
personnel and construction personnel, and improving the
efficiency of meetings. It is also possible to give position
information to a 3D model with an AR marker and visualise
it in real space.

Contents: Creation of 3D model data with modeling
software / 3D model display application and data
storage linked with the device .

Device: VR headset, PC, Tablet etc.

Applicable
Conditions

B (0,0,0)

Capital Investment 8,200 USD (Hololens2 + Revit
Cost Cost (CAPEX) + Unity Reflect)

Effectiveness | Operational Cost 4,700 USD/Year (Revit + Unity
(OPEX) Reflect)




Digital Technologies
for Inspection

ISP-CRT-01: Crack detection
ISP-CRT-02: Bridge substructure washing moat survey by sonar
ISP-CRT-03: Dynamic Response Intelligent Monitoring System (DRIMS)

ISP-CRT-04: Monitoring system using equipment such as bridge inspection robot
cameras

ISP-LND-01: Slope collapse detection sensor

General Description

This crack measurement system uses a light wave
surveyor to measure and plot the width, shape and three—
dimensional position coordinates of a crack from a remote
location. By measuring the shape of the structure and its
accessories, it is possible to create a plan view under the
girder, an elevation view of a building and a developed view
of an arched structure. This technology has a track record
of implementation in Thailand.

When inspecting a dark conditions, a lighting Start screen
vehicle or a floodlights must be used to
illuminate the cracked area.
(Restrictions on inspection range)

Applicable
Conditions

Capital Investment 30,000 USD ==
COSt (CAPEX) o 65,000USD Self-operation di;gra‘m to CAD

Operational Cost
(OPEX) N/A

Cost
Effectiveness

Reference product




General Description

This technology uses sonar with ultrasonic waves to
produce color imaging of underwater conditions. The

shape of the riverbed and pier base can be displayed in in
real time. The condition of scouring of bridge substructures,
such as piers underwater, can be investigated from above - i ongudinel drecin

| transversal

the bridge without conducting shallow surveys or diving ey e
surveys.

¢ The water depth at the survey site must be
1 m or more Sonar position
Since the rod that supports the sonar is ;
attached to the balustrade of the bridge,
there are restrictions on the site conditions
such as the height difference to the water

surface and the viewing width. 7 \. J
Riverbed e —"\

Capital Investment )
Cost Cost (CAPEX) 48,000 USD scouring

Effectiveness Operational Cost
(OPEX)

Water surface

Applicable
Conditions

N/A

management

General Description

DRIMS uses vertical acceleration to measure the dynamic
response of a typical vehicle from sensors (accelerometer, gyro
sensor and GPS receiver) built into an equipped smartphone
while traveling at a constant speed. The technology evaluates
the road surface according to the International Roughness
Index (IRI). It has been implemented in multiple countries,
including Kenya and Cambodia.

Not applicable to sidewalks where vehicles
cannot pass.

Limited to places where a rover (vehicle width
2.2m) can travel.

Working time is limited to daytime.

Applicable
Conditions

Capital Investment i
Cost Cost (CAPEX) 4,.800USD/set (Excluding PC)

Effectiveness | Operational Cost
(OPEX)




General Description

High altitude type

This periodic monitoring system acquires secular change data for sumpended e
parts such as bearings and girder ends of concrete bridges that "

are difficult to access and inspect visually. It is possible to ensure ' v Monitoring status of
continuity of equipment installation locations by monitoring using Operation temina v %Eg:?ﬁ;?:ﬁiﬁ??
a bridge inspection robot camera, digital camera and laser )

scanner with connected GNSS equipment, which was previously
difficult with conventional periodic monitoring. This technology

has a track record of implementation in Bangladesh.

Use only in a work environment where a workspace

. [ i o] i ith Web
é‘ppgi?ble can be secured and where there is not interference - S;;Z:at.on with We
onaitions o) fat] ] .

for image capture. ~>=F v .

Monitoring record data

Capital Investment 30,000 uSsD Creating a database of survey results

R Cost (CAPEX) ~95,000 USD

Effectiveness

Operational Cost
(OPEX) N/A

Wireless
communicati

on device —J
1+ ..‘ -

General Description

A sensor module is embedded at a position about 10 cm , ; —:[
underground, and a wireless communication device is |
installed above ground. Since the ground surface tilts
during ground movements, the tilt angle is measured over
time (standard 10—-minute intervals). The data is sent to
the server via the FOMA line. It is a compact, lightweight,
power—saving and low—priced tilt sensor that can be
installed anywhere.

)

Sensor maintenance is required. D3 St cton s

Gut N
excanation = = = = -y ¥

L Ab
5 oot gl =
At N/ WY Er

Applicable
Conditions
AN

0.0 A WA A
04 .-\!_U.M_/*.'."'.'wh'\‘w':‘v‘ .‘\'_‘ v v .'!-'\(r-r

Inclination angle |

8apit?'CIA”;ES;)me“t Slope collapse detection
ost -0.2
Cost sensor: 810 USD/sensor 9/30  10/5 10/10 1015 10/20 10/25 10/30

Effectiveness

Operational Cost

N/A Deformation speed anomaly detection data
(OPEX)




Digital Technologies
for Operation & Maintenance

« OPE-XRS-01: VR Safety Training

General Description

Virtual reality (VR) technology provides effective and
flexible safety training.

Critical situation like falling can be experienced.

Training can be conducted anytime and anywhere, even

| | N
if target assets are still under operational. ' N B VR‘afety Training

Training can be easily repeated without time—consuming at Railway Depot

preparation.

Applicable | Standalone type: NO condition
Conditions | Subscription type: Broadband is required.

Capital Investment Standalone type: ==

Cost (CAPEX) 4007700k USD + VR gear

Cost B ,r -~
Effectiveness | Operational Cost Subscription type: g \ JI.". i VR Sa‘ﬁ.e'ty Inllng
(OPEX) 800k USD / Year .y N |- r at C@Gtruc ] Site
52




5. Recommmendations

List of Applicable Digital technologies

Surveying Design & Planning Construction e Inspection 0&M

Project

stage Dynamo : Segment Digital Bridge
uav AV 3D BIM ucwin/ ) g ARIGATAY , Crack
LIDAR Camera Scanner 360 Grass Road Navisworks Navis+ C-Shield A tracing Mc Progress VR/AR detection survey DRIMS

hopper system Monitoring sonar

bridge  Slope
inspection  collapse VR Safety
robot  detection  Training
cameras  sensor

Arterial Road Bypass

Project (M) Construction

Davao City Bypass

Construction Project Construction

Outline
Design
(Basic
Design)

Dalton Pass East
Alignment Alternative
Road Project

Central Mindanao Road Detailed
Project Design

Cebu-Mactan Bridge
and Coastal Road
Construction Project

Detailed
Design

Road Network
Development Project in Detailed

Conflict Affected Areas Design @ @ @
in Mindanao

O o0 O

X Surveying: These technologies can be applied to topographic survey, inspection and monitoring from survey stage to O&M stage.

© Applicable in the short term
O Applicable in the mid—long term




List of Applicable Digital technologies DOTr projects

Metro Manila Subway
Phase 1 (MMSP)

Project
stage

Construction

Construction

Surveying % Design & Planning Construction Inspection

namo ; Segment Di Bridge
UAV UAV 3D BIM -win . y ARIGATAY Cracl insy
LIDAR Camera Scanner 360 rass 03 Navisworks Navis+ C-Shield acm'i M M rogress. jetection Ssuorr\‘/:'y DRIMS

Technical Assistance
Project to Establish of
the Philippine Railway
Institute (PRI)

Training
course
on-going

North - South
Commuter Railway

Project (Clark-Malolos-

Tutuban) (NSCR)

Construction

Capacity Enhancement
of Mass Transit
Systems in Metro
Manila

Construction

Metro Rail Transit Line
3 Rehabilitation Project

Construction

X Surveying: These technologies can be applied to topographic survey, inspection and monitoring from survey stage to O&M stage.

© Applicable in the short term
O Applicable in the mid-long term

Recommendations

Recommendations to the Executing Agencies (DPWH and DQOTr)

In the short term, especially in situations where COVID-19 infection is widely
spreading, it is recommended to introduce stand-alone surveying equipment
(UAV, etc.) and inspection equipment (inspection robot, remote sensing,
etc.) that can reduce on-site works and improve personnel efficiency without
the need for additional infrastructure or BIM design data and information.

When introducing additional equipment and software that requires a certain
amount of additional costs, such as tunnel inspection systems (ISP-CRT-03)
and VR training system (OPE-XRS-01), it is also recommended to modify the
project components and to consider the necessary costs as a part of the
project cost.




Recommendations

Recommendations to GCs and Contractors

When introducing a digital technologies applicable in the short term, not
only the purchase cost of the equipment but also the availability of the
skilled operators (UAV licensed pilot, etc.) and licensing procedures (UAV
flight permit, etc.) required must be taken into consideration.

Among the projects surveyed where tele-communication services such as
4G/5G mobile networks are available at construction sites, some projects
have already applied on-site technologies such as construction
management platform (SPV-RMS-01) and tunnel inspection systems (ISP-
CRT-03) .

If tele-communication services are available at construction sites, it is
recommended to apply technologies like the above to improve work

efficiency at the sites. 7

Recommendations

Satellite Positioning System and digital coordination in the Philippines:

In modern surveys, a global datum based on one Earth ellipsoid and the
Earth's center of gravity is defined, and it is recommended that NAMRIA lead
the transition to the International Terrestrial Reference System (ITRF) as
soon as possible.

PRS92 is a unique Philippine geodetic coordinate system based on the Clark
ellipsoid and center coordinates of the Earth defined in 1927.

In the Philippines, there are many earthquakes and faults, the movement of
the plate is complicated, and the crustal displacement is large (max. 83
mm/Year), and the direction of the displacement is different.

Therefore, if you use the results of past PRS92 surveys, you will not be able
to align them when creating long objects such as roads and railroads. ss




Recommendations

Satellite Positioning System and digital coordination in the Philippines:

GNSS is also used for general surveying, drone, aircraft, automobile, and
general mobile phone to acquire location information. There is a big
difference between the GNSS coordinate system and PRS92, the conversion
is complicate (the conversion parameters vary from place to place) and can
be misleading.

For DPWH and DQTr, it is recommended to set the survey specification to
WGS84, which is the reference coordinate for satellite positioning, convert it
to PRS92, and finally have two survey results. If the Philippines has defined
a new geodetic system that complies with the International Terrestrial
Reference System (ITRF), the transition from WGS84 is almost the same
and easy. Also, if the construction coordinate system is unified with WGS84,
there will be no difference in coordinates in a short period of time and s9
available to use MC (Machine Control) for construction.

Recommendations

Toward early implementation of the digital transformation in JICA's ODA projects in
the Philippines:

BIM is a key conceptual
technology for digital ;
transformation aimed at \\!

\

improving productivity in the R | paradgmshin

Evolution toward a new design process

|
] y

PD: Pre-design
SD: Schemalic design
DD: Design development

|

|

|

o ‘\‘ | movinglto BIM :
construction sector and ' | |
improving the efficiency of asset i
management. |

When introducing BIM, it is /
more effective to introduce it

|
|
|
|
|
|
| |
| | CD:- Construction documen tation
PR. Proc
. | | CA- Constr Administration
e | OF: Operation
I I Ability
- 0 Impact cost and
| 0 Tum:gonal cgpamhnes
| 9 Cost of design changes
T~ & : 9— Traditional design process
Tl 1 e - Preferred design process
| S
|

from an early stage of a project.




Recommendations

Recommendations to the Executing Agencies (DPWH and DQOTr)

When introducing BIM, it is necessary to clarify the information requirements
(PIR, EIR and AIR) of the “Appointing Party” before the tender stage and to
include detailed conditions in the tender documents in compliance with ISO
19650.

When introducing BIM after the contract was signed, the necessary
additional costs for establishing BIM shall be considered in order to ensure
the additional resources required by consultants and/or contractors.

Recommendations
Recommendations to JICA

Most of the ODA projects in the Philippines are implemented in the
framework of the STEP condition. Consequently, design stages, from
Feasibility Study (F/S) to Detailed Design (D/D), are mostly covered with
JICA’s grant scheme.

Under the STEP condition, the TOR of the consultant who implements F/S
and D/D will be subject to the contract with JICA, and if the contract with
JICA does not include BIM requirements, the consultant will not have any
contractual obligations to create a BIM model.

When introducing BIM from early stage of the project, JICA shall include the
requirements of BIM in the tender document to procure the consultant for
F/S and D/D according to the ISO 19650, in order to comply with the

requirements from the Philippines side. 62




Recommendations
Recommendations to GCs and Contractors

GCs and contractors shall understand requirements provided by the ISO
19650, especially the GCs and contractors engaged in the MMSP and NSCR
which DOTr’s BIM manual has already been applied.

ISO 19650 is an international standard with which GCs and contractors must
comply, when information management including BIM according to the ISO
19650 is required.

ISO 19650 accredited agencies now provides services for training courses
and certification of ISO 19650 in Japan.

It is highly recommended that Japanese consultant companies and
contractors will obtain the certification of ISO 19650, in order to compete
International Competitive Bidding (ICB), because this ISO is required in
several projects not only in Europe but also in ODA target countries in Asia,
such as Turkey, India, Malaysia, Philippines, etc. *

Thank you
for your
attention

= INGEROSEC Corporation
~+ Katahira & Engineers International
Kokusai Kogyo Co., Ltd.
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J1UE> DX
The Philippine Digital Transformation
Strategy (PDTS) 2022:

PDTS 2022 :

PDTS 2022(d. TS9N IS5V RTA—A=23>OBERZERS 371 UE AT Ot EZ £EDITEDT
9. 2011-2016FDI(IE>T 5L EES, BATIBHRS AT ASTE], 2006-2010F0DT(UE> B
BRRYICT (1BHuBEHl) O-Ryy.| [GiEEididE (DICT) 020125 0&EFHATYAS—
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EBFBFNAT—-T T
(E-Government Master Plan :EGMP) 2022

2019468, [BiREERMMIE (DICT) (& 1207 JAIUEENTEBATZEEET S
EVSEERZRIH T, [BEFBIFYATI—T5> (EGMP) 2022 |2FEKUE,
EGMP 2022(&. UBIDICT/F At EICEDWVWTRESNIZEGMP 2013-
2016MEMETETHD., T(VEFHFETEI(PDP)20220 F T, BELAEDIZHD
BERY-INEVTEOEFRATS AT LAZzfkii(a8{bL TUKEVWDEERE —ER T
Do
EGMP 2022(3. =58 - BIER RS SNICASEANIE [EAZ B]BE(CT B8,
SHIERBEREIEL TLBASEAN ICTYRY-T5> (AIM) 2020(C6E&EUL
_C(z\%)o 9
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Fig. Crustal Movement (NAMRIA (2016.10))
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Bl)  TUFYARISI)-b 1 H1

200 | Element modeling to include

Type of structural concrete system
Approximate geometry (e.g. depth) of
structural elements

300 [ Element modeling to include

«  Specific sizes and locations of main concrete
structural members modeled per defined
structural grid with comect orientation
Concrete defined per spec (strength, air
entrainment. aggregale size elc)

All sloping surfaces included in model element
with exception of elements affected by
manufacturer selection

€7SEL))

350 | Element modeling to include

=  Reinforcing Post-tension profiles and strand
locations

=  Reinforcement called out. modeled if required
by the BXP, typically only in congested areas

«  Pour joints and sequences to help identify
reinforcing tap splice locations, scheduling
ele

= Chamfer

=  Expansion Joints

=  Lifting devices

= Embeds and anchor rods

»  Post-tension profile and strands modeled if
required by the BXP

=  Penetrations for items such as MEP
Any parmanent forming or shoring
components

400 | Element modeling to include

= All reinforcement including post tension
elements detailed and modeled
= Finishes

Hi#8: BIM Forum LOD Specification Part | and Commentary for Building Information Models and Data (2019)
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ERRTRERT DAL DRI (BHIBECRENS 1> 05U —ERDE@IRNILICAE UK
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BE - MFEIRETZSUT7 Y NRIAD MOTA I I 2RI LB R gERT >
i sRig (&, %51 - LEERS (delivery phase) CTYERSNZETET)L (as-built
model /Asset Information Model: AIM) OI&ROEELB(CAETUKIFT D,
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UAV LiDAR, UAVAAS UAV LiDAR, UAVHAS UAV LiDAR, UAVAAS
3DL—HF—RF+vF 3DL—HF—RFrF 3DL—H—REvF EEEMRERE
A
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SVY-UAV-01: UAV LIDAR
SVY-UAV-02UAV JXFHAS
SVY-TER-01: 3D L -Y—-Z+vrF

B E

*LIDAR (Light Detecting and Ranging) &(&Laser Scanner &%
HEIBERTET D GNSS / IMUMN SR RIZESHEIERE
H—EBTHD, UAV: E(CRO—2(TEEHL T, izt
LHIENTES,

* ERDESICHDREET ) —UICEZ B ETHREKRZEEA
I35 TES,

* L—H—DREIIEEZESORETRITT H(DSM) A, F
HE#NE =0, KReDEPHETYikITTHRICELEL
FBmEEICT IV TED T TESIFR(DEM) ETBHIEN
T=5,

* RLEERITTEI4VELDEOILGRIETHIRENATRE

SIS DERE. HAIT DV TIENTCIZEREER.
CAAIZ&BRPA RO—i2ESA AN BHBHIE
MEFELLY,

MMEM (CAPEX) | M4t (F3~4FFH

EE-HEFEL iy i
PO EERR | gtk ACAT B

Fig. Reisui (brochure)




BT E o I
«UAV(RE—) IS hASERBL- MM Ths. 88 | L
L —4—OGNSS/IMUDIE B F <l ASaEELE | A —>

F\D_y'ifll\o

* SfM (Structure from Motion)$fifIZ kY ZEEENHIX
FETIVEERTED MEDH IS EICFERETIL i
(DEM) [ZIEZHLHN, BR2OEEDRELHERLOKRE
ZIZLERATHD,

x th FEEIZ R EDERIE. REZHICEYED S, FA—
UBEAATOER., AEEBOESTAH. EEETHED
EhHbd,

*x BEOMEBEELRHKICA—N—FyILEEEZHL
TABICRIEZTOMRAIEZTO2EL TES,
UAV-LIDAREREIL . ESREIREL. H AIENTC
[ZHEER, CAPPIZ& B Y —T 4745 — 30

HEHEZEMEZFELLY, L UAV field Survey 3D Reconstruction (30 Cloud)

#EEF (CAPEX) FO— ## (X305 M ~ Fig.Kokusai Kogyo Co, Ltd. (brochure)

EE-MEEEER/ -, . 27
E(opm = SIMIZVZIRH—ERE

Bt =

xih FL—H—XX v I ECHRELEL——2E
(L= —ORETEHAlICEY RSt R EDEREEE H) 12 XY
EEOM DI RTEAF TSR EMM THS,
*xMOESCFRLEICOETEROHEERBREIZFR
TBHIELTES . HOBITIE. BEDNMBIZEERR DL
BIWRAT—LaVTRET S EREHEDL—H—X+ ¥
FIEMMSELY, BT —2DERIZED,

x A RlE (i) TIEEBEE, HERBEOKREZICHE
h

HEMZREBECTHERT HEEZIEEZETCAD
T—2BIMNLETHS,

7% Fig. Topcon and Nishio—rentall (brochure)
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DGN-BIM-01: BIM360 series

DGN-BIM-02: BIM360 Docs, Design, Coordinate

DGN-BIM-03: Dynamo / Grasshopper
DGN-TRA-01: UC-win / Road

AT E

[BIM 3601(&3RITET ILYERY—ILIRevitl. [ Civil 3D 1D
T—ARFIZRELIZITDR AT L, T—3BENKE
KIEBIRFTETILOREFIZSHIGLTWNSmAMED IR
YILITTEDENTHD,

BIM 360I&E(24DDaVTUYTHERSNA TLVS, (BIM
360 Docs. BIM 360 Design. BIM360 Coordinate., BIM 360
Build) FF 2 AV MEBEREREN BT YDA —RER
BEDVaA—ILELTHREINTEY. V5UFETLEL—®
RBEFTOTENTED,

Browser: Google Chrome, Firefox, Safari, Edge, Internet
Explorer 11

Device :iPhone5S+, iPad Air, Pro, Mini2 Subsequent models
0S:Windows10 (Latest)

#H#1E A (CAPEX)

EE-HITEEER/
£ (OPEX)

73,000~ 144,000 4

L pewn ]| Fi
BIM 360 Design

BIM 360 Build

Design Model
Collaboration Coordination

Docwmn‘t Management

BIM 360 DOCS e cmicstration

Account Administration

BIM 360 3—XBLUHERE

FHFIV) T —REF—HI
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[BIM 360 Docs|[EFF AV MEBED 21— LA E DR
RIS HREZ R 9505 RR RN\ —o D2/ —
DI EEEHREICIDZ . BINBERENNMEH O TLYS,

[BIM 360 Designl(ZIEVT IRz 7L T HREEBL., —
DOBIMETIILEEMANRB TIEET HEEAIREICL
TW3, ASRL— 3 #ae)

[BIM 360 Coordinate | (X &3RTETILT—2%HEL. T
BENEETET AHEEEEL TS,

Browser: Google Chrome, Firefox, Safari, Edge, Internet
R Explorer 11Device :iPhone5S+, iPad Air, Pro, Mini2
Subsequent models: OS:Windows10 (Latest)
#EE A (CAPEX) 73.000~ 144,000 & :
5B - o cola
#(OPEX) FHIRA > b OF T IHEEE

e

General Description

“4 £+ F (Dynamo) " &lFAutodesk MBS B’ EL a7 ILTAY

SIVOY—IL"THB,

- O—REELDOTIHEL B (V/—R)ZR (T 4Y%) TOHL
TIRIS=2y

- ELNRZA—FERELL RITREVERT I CET AR

- Revit X°Civil3D DH#REDIRIRY . B TOEFALATRE

INSGAR ) THAUEFRLE7ILTY X LEKIZEY . LYUE

HMCHBMNEGERFTOT—o70—0OMBIENEHRLE, BEClE

54 /15X (Rhinoceros) DTS5 A ELTY SRRy —

(Grasshopper) B EIHDZRBNIDY Iz 7 EL TR TLS,

A A FEILRevitOCivilBDEDEIEITLY . 12 TTDERETTHED

NI/H TS,

Applicable | Y I7+DENMEICKIEDLLEE I DPCIRIBEAHEEES
Conditions | LB,

Capital Investment 407,000
Effectiveness | Operational Cost 407,000H / Year !
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T+ —Z LI AMEIM (Information Modeling) &VR (Virtual Reality)
D) 21— 3 E20F(Hh->THE. BRLE:-24 b5,
CDYIRIIT I AEBLI-EETILEVRIZ YR I —LEL
THAALIMMZFIRTHIENTE, EELRIDETILERTATL
SaL—A3—%EATHILT. RABIENT QDIRELRE ., kR
BT HEZSRETET I HIENAIRETH D, F1=Civil3D
EVUOABETHY . AT ST A 5 ERLTEREDOE R
RCEERIIaL—2aV 0. hRITAXITHERITH G
FTARIENARETH D, A—TV—REDEEICLYEBRET
VRIBEDEENTE, REVI2L—REDEELRELTLSD,

UC:1 v

L win Blond S0tteare and technical service
L= provided as solutions at sach stage of CIM

VIrDEEIZZEDEVEE DPCIRIEN HES
nd,

TIRARA (CAPEX) | ¢ 996,000M (Ultimate Ver)

EE-HIEEHEER
/4E(OPEX) LD #4281/ Year (Ultimate Ver.)

HEiTEEDT S F )Vt

CON-BIM-01: Navisworks Manage
CON-BIM-02: Navis+
CON-TBM-01: C-Shield
CON-TBM-02: ARIGATAYA
CON-TBM-03:J )XY NEIES ZT 1\
CON-ICN-01:¥>>H49> R (MG)
CON-ICN-02:¥>>> b0 )L (MO)
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[NavisWorks | [ AutodeskttZ &> CRAFE SN =405
ACIIRRITETILOLE 2—Y T2 T7 THA. Revit
THERLI-#EEYMET )L AOCivil D TR L=3 R Tz E
TILEDTEEHEL. Ao ERDLE—. B
BEEDTFHFoyIIZFIRATIRE, £ 3RTETILET
BT 9% EAETHI VI aAL—La EfToct
HHlEE,

CNODHEEEZFRIAEICKY  HBEXEDHEIR
TYTDEBOIREDOEN., ZERYBLEIZES,

CPU:Intel® Pentium® 4 or AMD Athlon™ 3.0 GHz Ll E
MEMORY:RMA 2GB

HDD:15GBLL E

0OS:Windows (latest ver. 64bit)

MAEFA (CAPEX) | 155 000 &

EBE-HITETEER/
F(OPEX)

e

MBIZATYIZal -3 0T

RTEEE

I'Navis+][&Navisworks D 7 KA Y — )L T, 3RITETILIC
BARGEMHEHEL., #iFEEERBEECEEMSRTET
IWDERERREE T b, BIEIEHRILExcel*>CSV TEEA]
BT, ETILERR (G TOHM) EBRET—2IH T
TEETE. BR-TBENEZ LS, £, NavisworksD
BALTAFT—REBE(ADI 2oL —ay) TG LTHEY. B
T —TILDOEZIBEIERERE(ICIARVERFIT. ELF
IEZDADL 22— a3V EITSTEMAIRE,

= Navis+

TRt =
3DEFILOEE. ER

CPU:Inter® Pentium® 4 or AMD Athlon™ 3.0GHz more
over Memory:8GB HDD: 15GB more over

0S:64bit Japanese ver. Windows10 Windows8.1 Windows7
Software : Autodesk Navisworks Manage or

Simulate Adobe® Acrobat® Reader DC

WA (CAPEX) | 500,000, &£

EE-MHEEERA/
4 (OPEX)

A4 L5 F—HEEEICEB4D> 2L —23>
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[ C—Shield ] l&Navis+& B4k . Navisworks D 7 RA > Y— )L T
H5. V—ILFRO R ITEMITDV)21—32 Y ITRT,
ITEEBICEDOEB3RTETILVEEHERT AHENT
=5, BEHERERBEETIL. BEEECATLDOHA
FEEEITO—IWRTIUDBRAMBEEIRITET ILIETE,
RIGEAD M BRK R OEEBEEYNEOMEEFRLEAREN
[ZHEERTED, Fl=. BT AV MO ERETIILEEHER
TEFBEETILEDTNDLLE LI —IILETL U EDF
/57‘1‘/70)@.%\( Fﬁb‘éuc‘::ﬁ;fé‘éo

CPU:Inter® Pentium® 4 or AMD Athlon™ 3.0GHz more
over Memory:8GB HDD: 15GB more over

0S:64bit Japanese ver. Windows 10 Windows8.1 Windows7
Software : Autodesk Navisworks Manage or

Simulate Adobe® Acrobat® Reader DC

#MAIEMA (CAPEX) | 100,000 ~ &

EE-MHBEERRA/
#F(OPEX)

RITEEE

FARIGATAYAJ(ZY— LR RIILIETEAT S —ILE
TUUDIEEITEDRIE - ?r}ﬁllv'-“—’Sld)llR%-"“é‘IE’éﬁL\
U—IRIED—TEEEFEIVAT L, EIEHAT—4
DRBFEIL O LIBDFEREE LI O] 7

Wik, O—ILRR O URIEKD A TR R O HEBI A RIRE, F =,

VI ETORE T TIXIEENCR DB M E A ZEETEL .

BRELDREESNTH_ELRAIRRTH D,

VI TERBLIPCEEDITL AL ER D,
1V B—RYMREDHBENBE,

#HE A (CAPEX) 12,000,000 ~ &

EE-MHBEERER/
£ (OPEX)

— VRN OFEEETR
& Vot TEHE

& U7X MATETE

T

NI UEITETBE T X METZEHE
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T AVREE U RT LT —ILR ORIV ETEDNR
BETANNE—RDEEBEGELET—HFEETHVRAT
L, 8ETIHBPR MY —R, BRSO LR TAR
O—F%FARY., T AVRE—ROITERR . BB
ZREBBLAIITAESIIILTT—AEREEHELTL, —
HEOIRERAIETETAVNE—RD BN EEEIZES
Fh., HAZOHBFEELETICANIF RILIERD
F—AR—RIEARSND,

VI TERBUIPCELDICL U AL LD,
1V B—RVMNREDHBHENBE,

IC#50A

#MHIEM (CAPEX) | 2 700,000

B EERA/
O 3,300,000 £

TIX MNEEO—ETOTR

RTHE

* IV UAAF A MG) (X, BHIBA XL —F2—(CKEE
(CADT—A) &R KL, NEMNICHRBIZ Y R—F9 54T

ThHd, BEHIKOMBELANET —4EEEITARL—E—IC
RS, BREBORELEEIERICES-BHIEEZS
12T 5,

* TERYE T ICREZMRAIT S EAAIREICE S, 2DER
TIBLUTNGORT LEIDERTT DIIANYIVR
TLD2ODEATNH %,

With bucket angle retention Following the design and using
mode, easy to finish a slope the semi-automated control,
work based on the target the bucket will not over-dig the
design target design

The bucket tooth position can

CADT—4. BIET—43 MGt Y —Th5
GNSSDIIBEEIZRME—CThHd_ &

be monitored on a display

»Operators can follow site’s

#IH#A% A (CAPEX)

EBE-#isEEER/
£F(OPEX)

arget level while working
(guidance)

HE: B EmaEy
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* BAZERETE (CADT—4) L35 &S ITHM B LU TL—
Ny NEEBEBIFIET S, LS B ENERRICER S
TEHEEMEBYTILE— E—2TL—4F  EEHE. /\vD
RYIERAMNATRETH S, GNSSD DD LI E FEFE A~
TA7T—RELTIEDIEZZIMUTEHAILBE L IRO L —
T BEHIEHT 5, ,
* T TITERASN T SHBICERMITTESLIADubE a_l

FEEN AR A THIES R T LEH D, ' cC—) \% ﬁ

* B+ BEEDETAIEFIZE ST N Ti-Constructiontt GNSS ROVER ‘VRS[NetworkRTK} _
BICEESN-, COFER. $1EH30%E ELIEVSH 0ooog i
xLH5, 00000

MGERI#RICCADT—4, RIBT—FLEAAN :
B mhTWNBIE, $3F73Z%E%IITIER4%TFF‘30)¢?’S¥4 GNSS augmentation data delivery
(FEEETIFAFAEE
WMHEA (CAPEX) | —

EBE-HIFEHEER/
£ (OPEX)

HE.OvYEH

e T ESIRRSE DT S 5 )V HLily

- SPV-RMS-01: [RIFBIRE |YU1—-3>
« SPV-XRS-01: VR/AR (with AR marker)
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RGHENSERNODEZL) T ICEL—EDRNE

e bi-tld

VENALTNARZERL RGN AL IMIET
EW - RRIERE M E T AE

v BRELEERIE. —\ERENLTERICWNSTI VD
—T7 EEE AR
R#RICH—/NRIRAL-HE - HEEZABISERET

s
He

BRYMES (=L ATV TFTTIIAT—4%
BEFD RYMNBE TITASERBICTF—4% Y —n\~ATv S
O—R3 3 EATHE)

B A (R ERE) -

(CAPEX) SEH(*)JIE‘EE&E%%)
EE-HHEEER/E | 50 —HHEHUTORE
(OPEX) #l: 505M/51—4
220/ A /501—4

BEVNOFESREZ
ZDFEFFITLYMREIC

fFELMENT=ExcellRE A Z D EFiPad P Windows 7T
LYrDEFIREIC, FESMIRRORSEEZSHC
ET R——L Rk,

i-Reporter

HAS AT AL

‘ all

indows§
Tablet | [

AT E

VR (Virtual Reality/{RIABRR): ke & [ZRABHRISEA, ZRASHEAMEEET L.
AR (Augmented Reality/#hEEHRE): mEZmIcERETILERE.
SERAA—CDOEEICKIEELDEERRK. KT OEIERE
FOEBOREELITEEDOMEILLZEITTERSN LS, iz
REETIVICTARYR—h— 1 & FEIMIBEEREZ 5 2. REMICHE
EITHILEARETHD, COHEHMIZKY., KYBREOSLMRE
ETILDEERBRDCITEE., 3al—a &It T5ERS.
WRIFICHTORERRLGE . FLEROAREENLN > TNSESD
ATHD.

Contents: 3DETY T YUY IR P EIDETILER
RPIVT—2avBLEUTINAREYOLE=T—
BARL—D

Device: VR NyR+tyk, PC, 7L wh etc.

#)#A%& A (CAPEX) 979,600 (Hololens2 + Revit +
Unity Reflect)

EBE-HFEEER | 489,900 /£ (Revit + Unity
/5 (OPEX) Reflect)

€ unity Reflect

) @ ios

.
Reflect Server - > )
Reflect 2 Ak
o ¢ v
. J —

W (0,0,0)
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ISP-CRT-01: DUEINEH> AT L (KUMONOS)

ISP-CRT-02: IB 2 RS AT (VT —(CLAER T E LAEAR)
ISP-CRT-03: ISHEIHIR& AT (DRIMS)

ISP-CRT-04: 1&/Z Bl (R =1RORY MIXT)
ISP-LND-01: 2223 5Kty (RimaREItT>Y-—)
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EI70SSLICEYEH,
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VEER 8R55% 300 FM~700 5 -
(CAPEX) SHEY—EX: 25 9 FH/B (B CADADE T FE
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EE-MEEEEM
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