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Computer generated environment
= Virtual Reality
= Augmented Viruality
= Augmented Reality
| Mixed Reality (MR) |
| |
— +—
Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

4013.407 Construction Technology



Table of Contents

Visualization in construction
Virtual Reality

Augmented Reality

®
o
®

4013.407 Construction Technology



V

v

TV
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= “A computer generated, interactive, three-
dimensional environment in which a person is
Immersed” (Aukstakalnis and Blatner 1992)

- Computer generated three dimensional scene to
provide an adequate level of realism

- Real-time response from the system
- Immersed In the virtual environment

4013.407 Construction Technology



Q
)

q8)

Q.

(@)

N
Q
©

e’

q8]

Q
—

=
'
-

10

4013.407 Construction Technology



V

=
(D
L
=
<

rtua

O
o
5
(@p)
—r
pn.
O
=
O
S5

v & | ’ | I | [ I | W [ B | [ B |

G e O RO @ g ] @k P RS BG S Eonsoe - Bl EAt View Project Toos WSndow Hep algld
iaw et [ 470z ]| 2S00 ——— f——— 10303 me d W B W OB | St Spes. — 1o =8 £ BRS o[corewe Bt YRS oo =

4D Wirtzpae ¥ 12T [12/72) =] oarzrna | 4 Day F— 400000 wdye|—F——

_ Aiomporen |
LN |
=¥ Aogl B

w1 Bk 11
3

BUILDING 13 04/19/02 07/17/02

4013.407 Construction Technology

Towe= Crame (T)

Far Halp, press Fi a

11



What is

a 4D Mo

!l
«
D

VIS

= 4D CAD SYSTEM
o 2XHE SEEIXE EHO| AHH

S ZAFE D20 2 AlE20 AN AMENIE VRIIE E0=
2
- SEHO AIZHTime)t 3D = H(Space)0| S+l =

Xl J4|

Time/Space
Link

4013.407 Construction Technology 12



> PLAY

13

4013.407 Construction Technology



—
O
L
n
r~t
o
.

= First developed in the EPC industry for industrial
project

= Bechtel 4D modeling software for Hitachi in 1987

= Commercial 4D products since 1992

= About seven 4D modeling tools on the market now

= Mostly deterministic, graphical 4D models
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= 4D CAD consist of
- 3D CAD Tools
o AutoCAD or MicroStation
s Scheduling Tools
o MS Project, Primavera etc.

- Tools to link schedule to 3D model

o Bently’s Schedule Simulator, Integraph’s
Schedule Review etc.

s Tools for Virtual Reality Modeling : Cosmo,
Superscape, Cortona etc.
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= Key Issues
In applying 4D models:
- ldentify the burning issues
o Purpose and level of detail of model
- Bring the team together in a timely manner
o Organizational changes needed
o Management guidelines needed

- Every project has and needs lot’s of project
specific detail

o Functionality to exchange and manipulate
data needed
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= Essential Features of 3D and 4D tools

O

O

Object-based

Import/export CAD objects from multiple
platform

Import schedule data from multiple project
management tools

Extensible and flexible data visualization
Easy data maintenance and manipulation

Easy-to-use interface for model producers and
consumers
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“If you cannot build it virtually, you will not be able
to build it in reality.”

Martin Fischer
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Reasons for 4D

= Limitation of CPM schedule

- Doesn’t provide any information pertaining to the
spatial context and complexities of the project
components

o Hard to identify mistakes (e.g., checking the
schedule for its completeness and
correctness of logic)

- Abstract representation of the project schedule —
need to interpret the activities to comprehend the
sequence

o Cause inconsistent interpretations of the
schedule by different project members
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- Communicate designs and schedules better

- Make schedules more predictable

- Integrate design and construction information
- Evaluate constructibility and schedules

» Resource planning

- Coordinate trades and site logistics

4013.407 Construction Technology
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Reasons for 4D

= 4D Solutions
4D models become the visual dashboard that:

- Transform complex project data into relevant
management information

- Link schedule, cost, and resource data to a 3D
project model

- Interactively show the impact of design or
schedule changes
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= Visualizing and Interpreting construction sequence

- Prevent miscommunication caused by inconsistencies in the
interpretation of a schedule

- Improve collaboration by better perception of the schedule

= Conveying spatial constraints of a project
- ldentify space-related conflicts
- Show what is being built when and where

- Detect a time-space conflict or anticipate an accessibility
problem
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HVAC duct

Problems related to the schedule

< HVAC system was scheduled to be installed before the second floor slab were completed. There
would not have been support from which to hang the HVAC ducts

» The HVAC and electrical subcontractors are working on the second floor while roof is still being
installed. But roof installation is not completed, there is no protection from the weather even though
the execution dates are in the winter season.
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tegration Tool

= Formalizing Design and Construction Information

(
e Lack of standardization r
Iin the information — - Increase h
Different interpretation .
) eServe as a
\- J/ SUnaey collaboration tool
\_ y,

Interaction
Planner
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Adva tages of 4 s Analvsis Too
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= Anticipating Safety Hazard Situations
- By viewing 4D model

1. Detect areas where accident may occur and

execute prevention measures (such as placing

warning signs, restricting access, or providing

safety guards, etc.)

2. Perceilve how separate crews may affect one

another and therefore inadvertently create
hazardous situation
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Function Analvsis of current 4D system

- A D= E Strathclyde CHEF VCSRG (Virtual
Construction Simulation Research Group)
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Cost \ 3D Model / Sustainability

Constructability —~—__—" Accessibility

- This nD construction world encompasses infrastructure,
methodologies and technologies that allows users to create,
share, contemplate and apply knowledge from multiple
perspectives of user requirements allowing construction

professionals to perform true what-if analyses at a very early
stage of a project.
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Augmented Reality?

+ Mixed Reality
e Real world objects + Virtual world objects in single display
e Enhance the real world by superposing information onto it
e Augmented Reality and Augmented Virtuality

= AR : An environment wherein digital content (information,

graphic) is inserted into the user’s view of a real world scene

" AV : enhance a virtual world with real world entities
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Augmented Reality Tec
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= Design and Marketing

s Creating a design and evaluating it for function
and esthetics, and showing a customer what a
new structure will look like in its final setting.
AR provide the unigue opportunity to integrate
the design into the real world
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= Design phase
- Mixed reality AR-CAD in collaboration design in
the perspective of spatial cognition.

Modeling AR

Computer: Computer:
Windows PC A\ ARToolKit
AutoCAD® | Computer § Application
Plug-in Network
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Application In construction (3)

= Planning phase
project investigates methods to accurately superimpose
(augment) graphical images of construction operations over

real-world jobsites

The ability to visualize simulated construction operations in
3D augmented reality can be of significant help in alleviating
model engineering problems that affect traditional
visualization in virtual reality.

Virtual Crane —> Real Airport
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= During Construction

- Visualization whether an actual structure is built in
accordance with the design

- Quick update of work plans after a design change

- Visualization of consequences of potential design changes
before they are agreed upon.

WA 2R
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= During Construction
- Progress Monitoring

As-planned
Schedule

As-built
Schedule
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Application In Istruction (6)

= Maintenance and
Renovation

- Visualization of hidden
information (wires, pipes,
beams in a wall)

- Visualization of non-graphical
information (heat and
pressure of pipes,
maintenance schedules and
records, manuals)

- Visualization of potential
redesigns (interior, exterior)
to evaluate their compatibility
with existing structures, and
placement of new structure

> PLAY
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Computer-generated Information
- 3D computer model of the spaceframe
An ordered list of assembly steps
A digitized set of audio files containing instructions for each step

1. Directs the worker to a pile of parts and tells her which part to pick up

2. Confirms that she has the correct piece ( by scanning a barcode)

3. A 3D virtual image of the component indicates where to install the
component

4. Verifies that the component is installed by asking her to scan the

component with the tracked barcode scanner

Install stut 11, Then scan it

Invsteill strut 948 THER seal it
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AR Viewing of Underground Utilities

4013.407 Construction Technology



DEEEDEI\I(‘E
NCrCNCINUE

= Z014(2002). A& 22| Z0FDAIAEIS JISEA S Se 284 Ifagot”,

tietHA=stel ==&, 18(10)

= Kamat, V. R., CIC at University of Michigan,
Http://pathfinder.engin.umich.edu/index.htm

= Koo, B.S., and Fischer, M.(2000). Feasibility Study of 4D in Commercial Construction,
Journal of Construction Engineering and Management, 126(4)

= Wang, X., and Dunston, P.S. (2005). Specification for Mapping Mixed Reality
Visualization Technology to AEC Tasks, Proceedings of Construction Research Congress:
Broadening Perspectives, San Diego, California, 5-7 April, 628-632

= Webster, A. et al.(1996). Augmented Reality in Architectural Construction, Inspection
and Renovation, Proc. 3rd Congress on Computing in Civil Engineering, ASCE, Reston,
VA, 913-919

= Kim, H.E. , “Construction Management By Comparison of Site-Photo and VR image”
,Journal of Korean construction association, 2005, Vol 21, No. 3, pp.137-144

= Http://www.se.rit.edu/~jrv/research/ar/

= http://pathfinder.engin.umich.edu/projects.htm

= http://www.stanford.edu/group/4D

= Http://www.vrstech.co.kr

4013.407 Construction Technology 49



