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Abstract

Pre-construction phase is very important in coms$ion project life cycle.
It enables minimizing risks, waste and overheadssimizing productivity
and reliability during construction phase, and ésign more accurate and
feasible schedules. The collaborative use of 4D CAdels and
simulations appears to be an innovative solutionsupport many of
simulation activities during this phase. But theudlization adaptation to
business requirements of actors remains a chafigngsue. This paper
presents the pre-construction collaborative sinatactivities and
describes a method aiming at adapting visualizaitiodD collaborative
tools. A formula for ranking visualization modesdamrelated metamodels
are also proposed.

1. Introduction: importance of visualization in pre-construction
collabor ative practices

Increasing productivity and efficiency is an im@mt issue in the
Architecture, Engineering and Construction (AECgtee This sector is
mainly characterized by fragmentation, heterogesemams with low
lifetimes and many uncertainties. 4D CAD modeling gimulation is one
of the greatest innovations in recent years. Itsigta in linking a 3D
model of the building with the works planning inder to simulate the
construction development over time. 4D CAD techaggan fill several
needs from design to project management througbticanability analysis
and tasks planning [1]. Literature shows that savapplications have



been proposed to improve the 4D CAD use ([2]; [3]). In addition,
studies have shown the real impact of the use o€AD in construction
projects ([5]; [6]).

More recently, [7] showed that the collaborativee i 4D CAD is
particularly useful during the pre-construction gidor comparing the
constructability of working methods, for visuallgeintifying conflicts and
clashes (overlaps), and as visual tool for contractsubcontractors and
suppliers to discuss and to plan project progr8esthe advantage of the
4D collaborative use has been largely addressededer, some studies
have been conducted both in the scientific world/al$ as in the industrial
world to improve it ([8]; [9]).

But an important issue that remains in today'sabalfative use of 4D
CAD in construction projects is related to the @dapn of visualization to
the actors’ business needs. As collaboration isgodar from one project
to another, the business requirements regardinghistion also evolves.
Collaborative practices [10] can help to descrifbent and to understand
most common pre-construction activities. Moreowvier,the AEC field
several visualization modes can represent the s@neept and actors
choose one or the other of these modes accorditigeto specific needs
related to the task they have to perform. For exempsks planning may
be represented by a Gantt chart or by a PERT nktwod building
elements can be depicted with a 3D model or a 2D.Alhe classical view
(3D + Gantt) usually proposed to all practitionersnost of the current 4D
tools seems therefore not suiting the needs ofyeaeprs and situations of
use. So, adapting the visualization to individuakihess needs could
significantly improve the collaboration.

We rely on Model-Driven Engineering (MDE) to propoa method
aiming at designing business views. The aim is tootautomatically
generate user views but to guide the groupwareydess in selecting the
appropriate visualization modes and in composirggnthTo support the
method, we propose a business view metamodel styfidescribe and
then compare view models. A metamodel to describe tiser's
visualization tasks is also defined. The goal idésign adapted views
according to actor’s business practices in collatdeg 4D simulation, so it
is important to understand the simulation actigitieelated to pre-
construction phase. Relying both on literatureeevand on a preliminary
survey with AEC professionals, we propose in trapgr to understand
these simulation activities, to find how they candescribed and how this
description can be used in our view adaptation aueth



2. Under standing site preparation collabor ative ssmulation
activities

2.1 Pre-construction phase and site prepar ation activities

A facility development life cycle process involvesiumber of phases and
activities that complement each other. According[1td], these phases
include “pre-construction, construction, operatimmd maintenance, and
commissioning.” More recently, [12] divided thisopess into five main

phases: feasibility, entitlements, building permipnstruction, and

property management phases. We consider that pistraction includes

feasibility, entitlements and building permit artdrts “when a parcel of

land becomes available for consideration” [12].“elhcompasses a broad
set of characteristics of a facility, including esit requirements,

specifications of functional systems, dimensionsemy and calculated

loads, computed stresses, bill of materials, canstm plans, schedules,
and cost estimates” [11].

So, one important goal in the pre-construction ph&s the site
preparation. This involves taking steps to ensima the construction
phase takes place under the best conditions. Acgprtb [13], site
preparation is based on studies and specific pldrasvings, installation
plans, etc.), administrative preparation (site apgmotice, demolition
permit, registries opening, etc.), material prepianatemporary roads, site
board, etc.) and organizational management setaptréctors’ mailing
list, site rules, meetings and activities plannietg,.). During this phase it
IS necessary to anticipate problems, clashes dret defects both linked
to the construction process as well as the desitpndding itself. Then,
construction processes simulation is necessaryh \Wie evolution of
technology, more and more aspects can be simuilatedder to make a
reliable construction planning.

[14] identifies 3 groups of planning processes: ecqirocesses,
facilitating processes and controlling processinGore processes, that
have clear dependencies, concern scope planningiefirdtion, activity
definition and sequencing, activity duration estimg schedule
development, resource planning, cost estimating bodgeting, and
project plan development. Facilitating processes guality planning,
organizational planning, staff acquisition, comnuation planning, risk
identification and quantification, risk responsez&@lepment, procurement
planning and solicitation planning. Controlling pesses enable to
measure the performance of the executing processoasend feedback to
the planning process. They are overall change alnscope change



control, schedule control, cost control, qualitynitol and performance
reporting.

2.2 Collabor ative smulation activities

AEC projects teams are comprised of a network a@érdisciplinary
players, with varied roles, responsibilities, gpalsd objectives. “They are
created to produce complicated project solutiomeugh the sharing of
highly specialized knowledge” [15]. “Most actors lprtake part for a
limited time. Therefore, the organization is continsly changing during
the process” [16]. During the site preparationjsitessential to early
involve these stakeholders in order to take intmant their viewpoints, to
make relevant the simulation and to design a plapthat takes into
account the needs of all. This is especially trecabse "effective
collaboration in simulation modeling is possiblyeoof the key factors in
the success of simulation project” [17].

Collaborative simulations during site preparatioonaern activities
sequencing, estimating activities duration, schiedulesources and costs,
identifying conflicts and clashes (overlaps), manggreservations and
comparing the constructability of construction noeth. It also serves as a
monitoring tool during the construction phase.

These collaborative activities in a project can tiyobe described as
processes that show the actors’ activities. An garof process that show
collaboration among actor’s in order to build thte gplanning and to
manage reservations is presented in [18]. But dnfs of the most
important roles in a building project organizatiane played by the client,
designer, contractor, sub-contractor, material Beappmachine supplier,
and the user” [19], as said, each constructioneptogets up a specific
collaborative context in which the different rolelsactors are not always
the same. Then processes are not repeatable amftemespecific to the
particular situations of each construction proj@éi. It could be therefore
appropriate to describe them as more common andesprdad
collaborative practices [10].

Based on literature review and a preliminary sunwéty some industry
professionals, a certain number of pre-construatmfaborative practices
can be identified, including site scheduling, cbetgeting, clashes and
conflict management, safety and risk managementservation
management, procurements planning, communicatiannptg. Moreover
quality aspects are also simulated and differemidki of defects are
anticipated.



2.3 Describing pre-construction collabor ative practices

Relying on the literature review and according tar @pecific needs
regarding collaboration situations description ladmbrative practices can
be described as sets sib-practicegcollaborative or individual) with a
group of involved actors Sub-practices are characterized by an
information needindoutputs The actors have a business profile (architect,
engineer, etc.) and playrale in the collaborative context. If the business
profile of an actor is fixed as it is linked to l@gery day’s occupation, the
role concerns the practices assigned to him inptbgect’'s collaborative
context and can be different from a project to heot

For instance, “collaborative site scheduling” cam donsidered as a
collaborative practice. So, in a given collabomatoontext, one can see in
table 1 the sub-practices, the responsible actbes; information needs
and related outputs. We note that the outputs givan sub-practice is
often the information needed by another sub-practic

Collaborative Sub-practices Responsible actors Information need
practice

Pre-list of building elements,

Building elements listing Architect building representation

WBS, pre-list of construction

Activities definition Supervisor L
activities
Collaborative site o : o L o
scheduling Activities duration estimation Sub-contractors Activities description |
Activities sequencing Contractor Dgteg, activties durghons,
building representation
Schedule development Supervisor Activities planning |

Table 1: An example of description of collaborative site edtling practice

2.4 Collabor ative use of 4D CAD and limits

Collaborative construction simulations are impattan pre-construction
phase, including for site preparation. Recent adesrnn the Computer-
Support Collaborative Work (CSCW) technologies mak@ossible to
develop a shared virtual workspace to support deamwork and project
integration between construction organizations apdofessionals
physically located at dispersed places [21]. Bmeapecific construction
simulation practices require some special toolsGAD appears to be an
innovative simulation solution. Many research dfdrave been made to
advance the 4D CAD technology from simple 4D aniomat of
construction progression to interactive 4D simolatiof alternative
construction processes ([22]; [23]). Moreover, agsk works showed that



the collaborative use of 4D CAD is particularly fuseduring the pre-
construction phase ([7]) and efforts have been m@adémprove the
collaborative 4D planning ([24]; [8]; [9]).

An important aspect of the construction industryhie flexibility that
characterizes the management of projects [20].dddeach stakeholder of
a cooperative project’s context has his own intsrelsis methods and
specific practices. In this context generic sohsiare difficult to adopt
successfully. It is then important to adapt sohsito the needs of actors.
One of the key points in adapting CSCW tools islésign visualizations
matching the business requirements of actors. @erneg previous 4D
developments, the usual standard view (i.e. Gaatining associated with
3D model) currently proposed to different actorsniost of 4D CAD tools
does not take into account this adaptation. Spe@fjuirements related to
practices performed by particular roles (plannirfgirgerventions and
reservations request for a contractor; simulatiod iategration of works’
interfaces for an engineer, etc...) are not constere

In the next section, we propose a method for desygmser views in 4D
collaborative tools. This method takes into accailnet actors’ business
needs and enables to compare visualization modesder to choose the
most appropriate ones and to compose multiple viadaspted to the
business needs. These views are called “businessvi

3. Towards a method to design business views

3.1 The method

To adapt the visualization to actor’'s business sdaddD collaborative

tools, we propose a 4-steps method (Fig. 1).

* The first step identifies the business needs ajractThis consists in
formalizing the collaborative practices in order itentify the sub-
practices performed by the different involved astétnowing these
sub-practices helps to better define the businesds Business needs
can be described as the set of information andatipes that actors
will need in order to perform their business atidg related to a
collaborative practice.

» In the framework of the collaborative practicedpesuse groupware to
perform their business activities. During theseivéits, we can
identify specific usages that we have to understamdi describe. The
purpose of the second step is to determine thealistion needs for
each actor. Visualization needs are interactiors\asualization tasks
that a user will need to perform in front of a catgy-supported tool.
Visualization tasks are “the analytic and explomattasks that a user



might need or want to perform on the data” [25]thit stage we use
the taxonomy proposed by [25] to describe suchalization tasks
with a single and accurate formalism.

¢ Once visualization needs are known, it is then iptesséo compare the
possible visualization modes in order to choosentost appropriate
ones in relation to the expressed needs.In thed tktep the
visualization modes are described and comparedialimtion modes
are the techniques used to represent informati@toling to [26]
they can be described through the structure of téehnique, the
graphical attributes and the supported interagtionciples. The most
appropriate visualization mode is the one that hedcbetter to the
user’'s visualization needs. To this end, we can tme formula
presented below to rank visualization modes fowvargbusiness need.

* When appropriate modes are selected for each atisrpossible to
select those that may be composed together to foruitiple
coordinated views. To this end, it is importanstady the coordination
mechanisms and the interaction principles assatiandth the
visualization modes (fourth step). Note that thepss not well defined
for now and will be an important issue in our fauvorks.

At the end, adapted business views composed fdn eator, will be

validated to ensure that the propositions respofidctevely to the

expressed business needs.

1. Identification of business needs 2. Identifying visualization needs

Describing collaborative practices - Identifying usages

Q Identifying actors [ Identifying actor’s interactions ]
F Defining information need [ Identifying visualization tasks ]

I

Business needs Usage's visualization needs

Business
validation

4. Composing Business View 3. Choosing visualization modes

Selecting views [ Choosing visualization modes ]

Coordination mechanisms [ Describing visualization modes ]
@__ p—

==

Interaction principles [ Comparing visualization modes

Adapted business views Adapted visualization modes

Fig. 1: Method to compose business view

X
!

i




3.2 Comparing adapted views (step 3): business views metamodel

Model Driven Engineering (MDE) approach recommeride use of
metamodels to define domain languages, so eachlrhaddo conform to
its metamodel. In order to model visualization no@ad to choose the
most adapted ones, we propose to adapt and useugiaess view
metamodel described in [26]. This metamodel, based literature review
in the fields of Human-Computer Interaction and ommfation
Visualization, shows that a model of business i@ to describe content,
using a technique with some interaction princigieg. 2).

Interaction principle

+Interaction level
+Intercation type
+Interaction mode

1
Technique IJ_\urvhw | 1 Content
k?‘ 1 e ‘——.—‘
‘ 1 1 ‘ 1 1 ‘ ‘ 1 ‘ 1
Structure — Business use Data format Mental perception Data nature
type: EtypeDataFormat +Spaciality type: EtypeDataNature

+type: EtypeStructure +Known level +Temporalty

+Use level +Comprehensibity
+Concrete/Abstract
<<enumeration>> : +Contonuity -
1 1 <<enumeration>> +Attractivity <<enumeration>>

EtypeDataFormat +Focus EtypeDataNature
+Structure diagram Graphical elements Retinal R

“+cartogram

- - +One-dimensional o +Quantitative
+map +Size (Y/N) +multi-dimensional +Q‘(j’;"t‘;5"éf o —— +Ordinal
“+graphic table +Orientation (Y/N) +Text and hypertext Y +Categorical
+process diagram +Color (Y/N) +Hierarchies and graphs
+icon +Texture (Y/N) +Algoriths and software
+Time chart +Shape (Y/N) +Physical data

+Network chart < >
+Pictures EtypeGraphicalElements|
+Tables
+Graphs

+Composite view ::'"es
+Text reas

e +Volumes

+ype:

+Points

Fig. 2: Business view metamodel

3.3 Describing visualization tasks (step 2): visualization tasks
metamodel

The taxonomy proposed by [25] leads us to defingser visualization
tasks metamodel as shown on Fig. 3. Such a metdralboles describing
abstracted form of user's visualization tasks atiogr to a same
formalism. A visualization task could be a simplsualization task or
group of visualization tasks. Simple visualizattasks areCompare(e.g.
dimensions, items, data, values, etdgntify (e.g. clusters, correlations,
categories, properties, etcyisualize (e.g. data, domain attributes, n
dimensions, etc.)Determine (e.g. mean, median, variance, amplitude,
differences, statistics, etc.).ocate (e.g. items, clusters, distances,
graphical primitives, etc.)Configure(e.g. normalizations, classifications,
zoom, dimensions orders, etc) ahder (e.g. hypothesis, rules, trends,
probabilities, cause/effect, etc.).



As an example we describe the business task ohgimeer having to
verify validity of contractors’ reservations with 4D tool. In terms of
visualization, he has to:

m visualize data (i.e. visualize the elements of the building

representation);

m |ocate position(i.e. locate the positions of the reservations);

m identify dependencie§.e. identify the dependencies among tasks

and reservations);

m compare valuegi.e. compare the values of simulation sequences

with the dates list);

m determine any variancéi.e. Determine if there is any variance

between simulation sequences and dates list);

m infer trends(i.e. infer if reservations are valid or no).

Visualization task
I

Simple visualization task

e visualization tasks group

——— ——

 ——

[ [ I I I I ]
Compare Identify Visualize Determine Locate Configure Infer

+focus: EtypeCompare

+focus: Etypeldentify

+focus: EtypeVisualize

+focus: EtypeDetermine

+focus: Etypelocate

+focus: EtypeConfigure

+focus: EtypeVisualize

Fig. 3: User’s visualization tasks metamodel

3.3 Formulafor visualization modes ranking

<<enumeration>> <<enumeration>> <<enueration>> < ion>> < fon>> < ion>> < ion>>
EtypeCompare i y i i EtypeLocate Etyp e

+Dimensions +Clusters +x dimensions “+Mean +tems +Classification “+Hypotheses
+ltems +Corelations +x items +Median +Data +Fitering +Rules
+Data +Categories +Data +Variance +Values +Zoom “+Probabilties
+Values +Properties +Domain parameters +Standard deviation +Clusters -+Dimension order +Trends
+Clusters +Patterns “+Attribute information| | +Ampltude +Properties +Derive attributes +Cause/Effect
+Properties +Characteristics +Metadata +Percentie +Position/Locations +Graphical primitives
+Proportions +Thresholds +5um +Distances +Normalization
+Positions / Location | | +Similarities +Proportions +Graphical primitives
+Distances +Dependencies +Differences
+Graphical primitives | | +Independencies +Correlation coefficients

+Uncertainty +Probabilties

+Variation +Other statistics

We are working on a scoring system that would réekalization modes
according to usage needs. By assessing the cr{teganique, content,
interaction principle, visualization tasks, etcr) adaptation score(As)

should be assigned to each visualization mode. Sduse is calculated for
each actor and each sub-practice with the formelleb So, the relevance
of a criterion is related to the information needtsl to the visualization

tasks.

with N¢ =

m

2P

=1




Note thatAsis the average of tHdg andn is the number of criteria while
m is the number of proprieties for a criterionThe score Ng) of a
criterion i is then the average of its properties relevarfgg gcores
according to a visualization requirement. The Vigation requirement is
both an information need and a need for visuabizetiasks. The properties
relevance score$j) are -1, 0 or 1 depending on whether the progeigy
clearly unsuited, poorly adapted or well suitedhe sub-practice. Each
NG may vary between -1 and 1.

4. Case study

We consider a case study related to site preparatollaborative
context and apply our methodto a specific collabee practice:
"Collaborative site scheduling". We assume thatgecific situation some
given actors are responsible for each sub-prastiog/n on table 2.

4.1 Step 1: Identifying business needs

The first stage is to describe the specific coltabiee practice, identifying
sub-practices, responsible actors and informateeds. For the example
of collaborative site scheduling practice, Tableolild be the result of this
step. So, we know which sub-practices will be penfed and the
responsible actors. The information needs are idisatified. But this is
not sufficient enough to choose appropriate vigasibn modes. We need
to add the visualization tasks to be sure to take account the actor's
visualization needs.

4.2 Step 2: Identifying visualization tasks

After understanding business practice context, vile identify in this
section the visualization tasks the actor will hawgerform. For this, we
will divide the sub-practices into elementary usageat will call for
specific visualization tasks. The visualizationksasnodel will help us in
this description (table 2).

After this step, we know exactly which kind of infieation actors need to
visualize and their visualization tasks. For eadformation need, many
visualization modes may be possible. We need tgapethem in order to
choose the best adapted ones according to actsualization tasks.

4.3 Step 3: Choosing adapted visualization modes

In this step, we will use the business view metaghdd describe the
possible visualization modes for every expressedalization need. In
instance, for the sub-practice “Activities sequagtj actor need to



visualize the dates, the activities durations aruliging representation.
The building representation could be a 2D plan @Darepresentation
(Fig. 4). In this case, we need to describe thesevisualization modes in
order to compare them. According to the metamodel,can have the
description of views shown in table 3.

Collaborative Sub-practices Elementary usages Visualization tasks
practice
Building Consult elements pre-list Visualize (focus: data)
elements Find appropriate elements Locate (focus: items)
listing Create elements listing Configure (focus: classification)
Consult activities pre-list Visualize (focus: data)
Activities Consult building elements Locate (focus: items)
definition Identify appropriate activities Identify (focus: correlations)
Create activities listing Configure (focus: classification)
L Consult activities Visualize (focus: data)
RS Configure (focus: filtering)
duration Understand activities consistency 9ur N 9
estimation Determine (focus: means)
Collaborative site Estimate activities duration Infer (focus: hypotheses)
scheduling Consult activities and durations Visualize (focus: data)
Study relationships and Identify (focus: correlations)
Activities dependencies among activities Identify (focus: dependencies)
sequencing Verify conflicts Infer (focus: trends)
Associate start/end dates Configure (focus: classification)
Define site planning Configure (focus: normalization)
Consult activities listing Visualize (focus: data)
S Consult actors listing Visualize (focus: data)
chedule 3 — - X -
development Associate actors and activities Identify (focus: correlations)
Include planning Infer (focus: trends)
Realize project plan Configure (focus: classification)

Table 2: Actors’ visualization tasks for each sub-practice

O Suface habilable : 103,87 m2
el

...................... | W W S —

2D plan o 3D representation

Fig. 4: Some visualization modes



3D representation 2D plan
Technique structure 3D 2D
Graphical elements Volumes Lines, surfaces

Retinal attributes

Size, Shape, Colors, Form

Size, texture, Form

Known level

Very known

Very known

Business use level

Quite used

Very used

Data Nature Physical Data Physical data
Data spatiality Spatial Spatial
Temporality No temporal No temporal
Comprehensibility Easy Difficult
Concrete-Abstract Concrete Abstract
Attractivity Attractive Less attractive
Focus Emphasizes whole Emphasizes parts
Numericity Non numeric Non numeric
Dynamism Static Static

Possible interactions

Interactive zoom, Dynamic
projection, Interactive
deformation, Link&Brush

Interactive zoom, Interactive
filtering, Link&Brush

Table 3: Visualization modes description

Criteria Proprieties 3D rep. 2D plan
Technique Structure 0 -1
Graphical elements 1 0
Retinal attributes 1 0
Business use 0 1
Nci 0,5 0
Content Data Format 1 1
Mental perception 0 -1
Data nature 0 -1
Nc2 0,33 0,33
Interaction principles Interaction level 0 -1
Interaction type 0 -1
Ncs 0 -1
Visualization tasks Visualisation tasks 0 -1
Ncs 0 -1
As 0,21 -0,58

Table 4: Example of visualization modes adaptation score

Table 3 shows a comparison between two visualizatiodes that could
be used to represent building elements. For exarBpleepresentation is




easy to understand and more attractive than 2D pare interactions are
possible with 3D representations than with 2D plnthe contrary, 2D
representation is widely known and used comparé&ito

Using the adaptation score formula enables to ksitatihat it's rather to
choose a 3D representation for this specific salotime (table 4). Same
work for each other sub-practices will lead to knaivich visualization
modes are appropriate. So, for each actor, we iwaw kll modes he needs
to achieve his usage. In order to compose mulliige's and to coordinate
them, we need to make sure that the selected idatiah modes are
compatible with other ones. That is the subje¢hefnext step.

4.4 Step 4: Composing adapted business multi-visualization

After selecting visualization modes, we need to pose into multiple

coordinated visualizations according to the nee@awth actor. This will

include defining visualizations coordination medsars and how to
associate and to manage adapted interaction piescifis said, this step is
not well defined yet. So we will devote to this wan the future.

5. Conclusion and per spectives

In this paper, we presented the pre-constructicams@hsite preparation
activities and related simulation needs. We focugedticularly on
collaborative simulation activities and showed hoiw describe
collaborative simulation practices in the framewark a visualization
adaptation method. 4D CAD appears to be an innevaimulation tool
for construction projects, particularly in pre-comstion phase. Its
collaborative use is very interesting according tbh@ AEC industry
characteristics. But the adaptation of the visadilim to actors’ business
needs in such 4D collaborative tools remains aehge.

A method and related models were presented to rdsiginess views
in collaborative 4D tools. A case study showed howse the method to
compose the most adapted views for actors’ busiaegsrements.

Future work will strengthen the method, operatimealthe ranking
formula and deepen the fourth step related to plaltriews coordination.
We will also develop a tool to support the method &alidate both the
method and the tool.
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