USING 3D AND 4D MODELS TO IMPROVE JOBSITE COMMUNICATION - VIRTUAL
HUDDLES CASE STUDY

Claudio Mourgues', Martin Fischer', David Hudgens®

! Department of Civil and Environmental Engineering, Stanford University, USA
? Accu-Crete

ABSTRACT: This paper explores the unique challenges and opportunities of communicating design and construction
information at the jobsite and describes the format and content of an information delivery method that we call Virtual
Huddles (VDC-aided morning jobsite meetings).

The research method used is direct participation in a test case (the construction of the concrete structure for a multi-
family housing project) using VDC methods on a daily basis for approximately 4 months to support more than 40 daily
morning meetings with the contractor’s field workers and staff.

From the case observations and a structured interview, we observed that huddles are more effective when the content
focuses on specific work instead of generic training or safety talks. However, it is not effective to deliver a high level of
detail since workers will quickly forget it and come back later for specific dimensions. We also found that, on a daily
basis, 3D models work better than 4D models. Some of the most important impacts of the huddles are a change in the
structure of information distribution that empowers the laborers, a higher engagement of the laborers with the project,
and an improvement in the communication between the contractor’s site management staff and the laborers.

KEYWORDS: VDC (virtual design and construction), jobsite, contractor, communication, case study.

1 INTRODUCTION This type of communication (2D drawings and informal

verbal explanations) plays an important role in some of
Virtual Design and Construction (VDC) methods (such as  the causes of low productivity identified in the literature
3D and 4D modeling) are being used to improve the pro-  (Rojas and Aramvareekul, 2003; Oglesby et al., 1989),
duction, analysis, and management of design and con-  such as experience, activity training, and motivation. This
struction information in many phases and areas of con- can be seen in the rework due to misunderstanding of
struction projects (McKinney and Fischer, 1998; Chau et  design and/or construction information, the low engage-
al., 2004). In this context, design information is the in- ment and motivation of laborers, and the non-productive
formation related to the constructed products (i.e., materi-  time used on looking for tools and materials that should
als, dimensions, locations, material finishing, etc.), and have been at the workface.

construction information is the information related to the  We wanted to study whether the use of VDC methods on
construction processes to build the products (i.e., con-  the jobsite could reduce the communication problems by
struction sequence, equipment, tools, work method, etc.).  gupporting the delivery of accurate, precise, and useful
The communication of this information to the ultimate  work instructions. Therefore, we tested the use of VDC
doers (i.e., laborers) on the jobsite is, however, mainly — methods to support the jobsite communication of design
based on 2D drawings and informal verbal explanations.  and construction information to the laborers. Using VDC
Moreover, the verbal communication usually occurs only — methods on-site presents opportunities and challenges
from the superintendent to the foremen and from the  different from those in other phases of the project. We
foremen to their laborers, limiting the direct communica-  explored those opportunities and challenges by testing a
tion between the superintendent and the laborers. This VDC-aided method (Virtual Huddles) to deliver design
hierarchical communication seems to be due to practical — and construction information on the jobsite.

reasons mainly: it is difficult to effectively communicate  The rest of this paper introduces the test case (section 2),

directly from the superintendent to the laborers in a con-  explains the specific opportunities and challenges of using

struction environment. Low communications skills make  vDC on the jobsite (section 3), describes the Virtual

this direct communication even harder. Makulsawatudom  Hyddles (section 4), describes the impacts we identified

et al. (2004) identify low skills as one important cause of  after running Virtual Huddles during 4 months (section

low productivity. 5), and explains the conclusions we derived from our ob-
servations (section 6).
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2 TEST CASE

The context of the test case is the multifamily housing
industry, from the perspective of a cast-in-place concrete
contractor, using direct hire labor.

The particular project consists of the concrete structure
for three apartment buildings. This structure includes
post-tensioned strip footings, conventional slabs on grade,
walls and columns at the ground level, and post-tensioned
deck for the first level. The rest of the building’s structure
is constructed with wood frames but it is not included in
the test case as it was done by another contractor.

Figure 1 shows the form view of a POP (Product-
Organization-Process) matrix of the test case at the con-
tractor level. This is a simple way to describe the most
relevant components of the product, organization, and
process for the project (Garcia et al., 2003).

POP Model
Product

Organization Process

Form

¥ Building A ¥ Contractor ¥ Build footings

¥ Foundations
= Post-tensioned strip footings
= Conventional strip footings
= Walls
= Columns
= Conventional slab on grade
= Post-tensioned elevated deck
¥ Building B
¥ Foundations
= Post-tensioned strip footings
= Conventional strip footings
= Walls
= Columns
= Conventional slab on grade
= Post-tensioned elevated deck
¥ Building C
¥ Foundations
= Post-tensioned strip footings
= Conventional strip footings
= Walls
= Columns
= Conventional slab on grade
= Post-tensioned elevated slab

= Project Manager

= Superintendent

= Concrete foreman

= Rebar subcontractor
= Ready-mix concrete supplier
= Steel and PT cable supplier
= Equipment rent companies
= Smaller suppliers

= Lay out footings
= Dig footings
= Reinforce footings
= Pour footings
= Stress footings
¥ Build walls
= Lay out walls
= Reinforce walls
= Set wall forms
= Pour walls
= Wreck walls
¥ Build columns
= Lay out columns
= Reinforce columns
= Set column forms
= Pour columns
= Wreck columns
¥ Build slab on grade
= Lay out slab on grade
= Set edge forms
= Grade
= Reinforce slab on grade
= Setfloats

= Pour slab on grade

= Wreck slab on grade
¥ Build elevated slab

= Set deck panels

= Lay out elevated slab

= Set edge forms

= Reinforce elevated slab

= Setfloats

= Pour elevated slab

= Wreck elevated slab

= Stress elevated slab

Figure 1. Partial POP matrix of the test case. The complete ma-
trix includes function and behavior rows but these are not
needed for this test case. The building activities (in the process
column) have a direct correlation with the building components
(in the product column). The actors (in the organization column)
are also consistent with the elements in the other two columns
since they participate in the processes to build the products.

Regarding the VDC methods used in the test case, we
created a 3D model for the entire project that includes the
concrete elements (without rebar, formwork, embeds,
etc.). The organization and level of detail of this model
was tailored to support its manipulation and use for daily
work packages (Figure 2 provides an overview of the
three buildings with a 3D model). We also created several
4D models to analyze different construction sequences.
The IT infrastructure relevant for our work consisted of
wireless internet access, a SMART Board, a projector,
and laptops for the site management staff.
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Building B
Building C

Building A

Figure 2. 3D model of the case study project. Buildings A and B
are a mirror image of each other. Building C is larger but it still
has the same basic building components (as the “product” col-
umn in Figure 1 shows).

3 OPPORTUNITIES AND CHALLENGES OF VDC
USE ON THE JOBSITE

In this case study, we identified several unique opportuni-
ties and challenges in the use of VDC methods on the
jobsite that differ from the use of VDC methods in other
project phases.

3.1 Opportunities

- Proximity to the work: having the work face a few feet
away from the virtual models presents several oppor-
tunities. It makes it easier to compare the 3D/4D mod-
els with the real objects and processes they represent.
The proximity also significantly reduces the latency
between asking a question in the field and the answer
to the question based on an analysis of the models.
The field people greatly appreciated the quick answers
to their questions.

- Admiration and enthusiasm for the new visualization
technologies: the scarce contact that workers have had
with VDC methods makes them willing to interact (at
least passively, see computer illiteracy in the next sub-
section) with 3D/4D models. In some occasions where
the huddles were run without a model, the workers
asked about the models and playfully required to have
them the next time.

- Information starvation: the need for information is
huge during the construction phase. Thus, the possibil-
ity of deriving information that was not originally
available in simple 2D drawings, schedules, or other
information sources, makes VDC methods very attrac-
tive to field personnel.

3.2 Challenges

- Computer illiteracy: laborers, foremen and even su-
perintendents have little knowledge about computer
systems. This made an active use (manipulation and
revision) of 3D/4D models by the field people more
difficult. In the case study, laborers and foremen inter-
acted with the models only by looking at them. On a
few occasions, foremen approached the SMART
Board and pointed to things or drew something on the
board. Their computer illiteracy had two main conse-
quences: reluctance to have a bigger interaction due to
fear of breaking something, and difficulty understand-
ing information conveyed in the models.



- Very dynamic conditions: it is not news that condi-
tions on jobsites are very dynamic. Even though this
dynamic nature also occurs during the design phase,
people experience it differently during construction
since labor is usually not responsible for those
changes but affected by them. This is a big challenge
for the modeler since it is key to keep the 3D/4D
models updated all the time. Otherwise the models
lose credibility and usefulness. The biggest problem
here was not the task to update the models since the
project is relatively simple but the latency in getting
answers through the formal RFI (Request For Infor-
mation) process since the VDC methods were used
only by the concrete contractor and nobody else on the
project.

- Language barriers: this is an important issue in sev-
eral countries around the world since a significant per-
centage of construction workers are immigrants (e.g.,
Mexican workers in the U.S.), who often do not speak
the local language. This, of course, is a big challenge
for understanding the design and construction infor-
mation and contributes to the need for middlemen (see
next point) in the communication as some laborers
will need “translators”. 3D/4D models make the
communication more visual. Several laborers men-
tioned during the interview (see section 5) that some-
times they could not understand some of the superin-
tendent’s words during the huddle but the 3D model
helped them to complement what they did understand.

- Communication middlemen: there are several mid-
dlemen between where the design and construction in-
formation is generated (i.e., architects, engineers, and
construction managers) and the last users of this in-
formation (i.e., laborers). These middlemen are usu-
ally created by organizational structures (e.g., superin-
tendent, foreman) but also by technical barriers (e.g.,
skill barriers create masters, language barriers create
translators).

4 VIRTUAL HUDDLES

Considering the limitations of the traditional communica-
tion of design and construction information, we tested an
information delivery method that we call Virtual Huddles
to address the main challenges and take advantage of the
opportunities of using VDC methods on the jobsite.

A Virtual Huddle is a VDC-aided meeting that supports
the daily job-site communication. The purpose of this
meeting is to explain to the laborers the work to be done
during the day and to address the corresponding logistics
and safety issues. Therefore, the meeting is done before
the work starts every morning. The meeting must be at-
tended not only by the foreman and superintendent but by
all the workers (including laborers). This eliminates mid-
dlemen in the communication between superintendent and
laborers (e.g., foremen). The use of 3D/4D models also
reduces the need for translators.

The standard agenda of a virtual huddle starts with the
review of the weather for the current day and the next
days. After that the superintendent explains the activities
to be done that day using 3D/4D models to support the
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explanations. This is an interactive process so the laborers
ask questions and provide information while the superin-
tendent explains.

4.1 Preparing the huddle

The preparation of the huddle starts with the daily sched-
ule. Each evening the superintendent plans the work to be
done the next day based on a weekly plan, the current
situation of the project, and other factors such as weather,
the general contractor’s instructions, and resource and
equipment availability.

After preparing the schedule, the superintendent or the
project manager edits the 3D/4D models to support the
explanation of the activities in the daily schedule. For 3D
models, the superintendent/project manager should:

- Identify the 3D elements that are related with the ac-
tivities of the next day’s schedule.

- Turn off layers of elements that have not been built
yet.

- Color code the elements as follows:

e Red: 3D elements where top priority work needs to
be done.

e Yellow: 3D elements where lower priority work
needs to be done.

- Draw any additional element in the model that could
be useful to explain the work to the laborers (e.g., di-
mension lines, text, arrows, circles).

- Select views that facilitate explanation of the work.

- Turn off layers that obscure the view of the work area.

Some of these tasks are done “on the fly” during the Vir-
tual Huddle (e.g., turning certain layers off and on) but
the superintendent has to think about it before the huddle
so s’he does not waste time in the meeting.

When using 4D models, the superintendent/project man-
ager should evaluate whether it is necessary to use a 4D
model to support his/her explanations. When necessary, a
new 4D model has to be created. However, we realized
during this test case that, in most situations, 4D models
were not needed. The superintendent and the modeler
(lead author) found it easier to use the 3D model as a
pseudo 4D model by turning 3D elements on and off as
needed since this gave more flexibility to show the status
of the project and to manipulate the model during the
huddle. 4D models were usually used for overall schedule
discussions. Moreover, usually a 4D animation (e.g., a
video file such as an AVI) worked better to deliver an
idea than using the actual 4D model which allows the
interaction with the model.

4.2 Running the huddle

The huddle usually lasted between 15 and 30 minutes.
The number of attendees was around 20 persons. The
physical set-up of the meeting was in a construction
trailer with a projector and a SMART Board. Figure 3
depicts the schematic layout of the meeting space.

It is relevant to note that in a few cases we ran huddles
with no 3D/4D models and we only projected the activi-
ties to be performed that day and, in some cases, 2D
drawings. This happened when the lead author could not
be present in the project to manage the models.



Projector Laptop SmartBoard
\ /
ko
Office 1 Virtual Huddle Office 2
Construction trailer ___/

Figure 3. Layout of the meeting space. All the drawings were in
the space where we ran the huddles so that we could use draw-
ings to show information that was not in the 3D model (e.g.,
other contractors’ work scope).

In general, 3D models were used in the huddle for three
main purposes:

- Show specific locations in the project. This was very
useful for two reasons: (1) language barriers some-
times made the understanding of specific terms diffi-
cult, and (2) many laborers do not read drawings and
do not understand when the superintendent makes ref-
erence to certain areas of the project (e.g., specific
column lines).

Explain details of design information such as the way
a wall and a column meet at a particular location or
the complicated thickened areas of a post-tensioned
slab.

Explain a construction method. Usually, in these cases
the superintendent needed to draw on top of the model
to elaborate on the explanation.

4D models were used to explain the construction schedule
to the laborers as a way to keep them engaged in the pro-
ject.

5 IMPACT OF VIRTUAL HUDDLES

5.1 Direct observation

During the test case, we observed the behavior of the
workers in the huddles and their attitude towards the VDC
methods. We summarize our observations in the follow-
ing points.

- Distance to technology: even though the workers were
enthusiastic about the technology, they were always
passive users and preferred to keep their distance.
Bypassing of middlemen: several workers asked for
information directly from the lead author (who was
managing the 3D/4D models) bypassing the foreman
and/or superintendent which would be the normal
path. This was in part because of the easy access to the
models through the modeler and part because the
modeler spoke Spanish.

- Appreciation of 3D models: all workers liked the 3D
models since they could easily get dimensions that
were usually not in the drawings from them.
Indifference towards 4D models: workers were more
indifferent regarding the 4D models. They liked the
animation of the schedule but they did not feel they
were getting information that was very useful for
them. As expected, management staff had a better
evaluation of 4D models.
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5.2 Interview

After more than 40 Virtual Huddles were run in the test
project, we conducted a short interview of the staff and
laborers in four groups: Project manager, Superintendent,
Foremen and Laborers. The purpose of this interview was
to measure the effectiveness of the huddles and the value
of 3D/4D models for the huddles as perceived by the dif-
ferent actors of the project.

We asked the interviewees to answer the questions within
a Likert scale of 5 points with 1 being the most negative
appreciation, 3 a neutral one, and 5 the most positive one.
The questions covered the following issues:

- Virtual Huddle’s impact on the normal work
Impact of 3D/4D model use on the Virtual Huddles
Accuracy of the instructions (design and construction
information) delivered in the huddle
Precision of the instructions delivered in the huddle
Usefulness of the instructions delivered in the huddle

Figure 4 summarizes the data captured in the test case for
those five questions.

Assessment of Virtual Huddles' impact

\
\
\
.

@ Laborers

B Foremen

O Superintendent
PM

Instructions'
accuracy

Insfructions’
precision

Instructions'
Usefulness

VH's impact on
normal work

Impact of 3D/4D
models on VH

Figure 4. Assessment of the Virtual Huddles’ impact. This graph
shows a very positive perception of the virtual huddles and spe-
cifically the use of 3D and 4D models. The interviewees corre-
spond to 100% of the subcontractor’s people involved in the
project (two crews of twelve and three laborers, two foremen,
one superintendent, and one project manager).

As Figure 4 shows the general evaluation of the huddles
was consistently positive for all the workers in the pro-
ject. The graph also shows a neutral evaluation of the
value of 3D/4D models for the huddles by the superinten-
dent, which he confirmed with his comment: “3D models
are good but you do not need to have them.” However,
the laborers evaluated the 3D/4D models as very benefi-
cial for the huddles. This discrepancy is explained by the
fact that the laborers benefit directly from the models by
identifying locations and better understanding the super-
intendent’s explanations while the superintendent benefits
indirectly through the laborers’ understanding which is
not easy for him to evaluate on a daily basis.

The results also show a bias of the superintendent in the
evaluation of the accuracy, precision, and usefulness of
the instructions delivered in the huddles since he was the
person that delivered the instructions. However, this bias
does not contradict the general evaluation of the other
actors who also have a positive evaluation.



6 CONCLUSIONS

- VDC engineer onsite: It is key to have someone on
site that is able to create and revise 3D/4D models.
The conditions on site are so dynamic that keeping a
VDC engineer in the main office updated with what is
happening on site would add a lot of extra work to the
field management personnel. Moreover, by the time
the VDC engineer would have updated the models the
situation would likely be different again.
Stakeholders’ involvement: To fully take advantage of
the opportunities of using VDC onsite, all the stake-
holders (e.g., general contractor, architect, engineers,
other contractors) of the project must be involved. The
dynamic conditions of the project were particularly
critical because the case study contractor was the only
one using VDC methods on the project. Therefore, in
many occasions we were waiting for answers from
others who worked without 3D/4D models.

Change of information distribution: The huddles pro-
vided an opportunity for the superintendent to talk di-
rectly to the laborers and vice versa. This type of
communication is not very typical since, as we de-
scribed before, usually the communication goes
through the foremen who act as middlemen in the
communication flow. This instance of direct commu-
nication empowered the laborers who felt they could
have direct access to the superintendent.

Labor engagement and motivation: The huddles
proved to be a very useful engagement and motivation
tool. Laborers were eager to know more about the pro-
ject even about the scope and work of other disci-
plines. This motivation gain is aligned with the theory
of motivation by job enrichment and hygiene factors
(Herzberg, 1968; Khan, 1993)

Better superintendent-labor communication: The
change in the information distribution described above
also contributed to improving the understanding of the
instructions delivered by the superintendent and re-
duced the latency on finding out about issues such as
lack of tools and materials and other information.
Multi-skilled labor: Virtual Huddles present a great
opportunity to implement a multi-skilled labor force
since it allows for task-specific training. In our test
case, plumbers and concrete crews collaborated on
each others’ tasks as both contractor companies be-
longed to the same owner. This opportunity was very
valuable since, as Burleson et al. (1998) state, a sin-
gle-skilled workforce strategy is “not necessarily re-
sponsive to construction sequence or the optimal use
of worker skills.”
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This case study shows the value of the Virtual Huddles
and some of their challenges. Currently, we are imple-
menting Virtual Huddles in several other projects and
exploring the challenges of escalating this effort company
wide. Some of the next steps we have identified are:

- Standardization of the short-term planning on site

based on a company-agreed generic WBS: the benefit
of using a generic WBS is that it defines a common
language for the planning across the different projects
of a company. It also simplifies the planning effort for
superintendents since they may select tasks from sets
of predefined options and then customize them.
Training of superintendents for the manipulation of
3D/4D models: this will increase the superintendents’
appreciation of these methods (see Figure 4) and will
allow them to run the huddles completely by them-
selves.
Definition of incentives to use this information deliv-
ery method: as any new method it requires an initial
effort and learning that has to be supported by appro-
priate incentives.

REFERENCES

Burleson, R. C., Hass, C. T., Tucker, R. L., and Stanley, A.
(1998). "Multiskilled labor utilization strategies in construc-
tion." Journal of Construction Engineering and Manage-
ment, 124(6), 480-489.

Chau, K. W., Anson, M., and Zhang, J. P. (2004). "Four-
Dimensional Visualization of Construction Scheduling and
Site Utilization." Journal of Construction Engineering and
Management, 130(4), 598-606.

Garcia, A. C. B., Kunz, J., Ekstrom, M., and Kiviniemi, A.
(2003). "Building a Project Ontology with Extreme Collabo-
ration and Virtual Design & Construction." CIFE Technical
Report #152, Stanford University.

Herzberg, F. (1968). "One more time: How do you motivate
employees?" Harvard Business Review Classic, 46(1), 53-
62.

Khan, M. S. (1993). "Methods of motivating for increased pro-
ductivity." Journal of Management in Engineering, 9(2),
148-156.

Makulsawatudom, A., Emsley, M., and Sinthawanarong, K.
(2004). "Critical Factors Influencing Construction Produc-
tivity in Thailand." The Journal of KMITNB, 14(3), 1-6.

McKinney, K., and Fischer, M. (1998). "Generating, evaluating
and visualizing construction schedules with CAD tools."
Automation in Construction, 7(6), 433-447.

Oglesby, C. H., Parker, H. W., and Howell, G. A. (1989). Pro-
ductivity Improvement in Construction, McGraw-Hill, New
York.

Rojas, E. M., and Aramvareekul, P. (2003). "Labor Productivity
Drivers and Opportunities in the Construction Industry."
Journal of Management in Engineering, 19(2), 78-82.



96




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


