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CAD systems have revolutionized the way buildings are designed. These all-digital
design environments facilitate greater creativity and collaboration among design
and building teams. Teams can quickly iterate on designs — whether it’s based on
the feedback of clients, engineers, or contractors. While the productivity gains
from CAD for designers have been remarkable, pen-and-paper-based markup and
collaboration continue, stifling the promise of high-speed, all-digital collaboration.

Architecture, Engineering and Construction (AEC) drawings often contain huge
amounts of information which are best viewed in large formats. Even the largest
of computer displays typically only provide a small window view of these large
documents. As a result, teams usually still print or plot drawings onto paper both
to work with them individually and in sets of multiple drawings.

While software has made it easier to keep more of the design process digital, the
convenience and productivity of reviewing and marking up paper-based designs
have prevented the dream of all digital design and review. The drawbacks of pen
and paper, however, are familiar. Mark-ups often languish in the field, wait to be
scanned and faxed, or remain stacked on desks before the master designs are
updated. Once paper-based mark-ups make it to the work station, a highly trained
CAD professional often has to spend time interpreting the mark-ups and doing
data entry. The process is time consuming, expensive and error prone — resulting
in slower design iterations and decisions based on incomplete design data.

Adapx is transforming the way that teams review designs and collaborate with
Capturx for Autodesk Design Review. Only Capturx enables teams to print design
drawings and mark them up with digital pens, which digitize and integrate the
annotations into markup layers in Autodesk Design Review digital files.
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This white paper will explain how Capturx can improve the collaboration and
workflow among architects, engineers, and construction teams reviewing designs
with Autodesk Design Review by keeping it all digital.

Capturx for Autodesk Design Review: How it Works

Capturx enables standard DWF files from AutoCAD and Revit to be printed in a way
that allows the designs to be recognized by a digital pen. When markups are written
with the pen, the pen’s sensor captures the strokes and converts them into digital
markup. This data is stored on the pen for direct addition of the markup objects into
the original DWF files as layers for red-lining or editing.

The DWF files can be printed on ordinary paper using common four-color postscript
laser printers and high resolution plotters. During the printing process, the paper
becomes digitally enabled by the printing of a faint background pattern of nearly
imperceptible dots. The pattern is comprised of a tiny grid, with dots offset from the

\_\jl intersecting grid lines to form unique encoded patterns for each print out. Capturx
spatially maps the data on the original DWF file to the unique printed pattern of dots
associated with that file.

In addition to an ink cartridge, the digital pen also has for a sensor which is activated
s when the pen writes. The sensor reads the unique encoding of dots, identifies the
: precise page, and pinpoints the position of the writing on that page within 0.2mm. As
the pen moves across the page, it stores both the digital strokes and the X-Y locations
of the pen tip as it writes on the print out. The pen is actually a sophisticated and
durable computer which includes a StrongArm processor, 64 KB of memory, and a
rechargeable lithium-ion battery capable of up to 10-days of use before re-charging.
The data is then uploaded to a computer running Capturx software using a USB
docking station. Capturx uses the stored coordinates to reproduce the writing or
sketches in the original DWF file as markup.

Capturx enables simple mark-up on DWF files using the digital pen— including notes
and sketches. Capturx also allows printing of markup palettes, which enable reviewers
to quickly classify their markups on the paper. They can add text, link to attached notes
or sketches drawn on the spot. Predefined stamps also make it easy to use quick pen
markups to display “not to scale” or “approved” or “final” and other familiar stamps to
designs in DWF files.

Capturx extends much of the depth of Autodesk Design Review to printed paper
designs, enabling natural pen-based markups while still keep it all digital and integrated
with the source DWF files. By using DWF files, Capturx enables architects to use
designs published directly as DWF files from within Revit, Autodesk® Architectural
Desktop, Autodesk® Building Systems, or AutoCAD software products.
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This unique functionality enables a range of review scenarios across teams of
architects, engineers, contractors, inspectors, and facility managers.

Design Collaboration

R In the initial design stages, Capturx for Autodesk Design Review can help speed up

: X 4 the design and design review process stages. Capturx enables architects to make

e % large-format prints which they can review with internal teams, engineering teams,

g or clients. Prints can be spread across tables with each person given a pen for

/ markup. Alternatively, architects can simply use the pen themselves to draw
& markups on prints during team or client collaboration for easy communication of
o _ ideas and options. Capturx also supports free hand sketches which can be drawn
ko~ PAPERCOPY  on designs or in a separate notebook. Since the markup data is integrated into
y' DWEF files through Capturx, teams can get immediate access to the updated digital

\ designs.

&c‘%ﬂ Design collaboration becomes especially complex during submittals, when
contractors and subcontractors submit shop drawings to the design team to verify
the details for the fabrication and installation of key building components such as
windows, cabinets, elevators, appliances, and more. During this process, Capturx
facilitates markup on those submittals and supports quick sharing with
contractors to identify potential problems and to track the status of design
changes.

Once the high-level designs are finalized, Capturx enables easy collaboration with
engineering teams in remote offices or the field. Many engineering teams use
Autodesk Design Review to share designs and collaborate with project teams. In
the same way that teams collaborate and share DWF files, teams can now also
digitally share their pen-and-paper-based markups through those same files.
Those pen-based mark-ups can be used for clarifications, comments, or to request
design changes. Mark-ups using Capturx are integrated into the redline layer, so
that teams can review, accept, and edit changes just as they do with Autodesk
Design Review. For work station users, Capturx works just like Autodesk Design
Review, so experienced users can start using it without any complex training. For
paper markups, no Autodesk Design Review experience is required. Individuals
can simply markup the paper and then share the markups and DFW files across
teams.

In addition to supporting collaboration among teams within an office or in remote
offices, Capturx is especially useful for field engineers who are on site with printed
plans reviewing designs and construction. Field engineers can quickly markup
designs with comments, questions, or notes and send those DWF files back to
design teams without leaving the field. This means less time waiting for paper
markups to be sent, entered into CAD, and reviewed. Field teams don’t have to
scan markups or send paper. Design teams get faster feedback from engineers,
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consultants and contractors, which enables faster internal and external design
review.

Return on Investment: Field Engineering Time

An Adapx customer’s engineering team has estimated that Capturx could offer a 6
month payback simply in engineering time saving.

e 6 CAD engineers in office, each responsible for 10 field engineers

e 60 field engineers, generating 3-20 redline markups sheets per day

e Each CAD engineer can process about 8 redline markups per day

e Each CAD engineer has a large backlog of redline markups for data entry, put
on hold waiting behind CAD design entry

Assume Capturx conservatively saves 50% of CAD engineer’s time

Loaded salary savings per CAD engineer ~ $S30K

Total for 6 CAD engineers ~ $180K savings.

Capturx cost for 60 Field engineers ~ $96K

e Payback in ~6 months.

Construction Collaboration

Capturx is also used by contractors during the construction phase, in much the
same way that construction and field teams work with printed designs today.
Teams with printed plans on job sites can quickly identify construction issues that
require collaboration with subcontractors, engineering, architects or clients for
quick resolution. Questions, comments and proposals can be written directly on
print outs using Capturx. Instead of scanning, faxing or sending drawings by
courier — updated DWF files can be sent immediately to all the key stakeholders
for resolution. By working directly with DWF files, change orders can be
automatically tracked within Autodesk Design Review. As important, this faster
collaboration with Capturx can help reduce the numbers of change orders. Always
up-to-date designs ensure that teams are building from the right plans and
iterations. This minimizes mistakes and rework — while keeping projects on time.

Avoiding Change Orders: Capturx cost per-user is similar to 1-2 change orders
e Change orders represent as much as 30% or more of construction costs

e Improving the accuracy of printed designs minimizes change orders

e Even single basic change order cost $1,000 -$2,000

Easier Inspections

Capturx takes the design review capabilities of Autodesk Design Review even
further for inspections — whether they are internal inspections or those of
permitting authorities, clients, other stakeholders. Inspectors invariably work with
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“Most, if not all construction paper drawings, taking them around sites to match construction and conditions
contracts require contractor with the actual designs. Inspectors also markup drawings and take copious notes

produced as-built drawings in separate notebooks for follow-up reporting.

Most, if not all projects I've In the case of internal inspections, teams are particularly motivated to surface and

been associated with have fix issues quickly. With Capturx, internal inspectors can mark up plans with the
problems with timely and digital pen, to call out and share potential issues immediately with design and
construction teams. Time can be a critical factor in enabling issues to be quickly
addressed before final inspections.

accurate submittal of as-
built drawings.”

For extensive note taking, inspectors can use Capturx with a “Rite in the Rain”®
notebook, which digitizes handwritten notes and integrates them with Microsoft®
Office OneNote. Those notes can also be cross referenced with the markups in
Capturx for Autodesk Design Review. When the markups are integrated with the
DWEF file, the notes or sketches can hyperlink directly to corresponding notes in
Microsoft Office OneNote.

Larry J. Smith, P.E., F.ASCE and
Chief, Construction Branch, USAED

Easier As-Builts and Punch Lists

As-builts often seem like an afterthought in many construction projects. Larry J.
Smith, P.E., F.ASCE and Chief, Construction Branch, USAED, put it best when he
wrote:

Most, if not all construction contracts require contractor produced
as-built drawings. Most, if not all projects I've been associated with
have problems with timely and accurate submittal of as-built
drawings.

Change is given in any construction project. Change is also cumbersome to track.
Most contractors are responsible for generating a final set of as-built drawings for
clients. They are an important part of the process, leaving a record of what was
actually built and accounting for all the inevitable changes in design.

The dynamics of as-builts work against them getting done. Contractors need to be
on site with plans — verifying the construction against design while also noting
changes in how the designs were implemented or changed during construction. It
involves walking around with charts at the end of a project’s life, taking detailed
notes, and then getting those notes into design software. At the end of a project,
teams are eager to finish remaining punch list items and move onto other
projects. It becomes even more challenging with multiple subcontractors where
the roles and responsibilities may be unclear, and the prime contractor (or client)
is left with incomplete as-builts.
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Capturx, contractors can easily and quickly review construction for as-builts using
pen mark-ups on large format design printouts. Since the data is captured digitally
and integrated into Autodesk Design Review, it’s easy for those markups

to be integrated into the final designs. It’s also a great tool for prime contractors
to provide to subcontractors so that subcontractors can complete their contract
requirements quickly before moving onto other jobs. Teams can also create long
digital punch lists during the final review process using a digital field notebook.
Those lists can be integrated into Microsoft Office for easy editing, tracking and
sharing. The punch lists can also be linked to specific drawings and as-built
markups to maintain the right context.

Valuable Tool for clients and facilities managers

AutGdESk When buildings get turned over to owners, so do the designs. As one would

Autharized Developer expect, the as-built designs are important for any future changes or modifications
to buildings. Autodesk Design Review is a great tool for clients and facilities
managers, enabling easy accessing and sharing of those plans. Many facilities
teams also use the designs to help with facilities planning, maintenance, and
regular servicing. In many cases, teams print designs and mark them up for floor
plan resets, inspections, and maintenance checks. Capturx makes it easy for these
teams to write directly on designs and have the notes and markups combined into
master plans.

In one example, a cruise ship operator uses Capturx with deck print outs as part of
their inspection and servicing process in the short time between cruises. Time is
precious in the cruise business, so they need quick turnaround and servicing of
ships between voyages. It's also a hospitality business, so customers have high
expectations and can be easily disappointed. The team uses Capturx to inspect
each room for damage or needed repairs. Inspectors write the notes and share
them digitally with the maintenance team. The maintenance team collates all the
inspection reports and plans the most efficient way to allocate the workforce to
address the issues. This scenario is similar to traditional building leasing teams.
Inspectors can use Capturx to quickly review and report on building conditions
before and after changes in tenants.

Retail facilities managers also can use Capturx for Autodesk Design Review to
streamline operations and speed decisions. A retail giant uses Capturx with a
variety of store teams for helping with merchandising resets, refurbishing stores,
and in the design of new stores. The operational teams use the designs in the
field, in the planning, implementation, and inspection phases to track and report
on store and merchandising execution.
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For More Conclusion

Information

For more information about Autodesk Design Review does a great job in helping architects, engineers, and
Adapx’ Capturx products, call the contractors review and manage design changes, even for individuals who don’t
Adapx Sales Information line at use CAD. Teams can gain great efficiencies from keeping all the design data digital
877-232-7903. To access throughout the design and review processes. Keeping it digital enables teams to
information using the World Wide collaborate more quickly, without waiting for paper, data interpretation, and data
Web, go to: www.adapx.com. re-entry into design software. Faster and more complete design iterations often
or mean fewer design iterations, less overhead, and fewer unnecessary change

orders.

In many situations, pen-and-paper-based markups are inevitable. These situations
range from architects engaged in design quality control, field engineers reviewing
designs and construction on site to contractors preparing as-builts. The
convenience offered by paper with its large format and portability can’t easily be
matched by mobile computers. Fortunately, there are tools, such as Capturx for
Autodesk Design Review, which enable pen-and-paper markups of designs and
direct data integration into Autodesk DWF files. Those DWF files also provide
access in AutoCAD, Revit, and other leading design tools from Autodesk, enabling
Capturx to improve collaboration across a range of design scenarios.
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Capturx and Adapx are registered trademarks or trademarks of Adapx, Inc., in the USA
and/or other countries. All other brand names, product names, or trademarks belong to
their respective holders. Adapx reserves the right to alter product offerings and
specifications at any time without notice, and is not responsible for typographical or
graphical errors that may appear in this document.
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