VIRTUAL REALITY
FOR PROFESSIONALS

FUJITSU CELSIUS workstations and NVIDIA Quadro GPUs are bringing
products and buildings to life through Virtual Reality
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VR FOR DESIGN
AND BEYOND
With new Head Mounted Displays (HMDs), powerful 3D graphics and
exciting developments in professional Virtual Reality software, VR is
primed to explode in all areas of design, manufacturing & construction.

V

irtual Reality as an aid to design,
engineering, architecture and
manufacturing has been around
for decades. But it is only now that this
exciting technology is set to explode.
2016 will go down as the year when
everything changed. VR not only became
more powerful, but the technology became
affordable. It is no longer the preserve of
large automotive and aerospace firms.
Even small architectural practices can now
get on board.
Head Mounted Displays (HMDs) like the
Oculus Rift and HTC Vive may be driving
this new VR revolution, but there have
also been huge advances in 3D graphics
technology and growing momentum for
professional VR software.

A PHYSICAL PRESENCE

Until you put on a VR headset for the
first time, and fully immerse yourself in

your 3D design, it is hard to imagine just
how powerful VR can be.
VR can give an powerful sense of being
physically connected to your virtual
design. It can evoke a visceral response
that simply cannot be matched by viewing
a 3D CAD model or realistic rendering or
animation on a 2D screen.
COUNTLESS OPPORTUNITIES

The applications for professional VR
span many sectors, from automotive,
aerospace and manufacturing, to
building design and construction.
Architects can explore building designs
before they are built. Designers can
interrogate detailed engineering models
before committing to costly physical
prototypes. VR can also have a huge
influence on collaborative design review,
or act as an incredible communication
tool for clients or customers.

Autodesk LIVE: from
Revit to an interactive VR
environment in ‘two clicks’

WHAT IS A HEAD MOUNTED DISPLAY (HMD)?
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A

head-mounted display (HMD) is a Virtual
Reality headset that is designed to give a
fully immersive VR experience. The wearer
gets a real sense of presence – of being inside the
virtual world – and can feel cut off from reality.
With an HMD, each eye sees its own display
optic, which shows a slightly offset view of the
same computer generated 3D CAD model. This
‘stereoscopic’ effect fools your brain into thinking
it is seeing ‘life-sized’ objects, with an incredible
sense of scale and depth.
Virtual designs can be viewed from any angle,
simply by moving your head or eyes. There is no
discernible lag. All movements are tracked by the
HMD and as soon as you change position, the
view of the virtual world updates ‘instantly’.
Entry-level HMDs use a smartphone to process
the views, but the more advanced HMDs — those
suitable for professional applications — rely on a
powerful workstation with professional Graphics
Processing Units (GPUs).

‘‘

VR can evoke a visceral
response that simply
cannot be matched by
viewing a 3D CAD model
or realistic rendering or
animation on a 2D screen

’’
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OCULUS RIFT AND HTC VIVE

T

he Oculus Rift and HTC Vive
are the standout devices from
a new generation of affordable
HMDs. These VR headsets may be
primarily focused on the consumer
sector, but the VR experience can
be so good that they are currently
turning
heads at

architecture, design and engineering
firms of all sizes.
Both headsets need to be
attached to a powerful workstation
with an ultra-high-end GPU to
render the 2,160 x 1,200 resolution
displays (1,080 x 1,200 per eye). A
very high refresh rate of 90 frames
per second is required for a realistic
experience and to help eliminate any
feeling of nausea or motion sickness
experienced by some VR users.
The accuracy with which both
devices track the position of the
user’s head is critical for a good VR
experience.

HTC Vive controllers

Both the Rift and Vive offer rotational
and positional head tracking —
which means they are fully tracked
as the wearer rotates his or her
head through 360 degrees or moves
through space. This means the
user can peer around a
building column or get right
up close to a complex
engine assembly.
When the Oculus
Rift first launched it
was generally used
when sitting down.
However, both the
Oculus Rift and
HTC Vive now offer
the flexibility of a
standing, ‘room scale’
experience. This means
the user can literally
walk through a building
or around a car.
Users typically interact with the
virtual world using a pair of VR wands

(one for each hand). These can then
be used to move, point at or mark up
virtual objects or teleport around the
virtual world.

Oculus Rift headset
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ARCHITECTURE, ENGINEERING,
AND CONSTRUCTION (AEC)
Virtual Reality allows architects, engineers, contractors and clients to ‘live’ inside a building before it is built.
The feeling of presence, scale and connection simply cannot be matched by traditional design viz mediums.

T

he possibilities for VR in Architecture,
Engineering and Construction (AEC)
are countless – from bringing clarity to
design review and solving construction and
serviceability issues to revolutionising client
communication and producing enthralling
sales and marketing experiences.
The single most compelling reason for
using VR in the AEC sector is the sense of
presence, proportion and scale that you
get from wearing an HMD. It can make
you feel that the virtual building is truly
real. The physical connection can be so

strong that some users experience vertigo
in potentially perilous situations.
This connection can be a hugely
powerful asset. VR for design review can
reveal issues that simply would not have
been spotted with 2D drawings or 3D
models. Architects can be encouraged to
try out new ideas and get timely feedback
on what does and does not work. Clients
are able to understand exactly how a
proposed building might function.
Taking a 3D BIM model into a VR
environment has traditionally been a highly

Nvidia CEO Jen-Hsun Huang
demonstrates Nvidia Iray VR
with an HTC Vive

Point cloud of Nvidia’s new
Silicon Valley HQ used to track
construction progress in VR

skilled process. Specialist VR agencies earn
their keep through their knowledge of VR
game engines (such as Unity or Epic Game’s
Unreal), HMDs and geometry optimisation.
Scenes can be customised so clients can
explore different design options, materials
and lighting without leaving the VR world.
But for VR to go mainstream in the AEC
sector, it has to be quick and easy for
non-expert users to move between BIM
and VR. The good news is, the seeds have
already been sown to make this a reality.
Autodesk LIVE is a new cloud-based service
that is designed to take your BIM model
from Revit to an interactive VR environment
in two clicks. Desktop software tools
Enscape and IrisVR Prospect offer a similar
push button approach through Revit plugins. IrisVR Prospect also supports other 3D
applications, including SketchUp and Rhino
(through Grasshopper). Mindesk also has a
push button workflow from Rhino to VR.
Nvidia Iray VR, on the other hand,
requires a lot of processing time, but
brings very high-quality, physically-based
rendering to the world of VR, which is
great for polished presentations.
Navigating around a building in VR can
be done in a number of ways. For a sitting
experience with the Oculus Rift, use a game
controller or keyboard. For a standing
experience with the HTC Vive walk around
a room, then teleport longer distances by
pointing and clicking the VR wand.
Users don’t have to keep their feet on the
ground. For Nvidia’s new Silicon Valley
HQ, for example, site managers can track
construction progress by flying around
point clouds that have been scanned
periodically by automated drones.
VR interaction can go beyond a simple
viewing experience. Users can access
head-up display toolboxes to measure
and mark up models. Co-presence allows
multiple users to exist in the same VR
environment. Participants don’t have to
be in the same physical location. A New
York-based architect, for example, could
collaborate on the same virtual building
with a London-based engineer and
Munich-based cladding contractor.
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PRODUCT DEVELOPMENT
AND MANUFACTURING
IMAGE COURTESY OF AUTODESK

VR can promote a holistic development process, where design, engineering, manufacturing, operations and
maintenance can all be optimised, long before committing to costly physical prototypes or production tooling
Quality control on a detailed
engineering model through
Autodesk VRED

W

hile the automotive, aerospace
and heavy machinery sectors
continue to drive adoption
of Virtual Reality in design and
manufacturing, the combination of low cost
HMDs and powerful GPUs means VR is
now expanding into many different areas.
VR is being deployed at all stages of
product development, from 3D conceptual
design and virtual prototyping to factory
planning and interactive marketing.
It allows products to be experienced at
human scale before they are built, often in
context of where they will be used. This
can encourage designers to explore bold
new ideas and give them the confidence to
make the right decisions early on.
With VR, functional and ergonomic
aspects of products can be validated.
Realistic mock-ups can include motion
simulation so users get a physical

behavioural experience as well as a fully
immersive and realistic visual experience.
Parts can be ‘virtually’ assembled and
disassembled with for serviceability checks
or training. Manufacturing processes can
be simulated to make the production line
safer and more efficient.
VR can promote a holistic development
process, where design, engineering,
manufacturing, production, maintenance,
overhaul and repair can all be optimised,
long before committing to costly physical
prototypes or production facilities. This
can significantly reduce change orders,
time to market and in-the-field operations.
Smoothing the path between CAD
and VR is essential for adoption to go
mainstream. Powerful professional VR
tools such as moreViz, TechViz XL, ESI
Group IC.IDO, Virtalis Visionary Render
and WorldViz Vizard offer CAD to VR

RESEARCH: FRAUNHOFER INSTITUTE

G

LASSROOM is a Fraunhofer
Institute project designed to
explore the potential of virtual
reality and augmented reality for
vocational education and training in
machine and plant construction.
The project, which is taking place
at the University of Osnabrück

in Germany, will aim to address a
number of challenges including
product complexity, error correction
costs and short innovation cycles.
GLASSROOM focuses on SMEs by
exploring the application of low-cost
consumer VR / AR headsets and
FUJITSU CELSIUS workstations.

workflows for traditional high-end CAD
tools such as Siemens NX and Dassault
Systèmes CATIA. HTC is working directly
with Dassault Systèmes to drive VR into
the enterprise space. Siemens PLM and
PTC have similar aspirations.
Autodesk is delivering advanced
VR capabilities through its product
visualisation and virtual prototyping
tool, Autodesk VRED, which can import
many of the leading CAD file formats.
The software places a big emphasis on
collaboration, with designers, engineers and
other stakeholders all able to participate
in interactive design review sessions, even
from different geographic locations.
Virtalis is bringing its high-end VR
knowledge to the mainstream with its new
VR4CAD tool which is designed to help
firms easily connect design data sets with VR.
Custom CAD to VR workflows also exist
for mainstream CAD applications. Data
from Autodesk Inventor and Dassault
Systèmes SOLIDWORKS, for example, can
be brought into the Unity or Unreal Engine
game engines via neutral file formats such
as OBJ. Mindesk also has a push button
workflow from Rhino to VR and the promise
of more CAD software support soon.
While VR is not currently suitable for
detailed 3D modelling, software like
Dassault Systèmes Dream Sketcher is
demonstrating how VR can be applied to
1:1 scale conceptual 3D sketching. At the
other end of the product lifecycle, Zerolight
develops virtual car showrooms for leading
car manufacturers such as Audi and Pagani,
where customers can interact with and
configure cars instantly, in incredible detail.

The project i
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WORKSTATIONS FOR VR
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V

irtual Reality is extremely
computationally intensive, as every
frame must be rendered in real time.
As a result, it is essential to match your
HMD with professional VR-optimised
workstation hardware.
In order for the workstation to react
‘instantly’ to any head movement, it must
deliver a constant 90 frames per second
(FPS). This is almost four times as much
as the accepted minimum 24 FPS for 3D
CAD work on a 2D display.
If the workstation is not able to maintain
this high frame rate, the VR experience
can be compromised. Users can become
disorientated, as what they are seeing on
the HMD is not completely in sync with
their head movement in the real world.
Worst of all, this can lead to feelings of
nausea or motion sickness.
The responsibility of delivering this
extremely high refresh rate lies with the
Graphics Processing Unit (GPU). VR
needs an extremely powerful GPU —
much more powerful than one typically
used for 3D CAD.
VR not only pushes the computational
limits of GPU hardware, but can place
huge demands on GPU memory size
and memory bandwidth. Complex 3D
geometry and textures need to load into
GPU memory quickly and then stay there
so they can be accessed quickly.

To help professionals choose workstation
hardware for the best VR experience,
GPU manufacturer NVIDIA has launched
the NVIDIA VR Ready program. Any
workstation that bears the ‘NVIDIA
VR Ready’ badge is deemed to satisfy
or surpass the minimum recommended
hardware specifications.
This includes one or two NVIDIA
Quadro P5000 or P6000 series GPUs (see
below), an Intel Core i5-490 / Intel Xeon
E3-1240 v3 or greater CPU, 8GB+ RAM
and an HTC Vive or Oculus Rift HMD.
If the workstation is to be used for
VR content creation (in addition to VR

consumption) as well as for other design viz
workflows, then you may need to consider a
workstation with even more power.
Multiple GPUs can be used to accelerate
physically based renderers such as Nvidia
Iray (found in SOLIDWORKS Visualize
and Siemens NX) or Chaos Group V-Ray
RT for Autodesk Revit, 3ds Max and others.
Nvidia Iray VR, which brings the
accuracy of physically-based rendering
to interactive VR, also relies on multiple
GPUs to render the light fields.
CPUs with more cores can also be used
for physically-based rendering and preprocessing of VR data.

NVIDIA QUADRO GPUs FOR OPTIMISED VR

N

vidia’s ultra high-end
Quadro GPUs are
designed specifically
for demanding VR workflows.
The Quadro P6000 and
Quadro P5000 are the latest
GPUs to get Nvidia’s ‘VR
Ready’ seal of approval.
According to Nvidia, the
Nvidia Quadro P6000 delivers
up to 80% more performance
than the previous generation
Quadro M6000, based
on an internal Nvidia VR
benchmark.
The dual height, 250W
GPU also features 24GB of

GDDR5 memory, which is an
important consideration for
professional VR. Complex
engineering geometry and
detailed textures can take up
a lot of GPU memory. Indeed,
Nvidia has shown how some
VR workflows are already
pushing the limits of GPU
memory by filling all 24GB with
a fully detailed Nissan Maxima
automotive model. Memory
can be a big differentiator over
consumer focused GPUs.
For the most demanding VR
workflows, it is also possible
to use multiple GPUs together,

either by assigning each GPU
to a specific eye or rendering
different parts of the display.
The technology that supports
this mode of operation is called
Scalable Link Interface (SLI).
ESI Group, for example,
recommends a workstation
with two ultra high end Nvidia
Quadro GPUs when
running its IC.IDO
software on an
HTC Vive.
Autodesk
also supports
NVIDIA
VR SLI for

Autodesk VRED and has
found that the performance
improvement of two Nvidia
GPUs over one can range from
40% to 100%.

NVIDIA Quadro
P6000 GPU
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VR READY FUJITSU DESKTOP WORKSTATIONS

Head Mounted Display (HMD)

Professional
Graphics

Intel
Processors

NVIDIA Quadro® M5000,
M6000 (12GB and 24GB),
P5000, P6000

Intel® Core i5-4690 /
Intel® Xeon® E3-1240 v3
or greater

HTC Vive or Oculus Rift

HTC Vive or
Oculus Rift

HTC Vive or Oculus Rift

FUJITSU CELSIUS M740

FUJITSU CELSIUS R940

Processor

Intel® Xeon® E5-1600 v4 or
Intel® Xeon® E5-2600 v4

Intel® Xeon® E5-2600 v4
(up to 2x22 cores or 3.70 GHz)

Graphics

Up to 2x Nvidia Quadro P6000

Up to 2x Nvidia Quadro P6000 or
Up to 3x Nvidia Quadro P5000

Power Supply

Up to 1,000W

Up to 1,300W

Comprehensive ISV certifications help
ensure professional 3D CAD and BIM
applications run smoothly.
Fujitsu offers two NVIDIA ‘VR Ready’
workstations: the single processor
FUJITSU CELSIUS M740 and the dual
processor FUJITSU CELSIUS R940.
For a smooth VR experience, both
machines can be configured with one or
two ultra high-end ‘Pascal’ Nvidia Quadro
P5000 and P6000 GPUs.
In terms of CPUs, the FUJITSU CELSIUS
M740 features a wide choice, including a

number of Intel Xeon E5-1600 v4 Series
models that have the high frequencies that
3D CAD and VR software demands.
The FUJITSU CELSIUS R940 can be
configured with two Intel Xeon E5-2600
v4 Series CPUs, which gives designers
and architects access to more CPU cores
for taxing multi-threaded processes such
as ray trace rendering. The CELSIUS
R940 can also be configured with a third
Nvidia Quadro GPU which can be used to
further accelerate applications that feature
NVIDIA Iray GPU rendering.

Single processor

W

ith professional grade NVIDIA
Quadro GPUs and Intel Xeon
CPUs, FUJITSU CELSIUS
workstations are optimised to deliver a
realistic and comfortable VR experience.
Engineered and built in Germany,
FUJITSU CELSIUS workstations have
gained a reputation for being reliable
and whisper quiet, thanks to advanced
thermal management. A screwless
access system also makes them highly
serviceable, which helps minimise
downtime when upgrading components.

THE FUTURE OF VR

W

Head
Mounted
Displays

ith Virtual Reality we are
only starting to see what is
possible with this exciting
technology.
In the coming years, the display
resolution of HMDs will increase,
leading to even more realistic visual
experiences. However, reaching
retinal resolution, where the eye can
no longer discern pixels, is still some
way off. NVIDIA says you would need
an HMD capable of displaying 78m
pixels per eye, around 60 times that
of current HMDs.

In order to render at such high
resolutions and maintain frame rates
there will need to be huge advances
in graphics processing. While Nvidia
continues to push the boundaries
of raw 3D performance, it is also
exploring ways to reduce the load
placed on the GPU.
Simultaneous Multi-Projection
(SMP) technology, for example, allows
the new Pascal-based Quadro P5000
and P6000 to render two viewpoints
(one for each eye) much more
efficiently than before.

Dual processor

NVIDIA is also exploring new foveated
rendering technologies that track the
exact position of the eye, so the GPU
only needs to sharply render what you
are looking at and not what appears in
your peripheral vision. By leaving some
parts of the scene blurred much less
processing is required.
Beyond HMD displays, next
generation VR technologies are
changing the way users interact with
the virtual world. Leap Motion, for
example, tracks the movement of
hands and fingers, allowing interaction
through gestures, rather keyboard,
mouse or standard VR wands.
There is also growing interest in
Haptics, which provide tactile feedback

from virtual interactions. Instead of
feeling thin air when reaching for a
virtual object, users get the sensation
of touching something solid. This
is done through gloves or handheld
devices that mimic the forces one
might experience in the real world.
Motion sensors, such as the
Microsoft Kinect, are being used to
bring people into the virtual world,
displaying them as anatomically
correct avatars or fluid point clouds.
Seeing bodies move through the
virtual world not only helps increase
one’s feeling of immersion but
using gesticulations as a means of
communication can significantly aid
collaborative design review.

Technology for the product lifecycle
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The digital and print magazine tracks the use of product development
technology from concept all the way to manufacture. Topics range
from 3D CAD/CAM/CAE software and workstation technology to 3D
printing, reverse engineering and design visualisation.
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BIM technology for Architecture, Engineering & Construction
The digital and print magazine tracks the use of Building
Information Modelling technology from concept through to
operation. Supporting technologies include design visualisation,
workstations, 3D laser scanning, 3D printing, and more.
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