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We describe a scalable multi layered projection room for immersive experiences
of virtual architecture that combines visual, acoustic, olfactoric, climatic and
haptic effects in a comprehensive test environment. The paper starts by
summarizing main historic installations, which aimed to improve sensual
experiences in addition to exclusively visual presentations. It continues with
introducing practical tests and evaluations to identify possible ways to integrate
other human senses into virtual spaces. The project group therefor set up a
flexible test room in the scale of 1:5 in which physical effects like heat, odour,
acoustic,air movement correspond to a visual representation of an architectural
example. The article reports then tests about settings and first evaluation of this
ongoing project and closes with a listing of further steps concerning a possible
enlargement of the installation into 1:1 scale.
Keywords: Virtual Reality, Immersion, Interaction, Immagination, Sensory
Perception
Figure 1
Immersive
presentation

VIRTUAL REALITIES
Plato´s cave allegory published in his book ´Politeia´
is one of the ﬁrst descriptions of a virtual reality. The
origin of the term ´Virtual Reality´ is not clearly detectable. Jaron Lanier concentrates diﬀerent areas of
research about simulated realities to the term ´Virtual Realities´ in 1989 (Sherman 1993). On the other
hand the author Damien Broderick mentioned the
term in his novel ´the Judas Mandala´ in 1982. Virtual
Realities are simulated, computer generated illusory
worlds. Human senses should be stimulated this way
in order that the projected environment appears as
close as possible to a real scenario and makes visitors
feel integrated in the virtual world. Three elements
of virtual reality are of central signiﬁcance in this context: immersion, interaction and imagination. (Fig. 1,
Fig. 2)
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Previous developments of immersive virtual realities

Beyond visual and acoustic channels
The simulation of virtual environments has been traditionally focused on visual elements, and still is in
contemporary architecture representation. As this
sense is playing the major role in human interaction
with reality, it is in many cases suﬃcient to concentrate on this, but for several reasons it seems to be
worth thinking about extending presentations of virtual objects or architecture to other sensual channels.
• The integration of acoustic, haptic, olfactory,
orgustatory impulses can clearly enrich information transportation rate in general.
• It can be used to oﬀer architects new and
unexpected tools to communicate especially
artistic aspects to public spectators
• Visual impaired persons can participate in
public discussions in architecture and society
related topics of the build environment
• Scientiﬁc and technological progress of the
last years makes it now aﬀordable and eﬀective to rethink existing installations of previous immersive virtual realties
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Aroma cinema. The use of olfactory stimuli to support optical presentations began at the beginning of
the 20th century. In 1906 Samuel Rothafel soaked
cotton in rose essence and hung it before electric
fans. He tried to enhance the experience of the ﬁlm
the ´Pasadena-Rose-Bowl-Games´ through odors. Albert E. Fowler poured a bottle of lilac perfume into
the ventilation system of his cinema to accompany
the ﬁlm ´lilac time´ with odors. The Smell-o-vision
system was developed by Hans Laube. Thirty different smells ﬂew out of the cinema seats during
the ﬁlm. This system, however, was only used in
one movie, the ´Scent of Mystery´, produced by Mike
Todd, Jr., son of ﬁlm producer Mike Todd. Trying
to support a movie with olfactory stimuli was satirized by the ﬁlm 'Polyester' (1982). The visitors got
a ´scratch card´ - like a perfume sample with the cinema ticket. When showing one of the numbers in the
movie the visitor had to scratch oﬀ these ﬁelds and
smell the card. (Fig. 3)

Figure 2
The three
characteristics of
Virtual Reality
(Burdea and Coiﬀet,
1994, p.6)

Figure 3
Scratch and sniﬀ
card

This system was used the last time in 2010 in the ﬁlm
´Spy Kids: All the Time in the World´ by Robert Rodriquez. The system was called 4D Aroma-Scope.
Modern, previously unrealizeddevelpoments like
the SMELLIT. Publications such as the design studies by the Portuguese designer Nuno Teixeira were
laughed at by the press. The SMELLIT should be
stocked with 118 odor cartridges that respond to
´odor information´ on the DVD. This system died in
the development phase. (Fig. 4)

Figure 4
The SMELLIT

Television Apparatus for individual use US Patent
US 2955156. In 1960 Morton Heilig signed a ´Television Apparatus for individual use´ for a patent [1]. The
apparatus should serve an immersive, stereoscopic
virtual experience to the spectator. In 1960 the components of the apparatus were technically not yet
been developed. Nevertheless, the patent was a ´theoretically´ really sophisticated pair of VR-3D glasses.
(Fig. 5)
Figure 5
Television
Apparatus for
individual use US
Patent US 2955156

The components of the apparatus are: two miniature TV sets, a stereo headphone, air intakes with adjustable ﬂow rate, temperature and odors, a vertical
and horizontal viewing angle of 140°, multiple opportunities to adjust the glasses to diﬀerent headshapes,
ear positions, eye geometry and a metropia. Until
this day this patent is the basis for a large number of
patent extensions for 3D glasses. But the apparatus
was only a transmitter not a device for a ´feedback´
by the user, such as location, movement or interaction were implemented. The patented parts like ´olfactoric transmission´ cannot be realized until today.
The Sensorama. "Thus, individually and collectively,
by thoroughly applying the methodology of art, the
cinema of the future will become the ﬁrst art form to
reveal the new scientiﬁc world to man in the full sensual vividness and dynamic vitality of his consciousness." (Fig. 6)
The Sensorama is the ﬁrst known machine that is
trying to show immersive multi-sensory impressions
to the user. Morton Heilig developed the vision for
the unit in 1950 and protected it by U.S. Patent #
3,050,870 [2]. The Sensorama was called ´Theatre Experience´ and ´The Cinema of the future´ by Heilig.
In 1962 he built the prototype of his vision and produced short ﬁlms for the Sensorama. The Sensorama
could show stereoscopic images, panoramic images,
stereo sound, color images, the issue of wind, issue of
odors, vibrations (driving impressions). Due to ﬁnancial diﬃculties Heilig had to stop the work on his vision. Howard Rheinhold describes in his book ´Virtual
Reality´ (1992) a test of the Sensorama. He tests the
Sensorama with ashort ﬁlm about a 1950 recorded
motorcycle ride through Brooklyn. He describes his
test as, ".... quite impressive by what it could do more
than 40 years later".
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Head mounted Display. In 1968, Ivan Sutherland
described and developed a headmounted display.
Although the computer technology had not the technical level to show any graphical information on computer monitors. Sutherland described a scenario
were engineers are able to build virtual spaces that
would convince the senses. However, his display was
so heavy, it was carried on an arm that was mounted
to the ceiling (Sutherland 1968). (Fig. 7)
"The ultimate display would, of course, be a room
within the computer can control the existence of
matter. A chair displayed in this room would be
good enough to sin in. Handcuﬀs displayed in such a
room would be conﬁning, and a bullet in such a room
would be fatal. With appropriate programming such
a display could literally be the wonderland into which
Alice walked." (Sutherland 1965).
Data Glove. The ﬁrst attempts to transmit tactile cognition directly to the hands are from the 1980s. In
1983, G. Grimes developed the ﬁrst data glove at
the AT&T Labs. The glove had ﬂexible sensors in
the ﬁngers, actuators for tactile feedback from virtual
touch, sensors for the feedback for the position of the
hand. Before this development there was a patent
by Thomas G. Zimmerman from the year 1982. Zimmerman mounted ﬂexible optical sensors on a glove
to measure the bending of the ﬁngers (Zimmerman
1987). In 1984, Zimmerman and Lanier, two colleagues at Atari, founded the company VPL Research.
In 1986 they developed the ﬁrst commercial data
glove for the National Aeronautics and Space Administration (NASA). The glove is said to have cost about
$ 9,000 (U.S. Patent 4988981, 989). Janier should have
developed the Dataglove to play guitar like Jimmy
Hendrix, but without an instrument. The patent was
sold to Mattel. The Nintendo Power Glove was the
ﬁrst low-cost data glove, which was produced in large
numbers (1989). After that, in 2002 the P5 glove of
´Essenttial Reality´. However, both gloves were pure
input devices without tactile, immersive feedback.
Phantom Haptic Interface. The Phantom Haptic Interface developed by the TouchLab at MIT is an input
device for designing virtual objects. Using ﬁnger or a
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Figure 6
Morton Heilig `the
Cinema of the
future´ 1954

Figure 7
Head mounted
display

stylus to move an articulated arm, which is equipped
with three motors. These motors are passive in order
to receive the location and movement of the ﬁngers.
(Fig. 8)
Figure 8
MIT Massachusetts
Institute of
Technologie, [3]

360° projection, projection over six laser projectors
with high resolution, user interaction through an
infrared-tracking-system with 16 cameras. Caused by
the size, even larger groups of people can work in the
Virtual Reality Lab. The Elbe Dom is used to represent
larger spatial environments for engineering, production processes, production lines - but also for the representation of architecture and urban contexts. Due
to the huge round projection the degree of immersion should be very high in this simulation room.
The CAVE. The CAVE (Cave Automatic Virtual Environment) of the IFF is a multi-sided projection system
with stereoscopic display. Structure of the CAVE: Dimension: 2.3 x 2.3 m, stereoscopic display, projection
on three side walls and the ﬂoor, trackingsystem, adjustable position of the projection screens The CAVE
is designed for the presentation and review of designs in the ﬁeld of mechanical engineering and interior design. The cave is designed for the use by small
workgroups [5]. (Fig. 9)

Figure 9
Fraunhofer CAVE
(Fraunhofer 2015b)

Elbe Dom. The Elbe Dom by the Fraunhofer Institute for Factory Operation and Automation (IFF) is
a large projection system for displaying large threedimensional models [4]. Structure of the Elbe Dom:
Cylindrical room with 16m diameter and 6.5 m height

Video Glasses and VR-Glasses. Video Glasses consist of a ´pair of glasses - like´ frame that is equipped
with one or two small monitors. Video glasses for
augmented reality such as the EyeTap [6] have only
a small screen because the information is outputted
only to one eye. VR glasses are additionally equipped
with sensors for position and movement detection
of user's head. The user navigates the virtual reality with the movement of his head. Often the user's
movement is also controlled by other sensors, such
as the Microsoft Kinect. One example of a current
VR glass is the Oculus Rift [7]. The Oculus Rift is a
head mounted display of the latest generation developed by the company ´Nival interfaces´. Launch was
in 2012 as a Development Kit 1. This should be replaced by the end of 2014 by the Development Kit 2
(Cristal Cove) . The HMD Oculus Rift stands out over
other HMD due to the very large ﬁeld of viewof 110°
diagonally. The Oculus Rift contains accelerometers
and 3-axis gyrometers to track the position and angle
of the user's head. Disadvantages of the Oculus Rift
are the poor resolution of the displays and the partially slow tracking. Both disadvantages should be
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resolved (according to the manufacturer) in the Development Kit II.

SCALED PROJECTION ROOM FOR IMMERSIVE REPRESENTATION OF SIMULATION
RESULTS
Experimental setups
To vertify the idea of immersive representation two
experimental setups were checked:

• Transmitter for air movement
• Transmitter for intensive air movement
• Transmitter for radiant heat
Figure 10
The ﬁrst drawing of
the advanced video
glasses in the
design phase

• Advanced video glasses with immersive transmitters
• Scaled projection room at a scale of 1:5
Both appoaches have been discussed in the design
phase. The eﬃcent approach was carried out and
used in the test series.
Advanced Video Glasses. The idea of the extended
video glasses follows the ﬁction from Morton Heilig's
"Television apparatus for individual use" from1960.
The video glasses are constructed as a "helmet" (Fig.
10). It contains:
• Auditory transmitter
• Transmitter for radiant heat and cold
• Transmitter for air movement
Scaled Projection Room. The idea for the scaled projection room is based upon the demand for free physical movement of the test person. The test equipment should not burden the test person. The scaled
projection room is a one to ﬁve scaled prototype. It
should be the basis for a real scaled projection room.
Such examinations are shown at the end of this article. The working title for the test room is ´IST´ (Immersive Scaled Testroom). The IST is a bottom side
opened box in which the testperson stands (Fig. 11).
The IST consists of the following components:
• Double-wall cell
• Perforated inner walls for ventilation
• Six openings for mounting diﬀenent types of
transmitters
• Auditory transmitter
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Figure 11
First drawing of the
IST in the design
phase

Figure 12
IST Exterior view

Figure 13
Mechanical design
of the IST, front wall
removed

Construction of the IST
The basic construction consists of an aluminium
frame sized 100x 80 x 60 cm. This cell is based on four
´feet´. Thus resulting in a total hight of about 190 cm.
For easier transportation the IST has four wheels. (Fig.
12, Fig. 13)
Wall modules. A wall module is mounted on each
side of the aluminium proﬁle frame. This module
is double walled. The inside panelling is held magnetically and is removable. In the cavidy between
the oudside and the inside panell speakers (acoustic transmitters), axial fans mounted and the wiring
of the modules are placed. The perforated innerside
wall is used for ventilation. There are two diﬀerent
kinds of wall modules. The shorter ones have a slot
for one transmitter, the longer ones have two slots for
transmitters. The modules are made of 12 mm solid
CNC milled medium density ﬁberboard (MDF). The
choise for his material results in easy cutting and processing. Furthermore, MDF has a high density, good
acoustic and vibration absorbing propertys. Experiments with thinner, lighter panels failes because of
the bad fan vibration absorbing. The panel thickness
of 12 mm is acompromise between acoustic properties and the usage of material.
Electronic design of the IST.

Figure 14
Actuators Control
Unit

• Personal computer for visual and acoustic information
• Raspberry Pi for IST controlling
• Power supply 12V / 20A
The actuators are switched by relay cards. (Fig. 14)
Transmitter.
Transmitter 'Acoustic'. The transmitter consists of an
5.1 multi-channel sound system built into the wall
modules of the IST. Components of 5.1 surround systems:
• Mainspeaker left, center and right rear
• Subwoofer
• Surroundlspeaker left rear and right rear
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The speakers are arrangemented according to the
ITU circle [8]: Five identical speakers, identical distance from the speaker to the listener. (Fig. 16)
Transmitter ´air movement and ventilation´. The
transmitter for ´air movement and ventilation´ is also
integrated in the wall modules of the IST. Air is injected on each side of the IST by four axial fans into
the wall element. From there, the air passes through
the perforated inner wall into the interior of the IST.
Firstly, at low fan speed, the IST is ventilated to exhaust thermal loads from the user and to provide
fresh air. In the simulation case, the transmitter can
be used to simulate air movement such as an open
window (higher fan speed). The problem with the
validation of test runs of these transmitters is that
the location of the air movement found with the ear
(caused by fan noise) is easier than with the skin´s surface. Two things can compensate this: The test person is wearing ear protection or a background sound
is played in the interior of the IST (e.g. fan noise),
which predominates the real fan noise. This transmitter is giving the impression of an open window,
fresh air, the feeling of direct communication with
the outside space. For the impression of strong air
movement, the transmitter ´Intensive air movement´
is used.
Transmitter ´Intensive air movement´. The transmitter ´Intensive air movement´ is designed to simulate the feeling to be exposed to strong air movement. (Fig. 17)
Application: Simulations of wind, fans, and fast
movement (airstream). The transmitter is designed
for use in one of the six transmitter slots. It consists of
a large axial fan, which is controlled in rotation speed
via a step-down converter. The airstream is directed
towards the user's head.
Transmitter ´Surface temperature´. The transmitter ´surface temperature´ simulates the sensoric impression of temperature diﬀerences. In particular the
simulation of climatic comfort in rooms due to the
surface temperature of the surrounding walls. Application: Presentation of simulation results from thermal building simulations (comfort), low temperature
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heating systems such a swall heaters or building element activation. The core of the transmitter ´surface temperature´ is a peltier element. The structure
is shown in ﬁgure 18.
Figure 15
Arrangement of the
transmitters for the
test run

Figure 16
The ITU circle

Figure 17
Transmitter
´Intensive air
movement'

Figure 18
Transmitter for
surface
temperature

open? The sun shines through a window, where is
just now the sun? From which direction can you hear
noises, where might you be? Wind blows through
a window, which window is open? The ambition of
the scenario is to show whether and how intensively
changes of the ´environment´ can be detected. The
second test scenario is a tribute to Morton Heilig and
his short ﬁlm about a motorcycle trip through Brooklyn (1950) for the Sensorama . The basis is a Octocopter ﬁlmed ﬂight through the clouds. The Film was
added by humity, heat and wind transmitted by the
IST Simulation room. (Fig. 21)
Test szenario ´architectural room´ contains
• navigation through the head movement of
the user
• any virtual cube has diﬀerent tactile properties
• perceptible changes in the room, e.g. opening a window, sun, heat etc. (Fig. 22)

Figure 19
Sequence of the
valuation

Figure 21
A Octocopter ﬂight
through the clouds

Figure 22
Virtual inner-viev of
the IST

Test Scenarios. To realize the test run an AVI ﬁle with
visual and auditory information was created and a IST
controlling program was written. (Fig. 19, Fig. 20)
"Raumempﬁnden" (The Sense of Space) is the title of the ﬁrst test scenario. The test person is located
in a virtual room with several windows. The windows
are opened one after another in no speciﬁc order.
The test person is exposed to diﬀerent environmental inﬂuences and ambient noises. The initiall test run
will take place without visual information. The test
person is asked questions during the test run. The
answers was recorded. Changes in the room are air
movement from diﬀerent directions, intense radiant
heat, change of the surface temperature, intense air
movement, change in humidity.
Questions to the test person during the simulation run: on which side of the room is just a window
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Figure 20
Software used for
simulation

Percentage accuracy of the perception of properties
reseived by test persons: Slight air movement 80%,
Strong air movement 100%. Fog / moisture 100%,
Thermal radiation 100%, Cold surface 20%, Transmission of "nothing" 50%.
Test persons using the IST. To validate the function
of the test room and to ﬁnd out the diﬀerently reaction caused by the sence stimulation, several people
were asked to test the room. (Fig. 23)
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Figure 23
Using the IST

The test persons completed questionnaires about
their feelings and obtained information in the IST testroom.
Results of test runs. The transmitters with intensive
air movement, humity and heat were resceived most
easily and quick from all test persons. The transmitters with low air movement were perceived only by
approximation with the head or hands. All testpersons were surprised to perceive air movement, humity or the heat of the sun in virtual spaces. Most
impressive felt all persons the Octocopter ﬂight - to
feel the wind and the moisture of the clouds on there
skin. Here, most test subjects found it a pity that you
can not really look around .
Display of simulation results in thermal building simulations. So far in the planning of buildings
model rooms are build to check colores, furniture,
sun screens, etc. Programs for thermal simulation allow architects and engineers to simulate buildings
and output the results numerically. However, these
results are only graphically and numerically, the true
sense of space cannot be simulated.
Other test runs and extension of the IST. Immersion, interaction and imagination are the corner
stones invirtual reality. This requires interaction between the user and the immersive test room.
First level of expansion. First, the simulation must
be supplemented by visual information. To do this,
a virtual, three-dimensional model must be created.
For the user's navigation in three-dimensional space,
the motion and position sensors of the VR glasses
Oculus Rift can be used. This allows the user to view
all sides of the virtual space by head rotation.
Second level of expansion. A 3D scanner, like the
Microsoft Kinect, could be used for interaction by
scanning the user´s upper body and hands. By analyzing gestures and position of the user´s hands actions of IST could be started. An example of this is:
In the approximation of the user's hand to the wall
a window ´opened´ virtually and wind-transmitted
from the IST-blows toward the user.

1:1 SCALE AND FURTHER DEVELOPMENT
The realized and presented simulation room IST is
scaled in 1:5 for economic and practibale reasons. A
realization in scale 1:1 is possible and oﬀers diﬀerent advantages for extendend seenarios. Stay of several persons. Exact adjustment of room temperature,
as the room is a closed system. The user feels free
and more comfortable. Objects (PCs, copiers, printers, etc.) emit their real thermal loads to the room.The
biggest advantage of a real scaled large test space is
the possibility for the user to be able to move freely in
space. So as to 'turn' the room by tracking methods a
larger area will be described, as it actually exists. Due
to the size of the IST only the upper part of the user´s
bodyﬁts in the test room. Based on the fact that the
IST is not a closed system it is impossible to adjust a
deﬁned climate. Each side of the IST can align only
one transmitter to the user´s head. Furthermore, it is
especially important to be able to use the testroom
in the design process of spaces not only alone but
also in small groups. Usage and stay in a real big test
room is much more comfortable than in a small box.
Furthermore, the problem of diﬀerent body sizes of
individuals could be solved. Of course, also the IT
(Immersive Testroom) would reach limits of realization. This could be the simulation of movement, e.g.
the experience of staying in vehicles. The spacial size
is also limited. Fast movements in one direction are
not possible. The user would run into the wall after
a few fast steps. The basic design of the IT would be
a heat-and-sound-insulated room cell. As an example, a massive room, insulated inside. The thermal
insulation is necessary to realize a low thermal mass
of the room. The room could be air-conditioned and
setable in room temperature and humidity. Transmitters could be mounted patternwise over the wall
and ceiling surfaces.
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