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ur fascination with attempts to create the third dimen- 
sion is nothing new, extending from the time of early 

stereoscopes, into the realm of virtual realities. The notion of 
3D has always given reference to more “realness”, as human 
perception functions in a 3D mode. Today we seek to heighten 
our mediated experiences with continued efforts toward per- 
fecting spatial imaging systems. 3D is the “buzz-word” of the 
1990’s even though not all of the “3D” is factually stereoscopic 
in nature. 3D computer graphics abound on TV. 3D modeling is 
applied in many technical and scientific fields, 3D concepts are 
used in spatia1 environment design, while 3D medical imaging 
presents a ‘more real” look inside the body. The concept of 3D 
has even been extended to encompass the theory of human 
memory (Pribram, 1991). 3D as a mode of human thinking, is 
indeed becoming ubiquitous. 

Current Media 
In this last decade of the twentieth century, new media are 

evolving from a joint metamorphosis resulting from the merg- 
ing of computing, communications, and imaging technologies, 
exemplified by figure 1. These technologies can be seen to form 
the basis of the electronic arts. 

Figure 1: Convergence of Technologies 
(Based on Negroponte’s ‘Teething Rings” Brand, 1987). 

It is at the ‘intersections’ that many new forms of media 
are developing. This merging is shaking things up (Leebaert, 
1991). Many of the new 3D media technologies are the direct 
result of these new interactions. The computer is now an inte- 
gral part of both the creation and display of stereoscopic im- 
ages and spatial sound, which was unheard of on the present 
scale and sophistication, a decade earlier. 

Three-dimensional media technologies (3Dmt) have always 
presented a challenge to researchers in their acceptance and 
widespread application as artistic mass media. Throughout their 
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evolution they have been applied in situations where we seek 
to create a more accurate representation of: “reality”, whereby 
3D adds critical information to actual images; “meta-reality”, 
where 3D technologies make visible phenomena or experiences 
which are beyond what we can naturally perceive; and more 
recently in “virtual reality”, involving the creation of totally 
artificial environments which might not physically exist or exist 
only in our imaginations (Mallary, 1990). 

Our culture needs artists to knowledgeably analyze the 
implications of technological developments, the breakthroughs 
and the dangers, while assisting the research agendas. Tradi- 
tionally validated art media and their traditional exhibition are- 
nas may no longer be appropriate for the exploration that is 
needed (Wilson, 1991). 

Computer Imaging 
Computer generated graphics (CG) are particularly well 

suited to the creation of 3D images due to the high resolution 
and programmable nature of the current displays. There are 
several proprietary 3D CG systems available in the both United 
States and Japan. Alternating frame technology is most often 
employed to present the viewer with the appropriate (right and 
left eye), stereoscopic images which are then viewed with LC 
(Liquid Crystal) shutter glasses, such as the systems made by 
Tektronix and the Stereographics Corp. (Robinson, 1990). A 
flat panel back-lit LC display, using a lenticular screen for 
autostereoscopic (glassless) viewing, has been developed by 
Dimension Technologies Inc. of New York. This system is full- 
colour, and can be interfaced with common PCs (Eichenlaub. 
1990). Applications of 3D in the CG field include the follow- 
ing: satellite mapping and cartography, CAD, medical displays 
of CT and MRI images, scientific visualization, weather analy- 
sis, interactive modeling, the military, simulation and the elec- 
tronic arts. Computer graphics have also been used in film mak- 
ing, where the images are screened via conventional polarized 
projection techniques, after the initial creation of left-right 
views in a digital form (Hamit, 1995a). One example of the 
application of 3D computer graphics is the award winning ste- 
reoscopic, animated short film entitled “Knickknack” 
(Alspektor, 1989). produced by Pixar of San Rafael, Califor- 
nia. Each year the SIGGRAPH Conference devotes a session, 
panel and/or exhibit to stereoscopic computer graphics. 

Another important achievement in the advancement of 
stereoscopic computer graphics and animation was the over- 
whelming success of the new 70mm. Jmax format SOLIDOm 
3D film, “Echoes of the Sun”, which was co-produced by the 
Imax Corporation of Canada and Fujitsu of Japan for the Osaka, 
EXP0’90 exhibition. Thirty-one thousand high resolution com- 
puter images (right-eye and left-eye views) were created using 
Fujitsu’s supercomputers over the period of twenty-one months, 
in order to produce the ten minutes of stereoscopic CG frames 
incorporated in the twenty minute Imax film. “Echoes” was 
the world’s first IMAX SOLIDOm full color 3D wrap-around 

motion picture which is projected on a spherical screen, totally 
eliminating the cut-off effect of the frame. The film shows how 
the process of photosynthesis converts the sun’s energy into the 
energy stored in plants and then how this energy is used by 
humans for motion of muscIes. This film also played to capac- 
ity audiences at EXP0’92 in Seville, Spain (Naimark, 1992), 
and is on permanent exhibit at the Futuroscope Complex in La 
Villette, France in addition to a new SOLIDOTM theatre recently 
built outside Tokyo, Japan. 

Television and Video 
Significant research has been undertaken in both conven- 

tional NTSC television and video display technology in addi- 
tion to specialized applications (Smith, 1989, Lipton, 1994). 
Japanese researchers are working towards 3D TV systems which 
may ultimately find way into our homes. Toshiba has marketed 
a consumer 3-D Camcorder, using LC shutter glasses and a con- 
ventional NTSC television monitor. The system provides an 
acceptable 3DTV image, (with some flicker due to the low frame 
rate), for cettain consumer entertainment applications. Other 
NTSC video systems which operate at a higher frame rate, to 
eliminate the image flicker, have been applied in the medical 
and scientific and artistic fields. 

Research into autostereoscopic or “glassless” 3DTV is 
being carried out on an international scale (Hamasaki, 1990, 
1993) including work at the University of East Asia, using the 
Braun tube technology and at the Heinrich-Hertz Institute in 
Berlin using projection methods. NHK television together with 
SANYO in Japan have made important steps toward 
autostereoscopic TV with the exhibition of a 70-inch LC dis- 
play at the NHK Science and Technical Research Labs 1995 
Open House in Tokyo. The key technologies supporting this 
stereoscopic display are 3D HDTV cameras, HDTV laser vid- 
eodisk players, high performance HDTV liquid crystal (LCD) 
video projectors with resolution totaling nine million pixels, and 
a large size lenticular screen, for glassless viewing. This 3D Hi- 
Vision system has widespread application in the fields of home 
3D HDTV, art museums, entertainment, medicine, education, 
robotics and virtual environment systems. 

The HDTV’90 Colloquium in Ottawa, Canada, was the 
site for the North American premiere of the NHK stereoscopic 
Hi-Vision 3DTV system. This system uses a conventional po- 
larized projection technique. The viewer wears high quality 
polarizing glasses to view a projected image on a screen up to 
two hundred diagonal inches in size (Yuyama, 1991). The im- 
ages are extremely stable, flicker-free, bright and of high reso- 
lution, providing an excellent viewing experience for the audi- 
ence, with none of the side affects which were the typical com- 
plaints of older 3D video projection technologies. Current pro- 
grams range from recorded art treasures, travel scenes, under- 
water sequences, medical images, to complete works of fiction 
for entertainment. 
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Three Dimensional Video Systems 

Braun Tub 

Figure 2. Overview of 3D video systems 

The rock group, “The Rolling Stones” used the 
Full17meTM 3D technique, (based on the Pulfrich effect, view- 
able with or without the special glasses), designed by Gerald 
Marks of New York City, to create 3D effects for three of the 
songs in their 1990 “Steel Wheels” concert video which was 
broadcast widely on cable music channels throughout North 
America. Altogether these developments represent a concerted 
effort to bring an artistic application of three-dimensional tele- 
vision to the largest possible audience, since TV is the most 
pervasive mass medium of the late 20th century. For details and 
characteristics of the current 3D video systems, refer to figure 2. 

Holography 
Spatial imaging using the medium of holography has had 

widespread recognition with the proliferation of holograms in 
our daily lives. However it still remains much of a mystery to 
the general public. As a result of much of the development car- 
ried out at the MITMedia Lab, under the direction of Dr. Stephen 
Benton, holograms have progressed to encompass full color, 
large scale size, and total synthetic generation via the computer. 

Recent advances have been made in real-time computer 
generated holography. Although the images are small, they are 
bright, have high resolution and exhibit all of the depth cues 

found in holography (Hilaire, Benton, 1990). These are the first 
steps towards what could be called “holographic video”. We 
are still many years away from having floating 3D images 
beamed into our homes. 

Current applications of holographic imaging include; large 
format displays, full colour holograms, motion stereograms, 

medical images from MRI data, satellite survey data, and many 
others, ranging from the arts and entertainment to advertising 
(Hariharan, 1992; Lieberman, 1992). A holographic project 
based in computer imaging which was recently completed in 
Canada is but one example of 3D electronic arts. “A Clear Day 
Hologram” was compiled from a computer model based on a 
digital database of satellite images of the earth. Three hundred 
frames from the database were seIected and output onto 35mm. 
film, then exposed to laser light forming the final 3x4 fool color 
hologram which includes much geographic detail of every coun- 
try of the world. (Mahoney, 1994). 
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The impact of holography on the observer lies in the fact 
that the image is “perceptually” attached to the viewer’s eyes. It 
demands a high level of involvement and interaction since the 
virtual information space exists in the mind of the viewer (Malik, 
Thwaites, 1989). This medium has a radically different means 
of communication from 3D media presented on a flat surface. 
Here the existence of the screen or frame effect is removed and 
the absence of spatial cues (except those presented within the 
holographed object) cause the strongest information impact on 
the viewer. Holography is governed more by the laws of sce- 
nography (the spatial organization and orchestration of an event 
or medium), (Polieri, 1971), within the realization of the full 28 
axis of a Necker Cube. Since the viewer is not rigidly seated in 
a precise position, and is able to interact with the holographic 
space, many of the spatial cues laboriously created on a 2D flat 
screen are not necessary. 

FilmfCinema 
Three-dimensional film technology has been in use for over 

one hundred years, extending from the first screening at the 
Paris International Exhibition of 1890. After experiencing two 
brief periods of a 3D film boom, the first in 1953 and the sec- 
ond in 1982, (Speer, 1989), we find that today’s 3D movies are 
far from conventional media experiences . Widespread public 
exposure to high-quality 3D films can be found in the Disney 
theme parks with films such as “Magic Journeys” ‘Captain EO”, 
and “Muppet Vision 3D” and at many other special venues and 
all recent international expositions. 

Science North, Sudbury Ontario, opened a 3D 70mm. film 
and laser adventure entitled “Shooting Stat” in the summer of 1990. 
This film incorporates special in-theatre laser effects which are 
synchronized with the 3-D film scenes to create a totally unique 
viewing experience. The the&e is specially constructed to maxi- 
mize the audio-visual experience for the audience. The story is 
written around an ancient Indian legend which artfully blends the 
high-tech 3D imagery into a mystical and involving tale. 

Stereoscopic computer graphics are now being incorpo- 
rated into the “filmic” experience together with simulator tech- 
nologies to provide a movie-ride experience for the audience 
(Hamit, 1995a; Mahoney, 1993a; 1993b; Robertson, 1994). In- 
stallations such as, Star Tours (Disney), Devil’s Mine (Showscan 
Corp.), The Loch Ness Expedition (Iwerks). SpeedScape (Xatrix 
Interactive Design), the L.uxor Project (Douglas Trumbull), 
Batman Adventure - The Ride (Warner Bros.) among others cur- 
rently in use or in development, suggest that the public desire 
for new “meta-reality” 3D experiences will continues to grow. 
This trend presents many new opportunities for electronic art- 
ists to become involved in the development of high-quality spe- 
cial-venue productions. Two pioneering organizations in this 
field are, Softimage and Discreet Logic of Montreal. 

The Imax Corporation of Canada has been the world Ieader 
in ultra-large screen, 3D productions using IMAX 3D and the 

new SOLID0 3D system, which uses the domed screen 
(Naimark, 1992). These films are again evidence of the “meta- 
reality” aspect of 3D. Today’s’ 3D film experience takes us far 
beyond the reality of our physical world, to totally new experi- 
ences through the use of the third dimension. There are cur- 
rently several new 3D IMAX films in production. It is certain 
that 3D film technology in its many forms, will continue to be a 
prominent form of mass entertainment well into the next cen- 
tury. 

Viial Reality/Simulation 
By the end of the 1980s “virtual reality’* (VR) was under- 

stood to be a surrogate or metaphysical environment created by 
communications and computing systems (Wright, 1990). 
Interactivity in communication media began to rise in impor- 
tance allowing virtual realities to became the 3D environment 
of the user/audience through which they can perform their own 
acts of creative experience. (BriIl, 1995, 1994; Dysart, 1995). 
The art of VR holds the promise of a fascination akin to the 
flickering shapes projected on the cave walls of the Pleistocene 
Era 500,000 years ago (Heim, 1995). 

Current systems being used for the creation of virtual re- 
alities consist of: a wide-angle stereoscopic display unit (LCD), 
glove-like devices for multiple degrees-of-freedom tactiIe in- 
put, speech recognition technology, gesture tracking devices, 
3D auditory display and speech-synthesis technology, computer 
graphic and video image generation equipment. When combined 
with magnetic head and limb position tracking technology, the 
head-coupled display presents visual and auditory imagery that 
appears to completely surround the user in 3-space (Fisher, 1990; 
Hamit, 1995b). Recent developments within the technology of 
computer networks and associated software, namely Virtual 
Reality Markup Language (VRML), have led to the promise of 
VR artworks available through cyberspace connections, (Maher, 
1995; Swedlow, 1995), although it will be some time before 
stereoscopic VR images can appear via the net onto our home 
computer displays. 

Even at this early stage, virtual realities are touching the 
realm of the very private “mindspace” of the user, rendering the 
VR medium a welcome change from the information overload 
of today’s mass media. Computer technologies, combined with 
the development of sophisticated software programs and expert 
systems, gave early attempts to create virtual realities the insa- 
tiable breadth and depth of the human mind’s fantasy. It is now 
possible to realize 3D virtual realities outside the human brain 
as a non-separable and inclusive world that is entered and crossed 
at the pace of the user, being co-created by them (Jacobson, 
1994; Laurel, 1992; Thwaites & Malik, 1991). 

A Biocybernetic Viewpoint on 3D Media 
Our research at the 3Dmt Center in Montreal, has centered 

on a systemic approach to 3-D media, from a biocybemetic view- 
point. The field of biocybernetics is concerned with how the 
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human sensory system responds to and processes information, 
and the resulting impact it has on us, Our main focus has been 
with the individual, either observing or creating the threedi- 
mensional media program. This is an area of an information 
process or information chain. By the term information, I mean 
an energetic change with a catalytic characteristic, which pro- 
duces an impact on the viewer (Thwaites, Mahk, 1987). The 
information chain in its simplest scheme, has three parts as de- 
scribed in figure 3. 

Figure 3: Information Chain Scheme 

Each part of the 3D media event, (the program itself, the 
room and means by which it is perceived, and the person(s) 
perceiving it, can contain parts of the final information. If any 
part of the information chain is altered, the information itself is 
changed. The incoming information acts as a catalyst to other 
mental processes which occur due to the processing and stor- 
age of information in the viewer’s brain and can thus affect the 
overall impact. As 3D media become more sophisticated and 
interactive, respect for the information chain and information 
design of the software/hardware interfaces will be of utmost 
importance to their success (Malik, Thwaites. 1990). The in- 
creased time and budgetary constraints that are often placed on 
3D media projects leave little room for costly experiments and 
wasted resources. Protocols and methodologies for information 
design are included in the publications by the author. 

3Dmt Outlook 
From a research standpoint, the author can identify the fol- 

lowing concerns for the future: l), the artistic implementation 
of 3D technologies and production practices in the media of: 
film; television; computers; virtual realities; sound; and 
dataspace (numerical imaging of space for researchers working 
predominantly with numbers); 2), research into spatial impact: 
history, basics, biometry and biocybernetics; 3). measurement 
of 3D space in the human mind; 4), the application of informa- 
tion design methodologies to three-dimensional media produc- 
tion practices; and 5), the development of common standards 
and methodologies for future international exchange of R&D 
in three-dimensional media technologies. 

The implications for the study of the electronic arts are to 
make the transition from conventional 2D visual images, into 
the realm of stereoscopic, true spatial imaging applications, 
whereby 3-space is real and not merely represented or implied 
through traditional techniques. 

There is a substantial difference between technological, 
psychophysiological and semantic (content related) factors 
which are responsible for the creation of 3D media technolo- 
gies, artpieces or programs, and the factors which are respon- 
sible for the creation of a 3D media response (information im- 
pact) in the viewer. What sometimes amounts to a small, or 
negligible cue from the point of view of the author/artist (for 
example the cinematographer, holographer) may be the para- 
mount reason which causes a high, low, or even non-existent 
3D information impact for the people, the receivers, who are 
perceiving it. Therefore, the scale and importance of the 3D 
cues from the viewpoint of the artist, producer, or viewer, and 
the technological requirements of each 3D medium, may result 
in a different hierarchy entirely. This necessitates an overall 
information design approach when employing 3D technologies 
in the production of media artworks. 

An entirely new generation of “3D literate” electronic art- 
ists is beginning to emerge. The more wide-spread 3D media 
technologies become, the more exposure the general public will 
have to them (Refer to figure 4.). Only through the exploration of 
the information impact of true spatial imaging, can we, as con- 
cerned media researchers and artists, be able to develop strategies 
to develop and implement future electronic arts technologies. 

Conclusion 
As 3D media become more pervasive in society, and the 

fixed perceptual stereotypes of the general public weaken, the 
role of the 3D “information designer” will become one of in- 
creasing importance as we shift toward the media of the next 
decade. Perhaps in the distant future, someone will look back 
on the history of the twentieth century and find, like the four- 
teenth, that it marked a great transition. We now sit on the cusp 
between the old and new media. Maybe it ushers in a period of 
a “3D media renaissance”. 

0 Hal Thwaites 1995 
Director - 3Dmt Centre. 
Concordia University, 
7141 Sherbrooke St. W.. Montreal, Quebec, 
Canada H4B lR6 
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