A system for stereo viewing
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This paper describes a system for the viewing of stereoscopic pairs produced on a CRT. The system
is cheap and reliable and conveniently allows several viewers to simultaneously perceive 3D objects
in depth. It has proved to be very useful as an aid to understanding unfamiliar structures generated
on the display and provides a powerful tool particularly when coupled with hidden line removal.
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Introduction

For most computer applications involving the display of three-
dimensional objects a two-dimensional representation is
adequate. However, there are occasions on which the material
to be displayed is such that intelligibility can be greatly in-
creased if the objects can be viewed stereoscopically, e.g. in the
case of pipework (Strauss and Poley, 1968; Barry et al., 1969).
This applies particularly in the case of objects which are rela-
tively unfamiliar for in such cases comprehension requires
more visual cues (Gregory, 1970). Our interest in a stereo
viewing facility was prompted by the desire to couple it with
a hidden line removal program (Jones, 1970) and also by the
desire to display molecular models, which at least for those of
us who are chemically naive, are frequently very difficult to
interpret in their two-dimensional representations. The initial
aim therefore, was to design and produce a viable stereoscopic
3D viewing system quickly and cheaply. It appears that any
inexpensive split-screen method suffers from two disadvantages.
Firstly, it is only suitable for solo-viewing and secondly, it
halves the effective screen resolution (Ophir, Shepherd, and
Spinard, 1969). The technique described in this paper over-
comes the first of these problems.

Optical design
The principle underlying what we call the transmission/
reflection method is illustrated in Fig. 1.

The software supplies two images. These images, the stereo
pair, are derived by computing projections corresponding to
views for each eye. The factors influencing the choice of views
are discussed later. They appear on the CRT screen one above
the other, the upper one being inverted (Figs. 2(a) and 2(b)).
The lower image, Pv, is transmitted through a sheet of hori-
zontally polarising polaroid on the lower half of the screen and
the upper image, Ph, is transmitted through a sheet of horizon-
tally polarising polaroid, on the upper half of the screen. The
lower image is then transmitted through, and the upper image
reflected off, a transmitting/reflecting surface, T/R, the upper
being in consequence reinverted to restore it to its correct
orientation. Thus the transmitting/reflecting surface, the
mirror, overlays the two images when viewed from a suitable
range of angles from above and the images are then dis-
criminated using orthogonally polarised spectacles. It is worth
noting here that it is essential that the reflected image be
horizontally polarised and the transmitted one vertically polar-
ised. This is because light reflected from a specular surface is
partially polarised in a plane perpendicular to the plane of
incidence. The extent to which this partial polarisation takes
place depends on the angle of incidence and the refractive
index, it being a maximum for glass at what is known as
Brewster’s angle (approximately equal to 57°), and a minimum
(zero, in fact) if the light strikes the surface at a normal
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(Jenkins and White, 1957). This means that the light reflected
off the surface of the mirror would be already partially hori-
zontally polarised (and the transmitted light partially vertically
polarised) even in the absence of any polarising material.
Clearly the polaroid must not be used in a way which conflicts
with the natural polarising tendency.

One of the advantages of this method is that under good
viewing conditions, it is impossible for the eyes to see the
wrong image. Thus, if the head is kept upright the polaroid
filters in the spectacles will cut out the image which is polarised
at right angles to the filters. Of course, improved cut-out has to
be achieved at the expense of increased light loss, but the
image intensity was sufficient to enable us to achieve virtual
extinction through one filter while retaining an acceptable
intensity through the other.

The inverted image on the upper half of the screen is always
directly visible by the eye viewing through the horizontally
polarising filter. However, this image can be obscured by
arranging a mask in the appropriate position thus eliminating
the only distracting optical feature.

Prototype performance

In terms of efficiency the first piece of apparatus built fell short
of the optimum that can be achieved using the transmission
reflection method.
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Fig. 2(a)

Fig. 2(b)

The use of a sheet of perspex to act as a partially reflecting
surface carried serious problems in its wake. This in spite of
the fact that neutral density was used, which not only helps
to match the intensity of the images but also minimises the
secondary reflections off its lower surface. One problem was
that the perspex, lacking rigidity, tended to bend and warp very
readily and in consequence it proved tedious to align the
images so that the horizontal lines coincided. In the absence
of such vertical alignment, perception of depth becomes
impossible. The extent to which the eyes can compensate for
vertical non-alignment is so small, of the order of £° or so, that
the condition becomes very stringent.

A semi-silvered mirror in place of the perspex might at first
sight seem to provide the solution in that it is much more rigid
and has the additional advantage of causing less light loss.
However, the cost of a suitably sized semi-silvered mirror is
not inconsiderable and there are severe problems connected
with cleaning.

An improved version (Figs. 3(a) and 3(b)) with a considerably
reinforced frame carrying a grey plate glass reflecting/trans-
mitting surface has solved the problem. The glass has a 489,
transmission factor and is # in. thick. It is thus free from
problems of bending as well as being much flatter than perspex.
In addition, the intensities of the stereo images are matched
over a greater range of viewing angles. In practice, however,
even with the prototype model, users can, having once adjusted
the apparatus, make very satisfactory use of it.

With the prototype device attached to the console of a DEC
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Type 340 display, the user may view from up to about 1} meters
from the screen before the images become difficult to perceive.
Walking around the screen, 3D perception can be achieved
through about 80°. This is illustrated in the diagrammatic plan
of Fig. 4.

The most satisfactory angle of elevation to the mirror from
which to view is about 30°, but good results can be obtained
between 20° and 40° through which range the image intensities
are always adequately matched.

There are, of course, better and worse positions from which
to view in so far as distortion is concerned. Indeed, the limita-
tions on angles around the screen over which successful viewing
can be achieved are largely due to distortion. Distortion also

Fig. 3(b)
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occurs with backward and forward movement in that retreating
from the screen gives rise to an apparent increase in depth due
to the fact that there is no change in stereo image disparity
with the change in distance (Gregory, 1966). However, short of
monitoring head movements, no stereo system can cope with
this; work in this area is understood to be in progress in the
Computer Science Department at the University of Utah.

The only type of projection which can present the same
appearance to the eyes as the object from which it is taken is a
perspective projection which, furthermore, requires that view-
ing take place from the unique view-point assumed in the pro-
jection. In practice there is considerable tolerance on the
closeness of the eyes to the correct view-point before distortion
becomes apparent.

The accuracy of the view given by an orthogonal or oblique
type projection which is free of perspective increases with the
distance that the object is assumed to be from the eyes and in
the limiting case (i.e. when the object is at infinity) such a pro-
jection is indistinguishable from a perspective projection. But

when these projections are used to create stereo pairs the stereo
effect is improved if the object is close to the eyes. Thus a
balance has to be struck between the effectiveness of the stereo
effect and the degree of correspondence between the object and
its appearance.

To optimise the stereo effect the apparent average position of
the object along the Z-axis must be as close to the plane of the
display screen as possible, since the eyes accommodate (focus)
according to convergence on the screen. Thus an effort should
be made in writing the software to arrange for a minimal mean
disparity to ease initial fusion and for a range of disparities
which, while still giving adequate depth information, minimises
the eye strain due to focus/convergence conflict. It may be
necessary to use software tricks to bring the object within the
vicinity of the screen, and possibly, in the case of a very deep
object, to scale it down along the Z-axis (i.e. the depth axis).

Procedures of this kind will, of course, cause distortion to
varying degrees, but if one regards the primary purpose of a
stereo facility to be the provision of relative depth information
with the absolute information held in core, these distortions
are of little consequence.

One objection to the device is that having once decided on a
view, it is not then possible to photograph the images, and have
them immediately viewable through a conventional stereoscope
because the pairs are one above the other, the upper one
inverted. While it is true that the pairs displayed on the screen
are of little use for the purpose mentioned, there is no reason
why standard stereo pairs should not be produced for photo-
graphy by software. A further disadvantage in this connection
would be the need to remove the apparatus before taking
photographs; this might prove inconvenient if a long series of
photographs were required. Again, however, software could
be used to store and subsequently output the series with the
pairs in the standard orientation.

Here it is worth remarking that the loss of resolution
mentioned at the outset need not necessarily extend to photo-
graphs of stereo pairs. If the pair members are output
successively, they can obviously employ the whole screen area
even though this might be a less convenient arrangement.

Advantages of the system

It was considered useful to compare the transmission/reflection
method with the more obvious alternatives, namely viewing
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