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PART A: IMAGE SCALING DISTORTION

A1 Parallel Case
The following figure illustrates the distortion induced by image scaling for a head at an arbitrary position but
oriented parallel to the projection plane. The eye points are on the left in blue and the projection plane is in the X-Y
plane. The projection window is centered about the origin. (Note, Figure A-1 only shows a portion of the
projection window so the window does not actually appear centered in the diagram).E is the modeled object point
andF (red) is the equivalent displayed object point. The user’s central eye point is atI . The left eye,D, is
displaced byd from I and the right eye,A, is displaced by -d. 2|d| is the true eye separation. We assume correct
modeling of the eye separation.E is projected onto the pointsH andG on the projection plane. Image scaling by
scalar factors scales pointsH andG into pointss·H ands·G. These scaled points are those the user sees. This
image manipulation has the same effect as if the 3D pointE were mapped toF. Note for this parallel caseA,D,d
andE are notrestricted to be in the XZ plane.

Figure A-1: This is an abstract diagram of a user viewing a stereoscopic HTD at a parallel orientation. See above
text for details.

A1.1 From Figure A-1:

A = I – d
D = I + d
dz= 0

A1.2 Solve forH:

Equation of lineDH is:

P = (E-D)t + D

At z = 0:
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Or from A1.1:
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A1.3 Solve forG:

Using arguments similar to A1.2:

A1.4 Solve forFx:

To begin:

In [1] we derived a similar result for distortions due to false eye separation. By substitutings·G for theG ands·H
for theH for in the final result of Appendix 1.4 in [1] (bottom of page 13) we have

Our previous manual derivation for this type of expression was quite laborious and tedious [1], therefore we use a
commercial software algebra solver. To findFx, we use Mathematica [3] with the following input file:
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The final result is:
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A1.5 Solve forFy:

Solving forFy uses a parallel derivation toFx, yielding:

A1.6 Solve forFz:

Using the initial results from Appendix 1.6 in [1] (bottom of page 23) and substitutings H for H ands G for G:

Expression forH andG are in the above sections A1.2 and A1.3. To findFz, we use Mathematica [3] with the
following input file:
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This yields:

A1.7 Rewrite in Matrix Form:

Combining sections A1.4-A1.6 and using column vector notation the distortion matrix is:
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The last simplification is possible since homology matrices are only unique up to a scale factor and we assume the
eye axis center is not embedded in the projection plane.

A2 Non-Parallel Case

The following figure illustrates the distortion induced by image scaling for a head at an arbitrary position and
orientation. The diagram uses the same coloring and naming conventions as Figure A-1.E is the modeled object
point andF is the equivalent displayed object point. The user’s central eye point is atI . d is the vector to the left
eye. E is projected onto the pointsH andG. Image scaling by scalar factors scales pointsH andG into points
H ′′′′=s·H andG′′′′=s·G. As discussed elsewhere [1], linesDH ′′′′ andAG′′′′ do not generally intersect. Therefore, we
restrict ourselves to a simple, special case where they do intersect.A,D,d andE are restricted to be in the XZ plane
as shown in Figure A-2. SinceAy,Dy,dy,Ey equal zero and the y coordinates of all dependent points,H, G, etc., are
also zero, this yields a well-defined point at locationF.

Figure A-2: This is an abstract diagram of a user viewing a stereoscopic HTD at an arbitrary orientation. See
above text for details.

The derivation is parallel to section A1. When computing the expressions forFx andFz just remove the line ‘dz=0’
in the respective Mathematica files (section A1.4 and A1.6).Fy is simply 0. These alterations account for the fact
that we are limiting ourselves to the XZ plane and that the eye axis is no longer parallel to the screen. The
resulting expression is:
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PART B: IMAGE SHIFTING DISTORTION

B1 Parallel Case
The following figure illustrates the distortion induced by image shifting for a head at an arbitrary position

but oriented parallel to the projection plane. The labeling and color scheme are the same as in Figure A-1. The
user’s central eye point is atI . d is the vector to the left eye.E is projected onto the pointsH and G on the
projection plane. Window translates pointsH andG by distanceτ along vectorT which is the XY-projected unit
vector ofd. This yieldsH ′′′′=H-τT andG′′′′=G+τT which are seen by the user.

Figure B-1: This is an abstract diagram of a user viewing a stereoscopic HTD a parallel orientation. See above
text for details.

B1.1 From Figure B-1:

A = I – d
D = I + d
dz=0
T = (dx/sqrt(dx

2+ dy
2 ), dy /sqrt(dx

2+ dy
2), 0)

B1.2 Solve forFx:

To begin:

Expressions forH andG the same as in A1.2 and A1.3. In [1] we derived a similar result for distortions due to
false eye separation modeling. By substitutingG′′′′ for theG andH ′′′′ for theH in the final result of Appendix 1.4 in
[1] (bottom of page 13) we have:
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Manual derivations for this type of expression are quite tedious [1], therefore we use Mathematica [3] with the
following input file:
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The final result is:

B1.3 Solve forFy:

Solving forFy uses a parallel derivation toFx (B1.2), yielding:

B1.4 Solve forFz:

SubstitutingH ′′′′ for H andG′′′′ for G in results from Appendix 1.6 in [1] (bottom of page 23):

Next we use Mathematica with the following input file:
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This yields:

B1.5 Rewrite in Matrix Form:

Combining Sections B1.2-B1.4 and using a column vector notation yields the matrix:
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The final simplification is possible since homology matrices are only unique up to a scale factor and we assume the
eye axis center is not embedded in the projection plane.

�
�

�
�
�

� +++−

+��
�

�
��
�

� −+
=

22

222

yxzz

zyxzz

z

ddIE

IddIE

F

ττ

ττ



B2 Non-Parallel Case

The following figure illustrates the distortion induced by window scaling for a head at an arbitrary position and
orientation. The labeling and color scheme are the same as in Figure A-1. The user’s central eye point is atI . d is
the vector to the left eye.E is projected onto the pointsH andG on the projection plane. Window shifting
translates pointsH andG by distanceτ along vectorT to pointsH′ andG′′′′. As discussed elsewhere [2], linesDH′
andAG′′′′ do not generally intersect. Therefore, we restrict ourselves to a simple, special case where they do
intersect. We restrictA,D,d andE to be contained in the XZ plane. SoAy, Dy, dy, Ey equal zero and hence the y-
coordinates of all dependent points are also zero.

Figure B-2: This is an abstract diagram of a user viewing a stereoscopic HTD at an arbitrary orientation. See
above text for details.

The derivation is parallel to section B1. When computing the expressions forFx andFz just remove the line ‘dz=0’
in the respective Mathematica files (section B1.2 and section B1.4).Fy is simply 0. These alterations account for
the fact that we are limiting ourselves to the XZ plane and that the eye axis is no longer parallel to the screen. The
resulting expression is:
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