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X- and Y-Parallax

Observations

ABSTRACT: An experimental study determines the comparative precision of
X- and Y-parallax observations in stereo-photogrammelric models. Supporting
theories are presented. It was determined empirically that the standard error of
X-parallax observations is about 0.4 times the standard error of V-parallax ob-
servations. The effect of using dove prisms to change V-parallax to X-parallax

is also studied.

INTRODUCTION

HE FORMATION of a three dimensional
Tstcreo-model involves the intersection
of the optical rays, originating from the two
corresponding picture points, at each point in
the surface of the model. The intersection is
performed when at the model-point (in the
model space) both the rays have the same
X-coordinate (model coordinate) and also the
same Y-coordinate. The mathematical ex-
pression for this is that at a point P in the
model-space, Xp =Xp,, where Xp, is the
X-coordinate with respect to the ray from
the left-camera of the stereo-plotting instru-
ment and Xp; is the X-coordinate with
respect to the ray from the right-camera.
Similarly, for the V-coordinates, Vpi= Ypy-

The failure of obtaining an intersection
means the existence of parallaxes (X or V),
which are defined by:

X-parallax (error): Py = Xp — Xp,; and,

Y-parallax (error): Py = I'p[ — Yp“.

Such parallaxes are due to the errors in the
orientation elements. The parallaxes existing
at a model-point expressed as functions of the
errors in the orientation elements have been
derived and established by various photo-
grammetrists earlier (e.g., Brandenberger).
Any text book may be referred to for such
derivations (e.g., Hallert, Schweidefsky, or
Zeller). Considering a right-handed coordi-
nate system with clockwise rotations, with
the origin of the system at the left side projec-
tion center and with regard to the use of
negatives (and not diapositives) the func-
tions are:
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It is apparent that the use of either or both

of the parallaxes would result in solving the

errors in the elements of relative orientation.

The author was curious about it and went

deeper into these aspects in a research

sponsored by the U. S. Army Engineer
(GIMRADA, Fort Belvoir, Virginia).

The X-parallax at a model point is related
to the corresponding elevation error accord-
ing to an expression —Px=6Z(bx/Z); where
6/ is the elevation error. For all practical
purposes, one can assume that the model
base (b) is identical with the X-component
(bx) of the base. In practice, this is almost
always true. Then

b
—Px =6Z — 3
x : (3)

With a view to studying the feasibility of
using X-parallaxes for the relative orienta-
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tion of a stereo-model and to analyze the
accuracy obtained thereby as compared to
the situation with the use of V-parallaxes, a
series of experimental observations were
made in the Photogrammetric laboratory of
the Department of Geodetic Science, The
Ohio State University. Below is given an ac-
count of the studies.

DESCRIPTION OF THE EXPERIMENT

For these investigations a Wild Auto-
graph A7 was used. The photographs were
taken with a Wild RC5 Aerial Camera;
f=152.36 mm.; format: 23 cm.X23 cm.;
standard photography. Picture scale was
1:8000 approximately. Model Scale was
1:4000.

Observations were made at or very near
each of three different points of the model
with undulating terrain. One of the points
was on a flat side-walk that was running
East-West (parallel to the X-axis), the second
point was on another side-walk that was
running North-South (parallel to the Y-axis)
and the third point was on a grassy tennis
lawn with lines crossing each other at right
angles. Three hundred repeat-observations
were made at each point, thus making the
total number of observations 900. The 300
observations at each point were broken down
as follows:

Case Al: 50 observations of V-parallax
elimination with the element by’" and cor-
responding readings of the by” counter by
moving the right side measuring mark from
front to rear;

Case A2: 50 observations of V-parallax
elimination with the element by’ and cor-
responding readings of the by"’ counter by
moving the right side measuring mark from
rear to front. Next, after changing the V-
parallax into X-parallax with Dove-prisms,

Case B1: 50 observations of V-parallax
elimination with the element by’ and cor-
responding readings of the by’" counter by
approaching the model surface with the
measuring mark from above;

Case B2: 50 observations of V-parallax
elimination with the element by and cor-
responding readings of the by’ counter by
approaching the model surface with the
measuring mark from below. Next, after
coming back to the normal situation, by
setting the Dove-prisms back to their orig-
inal situations,

Case C1: 50 observations of X-parallax
elimination (i.e., reading of spot elevations)
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with the foot-disk and the corresponding
Z-counter readings by approaching the
model surface with the measuring mark
from above;

Case C2: 50 observations of X-parallax
elimination (i.e., reading of spot eleva-
tions) with the foot-disk and the corre-
sponding Z-counter readings by approach-
ing the model surface with the measuring
mark from below.

The relevant elements were set at the in-
strument to the following values: f=152.36
mm.; Z=>~304.7 mm.; bx=157.20 mm.; by’
=by" =bs"=b3""=100.00 (i.e., zero value)
mm.

Assuming the arithmetic mean to be the
correct value for each case (separately for
A1, A2, B1, B2, C1 and C2), the standard
error for each case was computed. These are,
as averages obtained from all the three
points:

Case A1l: 15.7 microns, and Case A2:
13.5 microns; their average gives the stand-
ard error for Cuse A : 14.6 microns.

Case B1: 5.1 microns and Case B2: 5.7
microns; their average gives the standard
error for Case B: 5.4 microns.

Case C1: 10.9 microns and Case C2:
18.8 microns; their average gives the
standard error for Case C: 14.8 microns.

However this Case C gives the standard
error of elevation determination in the model,
which is related to the X-parallax according
to the expression (3). This gives the standard
error of X-parallax determination from case
C to be, with proper substitutions in the ex-
pression (3):

157.2
304.7

= 7.5 microns.

14.8

All the above are expressed as in the model.
In these studies the model scale was approxi-
mately twice the picture scale. From this
consideration, for the sake of standardiza-
tion, it may finally be expressed that at the
picture scale (in this particular case):

The standard error of V-parallax deter-
mination is 7.3 microns.

The standard error of V-parallax deter-
mination, by changing them to X-par-
allax with Dove-prisms, is 2.7 microns.

The standard error of X-parallax deter-
mination (from elevation observations)
is 3.8 microns.




X- AND Y-PARALLAX OBSERVATIONS

The above shows that the standard error
of X-parallax determination is between 0.37
and 0.52 (i.e., between 2.7/7.3 and 3.8/7.3)
=0.44, depending on the element used for the
purpose) times the standard error of V-paral-
lax determination. This means, generally
speaking, the co-factors are related to each
other as follows:

QI’I.P: = (0.44)2@}’”,/',, = ().ZQ[A,,,I',,‘

In case, however, Dove-prisms are used for
changing the V-parallax to X-parallax, gen-
erally speaking, Qpz, re =Qpy,ry-

The author wishes to thankfully acknowl-
edge the guidance and support he received
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from his adviser Dr. A. J. Brandenberger in
this study, which was a part of a research
sponsored and supported by the U. S. Army
Engineer, Geodesy, Intelligence and Map-
ping Research and Development Agency
Fort Belvoir, Virginia.
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ESSA, NEw FEDERAL AGENCY,
INCLUDES THE COAST & GEODETIC SURVEY

President L. B. Johnson sent to Congress
for approval on May 13, 1965 a plan for the
reorganization of two major agencies in the
Department of Commerce: the Weather
Bureau and the Coast & Geodetic Survey.

Under the plan the Weather Bureau, the
Coast & Geodetic Survey, and the Central
Radio Propagation Laboratory of the Na-
tional Bureau of Standards are to be com-
bined in an agency known as the Environ-
mental Science Services Administration
(ESSA).

“The new agency will enable us to give the
public, business and industry better and
faster service, and combining certain manage-
ment functions will provide the improved
services at lower cost,” Secretary of Com-
merce John T. Conner said. ““But even more
important, it will improve the scientific capa-
bilities of the Commerce Department.”

“Our studies range over such fields as
meteorology, hydrology, climatology, seismol-
ogy, geodesy, geomagnetism, oceanography,
hydrography, aeronomy, tropospheric elec-
tromagnetic propagation and telecommunica-

tions,” he said. “If we are to understand our
environment and use it to the fullest advan-
tage, a thorough knowledge of these fields and
how they interact with one another is essen-
tial. This will be expedited if the scientists are
under one organizational roof.”

The Secretary said the proposal for the new
agency grew out of suggestions made by
Weather Bureau Chief Dr. Robert M. White,
N BS Director Dr. Allen V. Astin, and C&GS
Director Admiral H. Arnold Karo, plus
studies conducted under the direction of Dr.
J. Herbert Hollomon, Assistant Secretary of
Commerce for Science and Technology.

The Commerce Department produces nau-
tical and aeronautical charts, and forecasts of
weather and ionospheric conditions (impor-
tant for radio communications). The Depart-
ment also issues warnings of natural hazards
—hurricanes, tornadoes, floods, earthquakes,
seismic sea waves, and solar disturbances. In
addition, it provides the scientific community
with a wide variety of information on the
environment,




