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ABSTRACT'

A simplified European method of relative orientation using an arithmetic analysis
is explaiI:led for American operators of stereoscopic mapping instruments. The method
applies to nearly every photogrammetric plotting instrument that is equipped to indi­
cate the by ~etting of one projector. The ideas of least squares and weighted means are
included to obtain a logical orientation even if the model is faulty. The application of the
method is described at operator level, and the ess~ntial items of the mathematical basis
are explained in sufficient detail for use with models of different shapes and sizes.

Order of Contents: 1. Introduct~on, 2. Brief outline of the Method, 3. Detailed In­
structions, 4. Theoretical Basis,S. Application to the V-Swing Method, 6. References

1. INTRODUCTION

T HE procedure of adjusting the two
projectors of a photogrammetric in­

strument so that common images exactly
coincide is called relative orientation.
Under favorable conditions, the two image
areas can be made to coincide completely
by adjusting five motions according to a
standard, conventional, systematic rou­
tine of successive approximations. The
routine is based on the recognition and
removal of any lack of coincidence
(parallax) at six standard locations in the
overlap area (model). It can be shown that
the five motions are theoretically sufficient
to remove all the parallax at the first five
points, after which no parallax will be
present at any other place in the model.
The model is then said to be "clear" and
subsequent mapping operations can pro­
ceed.

Frequently in practice, however, a sig­
nificant and disturbing amount of parallax
remains at the sixth point as well as
throughout the model, whence the opera­
tor sometimes spends an objectionably
long amount of time in attempting to clear
the model further or to distribute the
remainder. The remaining parallax may
be due to an unavoidable lack of sym­
metry between the projector and the aerial
camera lenses, or to differential film shrink­
age present before making the reproduc­
tion on glass, as well as to other known and
unknown factors.

This discussion demonstrates a simpli­
fied European method (1 ... 7) for remov­
ing or distributing logically the remaining
parallax in an effort (1) to reduce the time
required for relative orientation and (2)
to improve the quality of the relative
orientation. Experience of users of this

general method indicates that vertical and
horizontal errors in the models are mini­
mized and significantly reduced if this
method is applied. The method incorpo­
rates the principle of least squares to
correct for six observed discrepancies by
means of five adjusting motions while
giving double weights to the two points
beneath the projectors. The method re­
sults in a final distribution of residual
parallaxes that is independent of the
operator or of the degree of refinement of
the initial orientation. The general method
applies to any instrument that has the
required measuring and adjusting motions,
the only difference being that the table
of products may be different than that
shown herein.

The demonstration first considers the
"swing-swing" method of relative orienta­
tion where both projectors are adj usted,
and finally the system is also applied to
the "Y-swing" method where only one
projector is moved.

2. BRIEF OUTLINE OF THE METHOD

The general routine used in applying
this numerical method 'is briefly outlined
by enumerating a series of steps. The
method requires the use of an indicator
(graduated in any convenient units)
attached to the by-motion of one projector,
as shown in Figure 1 with regard to the
Kelsh plotter.

2.1 Relative orientation is begun as
usual, employing the conventional pro­
cedure and repeating only as necessary to
reduce the parallaxes to the order of about
one-half millimeter. This can be done in
projection-type instruments without using
the anaglyphic spectacles. No effort need
be made to refine the results.
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FIG. 1. Dial indicator attached to one pro- + 4/ +2' +3" -'II
jector of a Kelsh plotter to register a small

---
Totals +6l1' +b8' -1-3/ -7~

translational movement in the y-direction,

2.2 The y-motion is adjusted until no
parallax is evident at one of the six stand­
ard positions (measuring station, Figure
2), and the value shown on the y-indicator
is recorded. The operation is repeated at
each of the other five positions.

2.3 The computation follows, consist­
ing largely of addition and subtraction as
indicated on the form (Figure 2), and ob­
taining values from a set of tables (Figure
3). The computation involves only simple
numbers of two digits ranging up to about
100. Strict observance of algebraic signs
is mandatory, but is simplified as much as
possible. The computations result in five
parallax corrections to be applied by the
proper orientation adj ustment screws.

2.4 The parallax corrections are ap­
plied* by combining the y-motion indicator

* This method of adjusting a motion a given
amount and. direction may be new. It has the
advantage of requiring only one graduated
measuring device (the y-motion indicator,
which need not be calibrated) for all five ad­
justments, and is free from any mechanical
inaccuracy of indicators on the adjustments
themselves.

FIG.' 2. Computation form for numerical
relative orientation of any instrument like a
Kelsh plotter lIsing 90° photography and the
swing-swing method.

and the proper orientation motion. A
specific one of the six standard positions
is designated as a "measuring station"
for each of the five adjustments. The
parallax is first removed at a measuring
station with the y-motion as in Step 2, and

TABLE OF PRODUCTS

p 1. 75 2.25 0 .8:5 0.625 r-;+1._7,;,.5+-2_.2,;,.5+_~O_._62~5

) 5)
4 54
4

FIG. 3. Multiplication table for use with the
computation form of Figure 2.

, I



NUMERICAL RELATIVE ORIENTATION 843

the indicator setting is noted. The correc­
tion is then applied numerically to the
indicator setting with y-motion screw.
Next, the proper orientation screw is ad­
justed until the parallax is again removed.
This installs the parallax correction. These
three substeps are repeated for each of the
five orientation adjustments.

2.5 The operation is checked by repeat­
ing Step 2 and recording the six final
observations in their places on the form.
The weighted mean value of the final
observations should be the working value
set on the y-indicator. The entire procedure
must be repeated if the final resid ual paral­
laxes are unduly large or concentrated,
but a single proced}lre is usually sufficient.

3. DETAILED INSTRUCTIONS

(1) Set the diapositive plates in the
projectors ·in the usual manner and per­
form relative orientation using the con­
ventional method until the residual paral­
laxes are reduced to the order of about
0.5 mm.

(2) Remove all the parallax at Point 1
with the y-motion only and record the
indicator setting y in the Initial Observa­
tion space at the top of the Computation
Form (Figure 2). Note in the sample that
the value is recorded twice.

(3) Repeat Step 2 at Point 2, using only
the y-motion to remove all the parallax,
and reading the indicator setting and re­
cording it twice on the Form.

(4) Repeat Step 2 at Points 3, 4, 5 and
6, recording the settings (once only) in
the indicated spaces on the Form.

(5) Add the eight recorded values and
divide by 8 to obtain the weighted mean,
which is recorded as shown in the sample
computation.

(6) Subtract the mean from each of the
eight y-values and record the difference
in the p or parallax column. If the mean is
larger than the y-value, the algebraic sign
of p is minus; otherwise, plus.

(7) As an arithmetic check, add alge­
braically the two columns of four p-values
each and enter the sums on the form.
Theoretically the two sums should be
small, numerically equal and their sum
should be zero if no mistakes are made in
averaging, subtracting and adding. Present
experience indicates that the two values
in the initial computation are usually
almost numerically equal, of opposite sign,
and about 10 to 20 in magnitude. In the

final computation, they are usually 1 or
2.

(8) Copy the p-values into the lower
part of the Computation Form, including
their algebraic signs.

(9) Affix the proper algebraic signs in
the squares of the lower part of the Form,
considering one row at a time. The normal
sign is indicated in parenthesis in each
square. If the sign of p is plus, copy the
normal sign immediately below the paren­
thesis in each square throughout the row
for that particular p-value. If the sign of
p is minus, reverse the sign in each square
throughout the row. Fox example, the sign
of p of the first row is minus in the sample,
whence the signs of the first two squares
are reversed from minus to plus, and in the
last square the sign is reversed from plus
to minus.

(10) Place numbers in each of the
squares of the lower part of the Form,
obtaining the numbers from the Table of
Products (Figure 3) (which is independent
from the particular units of the dial gage)
with regard to the value of p in each row
and the factor (Ii. 2t. etc.) in parenthesis
in each square. In the sample, the value
16 in the first square of the Form is found
in the Table in the Ii-column opposite
the p-value of 9; 20 is found in the 21
column opposite 9; and 18 is obtained by
multiplying 9 by the 2 in the parenthesis.

(11) Add algebraically all the numbers
in each of the five columns of the lower
part of the Computation Form, entering
the sums as Totals in the bottom row.
These are the parallax corrections to be
applied.

(12) Install the Total correction for
Swing 1 (K,), which is +68 in the sample,
as follows:

a. At Point 2 (which is the measuring
station for Kl as shown in the diagram
at the top left margin of the Computa­
tion Form) remove all the parallax
with the y-motion. This has the effect
of setting the indicator at a starting
position for measuring.

b. Note the indicator setting.
c. Increase or decrease the indicator

setting equal to the correction shown
on the bottom row of the Form
with the y-motion. In the sample, the
setting is increased 68 units. If the
algebraic sign had been minus, the
setting would have been decreased.

d. At the same Point 2, remove all the

- ~~ -----------------------
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parallax again, but this time with the
swing motion of the left projector (KI
motion). This installs the first of the
five corrections.

(13) Install the Total correction for
Swing II (K2), which is also +68 in the
sample, similar to Step (12), by:

a. Removing the' parallax at Point 1
(which is the designated measuring
station) with the y-motion.

b. Noting the iddicator setting.
c. Increasing or decreasing the indicator

-setting the required amount using
the y-motion. '

d. Removing the parallax again with the
swing motion of the right projector
(K2 motion). This installs the second
parallax correction.

(14) Install the remaining corrections
as indicated in the bottom row of the
Computation Form, one at a time, using
the general system of Steps 12 and 13,
and observing the proper measuring sta­
tions, adjustment motions, and. algebraic
signs.

(15) Repeat Steps 2 through 7, record­
ing the Final Observation in the upper
right part of the Computatibn Form. The
solution is ordinarily satisfactory if all
the newly computed values of p are less
than 0.05 mm. in the Kelsh plotter, whose
model is five times the size of the photo­
graph. If it is considered desirable to reduce
the parallaxes further, copy the new p­
values in the lower part of a new Computa­
tion Form, and repeat the computation
and adjustment. A Final Observation
should then be repeated also.

(16) Set the indicator at the Mean y­
value of the Final Observation. This
completes the relative orientation, after
which the model is ready for scaling, level­
ing and contouring.

In extremely mountainous terrain, it
may be necessary to repeat the entire solu­
tion three or four times as the parallaxes
may not be reduced sufficiently by fewer
corrections, or may be overcorrected.

Where extreme film shrinkage or other
difficulties are present, it may not be possi­
ble to reduce all the parallaxes to the order
of 0.05 mm. (for the Kelsh plotter).

If the model is to be used in bridging
eithet horizontally or verti'cally, extra
solutions should be repeated if necessary
in an effort to reduce the parallaxes as
much as possible.

4. THEORETICAL BASIS

A set of practical numerical equations
are sought expressing the amounts and
directions of the required orientation ad­
justments of an instrumeri't in terms of the
y-parallaxes, which can be measured, such
that the parallaxes at several places in
the model are reduced to a minimum.
Rigorous derivations of such expressions
occur in the literature [1 ... 8] and here­
in are not repeated. _

K,

co
I

@f---------'--(

FIG. 4. Diagram showing the motions and
nomenclature of the swiJlg-swing method of
relative orientation.

The amount of y-parallax p at a given
place in the model (Figure 4) can be con­
sidered a function of five independent
variable angular adjustments of the pro­
jectors: KJ, cPI, W of the first projector, and
K2, cP2 of the second.

F(p) = j,(Kl) +h(K2) +h("',)
+ /.(<1>2) +J.(w). (1)

These five adjustments are known to be
sufficient to eliminate the parallaxes at
five places in the model, and, if the two
projectors reproduce faithful perspectivi­
ties, parallaxes will also be non-existent
elsewhere in the model. Theoretically, each
of these functions is circular or quadratic,
but p is always sufficiently small to permit
the functions being considered linear.

The resultant change in parallax dp
created at a point in the model by small
changes dKl' dK2' etc., in each of the five
adjustments can be expressed as
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It is required to express each of the un­
known differentials dKI, dK2, etc." in terms of
dp's (measured at variou6 .places in the
model) and a set of fixed constants.

To simplify the work, the dp's are con­
sidered to be observed and measured al­
ways at the same positions in the model.
The partial derivatives such as 8F(p)j8Klo
are functions of position only, whence their
numerical values do not change from
model to model, and need be evaluated but
once. In other words, the partial deriva­
tives of Equation 2 can be regarded as
fixed numerical constants. It remains to
express their numerical values at the six
locations in the model.

- 45 em. --® - .®-l
,~-----------""~
, I_I
I P, i®
, P2 = p. = p. I
I P, = Ps = 0 I
I I
I I
I I
, I
I ,

___CDI-===_:&-_--=0"-f' J_
- f'----- P1, eD,T

I I
I I

E I I
u I I

on I I

VI I I

J®[ ® ! @.-L
-J~ ---------~ T

FIG. 5. Plan view of the model showing the
effects of the swing (K,) motion of the left
(first) projection on the parallaxes at the six
positions.

4.1 VALUES OF THE COEFFICIENTS

Figure 5 shows the effect of a small
change ~Kl in the swing adjustment at
the points 1 ... 6 on a plan of the model.
The dimensions of the model are taken as
45 em. in line of flight, and 90 mm. per­
pendicular to the direction of flight, cor­
responding to current wide-angle photog-

raphy. It should be readily apparent with­
out formal proof that: (1) ,the parallax
created at point 1 is zero because it is the
center of rotation; (2) the y-components
of the total parallaxes at points 2, 4 and 6
are exactly equal; and the parallaxes at
points 3 and 5 are essentially zero because
the image motion is very nearly perpendic­
ular to the y-direction, the discrepancy
being a term of higher order which is of
no practical consequence if the parallax
at point 2 is itself small. It may also seem
logical that point 2 would be an appro­
priate place to measure the effect of ~Kl'

If it be assumed that. the effect of one
unit adjustment of the ~Kl motion is one
unit of parallax at point 2, then the effect
of ~Kl at each of the six standard positions
is, respectively, (0, +1,0, +1,0, +1). It
may already seem logical that these six
values are the values of the partial differ­
entials 8F(p)j8Kl in six different instances
or locations. In other words, the change in
the value of p in this instance is that causec\
by changing ~Kl only, considering momen­
tarily that all the other adjustments are
unchanged or constant.

Similarly, the partial differentials
8F(p)j8K2 are (+1, 0, +1,0, +1) for the
six places, respectively.

Figure 6A is an elevational view in the
xz-plane showing the effect of a small
change in the ep adjustment at points 1 and
2, the change appearing only in the x­
direction. (Note that the projection dis­
tance is taken as 75 cm.) Transferring

•-,
I

~

~

I \ .. t>/ii'
I ,,/'\
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I \
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I
I \
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I \

10 I _\/1)
-I (~)ilr----- -45 cm.--- - ~ ,

FIG. 6A. Elevation view in the XZ-plane
showing the y-tilt (tip, ¢I) motion of the left
projector.
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FIG. 6B. Plan view showing the effects of the
y-tilt (tip, 1/>1) motion of the left projector on the
parallaxes.

FIG. 7B. Plan view showing the effects of the
X-tilt ("tilt," w) motion of either projector on
the parallaxes at the six positions.

these data to a plan view (Figure 6B)
it is seen that point 4 is moved to 4', 6
to 6', etc. However, it is also evident that
the y-parallax effects at points 4 and 6
are equal in magnitude but opposite in
direction; that at 1 and 2 they are exactly
zero, and at points 3 and 5 the effect is
essentially zero if that of 4 is small. Con­
sidering a unit of t:.epl as that which pro­
duces a unit linear y-parallax at point 4,
then the partial derivative (aF(p)/aepI) at
the six places in numerical order are

(0, 0, 0, +1, 0, -1). Similarly the effects
of dcP2 are (0, 0, +1, 0, -1, 0).

Figure 7A is an elevational view in the
yz-plane showing the actual y-parallax
effect of a small change in the w adjust­
ment t:.w. Figure 7B is a plan view. It may
be apparent that the effects of points 3,
4, 5 and 6 are equal, and that at points 1
and 2 are somewhat less.

Consider Figure 6A in deriving the rela­
tion of the parallax PI in terms of the paral­
lax Pa. Right triangles Onn', Oca are es-

o

P3 • P4 = Ps • P6 h I
P,· P2 =0.75 P3 fi J

~

/, ~

/, I '\

I. I \
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FIG. 7A. Elevation view in the YZ-plane showing the X-tilt ("tilt," w) motion of either
projector and the relative effects on the parallax at the center and the edges.
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sentially similar and

ac/Oa = nn'/On; ac = Oa X nn'/On. (3)

Also, right triangles acb and Ona are simi­
lar, and essentially,

ac/ab = On/Oa

ac = On X ab/Oa (4)

Equating the right hand members of
Equations 3 and 4 and solving for nn',

nn' = On' X ab/Oa'.

As nn'=PI, On=j, ab=p3, and Oa
= v'P+w'; then

PI = PP3/(j' + w'). (5)

Butj=75 cm.,.w=45 cm., whence

values from the first column of Table I.
The "d" and "delta" have been omitted
from the differentials for brevity.

This equation is a condition equation
in that the values of the variables are
desired to create an observed value of
parallax such that, if the adjustments are
made in the opposite direction, the remain­
ing parallaxes will be zero. One equation
exists for each of the six points (Table II).

As these equations are linear, there are
six simultaneous linear equations in five
unknowns, where the values of P are ob­
tainable through physical measurement.

TABLE II

THE CONDITION EQUATIONS

In this analysis it is assumed that
PI =0.75P3, first for convenience in comput­
ing and secondly-because oper;itors are
inclined to sel~ct points nearer the center
where the ratio is large and images are
clearer, rather than farther out where the
ratio is smaller and images are poorer.

Consequently, if a unit change of w is
considered a unit change in parallax at
point 3, say, it causes a change of 0.75
at points 1 and 2 and the values of the
partial derivatives (aF(p)/aw) at the six
places are, in numerical order, (+0.75,

, +0.75, +1, +1, +1, +1).
The effects of each of the motions at the

six places is summarized in Table 1.

4.2 THE CONDITION EQUATIONS

Equation 2 can now be expressed with
numerical coefficients. For example, the
parallax PI at point 1 is

'PI = OKI + 1K, + 04>1 + 04>2 + 0.75w
= 1K, + 0.75w·

where the coefficients consist of the first

4.4 THE NORMAL EQUATIONS

As there are more weighted equations
than there are unknowns, the customary
unique solution of five simultaneous equa­
tions in five unknowns will probably not
satisfy the conditions of the sixth equation.
A method of reducing the number of

4.3 THE WEIGHTED EQUATIONS

Both (1) and (2) advocate that the points
1 and 2 should be favored by doubly
weighting them. This is proved i)l (2)
and certainly seems logical because of
brighter images, better lens distortion
correction, etc. The method of doubly
weighting a point consists of multiplying
the condition equation by the square root
of 2 (Table III).

PI = 0.735ps. (6)

(
o +K,+O +0 +3/4w=PI
KI+O +0 +0 +3/4w=P,
o +K2+0 +4>2+ W=P3
KI +0 +4>1 +0 + w=P.
o +K,+O -4>,+ w=ps
KI+O -4>1+0 + W=P6

TABLE I

SUMMARY OF EFFECTS OF UNIT ADJUSTMENTS AT EACH OF SIX POINTS

Adjusting Numbered Point of the Model

Motion
. 2 3 4 5 6

KI 0 +1 0 +1 0 +1
K, +1 0 +1 0 +1 0
4>1 0 0 0 +1 0 -1
4>, 0 0 +1 0 -1 0
w +3/4 +3/4 +1 +1 +1 +1
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TABLE III

THE WEIGHTED EQUATIONS

i

0 +y'2K, 0 0 +3/4y'2w=y'2PI
y'2KI 0 0 0 + 3/4y'2w = y'2p,

o + K' 0 +¢2 + w = P3
KI 0 +</>I 0 + w = p.
o + K, 0 -¢2+ w = p.

l KI 0 -</>I 0 + W P6

weighted equations to five normal equa­
tions is used, which gives a solution that
most nearly satisfies all six equations ac­
cording to the prirrciple of least squares.
Sufficient information is given so that the
reader may apply these ideas to his own
problem, but a proof of the method is not
attempted as it is given in textbooks on
least squares and geodesy.

fe = i· y'2' y'2p, + iy'2' y'2p>

+ 1· P3 + 1· p. + 1 . P. + 1· P6

= 1· 5PI + 1· 5PI + P3 + p. + P. + P6.

In like manner, all 30 coefficients of the
normal equation are evaluated.

4.5 SOLUTION OF THE NORMAL EQUATIONS

Inasmuch as the normal equations are
five simultaneous linear equations in five
unknowns, they can be solved by any of
the several methods commonly used in
algebra. It is noted that the third and
fourth equations are immediately solved
and the other three equations are inde­
pendent from their sol \.1tion. Thus the
solution is reduced to three equations in
three unknowns. The process of elimina­
tion by addition and subtraction is appli-

TABLE IV

THE NORMAL EQUATIONS

J
4KI 0 0 0 +3!w= 2P,+P.+P6
0 +4K, 0 0 +3!w= 2P,+P3+P.
0 0 +2q" 0 0 P,-P6

l 0 0 0 +2q" 0 P3-P.
3~K,+3!K, 0 0 +6~w =3/2PI +3/2P,+P3+P. +P.+Po-

The five normal equations are shown in
Table IV, and Table V indicates how each
coefficient of the normal equations is
formed from the Weighted Equations of
Table III. The number in the first column
of the first row of the N ormal Equation~,

is equal to the sum of the squares of all
the coefficients in the first columns of the
Weighted Equations':

aa= 0' + (y'2)' + 0' + 12 + 0' + 12 = + 4.

The number in the first column of the
second row is the algebraic sum of the
two-term products of all the coefficients
of the first column times the re'spective
coefficients of the second column of the
Weighted Equations:

ba=O' y'2+y'2' 0+0' HI' 0+0· HI' 0=0.

Term ba is exactly equal to ab, which is
the term in the second row of the first
column. The number in the last row of the
last column is equal to the algebraic sum
of the products of the coefficients of the
last columns times the respective coeffi­
cients of the second column of Weighted
Equations:

cable, and the methods of determinants is
simplified by the large number of zeros
present in the coefficient matrix. The solu­
tion of the problem is given as follows
where all algebraic signs have been re­
versed to give the effect of a correction:

IlKI = - lipi - 2i'p, + lip3 + ip. + lip. + ih

ilK' = - 2ih - lip, + ip3 + lip. + ips + lip6
Ilq" = - !P. + !p&
Ilq" = - !P3 ++ !P.
ll.w = + 2p, + 2p, - P3 - p. - P. - P6~

Thus, each of the correlated adjust­
ments in anyone of the motions required
to eliminate all six parallaxes simul tane­
ously is given in terms of a simple series

TABLE V

SYSTEM OF FORMING COEFFICIENTS OF

NORMAL EQUATIONS

aa ba ea da ea fa
ab bb eb db eb fb
ae be ee de ee fe
ad bd cd dd ed fd
ae be ee - de ee fe
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of products of constant factors times the
respective amounts of parallax observed
at the six points. The labor is facilitated
by means of a multiplication table ,(Figure
3). The proper algebraic signs are all con­
fined to the computation form alone.

5. ApPLICATION TO THE y-SWING

METHOD OF ORIENTATION

The foregoing analysis applies to the
"swing-swing" method of relative orienta­
tion where both projectors are oriented,
as is frequently used with the initial
models of many instruments and with
all models of the Kelsh plotter. The pres­
ent analysis deals with the "y-swing"
method where only the second projector
is adjusted, which is the most frequent
method used with some instruments.

Table VI shows the coefficients of the
condition, weighted and normal equations.
The y-swing method employs the transla­
tional adjustments bY2 and bZ2 (Y2 and Z2)
in place of the Kl and cPl adjustments of the
swing-swing method, whereas the K2, cP2

and w adjustments are, used in both meth­
ods. Accordingly, the coefficients of the K2,

cP2, and w terms of the two sets of condi­
tion equations are identical, and it remains
to describe the effects of the Y2 and Z2
motions.

It is evident that the y-translation of a
projector changes the y-parallax in all

six places in the same way (Figure 8).
If the parallax at point 1 is changed one
unit, then the parallaxes at each of the
other five points.is changed one unit in the
same direction. Thus the coefficients of the
y terms of the condition equations are
each unity.
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FIG. 8. Plan view showing the effects of the
y-translation (by) motion of either projector
on the parallaxes.

TABLE VI

THE EQUATIONS OF THE y-SWING METHOD

Condition Equations
K2+0 +3/4w2+Y2+0 =P,
0+0 +3/4w2+Y2+0 =P2
K2+4>2+ W2+Y2+Z2=P3
0+0 + W2+Y2+Z2=P.
K2-4>2+ W2+Y2-Z2=P,
0+0 + W2+Y2-Z2=P6

Weighted Equations
y'2K2+ 0 3/4y'2w2+V2Y2 0 = y'2p,

o + 0 3/4y'2w2+V2Y2 0 =y2p2
K2+ $2+ W2+ Y2+Z2= P3

o + 0 + W2+ Y2+Z2= p.
K2 -4>;+ W2+ Y2- Z2= Ps

o + 0 + W2+ Y2-Z2= P6

1
l

Normal Equations
4 K2+ 0 +3tw2+4Y2+ 0 =2Pl+P3+PS
o +24>2+0 +0 +2z2=P3-P6
3tK2+ 0 +6iw2+7Y2+0 =3/2p,+3/2P2+P3+P.+P,+Pe
4 K2+0 +7 w2+8Y2+0 =2Pl+2P2+P3+P.+P,+P6
o +2<1>2+0 +0 +4z2 =P3+P,-P,-P6
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FIG. 9. Plan view showing the effects of the
z-translation (bz) of the right projector on the
parallaxes.

The bz motion has the effect of enlarg­
ing or reducing the pattern of images,
causing them to move radially toward or
away from point 2 beneath the projector
(Figure 9). At point 2, therefore, the paral­
lax is unaffected. At point 1 the parallax
is also unaffected because the radial direc­
tion of image movement is entirely in the
x-direction, the y-component being zero.
The effects on the parallax points 3 and 4
are identical to each other, although their
resultant radial movements differ. More­
over, the parallaxes at 5 and 6 are numeri­
cally equal to that at 3 and 4 but are in
opposite directions. Thus the column of
coefficients of the Z2 term of the condition

equations can be expressed as (0, 0, +1,
+1, -1, -1).

The solution of the equations for the
y-swing method does not involve any dif­
ferent principles. The solution, with signs
reversed so that the results will be cor­
rections, is as follows:

tlK2 = - !Pt + !P2 - lp3 + lp. - lp6 + ips"
to"" = - !P3 + !p. + !P6 - !P6
tow = + 2Pl + 2h - P3 - p. - P6 - P6
tlY2 = '- 1ipl - 2ih + kP3 + fP. + kP6 + fP6
t.z2= -!P. + !P6
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