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Auxiliary Data in Strip Adjustment

Horizon photo data are applied in experimental
computations using ISP-Commission lll fictitious photos.

(Abstract on next page)

SUMMARY

HE HORIZON CAMERA is one of the auxil-

iary instruments which provides some of
the necessary information for controlling
aerial triangulation by yielding the values of
the orientation parameters ¢ and w at each
exposure station. A new method of deducing
the orientation parameters from the horizon
pictures has been established.” The properties
of this method are:

® [tallows for any number of observations along
the horizon line.

® [t is subject to a least-squares solution.

® [t yields rigorous absolute components of tilt
whenever the true horizon or a levelled apparent
horizon is observed.

® Relative tilt components can be obtained from
the absolute values or directly from the equa-
tions if this is required.

e [t provides a fast and economical data-re-
duction and processing procedure.

® [t is not restricted to horizon-camera pictures
but can be used in association with terrestrial or
high-oblique photography as well. Not only is it
unrestricted to observations of the horizon line
but also to definite points observable on the horizon
picture, in which instance all ¢, w, and « can be
obtained.

Although the observation of definite points
in the horizon pictures is the most promising
means of deducing the three rotational ele-
ments of orientation, the present available
camera and films usually are incapable of
registering such points. Restricted to the
rather limited accuracy of the horizon-deter-
mined orientation parameters, the incorpora-
tion of these data in aerial triangulation must
be handled with care.

It is evident? that at present the horizon-
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determined orientation parameters could not
be incorporated in the process of strip forma-
tion (i.e., in the relative orientation of one
photograph to the preceding one) where
conventional procedures yield a higher degree
of accuracy. It is therefore suggested that
the auxiliary data should be incorporated in
the adjustment stage. In view of the above
discussion it is advisable to establish an ad-
justment method with the following charac-
teristics:

© Keeping the conventional relative orientation

of each model intact;

© Not resorting to polynomials, especially

where long strips are triangulated; and

© Utilizing both the auxiliary data and any

available ground control point along the strip.

The suggested method in this presentation
meets the above specifications using the fol-
lowing technique:

A Each model in the strip is adjusted as a rigid

unit.

A The horizon-determined parameters of each
model are viewed as known elements and are not
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subject to any change in the adjustment pro-
cess.

A The other orientation parameters required
for adjusting each model, and which are not
given a priori, are solved simultaneously for all
models in the strip.

A The coordinates of the ground control points
are incorporated in the above simultaneous
solution, thus contributing to the adjustment of
the entire strip. The density and distribution of
the control points will affect the accuracy of the
determination of the parameters that are not
deduced from the horizon camera.

A The orientation parameters of each indi-
vidual model are deduced from the simultaneous
solution, and the adjustment of each model
constitutes finally the adjustment of the entire
strip.

INCORPORATION OF AUXILIARY DATA IN
THE PROCESS OF STRIP FORMATION

Model formation within the strip is defined
here as a process in which the bundle of rays
constituting photograph j is oriented with re-
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of determining ¢ and w will reach the +1¢
level.

INCORPORATION OF AUXILIARY DATA IN
THE ADJUSTMENT STAGE

The outcome of the strip formation is a set
of bundles of rays oriented to each other but
deviated from their corresponding absolute
position in space due to the error accumu-
lation and the effect of earth curvature. The
relative orientation of each bundle to its
preceding one, can be achieved with a high
degree of accuracy, thus reducing to a mini-
mum the effect of model deformation. It is,
therefore, recommended that the relative ori-
entation obtained in a conventional way be
kept intact as far as possible at the adjust-
ment stage. This can be achieved by adjust-
ing (i.e., absolutely orienting) each individual
model in the strip as a rigid unit.

ABSTRACT: A new method for the determination of the attitude of aerial cameras
(P and w, and under certain conditions, also ) by means of horizon photography
has been established. After deriving the tilt components of each photograph, the
absolute orientation parameters (P and Q) of each model are determined and
incorporated in the adjustment of the strip. The strip adjustment takes full ad-
vantage of all avatlable auxiliary data as well as any available ground control
and solves simultaneously for all the parameters of orientaticn of each model.

spect to the already oriented bundle of rays of
photograph 4, utilizing the horizon-deter-
mined orientation elements ¢ and w asso-
ciated with this bundle. In case the auxiliary
data are not accurate enough, the above pro-
cess will fail to eliminate the parallaxes within
the model, resulting in model deformations as
well as discrepancies between models. Thus
the criterion in applying the auxiliary data to
the formation of a model is the accuracy with
which these data can be obtained, compared
with the accuracy achieved by the conven-
tional procedures.

Many experiments conducted by different
investigators at different times*®8 lead to the
conclusion that the determination of ¢ and w
by utilizing the horizon pictures is, at best,
within + 2¢ This accuracy seems to be quite
optimistic, but even if this value is accepted,
it is inferior to the accuracy obtained by the
conventional procedures of relative orienta-
tion.? However, it is hoped that with a more
sensitive emulsion capable of penetrating
haze and other physical obstacles, and with a
more advanced horizon camera, the accuracy

The absolute orientation requires, among
other parameters, the values of the tilt com-
ponents of each model (i.e., A® and AQ).
Thus, an attempt is made here to deduce
these values from the individual horizon-de-
termined tilt components of each of the photo-
graphs constituting the model. In this way
the auxiliary data are indirectly incorporated
in the adjustment phase.

BASIC CONCEPTS AND DEFINITIONS

A direction d in space (O—E, see Figure 1),
which in the case of near-vertical photog-
raphy is always in the negative hemisphere
(Z <0), can be safely determined by the fol-
lowing couple of direction tangents:

Xe— Xo
tan0, = ———— = Ix
Zg— Zo .
. (1
Ye— Y,
tan 6y = —; — =ily.
Zg— Zy

The measured direction is defined throughout
this treatment by its corresponding direction
tangents as deduced from plate measurements
and denoted ftx, ty.?
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F1G. 1. A direction d in space and its projec-
tions on the VZ- and XZ-planes.

If an internal reference system, having its
origin at the perspective center 0, is set
parallel to the plate coordinate system de-
fined by the plates’ fiducial marks, and if the
measured plate coordinates are reduced to

COS ¢ COs COS w sin k sin w
+sin w sin ¢ cos k  —cos w

M =| —cos¢sink COS w COS K sin
—sin w sin ¢ sin k. +cos w

+sin ¢ —sin w cos ¢ COS w

the principal point of the plate and denoted
x*, y* (see Figure 2), then the measured
direction-tangent of point £, following Equa-

tion 1 are:
ap* — 0 *—0
Ix = — ~ and [y = —
S]q* — 0 -0
As zp*= —P (principal distance) in the

above described internal coordinate
it follows that:

system,

and

(2)

The transformed direction is defined here by
the values of the direction tangents which
have undergone a spatial transformation and

denoted ¢y, ty'. The well-known spatial
transformation formulas read, in matrix
notation:

C=S+Ccm 3)
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Y*

X *

FIG. 2. An internal reference system.

where

C=[xv Z'], the transformed coordinates

I

1]

C=([X¥ Z], the original coordinates,
S=[$S; Sy, the translations along the X VZ-
axes,
sin k
sin ¢ cos k mi My m;;;—l
Cos K = | ma mss mey | = [M,M,,M_.], (4
sin ¢ sin « M31 M m:;‘_l

COS ¢ =

The matrix refers to the right handed co-
ordinate system used in the U.S.)% where w is
the primary rotation, ¢ the secondary and g
the tertiary rotation.

Using the above notations, the transforma-
tion formulas can be written as:

X' =514+ Xmy, + Ymoy + Zmy,,
Y’ =8, + Xmiys + Vg + Zinmge, ($)
Zﬁ', =35+ .\’"113 + I"”Qfﬁ + Z))I:c:i-

Thus, Equa
as:

tion 1 for example can be written

i (6)

Combining this equation and Equation 3,
gets:

one

L= (X — A\'“!m“ + (Ve — Yn)mjl + (Zg — Zu)l)lu
® (Xe— Xo)mis + (Ye — Yo)maos + (Ze

*— Zu)’);:(.’\'
Dividing the numerator and denominator by
(Zg—Zo) and using Equations 1, it follows
that:
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tmn + tymzy + ma

temaz + tymas + mse

e 4 1M
[t 1M

and similarly:

’

’

temaz + tymios + mae
temyy + bymag + mas
e & 1] M,,

TS A

where M contains the values of the elements
required to rotate a direction from its mea-
sured position to its newly transformed posi-
tion.

The oriented direction is defined here by the
values of the direction tangents satisfying
certain conditions imposed upon them and
denoted T, T, thus:

|
)

po_ 1M
T ot 1M
[, J- ®
e 1A,
Y 1)M.

where M contains the values of the elements
required to rotate a direction from its trans-
formed position to its oriented one. This ori-
ented direction can also be expressed as func-
tion of the measured direction, in which case
M contains the values of the elements re-
quired to rotate the direction all the way from
its measured to its oriented position, that is:

p le bl
e o1, 1]-M. 9
g et 1M, (
Yt t, 1]-M,

DETERMINATION OF THE TILT-COMPO-
NENTS AP AND A2 OF A MODEL

The following method is based on the real-
ization that the optical axis of the nadiral
camera should coincide with that determined
by the horizon camera. This condition can be
mathematically expressed as:

T;'" . T_TI‘ = ()

and (10)

T — T =0

)
where 7,7, T, are the oriented direction
tangents of the camera axis, and 73", T,* are
the oriented direction tangents as determined
by the horizon camera.

The direction tangents of the camera axis,
as obtained in the process of strip formation
(i.e., the unadjusted cantilever assembly),

—
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’ 31 .
are t; ™ /,,"” whose expressions are (see Equa-

tion 7):
/,m_[o 0 1]-mr
z _I() 0 1]'M3""
11)
o [0 o 1]-mm
7o o 1]-mMr

where M,™, M,™, M." are the columns of the
orientation matrix containing ¢, w, and k as
obtained in the process of strip formation.
The values of £,/ can thus be viewed as the
transformed direction tangents of the camera
axis, whose initial direction was precisely
nadiral, to the position obtained by the strip
formation (see Figure 3). The rotation from
this transformed position to the oriented one
is given in the following form:

N I m ot ,1], M.
& [/l’m t,m IJ-M:'
. (12
— [,{/mﬁ /!mﬁ ]J 'LWJ/ (12)
v I/I/m L™ 1 | M.

where M., M,, M. are the columns of the un-
known orientation matrix.

On the other hand, the direct transforma-
tion from the initial nadiral position to the
oriented direction as determined by the
horizon camera is (see Figure 3) expressed by
the following equations:

F1G. 3. Direction of the optical axis of the nadiral
camera in the different phases of the triangula-
tion.
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) [0 0 1].0m
Thime - "2 .
[0 0 1]-m.t 13)
(
[0 0 1]-p,

[0 0 1]-m

where M,*, M, M." are the columns of the
horizon-determined orientation matrix (k=0
in case it cannot be determined from the
horizon camera).
Substituting Equation 12 and Equation 13
in Equation 10, it follows that:
[tz g,/m

1M, [0 0 1]-m

[t 4 1M [0 0 1]- M.

=0,
(14)

l/.r,m by'™ 1]'M,, = ().

[/1/;"77 /u/"l IJM

[0 0 1]-pm
[0 0 1]-m2
The only unknowns in Equation 14 are the
orientation elements contained in M. M,
and M,.

Expending the above functions in Taylor
series and evaluating the expansion at d=w=
0 (see explanation below) without considering
K:

= (1 +L"™)AD + 1,/m,/mAQ + ,'m — Tx¥ =
— LM mAD — (1 44,/mAQ +1,/m — Th =0

(135)

The set of Equations 15 is associated with
bundle 7 of model N. An equivalent set can be
deduced for bundle j; thus four equations are
available for determination of the two un-
knowns A® and AQ by the least squares tech-
nique. The solution is achieved by an itera-
tive process, starting each iteration with the
approximationg =w=«=0 (see the conditions
under which Equations 15 were obtained). At
each iteration the direction tangents are
transformed so that the directions assume a
new position which becomes the initial posi-
tion for the next iteration. This iteration pro-
cess goes on until the orientation is finally
achieved. From the product of all the partial
orientation matrices obtained in each itera-
tion, the final results can be deduced. The re-
sulting values will be the amount by which
the two bundles associated with the model
must rotate.

Theoretically k could be solved for here as
well. Each model has two fixed directions in
space, associated with the two bundles ; and j
(those obtained by the horizon camera).
When the model undergoes a rotation to fit
into these two directions, it undertakes a
swing « as well. However, practically the two
fixed directions as obtained from the horizon
camera are nearly parallel to each other and
thus « is insignificantly affected by the rota-
tion of the model (Figure 3).
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PARABOLIC SMOOTHING OF BREAKS BETWEEN
MODELS

Because of the imperfect rectification of
each model, discrepancies will remain along
the line joining any two adjacent models.
Most noticeable of these are the discrepancies
in elevations. This is an unavoidable outcome
or a price for controlling the error accumula-
tion. A rather known concept can be modified
here to fit the purpose of smoothing the dis-
crepancies between the models. The sug-
gested method is based upon the assumption
that the propagation of errors in aerial
triangulation can be expressed in terms of a
third degree polynomial such as:

AZ = Co+ CiX + CyV + CiX? 4 Ci X3 4+ CoX Y,
which, for points along the strip axis, be-
comes:
AZ = Co+ C1X + Cyx2 + G X3,
Inasmuch as
INZ
AD =2,

dx

then it follows that

AP = C1 + 2C:X 4 3C,Xx2
or in a general form,

A® = 4, 4 A.X 4+ A,X2. (16)
In a similar way Ak can be expressed in a gen-
eral form as:

Ak = Dy + DX + D, X2

AQ is a linear function of X, but because the
other two corrections are expressed as a sec-
ond degree polynomial, the expression for AQ
will also be raised to this degree, so that:

AQ = B, + B.X 4+ B;Xx> (17)

As it is assumed here that no definite point
can be observed in the horizon picture and
thus that x cannot be solved for, only the
equations for ® and Q will be dealt with.
Substituting Equation 16 and 17 in Equation
15 the following expressions are obtained:

— L+ 7)Y (41 + 4:X + 4,%7)
~ &"™,/m(By + BoX + B,X?)
+&'m — T =,
— L, (A + X + 45X
~ (1 +4/")(B, + B:X + B,X?)
4™ — T =,

(18)

Six unknowns are involved in the above
equation (A4,, 4,, A, B, B,, Bs). For every
model there are then four equations with six
unknowns. In a strip of n models there will be
4n equations from which the six unknowns
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can be solved for (X can be taken as the
machine coordinates of the right nadir point
of each model). Once the coefficients are
solved for, Equations 16 and 17 are used once
again to compute ® and Q of each model, and
these elements should be used for the rotation
of each model. It should be emphasized that
this suggested method does not correct dis-
crepancies but rather smooths them in the
best possible way.

ADJUSTMENT OF THE BRIDGED STRIP

Bridging can be viewed analytically as the
case in which more information exists along
the strip, than in the case of the cantilever
strip. The additional information, in form of
control points, enables an adjustment of the
strip. The effectiveness of the adjustment
depends on the density and distribution of the
available control points. In the conventional
methods, this information is utilized to estab-
lish a second or higher degree polynomial as a
means of adjustment for the entire strip. The
following suggested method, in contrast, is
aiming at the adjustment of the individual
models in the strip, taking advantage of any
available type and amount of information.

Each model in the strip contains seven un-
knowns, i.e., three rotations, three transla-
tions and a scale factor.

The ideal situation is the case in which
enough information is available to solve for
the seven unknowns of each model in the
strip without resorting to various assumptions
and approximations. However, there is hardly
a need for aerial triangulation in such a case,
as the achievement of this goal requires con-
trol points at each model. If the horizon data
are available, the number of unknowns is re-
duced to five per model, (AP and AQ being
obtained in the manner suggested in a previ-
ous section), but unless additional auxiliary
data and/or ground control points are avail-
able, approximations have to be made. When
ground control points are available along the
strip, an adjustment for A and « can be applied
in linear segments between the control points.
Obviously, this is an approximation whose
effect is lessened by the increase of the num-
ber of available control points. In this case, if
Ak of each model is plotted against X (the dis-
tance between any two control points) the re-
sulted curve is a straight line expressed math-
ematically as:

Ak = ax + b,

but as

o
o
wn

then
L
Ay = f (ax + b)dx = 55 (ax + b)?,
a

i.e., the linear change in x has a parabolic
effect on the resulting adjusted V-coordinate.
However, this approach should not be con-
fused with the second-degree polynomial
commonly used in photogrammetry as means
of a direct adjustment of point coordinates
throughout the entire strip. In long strips
where ground control points are sparce, the
underlying assumption that the error ac-
cumulation does resemble the degree of poly-
nomial used, is quite doubtful. On the other
hand, the auxiliary data will yield corrections
to the errors ‘‘as they are, not as they should
be.”t The parameters which are not solved
for by the horizon data will require some ap-
proximations, as already explained, but the
effect of these approximationsis limited to the
range between the available control points.
Consequently, the simultaneous adjustment
offered in this method, utilizing both the
auxiliary data and any amount of given
ground control points, will aim at getting as
close as possible to the rigorous solution.

The Adjustment FEquations. Considering
that all the auxiliary data has already been
transformed to the local reference system,
that ® and @ of every model have been com-
puted from the available horizon data (as ex-
plained in the previous second), and that the
strip has already been formed, the next step is
the adjustment of the strip. The equations to
be used for this purpose are of two types:

I. C;— (S+AC*M) =0
II. S, + MCIAM, = Suiy + Nt Crp* Mgy

(19)
(20)

where C represents ground coordinates of a
point, C* represents plate coordinates of a
point, S are the three translations, N\ is a
scale factor, and M is the orientation matrix
(see Equation 4).

The equation of Type I is applied wherever
a ground control point is available. The equa-
tion of Type Il is applied as a condition which
the pass points along the line joining the two
adjacent models must fulfill. Equation 19, in
full, reads:

Il

F, X -8 — All\'* (cos @ cos k) + y*
(— cos® sin k) + Z* (sin®)] = 0,
F, =V — 5, — A\ X*(cos 2 sin k + sin 2 sin ® cos )
+ y*(cos Q cos k — sin 2 sin @ sin «)
+ Z*(— sinQ cos d‘r)] =0,

and
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TaBLE 1. THE RESULT OF DIFFERENTIATING EQUATION 21 AND
EVALUATING THE FUNCTION AT #=Q=K =0
ar, ) aF, . aF
I [25] = xe, [25] -0,
oK, aKN 1y J 0
ar, , ar, _ aF. )
[2] - - v, (%] = -y, Ly -
o\ g N Jg I\ g
oL, oF, aF.
[ﬂ] — [ J o [v_] -
0S5 o aS:Jo aS: o
oF, aF, aF,
[ ]~ [0
dsyJo aS, 1o aS,Jo
oF, oF, aF.
2] -0 2] -0 [2]--
aS.Jo aS. o aS. 1o
Fp = X — 8, — AX*, Fy, =V =8, — \V* Py = 4 — 8, — NZ¥,

F.=2-5,— le*(SinS)sin ¥ — cos 2 sin ® cos k)
-+ ¥y*(sin Q cos k + cos Q2 sin & sin «) (21)
+ Z*(cosQcos d) | = 0.
Differentiating Equation 21 with respect to
the unknowns, and evaluating the function at
®=Q=k=0, the expressions shown in Table 1
are valid.
Thus the linearized (Taylor series) set of
Equation 21 is:
AY*Axk — X*AN — AS; + F,, =0,
— AXAk — YAN — AS, 4+ F,, = 0,
—Z*AN— AS,+F, =0.

(22)

The corresponding set of linear equations de-
duced from Equation 20 is:
— AV*Ak 4+ X*AN 4 AS)).

— (—AV*Ac 4+ X*AN 4 AS )i

+ [(Se + AX*) — (Se +AX*)a] = 0,
(= AF*Ak + X*AN + AS)).

— (= AY*Ak 4+ X*AN + AS,)npn

+ [(Sy 4 AX*)n — (Sy + A F*)uia] =0,
(Z*AN + AS)) . — (Z*AX + AS )1

+ [(S: + A2 — (S. + AZ5)ps] = 0.

(23)

The adjustment program calls for starting
each iteration with the initial first approxima-
tions assigned to the unknowns. In the pres-
ent case, the initial values of the unknowns
are:

k=0
A=1, and
S:=8,=8:=10.

Accordingly, the known terms of Equation 22
become:

Fop=X — X*
Fp= ¥ —¥* (24)
Fy,=Z — 2*,

and those of Equations 23 become:

Gz, = Xo* — Xap*
Gy, = Yp* — Vpur* (25)
Gz,, = Zn* = Zu+l*-

POINTS INVOLVED IN THE ADJUSTMENT AND
THEIR FUNCTION

The measured X VZ-coordinates of the pass
points (u, m, I in Figure 4) in the two adjacent
models enable the linking of the models to
each other by imposing the condition that
their coordinates in model # be the same as in
model (z+41). However, the Z-coordinates of
pass points # and / lead to the determination
of a certain value of €, which might disagree
with the value of @ deduced from the horizon
camera. Point m, located on the X -axis about
which @ rotates, will not contribute to the
above problem and hence its X VZ-coor-
dinates can be fully utilized in the adjust-
ment. As for the points u, /, their X V-coor-
dinates can be utilized whereas their Z-coor-
dinates should not. In this way, the model can
freely rotate by the amount imposed by the
horizon-determined ® and Q without causing
unbearable constrains on the adjustment. For

o uo
(3) (4)
m
T (2
1
(5) Model n  [(%] Model n + 1

F1G. 4. Classification of points in the model.
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F1G6. 5. A three-model strip.

this reason, the third equation in the set of
Equations 23 is multiplied by a numerically
small factor whenever it is applied to a pass
point. This factor can be looked upon as a
reduced weight.

In summary, all points in the strip can be
divided into four groups: (1) control points,
(2) points m, (3) pass points / and «, and (4)
all other points whose coordinates are re-
quired. Only groups 1, 2, and 3 are involved in
the adjustment phase; groups 1 and 2 are
fully involved whereas group 3 entails the
exception of the Z-coordinates. The strip
coordinates of points belonging to the fourth
group will be transformed into the ground

AX

~
7
/l\\m
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I16. 6. The AT matrix of a three-model strip.

coordinate system using the parameters re-
sulted from the adjustment.

THE STRIP ADJUSTMENT COMPUTER PROGRAM

The present program, as already stated,
has as its purpose the adjustment of the
individual models in the strip, taking ad-
vantage of any available type and amount of
information. The least-squares solution is
applied simultaneously to all models in the
strip and the parameters of each individual
model are then deduced from the simulta-
neous solution.

The transformed matrix of the observation
equation Coefficients AT, as deduced from a

a\
7\
X

0
e N

/ \
| X L/ A\ |
T ~ / 1 T x |
\

AY
il

\ —
| = s \ A\

A T 7 T T T | E——

\ /4 ‘ ‘ I N i

L\ L P
= v N

Az

e

— A ——

8 . Nk Py | T i
/ \/// Uz T
-1

Second Order Polynomial
— — — — New Adjustment

Control:

Beginning, Middle, and End

F16. 7. Comparison of discrepancies resulting from different adjustment procedures.
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three-models’ strip containing three control
points (shown by triangles in Figure 5) and
six pass points (shown by circles), is repre-
sented in Figure 6 for clarity purposes.

The coefficients associated with control
points are taken from Equation 22 and those
associated with pass points, from Equation 23.
It should be emphasized that in the present
procedure each iteration shifts the coordinates
of the points to a new position which will
serve as the initial position for the next
iteration. Thus every iteration starts with
the initial first approximation assigned to the
parameters, and ends with the resulting incre-
ments or partial values of these parameters.
These values are used in the partial trans-
formation of the coordinates from the previ-
ous to the new position. The final values of
the orientation parameters, at the end of the
iteration process, are deduced from the incre-
ments resulting at each iteration.

When the iteration process is terminated
and the final orientation parameters of every
model in the strip, are obtained, the points
belonging to group number 4 of the foregoing
Section are read and their coordinates are
transformed to the ground system, utilizing
the orientation matrix of the model in which
the corresponding points are located.

EXPERIMENTS AND CONCLUSIONS

Experiments have been conducted with the
ficticious data prepared by the International
Society of Photogrammetry, Commission IT1.
Photographs number 2 to 14 of strip No. 1 (12
models) were linked and adjusted using the
method suggested here as well as by a second
degree polynomial. The control points used in
the adjustment were 5-1, 5-3, 5-5, 17-1,

PHOTOGRAMMETRIC ENGINEERING

17-3, 17-5, 29-1, 29-3, and 29-5, located at
the beginning, middle and end of the strip.
The discrepancies (adjusted-ground control
values) along the center of the strip, resulted
from each of the methods used, are plotted in
Figure 7. The close proximity of the results is
evident; however, it should be kept in mind
that the strip under investigation is rather
short and thus cannot demonstrate the full
advantage of the suggested adjustment pro-
cedure. The effectiveness of the new pro-
gram, utilizing the auxiliary data, should be
more pronounced for long strips where the
assumption that the error accumulation re-
sembles any particular polynomial is doubtful
1.
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