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Abstract

Often in the photogrammetrical survey teaching there are some difficulties in the organization of the exercises of
students. This is connect to the insufficient number of instruments used in the restitution compared to the high number
of students. Starting from this consideration the authors have realized a software in win95 environment that allows the
orientation an the restitution of non-metric photograms digitalized using the D.L.T. algorithms. The paper explains
the reasons of the choice of the algorithm, of the digital envirorment, of the operative system, of the programming
language, etc. It is proposed to create a Web site for the distribution of free-softwares for photogrammetry and
topography. The software presented in this paper is given as compiled and source code.

Introduction

Within the field of the activities done by the
Photogrammetrical Laboratory of IUAV, the work
presented here is born from a simple idea: it is
impossible to  place the instruments of
photogrammetrical restitution at the disposition of the
students of the Survey courses and the graduands who
need to use them for their theses. This is due to the
large number of students compared with the limited
number of restitution systems. In the past, the problem
was overcome by the organization of the technical
personnel who afforded students the opportunity to take
part in demonstrations of the instruments without
actual first hand experience in the operations that they
have studied on a theoretical basis.

A real understanding of the relative problems of the
“instrumental survey” involves not only dealing with
the theoretical aspects and methodologies but practical
and operative ones as well, which can be acquired only
through a real application.

This new need for a direct experience in the teaching of
operative survey stems probably from two factors:
firstly, from the more and more precise definition of the
architectonic survey discipline which has brought
about, among other things, the individuation of the
methods of transmission of the disciplinary knowledge
(of which this symposium is proof). Secondly, the
understanding of the importance of survey within the
field of conservation on the understanding and
knowledge of an architecture, which brings about a
rigour in the methods that can be guaranteed only by
operators with a complete and deep rooted training.

The objective placed therefore, has been ploting the
photogrammetrical restitution accessible to a large
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number of students, taking advantage of the
possibilities offered by present day computers.

This end is reached through the realization of a
photogrammetrical system which utilizes low cost
hardware such as personal computers and non metrical
cameras, tools easily accessible and useable by all
students.

The software must allow for the use of non-stereoscopic
and non-metrical images, maintaining the rigorousness
of the operation of orientation and restitution.

The software realized cannot be considered a digital
photogrammetrical system, in so far as it doesn’t have
any of the fundamental technical characteristics, but it
is nearly revolutionary in the production and the
utilization of the photogrammetrical products, which
will be shown herein. The diffusion of soft-
photogrammetry will bring the end-user to be not only
the consumer and user of the maps produced by
photogrammetry, but he will also be able to produce for
himself maps containing all the specific data necessary
to his particular project.

In the same way the student can perform the operations
of orientation, restitution, evaluation of the estimates of
the parameters obtained, and uncertainty of the points
surveyed himself.

With the software NM3-Digit, it will not only be
possible to change the way in which the exercises in the
Survey and Photogrammetrical courses are carried out,
but also change the service offered by the
Photogrammetrical Laboratory with respect to the
student. Up until now, the student received a final
product from the Laboratory: a survey or a
demonstration of how to execute a survey, with
software instruments such as NM3-Digit, available with
the freeware formula in so far as they are self produced,



it will be possible to hand over to the student the
software, the photographs and the control points
relative to the photographs (and eventually also the
orientation). In this way, the student can perform the
orientation and the restitution, personally appraising
what to plot and how to plot it.

Basic Decisions

In relationship to what is described, the NM3-Digit

software must have precise characteristics:

e to allow for the restitution with non-metrical
camera;

e to work with PC s and under the Windows
operating system.

The choice of the algorithm of the calculation has been

decided to be the D.L.T. for its characteristics of the

treatment of non-metrical images. Moreover, the

D.L.T. is an expression of the projective relationships

between two-dimensional space and three-dimensional

space, which, being considered the basis of

photogrammetry, have great teaching value.

The monoscopy has been another obligatory choice in

so far as it eliminates any optical hardware

components.

It has been decided not to supply the product with a

graphic output, but rather only a numerical output,

interfacing it on line with CAD.

Another fundamental decision is that of showing all

the calculated parameters and the imposing the

obligation to manually update the results of every

repetition; this slows down the operations but allows

the student to evaluate the results and to make the

consequential decisions.

What it does and doesn’t do

The photogrammetric workstation is characterized by

notable services, above all in relation to the automation

of certain photogrammetrical procedures;

These essentially allow for the following:

e the visualization of images

e the normalization of images

e the stereoscopic vision

o a high level of automation of the orientation
procedures

e the traditional stereoscopic or the monoscopic
restitution
the matching of images
the automatic generation of D.T.M. and contour
lines

e the monoscopic o three-dimensional
superimposition

e orthophotos

A system of this kind does not work with a Personal

Computer, but rather with a computer dedicated,

developed and designed by the companies that produce

photogrammetrical Hardware.
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The NM3-Digit software permits some of the
aforementioned operations to be carried out, which
constitute the minimum operative basis and the starting
point for successive developments.
In particular, it permits:
o the reading and visualization of images;
o the reading from the monitor of the coordinate
images (pixel);
e the spatial resection:
e  with direct solution (11 parameters of the
D.LT.)
o  with iterative solution (11 parameters of the
D.L.T. + 1 parameter that models the radial
distortion);
the spatial intersection for multi-image restitution;
the evaluation of statistical parameters;
the saving of the parameters for successive
restitutions
Therefore the digital photogrammetric system cannot
be defined according to currently used definitions but
rather it is simply a photogrammetric system on the PC
that utilizes digital images.

D.L.T.
The Direct Linear Transformation (D.L.T.) is an
alternative method for facing the problem of analytical
orientation that finds an optimal application in
photogrammetry with non metrical images.
The main advantages are represented by the fact that
with this method a stable interior orientation nor
fiducial marks are necessary. In the initial phase of the
calculation moreover, it is not necessary to know the
approximate values for the unknown parameters.
The solution with D.L.T. is based on the concept of the
direct transformation of coordinates in the instrumental
system of the comparator of the coordinate object. The
intermediate passage from comparator coordinate to
image coordinate is latent in the D.L.T. equations and
is not calculated explicitly.
The functional tie between the object coordinates and
the image coordinates is given by 11 parameters. The
geometric significance of the parameters of the D.L.T.
is clear: they are combinations of the three parameters
of interior orientation (X,, Yo, ¢) and of the 6 of
external orentation (X, Y02, ©, ¢, x) of a
photogram.
The other two parameters of the D.L.T. compared with
the 9 parameters of the photogram can be interpreted
as:
e a different scale in x and y axes (m);
e a shear (=orthogonality error) between x and y axes
(B).
These measures can be interpreted as a affine
transformation applied to the image.
These two conditions can be utilized for the writing of
the two equations between the parameters of the D.L.T.
if the values of m and P are known (for example,
utilizing numbered metrical images with a



photogrammetric scanner for which m=1 and p=0) and
can also be used for modeling the errors of the
comparator. In the case of the NM3-Digit, with which
one must use low cost harware tools, the two extra
parameters are used to model the deformations
introduced by the scanner which constitutes the
comparator. The deformations are simplified into:

o difference of scale along the x and y axes due to the
fact that one direction of the scanner the coordinates
are determined by the steps of the movement of the
motor of the optical group;

o the non-orthogonality of the axes due to the
placement of the sensors in respect to the direction
of the movement.

It seems that in utilizing non-metrical images and a

low cost scanner the presence of errors in the geometry

of the image necessitates the use of all 11 parameters

(including, therefore, the affine transformation) to

avoid running the risk of excessive numbers of

parameters.

The projective relationship between the two
dimensional space of the image and the three-
dimensional space is described by the formula:

u=AU
where

¢ .
u represents the vector |u v t| , A the matrix

coefficient e U the vector |U v w T|t ]
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With reference to the two systems of Cartesian
coordinates (x, y) e (X, Y, Z) the above written
relationships become
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X
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Each of the vectors is assigned an index of
identification i to the nth of the image or object point

x;=k,BX,
Developing the [1] achieves

x| kb X, +kb,Y, +Rb.Z, +k b,

Yo\ = kb X, + R BY, + ko, Z, + kb,
1| |kbyX, +hb,Y, + kb, Z, + A,

Dividing the first two equations by the third achieves:

X, b X,+bY, +b,Z, +b,
1 5 X, +b,Y, +b,Z, +1 5
i X, b Y, +b,Z, +b, 1
1 b,X,+b,Y, +b,Z, +1
These relationships put in relation the image

coordinates with the object coordinates through the b;
Orientation

Now considering simultaneously the implicit
transformation of the system coordinates of the
comparator to that of the image and the correction of
the systematic errors, the collinear equations can be
expressed as follows:

ol S ol my (X -Xc) +my, (Y-Yo) +myz (Z-Zc)
X T0 X my (X-Xo) + my (Y-Y0) + myy (Z- Zo)

y-d,=yp+
my (X -Xc) + my, (Y-Yo) + my (Z - Zc)
Y omy (X-Xe) +myy (Y-Ye) + my (Z - Zc)

where the x and y are image coordinates of a point in

the system defined by the comparator, d L€ d . are the

systematic errors of the image coordinates, Xy €Y are

the coordinates of the principle points in the comparator
system, and c e cy are the principle distances along the

x and y directions. The difference between the major
distance along the x and y directions is given by the
different variation of the scale assumed in the affine
transformation of the coordinates from the comparator
system to the object one.

Having placed:



XoMy + C Hy,

1 - L
L. = XoMy, + C .1y,
2 L
L. = XoMss + C, My
3 L
L. =x.+ my X, +myY, + myZ,
4 0 L
e Yoty + €1y,
5 L
7 = Yoy, T C My,
6 L
B Yoz + C My,
7 L
L, =y, + my X, + my,¥, + myZ,
8 0 L
m
I, = 31
L
m
L. = M
10 L
m
Ly = =
L
L =-(mg X +my¥, tmysZ)

with some algebraic passages the following equations
are obtained:

g o LXTLYLZ+L,
X LX+ LY+ LZ+1

oo L X+ LY+ 1,2+ 1L
Y Ly X+LpY+LjZ+1

Subtracting dX e dy e and substituting the symbol “b”
with “L” the equations [3] are identical as those of [2].

The d, e dy terms can be written explicitly, the [3]
equations become:

x+(x—x0)(KIr2+K2r4+K3r6+...)+[r2 + 26e-x)° P+
LX+LY+L,Z+L,
L X+ LT+ LyZ+1 °

+26 -3 xgP =

y+i 'yo)(I(IrZ+K2r4+K3r6+...)+26) -yo)(x - xo)P]+[r2 n

2.5 _ LsX+ LY +L;Z+ 1L
P23 TPy L LoT e Inz 1

where r2 = (x2 + y2); Kl’ K2, K3, Pl e P2 are the
coefficients of distortion of the objective system; X, Y,

Z are the object-coordinates of the represented point;
Ll...Lllare the 11 wunknown coefficients of

transformation.

On the basis of experimental research, it has been
concluded that, as a practical end, in order to
significantly correct the distortion of the lenses, only
the K ] term need be taken into consideration.

Therefore:

x+le r2 L1X+L2Y+IBZ+L4
1 LoX+ LY +1,Z +1

LiX+LY+L,Z+Lg

2
+y9'K =
YEYRIT T LX+ LY+ Lz +1

Direct solution

The equations of the D.L.T. become the following when
the terms of the distortion and the residuals of the
observed points (the image coordinates) are not
considered:

L X+L,-Y+L,-Z+1,
T Ly X+LyY+L,-Z+1

X

L X+Lg-Y+L;-Z+1L
Y L Xt Ly Y by 2]

Writing the equations for unknown n points obtains a
system of 2n equations in 11 unknowns; if the n>6
then the parameters of the D.L.T. can be estimated
applying the method of the least squares.

In fact, for every point to the i-nt %gree, the equations
of the D.L.T. can be written in the Torm:

LiX,+ L)Y, +LZ, + Ly — x, X, Ly —x,Y; 1), —x, 2,1 =X,
LoX, + LY, +L;Z; + Ly — y, X; Ly — y, XLy = y,2,L =y,

or in matrix form
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[X,.Y,.z,.loooo

x5 Xy -ty -x%0Z;
0 0 0 0 X, % Z 1 —y-X; —y-X, -y~ X;

If the 6 points of the known coordinates are considered,
therefore, errors not withstanding, it is then possible to
determine with only one repeat the 11 unknown
parameters of the D.L.T.

The direct solution is not very precise because the
hypothesis is made that the residuals of the observation
equations (image coordinates) can be neglected; it is,
however, an very important solution because it allows
for obtaining approximate parameters of orientation, to
use after which in the linearization of the collinear
equations.

This solution is calculated in the program and is then
defined as an approximate solution.

Iterative solution

Considering Ve €Yy,

coordinates measured the following expressions can be

random errors in the image

-1
L =
'\/(LQZ +L102 +L112)
) =@pLo+LyLyp+LyLyy r?
Yy =(L5L9+L6LIO+L7L11)L2
x - \/[ (le * Lz2 * L32)L2 -x02]
% - \/[ (LSZ ¥ L52 * L71)I"2 - yoz:|
b =sinl @, 1)
9

Once the transformation coefficients and the error
correction for all of the photographs has been obtained,
the coordinates can then be estimated in the object-
space in any other point that is represented in two or
more photographs.

derived from the equation [4] neglecting the effect of Vi

e vy on the parameters of the distortion of the lens, K 1

X Y. zZ. 1. xX. x xZ
_[x,-T'A Ly-aloals-alstalota Lo
Vi 2 X _ .
Lu+er1+A =0;
X, Y z., I, X 24 vz
VoodLls alsalyalsta Lot LipTa
2. LY _
L, +yrK, +5 =0
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in which 4 =L9X+L]0Y+L”Z+ 1.

From the point in which the equations [5] are not
linear, it is necessary in the first place to linearize them
with using the Taylor’s series expansion in and around
the approximate values, and consequentially the
solution to the least squares will have to have recourse
to a iterative procedure. The initial values for the
eleven transformation coefficients Ll"'Lll in this

iterative procedure, can be calculated disregarding the

2

terms x'Klr e y‘Klr2 and resolving the remaining

eleven linear equations according to what was
previously described. The initial value for K, can be

considered to be zero.

The traditional parameters of the interior and external
orientation are included in the coefficient D.L.T.
L;-Lyy and can be expressed as follows:

1 Lo

(6] = tan
1
Lx,L,-L)
"1
Cx
-1
_COS mll
% ~ cosf
L L, L
LL =1L Ly L,
Ly Ly L
Xc Ld
.| =l |z,
Z 1

Linearization of the equations
The equations [5] are not linear and cannot be
used within the program of calculation; therefore



that have been linearized with using the Taylor’s

series expansion within and around the a, a 78 &,
approximate values. Assuming: = = —
& - A, A, a., A,
- vy 2 X 4 Z 1
fy=x+x By =g Lyt gLyt i3ty & LXX | LY | LY
xX xY xZ a. A2 A2 42
L-2r1,-5L0,,-FL 9
£ 4t a f107a f1 CLx, ad-ax
A2 A?
L PLpX |, 2LyX
2 X ¥ .z, 1 ¥ A A
f2—y+y'K1r =ZL5+ZL6+ZL7+ZL8-A Ly-
.Y_ZL .LZ_L == —/—YZ—'(IJIX+L2Y+L3Z+L4) +
A 71074 "1l
XA - XXX |, xX
+ + — +ZL,,+1) =
where Y 5 (YLyp+ ZLy + 1)
TE L XB o H
A4? A
y'=y-¥ + X ox+L YL,z 1) =
7 (L9 10 11
2oy 2 s
= =2
A=L9X+L]0Y+L”Z+I
9 . _. 1B
and assuming further Ay, A?
B=LX+L,)Y+L,Z+L
Ll Ll + oy g, 23
- a. A?
C—L5X+L6Y+L7Z+L8 11
the equations can be written g _. <72
K,
_ . 2 B
Sy lgmEAEKy . =
analogously for f2
_ ' 2 C
Soplo=y YK -
Gk _ 78] _ 78 g
and the coefficients of the A increments: aL, a., a.; a.,
4 x o, = X
aL, 4 OL 4
9 _x 9. _ ¥
a., 4 g 4
g _z 9 _ z
Ly A a., A
9 _ 1 92 _ L
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L, y

qz Yc
2o &
9 _ zc
d’ﬂ A2
@.2 -y’r2
X,

For every control point it is possible to write two
equations of the kind we have just seen; the system
formatted by such equations, expressed in matrix form,
for n points, is:

AAL =1
where:
XY %, X,B YB 2B 2
2 A A& 0 0 0 0 -Fr -z -z NN
X, Y, 2, 1 XC YC 2C .,
0 00 0 33 & & 3 “aF “a i
A=
X Y 2Z X B Y B 2. B
TEFEO0 0 0 0 - R R e
X, Y, 2, 1 X,C Y C 2C, o
0000 32 2% a7 & & Vah
DL,
DL,
_ 5 DL,
Xy +x'l Kl rlz - 7 DL4
c DLs
+ WK ry - —
N TNk 7 DL,
1= AlL= | DL,
, B DLg
S DL
, C
Yy +yn Kl rnz - T DLIO
- - DLy,
DK,
with n> 6.

As it has already been said, it is essential to know the
approximate initial values of the unknown L 1...L 1’ K,

for the solution of the system; these values can be
arrived at assuming K ] =0 and using the direct solution.

At the end of the calculation procedure the program
visualizes the value of 0'02 and those of the residuals of

the equations; it asks the user if the values of L must
be updated adding the values of AL or if the values of
the preceding repetition will be used as definitive
values.

The values of L 1..L Ir the calculated value of K ] and

their median squared remainders are shown visually on
the monitor; also shown are the traditional parameters
of orientation, x o Yo f, o, d, x, XO, YO, Z0 .

Condition equation on the parameters of the D.L.T.
It is possible to insert into the basic equations:

LX+LY+L,Z+L,
L X+ LT + [y Z + 1
LsX +Lg¥ + 1,7 +1Lg
LoX + LY + L1 Z +1

the link that lies between the 11 D.L.T. parameters and
the 9 independent parameters necessary for the
transformation. That has been realized introducing two
condition equations for the 11 parameters. The
equations are:

(L12 + L22 + L32) - (L52 + Laz + L72) - (Cz- BZ)/D =0

where
A=CLg+LL+L L)
B=@LgtLLp*LL,p
C=@do+L L +LL,p

2 2 2
D‘(L9 +L10 +L11)

These equations can be used in case the difference in
scale should not be modeled and when there is a lack of
orthogonality between the axes; in the software such
equations have not been utilized in order to allow for
the deformations introduced in the scanner that can be
corrected with the similar transformation introduced
utilizing all 11 parameters.

The multi-image restitution

After having calculated the 11 parameters of the D.L.T.
and the K; term, isolating X,Y,Z, the pair of [4]
equations can be written as follows:

. rr o2
x4+ XK L =X[L-G+xK )L, ]+

vy 2 v 2
VY[ @+ XK F)L, JWZ[Le e+ x' K F)L, ]

) _ 2
y+y KIr -L8—X[15-(x+x Kjr)L9]+

o 2 a2d 2
t Y[+ XK )L ¥ 2L+ XK, 7))L, ]
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Writing these equations for the n images in which the
point to plot does appear, the following system is
obtained:

Ax=1

introducing the following terms in order to simplify the
notation:

R =x+x'K 3
X 1
R =y+y'K ﬂ
y 1
achieves:
L, =Ry Ly, Ly =Ry Ly L3 =Ryl
Ls,~RylLs,  Lg~RylLio, L7, —Ryly,
e . .. ..
Lin—Rx,Lop Lz, —Ryx,Lio, L1, —RyLnn
Lin—Rx,Lon Ls, =Ry, Lio, L7, Ry L,
Rx 1- Ldl
Ryl' 1‘31 X
-f
. z
Rx n” L4 n
Ry n” Lg n

This system always has a lesser number of unknowns

than that of the equations and therefore is resolved

using the method of least squares.

At the end of the calculations the program provides:

o the estimated X, Y, Z coordinates which AutoCAD
reads and utilizes for the restitution;

e the residual errors of the equations, 502, and the
standard deviation of X, Y e Z.

Limits of the D.L.T

Having already listed the advantages to using the
D.L.T. now some of its main disadvantages must be
indicate.

First and foremost, the D.L.T. needs at least 6 three
dimensional control points in order to estimate the
parameters: this involves an increase in the
topographic work which, however, in the case of a
strictly didactic exercise could be considered negligible.
Another negative factor (which is common to many
photogrammetric applications), is the fact that the
D.L.T. is very sensitive to the spatial distribution of the
control points. A situation to be avoided is where all of
the control points lie on a plane or are nmext to one
another. In this case the solution becomes unstable due
to the poor conditioning of the normal system. The
points therefore must have a distribution that is the
most varied possible compatibly with the depth the field
of the photogram. Moreover, the control points should
be positioned around the object to plot. This aspect is

very important from a didactic point of view, in so far
as it involves a particular attention to the geometric
configuration of the survey on the part of the students.
The indication of the value of the determinant of the
normal matrix, carried over on the screen of the results
of the orientation calculation, provides an index of the
geometric configuration linked to the conditioning of
the system.

What it will do
NM3-digit was realized as a “development instrument”
where it is possible to experiment with algorithms and
impose new applications.
The availability of the source code in Pascal that can be
had upon request allows for the writing of new forms of
the program.
In particular, the software could evolve itself according
to the probable lines of development that are listed
below:
e calculate the epipolar plane of every point ploted
and show the outline of the image;
e allow for auto correlation
Even the part of the calculation could be the object of
experimentation, directed at improving the
characteristics: other algorithms of the calculation
could be used, as an alternative to the D.L.T., classic
collinear equations, in order to make use of, for
example, photocameras.
Compared with the D.L.T. condition equations could
also be inserted, in order to reduce the instability of the
system; the possibilities are: define the condition
equations on the object, give the opportunity to ponder
an indicative value of the main distance and of the set
point, introduce pass points.
But the most substantial additions to the program, in
order to bring it closer to the more expensive software,
is the integration of adjunctive software directly within
the principle code to allow it to execute: the aerial
triangulation, the automatic generation of the D.T.M,,
the normalization of the photographs, the rectificatin of
the photographs, the orthophoto, and the projection of
the images onto non-planar surfaces.

The authors

The authors of this paper have occupied themselves in
the development of the analytical part and the
designing of the software, based on the didactic
experiences carried out in the courses of Professor
Clemente di Thiene and Carlo Monti. The NM3-Digit
has been written by Francesco Guerra and Eugenio
Mario for the graduating thesis of the latter. In
particular, Francesco Guerra oversaw the design of the
numeric calculation and Eugenio Mario took care of the
graphic interface.
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Laboratory test
The first test was done using 7 images oriented with 23 control ponts surveied with angles and distances from 4 stations.

The images are scanned camera Rollei 6006 photographs.
The restitution accuracy are shown in the next tables where can be read the topographi coordinates, the photogrammetic

coordinates and their differences.

Fig. 2. The topographic net
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Fig. 3. Thopografical and photogrammetrical comparison

The table underlines the software is able to execute right orientation and restitution. But it’s important to understand
that the test condition are particular:
o high accuracy of control points;

o optimal distribution of control points related to D.L.T.;
e marked points are collimated.
These are not the pratical condition of an architectural survey: in fact the accurancy is worse.
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The survey of the facade of Villa Deila Torre Chapel
This is a pratical exemple. The surveied object is the principle facade of Villa Della Torre in Fumane (VR) designed by
Michele Sammicheki.

Images
The photogrammetrical model is obteined scanning 3 images (Rollei 6006m camera)
The 12 control pomts have a umfonn dlstnbunon on the facadepiane

#rret soxiert (ther W 273 Scmzzz
Aneiest obs Q"ﬁa.“ s

Fig.5. Vectorzal a?awmg from the res!ztuzted md:vzdual pomts
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Orientation
The orientation parameters are shown in a window where even the D.L.T. parameters are contained

lem 4 Oubemizmenis Friarne Orianisments biderns 12 5

2 PR B 0233435 B F
" loyrener |
s il

oL

Fig.7. Image 2 orientation. v
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Fig 8. Image 3 orz'entdtibﬁ

Numerical restitution
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Deformed images test

The scanned image are modified to introduce geometrical deformation. These deformation are:

o g different scale in X and y axes,

o a shear between x and y axes.

The aim is to test the algorithm, modelling the deformation, that aliows to orient the images guaranteing a right
restitution.

Original and deformed images had been oriented with the same control points. Then the same points had been restituted
from the 2 set of images. The coordinates comparison underlines it’s possible to have a right restitution starting from
deformed images, and the collimation differences are caused by casual errors.

Deformation
Image 2: deformation exemple.

Fig. 10. Shear between axes: case A.

Fig. 11. Different scale in x and y axes: case B.
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Fig. 12. Both above-mentioned deformations: case C.
Deformated images orientation.

Calcolo detfinentamento Fofo2

Fig. i3 Defbﬁ:ied z'mdge 2 (casé B).
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Fig. 15’.ADeformed imagevI { caso C).
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1L,952713

Fig. -J 7."Deformed image 3 { caso Cj..
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Deformed image restitution:

Fzg I 8. defomea' images numerzcm’ restztutzon. Z?ze resmuted pomz‘ is the same of ﬁg 9,

. : . & Fig. 19. Image control points scheme.
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