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1. Introduction

In the last few years a new photogrammetric methodology has been
studied for particular applications in close range photogramme-
try; generally it is called raster-photogrammetry.

The methodology requests that a reticle is projected onto the ob
ject to be taken and it has mainly two advantages: it needs only
one photogram instead of the stereoscopic pair and it makes easi
er the automatic reading of the plate-coordinates and consequen-
tly the automatic plotting.

The reticle we have employed consists of a double series of
bright straight lines intersecting in points called nodes.

In order to obtain a precise raster photogrammetry we need espe
cially a precise projector during the taking. Then, if we proce
ed with automatic reading of plate-coordinates, we need to acqui
re the image and then to process data with a digital computer.

In this paper we report about the projector, the scanning device
and the preprocessing procedures.

In ref.[1] an example of plate-coordinates reading is shown,
which was performed on data that have been acquired by using so
me devices and the preprocessing procedures described in the fol
lowing.

2 The Projector

The projector is really different from a normal one; we will call
it "metric projector".

First of all it will have the same precision of the metric came
ra it works with (from the mechanic point of view as well as
from the optic one) and it will work on a tripod.

As it is very important to direct easily the projector towards
the object to be taken, it will consist of two main parts: an
orientable support and a tiltable projector; these rotations,mea
surable on horizontal and vertical circles allow the projector
to assume the exterior orientation requested (fig.1).

In a metric projector, like in a metric camera we have to define
the interior orientation, i.e.:a) principal distance; b) princi-




BETING

LAMPAOS

REGOLABILE BEGOLABILE

LIV SFERCA D¢ MAX

T

- - E
f ALY S 1 L
/ [) REGOL MCROMTE TRCA /F o)

==

: .
S
FLETT STanoagD FLETT STAnDARD
\ ,], ATTACCS TREPPIEDRE ATTACCD TREPA.
\
\BEGOL. MicROmETRICA

SCHEMA OEL SUPPORTO MACCHINA METRICA
uoo. SHA-MM

DELLA $0C. SALYADOW SALVADORE &RL ViA ARACCA 13 = #I -

UvELA O PRECSowE

WVELLa DN PRECSIONE

LELA
POrELLO DI ROTAZIONE
VITE DI FERMO

i

REGOL MICROMETRICA

moo. S.BA. 3-10

SCHEMA DEL PROIETTORE “IMT. + 1OMT._
DELLA 80C BALVADORI BALVADGAE SAL YIA BARACCA(S3- FI-

[/ /

Z/’ \
/ﬂm, lEﬁOﬂE TRIC A REGOL. MICROMETRICA

Fig.1 and Fig.2: Drawings of the metric
photographic assembly.

\\\[@;

(B nceoaraca

moo. 5.8.A.-2000 - 500

BCHEMA DEL SISTEMA PER RILEVAMENTO METRICO
DELLA $0C BALADOM BALVADORE WAL -Via BARACCA w3 - fi-

projector and of the




20

pal point; c) and the coordinates of the principal point.

a) We define principal distance as the distance from the inter-
nal perspective center (nodal point) to the plane of the reticle
measured along the perpendicular to the plane of the reticle: the
perpendicular has to be coincident with the optical axes of the
lense. This distance is variable in discrete steps according to
the possibility of the metric camera the projector works with.

b) We define principal point as the foot of the perpendicular
from the interior perspective center to the plane of the reticle.
The reticle, that is coated on an optical glass, is mounted on a
frame: the frame is put in situ always in the same position. On
the frame there are reference points which, when properly connec
ted, determine the X,Y axes: these reference points have to be
coincident with particular ones on the edges of the reticle.

c) We define coordinates of principal point as those determined
with reference to the X,Y reticle axes. The reticle as mentioned
before is made up of two series of parallel lines intersecting at
90° in point called nodes: the lines are bright on a black back-
ground.

Actually in raster-photogrammetry the reticle or pseudo-photogram
has the same function of the second program in normal methodolo-
gy: for this reason we must have a reference system X,Y, inorder
to read the coordinates of the nodes.

Besides, it would be advisable that:

1)the principal distance of the camera and of the projectoe were
the same,

2)the size of the reticle to be projected were approximately e-
qual to the plate of the camera.

When the above conditions 1), 2) are satisfied, we can take, by
converging the optical axes of the camera and of the projector,
all the illuminated area onto which the reticle is projected.

Actually as we will not employ a plotting device with a human
observer we have not to limit the angle of convergence to a few
degree as generally requested.

Moreover camera and projector can be mounted at the ends of a ho
rizontal base supported by a special tripod: the base lenght can
be varied from 700 mm to 2000 mm (see fig. 2).

This equipment is very usefull for close-range standard survey:
when the survey is done in almost the same conditions and it re-
gards objects of the same size and morphology.

The base can be oriented with azimuthal direction according to
viewing conditions: moreover the device can rotate around the ba




se horizontal axis of ¥ 90°, so that vertical views, up and down

oriented can be obtained.

With a few exceptions, stereometric cameras are rigidly mounted
on a base with optical axes parallel to each other and perpendi-
cular to the base, while in our case the projector axis is free
to rotate relative to the base so that convergent views can be
carried out and the whole surface, onto which the reticle is pro
jected, can be taken.

3. The Acquisition Process

A typical procedure followed in raster photogrammetry is shown
in fig.3.
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Fig.3: Acquisition procedure in raster photogrammetry

Firstly a bright reticle is projected by the projector P onto
the object to be analyzed, and a photogram of the scene is obta
ined by using the camera C; the photogram is then digitized by
a scanning device, so that a matrix is obtained whose elements
are associated to the image pixels: this matrix (digital image)
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is then processed by the computer.

Theoretically, the digital images to be processed are static, mo
nochromatic and graphical, so that the intensityF can only assume
two values:

£

f1
Actually, the MTF functions of the optical components employed
in the whole process of image formation and acquisition (projec
tor, metric camera, photographic support, digitization device)
will degrade the quality of the signal to be acquired, in such a
way that the digitized data are defined by a multi-value discre-
te function.

Fix,y)= , where X,Y are the plate coordinates

In order to restore a two-values function which allows an automa
tic reading of the plate-coordinates, a set of preprocessing pro
cedures must be executed on raw data.

The sequence of the procedures is the following:

P1: detection of all parameters necessary to correct photometric
and geometric distortions; '

P2: data correction;

P3: filtering;

P4: detection of the thresholding value, in order to obtain a
two-value matrix; S

P5: thinning of the lines contained in the two-value matrix.

Besides, data relative to the reticle reflected by the examined

object cannot be generally extracted from one single photogram;

in fact, the informations about the reticle (that is, the signal
to be detected) are mixed with the informations about the object
itself (which has to be considered as noise).

In order to solve this problem, a pair of photograms have to be
taken under the same conditions; the one, with the object alone,
the other one with the reticle projected onto the object; the in
formations about the reticle are then obtained by subtracting
the pair of digital images. Consequently, the following procedu-
re must be performed:

PO: registration and subtraction of the two matrices.

In the following the resources and the procedures used to analy=
ze a sample image are described.

4. The Processing Structure

The architecture of the processing structure is shown in fig.4.
The structure is based on three interconnected system. (2)




1) A system oriented to image acquisition from transparent or [e]

pagque supports. The main components are:

- H.P.2113 Computer with 640 Kb core memory and disk,tape and
printer devices

- MFA's scanners: this is a set of computer controlled micropho
tometers based on different optoelectronic devices (TV camera
-TV~-; photomultiplier -FS- and photodiode array -LS).

- Image display: it is a microprocessor based system for the dis
play of 512x512 pixel gray-level or color images.

2) A system oriented to interactive data processing. The main

components are:

- H.P.2117 Computer with 1Mb core memory and disk, tape and prin
ter devices.

- Graphic terminal: it is a high resolution storage display with
1024x780 points.

3) A system oriented to automatic data preprocessing. The main

components are:

- GOULD SEL Concept 32/27 Computer w1th 2M core memory, and disk,
tape and printer devices.

- Display Computer: it is a microprocessor based system under the
control of CP/M Operating System for the manipulation and dis-
play of 1024x1024 pixel images.

- Vector Processor MAP 300: it is a computer dedicated to fast
parallel arithmetic operations.

The first and the second system above mentioned can inter-commu
nicate by means of a common mass storage area; a serial link con
nects the H.P.2117 Computer to the SEL 32/27 Computer.

A single high-level language has been implemented on all the sys
tems in order to create a predefined image data processing envi-
ronment.

5. The Scanning Device

In our case we used the high precision MFA/250/LS Microphotome-
ter, which can measure the optical density transparency of large
format photograms. (3)

A sketch of the MFA/250/LS is shown in fig.5. Its main components
are:
- an electronic device R, made by a 2048 diodes array Reticon
2048 H and relative electronics;
- a focusing objective 0O;
a luminous source S, fixed with respect to the sensor R;
- a film holder H;
a step-motor assembly M, which supports the plate holder.

The luminous source is parallel to the optoelectronic sensor,
and both are aligned along the Y direction of the figure; the
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6.1 Thresholding Procedure
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MFA-250-1LS main features are listed in Tab.1;
shown in fig.6.

sensor receives the lu
minous flux transmitt-
ed by the strip of the
photogram actually il-
luminated by the lamp,
so that one row of the
image is digitized; the
whole image is scanned
row by row, according
to the shifting of the
plate holder along X di
rection produced by the
motorized assembly.

The spatial scanning
frequencies are deter-
mined by the sensor geo
metry, the objective
charecteristics and the
step advance of the as-
sembly. The sensor con-
tains active elements
of 15x16 um?, with 15 um
spacing: thus a 15 um
sampling interval along
X-direction in the sen-
sor plane is obtained,
and, due to the magnifi
cation M=0,15 introduc-
ed by the optics, an ef
fective sampling inter-

val p,=100 um is obtained in the film plane. Because the linear
step of the motorized slider is 100 um,
with equal frequencies both in X and Y directions.

the image is scanned

the device is

Among the PO to P5 procedures above mentioned, we will describe
only P4 and P5 procedures, which are of particular interest for
our purposes.

As already mentioned, the graphic image of the reticle, made i
deally up of a homogeneous background and of a set of simple
curves, after the acquisition process, 1s degraded into an ima
ge whose pixels have photometric values distributed over a con
tinuous scale and whose geometric lines are approximately defined.
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Fig.6: MFA-250-LS Microphotometer
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In order to obtain a bi

- nary image, each element

of the matrix must be as
signed to oneandonly o
ne of the two classes to
be generated. For this
reason we implemented an
algorithm based on the
examination and modifica
tion of the input matrix
histogram.

Assuming that data are
affected by a gaussian
noise and that consequen
tly the theoric histo-
gram is composed of two
partially overlapped gaus
sians (one relative to
the noise itself and the
other to the signal) ,the
problem of determining
the decision threshold
can be dealt with two
ways:

M1: the actual histo-
gram is interpolated,
the parameters - mean
value and variance - of

MFA-250-LS FEATURES

Support aero-photo
Reading Format,mm2 205x205
Spatial Resolution,Pixel/Row 2048

Pixel Area, um? 100x100
Positioning error, um 2

Orthogonality error, degrees 5x1074
Photometric Resolution,classes 256
Dinamic Range, decades 3

TABLE 1




the best gaussian functions are obtained and then the threhsold
is detected as the minimum error point when a pixel is assigned
to a class;

M2: in an interactive approach, by using graphic-pictorial devi
ces for checking the selected threshold value.

6.2 Thinning Procedure

The result of P4 procedure is a binary image containing lines,
which correspond to the reticle signs, and which have a varia-
ble width greater than one pixel.

In order to obtain lines which have a constant width of just one
pixel, so that the detection of nodes is simpler, faster and mo
re exact, the P5 procedure must be executed.

The P5 procedure returns a matrix, containing the medial axis of
the lines, which is dimensionally equal to the inputone. The thin
ning algorithm is then a transform operator, which does not topo
logically change the connectivity properties of the image, and at
the same time, controls the width and the position of the comput
ed lines.

The basic concept for the thinning process consists in removing,
at subsequent iterations, certain points belonging to the bounda
ry of the lines without modifying their connectivity.

The digital image is scanned top~down and left-right, during sub
sequent explorations, and the non-essential points are removed

by extimating all the possible configurations between the examin
ed pixel, centered to a 3x3 moving window, and its 8-neighbours.

7. Conclusions

One test image has been digitized with the device and has been
processed with the previously described preprocessing procedures.

In this experiment, instead of digitizing a photogram of the sce
ne, we acquired the reticle itself. The reticle has lines whose
width is 0.2 mm and spacing is 1 mm; the 512x512 digitized ma-
trix has been processed by using firstly the P4 and then the P5
procedures. (5)

In fig.7 the input matrix is overlapped to the thinned matrix:
we can see that the thinned reticle is entirely inside the width
of the lines of the digitized reticle, so that the error in de-
tecting the plane coordinates is quite defined by the resolu-
tion of the scanning device. In fig.8 a row of the fig.7 matrix
is drawn: we can see that the thinned reticle (points with 0 va
lue) is well centered in the thick lines of the input matrix.

If a smaller error is needed, a greater resolution device has to
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Fig.7: Output image(see text) Fig.8: Output image (see text)

be used; of course if the resolution increased N times, the am
ount of data increases NxN times and consequently a more poWeE
ful processing structure is needed if the efficiency has to re
main the same. Thus the resolution must be chosen according to .
a careful evaluation of the precmslon to be obtained and of
the performance to be gained.

In further tests,with a higher resolution image scanner (MFA-
150-Ls) we would be able to specify the precision of the photo
graphic set (metric camera and projector, and reticles) and of
the scanning device, to be used in operating procedures.
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