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FOREWORD

This publication was prepared under contract
by the UNITED STATES JOINT PUBLICATIONS RE-
SEARCH SERVICE, & federal government orgeni-
2ation esteblished to service the translation
and research needs of the various government
departments.
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A TRACKING SCANNER

{{ollovins is & translation of an article
by V. A. Garmash, V. 8. Nereverzen-Orlov
and V. M. Tsirlin entitled "Uestrogstvo
sledyashchey razvertki” (English version
above) in auk S

etika i Avtomat ows of the
Academy o snces, » lechnical -

Sclences Section, Energetics and Automgtiles),

A number of works [1-7*]have been devoted to the
process of ldentification by man of shapes, in parti-
cular of images, by & modelling of that process and by
the creation of speclalized devices which enable auto~
matic identification of presented images.

In creating devices for the purpose of identi-
fication, speclal attention must be devoted to problems
in the detection and anelysis of contours of an image
[4"]. The problem of detection of contours cen be solved
in a great many ways. In particular, by using a scanner
in two mutually perpendicular directions one can obtain
a contour imesge (5 But more description of the con-
tour is required for identification of an object by
its contour, on which the logical part of the identi-
fying device can make a definite decision. In this
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cas® direct tracking of the contour of the image evi~
~ dently offers the best poseibilities, since in this
cage its description is obtalned by simpler msans.
This operation can be performed by a trecking scarmmer.
Mention of a tracking scsnner hss alresdy been made
in dlscussion according to loeb's paper [6® but there
have been no other references to it in the literature
up to the present time.

Wm%gg the tracking scanner,
The tracking scanmer is s device which enables auto-~

matic movement of a scanning spot along a contour that
is being tracked. In so doing it proves possible to
separate the current coordinates of the scanning spot,

and this snsbles one to obtain an analytical expression

gr ttedfunction, a graph of which 1s the contour being
racked.

The problem of obtaining steady movement along
the contour is reduced tot 1) establishing an operating
regime for the device in which the position of the
scanning spot on the contour is steasdy; 2) providing
for movement of the spot along the contour in a given
dlrsction.

If the scanning point 1s forced to move ebout a
clrcle in such a wey that it crosses the edge of the
contour and shifts the center of the c¢ircle to the point
where the cirecle and contour intersect, for example,
in the transition of the scanning point from white to
black, the problem posed will then be solved, since in
this case the center of the circle will move on the
contour in one direction and the position of the scan-~
ning circle will be steady on the edge of the contour.
It follows from exanination of Figure 1 that if the
center of the scanning circle does not lle on the contour
the vector of the elementary dlsplacement a can be
broken down into two compounds: the tangentiel a,,
which diesplaces the center of the circle along tﬁe
contour, and the normal a,, returning the center of the
scanning circle on the contour. The trajectory of
movement of the center of the scanning circle will
deacribe a broken line hers, wound on the contour,
obtainable by subsequent adding of the vectors of the
elerantary displacements s.

This princlple of tracking the contour has been
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adopted as the basis of the device now being described.

Block Q;ggigg of the trackggg ncann%ﬁg device.
A Dloek dlagram of the device is glven gure 2 and

consistes of the tracking scanner I proper, a device II
which serves for the converasion of scales and a device
I1I which is used in the measurement of angles.

- The sinusoldal voltage from the output of genera-
tor 1 acrose the phase inverter 2 with ragulated phsase
shift is transferred to casocsde 3, foramlng sinusolidal
and cosinusoidal osclllations which are used further on
t0 create the circular motion of the scanning heam on
the soreen of the counting tube. The same voltages
are transmitted to a cascade 4 enalogous to ocascade 3,
to the outputs of which switches 5 and 6 are connectecd
to take resdings of the instantaneous values of the
paraphase voltages, the veotoral sum of which 1s pro-
portional to the vector of the elementary displacement
&« The readings of the instantaneous values of the
sinusoidal voltages are integrated by elements 7 and 8,
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the signal from the output of wkich, amplified by cas-
‘ocades 9 and 10, 1s given to the counting tube 1l1.

The scanning dbeam, having completed 1its circular
motion, in projected from the acreen of the counting
tube 11 by optical mesns onto the contour of the image,
and having paseed through or been reflected by them,
strikes the photomultiplier 12. The eignals obtained
on the output of the photomultiplier are amplified by
video smplifier 13 and given to cescade 14, Lhe purpose
of which 18 to shape a short impulse regulsting the
taking of readings of the instantaneous values of the
paraphase voltages at a moment of tims corresponding to
the intersection of the contour by the scanning beam,
at the transition from white to black, for example.

The phass inverter 2 serves for compensation for
the effect of delays arising in the channels for ampli-
fication and shaping of signalas. Compensation for the
effect of these delaye 1s accomplished by increasing the
total delays to the magnitude of the perlod of revolution
of the beam on the scanning circle.

The second part of the circult enables the contour
of the lmege being lnvestigated to be reproduced on the
control tube 15 with the possibility of change of scales
along the two axes of the coordinates defined by the
deflecting system of tube 15 and by turning of the
image contour in the coordinate plane. Thie part of
the blook dlagram does not differ at all from the cor-
responding part of the block disgram proper of tracklng
scanner 1, described above. Sudden change in scale
along the two axes of the coordinstes 1s accomplished
at the expense of change in the constants «f the time
of integration of elements 16 and 17, and a smooth
change, by change in the amplification factor of ampll-
fiers 18 and 19. Turning of the image contour on the
.eontrol tube, representing the turning of all the ele-
ments of the contour on one and the same angle, 1is
accomplished by introducing a eontrolled delay 22 of the
signal, taking readings of the instantameons values of
the paraphase voltages with the help of keys 21 and 20.

The third part of the circuit 1s used in measuring
anglea in places where there are bresks in the contour,
and consista of two amplifiers 23 and 24 with variable
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amplifiecation factors regulated by a Xipp relay 25 with
& pulse length .short of the period of the frequency of
the paraphase voltages.

Descrlftlgn of separgte unite in the circuii. In
the device according to the above bloock dlagram

the most interesting festures are: 1) a limiter of cir-
cuit 14 shaping short impulses regulating the taking of
readings of the instantaneous values of the paraphase
voltages; 2) switches 5, 6, 20 and 21 which accomp’ish
the taking of these readings; 3) cascades with variable
ampllification, used in the measurement of angles in
breaks of the contour.

! By virtue of the fact that the counting tube Las
a finlte afterglow time, the video amplifier a finite
pass band and the scanning point finite dimensions,
the pulses of the photocurrent on the output of the
video amplifier represent, not rectangulsr pulses, but
trapexoldal pulses with smoothed fronts. Since during
movement of the scanning circle its center fluctuates
around the contour, impulses of varying length are
obtalned. All tbhis has forced rejection of ordinary
circults which produce a limitation at the mean inte-
gral level and use of the circult producing a limitation
at a level that is a mean relative to the maximum and
minimum valuee of the photocurrent of Figure 3. In this
eircuit the diodes and D, are used for bilateral
peak detectlion of th supplged gignal. The arithmetic
mean
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value of the voltages obtained at the output of these
detectors, smplirfied by the cathode repeater {L,) is
given es a reference to the limiter, assembled according
to the circult of the diode swilLch and conslsting of
resistor R, and dilode « The voltage obtained on the
output of %hie switch iE given to the clrocult which
shapes short pulses. The resistor R, 1s used to select
the limitation threshold.

Switches 5, 6, 20 and 21, uszed to take readings
of the instsntaneous values of the paraphase voltages,
must hsve two-way conductance. As a two-way switch
(Fige 4) two semlconductor triodes were used, swltched
in so that the emitter of one iz joined to the collector
of the other, while on one pair of emitters the collector
48 the input and on the other the output. The regulzting
negative pulse with a duration of 5 msec and an smplitude
in the order of 20 V is supplied to the base of the
triodes. The maximum amplitude of the sinusoldal voltage
led in the input of the switches does not exceed 5 V.

Results of testing the model. In the constructed
device the frequency of the paraphase voltagee was 10
ke, the diameter of the scamning circle 1.5 mm at & bean
width of O.4 mm, which corresponded to & llnesr velocity
of motlon of the beam along the contour of 5 m/sec. Such
a selection of frequency was brought about by the fact

Fig. 4 Fig. 5
that the frequency should be low enough to simplify




debugging the model, and on the other band it was desi-
radle to have a coalescent image on the monitor. ' The
speed of operation of the system can be readily increased,
however, by one or two times.

Very widely differing cohorent imszes were
studied during the change of their dimensions from the
diameter of the secamning cirele to dimensiona of 5 om,
In this the maximum size was sat by the dlameter of the
transmitting tube (7L01M). ¥When ths scanning besm striker
images with dimensions smaller than the radius of the
scanning circle they are not passed around by the sean-
ning beam along the outside contour but ere disposed
within the scanning cirele. In this border case the
image 15 turned into u "point" but the scanning beanm
follows the image nevertheless.

It was established in the experiments that the
beam does not transfer to an adjacent contour if the
distance between the contours iz not less than 2-3
dlameters of the scanning cirele, and in the opposite
case the contours are considered as contiguous.

Extremely varied imeges cut out of paper were
Anvestigated -~ convex from wires with a dlameter of
not less than 1 mm, aes well as some formed by a combl=-
nation of these images.

The apexes of the angles were rounded off by part
of the circle with a radius that was about equal to the
elementary displacement.

When the scanning circle turned out to be outside
the contour, the inclusion of a necessary scan . along
the spiral until finding the place where the beam struck
the nearest coatour was sssumed.

DO B B racrly BaaNne m‘
development & - 1ing ging scanner desg~
oribed above was undertsken for the purpose of creating
& reading machine, on which a quesi-logical method of
separating letters of the Russian slphabet into classes
was based. The essence of this method was that, when
the letters were passed around on their outer contour,
indexss of the points in places of the breaks were
determined, in which the succession of values of the
indexes of these points(without cousidering points with
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an index of two) obiained duriny a eluzle panssage erouvnd
the letters forms codod comblnations which are also
sssumed in the principle of the classification. In
this the classifiocation of letters within classes,
obteinad br the quasi-logieal rmethod, is accomplished

LY ncans ¢f the supplementsry loglc which has developed
the signals of this trscking soanner.

‘In connection with the fact that the tracking
scanmner has constant linear veloclty of motion along
an arbitrary contour, it appears pos:zible to classify
these contours by their length.

The feature of the tracking scanner of passing
around the proposed image on the contour can be used
for contour television and phototelegraphy.

In conclusion, the suthors thank A. A. Kharkevich
for the attention he gave this work.
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