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METHOD 'AND ‘APPARATUS FOR GENERATING-

TWO-DIMENSIONAL DENSITY FUNCTIONS
Scoit H.: Cameron, Northfield;: and Harold : H. Kantner,

‘Chicago; Ill., assignors to. Armour Research Founda--

tion of Mlinois Institute of Technology, Chicago, 1L,
2 corporation of Illinois -
Filed June 27, 1958, Ser. No. 745,013
15 Claims.  (Cl. '178—6.8)

The present -invention relates to a method and- appa-
ratus -for ‘ generating two-dimensional density functions
and particularly to a method-and apparatus for producing
a visible display of such functions.

It is an object of ‘the present invention to provide a
novel method and apparatus for generating a two-dimen-
sional density function.

It is a-further object of the present invention to provide
a relatively rapid and efficient method and apparatus for
converting a series-of information units which may be
represented - as configurations such .as lines, points or
areas in-a two-dimensional coordinate system into a vari-
able density map corresponding to.the sum of said con-
figurations.

It is another important object of the present invention
to provide a method and apparatus for generating a vis-
ible display of a large number of information units.

Yet another object of the present invention is to pro-
vide a novel method and apparatus -for generating an
equal density contour map from a two-dimensional den-
sity function.

Still another object of the inventicn resides in the pro-
vision of a method and means for generating point den-
sity functions.

A more specific object of the. invention is to provide
a method and apparatus particularly adapted to convert
data which may be represented as a. series -of lines be-
tween given points within-an area and-representing sam-

plings to be given different weights into a variable den--

sity distribution representing- a relatively ‘linear summa-
tion of such lines properly weighted.

A further more specific object of the-invention:is to
provide a method and -apparatus.for selecting.from  a set
of information units, units having predetermined charac-
teristics ‘and generating a two-dimensional-density - func-
tion representing the summation of the units having said

predetermined characteristics in a single scanning of said-

units.

A subordinate object is to provide means for readily

varying the characteristics to be selected with respect to
said set of information units:.-
A further .object of .the.invention is :to provide an

accurate means for correlating the optical density vari--
ation on a given variable.density .map- generated by -the-
apparatus of the present invention with the line density -

which has been recorded thereon:

Still another object -of ‘the- invention is to provide a:

method and means-for producing varying -density :maps
which may be superimposed and their summation: visually
observed.

Other and further important ‘objects, features and ‘ad-

vantages of the present invention will be apparent from*
the following -detailed- idescription:taken -in -connection

with the accompanying drawings, in which:
FIGURE-"1 is a simplified block diagram of an appa-

ratus for generating. two-dimensional. density . functions-
as particularly adapted to. mapping trip desire lines in a.

traffic density study;

FIGURE 2 is a semi-detailed block-diagram -of certain-

of the components represented in: FIGURE 1;
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FIGURE 3 is a timing diagram of the operation of the
apparatus of FIGURE 1;

FIGURE 4 is a functional block diagram illustrating
the operation of the decision unit represented in FIG-
URE 1;

FIGURE 5 is a block diagram of the trip desire line
generator of FIGURE 1; and

FIGURE 6 is a block diagram of an apparatus for the
generation ‘of “equal ‘density contours in accordance with
the present invention.

As shown on the drawings:

While the present invention will be specifically de-
scribed as it has been applied in connection with a survey
of the transportation desires of a population of a given
area, it is contemplated that the invention will have
numerous other applications as will be apparent to those
skilled in the art. -For example, the apparatus will have
utility in mapping. the location of various articles in a
warehouse, will have varied utility in connection with
sales analysis and forecasting, and will be useful in con-
nection with radioactive fall out predictions, civil defense
damage assessments and the like. The apparatus is not
limited to the plotting of actual geographical densities,
for example, since abstract variables may be plotted, for
example scatter plots such as utilized in statistical meth-
ods may be generated. Additional utility for the inven-
tion is contemplated -in .connection with demographic
studies, meteorological surveys and mapping of airway
patterns or the like.

In many cases, it is.contemplated that the method and
apparatus of the present invention will represent a. tre-
mendous savings over- the use of conventional computer
methods, and will provide results in a more convenient
and usable form.  The method and apparatus of the
present invention has been recognized as the most prac-
tical ‘solution proposed.for plotting the results of a traffic
density study of a large metropolitan area.

In such a traffic density study, a survey .of the frans-
portation desires of the population.is conducted by means
of home- and roadside interviews of a representative
sample of the population.- Information is recorded in
the form-.of trip desire descriptions which consist of a
characterization of each desired trip in terms of point and
time of origin, point and time of destination, reason: for
travel, mode of iravel, place of residence, sex-race-age-
oceupation: of the driver; and an estimate of the factor by
which the trip should be expanded to learn the trip desires
of the total population. This information is coded and
stored on cards with one card containing the complete
description of one trip. . This card is called a trip card.
For each trip the straight line joining the point of origin
to: the ‘point of destination is designated as a trip desire
line. In connection with the study, it may be desired to
select a subset of cards on the basis of trip characteristics,
for-example mode, direction, reason for travel, distance,
time of. origin, etc., and over the entire surface of the study
area, ‘determine ‘the -density of trip desire lines corre-
sponding to the selected subset in units, for example, of
trip desire line intersections ‘per quarter square mile.
Each trip must. be weighted by the appropriate expansion
factor sothat .the- result is representative of the entire
population.

It is apparent that only a small portion of the informa-
tion stored on the trip card is actually necessary to con-
struct. the -corresponding trip- desire line.. In fact; the
points of origin and destination completely define the line
and the expansion factor is the-only -additional informa-
tion. required to enter that trip desire line into the overall
trip.:desire. density i map... The 'additional - information
appearing on the card serves only, in this application, to
identify the trip ‘as:belonging or not -belonging to the sub-
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set of cards (irips) which are to enter into the construc-
tion of the particular density function desired. Informa-
tion in the first category will be referred to as trip
desire line parameters and information in the second
category as irip characteristics. Clearly some of the in-
formation on the trip cards is in both of these categories
since, for example, it may be desired to conmstruct a
density function corresponding to the subset of all trip
cards which correspond to a specified direction of travel.
This particular trip characteristic may be deduced from
the coordinates of the points of origin and destination
which information is also in the category of trip desire
line parameters.

It has been found very convenient to describe the
trip desire line by a set of parameters somewhat different
from the parameters stored on the trip cards. It is also
the case that the computations required to derive these
modified trip desire lines parameters from the original
parameters are difficult to carry out with sufficient speed
and accuracy on an analog basis. On the other hand they
may easily be carried out while the original information is
in digital form. Rather than include the digital facility
required to carry out these computations within the pres-
ent apparatus, a general purpose computer computes the
modified trip desire line parameters directly from the
original trip cards during transfer of the data from the
cards onto magnetic tape. Other computations may be
carried out with ease within the general purpose digital
computer for simplifying the subsequent sorting opera-
tion. For example, one of the trip characteristics on the
basis of which selection may be effected is the direction
of travel. The direction information appears only im-
plicitly on the original trip card and the reduction of
this information to a single number which is coded and
stored on the magnetic tape would greatly simplify the
sorting operation, on the basis of this characteristic.

For the purposes of the present embodiment, it will
be assumed that the necessary computations have been
carried out and that the magnetic tape entering the sys-
tem diagrammed in FIGURE 1 contains the modified
trip desire line parameters along with suitably coded trip
characteristics.

Referring to the block diagram of FIGURE 1 the
modified trip desire line parameters are read from the
magnetic tape by means of a tape reader 10 and placed
in storage registers within the digital-to-analog converter
11. The digital-to-analog converter provides analog po-
tentials proportional to the modified parameters at the
input of a trip desire line generator 12. The trip desire
line generator provides (upon receipt of a starting pulse)
a set of voltages suitable for application to the deflection
and intensity control circuits of a cathode ray tube dis-
play device 13. The cathode ray apparatus displays a
straight line trace at an appropriate position on the face
of the cathode ray tube having a brightness related di-
rectly to the expansion factor corresponding to the par-
ticular trip. The face of the cathode ray tube is imaged by
means of a suitable optical system 15 onto a photographic
recorder 16 which may be in the form of a photographic
emulsion which is exposed by the trip desire line. BEx-
posure of the emulsion by a collection of such linés and
subsequent development of the exposed emulsion results
in a trip desire demsity map in which the optical density
of each small area of the emulsion is related directly to
the density of trip desire lines which occur in that area,
ie., the desired density function corresponding to the
subset of trip desire lines which has been displayed by
the cathode ray tube display device 13.

The trip characteristics, which are also stored on the
magnetic tape, are read into suitable digital storage reg-

" isters in the device 18 labeled on the block diagram as
the decision unit. Each storage register in the decision
unit is part of a circuit combination called a decision
element. ) )

The function of the electronic commutator 20 is to
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sort the information being read from the tape into the
appropriate digital storage registers as well as to provide
a starting pulse to the trip desire line generator 12
through the display inhibitor 21. The display inhibitor
will permit the starting pulse to appear at its output if
the verdict of the decision unit has been “yes” and will
block the starting pulse if the verdict has been “no.” A
second function of the electronic commutator is to .co-
ordinate the generation of a calibrating step density wedge
by means of a step wedge generator 22 with the presenta-
tion of the trip desire line. The density wedge is gen-
erated on the photographic emulsion in an area not corre-
sponding to any portion of the total study area and is
built up by exposure of various portions of the emulsion
to preset numbers of line traces. The various optical
densities of this section of the developed emulsion will
permit accurate calibration of the resultant map in terms

. of optical density versus trip desire density. The trip

density and the associated calibrating step wedges wil]
have an additive property; that is, the density map cor-
responding to the sum of all trips employed in the con-
struction of a set of density maps may be obtained by
superposition of the set of density maps.

It will be understood by those skilled in the art that
the sorting or decision making function may be con-
ducted outside of the device of the present invention in
which case the magnetic tape entering the tape reader 10
would contain trip desire line information related only to
the trips to be included in the density map being gen-
erated. In this case the decision unit 18 and display
inhibitor 21 would be omitted.

The following is a description in greater detail of the
apparatus of FIGURE 1.

Digital-to-analog converter

The function of the digital-to-analog converter 11 is
to interpret the trip parameter information recorded on
the tape in digital form and convert this to suitable analog
voltages for use in the trip desire line generator 12. A
total of five separate parameters must be so converted
in order to provide sufficient input data to the generator.
Thus, the digital-to-analog converter will actually con-
sist of five sub-units 25-29 as seen in FIGURE 2.

FIGURE 2 illustrates the functional relationship of
the digital-to-analog converters to the tape reader 10 and
the electronic commutator 20. Each converter has an
associated gate circuit 36-34 which will control the actual
flow of information to the converter register of the re-
spective converter units 25-29. The outputs of the con-
verter units 25-29 comprise the modified trip parameters
in analog voltage form and are indicated as being con-
nected to the input to the trip desire line generator shown
in FIGURE 5 by means of output lines 35-39.

Electronic commutator

The operation of the electronic commutator is repre-
sented in FIGURE 2. This unit acts to control the flow
of information from the tape reader 10 into the storage
registers of the respective decision -elements 50, 51 and
52 and converter units 25-29. The commutator is es-
sentially a multi-position uni-directional switch, provid-
ing asingle output at any one time and successively ad-
vancing to the next position for each character of in-
formation read from the tape.

_As the trip informationis read from the magnetic tape,
every character of information will appear at the inputs
to gates 30-34 of the converter units and gates 54, 55 and
56 of the decision elements 50-52. However, an addi-
tional input to each gate is required from the electronic
commutator 20 before the gate is “opened” and the in-
formation is actually registered in the decision elements
or digital-to-analog converter units. Each of the multiple
outputs represented by lines 60-86 of commutator 29 cor-
responds to'a definite position relative to the total mes-
sage length on the tape. so that trip information must al- -
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Wways be recorded on the tape in:a pre-determined man-
ner.

The operation of the electronic commutator unit is. as -

follows.. The last pulse of the previous message or in-
formation unit (corresponding to a-trip card). will have
caused the active output of the electronic’ commutator 20
to move from position 1 corresponding to output line 60
to position 2 corresponding to outputline 61. Trip char-

acteristic information will then be read from the tape and -

the electronic commutator will act as a counter, succes-
sively advancing to the next output position and ‘activat-
ing that output as each digit is read. The gates 54-56
to the decision elements 50-52 will be ‘opened in succes-
sion to receive trip characteristics: in the positions - pre-
viously established on a plugboard 90. For -example,
output line 61 of the commutator may ‘be plugged into
plugboard 90 to connect with gate 54, output -line 66 may
be-connected with ‘gate 55 and output:line 71 may be con~
mected with gate 56 by means of the plugboard 90.

While the trip characteristic information is being read;:

the previous trip desire line.is being generated in the trip
desire line generator 12.
(based on the total number of trip :characteristics re-
corded on the tape), the electronic switch indicated- at
92 in FIGURE 5 which controls the “input to the trip
desire line generator is activated by means of output
line 72 of electronic commutator 20. Prior to this time,
the previous trip desire line has been completed. The
following position indicated by output -line 73 ‘in- FIG-
URE 2 then provides a starting pulse for step wedge gen-
erator 22. The step wedge generator is then in operation
until position n—-1 of the commutator is reached corre-
sponding to output line 85b, when the electronic switch
92 of FIGURE 5 is again actuated.. Positions n—5 to
n-1 corresponding to output lines 81-85 are used to
open the digital-to-analog converter-gates 30-34 in suc-
cession at which time the modified trip desire line param-
eters are registered in the digital-to-analog "converter
units 25-29, Position n corresponding to output line
86 then provides a starting pulse for the trip desire
line corresponding to the parameters just read.” This
starting pulse is routed to the display inhibitor-21 ‘as
shown in FIGURE 2 which acts as' a gate to the trip
desire line generator 12 as indicated by output line 95 in
FIGURES 2 and 5. A second input to the display in-
hibitor is the output of the “or” circuit 170 from the
three decision elements 50-52. If a “no” answer has
resulted from comparisons in any one of the decision
elements, 50-52, no starting pulse will be sent to the trip
desire line generator via output line 95 and-thus that trip
will not be displayed. Otherwise, a starting pulse- is
generated and the trip desire line will be generated dur-
ing the time in which trip characteristic information for
the next frip is being read.

It is clear that the system as thus far described would
be an operative system only if the electronic commutator
is “in step” with the trip message at the beginning of the
tape (i.e., as each information sub-unit is being read from
the tape the commutator is in the position appropriate
to that particular information sub-unit) and further that
this condition is maintained throughout the length of the
tape. In any practical system we must allow for the
possibility of certain types of malfunctions which would
cause the commutator to fall “out of step” with the trip
message. This could occur for example if the commu-

tator failed to advance after having received an infor-.

mation sub-unit, or advanced due to a noise pulse when
in fact no information sub-unit had been received, or
due to a tape flaw one or more information sub-units are
not recognized:from the tape. If any- of these errors
should occur (in the system as thus far described) the
electronic commutator -would fall out of step and very
probably remainso-during the-balance of the tape read-
ing operation. In order to guard against this possibility

At a predetermined position
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information-sub-inits "in -each trip message; for example:!
116, we record-a ‘code number which -does not-ever ap=-
pear in ‘any other information sub-unit.” The tape output -
information is then introduced into the commutator check

& circuit: 95, FIGURE -2.- This circuit has the ‘ability to -

recognize the- code number recorded-as information-sub- -
unit- number :116.° An output from- this circuit implies

that ‘this particular: number-is- being read from the tape-
and the electronic ‘commutator: should be in a particular :
position (commutator : position--number 1 in this-ex-

ample). If we call this-position-the -commutator -reset

position ‘the "output--signal from the commutator- check
circuit! has- the -property that it: puts the -electronic com-~

mutator into- the ‘appropriate position, i.e. reset, whether

or not it already resides in the reset condition: : The sys-

tem now has the property that-a single error -will-upset::
at most-one trip,-after-which time the- electronic com-

mutator: will be forced-back into step with the trip mes-

sage information:

Referring rto-the-timing -diagram -of - FIGURE 3, the
top series of vertical lines may represent the informa-:
tion recorded on the magnetic tape relating to a particular
trip card and will be termed an information unit herein.
Each svertical line. such~as100; may -be termed an in-

formation “sub-unit- and. may, for example, represent a

mimber- between-1 ‘and 130, Information sub-units be-
tween the unit 100 and 110 may relate to trip character=
istics 'while information sub-units:corresponding to marks:
110 through 114 may represent’ the modified trip desire"
parameters in -digital ‘form.: Each:information sub-unit
may comprise an initial pulse capable of actuating the
gates 30-34 and 54-56, followed by the trip information
in digital form, and finally a pulse capable of causing
the electronic commutator to step’to the next position."
Thus the information sub-unit associated with mark 160
in FIGURE 3 is transmitted by the electronic commu-
tatorto output position:2 whereupon gate 54 is opened.
and: the “trip ‘characteristic information associated =with
this information sub-unit is delivered to decision element
50.  Similarly,  the information associated with sub-units"
101 and 162 is delivered to decision elements 51 and 52.
The initial pulse -associated with ‘sub-unit 103 actuates
electronic switch 92 in FIGURE 5 to shift the contact -
arms 1304-130¢ in FIGURE 5 to their lower position to
disconnect: the converters 25-29 from the line generating
circuits 180, 182, 183, 185 and 186 :and to connect the
inputs represented by lines 131135 from the calibration
step ‘wedge generator 22 to the line generating circuits.
Generation of the previous trip desire line is now com=
pleted as represented by the vertical line 140 in FIG-
URE 3.: Information sub-unit 104 includes an initial
pulse which appears at output line 73 of the electronic
commutator in FIGURE 2 to start the' step wedge gen-
erator as-indicated by the dashed vertical line 142 in
FIGURE 3. When the successive information sub-units
have caused the electronic commutator to step to output
line 80, reading of trip characteristics terminates -as. indi-
cated by the vertical line 144 and reading of modified trip -
desire line parameters begins as indi¢ated by the vertical

-line 145 in FIGURE 3.

The initial pulse associated "with information sub-unit-
110 -appears at output line 8% -of the electronic commu=
tator to open gate 30:and register the associated modified-
trip desire’ line information: at converter unit 25. Simi-
larly, the information -associated with information sub-
units 111114 is recorded at converter units 26-29. The
initial pulse associated *with information sub-unit 114
also appears " at ‘output:'line “85b to actuate  electronic
switch 92 and: move the contact arms 1300-=130¢- (in the
diagrammatic showing) ‘to their upper positions to con-
nect lines 35-39 -at the .outputs of the converter units to"
the ‘trip desire line' generator ‘circuits. - The ' termination
of ‘the reading-of ‘the trip desire:line. parameters is indi
cated: by the ‘vertical line 147. Generation of the step

the-following-procédure may -be-adopted. - As:one-of the: 786 wedge is interrupted as indicated by the ddsh:vertical:
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line 150’ in FIGURE 3. At the information sub-unit
represented by the mark 115 in FIGURE 3, a start pulse
appears at line 86 of the commutator in FIGURE 2
which starts the trip desire line generator as indicated by
the vertical line 152’ in FIGURE 3, providing the trip
characteristics represented by the information sub-units
110-114 satisfy the requirements established at the de-
cision elements 50-52. As previously mentioned, and as
indicated by the horizontal lines 155, 156’ in FIGURE 3,
the trip desire line generator 12 will generate the line
determined by the converter units 25-29 during the time
in which the trip characteristic information for the next
trip is being read as represented by the horizontal line
160’ in FIGURE 3. The last pulse of the next succeed-
ing information sub-unit 115 causes the commutator to
step from position n to position 1. The initial pulse of
sub-unit 116 appears at line 60 to reset the display in-
hibiter 21, The last pulse of sub-unit 116 causes the
electronic commutator to move from position 1 to posi-
tion 2 in readiness for the next information unit on the
tape.

Decision unit

The operation of decision elements 50-52 of the de-
cision unit is illustrated in FIGURE 4. Each decision
element has the property that it will provide a “yes-no”
indication of whether or not a given trip characteristic
satisfiies certain predetermined conditions identified with
a number stored in a storage register of the decision
element. For example, the trip characteristic associated
with one dicision may be the mode of travel, and the
desired density function may be one which includes only
truck traffic. The truck mode may be identified by the
number 7 appearing in the storage register of that par-
ticular decision element. The conditions imposed are
such that a “yes” answer is provided if and only if the
number in the register is less than 8 and greater than 6.
A “yes” answer from each of the decision elements is
necessary in order that a starting pulse be provided to
the trip desire line generator 12 to initiate presentation
of the trip desire line to the photographic recorder 16.
Although there exists a large number of trip conditions
which may at some time enter into the decision to in-
clude or not to include a particular trip in the construc-
tion of a density function, it is unlikely that more than
three trip characteristics would be used in the generation
of any one map. In the illustrated embodiment, there-
fore, only three decision elements 50-52 have been pro-
vided which may be used to test any of the trip char-
acteristics on an interchangeable basis. It is possible to
expand this to any number of decision elements should
the need occur.

The selection of the three characteristics for a particu-
lar map is made by interconnecting the gating circuit for
each decision element to the appropriate position on the
electronic commutator 20 through a plung board 90 as
described in comnection with FIGURE 2. The gating
circuits 54-56 which are in fact component parts of the
decision elements will allow only the pre-selected trip
characteristics to be registered in the decision elements
although information recorded on the tape will appear
at the input to all the gates. The output of gate 54 in
FIGURE 2 is designated by reference numeral 150 to
indicate the correlation between FIGURE 2 and FIG-
URE 4 where the numeral 150 designates the input to a
decision element. The decision elements 50, 51 and 52
are identical and each may operate as iltustrated in FIG-
URE 4. External conditions, or the predetermined limits
on trip characteristics which must be compared with the
trip information recorded on the tape to yield a “yes” or
“no” answer from the decision elements will be set by
manual controls as diagrammatically represented by the
input lines 151 and 152 in FIGURES 2 and 4. These con-
trols are constructed such that they will be applicable to
any-of the trip characteristics.
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In FIGURE 4, both the “yes” and “no” components -

as represented by the “and” circuit 155 and the “or”
circuit 156 are not required, and only the “no” compo-
nents including “or” circuit 156 are represented by ele-
ments 50-52 in FIGURE 2. Referring to the previous
specific example, if the information unit being read by the
tape reader 10 is for the truck mode, the input trip char-
acteristic x; will equal 7 in the hypothetical illustration
in digital form. The minimum condition x; min will be

‘6 and the maximum condition x; max will be 8. The
minimum comparison circuit indicated at 160 will compare

x; with x; min and produce an output if x; is less than
x; min; in the present case since 7 is not less than 6, there
will be no output from the comparison circuit 160. Simi-

“larly, since x; is not greater than x; max, there will be

no output from comparison circuit 161. The result is
that the input trip characteristic is found to conform to
the requirements of the decision element and this is indi-
cated at the output 165 of “or” circuit 156 by the lack
of a “no” signal. It will be understood that if the input

trip characteristic x; failed to satisfy the maximum or

minimum condition as represented in FIGURE 4, “or”
circuit 156 would produce a “no” output signal at 165
which would be transmitted by “or” circuit 170 in
FIGURE 2 to the display inhibiter 21 to prevent the
transmission of a start pulse to the trip desire line gen-
erator 12. The manner in which the “and” circuit 155
would cooperate with a display control circuit will be
apparent to those skilled in the art.

While the decision elements may operate with either
analog or digital inputs, a digital operation provides
high -accuracy and has been illustrated by way of example
in the present embodiment. Where less accuracy is ac-
ceptable, the analog technique may be advantageous in
terms of cost and complexity.

Trip desire line generator

The function of the trip desire line generator 12 can
be stated as follows. Given a description of a trip desire

line in terms of the coordinates of the points of origin

and destination and the weight or expansion factor as-
sociated with the trip, develop voltages suitable for ap-
plication to the intemsity control circuits and deflection
circuits of the cathode ray tube display device 13. It is
evident that in order to take into account the expansion
factor associated with a particular trip desire line the
apparent brightness of the line trace on the cathode ray
tube screen must take on a value directly proportional to
the expansion factor. This may be accomplished by
either of two possible techniques—the cathode ray tube
beam current can be adjusted or the writing rate may be
controlled. Of these two possibilities the second is more
attractive since the relationship between trace brightness
and cathode ray tube grid-cathode potential is exceeding-
ly non-linear, subject to drift, and requires some sort of

optical feedback for effective operation, whereas the rela- .

tionship between writing rate and trace brightness is a
simple, well behaved, inverse function. It is proposed
therefore to cause the rate at which the cathode ray tube
trace is displayed to vary inversely as the expansion
factor and to be independent of the direction of the line.
In order to produce a deflection of the cathode ray tube
beam which causes the spot to begin at the point of origin
and proceed along a straight line path to the point of
destination at a velocity inversely proportional to the ex-
pansion factor, the voltages which must be applied to the

deflection axis of the cathode ray tube display device are

given as follows:

3 t V(Xp—Xo)dt

2x(8) —K[XO_I—J'OE\/(XD—Xo)Z'i‘ (Yp— yo)z:l
B t V(¥Yp—Yo)dt

wO=K Yo | oty )

where, vx(2) and vy(z) are the horizontal and vertical de-
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flection potentials; K is a proportionality constant; Xo,
Yo, Xp, Yp the coordinates of the points of origin and
destination respectively, V a constant, and E the expan-
sion factor. Of the many operations required to con-
struct these functions only the linear operations are con-
venient to carry out on an analog basis, i.e., addition
and integration. The analog equipment required for the
non-linear operations is either too slow for this applica-
tion or not sufficiently accurate. It is therefore proposed
to conduct these non-linear operations on a digital basis
in the process of transferring the trip desire line param-
eter information from the IBM trip cards to magnetic
tape storage and to provide to the trip desire line gen-
erator a set of modified parameters, i.e., instead of the
parameters Xo, Yo, Xp, Yp, and E—the parameters Xo,
YO:

(Xp—Xo)
EV(Xp—X0)*+ (¥Yp— Yo)?
(Yp—Yo)

EV(Xp—Xo)2+(Yp— Yo)?
and

EV(Xp—Xo)*+ (Yp—Yo)?
The parameter
EV(Xp—X0)?+(Yp—Yo)?

is proportional to the time required to proceed from the
origin to destination and is employed to turn the cathode
ray tube beam off at the proper time. A block diagram
of the system is shown in FIG. 5. The electronic
switches 130a—-130¢ are employed to transfer the input
from the digital-to-analog converter lines 35-39, to lines
131-135 which introduce potentials which cause the gen-
eration of the calibrating step wedge. If it is assumed
that the electronic switch 92 is accepting the modified
trip desire line parameters it is clear that the X deflec-
tion potential will be equal to the sum of X, and the
time integral of the appropriate velocity quantity. Like-
wise for the Y deflection potential. The voltage-to-pulse-
width converter 186 has the property that it produces an
output pulse starting at the receipt of a starting pulse via
line 95 from display inhibitor 21 and ending at a time
related directly to the quantity

EN/(Xp—X0)*+(Yp—Yo)?

The output pulse of the voltage-to-pulse-width converter
is employed to unblank the cathode ray tube display and
to start and reset the integrators 182 and 183. The time
integration of the inputs from lines 3¢ and 38, and the
inputs from lines 35 and 3% are added by summing cir-
cuits 185 and 186 to provide the required horizontal and
vertical deflection voltages.

With the electronic switch 92 in the alternate position
the operation is identical except that the control poten-
tials are arranged to develop the step wedge density func-
tion rather than the trip desire density function.

It will also be possible to employ this apparatus in
unaltered form for the generation of point density func-
tions by the following -artifice. - The point information
is stored on the input tape in the position normally used
for identification of the point of origin. The horizontal
and vertical velocity components are set equal to zero
and the trip time parameter proportional to the weight
to be associated with the point. The processing of this
tape will result in the corresponding point density func-
tion.

Calibration step wedge generator

Following the presentation of each trip desire line,
a line is generated at the bottom (or top) of the photo-
graphic emulsion for the purpose of building up a cali-
brating step wedge. After the presentation of a preset
number of over-laid lines of a particular length, the
length is changed automatically to a different value, and
the process repeated. For example, the first 1000 lines
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may each cover the entire length of the step wedge,
the next 1000 75 of the length, the next 94, etc. ' Physi-
cally the step wedge generator 22 consists of a standard
electronic counter which will count the number of step
wedge lines presented and advance a mechanical stepping
switch after a preset number of lines. The stepping switch
is wired to provide analog potentials to the trip desire
line generator suitable for the generation of the aforemen-
tioned lines.
Cathode ray tube display

The cathode ray tube display device 13 consists of a
cathode ray tube associated with well regulated supply
potentials (in order to maintain constant beam current)
and a pair of low drift, direct coupled deflection ampli-
fiers.

In order to operate effectively in this application the
cathode ray tube phosphor must be such that it is pos-
sible to control the apparent brightness of each trace in
accordance with the “weight” (expansion factor) to be
associated with the sample represented by the trace. Al-
though it would be conceptually possible to accomplish
the same result by repetitive display of a constant bright-
ness trace for each sample, it is apparent that this ap-
proach would either slow the operating speed of the
equipment (in terms of the samples processed per unit
time) or place extreme bandwidth requirements on the
circuits which generate the deflection potentials, particu-
larly if the apparatus must accommodate samples having
associated with them a large range of weights.. Another
disadvantage of this approach is that the weights which
can be accommodated are restricted to integral multiples
of the weight associated with one trace.

A better approach is to employ a single trace for each
sample and to control the apparent brightness of the trace
in accordance with the weight. The exposure of an ele-
ment of film which is traversed by a particular trace may
be conditioned by (1) control of the cathode ray tube
beam energy, (2) control of the trace velocity, (3) con-
trol of the optical transmission from the cathode ray
tube face to the photographic emulsion, (4) a combination
of the above techniques. Control of the beam energy is
not a particularly desirable approach due to the non-
linear relationship which exists (in present day cathode
ray tubes) between beam current and grid-cathode po-
tential. Control of the optical transmission is difficult
to accomplish at high operating speeds but may be used
effectively in combination with other means to extend the
dynamic range of control. It'is felt that the most reason-
able approach at the present time is the control of trace
velocity. The exposure of an element of film by the
display of a single sweep of the cathode ray beam over
the surface of a phosphor may be expressed approxi-
mately as foltows:

B L4 (1= Ty —eaemy |

where:

E=exposure of an element of film

k=constant of proportionality

d=diameter.of the cathode ray tube spot

v=trace velocity

T,=time constant characterising phosphor build up
T,=time constant characterising phosphor decay

As can be seen from the above expression, a simple
inverse relationship between exposure and trace velocity
may be approximated by suitable choice of the phosphor
characteristics Ty and To. The above expression reduces
to the form
__comnstant
Ty
under any of the following conditions:

(1) Ti<<d/v and To<d/v
(2) T1=T,
(3) T >>d/v

E
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- The approach represented by (1) above is considered
to be the most practical since only in this case is the
constant of proportionality independent of the values Ty
and Ty. In practice the phosphor characteristics repre-
sented by the parameters Ty and T, depend to some ex-
tent on ambient temperature and operating beam current.
In addition to satisfying the requirements stated in (1)
above the phosphor should have a useful light output
which is as large as possible in order to increase the
range of functional densities (e.g. trip desire line densities
in this example) which may be accommodated. In addi-
tion the efficiency of the phosphor should be unaffected
by temperature, fatigue, and time insofar as possible.

With respect to the present application of this device
the most appropriate cathode ray tube phosphor currently
available is apparently one which bears the RETMA desig-
nation P16.

Photographic recorder

The photographic recorder 16 consists, basically, of
a modified commercially available camera whose lens stop
has been calibrated in terms of trip desire line densities.
The film must be exposed in the linear denmsity range in
order to preserve the additive property of the final maps.
The calibrating step wedge, however, permits the gen-
eration of a non-linear, non-additive map having reada-
ble densities which vary over a still larger range.

The photographic emulsion characteristics of interest
in this application are (1) film speed, (2) spectral com-
patability with the cathode ray tube phosphor, (3) density
range, (4) linearity of the H and D curve (film density
versus log exposure) and (5) intermittency effect.

High film speed and spectral compatability with the
CRT phosphor are important in the sense that the higher
the speed of the system the wider the range of applica-
tion. The speed may always be reduced by reduction
of the relative aperture of the optical system but the
limiting semsitivity is determined by the effective film
speed.

A large density range permits the examination of a
large range of functional densities on a single chart.
The larger the density range of the film the larger the
range of functional densities which may be determined
with a given accuracy. A linear H and D character-
istic gives the resultant charts the so-called additivity
property.

The intermittency effect is observed in varying degrees
in different film types and is evidenced by a dependence
of the developed emulsion density on the time interval
between members of a sequence of light pulses impinging
on an element of the emulsion. The apparatus for the
generation of two-dimensional density functions in con-
cept relies on the fact that the density of the developed
film at any point will be a function only of the total
exposure and independent of the time history of the ex-
posure. The intermittency effect represents a failure
(to some extent) of this assumption and, to the extent that
it is present in the film employed, will result in a degrada-
tion of the accuracy of the system. Clearly selection
of an emulsion with the smallest possible intermittency
effect will maximize the accuracy of the system.

At the present time, the most suitable films for this
application are considered to be Bastman Kodak film
types, Plus-X and Tri-X.

Apparatus for the generation of equal
density contours

The trip density map, which results from the auto-
matic trip density map generator shown in FIGURES
1 to 5, portrays the trip density function as a continuous
function of two variables. It is convenient to provide
an additional representation of this information in the
form of displays or charts in which either selected con-
tours of equal density or zomes of desired density in-
tervals are apparent. Such contour or zone charts per-
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mit a ready visualization of the resultant information
as well as a flexible and convenient technique for the
reproduction of the data.

A technique for the conversion of the continuous
density maps to the equal density or density interval
contour charts is illustrated in block diagram form in
FIGURE 6. The continuous density map 200 is inter-
posed between a cathode ray tube 261 and a photoelec-
tric detector 202. The CRT scanner spot is caused to
scan the surface of the continuous density map 200 in
synchronism with a second spot on the screen of the
device labeled CRT display 205. 1If the spot intensity
in the CRT scanner 201 is held constant, the output
of the photo detector 202 will be a video signal describ-
ing the continuous density map in terms of the applied
scanning raster from generator 207. The photo detec-
tor output and voltage is by definition zero when a clear
or minimum density portion of the continuous map is
being scanned and increases when higher density regions
are encountered. This video signal is applied to the
pulse height discriminator 210. The pulse height dis-
criminator has the property that the output is zero if
the input is less than the desired level and equal to the
input if the input exceeds the desired level. The de-
sired level may be adjusted at will as indicated by line
212 and may be calibrated, for example, in terms of
trip desire line intersections per quarter square mile. The
output of the pulse height discriminator is passed through
a high gain amplifier and limiter 214. The output of
the high gain amplifier and limiter has the property that
it is zero if the area being scanned at that instant has
a trip desire density less than the set value and an output
of unity if the area has a density greater than the set
value. With the system operating with the switch 220
in the position indicated, the output of the high gain
amplifier and limiter is applied directly to the intensity
control axis of the CRT display 205. The developed
emulsion from the photographic recorder 222 will be
essentially transparent everywhere that the trip desire
density is less than the set value and have a particular
optical density everywhere that the trip desire density
exceeds the set value. If the continuous density map
is scanned a number of times before the emulsion is
developed with the desired level set to a different value
for each raster scam, the developed record will portray
the original density map in a quantized fashion with a
particular optical transmission corresponding to trip de-
sire line densities in a particular interval. If the sequence
of scans previously described is conducted with the
switch in the other position, the resulting record pro-
duced with the use of differentiator 225 and absolute
value circuit 226 will consist of a set of closed line curves
each of which represents a contour of equal trip desire
line density.

It is anticipated that a device of the sort described will
find use in at least two different applications. First, it
will be exceedingly useful for the reduction of the infor-
mation to a convenient form for reproduction. Second,
it will permit visual observation of the trip desire line
data in several interesting forms. For example, the CRT
display 205 could be observed directly while the continu-
ous density map is scanned in a repetitive fashion. The
level set could be adjusted while viewing the display,
thereby permitting the convenient location and measure-
ment of various maxima and minima appearing in the
original density map.

Still another variation of considerable interest would
be the use of two pulse height discriminators connected
to the output of photo detector 202 in place of pulse
height discriminator 2i® in FIGURE 6 in a circuit for
example including an “and” circuit having one input con-
nected to the output of the amplifier and limiter of the
lower limit discriminator and having its second input con-
nected to the upper limit amplifier and limiter through a
“not” circuit, whereby the cathode ray beam of display
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2905 is turned on only if the threshold setting of the lower
limit pulse height discriminator is exceeded and the thresh-
old setting of the upper limit discriminator is mot ex-
ceeded, ie. if the output of one of the corresponding
amplifier and limiter combinations is unity and the output
of .the other is zero. In this case the resulting record
would consist of a set of closed bands in which the shape
of the bands depends on discriminator setiings.

Summary of operation of embodiment of FIGURES 1 to 5

The operation of the apparatus for generating two di-
mensional density functions as illustrated in FIGURES
1 to 5 will now be summarized. ~ A tape or other suitable
source of input information which is to be plotted as a
density function is first prepared. In the ijllustrated em-
bodiment, the input information may be visualized as a
series of ‘construct lines extending between points in a
two-dimensional coordinate system. The successive in-
formation units may represent successive lines of variable
length and variable location throughout a given area of a
two-dimensional system. Further, the present invention
particularly relates to the situation wherein a further
variable is to be represented in dterms of the weight of the
sticcessive construct lines.

In the illustrated embodiment, a sorting function is also
included in the apparatus so as to enable the apparatus
to select certain of the information units from the entire
set on the basis of selected characteristics associated with
the information units and recorded on the tape in associa-
tion with the respective information units. Thus, each
information unit recorded on the tape may include n in-
formation sub-units with a first group of said. sub-units
relating to characteristics and a second group of said sub-
units specifying the values of variables from which the
two-dimensional density function is to be generated.

As specifically illustrated in FIGURE 2, a first series
of information sub-units which are read from the tape by
means of the tape reader 10 successively step electronic
commutator 2¢ between positions 2 and n-6. Assuming
that information sub-units corresponding to points 2, 7
and 12-of the electronic commutator are of interest, the
corresponding output lines 61, 66 and 71 are connected
to the respective gates 54, 55 and 56 of decision elements
50-52 by means of plug board 9¢. If the characteristics
of the information unit which are iested by the decision
elements 580-52 are found to conform with the character:
istic conditions imposed on the respective decision ele-
mients, the particular information unit is accepted for in-
clusion in the density function generated. Sub-units of
information on the tape corresponding to positions n-3
to n~1 on the electronic commutator 26 in FIGURE 2
are gated into converter units 25 to 29 in FIGURE 2
where the variables previously described are converted
from a digital to an analog form. If the information unit
meets the predetermined characteristic conditions, the
decision elements 50-52 allow the display inhibiter 21 to
send a starting pulse to line generator 12, FIGURE 1,
when the information sub-unit on the tape correspond-
ing to the n position of the commutator 20 has been
reached.

The start pulse is supplied to the voltage to pulse width
converter 186 in FIGURE 35 as indicated by line 95 to
initiate display of the line corresponding to the informa-
tionunit, The analog inputs X and Yo in FIGURE 5
from converter units 25 and 29 in FIGURE 2 determine
the initial position of a cathode ray spot on a cathode
ray tube display device 13 shown schematically in FIG-
URE 1. The voltage to pulse width converter 180 causes
the cathode ray beam to assume a predetermined inten-
sity for the duration of the pulse output from converier
180. The duration of the high intensity condition of the
cathode ray beam is determined by the analog input vari-
able at line 37 in FIGURE 5. -The start pulse causes the
converter 180 to initiate operation of the integrating cir-
cuits 182 and 183 which proceed fo produce at their out-
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puts the time integral of the variables at input lines 36
and 38 in FIGURE 5. The integrated output from cir-
cuits 182 and 183 is added to the input analog quantities
Xo and Yo over the period of the pulse from converter
186 to generate x and y deflection potentials for the cath-
ode ray tube which cause the cathode ray beam to trace
a line corresponding to the information unit recorded on
the tape. It will be apparent from a consideration of the
input variables that the greater the expansion factor or
weight E to be given the line, the slower will be the de-
flection of the cathode ray beam for a given length of
line, and, of course, the longer will be the duration of the
high intensity beam level.

The method of the present invention further contem-
plates the summation of the successive lines which are
displayed by means of a photographic recorder as illus-
trated at 16 in FIGURE 1. This accumulating means
accommodates superposition of lines having a brightness
or weight varying over a relatively wide range. Further,
this accumulating means provides a permanent record
which is very conveniently handled and reviewed visual-
ly. A step wedge may be recorded on the photographic
record element in alternation with the display of the suc-
cessive lines so as to provide an accurate calibration of
the recorded line densities. The input from the calibra-
tion step wedge generator indicated at 22 in FIGURE 1
is introduced to the components previously described in
FIGURE 5 by means of an electronic switch 92 which
may be actuated by the electronic commutator 20 at the
position corresponding to output line 72 and at the n—1
position. A step wedge start pulse is provided as indi-
cated at output ling 73 of the commutator 2¢ in FIG-
URE 2. ‘

The resultant photographic record produced by the il-
Justrated apparatus may thus comprise a map of the line
density at each point within a given area, and it will be
understood that in general the density will vary continu-
ously in all directions over the area.

Summary of operation of the embodiment
of FIGURE 6

FIGURE 6 illustrates an apparatus for the generation
of equal density contours from a continuous density map
260 such as produced by the apparatus of FIGURES 1 to
5. In generating equal density confours, the pulse height
discriminator 210 is set at a desired value so that only
points on the record 200 of greater density are reproduced
in the recorder 222, The exposed record will then be
transparent except at regions having densities above a
predetermined value. By setting the level of the pulse
height discriminator 210 at successively different values,
areas within predetermined density ranges will have the
same degree of transparency which will differ from the
transparency of regions within a different density range.

It will be apparent that many modifications and varia-
tions may be effected without departing from the scope
of the novel concepts of the present invention. ‘

We claim as our invention:

1. Apparatus for transforming a series of units of in-
formation which are capable of being represented as
configurations in a two-dimensional coordinate system
into a density distribution; comprising photographic means
having a photosensitive area for recording light images,
radiant ‘energy generating means disposed in operative
relation to said photographic means for exposing said
photosensitive area and operative to project a series of
light images onto said photosensitive area, control means
for receiving said series of units of information and for
controlling said radiant energy generating means in ac-
cordance with said series of units of information to cause
said radiant energy generating means to project a series of
light images onto said photosensitive area at positions
with respect to said photosensitive area corresponding to
the positions of said configurations- in said two-dimen-
sional coordinate system, said photographic means re-
cording the successive light images impinging on said pho-
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tosensitive area to generate said denmsity distribution in
accordance with said series of information units, and
means for supplying to said control means a series of
units of information corresponding to configurations of
successively different sizes and successively different ori-
entations.

2. The apparatus of claim 1 wherein said radiant en-
ergy generating means comprises cathode ray tube means
having a luminescent surface and having means for gen-
erating and deflecting a beam of electrons to produce line
traces on said surface for projection as light images onto
said photosensitive area, and said control means compris-
ing means connected with said cathode ray tube means
for converting said series of information units into con-
trol voltages causing said beam to produce line traces on
said surface in positions with respect to said surface cor-
responding to the positions of said lines in said two-
dimensional coordinate system.

3. In combination; storage means capable of storing
information as a varying density over an area thereof;
means for supplying information units to said storage
means in the form of a succession of lines of variable
length, direction and density; and means whereby said
storage means adds the successive information units sup-
plied thereto to provide a resultant density pattern.

4. The apparatus of claim 2 wherein said control means
comprises means for varying the rate of deflection and
duration of beam energization in each scan of the beam
for producing a line trace on said luminescent surface of
brightness in accordance with an input variable of each
successive information unit.

5. In combination, display means having a display area
and operative to generate traces of varying intensity be-
tween any two points within said area, means for supply-
ing to said display means successive groups of input sig-
nals capable of being converted by said display means into
a corresponding trace on said display area to produce
successive traces on said display area of position and in-
tensity in accordance with said successive groups of input
signals, and recording means operatively associated with
said display area for recording said successive traces, said
recording means being operative to integrate the succes-
sive traces to provide an area density distribution in ac-
cordance with the total of said successive traces.

6. The combination of claim 5 wherein said display
means comprises a scanning beam for generating said
traces and means for controlling the point of origin and
direction of scanning and rate of movement of said beam
over said display area in accordance with said input
signals.

7. The combination of claim 6 wherein said display
means further comprises beam intensity control means
for controlling the intensity of the beam and operative to
shift the beam from an inoperative intensity to an op-
erative intensity for a time period determined by input
signals of the successive groups.

8. In combination, cathode ray tube means having
means for establishing an electron beam and having
a screen operative to emit light upon impingement on said
beam thereon, said cathode ray tube means having x-axis
and y-axis deflection means and z-axis beam intensity
control means for respectively controlling deflection
of said beam over the area of said screen and for shifting
the intensity of said beam between an inoperative inten-
sity and an operative intensity, means for supplying a
duration control signal to said z-axis beam intensity con-
trol means to shift the intensity of said beam to its opera-
tive intensity for a predetermined time period, means
for supplying initial position control signals to said x-axis
and y-axis deflection means for determining the initial po-
sition of said beam with respect to said screen prior to
shifting of the intensity of said beam to its operative in-
tensity, means for supplying deflection control signals to
said x-axis and y-axis deflection means to control the di-
rection and rate of deflection of said beam relative to
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said screen, and photographic means having a photosen-
sitive area for recording the light images produced by
successive scans of said beam on said screen to generate
a variable density area distribution on said photosensi-
tive area. .

9. In a method of generating a two-dimensional vari-
able density plot of a series of information units which
may be represented as lines of differing weights extend-
ing between points lying in a two-dimensional coordi-
nate system, the steps comprising: generating initial posi-
tion signals for successive lines corresponding to the co-
ordinates of an origin point at one end of each of said
lines; generating duration signals proportionate to the
length of said successive lines and to the density thereof;
generating deflection signals corresponding to the direc-
tion of extension of said successive lines from the respec-
tive origin points, and the rate of change of said deflec-
tion signals being inversely proportional to the weights of
said successive lines; supplying said initial position sig-
nals, said duration signals and said deflection signals for
the respective lines in succession to a cathode ray tube to
cause the cathode ray to trace a path on the cathode ray
screen corresponding to each line in succession; and re-
cording on a photosensitive area the successive images
produced by said cathode ray on the cathode ray screen
to generate said variable density plot of said information
units on said photosensitive area.

10. In combination; storage means capable of storing
information as a variable density over an area thereof;
means for supplying information units to said storage
means in the form of a succession of lines of variable
length and direction; and means whereby said storage
means adds the successive information units supplied
thereto to provide a resultant density pattern.

11. In combination; storage means capable of storing
information as a variable density over an area thereof;
means for supplying information units to said storage
means in the form of a succession of points of variable
density and of variable position with respect to said area
of said storage means; and means whereby said storage
means adds the successive information units supplied
thereto to provide a resultant density pattern.

12. Apparatus for transforming a series of units of
information which are capable of being represented as
configurations in a two-dimensional coordinate system
into a density distribution, comprising photographic
means having a photosensitive area for recording light
images, radiant energy generating means disposed in
operative relation to said photographic means for expos-
ing said photosensitive area and operative to project a
series of light images onto said photosensitive area, con-
trol means for receiving said series of units of information
and for controlling said radiant energy generating means
in accordance with said series of units of information to
cause said radiant energy generating means to project a
series of light images onto said photosensitive area at
positions with respect to said photosensitive area cor-
responding to the positions of said configurations in said
two-dimensional coordinate system, said photographic
means recording the successive light images impinging
on said photosensitive area to generate said density distri-
bution in accordance with said series of information units,
said configurations comprising lines in said coordinate
system, and means for supplying to said control means a
series of units of information corresponding to successive
lines of successively different lengths and' of successively
different origins and terminafion points.

13. Apparatus for transforming a series of units of
information which are capable of being represented as
configurations in a two-dimensional coordinate system
into a density distribution, comprising photographic means
having a photosensitive area for recording light images,
radiant energy generating means disposed in operative
relation to said photographic means for exposing said
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photosensitive area and operative to project a series of
light images onto said photosensitive area, control means
for receiving said series of units of information and for
controlling said radiant energy generating means in ac-
cordance with said series of units of information to cause
said radiant energy generating means to project a Series
of light images onto said photosensitive area at positions
with respect to said photosensitive area corresponding to
the positions of said configurations in said two-dimen-
sional coordinate system, said photographic means record-
ing the successive light images impinging on said photo-
sensitive area to generate said density distribution in ac-
cordance with said series of information units, said con-
figurations comprising points in said coordinate system,
and means for supplying to said control means a series
of units of information corresponding to a series of points
in said coordinate system in respective different substan-
tially spaced substantially non-sequential locations.
14. In combination, radiant epergy recording means
responsive to radiant energy of a predetermined char-
acter impinging thereon and operative to integrate the
effects of successive exposures to radiant energy of said
predetermined character at each elemental area thereof,
radiant energy image generating means disposed in op-
erative relation to said radiant energy recording means
and having an area distribution of elemental areas for
emitting radiant energy of said predetermined character
to expose respective corresponding elemental areas of
said recording means, elecirical control means controlling
energization of the respective elemental areas of said
radiant energy generating means to generate radiant en-
ergy images for recording by said radiant energy record-
ing means, said electrical control means having two sepa-
rate inputs controlling energization of said elemental areas
of said radiant energy generating means in accordance
with respective coordinates of a coordinate system en-
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compassing said area distribution of elemental areas,
initial position control means for supplying a variable
amplitude initial position signal to each of said inputs
of said electrical control means for initiating energiza-
tion of said radiant energy generating means at any
one of a plurality of elemental areas of said area distribu-
tion in each image generating operation of said electrical
control means, and input means for supplying a succession
of input signals to said initial position control means to
initiate energization of said area distribution of elemental
areas at successvely different elemental areas and for
supplying a succession of respective coordinate parameter
signals to said electrical control means to produce suc-
cessively different image configurations beginning at the
successive different initially energized elemental areas of
said radiant energy image generating means,

15. In the combination of claim. 17, said input means
comprising time integrating means connected to each
of said inputs of said electrical control means, means
coupled to said time integrating means for supplying suc-
cessive time signals thereto in accordance with the dimen-
sions of the successive images to be generated by said
radiant energy image generating means, means coupled
to said integrating means for supplying thereto coordinate
parameter signals for each successive image to be gen-
erated in ‘accordance with the respective contributions
of the coordinates to the generation of the successive im-
ages, and said time integrating means being operative to
actuate said electrical control means to generate suc-
cessive images in accordance with the successive time
and coordinate parameter signals supplied thereto.
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