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1. OBJECTIVES

The purpose of the Performance Prediction Techniques Stuay
is to develop a mathematical model that is equivalent to the PAUL
Sensor, in order to predict the sensor performance as a function
of changes in the input image characteristics or of chances in the
sensor parameters. A digital computer implementation of the model
is an objective, for the sake of an efficient and flexible predic-
tion capability.

The primary data processing element of the PAUL Sensor is a
special Sensor Tube. When this study was undertaken, it was
recognized that a realistic model would require'the adequate repres-
entation of the conversion of a wide variety of input scenes into
equivalent Sensor Tube output signals. This was anticipated as an
area of greatest potential difficulty, and it received, therefore,
the major attention during this phase of the study.

II. APPROACH

The Sensor Tube internal operations which lead to an
alectrical output signal are combinations of four basic physical
phenomena. The study approach selected was to investigate these
four processes separately. A detailed mathematical representation
was firsé defined for each, prior to considering the interactions
which produce the output signal. These mathematical representations
are referred to as "model elements” or "elements" throughout this
report. The Sensor Tube model elements are:

. Photoemission,
. Electron image focusing,
. Storage mesh surface dynamics,

W N

.

Storage mesh transmission.
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The physical phenomena associated with each cof the abhove
elements are random in character when individual units such as
photons or electrons are concerned, but become deterministic when
large numbers of units are considered together. Mathematical
modeling, therefore, involves physical reasoning to define
mathematical forms that describe how individual units are affected,
and then prescribing appropriate mathematical operations which
combine the behavior of different kinds of individual units in the
proper portion and consistent with observable test behavior. These
forms involve adjustable parameters, and additional parameters are
required to characterize the behavior of individual tubes and the
status of tube components during operation. Care must be taken to
include in the model only parameters whose values can be established
from laboratory measurements, or whose values can be prescribed in
a given performance prediction task. The intended laboratory

a5~ -
e -

sdurss for establisiaing Taramsier values ere indicated in this

The processing of input scenes by the Sensor Tube is a
multistage process, and additional mathematical formulations are
necessary to prescribe how the model elements interact in turn to
produce the tube output scene. Throughout the report, these
formulations as referred to as "synthesis operations”. An initial
set of synthesis operations was defined during this phase of the
study program, but this set has limited practical value from the
standpoint of being too compréhensive for digital computation.

For example, a complete description of the input scene is required;
namely, the power per unit area transmitted at each wavelength at
each scene point. Given the simplifications in the scene descrip-
tion which can be achieved by considering synthetic imagery, it
appears feasible to formulate less comprehensive sets of synthesis
operations, which are appropriate only to this type of imagery but

~SEEREH
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which can be digitally implemented. The intended route to the
development of a digital computer model of the Sensor Tube is based
on this concept. Evaluation of less comprehensive versions of the
model against laboratory results using corresponding synthetic
imagery ecppears feasible, and should allow verification of the model
as a first step. The second step would involve the progressive
sophistication of the selected synthetic imagery toward real-world
imagery, and would be carried as far as is practical while main-
taining digital implementation and model verification. The final
step would be the representation of real-world imagery as a combina-
tion of synthetics, the effort in this direction to be concurrent

with the fiqst two steps. A section of this report titled

"Synthesis ﬁechniques" describes several types of synthetic imagery,
t

and indicatds how the corresponding simplification of the scene

description |allows simplifications in both the model elements and

the synthesﬁs operations.
{
In the following sections, the general math description of

. i . . . .
the basic tube elements is presented, the interactions which occur
during each;mode of the tube are described, and preliminary
recommendations for synthesizing these elements into an integrated

tube model are summarized.
i
ITT. DIS'USSION OF RESULTS
A. Introduction
In #his section, the role of the Sensor Tube in the PAUL
Sensor is. outlined by describing the tube and by showing its rela-

tionship to the other sensor components. Following that, the four
physical pr?cesses represented by the model elements are described,

and related to the tube output signal. The results obtained during

this phase bf the prograr are then summarized and illustrated under
separn: wwhdings. It should be noted that the detailed documenta-

tiondf the model elements is maintained through engineering working

~SEEREFA
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papers. Those dealing with photocmission, electron image focusing,
and storage mesh transmission have been transmitted (see references).
Two more, on storage mesh surface dynamics and on the comvbrehensive
set of synthesis operations, are in preparation. An appendiX

ie included in this report which presents the model equations
associated with each of the model elements, in their most general
formulation. The equations are presented in tabular form, showing
the physical interpretation, method of computation, and units
associated with important model quantities. A similar table for
synthesis operations is presented in the section titled "Synthesis

Techniques".

The PAUL Sensor receives an input optical image, detects
the X,Y velocities of the image, and generates output electrical
signals corresponding to the image rates. To perform these
functions, the PAUL Sensor uses a special Sensor Tube in a closed

electronic loop, as shown in Figure 1.

The Sensor Tube is an electro-optical device consisting of
a photocathode, a deflection region, a storage element, and an
output electronmultiplier section. Focusing and deflection yokes
permit the photoelectron image generated by the cathode to be
magnetically positioned relative to the storage surface, such that
an electronic area correlation may be performed. When properly
programmed through an "erase", "write", and "match" mode, this

device is capable of converting an input optical image rate intc a

correspﬁnding output electrical signal.

. ‘The storage element is a fine metal mesh with an insulator
coating that can be electrostatically charged. Thus, an optical
scene, S(x,y), imaged on the photocathode generates a photoelectron
image, klI(x,y), which generates a stored charge pattern. '

Qi{x,y) = tklI(x,y) ’ (1)

—SECREFA—
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Figure 1. PAUL Sensor Block Diagram

where kl is a proportionality constant dependent on the photocathode
sensitivity and spectral response, the insulator secondary emission
properties, and the transmission of the tube elements between the
photocaﬁhode.and the storage element; t is the storage or exposure

. 1 .
time; apd x and y are the coordinates of the scene referred to the

—SEEREHB
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photocathode. The transmission controlling voltage pattern, E(x,¥).,

of the storage element is given by Equation (2):

E(x,y) = (k, 7)) 0x,y) (2)

where k2 is the insulator capacitance per incremental area. The
controlling voltage can be modified by changing the potential of
the metal mesh, which adds or subtracts by "capacitor action" a
constant voltage, Eb’ to the insulator surface. Thus, the trans-
mission of the storage element, T(x,y) is given by Equation (3):

T(x,y) = f [E(x,y) + E, ] (3)

where the function is the transconductance characteristic of the

storage element.

After an exposure is made, the photocathodéggtorage element
voltage is readjusted so photoelectrons cannot strike the insulator
and thus discharge the stored charge pattern. If the photocathode
were uniformly illuminated, the stored volitage pattern, E(x,y),
wculd spatiallv modulate the uniform electron flood and generate a
current charge pattern, Il(x,y), proportioral to E(x,y) on the side
of the siorage element opposite the photocathode. If instead of a
uniform photocathode illumination, the same or another scene were
imaged on the photocathode, the photoelectron image approaching the
storage element would be kl Iz(x,y), where

S, (x,y)
1

I, (x,y)
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The electron image at the output section now would be proportional
to Il(x,y) Iz(x,y). The output section of the tube is a wide-area

electron multiplier.that functions to integrate Il(x,y) Iz(x,y)
over the area of the storage element and to amplify the current.

The electroa image can be deflected between the photocathode
and storage element. Let this deflection be o and B in the x and y
directions, respectively. With deflection, Iz(x,y) becomes
12(x+a,y+e), and the output of the electron multiplier is the correla-

ticn function, ¢(a,B8), given in Equation (5):

p(a,B) = k J I, (x,y) I,(x+a, y+8) daa , (5)
A

where k is the gain of the electron multiplier. This capability of
the tube to| perform a simultaneous electron image correlation is

shown in Figure 2.

B. The{ Model Elements
The;optical input is converted to an equivalent electron

"image" in hll three of the active operating modes of the Sensor
Tube. 1In the erase mode, an electron flood is used to bring the
storage mesh surface to a uniform potential. In the write mode,
the electron "image" corresponding to the write scene selectively
charges the storage mesh surface to produce a corresponding stored
image on tqat surface. In match mode, the electron image of the
match scene is selectively passed by the stored image, and con-
stituteslthe current which is amplified to become the Sensor Tube
output curﬁent.

Th4 electron images are obtained from the optical images
by the proéess of photoemission occurring in a thin layer of

‘material déposited on a glass plate (the photocathode). Viewing

this conversion as a transmission of information, the input is the

| —SECRETAB-
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Figure 2. Simultaneous Electron Image Correlation
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color and intensity of each scene point, embodied in the power per
unit area (or number of photons per second per unit area) at each

light wavelength falling on the photocathode. The input stream of
photons at a photocathode point is partially converted to a stream
of electrons leaving the opposite side of the photocathode, moving

‘toward the storage mesh. The incoming photons are distinguishable

by light wavelength, but the electrons are all alike, so all the
information about the scene point that is transmitted within the
tube is embodied in the intensity of the electron stream and the
distribution of the electron velocities within the stream. That is
to say, spatial variations in the flux intensity and the velocity
distribution cocnstitute the electron "image" of the scene. A
detailed mathematical modeling of the photoemission process was
undertakri ! n construct the photoemission model element, which
prescribes the flux intensity and velocity distribution resulting
from an optically focused image point on the photocathode.

'

Within the Sensor Tube an axially directed magnetic field
is used to keep electrons with initial transverse velocities from
flyving off in all directions as they leave the photocathode. This
"focusing" magnetic field constrains electrons to spiral about a
pach from a voint on the photocathede to a point on the storace mesh

s A

plane. Since the initial axial and transverse electron velocities
are distriouted over ranges of values, rather than fixed at single
values, the photoelectrons cannot be completely focused at the
storage element plane, and photoelectrons emerging from a point on
the photocathode rroduce a pattern of current density about the
corresponding storage elecment plane point. These patterns are the
determining factor in the image resolution maintained in the write
and match modes. A study of how electron focusing depends on
initial electron velocity distributions, the magnetic field, and
the voltéées applied to transverse mesh elements in the Sensor Tube
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was undertaken to obtain the electron image focusing model element,

which conkerts these variables into a point spread function des-

cribing the charge pattern at the storage mesh plaune.

. In the erase and write modes, the storage element surface
is exposed to photoelectrons for fixed periods of time in order to
alter the surface charge density, hence the potential of the surface.
Other factors such as the ionization of tube gases, production of
photons within the tube, field enhanced thermionic emission at the
storage element surface, and bulk leakage within the storage element
surface material, contribute to alterations in the storage mesh
surface charge density with time. Most of these factors are of
differing importance depending on the operating mode of the Sensor
Tube, and mathematical models were defined to prescribe the time-
dependent behavior of the surface charge density for each operating
mode. Taken together, these formulations constitute the §Eggggé

mesh surface dynamics model element.

The output of the Sensor Tube in the match mode is the
result of a very complex process, the variable transmission of the
match scene electron image by the storage element, as represented
earlier by Fquation (5). The current density transmitted at a
storage mesh point depends on the electron image incoming at that
point, and #he charge on the storage mesh about that point. The
former is pfescribed by the photoemission and electron image
focusing eléments, applied to the match mode conditions; the latter,
by the photdemission , the electron image focusing, and the storage
mesh surfacé dynamics elements, applied to the erase and write

modes in seguence.

Liie storage mesh transmission process was studied using
laboratory gata obtained with spatially uniform erase and match
scenes, andga mathematical model was formulated which prescribes

. N i :
(given a surface charge density and a number of mesh parameters)

|

i
i
|
i
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the fraction of an incoming electron stream of given velocity
distribution which is allowed through the storage mesh. This
formulation, which relates the results of the other model elcments

to the Sensor Tube output current, is the storage mesh transmission

model element.

Results particular tc each model element are described and

illustrated below, under separate headings.

The Photoemission Model Element:l
The yield of electron flux density from a vnit photon flux

density at a given photon wavelength is well characterized by a
photocathode sensitivity characteristic S(}) available for particular

tubes from laboratory measurements. Integrating the product of
S(A) times the photon flux density at X over all wavelengths, gives
the current density of the photoelectron image immediately. To-
prescribe photoelectron velocity distributions produced by a photon
stream, however, requires a more detailed specification of the

photoemission process.

An elementary theory of photoemission was formulated for
emission from extremely thin films on the side opposite the illum-
inated side. Velccities were conveniently represented as kinetic
energies associated with the axial and transverse tube directions,
in units of electron volts. 2An electron was assumed to absorb the
photon energy hv (Plank's constant times photon freguency) and to
lose a constant energy ¢ before leaving the absorption point in a
random direction. A constant work function W was assumed for the
photocathode surface on the emission side, and distribution functions
wvere derived for axial and kinetic energies of escaping photo-
electrons from photons of frequency v. The distributions depended

on the parameters ¢ and W.

1 - . .
M2273: "A Thin Film Theory of PAUL Sensor Tube Photoemission",

datea 10 May 1968.

—SEEREFB-
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An expression for the photocathode yield at a given photon
wavelength was formulated, also involving ¢ and W, so that sen-
sitivity characteristics could be curve fitted to obtain reasonable
parameter values. The sensitivity characteristic of a typical tube
was fitted in the long wavelength region above 7000 i, to obtain the
working parameter values ¢ = -1.17 ev, and W = 2.53 ev. At these
values, the kinetic energy distributions were shown to imply an
angular current density of emission which closely follows (at photo-
cathode-sensitive wavelengths) the Lambertian cosine law generally
accepted on the basis of experimental observations of photoemission.

Distribution functions for axial kinetic energy at a number
of light wavelengths is shown in Figure 3. The curve defines, for
a given energy in ev., the fraction of electrons having less than
that energy. At lower wavelengths,. the distribution of axial
kinetic energy is indistinguishable from a uniform distribution (a
straight line) and is nearly uniform at wavelengths down to 4000 i.
Uniform distributions could, therefore, be adopted for mathematical
simplicity; the emission associated with a given photon freguency V
having, as a result, an axial kinetic energy K, uniformly distributed

from zero to

E(v) = hv -¢ - W

in electron volts. By the thin film theory adopted, the trans-
verse initial kinetic energy K. along the photocathode face depends

on the axial kinetic energy by

' K = E(\)),_— KX ’ (6)

r Z

so that both axial and transverse velocity distributions are pre-
scribed-by the theory adopted, for photoelectrons associated with

photon frequency .v.

-SSR
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The optical image point involves a mixture of photon
frequencies, and the corresponding photoelectron velocity distriuu-
tions can be calculated in a straightforward marner. The qguantity

describing the axial velocity distribution is

pK (ul;{-)l r
V4

the axial kinetic energy density, which is described in the appendix.

. - 1
Electron Image Focusing Model Element:

The fidelity in the spatial scene variations (the resolution)
which is maintained in the write and match modes of the Sensor Tube
depends on the photoelectron velocity distributions, as well as the
configuration and state of the tube. A study of these dependencies
was made in order to derive a model element accepting these variables
and returning a point spread function. The study was restricted to
a state. of zero deflection of the match scene, to be extended only
if the model appears inadequate in simulating the spatial frequency
attenuation at deflections necessary to Sensor operation.

Based on a computer-produced map of the focus magnetic field
of the PAUL Sensor design, a uniform focus field was assumed. Given
a magnetic field strength and the voltages applied to the transverse
tube grids, then for any pair of initial axial and transverse photo-
electron velocities the calculation of the point at which the
electron: hits the storage mesh plane is straightforward, though
cumbersobe. A computer program was constructed which accepts the
photon_wévelength A and transverse grid voltages, and computes a
quantity R(Kz‘ - iefined as the distance of the A-photoelectron
landing point from that of a A-photoelectron with no transverse
initial velocity (the reference point). This quantity can be expressed

lM2273: "A Thin Film Theory of PAUL Sensor Tube Photoemission",
- dated 10 May 1968.

—SEEREHS
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emission theory adopted, by which the transverse energy K. is
dependent on V and the axial energy KZ (see Equation 6). Also
by this theory, the initial transverse energy Kr is randomly
oriented, so the pattern of the current density at the storage mesh
plane is radially symmetric about the reference point, and is
governed by R(KZ,A).

4R(KZ,A), which was termed the radial spread functicn, pre-
scribes the spread of current from a photocathode point for electrons
associated with a single photon wavelength A and a single axial
energy Kz. Several radial spread function curves are shown in
Figure 4, for a typical set of match mode transverse grid voltages.

The Fadial spread function is used to calculate the radial
variation ofl the storage mesh plane current density pattern associ-
ated with a Eingle wavelength A, or a mixture of wavelengths. A
graphical tekhnique has been defined to obtain the radial current
distributioﬁ P(u,\) for A-associated photoelectrons. Mathematically,
P{u,)\) is the sum of the lengths of theintervals on the Kz scale in
which R(KZ,£)< u, divided by E(A). The function P(u,A) then repre-
sents the pﬁoportion of current within u of the reference point.

This graphical technique can be replaced by a digital computer
procedure fodr the final version of the Sensor Tube model, but it

is convenieﬂt for preliminary evaluations. The method of generaliza-
tion to the |jradial current distribution for a mixture of photon
frequencies |is indicated in the electron image focusing element

portion of the appendix table.

Storage Mesh Surface Dynamics Element:

The 'role of this model element is to prescribe the time
dependent vériations of the storage mesh surface potential during
erase, writé, match, and passive modes of the Sensor Tube. Differ-
ent mathemaéical formulations are required for each mode. During

2 A detailéd éngineering working paper is currently in preparation.

| - —SEERFFA-
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the erase mode, the electron image of a uniform flood of
illumination is used to cancel out positive potentials (with
respect to the photocathode) of storage mesh areas. When an area
reaches photocathode potential, however, some electrons continue to
impinge on the storage mesh by virtue of initial axial velocities,
and if the tube remains in erase, such areas are driven to a nega-
tive potential equilibrium point. The important factor in the
dynamics of this process is the emission ratio G(Vs) prescribing
the ratio of current density out of the storage mesh surface to the
current density into the surface, as a function of the surface ‘
potential Vé. An elementary theory was adopted to prescribe G(VS),
taking into account the electron axial velocity distribution as
determined by the photoemission element applied to the erase flood.
Differential equations for v, were derived involving G(VS) and a
number of parameters. Although these equations have been solved
for a number of sets of parameter values, extensive comparisons
with laboratory observations remains to be done, in order to
establish and verify a set of parameters adequate to describe the

erasing process as observed in the laboratory.

Bulk leakage in the storage element is always present, and
is taken to be proportional to the potential difference between the
storage mesh surface and the potential applied to its backing wire.
Field-enhanced thermionic emission, if significant at all, can be
shown to be incorporated into this model factor. The incorporation
of the bulk leakage and the thermionic emission factor into the
differential equations for Vg in the erase mode involves only a
redefinition of parameters, and so a fit of these parameters against
observations automatically compensates for these effects during
erase. The bulk leakage-thermionic emission factor is considered
to be the only influence operating in the passive mode of the tube,
leading to a very slow exponential decay of the storage mesh

potential difference.

—SEEREFB-
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A constant charging rate appears applicable to the typical
high voltage write mode, if ionization is ignored, in that both
the initial electron velocities and the surface potential v, are
insignificant in comparison with the backing wire voltage. The
correct method for incorporating the ionization has not been deter-
mined, but this is not significant at this time since the charge
deposited at given write exposures can be determined experimentally,

and this appears adequate for the write mode model unless anomolies

become apparent.

C e 3
Storage Mesh Transmission Element: ™
The storage mesh transmission behavior was studied under

conditions of uniform charge on the storage mesh surface, and uni-
form match scene flood. Laboratory measurements are taken under
these conditions to obtain transconductance curves, which exhibit
the output current as a function of the voltage applied to the
fully conductive backing wire mesh of the storage element. The
objective was to formulate a model of the mesh transmission which
would generate transconductance curves matching those of the test
data. This was achieved by mathematically fitting the laboratory

curves to obtain the proper storage element model parameter values.

Based on a gualitative representation of the electric field
surrounding the storage élement, a mathematical form (the aperture
function) was hypothesized for the transmission probability as a
function of the initial axial photoelectron velocity. Combined
with the distribution of the velocities supplied by the photo-
emission element, the aperture function determines the fraction of
incoming current that is transmitted. Thus, the aperture function
characterizes the transmission behavior, and involves parameters
associated with the storage element itself. By determining how the
aperture function depends on the deposited charge and the backing

BIF-048/001-2346-68: "A Uniform Flood Transmission Model", dated
, 8 August 1968.

—SEERETDr
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mesh VolLaqe, a computer program was constructed which gencrates
transcorductance curves, if giver the tube parameters and a digital
representation of the match flood color. In the model, the relation-
ship between the parameter values and the shape and position of the
generated transconductance is apparent, so the generated curves

can be manipulated by trial and error to fit the iaboratory curves,
thus establishing parameter values.

Transconductance curves generated by using the storage mesh
. transmission element show good qualitative agreement with the
; laboratory curves in all the cases examined. Figure 5 illustrates
the extent of the agreement obtained. The inset is a multiple ex-
posure photograph showing the transconductance curves produced after
erasure with the backing wire voltage set at different levels. For
each curve, the horizontal scale is the backing potential during
matcli Vb (which is increased to generate the curve) minus the
backing wire potential during erase, Vpe+ FoOr example, for the
Vbe = 5 curve, the cut-off of tranrsmission occurs at about Vb =5
volts and the maximum transmission occurs at about vy, = 6.1 volts.

The drawn curves are the corresponding model curves calculated by
‘ the computer.
In;order to extend the transmission model element to
spatially modulated write and match scenes, it is assumed that the

. . . . . .
transmission behavior of a storage mesh point with a given charge
density is;the same as it would be if the entire mesh surface had

! .
the same charge density and was receiving the same current density.

cC. Syﬁthesis Techniques

As ‘mentioned, a set of synthesis operations (i.e., the
mathematical formulations which combine the output of the model
elements into a Sensor Tube model) has been derived.4 The
important guantities computed in these operations are shown in Table I.

4 . . . . .
A detailed engineering workina paper is currently in preparation.’

| | SRS
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A physical interpretation and appropriate units are given for

each quantity. The mathematical operaticns seen to be necessary
to produce the quantity are indicated also by suitable expresscions.
These were derived as a logical consequence of the physical inter-

pretation of cuantities computed within model elements.

In the following paragraphs, some of the barriers to the
practical digital impleméntation of the tube model will be described,
and the necessary simplifications introduced by synthetic imagery
of several types will be indicated. From the photon frequency
spectrum of the ensemble of photons illuminating a photocathode
point, the photoemission element prescribes an axial velocity dis-
tribution of emitted photoelectrons at that point. If the photon
frequenc§ spectrum (i.e., the "color") varies from point to point,
so does the axial kinetic energy density in the electron image.
Tracing éhrough Table I (and appencdix) would show that many essen-
tial model quantities involve integrations over the photocathode
plane of the electron axial kinetic energy density Py (v,X) times
other quantities. If this quantity varies from point“to point in
a general way, digital implementations of these integrations are
both time consuming and inaccurate. For a monochromatic scene,
these integrations are eliminated entirely in some cases, or at
least simplified, since the axial kinetic energy density is the same
at eac¢h point of the photocathode, and is a constant with respect
to the intcgration. Monochromatic imagery is therefore a logical
simplification to make from the standpoint of digital computation.
By way of imagery sophistication, %mages can be considered which
consist of several areas of differing photon frequency spectrum,
for which an adjustment for the differences need be made only near

the boundaries ketween the areas.

A similar computation difficulty arises because of continuous

intensity variations from point to point on the photocathode. Again,

~SEEREHD-
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arca integrations over the points on which variations occur are

the di fficult mathematical opesations to approximate digitally.
Siwplifications are apparent when intensity variations arc re-
stricted to discrete intensity levels. For imagery with two levels
of intensity, for example, such an integral reduces to the weighted
sum of the two areas associated with the two intensity levels. By
systematically increasing the number of levels, compatibility with
real-world image characteristics can be approached.

: The comparison of the model-generated transconductance

curves with the laboratory curves provided a sub-model verifica-
tion of the photoemission and mesh transmission elements. A sub-

nodel verification of the electron image focus element should also

be made using two-intensity level, monochromatic bar patterns. The
test data should be checked against the modulation transfer functions
that are computed from the model point spread function. The effect
of image deflection on the transter functions should also be deter-

mined during this test.

The &oregoing paragraphs have identified types of synthetic
imagery which can facilitate the verification of a digitally im-
plemented Sensor Tube model; verification in the sense that an
input of the;physiCal imagery into a laboratory Sensor Tube and an
input of its?mathematical description into the tube model both
produce esseptially the same output signal result. Implicit in
this approa#h to the model development is the assumption that real
imagery may be sufficiently represented as a superposition of
synthetic imagery for which the model has been verified. To be
more eXplicit about this assumption, a real scene is envisioned as
(and will be piresented to the final model as) a superposition of
three or more "component scenes", each monochromatic in a photon
frequency spectrum that has been incorporated into the model-
computer program. The intensity information in each of thesé scenes

—SECRETB-
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-? © will be presented to the model either as a superposition of cimple
! quantized patterns or as a summary of the pattern characteristics.

‘ Using the write scene broken down in this way, the model prcgram

i will compute a net pattern of charge on the storage mesh surface.
Each "ccmponent scene" of the match scene will then be treated as
if it passes the storage mesh separately, contributing its share to
the output current. The process will be repeated at different
displacementf of the match scene with respect to the written charge

pattern, to generate points which define the match curve.

IV. ° RECOMMENDATIONS
It abpears that a PAUL Sensor Tube model that is in the

form of a dibital computer program is feasible. Continuation of
the model de%elopment effort should involve the construction of
digital implementations of the tube synthesis operations for syn-
thetic imagery. Verification of the model predictions and identifica-
tion of the model deficiencies should be carried out, progressing
from the most elementary to more complex forms for the synthetic
imagery, with necessarv improvements and allowable simplifications
peing made %s required. This effort should proceed in close co-
ordination ﬁith the study of the techniques for mathematically
specifyingsfthe input optical imagery in a form that is manageable
on a digital computer.

The%sensor model program, in addition to these studies,
should alsojbe expanded to include the electronics external to.the
tube, as re&uired te fully describe the output signai character-
istics unde% null and dynamic conditions, with consideratioh for

noise and non-linear responses.

Construction and evaluation of a computer simulation program
for the PAUL Sensor, incorporating the Sensor Tube model and ex-~
ternal electronics, will constitute the last phase of the develop-
= .

" /001-2349-68: "Image Specification Techniques - Interim
Teo..:o.cal Report - dated 27 August 1968.
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mont program.  During this phase, actual sensor output signal
characteristics will be gencraied for comparison with the model
results by performing appropriate tests with the Princess Sensor
and Laboratory Simulator. In mathematically generating temocoral
output signals, it should be roted that once the static match curve
characteristics have been Aetermined for a selected pair of write
and match images, the signal data may be obtained "directly" merely
by describing the match image position as a function of time. In
order to simulate the true tracking conditions, cf course, new
static match curves must be programmed as a result of periodic
changes in the input match image (line-of-sight effects) and
occasional changes in the input stored image (sensor recycle).
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APPENDIX

|

Tabhe II displays the important model quantities within
each
from model ﬁnput to model output.
each quantfty is given, along with any name (such as "aperture
function") |associated with the quantity in this report. The
process of |computation is indicated for.each gquantity in its most
hematical formulation, and a possible choice of ,units is

i .
model element, in approximately the order of computation
The physical interpretation of

general mat
‘given for gach quantity.
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