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ABSTRACT

This work presents a logical pilcture of a biodynamics instrumentation
requirement, a designh to answer the requirement, testing of the prototype,
evaluation of the quality of the prototype, and a discussion of the advantages
and limitations of the design. The operational nature of a high-speed X-ray
device with certain advantages for biodynamic research is discussed. The final
nature of the device is found to have certain advantages over commercially
available X-ray units for general medical research purposes as well as for
general clinical radiology.
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SECTION T
INTRODUCTICN

Blodynamic studies of man's tolerance limlts for vibration and impact
have been serilously hampered by a lack of an instrumentation technique to
produce the measurements necessary to define the mechanodynamic character-
istics of various internal organs and body segments, Conventional gensors
or trangducers for direct measurement of forces and displacements are not
helpful because such techniques cannot ordinarily be implemented in man and
because such techniques actually influenge the variables to be measured.

The body organs and segments, whose motions are to be measured, are actually
deformable bodies and, as such, present formldable instrumentation problems.

This report concerns the result of a study of this instrumentation prcbe
lem and the development of one solution. Primary consideration was given to
exploration of sonlc or electromagnetic wave Instrumentation techniques. The
sonic techniques were discarded because the antennae required are not feasible
in a vibration or impact environment and because the quantitative aspects of
such measurements are not sufficient for the desired accuracy and precision.
There seems to be only one optical method which offers the potential to pro~
duce measurements of internal moticns and this is nuclear radiation in the
energy region of medical X-ray (40-120 kev).

Biodynamlc research presents a unique requirement in terms of an X-ray
system, In bilodynamic research one studies subjects in mechanical energy
environments (acoustic, vibration, impact, buffeting, etc.) and one wishes to
reveal the effect of the environment on the body structure (as well as on the
body physioclogyh However, such an environment implies dynamic motion of the
subject and perhaps alsoc the X-ray system. For example, the tolsrance cof

man to ejection seat firing is a subject of considerable importance to the



Armed Forces and, indirectly, to land transportation equipment manufacturers.
The study of such tolerance is reported elsewhere (Refs 1~4). It can be seen
from this work that conventional techniques for instrumentation and analysis
do not provide complete answers regarding structural limits and mechanical
tolerance factors,

Therefore, the X~ray television system which is to be described in this
report represents an effort tec exploit basic radiology technlques by applyling
advances In television technology in order to provide an Instrumentatlon
system which will produce measurements of displacements In subjects exposed
to bicdynamically significant enviromments, The design and its problems
will be spelled out, the resultes of testing wlll be presented. The perform—
ance, in terms of exposure dosage and picture quality will be reported and
the basle limitations of the system as well as proapects for further develop-
ment will be discussed.

I~ray density images are produced for the clinical radiocloglst by three
more or less standard techniques (in terms of equipment). The usual X-ray
film is produced by exposing a negative with emulsion on both sldes which is
placed between calcium tungstate Intensifylng screens to the X-ray beam which
has passed through a subject. This produces an image with considerable con-
trast and resolution. Ancillary techniques, such as focused grids, are used
to reduce the effect of scattered radiation which acts to decrease the con-
trast and resolution {at the expense of increased dosage). This high image
quality is obtained at the expense of a relatively long exposure time to
produce an image which 1s a time average. Ixposure dosages necessary for an
average chest X ray are in the rangs of 40-400 milliroentgens.

2



Fluoroscopy is a standard technique which has undergene considerable
changes because of recent advances (References 5-13)., Before 1948, fluoro-
scopy was accomplished by replacing the film, mentioned previously, with a
zinc cadmium sulfide secreen, The image produced was visualized directly by
eye. The image produced by this technique is also a time average because
of the relatively long decay constant in the screen., In addition, the
relative inefficiency of screens which fluoresce in the visible spectrum
requires high dosage for interpretable images (in excess of six roentgens
per minute).

The image amplifier has provided a comnsiderable advance in fluoroscopy
in that electronic amplificatlon increases the brightness of the viewed Image
at considerably reduced exposure dosage. In this technique the X-ray beam
emergent from the subject falls on a tube which has a faceplate ceoating of
photoelectric material (uswally the same as a flucroscope screen). The
electrons emitted by this screen are accelerated and focused on a similar
viewing screen on the other end of the tube. Exposure dosages in the use of
an image amplifier range up to 2.5 rcentgens per minute. Most operation is
probably about 1 roentgen per minute, Again the use of fluorescent materials
active in the green region commits the system to relatively long time constants
in the decay of an image so that each image Is a time average.

Television technliques have recently come into use in radiclogy. Usually
a standard television camera 1s used tec reproduce an image amplifier screen.
The sensitivity of certain televisicn camera tubes provides a further reduction
in the required exposure dosage.

A vidicon tube which 1s directly sensitive to X-ray energy has been used,

3



This is a television tube which has a photoelectric sereen on the tube face.
Stimulated photoelectrons from this screen pass through a grid to strike a
lead oxide coating on the interior surface of the tube face changing its
conductivity at each point in proportion to the X-ray intensity. The scan~
ning beam of thes vidicon 1s then played over the lead oxide. The conduc-
tivity of the lead oxide determines the current flow which is collected by
the interposed grid. This current flow represents the video signal, The
phospher used in these tubes is the same as in the lmage intensifier,

Thus, most standard X-ray units have the inherent limitatlon that the
image produced is a time average. If there is gross motion, it is a space
and time average. In terms of the subject medium this means that the fre-
quency response of the visual system is poor. In other words, motion of the
subject produces a deterioration of the image.

There are a few instances in elinical radiclogy when this sensitivity
to motion is troublesome. In angiography (X~ray visualization of blood
vessels using contrast media), including cardiac catheterization, ons needs
high quality X-ray images without loss of quality due to motion. XZ-ray
units are beginning to be used in physlological research where the dynamic
events are the essence of the experiment, The image amplifier has been used
to study cardiac blood flow (Ref 14) by measurement of the change in X-ray
density of the image during the heart cycle.

The design objectives were not entirely ciear in the beginning inasmuch
ag a concept of instrumentation for biodynamic research was sought as well as
a specific implementatlon of the concept. The general character of the
concept called for good frequency response {0-30 cycles per second acceleration),
high accuracy (2% on moticn referred to the input to the system itself)
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negligible loading¥* by the instrument of the subject, ease of data handling
and ruggedization., Thils latter requirement was indeed important because the
device had to functicn on various motlon environment simulators in accelera-
tion environments up to 391 meters/5302 with total displacements up to 12
meters.

When it became clear that an X-ray television system was the most
promising, further objectives were spelled out. The resclution of the
system was to be such as to pick up 1 mm objects at 100% contrast ratios.
The dosage required for a test of 3 second duration at 30 cycles per second
excitation had to be less than 2 roentgens. The system was to function {and
produce high gquality data) on a shock facility at 157 meters/sec? (half sine
wave = 150 milliseconds — $.45 meters/sec)as well as on a vibration table
(1.27 centimeters displacement, 2-14 cycles per second - 49 meters/sec?,
14~30 cycles per second),

There were several specific uses for which the device was intended at
the design stage. It was intended that the television system function alone
as a visual data handling system for tests invelving the motions of the body
surface, A specific example involves making measurements on prototype
restraint systems as part ofan effort almed at the development of design
¢riteria for restraint harnesses. It was intended that the X-ray television
combination be used to study the motlons of the human heart and spine in
response Lo acceleration excitatlion such as mlght be experienced in an ejec-
tion seat, It was intended that the entire system be used in conjunction

# Loading implies that the presence of the measurement system itself affects
the measurement.



with vibratlon table experiments with human subjects to locate and explain
the causes for the pain and symptoms which limit the human tolerance to

vibration.
SECTION IT
SYSTEM DESIGN

There were two basic problem areas at the cutset of this design effort.
The acceleration environmental specifications and the subject dosage limita-
tlons.  There were, of course, other problems which were related to the basic
exposure dosage limitatlons such as resoluticn. The design effort was limited
in scope to adaptation of commercially avallable components. A television
system for pickup of the X-ray density image was therefore determined to be
the most promising by early feasibility studies. Several pessibilities were
considered for converting the X—ray density image into a video signal but the
most promising seemed to be the use of an ultra low light level image orthicon
and a fast fluorescent screen. This decision was based on the requirements
for low dosage, high resolution and fast image discharge for high speed
sampling. While 1ittle data was avallable regarding acceleration tolerance
of low light level image orthicons, the manufacturers were willing to
guarantee a tube for the testing required in the development. The use of an
image storage tube then nearly dictated a pulsed X-ray beam to avoid the
image averaging which would occur at the target and to reduce the exposure
dosage. A grid controlled X-ray tube was therefore sought., Even less data
was avallable regarding the acceleration tolerance of such tubes, However,
the manufacturer (Machlett 50 C shockproof, rotating anode, grid controlled
tube) agreed to provide a reject tube to undergo the specific testing

required in the development.



Therefore, the system was originally conceived as shown in the overall
block diagram in Figure 1., With a basic design it was then necessary to check
the X-ray exposure dosages required to make the system operate with suffi-
clent resolution and contrast and finally to test the system performance in
the acceleration envirconment,

The fast fluorescent screen chosen was, in fact, an X~ray intensifying
screen (Radelin Type TF). The image orthicon (General Electric Z7806)
was chosen for a match of its spectral sensitivity to the spectral emission of
the intensifying screen and for 1ts extreme sensitivity. There is relatively
little engineering information available regarding the quantitative aspects
of X~ray intensity input to the visible light output conversicn by the screen,
Therefore, tests were conducted to reveal the X-ray intensity required at the
sereen to operate the image orthicon., From this data and data regarding
attenuation ratios and absorption factors for X-ray subjects, the exposure
intensity and dosages to subject were calculated. These figures showed the
system to be entirely feasible from the standpeint of dosages. Calculations
of the resolution figure inherent in the system based on published specifica-
tlons for each component were made and found to be acceptable at about 340 lines
of vertical resolution and 600 lines of horizontal resolution.

Tests were conducted to showtlat the image orthicon and X-ray tubes
would tolerate the specified acceleration environment. The television
camera was shown to be unaffected by an acceleration pulse of 391 meters/sec?

of duration 11 milliseconds (triangular shape). The X-ray tube similarly



tolerated the impulse. In vibration testing, however, the target of the
image orthicon was damaged by particulate matter within the envelope of the
tube, The manufacturer replaced the tube and the tests were carried out on
the television camera and X-ray tube at 49 meters/sec2 acceleration or

1.27 centimeters displacement (the lower stress) up to 30 cycles per second
with no deterioration of function.

The television camera was also tested for direct X-ray sensitivity by
showing that a vlideo picture was unaffected by maximm X-~ray intensity
exposure to the lens and image orthicon.

Therefore, it appeared that the system was entirely feasible and the
actual fabrication was undertaken. 4 Profexray Model A9800 X-ray control
unit was chosen and modified to include X-ray tube grild bias control inter-
locks and X-ray interlocks to permit remote activation of the system. 4n
X~ray pulse generator was developed which was composed of a Profexray (Type
A=10100) Model A-10100 X-ray generator and grid pulsing circultry manufac-
tured by Admiral. The X-ray generator was modified by replacing the vacuum
tube dlodes and filament transformers with sllicon rectifiers. The X~ray
tube grid bias and pulsing circultry was installed in a high voltage tank and
cornnections were established with the X-ray generator. A block diagram is
shown In Figure 2.

The system timing 1s accomplished by phase lock of the television scan
and the X-ray tube grid pulse independently to the 60 cycle per second supply
line. A dlagram showing the relationships is shown in Figure 3.

The television camera, camera control unit and videc processor ars

Admiral Corporation units previously developed for military applications,



Block diagrams for these units are shown in Figures 4 and 5., The video
processor generates ramps representing the vertical and horizontal position
of the scan within a gate which size and pesition can be varied over the scan.
These ramps are sampled by a level detecting circuit operating on the video
signal wilthin the video processor gate, These samples are output as 60
cycles per second square wave error signals whose amplitudes represent the
position in the scan at the time the video signal activates the detecter cir-
cuit. The television monitor is a Miratel Model ML 17 RG. An Ampex

VR66C video tape recorder is used for storage of the video signal. System
tests with this unit installed show that the cutput signal is in the range of
250=275 lines of resolution. Photographs of the system components are shown
as Figures 6, 7, and 8.

The system functions as follows: The coperating parameters are set up.
These include the camera focus, lens aperiure, beam current, video gain, monitecr
contrast and brightness, X-ray kilovoltage and milliamperage and X-ray timer.
The operator presses a standby button which causes the X-ray control unit to
check operation of all interlock circuits. When this 1s complete, the exposure
control is activated. When the operator presses the exposure control, the
X-ray contrcl unit timer is activated and begins the exposure. This is
accomplished by enabling the grid pulsing circuitry and applying power to the
X-ray pulse generator transformer primary, In terms of a single grid pulse
the following events occur, The image orthicon target is blanked just prior
to the peak of the 60 cycles per second power supply. At the peak the X-ray tube

grid is driven to ths cathode for one millisecond, The resultant X-ray beanm



passes through the subject and produces a flucrescent image on the screen.
The emitted blue light 1s conducted by a light proof bellows assembly to a
lens (1:095 ~ 50 mm —~ Canon) and focused on the photocathode of the image
orthicon, The emitted photoelsctrons are focused on the target to produce
a positive charge image of the X-ray density pattern of the subject. The
scanning section of the image orthicon is actually scanning the first 6%
of the target during the time the image is forming since the X-ray pulse
cammot occur in the blanking interval, The scanning beam current which is
not abscrbed by the target 1s collected by the electron multiplier and
appears ss the video signal on the monitor, tape recorder and video pro-
ceassor after passing through the videc amplifier in the camera control unit
and the videc patchboard, At the end of a scan the target is blanked and
the sequence 1s repeated. When the timer expires, the X-ray control unit
removes the power from the X-ray pulse generator,

The design specifications called for operation of the system up to 391
meters/se02 and the camera and X-ray tube were actually tested tc this point.
However, as a safety factor and to prolong the life of the system, an iscla~
tion mechanism using crushable paper honeycomb was designed and fabricated.
This limited the loading of the system to 150 meters/sec2 by permitting con-
stant force displacements of the X-ray tube and television camera. The
design specifications called for total system displacements up to 12 meters
s0 the television camera included line drivers for 85 meters of cable, The
X-ray high voltage cables were made 17 meters long since the X~ray pulse

generator could be located more favorably,
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SECTION IIT
TESTING
The effectiveness of the design will be discussed under four categories:
(1) Measurements of Contrast and Resolution; (2) Exposure Dosages; (3) Per-
formance under Vibration and Impact; and (4) Performance of Video Tracking
Circuitry.
(1) Contrast and Resolution

A contrast phantom was constructed of pure aluminum (Figure §).
It consists of 16 dises of 2.5 millimeter aluminum. These varied from 1.27
centimeters to 20.3 centimeters in diameter in 1.27 centimeter increments of
diameter. These discs are arranged in a pyramid. This produces 17 steps of
gamma attenuation from 0% to 95%. This was studied with a beam intensity of
50 millircentgens per second (Figure 10) with the back of the phantom 30,5
centimeters from the tube filter (110 kv). A picture of the video display
is shown in Figure 11, Pictures of a line of video signal through the cen~
ter of the phantom are shown in Figure 12. As the X—ray beam intensity is
decreased, the video signal to noise ratioc increases and the number of steps
countable decreases. The maximum number of steps countable is 144,

4 regolution phantom was constructed of .066 millimeters copper
(Figure 13). This was produced by a standard printed circuit technique and
the copper is mounted on a Fiberglas backing. The lines in the resolution
phantom (by measurement) range from 7.9 lines per centimeter tc 39.4 lines
per centimeter. When this phantom is set up to fill a 16.8 by 22.8 centi-
meter television field, this corresponds to a range of from 59.1 lines per
target centimeter to 295 lines per target centimeter (referred to the image
orthicon target).

With an X-ray beam intensity of 20 millircentgens per second (Figure 10),
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the resoluticn is found to be 118 lines per target centimeter or 19.7 lines
per centimeter referred to the phantom. As the video gain is increased, the
resolution is decreased, of course. A plcture of the video display is shown
in Figure 14, A plcture of a videc line at the stated resclution figure is
shown in Figure 15, It is very clear that the noise from the image orthicon
is limiting the resclution, One might suspect that X-ray scattering might
limit the resolution; but when the resoclution phantom is placed behind 2
centimeters of aluminum, the resolution phantom is still detectable and
shows resolution between 79 and 118 lines per target centimeter,

(2) Exposure Dosages

A Victoreen Ion Chamber R-Meter was used to measure the exposure
dosages. The back of a 250 mllliroentgen chamber was situated 30.5 centi-
meters from the tube face, A1l readings were reduced to millircentgen per
second flgures by normalizing to one second using the X-ray timer which has
been shown to be accurate within +5%. The results of these measurements are
11lustrated in Figure 10,

The minimum exposure dosage required to produce a 1 volt video
signal at maximum video gain (without saturation) has been measured in the
range of 2-~4 millircentgens per second.

The pulsed nature of the X-ray tube operation changes the rms
value of the current through the tube, Operating with a filament heat
designed to produce a current of 50 milliamperes rms, this device provides
a current of (1/16.67) x (50 milliamperes rms) or 6% of 50 which is 3 milli-

amperes (rms).



(3) Impact and Vibration

The entire system was mounted on a shock facility known as the
Vertical Deceleration Tower at the Aerospace Medical Research Laboratories.
A test phantom consisting of a wooden box lined with Fiberglas (internal
dimensions, 22.8 centimeter cube) was positioned in the X-ray beam. Inside
the box a vertebra from the lumbar spine of a dog and a carbon cylinder rod
of length 2.5 centimeters were mounted on either side of the center line.
With the box filied with water the carbon cylinder was bharsly visible and the
vertebrae was felt to be visible by some observers. With no water in the box,
both objects were very clear. These structures were quite clear in 15.2
centimeters of water. The structural screws in the box were visible at all
times.

This test setup was subjected to a deceleration profile of the form
(very approximately) of a half-sine wave of amplitude 157 meters/sec<, of
duration 150 milliseconds, and of area about $.45 meters/sec. Detailed study
of the sequence of television flelds recorded on video tape showed nec relative
motion of the fixed objects. The system functioned perfectly. The same test
setup was employed to study the chest of a dog under the same impact condi-
tions. Again the system functioned perfectly and thus produced the first
direct observations of the motion of the heart during impact.

The entire system was mounted on a Mercury Reactlon Vibration Table
(Figure 7) which produces a sinusoidal displacement. Studies of the system
performance were carried out at 1.27 centimeters of displacement (double
amplitude) from 2-13 cycles per second and 49 m.eters/sec2 (double amplitude)
from 14-20 cycles per second. Again the system functioned perfectly produc-
ing good quality pictures with no distortion.
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(4) Video Trackers

A test device was constructed which would produce a dynamic video
pattern on which the video trackers could operate. This consists of a plexi-
glas wheel on which is mounted a lead disc with a hole in it, The wheel is
driven by a simple AC motor by a belt and pulley arrangement. By varying
the pulley ratios the revolution rate is altered., The device is shown in
Figure 16. The video display which is produced 1s shown in Figure 17,

Since the video trackers have both vertical and horizontal outputs,
the moving target was simply displayed on an oscillescope by driving the
vertical error signal and the horizontal sweep with the horizontal error
signal, The ozcllloscope display is shown in Figure 18,

The operation of the wvideo trackers is such as to produce cne
sample of the horilzontal and vertical position of the target per television
frame. Thus, the display magnitudes are independent of frequency, and so
only the number of samples per revolution varies with revolution rate.

The trackers are effective on contrast material which is 100 milli.-
volts above the background. Since the contrast levels inherent in the X-ray
plctures as the unilt now exlists are below this, it is not possible to track
motions in the biological subject. However, by inserting silver clips in
the subject, it has been made possible to follow the motion of the structure

to which the c¢lip is attached.
SECTION IV
PICTURE QUALITY
The quality of the X-ray picture is an extremely subjective matter. Radi-

ologists will seldom agree on the relative quality of the limage intensifier dis-
play since each individual bases the interpretation on different aspscts. The qual-
1ty of plcture produced by the image intensifier or the unit described here is
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difficult to evaluate in a completely general manner. The comparison of the
X-ray film and the image intensifier is difficult because of the difference

in. the averaging time which affects the signal to noise ratio. X-ray film
sensitivity can be varied against X-ray beam intensity with expcsure time as

a covariant to produce an image that is a long time average (with no motion).
This has the effect of averaging ocut the quantum noise to raise the signal

to noise ratic. This is possible because with the right film sensitivity and
exposure factors, the film is essentially an integrator. The image intensifier
has some of this effect because of the decay time inherent in the phosphor and
because of the averaging time inherent in the eye (about .2 sec). It is
certainly not as great as the film. This basically affects the contrast
ability of the image intensifier.

The device described here suffers from comparison in this respect because
there is virtually no time averaging occurring at all, One millisecond is the
exposure time available for averaging by the screen., Moreover, the decay
constant in this screen is of the order of tens of microseconds. This will
always be the case if one demands high frequency respense.

The image intensifier has a poorer resolution at about 11.8-15.7 lines
per centimeter (as measured on a clinical unit at AMEL and referred to the
phantom in 8.9 centimeter diameter field). The image intensifier, however,
has a better contrast ability. All 17 steps on the ceontrast phantom can
easily be counted. Image intensifier displays of the contrast and resolution
phantoms are shown in Figures 19 and 20,

Certainly, the presence of motion produces an inferior picture quality
in both the X-ray film and the image intensifier compared to the unit described

here.
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Several radiologists and physicians famillar with image intensifiers
were asked to review the plcture qualiiy and all expressed the conviction
that the picture obtalned with the unit described here was very comparable
with the picture thsy were used to seeing. They were uniformly enthralled
with the lack of need of a darkened room,

Considering the factors mentioned above and because it is technically
extremely diffilcult to get a still photo of a single television field with
a film negative of sufficlent size, nc attempt will be made to present a
photo of a single television field. However, using a 1/10 second shutter
speed, photos are avallable as shown In Figure 21, This photo represents
a time average of six television fields. It can be seen that the picture
quality is clearly acceptable. It may be said that the quality of a single
television field as seen from 16 millimeter films of the television screen
(shutter speed 1/100 second) is poorer because it is nolsier. However, one

seems to be able to identlfy the same structures in both.
SECTION V
FROBLEMS AREAS
There are two factors inherent in this device which make it less than

perfect. (1) The noise inherent in the image orthicon acts to limit the
contrast and resolution ability. (2) While this unit requires low dosages
compared to a fluoroscope, 1t requires higher dosages than an image intensi-
fler by as much as sizx-fold. The normal operating range for this device is
the maximum operating figure for the image intensifier.

The minimum nolse inherent in the videc signal which is finally dis~
played 1s about 1/25 of the full video range for a signal to noise ratio
of about 28 dB. Efforts are being directed toward development of video
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filters and derivative type crispeners to enhance this signal to necise ratie,
but it is not reascnable to expect to produce a dramatic improvement by these
simple methods. The basic source of the poor signal-to-~noise ratio is in the
amount cf beam current. The image orthicon is constructed to function with a
beam current high enough to just discharge the highlights of the target. How-
ever, this means that the low intensity arsas of the target barely affect this
large beam current, and so the signal from these low intensity areas may not
be much larger than the nolse inherent in the electron beam., One can see
that the most desirahle condition as regards signal to neise ratic is to
Jjust supply encugh beam current at every point of the target to completely
discharge it. A method for accomplishing this has been suggested (Ref 15).
In this scheme the electron multiplier in the image orthicon is used as an
amplifier in a beam control servosystem. The object is to hold the electron
current through the multiplier at a constant value just above the basic noise
level. Any increaée in the electron current over this value is sensed as an
error and used to lower the original beam current used to scan the target.
Thus, the videc signal now appears as the amount of beam current delivered
rather than the amount of return beam current collected. There is promise
of an increase of the signal to noise ratio to about 1/8000 or 78 dB accord-
ing to the cited reference. While this seems rather high, it is clear that
considerable improvement may be expected if the problems in implementation
of the concept are soluble within the state—of-the-art.

The exposure dosage required to operate the video system is acceptable
for many purposes, but in keeping with the splrlt of Radiological Health
concepts, the objective should be to hold it to an absolute minimum. As the
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unit now exists a Radlin Type TF intensifying screen is used. There are
faster screens {by about 30%) which would require lower dosages (by 30%).
They were not chosen originally because of the poorer resclution which is
inherent with the speed. However, the testing which has been done indicates
that the loss of resolution which would be assoclated with the use of faster
gsereens will not affect the resolution of the overall system unless one
desires to use a very small field of view.

Since the X-ray beam is pulsed, cne might think that the dosage could
be reduced by reducing the X~ray pulse width, but this is not the case. The
image orthicon has a certain "speed." That is, it must receive a certain
minimum total amount of light In order teo produce an image just as in the
case of film. Thus, if the width is reduced, the intensity must be increased
to provide the mwinimum amount of light from the screen necessary to operate
the image orthicon. However, one might expect to obtain a better picture by
decreasing the pulse width and increasing the intensity because the gquantum

neise in the beam would be relatlvely lower.
SECTION VI
ADVANTAGES OF THE DEVICE

The size of the viewing area which can be studied with thils device is
virtually unlimited, There are limitations, of course, The X-ray beam
geometry and intensity wlll not permit extremely large vliewlng areas because
of divergence in the beam (producing a penumbra ard loss of resolution as
well as distortion) and square law falloff in intensity. Since the resolu~
tion of the image orthicon is fixed in terms of lines per target centimeter,
there are only so many lines per fleld centimeter; and when the field reaches
& certain sige, the field resolution will become unacceptable.
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The fact that the image is available as a voltage as a function of time
means that it can be stored on magnetic tape or processed in any desirable
manner to enhance certain aspects of the video image.

The rescolution of this device is, as it exdsts, beyond the resolution
capability of the standard image intensifier.

The television system is not inextricably linked to the X-ray unit so
that it may be used for standard video purposes.

The short X-ray pulse produces a stroboscopic effect as regards stop-
ping motion so that virtually any physiological wvelocity will not deteriorate
the image. The sampiing rate, however, limits the frequency response to 30
cycles per second. Above 30 cycles per second there will be less than two
samples per cycle of sinuscidal motion, and, as one knows from the sampling
theorem, there are not encugh samples to reconstruct the motion.

The device operates entirely in amblent light in contrast to image
intensifiers. The only light proof coupling required is between the screen
and the image orthicon. This coupling system is itself quite flexible and
simple in nature.

The gystem has been shown to be entirely rugged and completely functional
in biodynamic environments at and beyond the tolerance capacity of man. The
single limitation found is that the image orthicen may not be tilted photo-
cathode down (camera lens down). The tube cannot be exposed to motion envi-
rornment with components along the long axis of the tube. This type of moticn
will cause any particles within the envelope to strike the target, and this

will destroy a certain area of the target.
SECTICN VIT
DISADVANTAGES OF THIS DEVICE

The contrast attainable with the device, as it exists, is limited. There

19



is, howsver, considerable promise that this can be drastically improved.

The dosage required for operation of this device is, at present, somewhat
higher than that required for an image intensifier but there is consilderable
expectation that this will not be true with the reducticn of the signal to

noise ratio in the image orthicor and the use of faster Intensifying screens.

20
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X-Ray Pulse Generator

Figure 8.
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Figure 13. Resolution Phantom

33




.I
:
!

i lll :
{HTTE N
I
L L

T L LA AL

L
i

.$iliipi:i;..,,.. i
i

3L

ion Phantom

1+
L

Video Display of Resoln

Figure 14,



Figure 15, Video Line Through Resolution Phantom
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Figure 16, Frequency Response Phantom
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Figure 18. O0Oscilloscope Display of Video Processor Output
During Tracking of Frequency Response Phantom
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Videco Display of X-Ray Image of Canine Chest

Figure 21.
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