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(57) ABSTRACT 

A portable, self-contained, electronic radioscopic imaging 
system uses a pulsed X-ray source, a remote X-ray sensor, 

and a self-contained, display and controller unit to produce, 
store, and/or display digital radioscopic images of an object 
under investigation in loW voltage imaging environments 
such as medical applications including mammography and 
tissue imaging, and industrial radiography of loW-density 
structures, or the like. The radiographic system uses an 

X-ray converter screen for converting impinging X-ray 
radiation to visible light, and thus each point impinged on 
the screen by X-ray radiation scintillates visible light emis 
sions diverging from the screen. An image sensor, i.e., a 
CCD camera, is con?gured to sense the visible light from the 
screen. An aspheric objective lens operable With the CCD 
camera spatially senses visible light Within a collection cone 

directed outwardly from the image sensor. An emission 
modi?cation lens layer, e.g., a prismatic brightness enhance 
ment ?lm or a sprayed on transmissive layer, through Which 
the visible light emitted from the screen is transmitted is 
superposed With the screen and positioned in an optical path 
betWeen the aspheric lens and the screen for generally 
focusing the diverging visible light as a restricted cone of 
illumination propagating outwardly from each point 
impinged on the screen to increase the fraction of light 
directed into the collection cone of the ?rst lens and reducing 
the amount of scattered visible light from the screen. 
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DESIGN AND MANUFACTURING APPROACH TO 
THE IMPLEMENTATION OF A 

MICROLENS-ARRAY BASED SCINTILLATION 
CONVERSION SCREEN 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 09/225,885, ?led Jan. 5, 1999, Which is a 
continuation-in-part of application Ser. No. 09/076,604, 
?led May 11, 1998, Which is a divisional application of Ser. 
No. 08/773,483, ?led Dec. 23, 1996, now US. Pat. No. 
5,828,726, Which is a continuation of application Ser. No. 
08/494,251, ?led Jun. 23, 1995, now US. Pat. No. 5,608, 
774. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a portable, self 
contained, X-ray apparatus that digitally processes, displays, 
stores, and/or transmits electronic radioscopic images of 
sealed packages, containers, or other objects, or of patients 
and animals, on location for security, customs, medical, and 
other non-destructive and non-invasive purposes. More par 
ticularly, the present invention relates to an enhanced X-ray 
converter screen for use in X-ray radioscopic imaging 
systems Which increases the detected brightness and reduces 
the effects of veiling glare and multiple re?ections through 
the use of thin ?lm lenslets or other light directing ?lms or 
structures Which simultaneously modify the emission angle 
of light from the screen and change its re?ective character 
istics to external light through the use of thin ?lm lenslets or 
other light directing ?lms or structures Which simulta 
neously modify the emission angle of light from the screen 
and change its re?ective characteristics to eXternal light. 

[0003] There are many instances in the medical, security 
or customs ?eld When it is necessary to eXamine or inspect, 
in a non-invasive Way, a patient, animal, or other living 
organism; or to eXamine and inspect, in a non-destructive 
Way, the contents of a closed package, boX, suitcase, or other 
container. Some of the general concerns and problems 
associated With such examinations or inspections are set 
forth in US. Pat. No. 5,608,774, incorporated herein by 
reference. 

[0004] Where the imaging system uses an objective lens 
coupled through a collection cone to a phosphor X-ray 
conversion screen, as is common in many radioscopic imag 
ing systems, there is a continuing need to improve the 
brightness and contrast of the displayed image. This is 
because such systems are premised on the assumption that 
all of the emitted light from the phosphor screen is collected 
into the collection cone of the objective lens, thereby pro 
viding a clear, sharp image of the emitted light. In practice, 
hoWever, some of the emitted light is not collected into the 
collection cone and is scattered by objects Within the imager 
enclosure back onto a different portion of the phosphor 
screen, from Which location it is then diffusely re?ected, 
With a fraction of the light being sent back into the collection 
cone. Since this light appears to originate from a differing 
point on the phosphor screen, it effectively reduces the true 
contrast of the image. 

[0005] Virtually all optical designs are plagued by the 
problem of light outside of the capture cone of the lens 
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hitting other features Within the optical system and being 
scattered back into the image. Generally, prior art designs 
attempt to solve this problem by making the Walls of the 
system physically distant from the beam, using a series of 
anti-scatter baf?es just outside of the optical path, and 
coating all surfaces With a very non re?ective material. The 
literature contains designs for such systems as Well as the 
formulations of paints and surface treatments for accom 
plishing these goals. 

[0006] Unfortunately, the above approaches are very dif 
?cult to use in a mirror folded system, such as is used for 
many X-ray imaging systems, including the present inven 
tion. Further, if one Wants to restrict the depth of the optical 
system (Which is the case With the present invention) by 
using a mirror angle of 45 degrees or less, the problems of 
containing the light emitted at angles that Would normally 
not fall into the collection cone and keeping this light from 
re?ecting back onto the diffuse phosphor surface (Where it 
may then bounce back into the collected beam) becomes 
virtually impossible. 
[0007] It is thus evident that improvements are needed 
Within X-ray radioscopic imaging systems, as Well as any 
imaging system that uses light emitted from a diffuse phos 
phor screen into the collection cone of an objective lens, that 
both: (1) increase the fraction of light from the phosphor 
converter screen that is collected into the collection cone of 
the objective lens, and (2) Which reduce the effects of light 
emitted from the diffuse phosphor screen not captured by the 
lens. 

[0008] The present invention addresses the above and 
other needs. 

SUMMARY OF THE INVENTION 

[0009] The present invention enhances the optical portion, 
or “imager”, of an X-ray radiographic or similar optical 
imaging system by increasing the fraction of light emitted 
from an X-ray converter screen that is directed into the 
collection cone of an objective lens, While at the same time 
reducing the effects of light emitted from the X-ray con 
verter screen (Which comprises a diffuse phosphor screen) 
Which leaves the screen in a direction that is not captured by 
the lens. That is, the invention reduces the amount of light 
that is permitted to scatter Within the imager, and also 
suppresses any light that does scatter Within the imager. By 
reducing the amount of scattered light, and by suppressing 
What light does scatter, the collection cone of the objective 
lens thus receives a greater portion of the emitted light, and 
the optical system is thus able to produce a brighter image 
having improved contrast than has heretofore been achiev 
able. 

[0010] In accordance With one aspect of the invention, the 
amount of light permitted to scatter Within the imager is 
reduced by focusing more light toWard the center of the 
collecting lens through the use of thin light directing ?lms or 
structures. 

[0011] In accordance With another aspect of the invention, 
the effects of re-scattered light Within the imager are sup 
pressed, or minimiZed. 

[0012] In general, one of three basic Ways may be used to 
both intensify on-aXis light (focused light) captured by the 
lens and to reduce or suppress off-axis light (scattered light). 
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First, a baf?e-like structure or ?lm that functions much like 
a venetian blind (sometimes referred to herein as a “Chevron 
structure”) may be used to limit the angle of emission (and 
transmitted intensity) of the light that is directed to the lens. 
Second, the light directed to the imaging lens may be 
refocused With a sheet of tiny microlenses or one or more 
linear micro prism structures adapted to collect a large 
fraction of the light emitted beloW their collection surface 
area. Advantageously, such refocusing elements have a focal 
point very near the imaging screen’s surface (thereby alloW 
ing the light to be highly focused); or, by proper choice of 
orientation, such refocusing elements may actually redirect 
an already restricted emission to incline its center more into 
the collection cone and aWay from any other surfaces Within 
the enclosure. Further, for that light Which does scatter back 
from the Walls of the enclosure, it may be made to strike 
speci?c re?ecting surfaces rather than the diffuse surface of 
the screen so that the likelihood of the light being scattered 
into the collection cone is reduced. Third, combinations of 
the ?rst and second re-scattering reduction techniques 
described above may be used in a correlative manner so that 
their combined effects add in a bene?cial Way to both reduce 
off aXis light as Well as intensify the on-aXis light captured 
by the lens. 

[0013] In accordance With another aspect of the invention, 
appropriate linear structures may be used along a single aXis, 
providing enhanced optical properties in one dimension, or 
crossed linear structures may be used along tWo aXes, 
providing enhanced optical properties in tWo dimensions. 

[0014] The invention is particularly applicable in situa 
tions Where the light from the conversion screen is limited. 
Such situations occur in loW voltage, X-ray imaging systems 
Where the light emitted per X-ray photon is Weak due to the 
intrinsic loW energy contained in the individual X-rays. 
Primary applications of this type include, among others, 
medical applications, e.g., mammography and tissue imag 
ing. Alternatively, one also ?nds the same situation in 
industrial radiography of loW-density structures such as 
composite materials. At the other extreme are cases in Which 
the X-ray conversion screen (Which converts X-ray energy 
to light), has been chosen to be of a very high density to 
provide good interaction ef?ciency but Where the phosphor 
does not convert the energy to light With great ef?ciency. In 
either case, one of the aspects of the present invention is 
directed to improving the amount of light captured from the 
screen into an optical system and subsequent imager. The 
light collection may be a function of (1) the initial X-ray 
energy ?uX, (2) the probability of interaction Within the 
screen, (3) the energy to light efficiency, or (4) the optical 
collection ef?ciency of the lens or other optical system. The 
described embodiment is directed particularly to improving 
light collection by Way of the last term in the equation, i.e., 
the optical collection ef?ciency. 

[0015] Since the goal of a good imaging system is to bring 
doWn all sources of noise to a level beloW one X-ray photon, 
it is important that each X-ray event produce the highest 
detectable light output possible. This is the primary of effect 
of the enhanced X-ray converter screen for radioscopic 
systems described herein. The additional bene?t is that the 
internal scattering of light Within the imager enclosure is 
signi?cantly reduced Which also bene?ts the image quality 
by extending the range of penetration into the darker por 
tions of the image. 
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[0016] It is thus an object of the invention to employ 
light-directing ?lms or Chevron-like structures Within the 
optical portion of an X-ray radiographic or similar optical 
imaging system that provide simple masking of emission 
angles so as to better direct the re?ected light into the 
collection cone. 

[0017] It is another object of the invention to provide 
light-directing structures Within the optical portion of an 
X-ray radiographic or similar optical imaging system that 
use the refractive poWer of an array of lenslets or linear 
microprisms. 

[0018] It is yet another object of the invention to provide 
an X-ray converter screen and a method of converting X-ray 
radiation to visible light. 

[0019] It is a further object of the present invention to 
provide a radiographic system employing an objective lens 
in Which a visible light emission modi?cation layer is 
superposed With an X-ray converter screen for generally 
focusing the diverging visible light as a restricted cone of 
illumination propagating outWardly from each point 
impinged on the screen to increase the fraction of light 
directed into the collection cone of the objective lens While 
reducing the amount of scattered visible light from the 
screen. 

[0020] An advantage provided by the invention is that 
such light-directing ?lms or structures effectively concen 
trate the emission angle of the normal lambertian pattern and 
redirect the centroid of that angular distribution toWard the 
center of the collecting lens, thereby providing an enhanced 
image for the imaging system. In effect, this approach trades 
off an increase in brightness and reduction in off aXis 
emission for the spatial quanti?cation of the totality of light 
emitted from under each lenslet, microprism or other struc 
ture. 

[0021] In a described embodiment, a radiographic system 
uses an X-ray converter screen for converting impinging 
X-ray radiation to visible light, and thus each point impinged 
on the screen by X-ray radiation scintillates visible light 
emissions diverging from the screen. An CCD camera image 
sensor is con?gured to sense the visible light from the 
screen. An aspheric objective lens operable With the CCD 
camera spatially senses visible light Within a collection cone 
directed outWardly from the image sensor. An emission 
modi?cation lens layer may be provided as a prismatic 
brightness enhancement ?lm, through Which the visible light 
emitted from the screen is transmitted is superposed With the 
screen and positioned in an optical path betWeen the 
aspheric lens and the screen. 

[0022] Brie?y summariZed, the present invention relates 
to a radiographic system and an X-ray converter screen 
including a substrate for converting impinging X-ray radia 
tion to visible light, each point impinged on the substrate by 
X-ray radiation scintillating visible light emissions diverg 
ing from the substrate. An emission modi?cation layer 
through Which the visible light emitted from the substrate is 
transmitted generally limiting the diverging visible light to 
a restricted cone of illumination propagating outWardly from 
each point impinged on the substrate by the X-ray radiation. 
The invention further relates to a method of converting 
X-ray radiation to visible light by providing an X-ray 
converting screen, and then superposing the screen With a 
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transmissive ?lm for modifying the transmission of visible 
light emitted from the screen to generally limit the diverging 
visible light to a restricted cone of illumination propagating 
outWardly from each point impinged on the screen by the 
X-ray radiation. 

[0023] From an imaging system point of vieW, and With 
particular reference to the disclosure provided in the ’774 
patent, a goal of the present invention is to use the enhanced 
optical system herein described Within a completely digital 
imaging system capable of recording and digitiZing the 
individual X-ray image data, including the ability to store 
and retrieve that data onto a suitable storage medium, such 
as a hard disk of a portable computer. Such portable com 
puter may then serve as a controller for selectively display 
ing the image in a Way that reveals the full dynamic range 
and resolution of the sensor. In addition, the image captured 
by the system may be transmitted to remote locations (When 
necessary) via a modem for evaluation by experts Who are 
not on site. 

[0024] The above and other goals are met by providing a 
portable, self-contained, electronic radioscopic imaging sys 
tem. Such system typically includes three main subsystems: 
(1) an X-ray source, (2) a remote X-ray sensor, or “imager”, 
and (3) a self-contained, display and controller unit, or 
“display/control unit.” The X-ray source emits X-rays at the 
object being investigated. The X-ray sensor or imager uti 
liZes a scintillating screen that produces ?ashes of light 
When impinged by an X-ray in combination With either an 
integrating CCD camera, or an active matrix of thin ?lm 
transistors and thin ?lm sample-and-hold photodiodes, to 
produce an integrated signal that represents the sum of the 
radiation that pass through the object in a given pixel area. 
Advantageously, the light directing ?lms or structures 
described herein, When used Within the imager, produce an 
image exhibiting more brightness and better contrast than 
has heretofore been available in an imaging system of this 
kind. The self-contained display and control unit utiliZes 
digital signal processing Within an enhanced portable com 
puter, including a solid-state ?at panel display and associ 
ated drive circuitry, in order to display to an operator the full 
dynamic range and resolution of an image-capturing sensor 
utiliZed Within the imager. A modem further permits the 
digitiZed image to be sent to a remote location Where the 
exact same image can be recreated for analysis by off-site 
experts. 

[0025] Other features of the imaging system may be the 
same as, or substantially similar to, those described in the 
’774 Polichar et al. patent, previously incorporated herein by 
reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The above and other aspects, features and advan 
tages of the present invention Will be more apparent from the 
folloWing more particular description thereof, presented in 
conjunction With the folloWing draWings Wherein: 

[0027] FIG. 1 depicts an imaging system in accordance 
With the present invention as it is used to form a radiographic 
image of a package under investigation; 

[0028] FIG. 2 is a block diagram of the imaging system; 

[0029] FIG. 3A illustrates a CCD camera version of the 
X-ray sensor used With some embodiments of the system of 
FIGS. 1 and 2; 
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[0030] FIG. 3B depicts a TFT ?at panel amorphous sili 
con X-ray sensor used With other embodiments of the 
system of FIGS. 1 and 2; 

[0031] FIG. 4 is a block diagram of the imaging system 
and shoWs additional detail of the display/controller unit; 

[0032] FIG. 5 is a perspective vieW of a special shield that 
is used to shield the CCD camera included in FIG. 3A; 

[0033] FIG. 6 is a schematic diagram of the panel driver 
circuitry of FIG. 4; 

[0034] FIG. 7 depicts the various softWare modules that 
may be invoked by a user of the imaging system of FIGS. 
1 and 2; 

[0035] FIGS. 8A, 8B and 8C respectively depict various 
WindoWs or “screens” that are displayed to a user as different 

control options are selected; 

[0036] FIG. 9 graphically illustrates the manner in Which 
the present invention achieves contrast stretching. 

[0037] FIG. 10 illustrates the basic emission of light from 
a diffuse phosphor screen Without transmissive ?lms as is 
employed in the embodiment of FIG. 3A; 

[0038] FIG. 11 illustrates a radiographic system utiliZing 
a transmissive ?lm emission modi?cation device such as a 

microlens ?lm in accordance With the present invention; 

[0039] FIG. 12A shoWs linear prismatic superposed With 
an X-ray converting screen, and FIG. 12B shoWs a layer of 
sprayed micro-spheres for concentrating the emission light 
cone from the scintillation screen shoWs as employed in the 
radiographic system of FIG. 11; 

[0040] FIG. 13 illustrates transmissive ?lm having a mul 
tiplicity of slats Which restrict the transmission of light to 
emissions directed by the orientation of the slats; 

[0041] FIG. 14 is a radiographic system shoWing micro 
lens ?lm focusing the diverging visible light as restricted 
cones of illumination propagating toWards the collection 
cone of the objective lens in accordance With an additional 
embodiment of the present invention; 

[0042] FIG. 15 depicts the operation of transmissive ?lm 
in the form of multiple corrective microlenses for directing 
light emissions; and 

[0043] FIG. 16 shoWs a prismatic ?lm having corrective 
microlenses or prisms in tWo dimensions. 

[0044] Corresponding reference characters indicate corre 
sponding components throughout the several vieWs of the 
draWings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] The folloWing description is of the best mode 
presently contemplated for carrying out the invention. This 
description is not to be taken in a limiting sense, but is made 
merely for the purpose of describing the general principles 
of the invention. The scope of the invention should be 
determined With reference to the claims. 

[0046] Turning ?rst to FIG. 1, there is shoWn an imaging 
system 10 made in accordance With the present invention. 
The system 10 includes three main subsystems: (1) a por 
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table X-ray source 12, (2) an imager 14, and (3) a Display/ 
Control Unit 16. The three subsystems are interconnected 
With tWo cables. A ?rst cable 18 is a “long” cable and is 
connected betWeen the Display/Control unit 16 and the 
imager 14. The long cable may be as long as 180 feet. A 
second cable 20 is a “short” cable that is connected betWeen 
the imager 14 and the X-ray source 12. The short cable is 
typically less than 10 feet in length. 

[0047] Advantageously, the system 10 is portable, Which 
means it is suf?ciently lightWeight and non-bulky to enable 
a single person to hand-carry its three constituent sub 
systems and associated cables to a ?eld location Where an 
object 22 to be investigated is located. Once on site, the 
system 10 is designed to: (1) facilitate quick and easy setup 
around the object 22 to be investigated, (2) provide rapid 
image acquisition at the ?eld location, and (3) provide image 
enhancement tools that aid in the evaluation of the acquired 
image. 

[0048] In operation, the system 10 is setup by placing 
imager 14 next to the object 22 to be investigated, e.g., as 
close as possible to the object. The X-ray source 12 is then 
placed, e.g., tWo to three feet from the imager 14, on the 
opposite side of the object 22. The display/control unit 16 is 
then connected to the imager by Way of the long cable 18 and 
is placed a safe distance from the object 22. The X-ray 
source is also connected to the imager 14 by Way of the short 
cable 20. When everything is properly connected, all three 
subsystems are turned on, and under control of the display/ 
control unit 16, the X-ray source 12 generates a pulsed X-ray 
beam (represented by the lines 23) that is alloWed to pass 
through the object 22. The pulsed X-rays pass through 
respective segments of the object 22 With varying degrees of 
intensity, or energy, as a function of the contents of the 
object 22, and are captured or sensed at corresponding pixel 
areas of the imager 14. The intensity or energy of these 
pulses that pass through the object 22 are accumulated or 
summed (integrated) over the duration of the pulsed beam 
(exposure time), Which exposure time may include, e.g., a 
burst of 15-99 pulses. 

[0049] At the conclusion or termination of the pulsed 
beam, the imager 14 has acquired an integrated or summed 
energy for each pixel of the display area, With the combined 
collection of all such energies for all the pixels comprising 
an integrated image signal. The integrated image signal is 
then transferred to the display/control unit Where it is 
appropriately processed and displayed. Such processing 
includes digitiZing the signal to facilitate its subsequent 
storage, retrieval, enhancement, display and/or transmission. 

[0050] Advantageously, the system 10 is designed for 
safety and ease of operation. X-ray safety is assured, e.g., 
through the use of the pulsed X-ray source 12. Such pulsed 
source produces extremely short bursts of X-rays capable of 
penetrating several inches of most materials, yet generates 
extremely loW radiation dose (integrated exposure) levels 
outside the direct source beam. Safety is further enhanced by 
tWo interlock keys, both of Which must be in place and in the 
“ON” position in order for the X-ray source 12 to be 
activated. A ?rst interlock key 24 is at the display/control 
unit 16. Asecond interlock key 26 is at the X-ray source 12. 
Moreover, a softWare interlock is provided as part of the 
operation of the display/control unit 16. Such softWare 
interlock generates and displays a Warning message on a 
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screen 28 on the display/control unit 16 and then requires the 
operator to acknoWledge such Warning message by pressing 
a key on a keyboard 30 of the display/control unit 16 before 
the X-ray source can be triggered. 

[0051] An additional safety feature is provided through the 
use of the long cable 18 Which permits the display/control 
unit 16 (and hence the operator) to be located a safe distance 
(the length of the cable 18) from the object 22 being 
investigated. The cable 18, for example, may be as long as 
180 feet, although in the preferred embodiment it is only 
about 60 feet (typically provided through tWo 30-foot sec 
tions). The cable 18 could be made even longer, if desired, 
if appropriate line drivers are inserted into the line at regular 
intervals, and/or if a different transmission medium is used 
(e.g., ?ber optic cable, and or RF Wireless transmission). 

[0052] Turning next to FIG. 2, there is shoWn another 
diagram of the imaging system 10 Which illustrates, in block 
diagram form, essentially the same elements as are depicted 
in FIG. 1. HoWever, FIG. 2 shoWs further detail of the 
display/control unit 16 (Which hereafter may be referred to 
as simply the “control unit 16”), and in particular shoWs that 
the control unit 16 includes a computeriZed digitiZer and 
image processor 32, a solid state display panel 28, a key 
board and operator pointing device 30, removable digital 
media 34, and a modem 36 to alloW connection to a phone 
line 38. The long cable 18 connects betWeen the computer 
iZed digitiZer and image processor 32 and the imager 14 
(sometimes referred to herein as an “X-ray sensor”). The 
signals sent and received over the long cable 18 include the 
integrated image signal and a trigger signal, as Well as an 
operating voltage (poWer) for the imager 14. The trigger 
signal triggers both the integration circuitry Within the 
imager 14 as Well as the X-ray ?re line going to the pulsed 
X-ray source via the short cable 20. 

[0053] Advantageously, the pulsed X-ray source 12 may 
be realiZed using any suitable commercially available X-ray 
source. One commercially available X-ray source that may 
be used Within the system 10, for example, is the Golden 
Inspector® Model 200 X-ray source manufactured by 
Golden Engineering Inc., PO. Box 175, Centerville, Ind., 
47330, the operator’s manual for Which is incorporated 
herein by reference. The Inspector Model 200 X-ray source 
has a maximum output energy of 150 kV, and produces 
about 3.0 mRem output dose per pulse at one foot (on the 
beam centerline, With 2.5 mm aluminum ?lter). It includes 
a built-in electronic counter to provide from 0-99 pulses. 
The X-ray pulses that are generated have a nominal pulse 
Width of 50 nanoseconds. The nominal pulse rate is 20-25 
pulses per second (pps). It is a modular design having 
approximate dimensions of 4.2 inches Wide by 4.2 inches 
deep by 15 inches long. It Weighs only 20.5 pounds With a 
battery. It also includes a standard camera tripod mounting 
plate (%-20 thread). Besides a battery, it includes a poWer 
cord and self-contained 29 volt rechargeable battery pack. 
The source 12 may be battery operated or it may be plugged 
into a 110/220 VAC, 50/60 HZ poWer outlet using conven 
tional poWer cords. SWitching betWeen battery and line 
poWer is automatic. Other equivalent portable X-ray sources 
could, of course, be used in lieu of the Golden Inspector 
Model 200 X-ray source. 

[0054] The X-ray source 12 should be positioned so that 
the beam centerline intercepts the “imager screen” near its 
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center. The imager screen is that portion of the imager 14 
designed to be impinged by the pulsed X-rays that pass 
through the object 22, and hence that portion of the imager 
Which captures the X-ray image. One of the advantages of 
using the modular X-ray source 12 is that it can be readily 
adjusted in height and orientation by positioning it on the 
?oor, on risers, or on an adjustable platform, as required. The 
imager 14 may also be adjusted, as required, so that the 
region of interest of the object 22 is as close as possible to 
the imager screen. The location of the imager screen on the 
imager 14 may be denoted by a rectangular indentation on 
the face of the imager 14, or by other suitable markings (e.g., 
painted lines). The X-ray source is preferably positioned 
approximately tWo to three feet from the imager screen for 
best image results. 

[0055] It is also preferred that a suitable X-ray source 
beam ?lter 13 (FIG. 2) be used With the X-ray source 12 in 
order to enhance the quality (resolution and contrast) of the 
resulting image. An X-ray ?lter typically comprises a thin 
metal sheet that is placed over the eXit aperture of the X-ray 
source to remove by absorption and scatter a fraction of the 
loW energy X-rays. It has been found that, depending on the 
thickness and material composition of the object imaged, 
very loW energy X-rays in the source beam may not be 
contributing to the formation of the X-ray image formed 
(Which X-ray image is, in essence, an X-ray “shadoW” of the 
object(s) placed in the path of the X-ray beam) by trans 
mission through the object. These loW energy X-rays, hoW 
ever, are believed, in some instances, to decrease the quality 
of the image by contributing to statistical noise, thereby 
resulting in a decrease in image resolution and contrast 
through scattering. Hence, the ?lter 13 is used to remove 
such loW energy X-rays. The type and thickness of the ?lter 
13 to be used typically depends on the thickness and 
composition of the object. 

[0056] When imaging a thin, or lightWeight target, the 
?lter 13 should be of minimal thickness, such as 0.005 to 
0.010 inch thick copper or 0.020 to 0.030 inch thick alumi 
num. If the target 22 contains dense materials, a more 
substantial ?lter 13 may give better results. Acopper ?lter of 
0.020 inch thickness may help image effectively steel 
objects. Alternatively, use of a 0.050 inch thick aluminum 
?lter is also believed to produce satisfactory results. 

[0057] The problem of imager saturation, sometimes 
referred to as “blooming”, can be corrected by decreasing 
the eXposure time. It has also been learned that imager 
saturation can be lessened using a suitable beam ?lter 13. 
When trying to image objects Which have adjacent areas of 
high and loW density materials, saturation of the less dense 
regions can hide detail in the dense areas. By employing the 
different thicknesses of ?ltering materials, it has been found 
possible to reduce or even eliminate this “blooming” prob 
lem, reduce noise due to scattering, and produce a more 
detailed radioscopic image. 

[0058] The imager 14 is realiZed by application of a 
suitable X-ray sensor. One type of X-ray sensor that may be 
used for the imager 14, for eXample, is an integrating CCD 
camera subsystem 14‘ modi?ed in accordance With the 
present invention, as shoWn in FIG. 3A. As seen in FIG. 3A, 
the CCD subsystem 14‘ includes a lightWeight metal housing 
40, e.g., made from 0.06 inch thick aluminum, that holds an 
X-ray light converter screen 42, Which screen 42 functions 
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as the “imager screen” referred to above. Typically, the 
screen 42 is eight by ten inches in siZe, and is realiZed using 
a suitable scintillating screen, e.g., a phosphor scintillating 
screen. As the X-rays strike a particular piXel area of the 
scintillating screen 42, ?ashes of ?uorescence occur having 
an intensity or energy proportional to the energy of the X-ray 
beam. Such ?ashes are then optically guided through a 
suitable optical path, Which includes a front surface mirror 
44, through a fast lens 46, to a solid-state, compact, inte 
grating charge-coupled device (CCD) camera 48. 

[0059] The image is recorded Within the CCD camera 48, 
and is converted to a standard video signal that is sent to the 
control unit 16 via the long cable 18 (FIGS. 1 and 2). The 
housing 40, in the preferred embodiment of the imager 14‘, 
includes a built-in handle to help transport it. Such handle 
may also be positioned to help hold or support the housing 
so that the screen may be maintained in a generally vertical 
position When the imager 14‘ is oriented as shoWn in FIG. 
3A. 

[0060] A preferred imager 14‘ has approXimate dimen 
sions of 10.3 inches Wide by 12 inches high and 7 inches 
deep. The Weight of the imager 14‘ is under 10 pounds. 
operating poWer for the imager 14‘ is obtained through the 
cable 18 from the control unit 16, and is typically provided 
by Way of a poWer supply voltage of 12 volts. Hence, like 
the other components of the overall system 10, the imager 
14‘ is readily portable and easy to use at an on-site ?eld 
location. 

[0061] As indicated previously, the CCD camera 48 inte 
grates the image over a prescribed number of X-ray pulses 
(eXposure time). Advantageously, the integration of the light 
image (resulting from the ?ashes of ?uorescence that occur 
as the X-ray pulses impinge the scintillating screen) occurs 
on the CCD chip, as opposed to being carried out using 
off-chip electronic circuitry. The normal charge readout is 
inhibited during the integration period, thereby making such 
charge readout available at the completion of the integration 
period for use as the standard video signal, or integrated 
signal, previously referenced. Further, integration only 
occurs in synchrony With the generation of the burst of X-ray 
pulses, thereby effectively blocking out “noise” that is 
present at times other than When the X-ray burst is present. 

[0062] In the preferred embodiment of the imager 14‘, the 
CCD camera 48 is realiZed using an 1100 Series Board 
Level Monochrome CCD Camera obtained from Cohu, Inc. 
5755 Kearny Villa Rd., San Diego, Calif., 92123. The 1100 
Series CCD cameras feature a 1/2 inch-format on-chip micro 
lens sensor, mounted to an electronic board Whereon sup 
porting electronic circuitry is placed, such as driver circuits, 
video generation circuits, poWer supplies, and the like. 
Advantageously, the 1100 Series cameras may readily be 
con?gured for custom purposes. In this instance, the only 
signi?cant modi?cation that needs to be made to the 1100 
Series CCD Camera obtained from Cohu is to change the 
integration time of the camera from being controlled by a 
start/stop pulse, to being controlled by an eXposure time 
(number of pulses) so that integration occurs only during the 
pulsed X-ray burst, and not at other times. Even this modi 
?cation Would not be required is one chose to generate a 
separate start/stop pulse coincident With the beginning and 
ending of the eXposure time. HoWever, by making the 
modi?cation indicated above, the need for such a separate 
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start/stop pulse is eliminated, thereby reducing the number 
of signals that need to be communicated through the long 
cable 18. 

[0063] With a Series 1100 CCD camera (or equivalent 
camera Where a microlens sensor is mounted on an elec 

tronic board), it has been found that the CCD camera 48 
needs to be protected from exposure to ionizing radiation 
damage. TWo types of problems may arise. First, X-rays 
Which penetrate the imager 14‘ Without interacting With the 
scintillating screen 42 may strike the CCD chip of the 
camera 48. If this happens, visible specks of White light 
appear on the image, thus reducing the image quality. 
Second, prolonged exposure to such radiation can prove to 
be harmful to the integrated circuit components, e.g., the 
CCD chip or other integrated circuits used to generate the 
video signal, possibly resulting in failure of such circuits. 

[0064] In order to reduce the number of X-rays that strike 
the camera 48, the camera 48 is encased in a 0.125 inch thick 
lead housing or shield 50. The preferred shield 50, for use 
With the particular CCD camera 48 speci?ed above, is 
shoWn in its folded state in FIG. 5, before placing it around 
the CCD camera 48. In addition, a 0.25 inch thick lead plate 
52 may be placed betWeen the CCD-chip and incident X-ray 
radiation in order to further shield the CCD chip from stray 
X-rays. 

[0065] A further aspect of the invention concerns the use 
of the ?rst surface of the mirror 44 (FIG. 3A) to direct the 
image of the scintillating screen 42 to the CCD camera 48. 
Employing the mirror 44 as shoWn, i.e., in line With the 
X-rays that strike the scintillating screen, permits placement 
of the CCD camera 48 at a location outside of the main 
X-ray path, thereby signi?cantly reducing the number of 
X-rays that might otherWise directly strike the CCD camera 
or its associated electronic components. (Note, any the 
X-rays that pass through the scintillating screen 42 Would 
also pass through the mirror 44.) 

[0066] As indicated, the preferred CCD camera 48 is an 
1100 Series CCD camera made by Cohu of San Diego, Calif. 
Representative speci?cations of the Cohu’s 1100 Series 
camera are as folloWs: 

Pick Up Device: V2" Interline transfer, 
microlens sensor 

Active Picture 
RS-170: 768 (H) X 494 (v) 
Elements: 
CCIR: 752 (H) X 582 (v) 
Pixel Cell Size: 8.4 [urn x 9.8 [urn (V) 
Total Pixel Elements: 811 x 508 (V) 
Resolution: 
RS-170: 580 horizontal TVL, 

2350 Vertical TVL 
Synchronization Horizontal and Vertical 
Crystal (RS-170) 
Asynchronous reset 
Shutter 1/60 to 1/10000 
PoWer 12 VDC, 3.6 W max 
Size 1.75 x 3.88 x 1.00 inches 

[0067] Another type of X-ray sensor that may be used as 
the imager 14 is a ?at panel sensor 14“, as shoWn in FIG. 
3B. Such sensor 14“ offers the advantage of being ?at and 
relatively thin so that it can be positioned into tight spots, 

Mar. 14, 2002 

and further eliminates the need for a mirror(s) and/or lenses 
to de?ne an optical path. The sensor 14“ includes a conven 
tional X-ray scintillation screen 42‘ that is in direct contact 
With a ?at panel, amorphous silicon, TFT (thin ?lm transis 
tor) photo sensor 52. The TFT photo sensor 52 is made on 
a glass or ceramic substrate 54, and includes a matrix of thin 
?lm transistors 60. Each TFT further has its oWn thin ?lm 
sample and hold (S&H) photodiode 62 associated thereWith. 
The matrix of TFT’s and S&H diodes is suf?ciently dense so 
that each TFT 60 and associated S&H photodiode 62 cor 
responds to a different pixel of the sensor 14“. The S&H 
photodiode 62 senses and accumulates all of the light ?ashes 
produced at the corresponding pixel of the scintillation 
screen 42‘ during the integration time. At the end of the 
integration time, the accumulated signal at each pixel site 
that is held by the corresponding S&H photodiode 62 is read 
through its corresponding TFT transistor 60 through appro 
priate roW drive electronics 56 and column drive electronics 
58, in conventional manner. Such accumulated signals, for 
all of the pixels of the sensor 14“, thus comprise the 
integrated image signal for a given exposure time. 

[0068] Further details of the manner of making and using 
a ?at panel sensor of the type illustrated in FIG. 3B as the 
sensor 14“ are described, e.g., in Street, et al., “Amorphous 
Silicon Arrays Develop a Medical Image,”IEEE Circuits 
and Devices, pp. 38-42 (July 1993); and Wu et al., “Imaging 
With Page-Sized A-Si:H 2-Dimensional Sensor Arrays, 
”SPIE Proceedings, Vol 2172 pp. 144-154. Both of these 
references are incorporated herein by reference. 

[0069] Turning next to FIG. 4, a more detailed block 
diagram of the imaging system 10, and particularly of the 
control unit 16, is illustrated. As seen in FIG. 4, at the heart 
of the control unit 16 is a single board computer (SBC) 70. 
The SBC 70 is connected in conventional manner to a 
PCMCIA port 72 (adapted to interface With a removable 
hard disk 34), a hard disk 74, a ?oppy disk drive 76, a 
keyboard/pointer 30, and a modem 36, all of Which are of 
conventional design. The SBC 70 further interfaces, through 
a suitable bus 78, With digital control circuitry 80 (for 
generating-/interfacing the digital control signals that are 
sent to the imager 14 and the X-ray source 12), a video 
graphics adapter 82 and an image digitizer and display 
memory 84, all of Which may also be of conventional design, 
except as indicated beloW. The image digitizer and display 
memory 84 further interfaces, through panel driver circuitry 
86, With an active matrix monochrome display panel 28. 
Advantageously, all of the components of the control unit 16 
are effectively those of a conventional personal computer 
(PC), With some modi?cations, as explained beloW. 

[0070] While any suitable PC could be used and modi?ed 
for use With the invention, the preferred PC is at a minimum 
a 486 class microprocessor, or better, operating at a preferred 
minimum clock speed of about 33 MHZ, and modi?ed as 
required to drive the active matrix monochrome display 
panel 28 so that it exhibits a large gray scale resolution, e.g., 
a gray scale that provides 256 different shades of gray. Such 
gray scale resolution is generally not commercially avail 
able, to applicant’s knoWledge, particularly in a small, 
transportable, ruggedized, self-contained, has-the-appear 
ance-of-a-suitcase, unit. When modi?ed, as explained 
beloW, the unit 16 has dimensions of only 18 by 13 by 7 
inches, Weighs only about 24 pounds (including a battery 
pack), and is housed in a “suitcase” housing that, When 
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closed, does not readily identify its function. Such disguised 
appearance can be an important feature for some applica 
tions of the invention so that the unit can be easily carried 
into a desired ?eld location, e.g., a busy airport terminal, 
Without initially draWing undue attention thereto. 

[0071] As indicated, most of the components of the con 
trol unit 16 are conventional components that may be 
provided by any suitable computer manufacturer. The prin 
cipal exception to this general availability is the active 
matrix display 28 and associated driver 86. The use of a ?at 
panel display 28 is very desirable for a portable system from 
a portability and ruggedness perspective. Advantageously, 
the use of a TFT ?at panel display is particularly suited for 
the imaging system 10 because of the available brightness 
and Wide range of available colors and grayscales. Disad 
vantageously, the use of TFT ?at panel devices is compli 
cated by the fact that they are relative recent additions to the 
display market, and the interface electronics to drive these 
displays, particularly for a monochrome application Where a 
high grayscale resolution, e.g., 256, is desired, is not yet 
available. To further complicate matters, the signal to be 
displayed for the imaging system 10 is an analog VGA video 
signal, rather than a digital drive signal as is customarily 
used to drive such displays. 

[0072] In vieW of the above dif?culties, the present inven 
tion uses a custom panel driver circuit as shoWn in FIG. 6. 
The circuit in FIG. 6, explained more fully beloW, performs 
the function of converting the standard VGA signal, With its 
three component signals, red (R), green (G), and blue (B), to 
a digital signal suitable for driving the TFT active matrix ?at 
panel display 28. 

[0073] The preferred active matrix ?at panel display for 
use With the control unit 16, but certainly not the only ?at 
panel display that could be used, is a LDH096T-11 display 
made by Flat Panel Display Co. of Eindhoven, The Neth 
erlands. The LDH096T-11 is a 9.5 inch diagonal LCD 
module that comprises an Active Matrix Liquid Crystal 
Display, an integrated adjustable backlight and module 
electronics. The module electronics facilitate interfacing 
With commercially-available VGA chipsets, and can display 
either 16 or 256 levels of gray depending on user selection. 
The display resolution of the LDH096T-11 is 640 by 480 
dots, With a dot pitch of 300x300 pm. The contrast ratio is 
better than 60:1 at optimum vieWing angles, and the bright 
ness is 60 cd/m2. The active area of the display is 192 by 144 
mm. The poWer consumption, including backlight, is only 
about 2.5 Watts (nominal) The supply voltage for the display 
is 5 volts. 

[0074] The panel driver circuit used to drive the 
LDH096T-11 display is shoWn in the schematic diagram of 
FIG. 6. The main signal inputs to the circuit shoWn in FIG. 
6 comprise the RGB signals from the analog VGA signal, 
Which signals are applied to connector J2 and directed to 
ampli?er/summer U3, Where they are multiplied by an 
appropriate gain factor and summed. The summing of the 
three RGB signals combines the signals, putting them on a 
single signal line (the output of ampli?er U3). This summed/ 
combined signal is then applied to analog-to-digital (A/D) 
converter U4, Which converts the signal to an appropriate 
digital signal that can be applied to the display 28 through 
connector J3. The necessary clock signals and control sig 
nals needed by the A/D converter U4 and the ?ap panel 
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display via connector J3 are generated in the programmable 
array logic contained in device U1. Other components, as 
Well as control, timing and voltage signals, used Within the 
circuit shoWn in FIG. 6 should be self-evident from the 
schematic diagram of FIG. 6 to those skilled in the elec 
tronic arts. 

[0075] Apreferred control unit 16 for use With the present 
invention comprises a modi?ed SafeCase® Series 4000 
Rugged Portable Computer made by Industrial Data Sys 
tems, Inc., 14900 Woodham Drive, Building 170, Houston, 
Tex. 77078-6016. The Series 4000 computer is ordered to 
include an 80486 microprocessor With a clock speed of 33 
MHZ, 8 MB of RAM, a 3.5 “ high density ?oppy disk drive, 
and at least a 210 MB hard drive. The basic unit offered by 
Industrial Data Systems (IDS) as speci?ed above is further 
modi?ed for 120/220 VAC 50/60 HZ/12 VDC operation, 
including a battery charger that charges the battery auto 
matically Whenever the unit is connected to a 120/220 VAC 
poWer line. To enhance battery operation, a Microbus MAT 
752 loW poWer 486DX/33 CPU board is installed in the unit 
16 as the SBC 70. With such loW poWer CPU board, a fully 
charged battery pack permits 75 to 80 minutes of operation 
of the unit. The charge level of a given battery pack can be 
tested at any time using a built-in push button and LED 
display located at the loWer right corner of the battery pack. 
The battery packs may also be charged external to the unit 
16 using a suitable battery pack charger. 

[0076] As additional modi?cations to the Series 4000 
Portable Computer, an Interlink Durapoint mouse pad point 
ing device, or other pointing apparatus, is built into the top 
panel the case (or otherWise made available to the user) . 
Preferably, such pointing apparatus is positioned to be 
centered just beloW the keyboard so that a user can manipu 
late it With his/her thumbs While keeping his/her ?ngers on 
the keyboard. A PCMCIA Type III connector is also added 
to the top panel, and the Microbus CPU Board is connected 
to drive this port. It is through this port that removable 
storage media, or other peripherals, may be connected to the 
Microbus CPU Board. In addition, the I/O (input/output) 
expansion plate of the unit is punched to accept an Amphe 
nol #165-159236 connector and cable, Which When installed 
and connected to the Microbus CPU Board, functions as the 
connector for the long cable 18. The LCD panel is modi?ed 
to accept the above-described FPD LDH096T-11 display 28, 
and the panel driver circuitry 86 (shoWn in FIG. 6) is 
appropriately installed Within the unit 16 so as to drive the 
display 28 as controlled by the Microbus CPU board. Also 
installed in the unit 16 is an internal modem and external 
RJ-ll jack to facilitate modem communications. 

[0077] The image digitiZer and display memory 84 (some 
times referred to herein as simply the “image processor”84) 
comprises a separate or auxiliary processor installed Within 
the control unit 16 in order to facilitate the receipt, process 
ing, and display of the integrated signal from the imager 14. 
Such image processor 84 may take several forms, and there 
are numerous commercially- available processor boards that 
could be used for this purpose. At the present time, one of 
tWo commercially available processors is preferred for use 
as the image processor 84, both of Which are manufactured 
and sold by Matrox Electronic Systems, Ltd., 1055 St. Regis 
Blvd. Dorval, Quebec, Canada H9P 2T4. A ?rst preferred 
processor is the Matrox Image-LC image processor, Which 
is designed to interface With a Wide range of analog and 
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digital devices. The Matrox Image-LC processor, the opera 
tor’s manual for Which is incorporated herein by reference, 
is a programmable processor that is very versatile, and 
provides a great many options, such as the ability to perform 
mathematical computations on a pixel by pixel basis at the 
processor 84 (as opposed to being performed at the SEC 70). 
The result is very fast image processing. Because the Image 
LC processor is a very capable and fast processor, it is also 
someWhat expensive and consumes a signi?cant amount of 
poWer. 

[0078] A second preferred processor for use as the image 
processor 84 is the Matrox IP-8 Frame Grabber. The Matrox 
IP-8 Frame Grabber, the operator’s manual for Which is also 
incorporated herein by reference, is a ?exible, loW-cost 
monochrome frame grabber and display processor that offers 
only a feW of the processing features of the Image-LC 
processor. HoWever, the IP-processor still offers suf?cient 
processing capability for most applications of the present 
invention. For this reason, and given its loWer-cost, and less 
poWer consumption, the IP-8 Frame Grabber is the image 
processor that is generally used most often With the present 
invention. 

[0079] The Video Graphics Adapter (VGA) 82 of the 
control unit 16 comprises a standard VGA board, as is used 
in any personal computer providing VGA graphics. 

[0080] The digital controller 80 of the control unit 16 
functions to provide an appropriate isolated interface 
betWeen the control unit 16 and the imager 14 and X-ray 
source 12 relative to the trigger or synchroniZation signals 
that must be sent to the imager 14 and X-ray source 12. More 
particularly, for the preferred X-ray source 12 and imager 14 
described above, the controller 80 produces a TTL (transis 
tor-transistor logic) electronic synchroniZation signal Which 
When driven to a ground potential accomplishes both (1) the 
?ring of the X-ray source 12, and (2) the integration of the 
image signal at each pixel site Within the imager 14. When 
the TTL signal is returned to +5 VDC, the X-ray source is 
inhibited, and the integrated signal is read out of the imager 
14 after the next video vertical interrupt. The net result (and 
desired goal) is that the rapid read out of the video signal 
from the imager 14 is properly synchroniZed With the 
digitiZer of the image processor 84. 

[0081] As seen in FIGS. 1, 2 and 4, the X-ray source 12 
is connected to the control unit 16 through the imager 14. 
That is, the long cable 18 is connected betWeen the control 
unit 16 and the imager 14, and the short cable 20 is 
connected betWeen the imager 14 and the X-ray source 12, 
and there is not direct cable connection betWeen the control 
unit 16 and the X-ray source 12. An isolation relay is used 
at the imager 14 to apply a trigger (or “?re”) signal to the 
X-ray source 12 through the short cable 20 as soon as the 
TTL synchroniZation signal is pulled loW (or no longer than 
one frame time thereafter, Where one frame time is, e.g., the 
vertical blank interrupt period, typically 1/60 of a second). 
The X-ray source continues generating its burst of X-ray 
pulses until the TTL signal goes high (or until no longer than 
one frame time after the TTL returns to +5 VDC). Advan 
tageously, use of the isolation relay keeps electrical noise 
from getting into the video signal or affecting the stored 
image on the CCD chip. Thus, it is seen that the imager 14 
is enabled (its “shutter” is open to receive an image) at the 
same time as, or perhaps even just slightly before, the X-ray 
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source 12 provides its burst of X-ray pulses, and remains 
enabled for so long as, or perhaps even just slightly longer 
than, the burst of X-ray pulses ends. After completion of the 
exposure, i.e., Within one frame time thereafter, the inte 
grated signal acquired at the imager 14 is doWnloaded to the 
image processor 84, and is thereafter available for display at 
the active matrix display 28 and/or for storage Within any of 
the available storage media used by the control unit 16. 

[0082] Advantageously, because the control unit 16 is 
based on a PC-type digital computer, and because of the 
conventional components used Within such computer, both 
in terms of hardWare and softWare, it is capable of accom 
plishing a Wide variety of image acquisition, manipulation 
and data storage tasks. Many of these tasks may take 
advantage of recent advances in Graphical User Interface 
(GUI) technology, particularly in vieW of the fact that the 
familiar MICROSOFT (MS) WindoWs operating system is 
being used. For example, With hardWare Which supports 
“Digital Chromokeying”, it is possible to superimpose 
images stored in the memory of the image acquisition 
memory buffer With the MS WindoWs desktop display. Such 
capability provides a very compact and convenient user 
interface. 

[0083] Further, because PC-based technology is used 
Within the control unit 16, there exists great ?exibility in 
hoW the resulting data is stored and transmitted. For 
example, the conventional TIF binary ?le format, commonly 
used for faxes, draWings, and other graphical (digitiZed) 
displays/images in the PC-based environment, may be used 
to store and manage the digitiZed images. Fortunately, a 
signi?cant body of commercially-available softWare exists 
to aid in the handling, storage, and management of such 
displays. In addition, such TIF images can be copied to a 
standard 1.44 MB ?oppy diskette, using the ?oppy disk 
drive included as part of the control unit 16, or to a standard 
removable hard drive (Which has the capacity to store 
hundreds of such images) using the PCMCIA port, or 
transmitted via the modem 36. As a result, the images can be 
transported, transferred and/or copied onto any other PC 
compatible system. Such images can then be vieWed, 
manipulated, and/or printed using one of the numerous 
graphics and desktop imaging programs Which are commer 
cially available. 

[0084] The control unit 16 stores the digital image in a 
frame buffer memory that forms part of the image processor 
84 (FIG. 4). Such storage of the image alloWs the host 
computer, i.e., the SEC 70, and/or the image processor 84 (if 
the image processor has such capability) to perform math 
ematical calculations, on a pixel-by-pixel basis, in order to 
enhance and emphasiZe particular details in the X-ray image. 
When the image processor 84 has the capability to perform 
such calculations, as does, e.g., the Matrox Image-LC pro 
cessor board referenced previously, then such pixel-by-pixel 
calculations can be completed very rapidly. When the image 
processor 84 lacks this capability, as does, e.g., the Matrox 
IP-8, the calculations can still be performed by the SEC 70, 
but they are not completed near as quickly. 

[0085] Among the types of mathematical calculations that 
may be performed on a pixel-by-pixel basis are various 
convolution techniques, accessible through commercially 
available softWare, that modify the displayed image to 
produce a variety of effects. These effects include: (1) ?ne 














