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described i n U n i t e d States patent 3,778,614.
X - r a y tomographic methods are capable
of producing images having far greater
absorption density resolution than images
produced b y photographic techniques. F o r 5 0
example, present tomographic image reconstruction methods are capable of quantitizing
x-ray absorption density measurements into
256 or more separate levels. Cathode ray
tube data displays are incapable, however, 5 5
of displaying m o r e than approximately 15
distinct gray-scale levels.
Significant medical information, for example, the presence of tumors in soft tissue,
is often represented b y minimal level 60
changes i n tomographic image density. T h e
detection of such level changes is often
accomplished by a process wherein a
radiologist
views
a
computer-generated
image having a limited gray-scale range 65
and, o n the basis of his observation and
experience, interactively modifies the c o m puter program to present significant density
information within the dynamic range of
the image display.
T h e observations and 70
procedures inherent in this process are, of
course, highly subjective so that a lengthy
series of iterations m a y b e required to
obtain an optimum display. E a c h modification to the computer program will, in 75
general, cause a n interruption in the proM o r e recently, a method of x-ray tomocessing of other tomographic i m a g e informagraphy has been utilized t o provide high
tion and, b y distracting the radilogist's
resolution, sectional displays of internal
attention from1 the display screen v/ill
tissue structures. In accordance with _ this
lengthen the i m a g e interpretation process.
80
method x-ray transmission characteristics
It is often useful t o determine the
are measured along a plurality of paths
through a n object undergoing examination. absolute x-ray absorption density displayed
Images of x-ray absorption densities within in a tomographic image. If the output sigthe object are then constructed b y com- nal of a digital computer has been modified
putations o n the x-ray transmission data. t o optimize a cathode ray tube display, 85
T h e calculations are m o s t advantageously such absolute density measurements m a y
performed in a digital computer and the require further calculations to recover the
images may be displayed, for example, o n absolute density information.
a cathode ray tube. A specific method of
_ According to the invention, there is prox-ray tomographic imaging is, for example, vided a n analog signal processor for con- 9 0

(71)
W e , GENERAL ELECTRIC COMPANY, a corporation organized and existing
under the laws of the State of N e w York,
United States of America, of 1 River R o a d ,
Schenectady 12305, State of N e w York,
United States of America, d o hereby declare
the invention, for which w e pray that a
patent may be granted to us, and the
method by which it is to be performed, to
be particularly described in and b y the
following statement: —•
This invention relates to the display of
digital data. M o r e specifically, this invention relates to apparatus for modifying the
dynamic range in a cathode ray tube display
of x-ray tomographic images.
Photographic displays of x-ray absorption characteristics have, for over half a
century, been a principal tool for medical
diagnosis.
Variations in the density of a
silver image o n a photographic transparency
are utilized to represent the x-ray absorption
characteristics of internal b o d y tissues.
Conventional x-ray photography is, h o w ever, limited t o t h e display of superimposed
shadows of bodily organs lying in a transmission path. T h e characteristics of silver
halide photographic emulsions tend t o limit
the x-ray absorption density resolution of
images so displayed.
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nection between an analog signal source
and a cathode ray tube display, comprising:
subtracting means connected t o receive
an analog video signal and a reference level
and for producing an output signal representative of the difference of said reference
level subtracted from said video signal;
measuring means connected t o receive said
reference level and to display digital
characters representative of the magnitude
of said level;
variable gain amplifier means connected
to receive and increase the output signal
from said subtracting means;
clipping means connected to limit the
dynamic range of said increased signal from
said amplifier means; and
adusting means connected to permit
selectable determination of the value of said
reference signal level and the gain of said
amplifier means.
T h e present invention will be further
described by way of example only, with
reference to the accompanying drawings, in
which: —
FIG. 1 is an example of a high resolution
analog signal output from a tomographic
image computer;
FIGS. 2 and 3 are output signals from an
analog processor which have been generated
from the signal of FIG. 1 to provide
optimum cathode ray tube data displays;
FIG. 4 is a tomographic imaging system
incorporating a preferred embodiment of a
processor according t o the present invention; and
FIG. 5 is a simplified schematic diagram
of a preferred embodiment of an analog
processor according to the present invention.
Tomographic x-ray image information is
generally generated from x-ray detector
signals b y the solution of large numbers of
simultaneous equations in a digital computer.
T h e output signal of the computer represents
a matrix wherein each element is a
numerical value of x-ray absorption density
over a particular discrete area i n an image
plane.
X-ray tomographic systems are
capable of resolving small differences of
x-ray absorption density and are therefore
extremely useful, for example, in the detection of soft tissue tumors.
T h e x-ray
absorption density resolution of a given
system is a function of the x-ray dosage
administered t o a patient and the computation time utilized for construction of the
image.
Present tomographic measurement
systems typically resolve 256 or more
discrete levels of x-ray absorption density.
T h e image signal generated by the computer is most advantageously stored in
digital form in a refresh-buffer memory,
the contents of which are serially scanned
and converted into analog form for presentation t o the intensity modulation input

of a cathode ray tube.
Such an analog
signal generally carries far more density
information than m a y be displayed on a
cathode ray tube which may, for example,
be limited to resolving approximately 15
intensity levels. It has been found, however,
that significant medical information is often
represented by minimal changes within an
analog signal having a large dynamic
range.
FIG. 1 schematically represents a portion
of an analog image signal which might,
typically, b e generated from the output of
a computer buffer memory.
T h e signal
covers a wide dynamic range wherein minim u m density levels 10 may, for example,
represent voids and maximum signal levels
12 may, for example, represent dense bone
or metal objects. Small variations 14 within
the signal waveform, which m a y represent
1 / 2 5 6 or less of the total dynamic signal,
often contain significant medical information
which might, for example, indicate the presence of tumors or other lesions.
The
limited gray-scale of a cathode ray tube
display would, however, obscure the presence of the variations 14 if the entire
dynamic range of the signal of FIG. 1 were
displayed o n a cathode ray tube.
In a preferred embodiment of an analog
processor according to the invention, a small
portion or window extracted from within the
larger dynamic range of a signal may be
expanded to fill the gray-scale of a cathode
ray tube. T h e center level and width of the
window with relation t o the overall signal
envelope may be adjusted t o provide an
optimum cathode ray tube display.
For
example, if a signal within the dynamic
range of the window 16 of FIG. 1 is
expanded to fill the gray-scale range of a
cathode ray tube, the signal of FIG. 2
results.
All signal levels b e l o w the base
level 18 of the window 16 are displayed
at the minimum cathode ray tube intensity
whereas all signal levels above the maximum
threshold level 2 0 of the window 16 are
displayed at maximum cathode ray tube
intensity.
Signal levels M i n g within the
window 16 are expanded to fill the dynamic
range of the cathode ray tube. The small
signal variation 14 of "FIG. 1 is thereby
expanded t o the large dynamic variation 14a
of FIG. 2 and will thereby be made visible
o n a cathode ray tube display.
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The position of the window 16 m a y be
adjusted to provide high resolution displays
from various portions of the overall signal
envelope.
Thus, the variations 2 2 in the
lower portion of the waveform of FIG. 1 125
m a y be expanded, for example, by adjustment of the window parameters to die range
24 s o as to produce the output waveform
of FIG. 3.
FIG. 4 schematically illustrates a typical 130
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x-ray tomography system incorporating a
preferred embodiment of the present invention. A n x-ray scanner 24 produces electrical output signals corresponding to the
x-ray absorption characteristics along a
plurality of transmission paths through an
object 25. T h e output signals from scanner
24 are applied at the inputs of a digital
computer 26 wherein well-known computational algorithms are applied to produce
digital matrix signals corresponding t o a
sectional image of x-ray absorption densities
within the object 25. The digital matrix
signals are transmitted from the computer
26 to a refresh memory 28 where they are
stored for transmission to a display.
The
contents of the refresh memory 28 are
sequentially scanned into a digital-analog
converter 30 which transforms them into an
analog output signal wherein voltage levels
correspond to intensity levels in a raster
scanned display of the image. The output
of the digital-analog converter 30 is applied
to the input of an analog signal processor
32 (more fully described below) which
selectively expands portions of the analog
signal to match the gray-scale range of a
cathode ray tube display.
The expanded
signal produced by the analog signal processor 32 is applied t o a n intensity modulation input of a cathode ray tube display
34 in conjunction with raster synchronization
signals which are generated within the
refresh memory 28 in a conventional
manner.
T h e analog signal processor 32 is
equipped with a level control 36 which
permits the operator to adjust the value of
a voltage level in the analog signal corresponding t o the center level (medium gray
level) presented on the display 34.
The
value of the digital signal which corresponds
to that center gray scale level is displayed
on a digital readout 38 at the analog signal
processor 32. The window width (range of
the analog signal levels presented o n the
gray scale of the display 34) is likewise
adjustable by means of a window width
control 40 at the analog signal processor
32.
Under the control of the digital computer 26, x-ray image information is transferred t o the refresh memory 28 and
presented on the cathode ray tube display
34.
A radiologist or tomograph operator
manipulates the controls of the analog signal
processor 32 t o most advantageously display
medically significant information on the
cathode ray tube screen. The analog signal
processor 32 also provides a n output
signal to the digital computer 26 corresponding to the readings of center level o n
the digital readout 38 and the setting of
the window width control 40.
When an
optimum display condition is reached, the

digital computer may, under program
control, provide digital character readouts
of the center level and window width which
are transmitted through the refresh memory
and digital analog converter for presentation
in numerical form 4 2 on the screen of the
display 34. The image and numerical information presented on the display 34 may,
if desired, then be photographically recorded
with a camera 44.
KIG. 5 is a simplified schematic diagram
of the analog signal processor 32.
The
output of the digital analog converter (30
of FIG. 4) is applied t o an input jack 46
of the analog signal processor. A potentiometer 48 forms a voltage divider to reduce
the voltage of the input signal at the jack
46 to a level compatible with the input
of an operational amplifier 50. The output from the wiper of the potentiometer
48 is applied to a positive summing input
of the operational amplifier 50. A fixed
reference voltage is applied t o a level adjustment potentiometer 52 which is operated
by the level control (36 of FIG. 4).
A
signal determined at the wiper of the level
control 52 is applied t o a negative summing
input of the operational amplifier 50 and
to the input of an analog-digital converter
54.
T h e analog-digital converter 54 is
calibrated to correspond t o digital signal
levels in the refresh memory (28 of FIG.
4) and produces an output corresponding
t o the reference signal at the wiper of the
level control potentiometer 52. Calibration
of the
analog-digital converter 54 is
facilitated by a zero adjust potentiometer
56 which is controlled from the panel of
the analog signal processor 32. The output
of the analog-digital converter 54 is displayed on the digital readout 38. which is
likewise located o n the panel of the analog
signal processor 32. T h e numerical display
generated by the analog-digital converter
54 and presented o n the digital readout
38 corresponds t o the quantitized signal
level producing the center level as presented
on the cathode ray tube display 34.
The output of the operational amplifier
50 is a signal equal t o the difference of
the reference level signal produced at the
wiper of the potentiometer 52 subtracted
from the analog input signal produced at
the wiper of the potentiometer 48.
The
output signal from the amplifier 50 is clipped
by a diode pair 56 and further amplified in
a cascaded operational amplifier 58.
The
output of the operational amplifier 58 is
again clipped with a second diode pair 60
and applied t o the input of a third cascaded
operational amplifier 62. T h e output of the
operational amplifier 6 2 is clipped with a
third diode pair 64 and applied to a fourth
cascaded operational amplifier 66.
The
operational amplifier 66 is configured t o
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drive a 75 o h m video output jack 68. The
gain of the operational amplifiers 50, 58,
and 62 is adjustable by means of the window
width control switch 40 t o provide an
adjustable
cascade signal
amplification
range from approximately 5 X t o approximately 500X. The gain of the individual
amplifier stages is chosen in a well-known
manner to provide convenient switching and
t o prevent overload of any individual amplifier output. B y way of example, in a typical
system, the input voltage level at the wiper
of the potentiometer 48 is approximately
0.6 volts peak to peak.
The gain of the
operational amplifier 50 is selectable at
either 5 X or 10X, the gain of the operational amplifier 58 is selectable at either
I X , 1.4X, 2 X , 2.6X, 3.5X or 5.4X. The
gain of the operational ampjlifier 6 2 is
selectable at either I X or 9.5X and the
output video level from the operational
amplifier 66 is approximately 1 volt peak
to peak into 7 5 ohms. The diode pairs 56,
60, and 64 are typically selected t o clip at
approximately 1.2 volts peak to peak. If,
in the above-described exemplary configuration, the analog input signal represents
256 discrete density levels.
The window
width control m a y be connected to provide
window widths of 1 level, 2 levels, 2 0 levels,
30 levels, 40 levels, 50 levels, 75 levels or
100 levels. The digital readout m a y likewise
be adjusted to read the value of the center
level density over a range corresponding
to the 256 discrete density levels.

The analog processor unit may be installed adjacent the cathode ray tube display
to permit rapid adjustment b y a radiologist
whose
attention may b e
continuously
40 directed to the displayed image. T h e analog
signal processor operates o n an analog
signal generated from a refresh memory t o
m o d i f y a displayed image o n a cathode ray
tube display and does not require computer
45 processor time or interruption and modification of the precursor computer program
t o effect display modification.
W H A T W E C L A I M IS: —
1. A n analog signal processor for connec50 tion between an analog signal source and a
cathode ray tube display, comprising:
subtracting means connected to receive
an anlog video signal and a reference level
and for producing an output signal repre55 sentative of the difference of said reference
level subtracted from said video signal;
measuring means connected t o receive
said reference level and to display digital
characters representative of the magnitude
60 of said level;

4

variable gain amplifier means connected
to receive and increase the output signal
from said subtracting means;
clipping means connected t o limit the
dynamic range of said increased signal from 65
said amplifier means; and
adjusting means conneced to permit
selectable determination of the value of
said reference signal level and the gain of
said amplifier means.
70
2. A processor as claimed in claim 1,
wherein said variable gain amplifier means
comprises a plurality of cascaded operational
amplifiers.
3. A processor as claimed in claim 1 75
or 2, _ wherein said adjusting means are connected to allow adjustment of the gain of
said amplifier means to o n e of a plurality
of predetermined values, said predetermined
values, comprising the values I X , 2 X , 20X, 80
BOX, 4 0 X , SOX, 75X, and 100X.
4. A processor as claimed in claim 3,
wherein
said
plurality of
operational
amplifiers comprise a first operational
amplifier configured t o provide discrete 85
selectable amplification levels of 5 X and
10X; a second operational amplifier configured
t o provide
discrete
selectable
amplification levels of I X , 1.4X, 2 X ,
2.6X, 3.5X, and 5.4X; and a third opera- 90
tional amplifier configured to provide
discrete selectable amplification levels of
I X and 9.5X.
5. A processor as claimed in claim 4,
wherein said first operational amplifier 95
constitutes said subtracting means.
6. A processor as claimed in any one of
claims 1 t o 4 wherein said clipping means
comprise a plurality of diode pairs, each of
said diode pairs comprising a first diode 100
having a cathode and an anode and a
second diode connected in parallel with
said first diode, the cathode of said second
diode being connected to the anode
of said first diode and the anode of said 105
second diode being connected t o t h e cathode
of said first diode.
7. A processor as claimed in claim 6,
wherein each of said plurality of diode pairs
is connected i n parallel with the output of 110
a respective one of said operational amplifiers.
8. A n analog signal processor as claimed
in claim 1, substantially as hereinbefore described with reference to and as illustrated 115
i n the accompanying drawings.
9. A n
X-ray
tomographic
imaging
system, comprising a source of radiation
transmission data, a digital computer connected to receive the transmission data and 120
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arranged to calculate therefrom digital
tomographic image data; a digital-to-analog
convector connected t o receive t h e digital
image data and arranged t o produce there5 from an analog i m a g e waveform, an i m a g e
display connected t o receive and present a n
analog image signal in an intensity m o d u -

5

lated visual format, and an a n a l o g signal
processor, as c l a i m e d in any one of the
preceding claims, c o n n e c t e d b e t w e e n t h e 10
digital-to-analog convector and the i m a g e
display.
J. A . B L E A C H ,
A g e n t for the Applicants.
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