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(71) We, RAYTHEON COMPANY, a cor-
poration organized under the laws of the 
State of Delaware, United States of America, 
of Lexington, County of Middlesex, State of 

5 Massachusetts, United States of America, do 
hereby declare the invention, for which we 
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 by the 

10 following statement: — 
A radiographic camera such as the Anger 

camera disclosed in United States Patent No. 
3,011,057 or the camera disclosed in United 
States Patent No. 3,914,611, is often utilized 

15 for obtaining a radiographic image of a 
radioactive subject. Such a camera includes 
a scintillator viewed by a set of scintillation 
detectors or photomultiplier tubes providing 
signals which are combined, typically, by a 

20 resistor matrix to provide a Z-axis signal 
which signals the presence of a radioactive 
event in the subject. Resistor matrices also 
combine the detector signals to provide co-
ordinate axes signals, Cartesian coordinates 

25 having X and Y signals being readily imple-
mented, to serve as an address for locating 
the radioactive event. 

A problem arises in that many photo-
multiplier tubes utilized in present day 

30 cameras are subject to individual drifting 
which varies the locations and, hence, the 
density of the apparent locations of the 
radioactive events as provided by the co-
ordinate axes signals. Regions of increased 

35 event density in the image of the subject 
appear to a clinician viewing the image as 
regions of greater intensity. As a result, a 
clinician viewing the image produced by the 
camera perceives regions of varying intensity 

40 which may be incorrectly diagnosed as a 
tumour or malady. 

According to the present invention there 
is provided radiographic apparatus, compris-
ing a radiographic camera including spatially 

45 distributed radioactive event detectors, a dis-
play device coupled to the event detectors 

through scaling means for providing an 
image of a radioactive subject viewed by the 
camera, means for storing a plurality of 
scaling factors corresponding to different dis- 50 
play locations of the display device and 
operative to scale the display intensities cor-
responding to the different display locations, 
and measuring means operable in a calibra-
tion mode, when the camera views a ref- 55 
erence subject, to determine the scaling fac-
tors individually and enter them in the stor-
ing means. 

The reference sheet may be a uniform 
sheet of radioactive material. The scale 60 
factors are used for scaling the relative 
energies of what will be called Z-axis signals 
signaling events obtained from a clinical 
subject, whereby data from the clinical sub-
ject is normalized relative to the reference 65 
subject. For convenience in explaining the 
invention, the afore-mentioned Z-axis signal 
of a radiographic camera will sometimes be 
referred to hereinafter as a Z signal or as 
an event signal, while the X and Y coordi- 70 
nate of a radiographic camera will be ref-
erred to as address signals. The scaling of 
the energies of the Z signals compensates for 
the variations in the density of image points 
on a display of the image so that the clini- 75 
cian perceives regions of the image with 
their correct intensities. 

In a preferred embodiment of the inven-
tion, an adder and a memory are utilized 
for producing summations of event signals 80 
obtained from a specific location of the ref-
erence subject being stored in the memory 
with the adder being utilized for adding 
further event signals to the stored summa-
tion. The locations in the memory are ad- 85 
dressed by the address signals of the camera. 
The scale factors are obtained by counting 
a predetermined number of event signals to 
obtain an average value for the summations 
in each of the cells of the memory, this 90 
average then being divided by the value of 
the sum in each cell of the memory to obtain 
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the scale factors corresponding to each loca-
tion of the subject which is imaged by the 
camera. The obtaining of the scale factors 
completes the calibration portion of the 

5 operation of the radiographic system. There-
upon, the clinical subject is imaged with the 
X, Y and Z signals of the camera being 
utilized for presenting an image of the sub-
ject on a display, the X and Y signals serv-

10 ing to locate points on the display while the 
Z signal is scaled as described below and 
then utilized for modulating the intensity of 
the display in a manner analogous to that 
taught by the aforementioned US patents. 

15 The Z-axis signal is scaled prior to its 
being utilized for modulating the Z-axis of 
the display. The scaling is accomplished in 
real time, namely, at the same rates as the 
rate of occurences of the Z signals so that 

20 no delay in forming the image results from 
the scaling. The scaling may utilize a multi-
plying circuit which modulates the relative 
energy content of each pulse of the event 
signal, either by varying the amplitude of 

25 the signal or by varying the duration of each 
pulse, whereby the product of signal ampli-
tude times signal duration is altered. Alter-
natively, the scaling may involve a mathe-
matical operation such as the raising of 

30 the Z signal to a power such as Z" a or 
Z 1 1 in which the power is proportional to 
the scale factor. In the preferred embodi-
ment disclosed hereinafter, the Z signal is 
multiplied directly by the scale factor. In 

35 particular, it is noted that in a display utiliz-
ing a cathode ray tube plus a photographic 
film plate for viewing the cathode ray tube, 
the intensity of an image point on the film 
plate depends on the product of the mag-

40 nitude of a light pulse on the face of the 
cathode-ray tube by the duration of said 
pulse. The product of amplitude times width 
is proportional to the energy of an event 
pulse. By utilizing the aforementioned scale 

45 factors for modulating the relative energy 
content of the event pulses, the image of 
the clinical subject is normalized with res-
pect to the reference subject with the result 
that the perceived intensities of the regions 

50 of the image become invariant with respect 
to drifting of the photomultiplier tubes. 

An embodiment of the invention will be 
described by way of example, with reference 
to the sole figure of the accompanying draw-

55 ing, which shows an exploded view of a 
radiographic camera and its coupling to the 
display by electrical circuitry shown in block 
diagrammatic form. 

Referring now to the figure, there is seen 
60 a system 20 for obtaining radiographic 

images of a reference subject 22 and a clini-
cal subject 24 by means of a radiographic 
camera 26 and a display 28. The camera 26 
includes a collimator 30, a scintillator 32, 

65 an optically transparent spacer plate 34, a 

set of scintillation detectors each of which 
incorporates a photomultiplier 36 and a sig-
nal conditioning circuit 38, and a signal 
combiner 40 which are supported by a case 
42. Each signal conditioning circuit 38 in- 70 
eludes integration and pulse shaping while 
the combiner 40 includes resistor matrices 
for forming the X, Y and Z axis signals in 
the manner such as that taught in the afore-
mentioned U.S. patent specification 3914611. 75 

The system 20 comprises analog-to-digital 
converters 44 and 46, a timer 48, an adder 
50, memories 52 and 54, a digital-to-analog 
converter 56, a multiplier 58, a timer 60, an 
address generator 62, a counter 64, a calcu- 80 
lator 66, a source 68, and switches 70 and 
72. The adder 50 and the memory 52 are 
utilized for providing the sums of the event 
signals for Z axis signals identified by the 
letter Z in the figure, the sums being stored 85 
in the memory 52 in accordance with ad-
dresses provided by the X and Y signals 
from the camera 26. The counter 64 counts 
the total number of events, the total number 
being identified by the letter T in the figure. 90 
The average number of events per cell of the 
memory 52 is provided by the ratio T / N 
where N is the number of cells in the 
memory 52, the number N also being the 
number of resolution elements of the image 95 
produced by the camera 26 and presented 
on the display 28. The scale factor is identi-
fied by the letter K in the figure, a separate 
value of K being produced for each resolu-
tion element of the image by the calculator 100 
66, the values of K being stored in the 
memory 54. Since the ratio T / N is constant, 
the value of K is seen by the formula shown 
in the figure for the calculator 66 to be 
inversely proportional to the value of B 105 
where B represents the magnitudes of the 
sums stored in the cells of the memory 52, 
there being one value of K for each value 
of B. The multiplier 58 multiplies the rela-
tive energies of the Z axis signals, shown 110 
in the bottom line of the graph 74 by the 
factor K to produce either a variation in 
magnitude of the Z axis signal, as shown in 
the second line of the graph 74, or a varia-
tion in the duration of the Z axis signal as 115 
is shown in the first line of the graph 74. 
The product of the multiplication, identified 
in the figure by the symbol KZ, is applied 
to the display 28. 

The storing of the sums of the event sig- 120 
nals in the memory 52 during the calibration 
of the system 20 is accomplished as follows. 
First, the reference subject 22 is placed in 
front of the camera 26. The reference sub-
ject 22 is typically in the form of a flat sheet 125 
uniformly inpregnated with a radioactive 
material for uniformly illuminating the front 
face of the collimator 30. The switch 72 is 
manually set in the calibrate position as 
shown in the figure. The counter 64 is manu- 130 
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ally reset to zero by the reset button 76. In 
the reset condition of the counter 64, the 
counter 64 provides a logic state of zero on 
line 78 under which condition the switch 70 

5 has the position as shown in the figure. 
In response to the illumination provided 

by the reference subject 22, scintillations 
appear on the scintillator 32, the scintilla-
tions being converted by the photomulti-

10 pliers 36 and the signal combiners 40 to 
pulse signals which are coupled via the lines 
80 to the signal combiner 40 which combines 
the signals on the lines 80 to produce the 
X, Y and Z signals which are seen to fan 

15 into the line 82. The X and Y signals of 
line 82 are coupled to the converters 44 and 
46 which convert the X and Y signals from 
an analog format to a digital format, the 
digital formated signals being seen to fan 

20 into line 84. The Z, or event, is coupled via 
the line 82 to the timer 48, the adder 50 
and the counter 64. In response to each 
strobing of the timer 48 by the Z signal, the 
timer 48 provides clock signals on line 86 

25 for operating the converters 44 and 46, the 
timer 48 also providing clock pulses, identi-
fied by the legend CI, which are seen to 
fan into the line 84 for operating the memory 
52 to store digital numbers at locations cor-

30 responding to the address of the X and the 
Y signals. 

In response to the clock signals CI, the 
contents of a cell of the memory 52 is incre-
mented upon the occurrences of successive 

35 events at the address of the cell. The con-
tents of the cell is coupled along line 88 
from the output terminal of the memory 52 
via the switch 70 to an input terminal of 
the adder 50 to be summed with the Z 

40 signal. The resulting sum from the adder 50 
is coupled via the line 84 and the switch 70 
back to the same cell of the memory 52, this 
cell being addressed by the X and the Y 
signals of the converter 44 and 46. With 

45 each appearance of a Z signal in combina-
tion with a specific address of the X and 
the Y signals, the memory 52 makes avail-
able to the adder 50 the previously stored 
sum at that address, the adder 50 then in-

50 crementing that sum by a count of 1 cor-
responding to the one event signaled by the 
Z axis signal. In this way, each cell of the 
memory 52 stores a count of the number 
of radioactive events from the reference sub-

55 ject 22 which have appeared at the image 
location corresponding to the address of 
that cell of the memory 52. 

When the counter 64 attains a count of 
T events, this being a predetermined number 

60 to which the counter 64 is preset, the counter 
64 provides a logic level of 1 on line 78 
which serves as a strobe signal for operating 
the switch 70 to its alternative position, 
whereupon the line 84 is disconnected from 

65 the memory 52. Thereupon, no new data 

enters the memory 52. The signal on line 
78 also strobes the timer 60 to operate the 
memory 52 in a read-only mode via clock 
pulses C2. In addition, the timer 60 strobes 
the address generator 62 which sequentially 70 
addresses each cell of the memory 52 by 
means of X and Y signals generated by the 
generator 62. Signals are coupled from the 
output terminal of the memory via line 88 
and the switch 70 to the B input terminal 75 
of the calculator 66. The timer 60 also pro-
vides timing signals C3 for operating the 
calculator 66 to perform the calculation in 
accordance with the formula shown on the 
figure in the block identifying the calculator 80 
66. Thus, for each sum B coupled from a 
cell of the memory 52 to the calculator 66, 
the calculator 66 provides electrical signals 
in a digital format representing a value of 
the scale factor IC, these electrical signals 85 
being coupled via the switch 72 to the 
memory 54 and representing a measure of 
the activity of radioactive events at a specific 
location of the reference subject. The clock 
pulses C2 and the address signals of the 90 
generator 62, which are seen to fan into the 
line 90 and be coupled via the switch 70 to 
the memory 52, are also coupled via the 
switch 72 to the memory 54 for strobing and 
addressing the memory 54 in accordance 95 
with the strobing and addressing of the 
memory 52. Thereby, the memory 54 stores 
a set of scale factors K at locations corres-
ponding to the resolution elements of the 
image corresponding to the X and Y co- 100 
ordinate locations of the resolution elements. 

During the second phase of the operation 
of the system 20, the switch 72 is manually 
positioned in the run position and the ref-
erence subject 22 is replaced with the clinical 105 
subject 24. Thereupon, the camera 26 and 
the display 28 are operated to produce an 
image on the display 28 in the manner com-
monly employed in hospitals, as disclosed 
in the aforementioned US patent specifica- 110 
tion 3 914 611 except that, each Z axis signal 
which signals a radioactive event is modified 
by the multiplier 58 before being applied to 
the Z axis terminal of the display 28. 

With respect to the multiplication by the 115 
multiplier 58, it is noted that since the scale 
factors are stored in a digital format in the 
memory 54, the digitally formated scale 
factors are first converted to scale factors in 
an analog format by the converter 56 and 120 
then applied to the multiplier 58. The multi-
plier 58 may be an analog multiplier wherein 
the amplitude of the voltage provided by the 
converter 56 modulates the amplitude of the 
Z axis signals to provide the aforementioned 125 
scaling of the amplitude portrayed in the 
second line of the graph 74. Alternatively, 
the multiplier 58 may incorporate a pulse-
width modulator circuit wherein the ampli-
tude of the voltage provided by the con- 130 
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verter 56 is utilized for varying the duration 
of the Z axis signal on line 92 to provide 
the aforementioned pulse-width modulated 
signal on the first fine of the graph 74. There-

5 by, the products of the amplitudes of indivi-
dual ones of the Z axis signals times the 
duration of the corresponding Z axis signals, 
this being equivalent to the relative energies 
in the pulses of the Z axis signals, are modu-

10 lated to compensate for variations in the 
addresses of Z axis signals as may result in 
drifting of the gain characteristic of indivi-
dual ones of the photomultipliers 36. In 
addition, it is noted that if the reference sub-

15 ject 22 be provided with a design, as by 
masking a portion of the reference subject 
22 with a cross or a circle, the outline of the 
masked portion appears superposed upon an 
image seen on the display 28. If desired, a 

20 digital multiplier (not shown) may be utilized 
in lieu of the multiplier 58 in which case 
the converter 56 would be deleted and a 
pulse-width modulator (not shown) would 
be coupled between the digital multiplier 

25 and the display 28. 

With reference to the calculations per-
formed by the calculator 66, it has been 
found that, in an experimental model of the 
system 20 wherein the value of the total 

30 count T was held constant (7 million counts 
being utilized) as well as the number of 
resolution elements N being held constant, 
the variations in the magnitude of the sums 
B were sufficiently few in number such that 

35 the calculator 66 could be replaced by a 
read-only memory in which the memory 
address was supplied by the magnitude of 
the quantity B and in which the output of 
the memory was the desired scale factor K. 

40 Thereby, for each value of B presented to 
the read-only memory, a corresponding value 
of K was read out of the memory. 

WHAT WE CLAIM IS: — 
45 1. Radiographic apparatus, comprising a 

radiographic camera including spatially dis-
tributed radioactive event detectors, a dis-
play device coupled to the event detectors 
through scaling means for providing an 

50 image of a radioactive subject viewed by the 
camera, means for storing a plurality of 
scaling factors corresponding to different 
display locations of the display device and 
operative to scale the display intensities cor-

55 responding to the different display locations, 

and measuring means operable in a calibra-
tion mode, when the camera views a ref-
erence subject, to determine the scaling 
factors individually and enter them in the 
storing means. 60 

2. Apparatus according to claim one, 
wherein the camera provides address signals 
for addressing the display regions of the 
display device, the measuring means com-
prise an addressable store responsive to the 65 
address signals and operative in the calibra-
tion mode to store aggregate values of event 
signals from the camera addressed to the 
individual display locations. 

3. Apparatus according to claim two, 70 
comprising an adding device and wherein 
the address signals, in the calibration mode, 
cause each event signal from the camera to 
be added in the adding device to the con-
tents of the addressed location of the store, 75 
with return of the incremented contents to 
the addressed location. 

4. Apparatus according to claim three, 
comprising an event signal counter operative 
to terminate the incrementing of the store 80 
locations when a predetermined number of 
event signals has been counted. 

5. Apparatus according to claim two, 
three or four, wherein the addressable store 
also has locations addressed by the address 85 
signals, and comprising means operative at 
the end of the calibration mode to determine 
each scaling factor in accordance with the 
contents of its location in the said store and 
to enter the scaling factor in the correspond- 90 
ing location of the addressable store. 

6. Apparatus according to claim five, 
wherein the means which determine each 
scaling factor determine factors inversely 
proportional to the contents of the locations 95 
of the addressable store. 

7. Apparatus according to any of claims 
one to six, wherein the scaling means com-
prise means operative to multiply event 
signals addressed from the camera to the 100 
display locations by the respective scaling 
factors. 

8. Radiographic apparatus substantially 
as herein described with reference to and as 
shown in the accompanying drawing. 105 
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