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(54) X-ray image subtracting sys-
tem 

(57) An x-ray source projects succes-
sive high and low energy x-ray 
beam pulses through a body and 
the resultant x-ray images are con-
verted to optical images. Two im-
age pick-up devices such as TV 
cameras that have synchronously 
operated shutters receive the alter-
nate images and convert them to 

corresponding analog video signals. 
In some embodiments, the analog 
signals are converted to a matrix of 
digital pixel signals that are vari-
ously processed and subtracted and 
converted to signals for driving a 
TV monitor display and analog stor-
age devices. In other embodiments 
the signals are processed and sub-
tracted in analog form for display. 
The high and low energy pulses can 
follow each other immediately so 
good registration between sub-
tracted images is obtainable even 
though the anatomy is in motion. 
The energy levels of the x-ray 
pulses are chosen to maximize the 
difference in attenuation between 
the anatomical structure which is to 
be subtracted out and that which 
remains. 
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

X-ray image subtracting system 

5 This invention relates to subtraction fluoros-
copy and radiography. 

Subtraction of x-ray images is a known 
method for making low contrast structures in 
the images more conspicuous. In ordinary x-

10 ray images, the bone, blood vessels or other 
tissue of primary diagnostic interest may be 
surrounded or overlayed or underlayed by 
tissue or bone which obscures and prevents 
easy visualization of the structure of interest. 

15 The function of the subtraction process is to 
remove or suppress the potentially confusing 
effects of uninteresting overlying and underly-
ing structures to thereby enhance the detecta-
bility of the structure of interest. 

2 0 Image subtraction has been used in the 
past primarily for angiography, that is, for 
making x-ray examinations of blood vessels 
such as the vessels of the heart. In accor-
dance with this technic, a radiographic or 

25 fluoroscopic x-ray image of the heart is made 
and recorded. The first image is called a 
mask. Shortly afterwards, an x-ray opaque 
medium, such as an iodine compound, that 
has been injected into the blood vessels 

30 reaches the vessels of interest and then 
another image is made. The blood vessels of 
interest in the pre-injection and post-injection 
images are almost always obscured by over-
laying or underlying bone of other tissue, thus 

35 making visualization difficult. However, when 
the images are subtracted from each other, 
anatomical structures which cause confusion 
are deemphasized or substantially eliminated 
and a high contrast and more easily visualized 

4 0 image of the iodine-infused vessels remains. 

Obtaining a mask image and one or more 
images in succession at a relatively low rate is 
characterized as temporal subtraction. It is 
satisfactory for dealing with anatomy whose 

45 position is static or slowly changing but there 
is often a significant loss of registration be-
tween successive images when the vascula-
ture of a rapidly moving organ such as the 
heart is being examined. This is manifested by 

50 blurring and loss of detail in the subtracted 
image. Even motion of anatomical regions due 
to such things as peristalsis and breathing can 
produce motion artifacts in temporally ob-
tained subtraction images. For many applica-

55 tions, differentiation of low contrast anatomi-
cal structures can be obtained by acquiring 
images at two or more different x-ray energy 
levels. For instance, it is known that the mass 
attenuation coefficient of bone and soft tissue 

60 is much lower at an x-ray photon energy level 
corresponding with about 70 peak kilovolts 
(kVp) being applied to the x-ray tube than is 
the mass attenuation coefficient of iodine at 
the same energy level. It is also known that as 

65 one progressive up the energy scale such as 

to 135 or 140 kVp, the mass attenuation 
coefficient of soft tissue changes by a rela-
tively small amount, but the iodinfj changes 
by a larger amount. Thus, an x-ray image 

70 intensifier can produce a quick succession of 
low and high kVp images. The successive 
images are viewed on the output phosphor of 
the image intensifier tube by a single video 
camera and the analog waveforms for each of 

75 the images are digitized and stored in a sepa-
rate memories. The picture elements (pixtels) 
stored in corresponding locations in digitized 
form in the two memories are then combined 
to produce data for an image with enhanced 

80 contrast but with certain intensity levels, such 
as those due to bone and soft tissue of little 
interest, being suppressed. In this system, the 
single image pick-up tube or video camera 
which is used is blanked during x-ray irradia-

85 tion and scanned or read out after each irradi-
ation. However, the long time response of any 
video pick-up device relative to the time inter-
val between exposures has a tendency to 
create overlapping images and would, by it-

90 self, lead to relatively poor quality subtracted 
or combined images. 

A method of mitigating the problem in-
volves scrubbing the video camera target plate 
during retrace time with a very high electron 

95 beam current. The beam deflection power 
necessary to scrub all previous raster lines in 
the one millisecond or so that is allowed, 
forbids such an approach with presently avail-
able standard video cameras. The use of time 

100 for scrubbing and reading imposes two limita-
tions on the single image pick-up device sys-
tem. First, the maximum image acquisition 
rate is about 10 frames per second. Second, 
the high and low energy x-ray pulses must be 

105 separated by at least two frame times or about 
70 ms. Due to the substantial lapse of time 
between the high and low energy x-ray 
pulses, there is a greater likelihood that the 
anatomical structures will have moved so that 

110 undesirable loss of registration between pairs 
of subtracted or combined images mentioned 
earlier will occur. Furthermore, on some occa-
sions, such as when the physician desires to 
watch progression of the opaque medium con-

115 tinuously and in real-time over an interval of 
twenty seconds or more or where the frame 
rate must by high enough to produce the 
effect of stopping heart motion, no time is 
available for scrubbing when a single pick-up 

120 device such as a video camera is used. 

The invention disclosed herein is based on 
use of two image pick-up devices of any 
suitable type such as video cameras or 
charge-coupled image plates. In the illustra-

125 tive embodiments, video cameras using elec-
tron beam readable image plates as pick-up 
devices are actually used. One camera is 
operative to obtain the image data for the 
image produced with a low x-ray tube peak 

130 kilovoltage (kVp) and the other is used to 
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obtain the data for the image produced with a 
higher kilovoltage on the x-ray tube. 

Systems are described for obtaining both 
static and dynamic images. Static images are 

5 those which can be obtained at a slow rate 
since only snapshots of the anatomy are re-
quired. In the described embodiments, prog-
ressive scanning and scrubbing of the image 
plate in the video pick-up device are used. 

10 Dynamic imaging refers to obtaining a se-
ries of x-ray exposures where high and low 
energy x-ray pulses are close to each other in 
time and are alternated at a high rate for an 
extended period of time, up to 2 0 seconds, 

15 for example, the result being a series of 
subtracted images recorded at regular video or 
TV rates for real-time visualization of organs in 
motion. In the illustrated embodiments, inter-
laced video scans are employed such as to 

2 0 obtain thirty frames per second or submul-
tiples thereof. 

The image obtained with an x-ray pulse at 
one energy level becomes the mask for the 
image obtained with an x-ray pulse at the 

25 other energy level. The x-ray pulses have 
short durations. The second pulse can begin 
as soon as the first one in a pair ends. Since 
there is substantially no temporal delay be-
tween images, the anatomy can be in rapid 

30 motion and yet ho loss of image registration 
will result. Analog and digital means are em-
ployed for developing weighted data for static 
or dynamic images, using two TV camera 
image pick-up means or other pick-up devices, 

35 as compared to the prior art practice of using 
a single pick-up device. 

The present invention will be further de-
scribed, by way of example only, with refer-
ence to the accompanying drawings, in 

4 0 which: 
Figure 7 is a functional block diagram of a 

two-channel static imaging system using digi-
tal subtraction methods and storage memo-
ries, 

4 5 Figure 2 is a timing diagram for describing 
the operation of the Fig. 1 system. 

Figure 3 is a functional block diagram of a 
two-channel digital subtraction system 
wherein the data are processed in digital form 

5 0 and no storage memories are used; 
Figure 4 is a timing diagram useful for 

explaining operation of the Fig. 3 system and, 
also the Fig. 5 system, in the static imaging 
mode; 

55 Figure 5 is a two-channel subtraction sys-
tem wherein the signals are processed in 
analog form; 

Figure 6 is a timing diagram useful for 
explaining operation of the Fig. 5 and Fig. 3 

6 0 systems when operating in the dynamic imag-
ing mode; 

Figure 7 is a block diagram of a digital 
processor used in the image subtraction sys-
tem; and 

65 Figure 8 is a block diagram of an analog 

processor which is used in the systems. 
The system in Fig. 1 uses two pick-up 

devices which, in this embodiment, are video 
or TV cameras 1 and 2 that are so labelled. 

70 The x-ray image is produced with an elec-
tronic image intensifier tube that has an input 
screen symbolized by the dashed line marked 
4. The body being subjected to an angiogra-
phic examination, for instance, is identified 

75 generally by the reference numeral 5. During 
examination, the body is disposed over the x-
ray tube 6 which is conventional in that is 
comprises an anode target 7, a cathode or 
fHament 8 and, in this particular example, a 

8 0 control grid 9. When the x-ray tube is ener-
gized, its beam is projected through body 5 to 
form a differentially attenuated x-ray image on 
the input screen 4 of image intensifier 3. The 
intensifier is conventional in that it converts 

85 the x-ray image to an electron image which is 
ultimately converted to a bright minified opti-
cal image on the output phosphor of the 
intensifier tube. The phosphor is symbolized 
by a dashed line marked 10. 

90 The x-ray tube power supply is represented 
by the block marked 11. It is understood to 
provide high kilovoltage between anode 7 and 
cathode 8 for making an x-ray exposure. In 
this case it is to be understood that the x-ray 

95 power supply is capable of providing a low 
kVp and correspondingly low photon energy 
short duration pulse followed by a higher kVp 
and correspondingly higher photon energy 
pulse. By way of example and not limitation, 

100 typical pulse durations might lie in the range 
of about 1 to 6 ms. For the purposes of the 
invention and to minimize loss of registration 
due to anatomical motion during an imaging 
sequence, the low and high energy x-ray 

105 pulses in a pair follow each other with sub-
stantially no time between them. A long se-
quence of pulse pairs may be used for real-
time imaging such as is employed when a 
moving organ is being viewed. The systems 

110 described herein are not restricted to having 
the low energy pulses preceed the high en-
ergy pulses. 

The control for causing the x-ray tube to 
emit low and high energy pulses is repre-

115 sented by the block marked 12 which is 
identified as a pulser. 

By way of example, when an iodine opaque 
medium is used for visualizing blood vessels 
by the subtraction method described herein, 

120 the low energy x-ray pulses have energy corre-
sponding to about 70 kVp being applied 
between the anode and cathode of the x-ray 
tube and the high energy pulses have energy 
corresponding to about 140 kVp being ap-

125 plied. The pulser modulates the x-ray tube 
voltage and current by applying various bias 
voltages to the grid 9 of the x-ray tube. A 
control which switches the high voltage circuit 
of the x-ray tube could also be used. 

130 In Fig. 1, an image splitter in the form of a 
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semitransparent mirror 15 is located in the 
optical path f rom output phosphor 10 of the 
image intensifier tube for directing images 
appearing on the phosphor toward video cam-

5 eras 1 and 2. Camera 1 is provided wi th a 
shuttering device that is symbolized by the 
perforated line marked 16. Any suitable fast 
shutter such as a servo-iris or rotat ing iris or 
shutter blade may be used. In an actual 

10 embodiment , a servo-shutter, wh ich is known 
to those famil iar w i th the photographic art, is 
used. The shutter is operated synchronously 
w i th occurence of the x-ray pulses and the 
shutter driver for shutter 16 and camera 1 is 

15 symbolized by the block marked 17. When a 
low energy x-ray pulse occurs, servo-shutter 
16 opens so that the image pick-up plate, not 
shown, in TV camera 1 wi l l develop a charge 
pattern corresponding to the image that is 

2 0 transmitted through image splitter 15 f rom 
the image intensifier. Max imum permissable 
opening of the camera irises is set at a point 
where no saturation of the image pick-up 
plate wi l l result f rom the brightest image 

25 which is intercepted by the camera. This func-
t ion is performed w i th an automatic gain 
control circuit represented by the block 
marked 20 . This is a closed-loop gain control 
whereby, typical ly, signals representative of 

3 0 the brightness of the image received by a 
camera are transmit ted by way of line 21 to 
the gain control and the gain control responds 
by providing a signal over line 2 2 wh ich 
causes shutter control 17 to adjust the iris in 

3 5 the proper direction for l imi t ing to a max imum 
permissible brightness. 

The other image pick-up device in the form 
of video camera 2 is similar to camera 1. 
Camera 2 is also provided wi th a servo-shutter 

4 0 18 and a driver 19. Camera 2 develops a 
charge pattern on its pick-up plate represent-
ing the image that results f rom the higher 
energy x-ray pulses. During a low energy x-ray 
pulse, shutter 16 for camera 1 is open and 

4 5 shutter 18 for camera 2 is closed. Conversely, 
dur ing existence of a high energy pulse, shut-
ter 18 for camera 2 is open and shutter 16 
for camera 1 is closed. 

Shutter operation, x-ray pulsing and image 
5 0 readout, that is, electron beam scanning of 

the image pick-up plate in the video camera 
and other operations in the system must be 
synchronized as is readily apparent. Synchron-
izing pulses may be obtained f rom either one 

55 of the cameras but to show their existence for 
the purpose of this discussion, they are indi-
cated to be provided by a separate source 
represented by the clock marked 2 3 and 
labelled w i th the words "Sync Clock. " 

6 0 In Fig. 1, the analog video waveform sig-
nals are taken f rom camera 1 by way of a 
cable 2 4 which is connected to an input of an 
amplif ier 25 . The video waveform output f rom 
camera 2 is taken f rom it by way of a cable 

65 2 6 which is connected to the input of another 

ampli f ier 27 . Ampli f iers 25 and 27 could be 
logari thmic amplif iers since logarithmic ampli-
f ication is required and can be done either 
before or after digit ization. For instance in 

7 0 digital processing, logari thmic ampli f icat ion 
could by done in a digital processor wh ich is 
part of the system and wi l l be discussed later. 

For static imaging, cameras 1 and 2 are 
preferably operated in the progressive scan 

75 mode rather than in an interlaced mode. 
Where only static or snapshot type images are 
being obtained at relatively infrequent inter-
vals much t ime is provided for the camera 
image pick-up means to be electronically 

8 0 scrubbed between x-ray pulses. For static 
imaging, high and low x-ray pulse durations in 
the range of 1 ms to 2 0 ms are contemplated. 
The frame rate is l imited by the sum of the x-
ray pulse, camera readout, and scrubbing 

8 5 t imes. As indicated earlier, this may impose a 
l imit of about 10 frames per second. 

In Fig. 1, the video analog waveforms re-
sult ing f rom readout of the cameras are input 
to a mult iplexer (MUX) represented by the 

9 0 block marked 28 . The mult iplexer is synchro-
nously switched to deliver the analog signals 
f rom alternate cameras to an analog-to-digital 
( A / D ) converter represented by the block 
marked 29 . It converts the video analog wa-

9 5 veform for each horizontal scan line f rom the 
camera pick-up means to corresponding digi-
tal values that represent image element or 
pixel intensities. The conv.erter 2 9 outputs its 
digital pixel signals to a mult iplexer repre-

1 0 0 sented by the block marked 30 . This mult i-
plexer switches the signals read out of one 
camera to a first memory or storage device 31 
and switches the signals f rom the other cam-
era to a second memory 32 . Thus, memory 

1 0 5 31 in channel 1 stores a new picture element 
matrix for each low energy x-ray pulse and the 
second memory 3 2 in channel 2 stores a new 
picture element matrix each t ime a high en-
ergy x-ray pulse occurs. The mult iplexers are, 

1 1 0 of course, switched synchronously w i th the 
exposure intervals of the cameras and, as has 
been impl ied, the A / D converter 2 9 is t ime-
shared. In any event, short ly after a pair of 
low and high energy x-ray pulses occur, digi-

115 tal data corresponding w i th their respective 
images is stored in first and second memories 
31 and 32 . 

In the Fig. 1 embodiment , a suitable digital 
processor represented by the block marked 33 

1 2 0 is used to combine the weighted data repre-
sentative of the low energy image in the first 
memory 31 w i th the weighted data for the 
high energy image in the second memory 32 . 
The digital processor operates synchronously 

1 2 5 to w i thdraw the image data when they are 
available and performs a combinat ion, such as 
a weighted subtraction, of the geometrical ly 
corresponding picture element signals in one 
memory f rom the other to yield a matrix of 

1 3 0 digital pixel data representative of the sub-



tracted images. A more detailed description of 
the digital processor 33 will be presented 
soon. For the moment it is sufficient to recog-
nize that data from digital processor 33 may 

5 be extracted in digital form for storage in a 
digital disk or tape device provided the device 
can accept data at video rates. 

A second option for digital storage uses a 
computer, represented by the block marked 

10 34. If the computer chosen operates rather 
slowly, such as a minicomputer, compared to 
some more expensive and faster computers 
that are currently available, it may be limited 
to reading out memories 31 and 32 at rela-

15 tively slow rates for additional processing or 
storage on digital disk or tape devices, not 
shown, by way of data bus 54. Data thus 
processed could also be placed back in one of 
the memories at a slow rate and subsequently 

20 read out by digital processor 33 at video rates 
for digitai-to-analog conversion and analog 
display. 

If a more sophisticated computer 34 is 
chosen that is sufficiently fast to process data 

25 at video rates as the digital processor does, 
then the computer can be used for additional 
processing such as smoothing, for example, at 
video rates. In this case, the digital data at 
video rates from the digital processor can be 

30 supplied to computer 34 by way of a video 
rate data bus 52 for additional processing. 
The processed data can then be sent by way 
of video rate bus 53 to the D/A converter 35 
for conversion to analog video signals for 

35 storage or display. Use of any computer 34 
should be understood to be optional. Having a 
computer in the system, besides performing 
the functions just discussed, makes it avail-
able for performing various control functions 

40 which can be advantageous. 
The digital data within the processor 33, 

representative of the weighted subtracted im-
ages, are directed through a digital-to-analog 
converter 35 to produce analog waveforms 

45 which may then be displayed on the symboli-
cally representative cathode ray tube 36 of a 
video monitor. The analog video waveforms 
may also be recorded on a video disk recorder 
37 or a video tape recorder 38. 

50 Components within a typical digital proces-
sor 33 for the Fig. 1 embodiment are shown 
in Fig. 7. The processor consists of three 
input channels Ch1, Ch2, and Ch3 normally 
associated with the two memories and the 

55 A / D converter 29 shown in Fig. 1. Each 
channel includes a digital look-up table (LUT) 
39 and 40, respectively, and digital lultipli-
ers (MULT) 41 and 42. Multipliers 41 and 42 
have additional inputs marked K1 and K2, 

60 respectively, for inputting selected constant 
factors for modifying or weighting the digital 
signals as required. Thus, subtracted images 
are not produced by simple subtraction, but 
by weighted linear combination of images 

65 from two energies that is K,I,-K2I2. Usually K 

will be a factor other than one. If it is one the 
image data, I, is still considered as being 
weighted in the context of this description and 
in the patent claims. In Fig. 7, weighted data 

70 from the two channels are combined, for 
example, subtracted in an arithmetic logic unit 
(ALU) 43 and subsequently modified in a 
third LUT 44 prior to being directed through a 
multiplexer 45 to a digital signal output port 

75 by way of a bus 46 or to a D/A converter, 
not shown, by way of a bus 47. All of the 
components within the digital processor are 
capable of operating at video rates so that 
data may be transmitted through the proces-

80 sor at at least thirty frames per second. 
In order to maintain a constant signal level 

in the subtracted image of a particular x-ray 
opaque medium containing blood vessel, for 
example, through regions of changing anat-

85 omy, it is necessary that the subtraction be 
performed on the logarithms of the low and 
high energy image data. As indicated earlier, 
this can be accomplished either prior to digiti-
zation using analog logarithmic amplifiers 25 

90 and 27 in Fig. 1 or it can be done after 
digitization using an LUT loaded with a loga-
rithmic transformatiort function. The input 
LUTs 39 and 40 in the digital processor 
provide this capability. The multipliers 41 and 

95 42 in the digital processor of Fig. 7 provide 
the means to perform a weighted subtraction 
between the low and high energy image data. 
The LUT following ALU 43 enables the differ-
ence or combined image data to be amplified 

100 to fill the dynamic range of the D/A converter 
35 in Fig. 1 in order to minimize the impact 
of video electronic noise on the final analog 
image. 

In Fig. 1, a system controller represented 
105 by the block marked 50 may be used to keep 

the various electronic components in the 
proper functional sequence. Typically, se-
quencing signals may be delivered over a bus 
51 to the various components. 

110 The timing sequence for producing the sub-
tracted images with the Fig. 1 static imaging 
system is shown in Fig. 2. As can be seen, 
first a low energy x-ray pulse occurs during 
the interval in which shutter 16 is open. This 

115 charges the image pick-up plate of camera 1. 
At this time, the shutter to camera 2 in 
channel 2 is closed. When the low energy x-
ray pulse and shutter opening of channel 1 is 
terminated, camera 1 is synchronized to begin 

120 its video scan readout in the progressive scan 
mode during the interval marked video scan 
on the channel 1 timing diagram in Fig. 2. 
During this time, the digitized scan data is 
being delivered to first memory 31 in Fig. 1. 

125 When the video scan after the progressive 
video scan or readout of camera 1 is com-
pleted, the image plate of this camera is 
scrubbed or charge equalized for the interval 
indicated in the channel 1 timing diagram. As 

130 can be seen in the channel 2 timing diagram. 
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dur ing the t ime that camera 1 is being 
scanned fo l lowing a low energy x-ray pulse, 
the second or high energy x-ray pulse in a 
pair occurs whi le the shutter for camera 2 is 

5 open. As shown, as soon as the shutter for 
camera 2 is closed, its progressive video scan 
begins and this is fo l lowed by a scrubbing 
interval. During the respective progressive 
scans, the data derived therefrom is mult i-

10 plexed alternately to memories 31 and 32 in 
Fig. 1. It should be apparent that the high 
energy x-ray pulse in channel 2 can occur at 
any t ime after the channel 1 pulse is termi-
nated and shutter 2 opened. Progressive scan 

15 is permissable and desirable in static imaging 
since this is essentially a snapshot process. 

It should now be evident that w i th the two 
pick-up means system herein disclosed, an 
important result has been achieved, namely, 

2 0 that the t ime interval between the high and 
low energy x-ray pulses is now l imited only by 
the x-ray tube high voltage switching rate and 
the shutter speed and that the t ime interval is 
substantially independent of the charactersis-

25 tics of the cameras or pick-up devices. 
Those skilled in the art wi l l recognize that 

the synchronously switching A / D converter 
represented by the components M U X 28 , 
A / D converter 2 9 and M U X 3 0 in the Fig. 1 

3 0 embodiment could be replaced by two sepa-
rate A / D converters for del ivering the data for 
the low and high x-ray energy images f rom 
amplif iers 25 and 2 7 to the respective first 
and second memories 31 and 32 . 

3 5 The Fig. 1 system is meritorious in that it 
provides for complete versati l i ty as far as x-ray 
pulse widths, pulse intervals, and video scann-
ing t imes are concerned. By way of example, 
scanning o f a 5 1 2 x 5 1 2 pixel matrix can be 

4 0 performed in 1 / 3 0 t h of a second or a 
1 0 2 4 X 1 0 2 4 matrix can be scanned in 
1 / 7 . 5 of a second using the same digit ization 
rate. It should be noted however, that the Fig. 
1 two pick-up device system requires a sub-

4 5 stantial amount of memory capacity and is 
most appropriate for making static type im-
ages. 

A dual channel and dual pick-up device x-
ray image subtraction system which does not 

5 0 require use of large capacity individual dedi-
cated memories or storage devices is depicted 
in Fig. 3. In this embodiment , parts which are 
similar to those in the Fig. 1 embodiment are 
given the same reference numerals. Since 

55 everything is the same up to the outputs of 
amplif iers 2 5 and 2 7 in Fig. 1, the compo-
nents preceeding the amplif iers need not be 
described again. By using different t im ing 
schemes the Fig. 3 system is adaptable to 

6 0 static and dynamic imaging as wi l l be dis-
cussed later. 

In the Fig. 3 embodiment , the target or 
image pick-up plate of one of the cameras 1 
or 2 at a t ime is used as a storage device. 

65 This permits el iminat ion of memories 31 and 

3 2 which were used in the Fig. 1 embodi-
ment. In addit ion, two separate A / D conver-
ters 6 0 and 61 are used to deliver the low 
and high energy x-ray energy data directly to 

7 0 the input ports of the digital processor 33 . 
The funct ions and architecture for the digital 
processor are identical to the processor in 
Figs. 1 and 7, as are the remainder of the 
components in the Fig. 3 embodiment so they 

75 wi l l not be described again. The t iming dia-
gram for the Fig. 3 system, when it is oper-
ated in the static imaging mode, is depicted in 
Fig. 4 . As can be seen in respect to channel 
1, after the low energy x-ray pulse is com-

8 0 pleted and the shutter for camera 1 is closed, 
the pick-up device in camera 1 remains 
blanked unti l the next high energy x-ray pulse 
is terminated and a charge image is accumu-
lated on the plate or pick-up device in camera 

8 5 2 as a result of its shutter being open whi le 
the high energy x-ray pulse is delivered. Now 
there are charge patterns representative of x-
ray images stored on the image plates of each 
of the cameras. Then as can be seen in the 

9 0 Fig. 4 t im ing diagram, both cameras 1 and 2 
are scanned or read out simultaneously in the 
progressive scan mode so the data for the 
high and low energy x-ray images is available 
at the same t ime. The video signals in the two 

9 5 channels are fed simultaneously through 
buses 2 4 and 2 6 to amplif iers 2 5 and 2 7 , 
respectively, after wh ich they are input to the 
respective A / D converters 6 0 and 6 1 . The 
digital pixel signals output f rom converters 6 0 

1 0 0 and 6 1 are input to digital processor 3 3 
where they are weighted and combined or 
subtracted or otherwise processed as previ-
ously described. 

The resulting subtracted image is then avail-
105 able in digital fo rm on a bus 4 6 for digital 

storage on digital tape or disk. Digital pixel 
data output f rom processor 33 is also sent 
through D / A converter 35 for conversion to 
analog form for displaying on the cathode ray 

1 1 0 tube 3 6 of a video monitor or for recording in 
video disk recorder 3 7 or video tape recorder 
38 . 

As wi l l be discussed later, the Fig. 3 em-
bodiment can also be used for dynamic or 

115 mot ion imaging provided the t im ing of events 
is in accordance w i th Fig. 6 as wi l l also be 
discussed later. 

Fig. 5 shows another embodiment of the 
dual pick-up decice concept wh ich uses an-

1 2 0 alog signal processing methods and analog 
signal subtraction as compared w i th the Figs. 
1 and 3 embodiments wh ich use digital proc-
essing. In Fig. 5, parts which are similar to 
those in Figs. 1 and 3 are given the same 

125 reference numerals. In Fig. 5, the analog 
video signals result ing f rom scanning the im-
age pick-up plate of camera 1 for the low 
energy x-ray pulse images are fed by way of a 
cable 2 4 to an analog processor wh ich is 

1 3 0 represented by a block that is so labelled and 
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marked with the reference numeral 65. Simi-
larly, the analog video signals resulting from 
scanning the image pick-up plate of camera 2 
are supplied by way of cable 26 to analog 

5 processor 64. This processor, which is shown 
schematically but in more detail in Fig. 8, has 
the capability for weighting and otherwise 
modifying the signals representative of the 
picture elements in the low and high x-ray 

10 energy view and for subtracting these signals 
to provide an analog video output signal 
which is representative of the subtraction im-
age. In Fig. 8, analog processor 65 receives 
the raw video signals from the respective 

15 cameras in channels 1 and 2 and performs 
the following functions on each channel. In 
components 66 and 67 the respective incom-
ing video signals are first offset and clamped. 
The respective analog signals are then cou-

20 pled through buffer amplifiers 68 and 69 to 
the inputs of logarithmic or variable gamma 
amplifiers 70 and 71 where the signals are 
amplified logarithmically with offset and gain 
adjustment flexibility being provided for 

25 weighting. Buffer amplifiers 68 and 69 are 
operational amplifiers which have high input 
impedence and low output impedence for 
matching the input impedances of amplifiers 
70 and 71 to the source impedance of the 

30 video signals. The signals in both channels 
are then fed to a differential amplifier 72 
where in-phase video signals for the high and 
low energy x-ray images are combined or 
subtracted. A buffer operational amplifier 73 

35 is used to match the subtraction video signals 
with the video output load represented by the 
coaxial cable 74. The analog video signals 
output cable is similarly identified by the 
numeral 74 in Fig. 5. Analog processor 65 

40 also provides the composite sync signals for 
displaying the image resulting from subtrac-
tion on a cathode ray tube or TV monitor 36. 
The analog data representative of the subtrac-
tion images may also be recorded on video 

45 disk in the recorder represented by the block 
labelled VDR and 37 or on video tape in the 
recorder represented by the block labelled 
VTR and marked 38. 

The timing diagram for the Fig. 5 system 
50 when it is operated in the static imaging mode 

is the same as is depicted in Fig. 4 which has 
already been described in connection with 
discussing the Fig. 3 embodiment and its 
operation in the static imaging mode. 

55 The systems depicted in Figs. 3 and 5 are 
also adapted for dynamic imaging. Timing for 
dynamic imaging will be discussed later in 
reference to Fig. 6. As implied earlier, dy-
namic imaging involves real-time display of 

60 events as they are occuring in the body being 
radiographed. In other words, motion studies 
can be made. Real-time, in connection with 
angiography, implies that the course of the x-
ray opaque medium in the blood vessel is 

65 being observed continuously over a substan-

tial interval such as twenty seconds or more. 
This requires developing data for a subtracted 
image at video rates which enable display on 
a standard video or TV monitor or recording 

70 on video disk or video tape for subsequent 
display. A real-time subtraction system re-
quires both image pick-up devices to be 
scanned continuously according to the stan-
dard video rate which has 60 Hz interlaced 

75 fields if the power line frequency is 60 Hz for 
instance. The Fig. 3 embodiment, wherein 
digital processing is used, and the Fig. 5 
embodiment, wherein analog processing is 
used, are operable in real-time mode in accor-

80 dance with the timing diagrams depicted in 
Fig. 6. 

Referring to Fig. 6, the x-ray tube kVp is 
switched at twice the power line frequency 
such as at a 120 Hz rate for producing 

85 subtracted images that can be displayed in 
real-time. The time between any clock pulse 
such as the one marked 80 and the next one 
marked 81 is 1 /120th of a second in this 
example. Upon occurrence of the first clock 

90 pulse in the series, the low energy x-ray pulse, 
indicated by the dashed line marked 82, 
occurs. At this time the shutter 16 for camera 
1 is open as indicated by the solid waveform 
83. By the time the next clock pulse 81 

95 occurs, the shutter for camera 1 is closed and 
readout or video scan of the image plate in 
camera 1 begins, as indicated by the timing 
waveform 84 in Fig. 6. The shutters or irises 
for the two cameras are closed and opened at 

100 the same rate to allow selective irradiation of 
the proper image pick-up plate but, of course, 
they are opened and closed alternatively. The 
interval between clock pulses 80 and 81 in 
Fig. 6, for example, constitutes a delay period 

105 before video scanning of the camera 1 pick-up 
plate begins. In other words, camera 1 re-
mains blanked during this period so the image 
plate in this camera serves as a temporary 
image storage element. When the next clock 

110 pulse 81 in a pair of successive clock pulses, 
such as the succession beginning with pulse 
80, occurs, the high energy x-ray pulse 85 
occuris at which time shutter for camera 2 is 
open for a short interval exceeding the dura-

115 tion of the x-ray pulse as indicated by the 
solid line timing waveform 86. Simultane-
ously with initiation of a high energy x-ray 
pulse 85, scan or readout of the image plate 
in camera 2 begins as indicated by the timing 

120 waveform 87 in the lowermost of the timing 
diagrams in Fig. 6. As can be seen, the two 
image pick-up plates of the cameras are read 
out or scanned in phase so that a pair of 
1 /60 th of a second fields, due to the respec-

125 tive low and high energy x-ray pulses are 
available from the cameras. Each field dura-
tion corresponds to the interval of two clock 
pulses which is equivalent to 1 /60th of a 
second or, for example, the time between 

130 clock pulses 81 and 88 in the clock pulse 
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timing diagram. The next pair of pulses pro-
duces another pair of fields and they are 
scanned for being interlaced with the preced-
ing respective fields. The data for the respec-

5 tive fields is sent through amplifiers 25 and 
27, respectively, and to the digital processor 
33 in the Fig. 3 embodiment or analog proc-
essor 65 in the Fig. 5 embodiment, as the 
case may be, wherein the data for the fields is 

10 weighted and subtracted and converted to a 
signal form for driving the CRT display to 
present the subtracted images as explained 
earlier. Then, as can be seen in the Fig. 6 
timing diagran, a succession of low and high 

15 energy x-ray pulses continues to occur and for 
each pair of pulses there is a 1 /60th of a 
second in-phase scan by each camera image 
pick-up plate to produce another pair of high 
and low energy fields which are subtracted in 

20 the processor and converted to a form for 
presentation as a single frame by the CRT, for 
example. The processors 33 and 65 in the 
respective Fig. 3 and 5 embodiments provide 
the composite video timing signals for control-

25 ling the video monitor CRT and the video disk 
and video tape recorders VDR and VTR in a 
conventional manner for display or recording 
of the subtraction images as interlaced fields 
of which a pair constitutes a video frame. The 

30 processors may contain or have affiliated with 
then digital memories, not shown, for ena-
bling frame integration and various signal 
modifications such as noise reduction and 
gray scale adjustment as was discussed ear-

35 lier. 

In summary, systems have been described 
for producing x-ray images represented by 
data that are weighted and subtracted to 
deemphasize anatomy that would otherwise 

40 obscure the anatomy of primary interest. The 
systems facilitate vascular studies since they 
provide improved contrast subtraction images 
when the x-ray opaque medium in the blood 
bessels is very dilute. This means that the 

45 medium can be injected into a vein remote 
from the site of interest and less of the 
medium than was formerly required needs to 
be used. The systems are also useful for 
obtaining subtraction images which enable 

50 differentiation of soft tissues that have little 
difference in their x-ray attenuation properties. 
The systems are based on use of two image 
pick-up devices in combination with a dual 
energy x-ray pulse source. In the illustrated 

55 system, two TV pick-up cameras are used in 
conjijinction with an alternating kilovoltage 
generator to produce contrast-enhanced sub-
traction images that are free from motion 
artifacts. Limitations on image quality imposed 

60 by the characteristics of the video camera 
which prevail in prior art systems, wherein 
only one camera is used, are markedly miti-
gated. Static and dynamic or real-time images 
are obtainable. 

CLAIMS 
1. A method of producing data representa-

tive of an image resulting from combining of 
x-ray images comprising: 

70 projecting from an x-ray source through a 
subject alternate x-ray beam pulses that have 
different energies to produce successive x-ray 
images, 

converting said x-ray images in coincidence 
75 with their occurrence to corresponding optical 

images, 
receiving and storing information corre-

sponding to one x-ray beam energy and re-
ceiving and storing in sequence the optical 

80 image corresponding to the other x-ray beam 
energy, 

weighting the information corresponding to 
the respective low and high energy images 
and combining the weighted information to 

85 yield information representative of the differ-
ence between the images. 

2. A method of producing data representa-
tive of an image resulting from combining of 
x-ray images as claimed in claim 1, compris-

90 ing: 
—projecting from an x-ray source through 

a subject alternate x-ray beam pulses that 
have different energies to produce successive 
x-ray images, 

95 —converting said x-ray images in coinci-
dence with their occurrence to corresponding 
optical images, 

—providing a first video camera means 
having image pick-up means for receiving the 

100 optical image corresponding to the one energy 
x-ray beam energy and a second video camera 
means having image pick-up means for receiv-
ing the optical image corresponding to the 
other energy x-ray beam energy, said pick up 

105 means each responding to being scanned by 
producing analog video signals representative 
of the images, respectively, 

—converting the analog video signals from 
the respective pick-up means to digital data 

110 corresponding to the respective images pro-
duced at the one and the other x-ray energies, 

—storing the digital data corresponding to 
the image at one x-ray energy at least until 
the digital data corresponding to the other x-

115 ray energy are obtained, and 
—weighting the digital data representative 

of the respective images and combining the 
weighted digital data representative of the 
image at one energy with the data representa-

120 tive of the image at the other energy to yield 
digital data representative of the difference 
between the successive images. 

3. A method as claimed in claim 2, 
wherein each of said image pick-up means are 

125 scanned in the progressive mode to produce 
the analog video signals representative of the 
respective images. 

4. A method as claimed in claim 2 or 
claim 3, including converting said digital data 

130 representative of the difference between im-
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ages to analog video signals and supplying 
them to an analog storage device and to a 
television monitor which responds to said sig-
nals by displaying a visible difference image. 

5 5. A method as claimed in claim 1, com-
prising providing a shutter in the optical path 
to each image pick-up means and opening 
one shutter to pass the image corresponding 
to the one energy x-ray beam while the other 

10 shutter is closed and opening said other shut-
ter to pass the image corresponding to the 
other energy x-ray beam while said one shut-
ter is closed, controlling the x-ray source to 
produce the one and the other energy x-ray 

15 beam pulses while the shutters for passing 
their corresponding images are open, scann-
ing one of the image pick up means for a 
period after the one shutter is closed and 
during a part of which period the other shutter 

20 is open, then scanning the other of the image 
pick-up means for a period after its shutter is 
closed, and then scrubbing each image pick-
up means for a period before occurrence of 
the next x-ray pulse. 

25 6. A method as claimed in claim 5, 
wherein the image pick-up means are scanned 
in the progressive scan mode. 

7. A method as claimed in claim 5 or 
claim 6, wherein the total time used for the x-

30 ray pulses, the scanning periods and the 
scrubbing periods is such that a maximum of 
10 difference images per second can be pro-
duced. 

8. A method as claimed in any one of 
35 claims 2 to 7, comprising providing a first 

image pick-up means for receiving the optical 
image corresponding to one x-ray beam en-
ergy and a second image pick-up means for 
receiving in sequence the optical image corre-

40 sponding to the other x-ray beam energy, said 
image pick-up means responding to being 
scanned by producing analog video signals 
representative of the respective images, 

—permitting the first pick-up means to 
45 store the image corresponding to one x-ray 

beam energy until the other pick-up means 
has received the image corresponding to the 
other x-ray bean energy and then scanning 
both pick-up means simultaneously to produce 

50 said analog video signals separately, 
—converting the separate analog video sig-

nals simultaneously to digital data representa-
tive of the images produced with the one and 
the other x-ray energies, respectively. 

55 9. A method as claimed in claim 8, in-
cluding controlling the x-ray source to produce 
the one and the other energy x-ray pulses in 
successive pairs while the shutters are opened 
in succession, said scanning of the pick-up 

60 means occurring after both pulses in a pair 
occur, and scrubbing each pick-up means 
after it has been scanned and before the next 
x-ray pulse in a pair occurs. 

10. A method as claimed in claim 8, for 
65 dynamic imaging including producing a series 

of clock pulses at a rate equal to twice power 
line frequency or any even multiple thereof, 
providing a shutter in the optical path to one 
and the other image pick-up means, opening 

70 and closing one shutter in substantial coinci-
dence with occurrence of one clock pulse in 
the series and providing the x-ray pulse at one 
energy while said one shutter is open and 
before the next clock pulse in the series 

75 occurs, for the pick-up means to store the 
corresponding image as aforesaid, opening 
and closing the other shutter in substantial 
coincidence with occurrence of the next clock 
pulse in the series and providing the x-ray 

80 pulse at the other energy while said other 
shutter is open and before another one of the 
said clock pulses occurs, and initiating concur-
rent scanning of both pick-up means in sub-
stantial coincidence with occurrence of said 

85 next clock pulse to produce said analog video 
signals. 

11. A method as claimed in claim 10, 
wherein the clock pulse rate is 120 pulses per 
second and each of said pick-up means are 

90 scanned in substantially one sixtieth of a sec-
ond and the successive scans for each pick-up 
means are interlaced such that difference im-
ages are produced at a rate of 30 frames per 
second. 

95 12. A method of producing data represen-
tative of an image resulting from combining of 
x-ray images as claimed in claim 1, compris-
ing projecting from an x-ray source through a 
subject alternate x-ray beam pulses that have 

100 different energies to produce successive x-ray 
images, converting said x-ray images in coin-
cidence with their occurrence to correspond-
ing optical images, providing a first image 
pick-up means for receiving the optical image 

105 corresponding to one x-ray beam energy and 
a second image pick-up means for receiving in 
sequence the optical image corresponding to 
the other x-ray beam energy, said pick-up 
means responding to being scanned by pro-

110 ducing analog video signals representative of 
the respective images, permitting the first 
pick-up means to store the image correspond-
ing to one x-ray beam energy until the other 
pick-up means has received the image corre-

115 sponding to the other x-ray beam energy and 
then scanning both pick-up means simultane-
ously to produce said analog video signals 
separately, and weighting the analog video 
signals corresponding to the respective low 

120 and high energy images and combining the 
weighted signals to yield analog signals repre-
sentative of the difference between the im-
ages. 

13. A method as claimed in claim 12, 
125 comprising providing a shutter in the optical 

path to each image pick-up means and alter-
nately opening one shutter to pass the image 
corresponding to the one energy x-ray while 
the other shutter is closed and opening said 

130 other shutter to pass the image corresponding 
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to the other energy x-ray pulse while said one 
shutter is closed, and controlling the x-ray 
source to produce the one and the other 
energy x-ray pulses in successive pairs while 

5 the shutters are opened alternately, said 
scanning of the pick-up means occurring after 
both pulses in a pair occur, and scrubbing 
each pick-up means after it has been scanned 
and before the. next x-ray pulse in a pair 

10 occurs. 
14. A method as claimed in claim 12 or 

claim 13, wherein the pick-up means are 
scanned in the progressive scan mode. 

15. A method as claimed in any one of 
15 claims 11 to 13, wherein the maximum num-

ber of difference images produced is 10 per 
second. 

16. A method as claimed in claim 12, 
including producing a series of clock pulses at 

20. a rate equal to an even multiple of power line 
frequency, providing a shutter in the optical 
path to one and the other image pick-up 
means, opening and closing one shutter in 
substantial coincidence with occurrence of one 

25 clock pulse in the series and providing the x-
ray pulse at one energy while said one shutter 
is open and before the next clock pulse in the 
series occurs, for the one pick-up means to 
store the corresponding image as aforesaid, 

30 opening and closing the other shutter is sub-
stantial coincidence with occurrence of the 
next clock pulse in the series and providing 
the x-ray pulse at the other energy for said 
other pick-up means to receive an image while 

35 said other shutter is open and before another 
one of said clock pulses occurs, and initiating 
concurrent scanning of both pick-up means in 
substantial coincidence with occurrence of 
said next clock pulse to produce said analog 

40 video signals. 
17. A method as claimed in claim 16 

wherein the power line frequency is 60Hz and 
the clock pulse rate is 120 pulses per second 
and each of said pick-up means are scanned 

45 in substantially one-sixtieth of a second. 
18. Diagnostic x-ray apparatus including 

an x-ray source, means operative to control 
said x-ray source to emit successive pairs of x-
ray beam pulses, the pulses in a pair having 

50 different energies, said beams being projected 
through a body under examination to produce 
successive pairs of different energy x-ray im-
ages of a portion of said body through which 
said beams project, means for converting said 

55 x-ray images to corresponding optical images, 
having means for combining one image in a 
pair with the other comprising: first and sec-
ond optical image pick-up means arranged for 
one of said pick-up means to receive optical 

60 images corresponding to high energy x-ray 
pulses and the other of said pick-up means to 
receive images corresponding to lower energy 
x-ray pulses, said pick up means each being 
operative to convert said received images to 

65 analog video output signals representative of 

the different energy images, respectively, and 
signal processing means including means for 
weighting the signals representative of the 
respective low and high energy images and 

70 combining the signals corresponding to the 
signals representative of the image made at 
one x-ray energy with the signals representa-
tive of the next image made at the other x-ray 
energy to thereby provide signals representa-

75 tive of the weighted difference between said 
images in a pair. 

19. Apparatus as claimed in claim 18 
including shutter means interposed in each of 
the optical paths between said image concert-

80 ing means and the pick-up means, respec-
tively and means for operating said shutter 
means synchronously with occurrence of the 
x-ray pulses for said first pick-up means to 
receive the optical image corresponding to 

85 one energy x-ray pulse in a pair while said 
second pick-up means is blocked, and for said 
second pick-up means to receive the optical 
image corresponding to the other energy x-ray 
pulse in a pair while said first pick-up means 

90 is blocked. 
20. Apparatus as claimed in any one of 

claims 18 or 19, having analog-to-digital con-
verter means for converting the successive 
video signals from the respective pick-up 

95 means to digital data representative of the 
picture elements comprising the images pro-
duced with the respective different energy x-
ray pulses, first and secon.d memory means 
and means for directing the digital data repre-

100 sentative of an image in a pair corresponding 
to one x-ray energy to one of said memory 
means and the digital data representative of 
the image corresponding to the other x-ray 
energy to the other of said memory means, 

105 said signal processing means comprising digi-
tal data processor means having input means 
for receiving the digital data from the memo-
ries and having output means for the digital 
data representative of the image resulting 

110 from subtraction. 
21. Apparatus as claimed in any of claims 

18 to 20 wherein the analog video signals 
from each image pick-up means in the prog-
ressive scan mode. 

115 22. Apparatus as claimed in claim 20, 
including multiplexer means having input and 
output means, the input means being coupled 
to the pick-up means for receiving the analog 
video signals representative of the different x-

120 ray energy images in sequence, the output 
means being coupled to said analog-to-digital 
converter means, said multiplexer means be-
ing operative to provide the image representa-
tive analog signals sequentially to said conver-

125 ter means, said means for directing the digital 
data including another multiplexer means hav-
ing input means coupled to said converter 
means and output means coupled to said 
memory means. 

130 23. Diagnostic x-ray apparatus including 
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an x-ray source, means operative to control 
said source to emit successive pairs of x-ray 
beam pulses, alternate pulses in a pair having 
different energies, said beams being projected 

5 through a body under examination to produce 
successive pairs of different energy x-ray im-
ages, means for converting said x-ray images 
to optical images, having means for combin-
ing one image in a pair with another, compris-

10 ing: 
first and second image pick up means for 

respectively receiving the optical images corre-
sponding to the different energy images in a 
pair, each of said pick-up means being opera-

15 ble in a scanning mode that results in produc-
ing analog video signals representative of the 
image it has last received, 

shutter means disposed in each of the paths 
from the image converting means to the re-

20 spective pick-up means, 
means for actuating said shutter means in a 

time relationship such that the second pick-up 
means is prevented from receiving the image 
corresponding to one x-ray energy while the 

25 first pick-up means received and the first pick-
up means is prevented from receiving the 
image corresponding to the other x-ray energy 
while the second pick-up means receives it, 
and while said first pick-up means still stores 

30 its image," 
means for initiating scanning of said first 

and second pick-up means concurrently for 
said producing of the analog signals represen-
tative of the respective different energy im-

35 ages, 
first and second analog-to-digital converter 

means for respectively converting the analog 
video signals representative of the different 
energy images to corresponding digital data, 

40 ' digital processor means coupled to the re-
spective analog-to-digital converter means and 
being operative to weight the digital data 
representative of each image and to combine 
the weighted digital data corresponding to the 

45 image produced at one x-ray energy with the 
weighted data corresponding to the image 
produced at the other x-ray energy to yield 
digital data representative of the difference 
between said images in a pair. 

5 0 24. The apparatus as claimed in claim 23, 
characterised by a digital-to-analog converter 
for converting the yielded digital data to an-
alog video signals. 

25. Diagnostic x-ray apparatus including 
55 an x-ray source, means operative to control 

said source to emit successive parts of x-ray 
beam pulses, alternate pulses in a pair having 
different energies said beams being projected 
through a body under examination to produce 

60 successive pairs of different energy x-ray im-
ages, means for converting said x-ray images 
to optical images, having means for combin-
ing one image in a pair with the other, 
comprising: 

65 first and second image pick-up means for 

respectively receiving the optical images corre-
sponding to the different energy images in a 
pair, each of said pick-up means being opera-
ble in a scanning mode that results in produc-

70 ing analog video signals representative of the 
image it has last received, 

shutter means disposed in each of the opti-
cal paths from the image converting means to 
the respective pick-up means, 

75 means for actuating said shutter means in a 
time relationship such that the second pick-up 
means is prevented from receiving the image 
corresponding to one x-ray energy while the 
first pick-up means receives it and the first 

80 pick-up means is prevented from receiving the 
image corresponding to the other x-ray energy 
while the second pick-up means receives it, 
and while said first pick-up means still stores 
its image, 

85 means for intiating scanning of said first 
and second pick-up means concurrently for 
said producing of the analog video signals 
representative of the respective different en-
ergy images, and 

90 analog processor means for weighting the 
analog signals representative of the respective 
different energy images and combining the 
weighted analog signals corresponding to the 
image obtained with one x-ray energy with the 

95 weighted analog video signals corresponding 
to the image obtained at the other x-ray 
energy to thereby yield analog signals repre-
sentative of the difference between the im-
ages. 

100 26. Apparatus as claimed in claims 23 or 
25 wherein the pick-up means are scanned in 
the progressive scan mode. 

27. Apparatus as claimed in claims 23 or 
25 wherein the apparatus is adapted for dy-

105 namic imaging wherein said pick-up means 
are scanned in the interlaced mode. 

28. The apparatus as claimed in claim 26, 
wherein after each of said pick-up means are 
scanned concurrently each of said cameras 

110 are scrubbed before another x-ray pulse oc-
curs. 

29. Apparatus as claimed in claims 23 or 
25, having means for producing a series of 
clock pulses at a rate that corresponds to an 

115 even multiple of power line frequency, occur-
rence of one in the series of clock pulses 
corresponding to opening and closing of the 
shutter for one pick-up means and to produc-
tion of an x-ray pulse having the other energy 

120 while said shutter is open, and said occur-
rence of said next pulse corresponding sub-
stantially to initiating sumultaneous scanning 
of both pick-up means. 

30. Apparatus as claimed in claims 23 or 
125 25 wherein the power line frequency is 60Hz 

and said clock pulse rate is 120 Hz and the 
simultaneous scanning occurs in one-sixtieth 
of a second. 

31. Apparatus for producing data result-
130 ing from the combination of x-ray images 
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substantially as hereinbefore described w i th 
reference to and as il lustrated in the accompa-
nying drawing. 

32 . A method of producing data resulting 
5 f rom the combinat ion of x-ray images as 

claimed in claim 1, substantially as hereinbe-
fore described w i th reference to and as illus-
trated in the accompanying drawings. 
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