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[57] ABSTRACT 

A method of ?uoroscopically observing a living creature 
with reduced x-ray dosage is usable with a video monitor for 
displaying frames of image samples received during respec 
tive ones of frame scan intervals that regularly and succes 
sively occur at a display frame rate sufficiently high that 
brightness ?icker is acceptably low to a human observer; an 
x-ray source that can be gated on for intervals not as long as 
a display frame; a ?uoroscopic camera, including a raster 
scanning video camera and a x-ray-to-light conversion appa 
ratus with persistence not appreciably longer than a display 
frame; and frame ?lling apparatus for grabbing frames of 
image samples and interpolating between successively 
grabbed frames of image samples, when necessary, to gen 
erate frames of image samples at said display frame rate. 
During ones of said successive frame scan intervals, x-ray 
radiation is directed from the gated x-ray source through the 
living creature; the x-ray shadow of at least a portion of the 
living creature is viewed with the ?uoroscopic camera; and 
the frame ?lling apparatus grabs frames of image samples 
from the raster-scanning video camera to be stored in frame 
stores and used as bases from which to compute ?ll frames 
of image samples. The frame ?lling apparatus continuously 
supplies to the video monitor the frames of image samples 
it generates at display frame rate. 

12 Claims, 15 Drawing Sheets 
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FLUOROSCOPIC METHOD WITH 
REDUCED X-RAY DOSAGE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a continuation-in-part of application Ser. No. 
07/651,074 ?led Feb. 6, 1991, and now abandoned. 

The invention relates to ?uoroscopic imaging and, more 
particularly, to providing for the reduction of cumulative 
exposure to x-rays of a living creature that is being observed. 

BACKGROUND OF THE INVENTION 

Prior art ?uoroscopic imaging systems use x-ray tubes 
that are intermittently powered by application of pulses 
thereto, which tubes generate the x-ray beams directed 
through the inwards of a living creature being observed to a 
screen of phosphorescent material or to any array of scin 
tillators. The pattern of x-ray penetration through the crea 
ture being observed is thereby converted to a light pattern. 
Optics focus the light pattern to generate an image within a 
video camera. Each pulse of x-ray beams generates 3 respec 
tive image for the video cram, which image is scanned by the 
electronic camera device to generate a respective frame of 
video input signal for a video monitor. A video monitor is 
like a television receiver without the front end portions used 
to detect video signal from radio waves. The video monitor 
requires a prescribed regular frame rate for the video signals 
it receives if, as is the usual practice, the video monitor uses 
a kinescope with electromagnetic de?ection and the elec 
tromagnetic de?ection uses resonant energy recovery meth 
ods. The pulse rate for gating the x-ray tube into operation 
has been chosen high enough that the regular rate of frames 
generated by the electronic camera device is su?iciently 
high to avoid excessive ?icker in the average brightness 
level of the visual display generated by the video monitor. 
The ?icker in the average brightness level can be reduced by 
using longer-persistence phosphors in the viewing screen of 
the video monitor, but smear of moving objects becomes 
noticeable with long-persistence phosphors. The human 
observer is more sensitive to ?icker at higher light levels, but 
when using normal-persistence kinescope phosphors a 60 
Hz ?icker rate is deemed to be unobjectionable at normal 
room light levels when viewing broadcast television (which 
is raster scanned interlacing the scan lines of alternate 
?elds). Somewhat more display ?icker is tolerated in ?uo 
roscopy than in broadcast television, progressive scanning at 
30 Hz frame rate being a customary practice in ?uoroscopy 
employing a video camera. The display frame rate is a ?xed 
rate to accommodate resonant energy recovery in the elec 
tromagnetic de?ection circuitry for the kinescope in the 
video monitor. 

It is known in the prior art that the introduction of a frame 
storage device between the electronic camera device and the 
video monitor can avoid x-ray exposures having to be made 
at the display frame rate in order that the electronic camera 
device can generate consecutive frames of image samples 
for the video monitor at a display frame rate high enough to 
avoid ?icker in the average brightness level of the video 
monitor. Each frame of video camera samples generated 
during a respective one of less frequent x-ray exposures is 
written to the frame store in a procedure called “frame 
grabbing”. The writing of the frame store is performed in 
synchronism with the raster scanning of the video camera, 
during which frame the image samples are supplied directly 

25 

35 

45 

65 

2 
to the video monitor. The frame of image samples stored in 
the frame store can then be repeatedly raster scanned to 
supply repeated frames of image samples until an updating 
frame of image samples is available from the video camera 
responsive to the next x-ray exposure. 

Accordingly, the use of the frame store facilitates lower 
ing on average the pulse rate of gating the x-ray tube into 
operation, which reduces the dosage of x-rays to which the 
living creature being observed is exposed over a given 
period of time. With the use of the frame store, the reduction 
of this pulse rate is limited by the tolerance of a human 
observer to motion ?icker, or the stroboscopic effect of 
reduced ?eld rate, in the video display on the video monitor 
screen. Motion ?icker becomes more noticeable as motion 
becomes faster, so the degree of reduction of the pulse rate 
for gating the x—ray tube operation is limited as a function of 
the rate of motion in the portion of the inwards of the living 
creature being ?uoroscoped. Accordingly, in practicing their 
method of x-ray dose reduction, the inventors make avail 
able a range of pulse rates that can be keyed to the nature of 
the organ(s) being observed by their ?uoroscopic system. 

The inventors rely on frame ?lling apparatus to reduce the 
motion ?icker that occurs when the pulse rates for gating the 
x-ray tube are lowered, so that a greater reduction of the 
pulse rate for gating the x-ray tube can be tolerated and the 
average dose of radiation over a given time can be reduced 
still more. A. Abdel-Malek, O. Hasekioglu and John 
Bloomer describe a feasibility study they made with regard 
to reducing pulse rates for gating the x-ray tube in ?uoro 
scopic apparatus in their paper “Image segmentation via 
motion vector estimates", SPIE Vol. 1233 Medical Imaging 
IV: Image Processing (1990), pp. 366-371, published 6 Feb. 
1990. This feasibility study (incorporated herein by refer 
ence) found that acceleration-compensated interpolation 
techniques provided superior estimates of ?ll frames. The 
feasibility study was made processing sequences of recorded 
images in extended time. Arranging for frame-?lling tech 
niques to reduce the motion ?icker that occurs when the 
pulse rates for gating the x-ray tube are lowered, which 
techniques meet the requirements that they be executed in 
real time, presented a substantial technical challenge. 

SUMMARY OF THE INVENTION 

A method for ?uoroscopically observing a living creature 
with reduced x-ray dosage reduces the frequency at which 
successive x-ray images are obtained to be closer to the 
minimum rate at which motion is satisfactorily observable 
and uses frame ?lling apparatus to provide a video monitor 
with video information at a frame rate su?iciently high that 
excessive ?icker of the average brightness of the display is 
avoided. The reduction in the frame rate may be done, taking 
into consideration both clinical needs and the speeds of 
motion of the organs being observed ?uoroscopically. Mere 
observation of organ motion for diagnostic reasons may not 
have the speed of response requirements that observation of 
catheter insertion has, for example. For the observation of 
relatively slow-moving processes—such as peristalsis, for 
example—a lower frame rate may be selected than for 
relatively fast—moving processes—such as esophageal 
action, for example. 
The reduction in the frame rate may be done in such 

manner that the frame rate is no longer uniform, but rather 
is more reduced during periods of lesser sample interest and 
is less reduced during periods of greater sample interest. The 
periods of greater and lesser sample interest are determined 
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in variants of the inventors‘ method of analyzing the degree 
of change in successive x-ray images and increasing image 
rate when motion between frames becomes excessive; how 
ever, the reaction time needed for making such changes is 
too slow for certain types of ?uoroscopic observations. 
Accordingly, in other variants of the inventors’ method, the 
periods of greater and lesser sample interest are determined 
by recourse to auxiliary organ monitoring means—e.g., an 
elcctrocardiograph in the instance where the organ of inter» 
est is the heart or another portion of the circulatory system. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic diagram of ?uoroscopic apparatus 
arranged to operate at reduced image rate and to include 
frame ?lling apparatus, in order to implement the invented 
method. 

FIG. 2 is a timing diagram of operation in the frame ?lling 
apparatus shown in FIG. 1. 

FIG. 3 is a schematic diagram of how time-division 
multiplexing is provided for the gradient calculation appa 
ratus used in the optical ?ow computer of the frame ?lling 
apparatus in the FIG. 1 ?uoroscopic apparatus, thereby 
arranging for the computation of the optical ?ow in a 
plurality of spatial phases. 

FIG. 4 is a schematic diagram of the gradient calculation 
apparatus for one spatial phase. 

FIG. 5 is a schematic diagram of horizontal and vertical 
digital scan generation circuitry for the optical flow com— 
puter in the FIG. 1 ?uoroscopic apparatus. 

FIG. 6 is a schematic diagram of the apparatus for 
calculating the orthogonal components of the pixel displace 
ment velocity vector and their temporal derivatives for 
pixels of one spatial phase. 

FIG. 7 is a schematic diagram of apparatus for calculating 
the pixel displacement vector for pixels of one spatial phase, 
proceeding from the orthogonal components of the pixel 
displacement velocity vector and their temporal derivatives 
calculated by the FIG. 6 apparatus. 

FIGS. 8 and 9 together are a schematic diagram of 
apparatus, responding to the pixel displacement vectors 
calculated for the plurality of spatial phases by respective 
apparatuses per FIG. 7, for modifying actual ?uoroscopic 
image frames to generated intervening ?ll frames of ?uo 
roscopic image. 

FIG. 10 is a schematic diagram of circuitry as can be 
included within the master control circuitry of the FIG. 1 
?uoroscopic apparatus, to control the rate at which x-ray 
exposure and frame grabbing are performed. 

FIG. 11 is a schematic diagram of an alterative way of 
generating display information from stored camera samples, 
which provides a saving in display memory requirements 
and may be used in modi?ed FIG. 1 ?uoroscopic apparatus, 
to be used to implement the method of the invention. 

FIG. 12 is a schematic diagram of apparatus that can be 
used for evaluating the amount of frame-to-frame change in 
successive ?uoroscopic images generated in the FIG. 1 
?uoroscopic apparatus. 

FIG. 13 is a schematic diagram of image timing apparatus 
as can be used in the FIG. 1 ?uoroscopic apparatus for 
responding to indications of excessive amounts of frame 
to-frarne change in successive ?uoroscopic images to 
increase the rate at which ?uoroscopic images are obtained, 
to implement a further aspect of the invented method. 
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4 
FIG. 14 is a schematic diagram of other image tinting 

apparatus as can be used in the FIG. 1 ?uoroscopic apparatus 
for controlling the rate at which ?uoroscopic images are 
obtained, in accordance with a still further aspect of the 
invented method. 

FIG. 15 is a timing diagram useful in understanding the 
operation of the FIG. 14 timing apparatus for controlling 
therate at which ?uoroscopic images are obtained. 

DETAILED DESCRIPTION 

The inventors‘ method for ?uoroscopically observing a 
living creature with reduced x-ray dosage relies heavily on 
having suitable frame ?lling apparatus. Many of the frame 
?lling apparatus designs known in the prior art are designed 
for communications systems in which the desire is to reduce 
the rate of data transmissions so that the transmissions can 
be made via media of reduced bandwidth. In such systems 
the possibility exists of segmenting images into changing 
and non-changing portions and, usually at the cost of 
increased sensitivity to noise encountered in the transmis 
sion process, transmitting information concerning only the 
changing portions of the image. The requirements on frame 
?lling apparatus for ?uoroscopic apparatus do not readily 
admit of segmenting images into changing and non-chang 
ing portions. The x-ray irradiation is by its nature broad~ 
beam in nature and not capable of being tightly focussed so 
as to allow individual pixel scanning procedures. So, if an 
x-ray exposure is made, the ?uoroscopic camera will gen 
erate an entire frame of new samples. Speckle effects are 
appreciable in the x—ray images, particularly when x-ray 
pulse energy is reduced by shortening the pulse. To reduce 
the visibility of the speckle effects on a video monitor, it is 
desirable that the observer's eye be able to integrate opti 
cally image samples from as many frames of camera 
samples as possible within its optical integration time con 
stant. 

As noted in the Abdel-Malek et alii paper “Image seg 
mentation via motion vector estimates", at least for medical 
imaging, acceleration~compensated interpolation techniques 
provided estimates of fill frames superior to the linear 
interpolation techniques used in many prior-art frame ?lling 
apparatuses. It is desirable to minimize the number of frames 
of storage required in a frame ?lling apparatus, to reduce the 
complexity of the apparatus and the attendant increased 
likelihood of malfunction, and to reduce system power 
requirements, as well as to reduce system cost. Based on 
prior-art knowledge of frame ?lling procedures and on the 
ensuing speci?cation descriptive of presently preferred 
frame ?lling apparatuses, those skilled in the art of closed 
system television design should be able to design frame 
?lling apparatuses alternative to those described below, 
which alternative apparatuses are adequate for carrying out 
the inventors‘ method for ?uoroscopically observing a living 
creature with reduced x-ray dosage. 

The frame ?lling apparatus speci?cally described below 
interpolates ?ll frames between pairs of previous camera 
originated frames. Frame ?lling apparatus that extrapolates 
?ll frames from previous single camera-originated frames is 
described in a US. patent application Ser. No. 07/805,2448 
?led concurrently herewith by J. .l. Bloomer, A. A. Abdel 
Malek and F. F. Yassa and entitled “FLUOROSCOPIC 
IMAGER WITH FRAME-FILLING APPARATUS”. The 
entirety of US. patent application Ser. No. 07/805,248 is 
incorporated by reference in the disclosure of this applica~ 
tion. Frame ?lling apparatus that extrapolates ?ll frames 
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from previous single camera-originated frames is currently 
preferred by the inventors over frame ?lling apparatus which 
interpolates ?ll frames between pairs of previous camera 
originated frames, for carrying out the methods of their 
invention. A reason for this preference is the decreased 
latency time of the displayed image, which is desirable when 
the ?uoroscopic observations are of a procedure performed 
by the observer-cg, the insertion of a catheter into the 
heart. Where the ?uoroscopic observations are used solely 
for diagnosis, somewhat more accurate ?ll frames can be 
computed by interpolation between pairs of previous cam 
era-originated frames. 

FIG. 1 shows ?uoroscopic apparatus for reducing the 
dosage of x-ray radiation 10 with which a gated x-ray source 
11 with a collimator 12 irradiates a human being 13 lying on 
a table 14 transparent to the x-ray radiation 10. The x-ray 
illumination passes through the table 14 and the human 
being 13 (and optionally through a grid 15, which suppresses 
scattering) to an image intensi?er tube 16, which has a 
screen of phosphorescent material or an array of scintillators 
that emits light. The image of the x-ray shadow of the 
irradiated portion of the human being 13 contained in this 
light emission is focused by optics 17 onto the photosensi 
tive screen of a video camera 18. To avoid coma, the 
persistence of light emission from the screen of phospho 
rescent material or array of scintillators in the image inten 
si?er 16 is not long as compared to the frame scan interval, 
and the x-ray source 11 is gated to supply a beam of x-ray 
radiation 10 that is pulsed for a duration shorter than the 
frame scan interval. 

The video camera 18 is preferably a solid-state camera, 
such as one using a charge-coupled device (CCD) imager, so 
that the [rater] raster scanned samples in each image ?eld 
are temporally aligned, rather than being skewed in time. 
The video camera 18 is also preferably of progressive 
scanning type wherein each frame of video consists of 
samples from a single image ?eld, this being preferred so the 
raster‘scanned samples in each frame are temporally 
aligned. The intensity of the light transmitted to the video 
camera 18 is adjusted by a light diaphragm 19. The video 
camera 18 is assumed to raster scan the x-ray image at the 
display frame rate in the FIG. 1 ?uoroscopic apparatus. 
Accordingly, the video camera 18 provides frames of raster 
scanned x-ray image information in analog form to an 
analog-to-digital converter 20, which frames of raster~ 
scanned x-ray image information are interspersed among 
frames of raster-scanned signal devoid of x-ray image infor 
mation. The analog-to-digital converter 20 is preferably of 
the ?ash converter type and generates digital words repre 
sentative of the image intensity lad-J) at the picture elements 
(pixels) of the image. Master control circuitry 2 controls the 
gating of the x-ray source 11, the raster scanning by the 
video camera 18 and the sampling of the analog-to-digital 
converter 20, as well as controlling other functions, as will 
be presently described. 
The motion of the brightness patterns on the image plane 

(i.e., the photosensitive screen of a video camera 18) is 
referred to as optical ?ow. Optical flow is conventionally 
de?ned as a displacement vector at each pixel of the image. 
Digital computations of optical ?ow proceeding from digital 
words representative of the image intensity are rather com 
plex, not only involving a number of digital multiplication 
steps and a digital division step, but also requiring iterative 
computations steps. Consequently, with presently available 
technology, these computations are very dif?cult to carry out 
at a several times multiple of the rate at which pixel samples 
are supplied from the analog-to-digital converter 20. 
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6 
Accordingly, the computations are carried out on a 
polyphase basis using a plurality of spatial phases as mapped 
into the time domain. That is, the successive samples sup 
plied from the analog-to-digital converter 20 are supplied to 
a time-division multiplexer 3 that separates the successive 
samples into a number of temporal phases corresponding to 
respective spatial phases in the direction parallel to scan 
lines in the video camera 18. Each of these spatial phases is 
supplied to a respective bank of a banked optical ?ow 
computer 4. 
The optical ?ow computer 4 calculates the components 11 

and v of a displacement velocity vector for each pixel. The 
component u of the displacement velocity vector is in the 
direction parallel to scan lines and the component v of the 
displacement velocity vector is in the direction transverse to 
scan lines. In a simple frame ?lling procedure using linear 
pixel interpolation, each pixel is displaced by u(t,T) and by 
v(t/T) in the direction transverse to scan lines each succes 
sive frame of ?ll. A frame ?lling procedure preferred by the 
inventors includes acceleration-compensated interpolation, 
so the optical ?ow computer 4 is shown in FIG. 1 as also 
computing u' and v‘, the derivatives with respect to time of 
u and v. 

The nature of the computation of the orthogonal compo 
nents u and v of a displacement velocity vector for each 
pixel in the optical flow computer 4 will now be brie?y 
described. Let I(i,j,t) be the irradiance of the image at point 
(i,j) and time t, and u(i,j) and v(i,j) be the optical ?ow (or 
displacement velocity) components in the i and j directions, 
respectively. An optical flow constraint equation can be 
derived using the assumption that the irradiance will be the 
same at point (i+5i,j+3j) at time t+5t. Hence, 

l(i+u8t, j+v5r)=I(i,j,t), (l) 

where u6t=5i and v8t=5j, for small time intervals, 8t. If the 
irradiance, I(i,j,t), is continuous almost everywhere and ?rst 
order differentiable then, by expanding the left hand side, 
keeping the ?rst order linear terms, and taking the limit as 
6t—>0 we obtain, 

I,-u+1jv+1,=o, (2) 

where I,, If, I, are the derivatives of the image intensity with 
respect to i, j, and t, respectively. This equation represents a 
constraint on the displacement velocity vector (u, v) and is 
referred to as an optical ?ow constraint equation. Basically, 
this equation indicates that the intensity of the corresponding 
point at the next image should be the same. It is impossible 
to calculate the optical ?ow ?eld, (u, v), uniquely using 
equation (2) alone. Depending on the particular problem, 
additional constraints can be included. Smoothness con 
straint, which suggest the motion ?eld varies smoothly, can 
be expressed as 

S6,;)=u,2+u,’+v,-1+v,2 (3) 

Combining these two constraints, the following object func 
tion is obtained: 

L=MI(l,~u+l,-v+I,)Zdi aj+llu,.z+uf+v?+vfdi (4) 

where A can be interpreted as a parameter that indicates the 
relative emphasis on the two components of the objective 
function. b(i,j) can be easily converted to discrete form by 
expressing the directional derivatives as ?rst-order differ 
ences so that 
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14(iti)= Z- Z l/4(l1|+1_; - 11g)2 + (Hm: * “r92 + (5) 
1 J 

(yum ~ vLj)2 +(viJ,1— vi‘i)2 + 1(Ii u,_j + lj vid + I‘)2 

Differentiating equation (5) with respect to u,y and vi‘j yields 
a linear set of equations which can be solved using Gauss 
Seidel iteration: 

I + 10.1 +111) 

um indicates averaging over the neighboring pixels and n is 
the iteration number. 
A frame store 0 and a frame store 1 comprise a camera 

memory. The successive frames of the progressively 
scanned video output signal from the analog-to-digital con 
verter 20, as noted above, comprises frames of raster 
scanned x-ray image information interspersed among frames 
of raster-scanned signal devoid of x—ray image information. 
Only the frames of raster-scanned x-ray image information 
are of interest and will be grabbed for writing into one of the 
frame stores 0 and 1 comprising the camera memory. One 
way of implementing such frame grabbing is: using a 
grabbed-frame counter for counting GRAB FRAME com 
mands going to ONE, thereby to generate consecutive 
ordinal numbers modulo-two for the frames to be grabbed; 
ANDing the modulo-two count with the GRAB FRAME 
commands to generate write-enable commands for the frame 
store I]; and ANDing the complement of the modulo-two 
count with the GRAB FRAME commands to generate 
write-enable commands for the frame store 1. The frames of 
raster-scanned signal samples from the analog-to-digital 
converter 20 are directed through the time-division multi 
plexer 3, the optical ?ow computer 4, and read/write control 
6 for the camera memory, the zeroeth or even grabbed 
frames to be written to the frame store 0, and the ?rst or odd 
grabbed frames to be written to the frame store 1. 
The frame stores 0 and 1 provide the frame delays needed 

in calculating I, in the optical flow computer 4, as further on 
will be explained in detail with reference to FIG. 4. The 
frame stores 0 and 1 also store the successive frames of 
from-camera samples, which the read/write control circuitry 
6 for the camera memory reads to read/write control cir 
cuitry 7 for writing a display memory, which display 
memory comprises in FIG. 1 a frame store 8 for even frames 
and a frame store 9 for odd frames. AT any time except 
during retrace intervals, one of the frame stores 8 and 9 in 
this display memory is currently being read through the 
read/write control circuitry 7 to provide raster-scanned video 
samples to a video monitor 23. The successive frames of 
from-camera samples stored in frame stores 0 and 1 also are 
the basis from which each successive ?ll frame is calculated 
in the read/write control circuitry 7 for the display memory, 
thence to be used to update the contents of the one of the 
frame stores 8 and 9 other than the one that is currently being 
read to supply raster-scanned video samples to the video 
monitor 23. 
A pixel~displacement computer 5, shown in FIG. 1 as 

being banked, calculates the displacement of each pixel 
proceeding from the components u and v of the displace 
ment velocity vector for that pixel as furnished to the 
computer 5 from the computer 4. In a simple frame ?lling 
procedure using linear pixel interpolation, each successive 
frame of ?ll, each pixel has (horizontal) displacement 
Ai=u(t/T) and (vertical) displacement Aj=v(t/T) in the direc 
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tions respectively parallel with and transverse to scan lines. 
A preferable frame ?lling procedure is, from the standpoint 
of improved performance as indicated in the Abdel-Malek, 
et alii paper “Image segmentation via motion vector esti 
mates" is to use acceleration compensated interpolation, 
wherein, in each successive frame of ?ll, each pixel is 
displaced by Ai:u(t/'l‘)-l-2_1u'(t/l")2 in the direction parallel 
with scan lines, and each pixel is displaced by Aj=v(t/T)+ 
2_1v'(t/T)2 in the direction transverse to scan lines. FIG. 1 
shows the pixel-displacement computer 5 to be of a type that 
calculates the displacement of each pixel proceeding from 
the components u and v of the displacement velocity vector 
for that pixel and the respective temporal derivatives u' and 
v' of u and v, as supplied from the computer 4. FIG. 1 shows 
the pixel-displacement computer 5 to be banked, with a 
parallel-in/serial-out (PISO) register 21 being used to 
arrange the parallelly calculated Ai displacement samples in 
serial order corresponding with the order the pixels they are 
respectively associated with appear in raster scan, and with 
a parallel-in/serial-out (PISO) register 22 being used to 
arrange the parallelly calculated Aj displacement samples in 
serial order corresponding with the order the pixels they are 
respectively associated with appear in raster scan. The serial 
Ai displacement samples and the serial Aj displacement 
samples are supplied to the the read/write control circuitry 7 
for the display memory, where the displacement samples 
control the updating of the frame stores 8 and 9 from the 
frame stores 0 and 1 in a manner that further on will be 
described in greater detail with reference to FIGS. 7-9. 

In closed-circuit television systems utilizing frame stores 
it is a common practice, not only to use progressive rather 
than interlaced-?eld scanning, but also to arrange for an 
integral power of two active scan lines in each frame and to 
add a smaller integral power of two non-active scan lines for 
accommodating vertical retrace in the video monitor. Typi 
cally, 512 active scan lines are used in each frame with 32 
non-active scan lines for accommodating vertical retrace. 
The number of pixels per active portion of each scan line are 
normally chosen to be the same as the number of active scan 
lines, and the number of pixels per non-active portion of 
each scan line for accommodating horizontal retrace in the 
video monitor is about one-eigth as large. Typically, 512 
active pixels and 64 non-active pixels are used in each scan 
line. A display area of 512 by 512 active pixels is readily 
mapped into a random access memory that is addressed by 
two orthogonal Cartesian-coordinate addresses expressed in 
binary coded format; and this display format will be 
assumed to be used in the invention in order to keep the 
description as straightforward and simple as possible. Per 
sons skilled in the art of television system design and 
acquainted with this speci?cation will thereby be enabled to 
design variants of the particular system being described, 
such as those which use interlacing of video samples. 

FIG. 2 is a timing diagram of the basic operation of the 
FIG. 1 ?uoroscopic apparatus when the video camera 18 
supplies successive frames, . . . 2n-l, 2n, 2n+l, . . . of data 

during only selected ones of the frame intervals in which the 
writing and reading of frames stores 8 and 9 of display 
memory are alternately done. By way of example, the video 
camera 18 provides raster-scanned frames . . . 2n-l, 2n, 

2n+l, . . . every third time the video monitor 23 has an 

electronic beam trace a frame on its viewscreen, and so a 
respective ?rst and second ?ll-frame must be generated by 
the frame-?lling procedure, for following each of the frames 
. . . 2n—l, 2n, 2n+l, . . . of camera-generated samples as 

digitized by the analog-to-digital converter 20. The even< 
numbered ones of the successive frames . . . 2n—l, 2n, 2n+l, 


























