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[57) ABSTRACT

Improvements are disclosed in an ultrasonic display and
recording system of the type utilized in diagnostic medi-
cine with particular applicability in cardiovascular diag-
nosis. The system includes a multi-element transducer
for generating and receiving ultrasonic energy which is
propagated into and reflected back from the cardiovas-
cular region of the patient being examined, and also
includes means for generating a two-dimensional real
time display and/or image of the zone of examination.
TM recording means are associated with the system and
may be actuated to effect a TM recording correspond-
ing to a preselected region of the real time image being
observed. An ECG output signal is also displayed in
real time with the two-dimensional image, and photo-
graphs of the displays may be produced at selected
points in the ECG cycle in accordance with a setting
made by the system operator. The system includes pro-
vision for generating video recordings; and means for
imposing various identification and time data upon the
displays.

9 Claims, 7 Drawing Figures
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SECTOR SCANNER DISPLAY AND RECORDING
SYSTEM FOR ULTRASONIC DIAGNOSIS

This is a continuation of application Ser. No. 673,500
filed Apr. 5, 1976, now abandoned.

BACKGROUND OF INVENTION

This invention relates generally to apparatus and
methodology for effecting medical diagnosis, and more
specifically relates to systems and methodology utiliz-
ing ultrasonic techniques for such purposes.

Over the course of the last two to three decades,
ultrasonic technology has played an ever-increasing
role in medical diagnostics. An area of special interest
for present purposes is the use of such technology for
identifying and examining cardiac structures. As far
back as at least 1953, Edler and Hertz described tech-
niques wherein echoes provided by structures within
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the heart, could be converted into curves indicative of 20

the movements of portions of the said structure. Tech-
niques of this type have generally been identified under
the term “echocardiography” or by the term “TM”
(Time-Motion) scanning. Pursuant to these techniques,
a narrow ultrasonic sound beam is projected into the
regions of the heart from a surface transducer that may,
e.g., be positioned as to propagate the beam between the
ribs. As a pulse of ultrasonic energy is propagated in-
wardly through the various structures, including heart
wall, valves, and the like, some of the energy is re-
flected back toward the transducer at the boundaries
between the various structures. This reflected energy is
then detected, amplified and, as desired, displayed on an
oscilloscope or recorded on a strip chart.

The type of information secured by the aforemen-
tioned techniques can be of great diagnostic value since
the structures being examined change in a characteristic
way in certain diseases of the heart, and a skilled physi-
cian can readily determine the presence of such changes
from examination of a properly obtained display or
recording of the type mentioned.

Insofar as the TM scan is concerned, it may be ob-
served that up until recently, a major problem inherent
in the applicable apparatus was that the operator was, in
essence, “flying blind”. This is to say that the only infor-
mation that such operator had regarding whether the
transducer was properly oriented for the structures that
he was trying to observe, was obtained by looking at the
data that was being recorded on the display scope or on
the recorder. Pursuant to such approach, the operator
was required to tilt or angulate the transducer to cover
and seek out a range of structures on which he desires to
obtain recordings. Thus, the only feedback he had re-
garding whether the recording being made actually
included the structures desired to be observed was ob-
tained after the fact.

Recently apparatus has been reported wherein a TM
scan may be obtained from a B-scan obtained from a
near field array. The difficulty is that the TM scan im-
ages obtained from a near field array are not in a form
familiar to diagnosticians and for such reasons are not
readily correlated to the structures examined. See N.
Bom, C. T. Lancee, G. Van Zwieten, F. E. Kloster and
J. Roelandt, “Multi-Scan Echo Cardiography”, Circu-
lation Vol. XL VIII, November, 1973, Pages 1066-1073.

It may nextly be noted that a number of ultrasonic
imaging systems have recently been reported—and in
some instances, have become available for use by re-
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searchers—which systems enable a two-dimensional
image, e.g., of a cardiac structure, to be generated and
observed in real time. A system of this type utilizing
phased array principles to steer and focus an ultrasound
beam provided by an array of transducers, is described
by Thurston and von Ramm in “A New Ultrasound
Technique Employing Two-Dimensional Electronic
Beam Steering”, appearing in Acoustical Holography,
Volume 5, P. S. Green, Editor, Plenum Press, 1974.
Additional aspects of systems based upon such appara-
tus are set forth at Volume 6 of the mentioned Acoustical
Holography series at page 91, in an article by von Ramm,
Thurston, and Kisslo entitled “Cardiovascular Diagno-
sis With Real Time Ultrasound Imaging”. Reference
may also be usefully made to J. C. Somer, “Electronic
Sector Scanning for Ultrasonic Diagnosis”, appearing
at page 153 of Ultrasonics for July, 1968.

The real time imaging systems above mentioned, and
others as have been recently described by additional
researchers, have indeed provided useful new tools for
the medical diagnostician, in that, for the first time, it
has become practical to directly observe an extended
expanse of the heart functioning in real time, or substan-
tially simultaneously with the functions occurrence. At
the same time, however, such systems have represented
but an initial approach to an extremely complex diag-
nostic environment. A strong desire and need on the
part of the diagnostician has remained for much more
flexibility, image manipulation capability, and diagnos-
tic information then heretofore provided in the prior
art. The need in particular has persisted for improved
image resolution, facilities for concentrating the imag-
ing capabilities upon specified regions within the heart
or associated cardiovascular structure, and even more
importantly, provision for diagnostically interrelating
the usual B mode display with the other diagnostic
read-outs commonly employed by cardiologists—in-
cluding the well-known ECG, the phonocradiogram,
and especially the already mentioned TM mode display
and recording.

In accordance with the foregoing, it may be regarded
as one object of the present invention, to provide a
display and recording system for ultrasonic diagnosis;
which system is particularly applicable to cardiology;
and which is capable of directly displaying for operator
investigation a high resolution and readily manipulat-
able real time image of cardiac structures.

It is a further object of the present invention, to pro-
vide a system of the foregoing type, which includes
means for enabling simultaneous or independent display
of an ECG or a phonocardiogram, and in a form which
enables the system operator to readily observe such
data. )

It is a yet further object of the present invention, to
provide a diagnostic system, wherein ultrasonic meth-
odology is used to visualize in a fan shaped display in
real time a cardiac structure or the like, thereby en-
abling a so-called B-mode display of such structures;
which system further includes means for rapidly and
automatically effecting a TM-mode read-out or scan of
the portion of the cardiac structure then being dis-
played.

It is a still additional object of the present invention,
to provide an ultrasonic imaging system particularly
adapted to the generation of real time B-mode displays’
of cardiac structures; which system includes means for
automatically securing photographs of the said B-mode
display; and wherein photographing of said display may



4,274,422

3

be directly correlated with a timing point referenced to
an ECG being generated by the cardiac structure being
observed, thereby enabling the cardiac structure to be
photographically recorded at the precise point in the
cardiac cycle which is deemed of interest to the diag- 5
nostician.

A still further object of the present invention, is to
provide an ultrasonic diagnosing system of the afore-
mentioned type which, in addition to including means
for obtaining photographs of the real time B-mode dis-
play, includes operator-actuated means for superimpos-
ing alphanumeric and timing information upon the dis-
play, in consequence of which the resultant photo-
graphs are directly provided with precise data useful for
record-keeping of other purposes, including, e.g., medi-
co-legal or regulatory purposes.

A yet further object of the present invention, is to
provide an ultrasonic diagnosing system of the afore-
mentioned type, which in addition to including means
for producing a video recording of the real time B-
mode display, includes capability for superimposing
precise time information on the displays being recorded,
to thereby facilitate and assure accurate analysis of the
recordings.

SUMMARY OF INVENTION

Now in accordance with the present invention, the
foregoing objects and others as will become apparent in
the course of the ensuing specification are achieved in
an ultrasonic display and recording system, which in
addition to providing a high resolution and highly ma-
nipulatable real-time image of cardiac structures or the
like, includes a wide variety. of additional features,
which so interact with the real-time imaging capabilities
cited, as to enable vast augmentation in the diagnostic 3
capabilities of the system.

The transducer utilized with the system of the inven-
tion preferably comprises a phased array consisting of a
plurality of elements arranged in a compact linear array.
The transducer is connected to a suitable transmitter
and receiver, and the transmitted pulses are so phased as
to steer the emitted sound beam in the desired direction.
Adjustable delays provided in each receiver channel
enhance the reception from the same direction as the
transmitted sound beam. By suitably controlling the 4
timing of the voltages applied to the transducer ele-
ments and the adjustable delays of the separate receiver
channels, the beam can be steered to any desired angle
of a fan-shaped sector. Operation of the steered array is
such that a plurality of radial lines defining the fan-
shaped sector are successively generated with a rela-
tively high number of such radial lines, typically of the
order of 64 such lines, being utilized in the course of
generating the entire sector. The set of such lines are
generated over a short period, typically of the order of 55
1/30th of a second, whereby the corresponding display
on the system cathode-ray tube (CRT) is a high resolu-
tion, substantially real time (or “high speed”) image of
the heart and related cardiovascular structures, the said
visualization being in the so-called B-mode, i.e., one
wherein variations of the acoustical impedance of the
tissue are translated into brightness variations on the
CRT screen.

The use of the phased array sector scanner offers
important advantages in the visualization and measure- 6
ment of cardiovascular structures. It permits visualiza-
tion of the cardiac area through the relatively small
access that is available between the ribs. It also offers
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the cardiologist a small light-weight transducer similar
to those used in prior art TM-mode instruments. In
prior art TM instruments the cardiologist would exam-
ine the various cardiac structures by angulating the
transducer to send the beam successively through the
structures of interest and these are then recorded on a
TM-mode strip chart recorder. In accordance with this
invention, the same type of display is obtained automati-
cally by permitting the cardiologist to obtain a TM-
mode scan of the two-dimensional picture being ob-
served on the CRT screen.

Prior art linear-array near-field ultrasonic scanners
do not permit the same display to be translated into a
TM-mode scan since they display the B-scan picture in
a rectangular format rather than the angular format
obtained in the sector scanner. Thus, one of the advan-
tages of the present invention is that it permits a stan-
dard TM-mode display to be obtained in the usual for-
mat as obtained in the prior art TM-mode recordings
with the advantages of being able to visualize the struc-
tures in their actual configurations before and in fact
while the TM recording is made.

Means are provided in the system for varying the
sector size of the fan-shaped area being examined by the
transducer, to achieve a desired angular configuration
varying e.g. between 20 and 80 degrees. Since the same
number of scan lines are utilized in each instance, such
feature enables increased resolution where a particular
portion of the image is deemed of special interest.

In another aspect of the invention, means are pro-
vided which vary the repetition rate of scan lines as to
enable depth control of the displayed sector scan. By
this technique, examination of less deep portions of the
cardiac structure can be achieved with a corresponding
increase in the line density. For example, when examin-
ing structures near the maximum range of 21 cm in the
described device a total of 64 lines are used. By restrict-
ing the maximum depth to 7 cm in said device a total of
192 lines might be used, providing superior sensitivity
while examining infants for example.

In other aspects of the invention, the data being pro-
cessed by the transducer-linked receiver may be varied
to compress portions of same, i.e, to enable non-linear
processing; and the system may include means for re-
jecting signals below a certain amplitude, i.e., to enable
noise rejection.

In a further aspect of the control enabled by the sys-
tem at the sector-shaped display, means are provided
for varying the gain of the receiver at various sectors of
the examination zone. In this manner, it is possible to
compensate for regions of greater attenuation that may
occur in certain regions of the body.

As already mentioned the present system provides for
direct visual display on a CRT accessible for operator
viewing. A slave scope is driven in synchronism with
the visual display and photographic camera means are
positioned to enable photographs to be directly ob-
tained from the slave scope. The slave scope is also
associated with a vidicon, the outputs of which are
provided to both a video recorder and to a video
monitor—for enabling auxiliary or remote viewing of
the display.

The output from the transducer receiver is also pro-
vided to a TM-mode recorder, which enables TM-mode
strip records to be directly obtained from the present
apparatus. An especially significant aspect of this ar-
rangement is that the system operator may initiate a TM
recording while examining the substantially real time
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display. This feature completely obviates the difficulty
inherent in the prior art, wherein the diagnostician was
obliged to operate in partial or entire ignorance of the
precise patient area for which he was preparing the said
TM-mode recording.

The  TM-mode operation further includes certain
capabilities heretofore not provided in such instrument
and especially, of course, not provided in the presence
of the greatly augmented capabilities of the present
system. Thus, and in addition to the capability of effect-
ing a TM record with respect to the time-motion char-
acteristics occuring along one or more of selected radial
lines of the scan sector, the present system may be oper-
ated in an automatic mode—wherein successive TM
scanning of each adjacent radial line is effected, in order
to thereby obtain a TM recording of the entire sector
under operator observation at the system display
screen.

The present system further includes ECG input
means, which enable ECG data from the patient to be
directly provided to the said system. The ECG proper
is displayed in real time on the system display screen,
and means are further provided for enabling the gener-
ated ECG pattern to persist for a period sufficient to
enable the operator to identify significant features
thereof.

In accordance with a further aspect of the invention,
an operator movable cursor (i.e. an indicia mark) is
generated on the CRT screen, and may be positioned at
a desired point on the ECG record. This operation
serves a highly significant functjon during preparation
of photographs. In particular, means are provided in the
system which enable production of a photograph corre-
sponding to the real time image at the point in the car-
diac cycle identified by the cursor. This enables the
operator to obtain a photographic readout at any pre-
cise point in the cardiac cycle which he may deem of
pertinence to his examination.

In yet another aspect of the system, a keyboard input
is associated with suitable alphanumeric character gen-
erator means, so as to enable insertion of alphanumeric
and other information upon the visual display. Informa-
tion may be thereby entered by the operator respecting
such matters as patient identification, date of the exami-
nation, and other data of interest to the diagnostician or
the institution effecting the patient testing. In addition,
instrument parameters and related data is automatically
displayed including data respecting the point of the
ECG cycle of which the photograph is indicative. In-
formation of the latter type may be correlated with the
aforementioned cursor position which can also be pro-
vided to the display in the form of timing data specify-
ing the time displacement from the R-wave or other
significant datum in the ECG cycle.

A clock display may similarly be superimposed upon
the display screen, as to provide a continual record—-
which can extend down to 1/100’s of second, whereby
each full frame (1/30 sec.) carries a distinct time identifi-
cation. This type of information is significant for the
aforementioned photographs, and is of special value in
the course of interpreting the video recordings which
can be secured by the present system.

The securing of the aforementioned categories of
identifying and related data is deemed of significance,
not only for normal record-keeping purposes, ie., to
eriable ease of correlation of photographs and video
recordings with patient records or so forth; but more-
over, the said information is deemed significant in con-
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nection with medico-legal problems and/or for regula-
tory purposes, i.e., in order to conform to such require-
ments as may be imposed by the hospital or other insti-
tution utilizing the equipment or by state or federal
agencies.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is diagrammtically illustrated by way
of example in the drawings appended hereto in which:

FIG. 1 is an electrical schematic diagram in block
form and sets forth the key operative elements of a
system in accordance with the present invention.

FIG. 2 is a plan view, schematic in nature, of the
display screen portion of the present apparatus;

FIG. 3 is an electrical schematic block diagram, illus-
trating operation of the system in a TM mode, as well as
indicating certain aspects of the sector generation tech-
niques;

FIGS. 4A, 4B and 4C are graphs, setting forth certain
aspects of the sequence effected during making of pho-
tographs by the present system; and

FIG. 5 is an electrical schematic block diagram illus-
trating the electronic persistance and exposure sequenc-
ing circuits shown as block 56 in FIG. 1.

DESCRIPTION OF PREFERRED EMBODIMENT

In FIG. 1 appended hereto, a display and recording
system 10 is set forth in accordance with the present
invention. System 10 operates upon ultrasonic princi-
ples and is intended primarily for use in effecting diag-
nosis of cardiac and cardiovascular conditions, al-
though it will be evident to those skilled in the present
art that the said system is useful in other diagnostic
applications in that the system provides useful informa-
tion in these further environments. However, because
of its primary application to cardiac and cardiovascular
diagnostics, the system applied to such an application
will be emphasized in this specification.

The sonic transducer 12 utilized with system 10 is
operatively associated with a patient 14, so as to enable
the ultrasonic sound beam thereby produced to be pro-
jected into the regions of the heart and related struc-
tures. Thus transducer 12, as is known in the present art,
can be positioned as to propagate its output between the
ribs of the patient.

Although various transducer configurations as are
known to be useful in conjunction with generation of
two-dimensional images can be used with the invention
including e.g. those based on so-called “near-field”
linear arrays, transducer 12 preferably comprises a
phased array consisting, for example, of a plurality of
elements such as for example 32 piezoelectric elements
arranged in a compact linear arrangement. In a typical
instance, each such element may have a length of 12
mm, a width of 0.3 mm and center-to-center spacing
between adjacent. elements of 0.4 mm. Generally the
transducer should be of a physical size to enable effec-
tive use in connection with a human, as for example
propagation of ultrasound between ribs to enable dis-
play of the heart area. The thickness of the specific
transducer elements utilized is determined by the oper-
ating frequencies, and can typically be of the order of
0.7 mm where a frequency of 2.5 MHz is utilized.

Transducer 12 is connected through switching and |
logic means 15 to a transmitter 16 and a receiver 18, and
transmitted pulses at the desired ultrasonic frequency
are phased by the timing sequence of the voltages ap-
plied to the individual transducer elements, as to steer
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the emitted sound beam in the desired direction. Adjust-
able delays are provided in each receiver channel,
which enhance the reception from the same direction as
the transmitted sound beam. By controlling the timing
of the voltages applied to the transducer elements and
the adjustable delays of the separate receiver channels,
the beam is steered to desired angles of a fan-shaped
sector. Operation of the steered array, the phasing, and
the delay sequences, are effected so that a plurality of
radial lines defining the said fan-shaped sector are suc-
cessively generated with a relatively high number of
such radial lines, typically in the range of 64 to 256,
being utilized in the course of generating the entire
sector. A set of such lines are generated over a short
period, typically of the order of 1/30th of a second,
whereby the corresponding display—(FIG. 2) on the
system CRT display 24 is a high resolution, substan-
tially real time image of the heart and related cardiovas-
cular structures, the said visualization being in the so-
called B-mode, i.e., one wherein tissue impedance varia-
tions are translated into brightness variations on the
CRT screen.

Further details regarding the signal processing tech-
niques utilized in connection with transducer 12 to gen-
erate the mentioned fan-shaped sector 25 (FIG. 2), are
set forth in the copending application of William L.
Beaver, Ser. No. 602,700, filed Aug. 7, 1975, and enti-
tled “SIGNAL PROCESSOR FOR ULTRASONIC
IMAGING”, which application is assigned to the as-
signee of the present application.

The output from receiver 18 proceeding via line 20, is
provided in parallel to three instrumentalities. Firstly,
such output is provided via line 22 to a visual display 24,
which as mentioned typically takes the form of a con-
ventional CRT screen directly viewable by the system
operator. It may however, comprise other display de-
vices such as for example a plasma display panel. Via
line 26, the said output is also provided to a slave scope
28. Slave scope 28 and display 24, are operated in syn-
chronism by drive electronics 30, which if the CRT’s
are employed provides the required deflection voltages
of each of the CRTs. In consequence of this arrange-
ment, the precise display being provided at any given
time for operator viewing at display 24, is also simulta-
neously present at slave scope 28.

Operatively associated with slave scope 28 is a repro-
ductive means which may comprise a photographic
camera 32 mounted in spaced relationship from the
CRT screen of the slave scope as to enable direct photo-
graphing of such screen at selected times. An output
image is also taken at 34 from slave scope 28 and pro-
vided to a conventional vidicon 36. The vidicon 36, in
turn, provides an output 38 to a video recorder 40. A
video monitor 42 may also be provided for monitoring
the information being thus recorded. These last several
elements and their mode of operation are well known in
the art, and therefore further details of their functions
and interconnections are not provided.

Inaccordance with a key aspect of the present inven-
tion, a third parallel output from receiver 18 is provided
via line 42 to a TM recorder 44. TM recorders are per
se well-known to those familiar with the art of cardiac
diagnosis. In the usual application of these devices in
echo cardiography, the second modifying characteris-
tics existing along a linear direction of structural exami-
nation are recorded on a strip output 46 as the said strip
advances with time. In this sort of arrangement, the
resultant pattern is thus indicative of the displacement
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with time of the structural features being observed by
the echoing techniques. The TM recorder 44 used in the
present system is of this same type; and while the man-
ner in which it interacts with the remaining elements of
the system 10 produce new and highly unexpected re-
sults (as will be hereinbelow discussed), the recorder
per se may be of a conventional design. Thus, a recorder
Model 1856 from Honeywell may be utilized in the
present system, as may several other devices of this type
as are known in the art.

Nextly, there is seen to be associated with system 10
an ECG sensing and recording means. In particular, an
ECG serisor 50 is provided, which may constitute the
usual electrodes and related paraphernalia operatively
associatable with the patient being examined. The out-
put from sensor 50 is provided to an ECG amplifier 52.
In accordance with this aspect of the invention, the
output 54 of ECG amplifier 52, after being processed by
electronic persistence circuits of block 56, is provided
via line 58 to visual display 24, as well as to slave scope
28. It will be appreciated that the ECG trace, as same
develops on the CRT screen of display 24, will be gen-
erated in real time and would in principle therefore,
only be visible as a point of light progressing across the
screen. In order to render the trace useful for operator
analysis, it is necessary to effect persistence of the devel-
oping trace for at least a portion of the ECG cycle
sufficient to enable operator analysis. The electronic
persistence circuits of block 56 are provided to effect
such result. Apparatus for providing this feature is indi-
cated in FIG. 5 and is described more fully below. Es-
sentially the persistence functions to refresh a portion of
the ECG trace for a desired period. In a typical in-
stance, for example, and referring to FIG. 2 the point
103 may be assumed to represent the developing point
of the trace, i.e., the point being generated in real time
on the CRT screen 102. The portion of the trace indi-
cated at 101 may, however, be rendered persistent by
the circuit of block 56, so that this portion of the devel-
oping trace remains visible for examination by the oper-
ator.

In accordance with an additional aspect of the inven-
tion, it may also be found useful to provide, in addition
to the ECG input, a phonocardiograph capability or
other physiological detecting and recording devices.
Thus, a microphone 60 is provided, the input of which
is connected to a phonocardiograph 61 and thence via
auxilliary amplifier 62 to the same electronic persistence
circuits of block 56 as are used for the ECG system, so
that the phonocardiograph output can, if desired, be
placed upon visnal display 24 and recorded, photo-
graphed or so forth, by the various recording elements
of the system. In similar fashion, other physiological
inputs as indicated by auxilliary physiological ‘input
block 63 may be amplified by amplifier 62 and provided
to circuits of block 56. Thus for example, the auxilliary
input 63 may comprise a respiration monitor.

An operator actuated keyboard input 64 is provided
in the present system, which enables insertion onto the
various displays of identification data and of additional
important information. In particular, the keyboard actu-
ates an alphanumeric character generator 66 and/or a
clock 68, which provide time data and various alphanu-
meric identification data through the lines 70 and 20 to
the visual display 24 and slave scope 28. By referring to
FIG. 2, it may thus be seen that certain information of
the type just discussed may be inserted by the operator
upon the display. For example, patient identification
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data by number, name, or so forth, appears at 104 and
operator identification appears at 105, the date of exami-
nation at 106, and time information at 107, and camera
sequence information at 109. The data at 111 comprises
the elapsed time from the R-wave peak of the ECG to
the time the camera effects a picture of the B-scan data
as explained more fully below.

The types of information indicated serve several im-
portant purposes. In the simplest instance, the identifi-
cation data, as it will appear on photographs and video
recordings obtained by the present system, enables di-
rect identification of the records to the patient, avoiding
any possibility of error. The time information has indis-
pensible significance in connection with the video re-
cordings effected by video recorder 40. The time infor-
mation in particular, as it is normally provided in 100ths
of a second, uniquely identifies each frame on the CRT
(i.e., each frame persists for 1/30th of a second). Hence,
study of the video recording together with the time
information, can enable precision determination of the
motion characteristics of the structures depicted.

It should also be noted as significant, that the various
data just mentioned are deemed to be of ever-increasing
importance from a medico-legal and regulatory agency
viewpoint. Thus, in many instances, hospitals and simi-
lar institutions, by virtue of their own internal regula-
tions or requirements imposed upon them by insurance
companies or so forth, require or at least desire, accu-
rate data of the type mentioned, for use in possible legal
proceedings based upon diagnosis; and similarly, state
and/or federal regulatory agencies are increasingly
placing stringent requirements upon the identification
data associated with medical records.

The camera means 32 associated with the present
system may be of any conventional construction. Vari-
ous models of the well-known “Polaroid” cameras as
well as display type xerographic cameras, as for exam-
ple commerically available from Varian Associates are
well suited for the present purposes. In accordance with
the techniques utilized in the present system to enable
photographs of displays at slave scope 28, camera logic
80 is provided which includes suitable logic circuitry
for activating camera actuator 82, which, by electro-
mechanical or similar means, effects tripping or trigger-
ing of the camera 32 to effect an exposure at a desired
time. The operator selects the point in the ECG display
at which the photographic exposure is to be effected,
with the aid of camera logic 80 and electronic persist-
ance and exposure sequence circuits 56. The latter in
particular, acting through cursor positioning switch 95,
moves a cursor mark to any preselected region of the
ECG display 101, such cursor indication being for ex-
ample a brightening of the ECG display at the desired
point. Such a point is indicated in FIG. 2 by point 108.

The timing of the camera sequence is explained with
the aid of FIGS. 4A through 4C. When a photograph is
desired, camera logic 80 is activated by the operator
initiating the photo sequencer 85. After activation, indi-
cated at time 83 on the ECG 100 of FIG. 4A, camera
logic 80 immediately blanks the screen of the slave
scope by receiving the unblanking signal on line 81 from
Master Control logic 114 and preventing it from being
applied via cables 78 and 79 to slave scope 28. The
blanked and unblanked condition of slave scope 28 is
depicted in FIG. 4B. The camera logic 80 through cam-
era actuator 82 opens the shutter of camera 32 as de-
picted in FIG. 4C. The system then continues to operate
with the slave scope screen blanked until the next R-
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wave (FIG. 4A) is detected by electronic persistence
and exposure sequence circuits 56. When the horizontal
position of the ECG arrives at the cursor marker 108 at
time 89, a trigger signal is sent from circuits 56 to slave
scope 28, to unblank the B-scan to provide one frame of
cardiac data on slave scope 28. This unblanking period
lasts about 20 milliseconds which is adequate to display
and record one frame of B-scan data.

The slave scope 28 is then again blanked (at 93 in
FIG. 4B) until approximately one second later (at 97)
when another unblanking occurs; but this time only the
ECG signal on slave scope 28 is unblanked so that this
information is then presented to the camera. The system
is.then blanked again (at 99) and the camera shutter
closes, after which the display is again unblanked and
normal operations are continued. The camera film is
then advanced and the system is ready for the picture or
for continued normal operations.

It will be further noted that a multiple exposure set
means 98 is provided which can be set by the operator
as to enable repeated exposures on the same photo-
graphic frame of the selected portion of the cardiac
cycle. This may be desired in particular instances in
order to obtain sufficient exposure or contrast in the
photographic film or plate.

FIG. 5 is a block diagram of the electronic persis-
tence and exposure sequence circuits 56 of FIG. 1.
These circuits enable a persistent ECG signal to be
displayed on the main display and slave scope 28 and
provide signals with the air of camera logic 80 to enable
a photograph to be obtained at a predetermined point in
the cardiac cycle.

ECG signals from the ECG amplifier 52 and phono-
cardiogram signals from amplifier 62 are coupled via
lines 54 and 55 respectively to the amplifier 552 for
amplifications to a level suitable for digitization, typi-
cally in the voltage range of 100 to 1000 millivolts.
These signals are then digitized by the analog-to-digital
converter 554 and fed into the random access memory
556. The address of memory 556 is determined either by
the display counter 558 or by acquisition counter 560.
Duplexer 562 selects which counter is coupled to the
memory 556. During the acquisition phase of the ECG
signal, duplexer 562 provides coupling only from the
acquisition counter 560 to control the address of mem-
ory 556. The address of counter 558 is derived directly
from clock 564 and the address of counter 560 is derived
by dividing the frequency of clock 564 by divider 566.
In a typical example, clock 564 may run at a frequency
of approximately 51 kHz and divider 566 may typically
divide this frequency by 256 leading to a frequency of
approximately 200 Hz as the input frequency to counter
560. Counter 560 will continue to advance as it receives
pulses from divider 566 until the counter is filled, that is
until a most significant bit output is obtained on line 568.
An output on line 568 resets flip-flop 570 so that the
enable signal on line 572 is set to zero thereby halting
further counts on counter 560. Counter 560 maintains
this state until the next R-wave is detected by peak
detector 574. When an R-wave is present, peak detector
572 applies a voltage on line 576 to AND gate 578. If
counter 560 is full a most significant bit is present on line
568 and flip-flop 570 maintains a positive signal on the Q
output 580. The combination of this positive output on
580 and the positive detector output from peak detector
574 activates AND gate 578 to produce a positive out-
put on 582 which is applied to the reset input of counter
560 and the set input of flip-flop 570. Acquisition
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counter 560 then advances as it receives pulses from
divider 566. By the above-described means the address
of random access memory 556 is set to its lowest address
at the peak of the R-wave, and subsequent memory
locations are used to store the digital ECG signal as it is
presented to memory 556 by ADC 554. Typically mem-
ory 556 may contain 512 memory locations so that ap-
proximately 2 full seconds of ECG information would
be stored within memory 556.

So far the description of FIG. 5 has been directed
toward how information from the ECG sensor is digi-
tized and stored in memory 556. The reading of the
ECG data from memory 556 and displaying it upon the
output displays will now be described. The visual dis-
play 24 and slave scope 28 of FIG. 1 are capable of
writing only one piece of data at a time on the display
screen so that while the ultrasonic B-scan image data is
being displayed upon the screen, no ECG information is
presented to the display and slave scopes. It is only
between successive frames of the B-scan picture that the
ECG signal is presented to the display. Since it takes
approximately 20 ms to display one frame of B-scanned
information and successive B scans occur at 33-mil-
lisecond intervals, one has approximately 13 millisec-
onds between successive B scans to display the ECG
information and alphanumeric information upon the
screen.

Just after a B-scan has been completed, a control
signal is supplied by the master control logic 114 of
FIG. 1 to the persistence and exposure sequencing cir-
cuits of FIG. 5 via control line 77. This signal hereafter
identified as frame overhead indicates that the B-scan
has been completed and that the displays are now ready
to receive the ECG data from the persistence circuits.
This control signal via line 77 simultaneously sets the
memory 556 to the read mode permitting the stored
ECG data to flow from memory 556 through the digi-
tal-to-analog converter 586 with output line 588 to the
drive electronics 30 of FIG. 1 to provide the Y axis
deflection signal for the display and slave scopes. The
frame overhead signal on 77 also switches duplexer 562
to couple the address of display counter 558 to memory
556. The frame overhead signal on line 77 also resets the
display counter 558 so that the initial output address
from display counter 558 corresponds to the first mem-
ory location in memory 556. As clock 564 is advancing
counter 558 at approximately a 50 kHz rate, all 512
addresses in memory 556 will be read out in approxi-
mately a 10-millisecond period. The digital-to-analog
converter 590 also receives the address from display
counter 558 and converts it to an analog signal on line
592 that is coupled to drive electronics 30 of FIG. 1 to
drive the X axis of the visual display and slave scope.

In order not to display ECG data from previous car-
diac cycles that may remain in the upper part of mem-
ory 556, an unblanking signal is applied to the display
scope when the count of display counter 556 is less than
the count at acquisition counter 560. The unblanking
signal is derived by applying the output signal on line
596 of digital comparator 594 with the fram overhead
signal on line 77 in AND circuit 598 to produce the
ECG unblank signal on line 599. Line 599 is coupled
through cable 58 to visual display 24 of FIG. 1. Digital
comparator 594 produces output on line 596 only when
the count of display counter 558 is less than the count of
acquisition counter 560. The unblanking signal which
appears on line 599 ensures that only that part of the
ECG will appear on the display screen that corresponds
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to the ECG in the current cardiac cycle and the point at
the right-hand edge corresponds to the current time in
the ECG cycle. Early in time after an R-wave peak has
been detected, the trace visible on the screen is thereby
very short and as time progresses this trace becomes
longer and longer until it fills the entire screen.

The mechanism to provide a cursor indicator upon
the displayed ECG signal and its use in controlling the
camera sequence will now be considered. The use of the
cursor positioning switch 95 has been indicated above in
the description of FIG. 1. Up-down counter 612 is used
to indicate the position of the cursor. The address in
counter 612 can either be advanced in the forward di-
rection or in the reverse direction by means of cursor
positioning switch 95. By grounding terminal 616, by
means of switch 614 the counter will advance whereas
grounding terminal 618 will cause the counter to ad-
vance in the reverse direction as it is driven by clock
620. When the switch 95 remains in its center position
the contents of up-down counter 612 will remain un-
changed even though it is coupled to clock 620. The
contents of counter up-down 612 is compared with the
contents of display counter 558 by comparator 622.
‘When the count in counters 612 and 558 are equal com-
parator 622 will put a signal on line 624 which is cou-
pled to visual display 24 and slave scope 28 through
cable 58 (FIG. 1). The ECG signals of both the visual
display and slave scope are brightened, the displayed
ECG signals for that one address thereby providing a
cursor indication-of that point in the cardiac cycle. By
means of switch 95 the operator can place the cursor
marker at any desired point in the cardiac cycle.

One of the main purposes of the cursor marker just
described is to select and indicate the pre-selected point
in the cardiac cycle at which the operator desires a
photograph of the B-mode scan. The general sequence
for camera operation is already described above. The
operator, by switch means 95, places the cursor mark at
the point in the cardiac cycle at which a photograph of
the B-scan is desired. The photo sequence initiator 85
(FIG. 1), when activated by the operator, causes cam-
era logic 80 to blank the screen of the slave scope by
removal of the photo B-scan unblank signal on line 630
(FIG. 5) and opens the camera shutter as depicted in
FIGS. 4B and C respectively. The time at which the
screen is unblanked is selected to be the time at which
the ECG signal arrives at point 108 of FIG. 4A. Refer-
ring now again to FIG. 5, this time occurs when the
count of acquisition counter 560 is equal to the count in
up-down counter 612. These two counts are compared
by comparator 623 so that when these two counts are
identical an output occurs on line 625. The signal on ine
625 then unblanks the display for one frame and thereby
exposes the camera film to the selected B-scan frame.
The B-scan unblanking signal on line 626 is obtained
from the output of logical OR 628. The iputs of logical
OR 628 are the digital comparator output signal on line
625 and the proto B-scan unblanking signal on 630
which was derived in camera logic 80 of FIG. 1. During
the camera sequence, the proto B-scan unblanking sig-
nal on 630 is zero so that an unblanking signal on 626 is
obtained only if one is present on line 625. Line 626 is
coupled through cable 58 (FIG. 1) to slave scope 28.

The circuits of FIG. 5 put out a logic signal to the
camera control logic 80 via cable 78 on line 632. The
purpose of this output signal is to indicate to the camera
controller that the ECG was finished its sweep and
therefore another exposure can be taken if so indicated
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by multiple exposure set 98 or if finished a single com-
plete ECG signal can now be displayed via lines 588 and
592 permitting a full ECG signal to appear on the final
film. Once this has been accomplished, the shutter can
be closed and the frame will be complete.

System 10, when utilized for providing 2 TM record-
ing may be utilized in one of two modes, each of which
uniquely interact with the other elements of the present
system. In particular, a unique advantage derived from
the present system arise by virtue of the fact that the
operator thereof is able to visually observe the two-di-
mensional real time image provided upon visual display
24 at the same time he initiates preparation and genera-
tion of a TM recording. As has already been pointed
out, the prior art approaches to the production of TM
recordings were either made from near-field arrays
which do not produce a TM recording in the accepted
format or were basically deficient in requiring the diag-
nostician to effect a TM recording without the benefit
of certainty regarding precisely what structure was
being investigated. In essence, only after such TM re-
cording was obtained, could the investigator actually be
apprised of that which he was investigating. In the
present device the operator is able to select specific
planes of interest for effecting a TM scan and, more-
over, to select specific areas of the scan sector for which
the TM recording is to be carried out, the instrument
automatically angulating the probing ultrasonic beam.
While the TM recording is being made, the operator
may simultaneously observe the B-scan display to en-
sure the desired structures are being recorded. Another
feature of the present system is that the particular sec-
tion being recorded on the TM recoder may be identi-
fied on B-scan display by an increase in brightness of the
corresponding part of the image.

Referring to FIG. 3 (and also cross-referencing FIG.
2), a schematic block diagram appears setting forth
details of the TM recording modes of operation. The
CRT screen image is generally indicated at 110, such
image being provided at visual display 34. As image 110
is in real time, the diagnostician can readily angulate or
position transducer 12 to obtain the desired structures
within the two-dimensional image. The image, as al-
ready discussed, is comprised of a series of radial lines
112, each line representing a preselected direction of the
ultrasonic beam and the receiver steering pattern.

The schematic arrangement of FIG. 3 provides a
switching and control subsystem which will select one
or a series of predetermined lines from the raster of
radial lines 112, and present the selected line (or in
sequence the lines) to the TM strip chart recorder 44 for
TM scan. The lines for the TM scan may be selectively
swept through a part or all of the entire range of the
raster set occuring in the B-scan picture.

In addition to functions described in connection with
FIG. 1, master control logic 114 provides inputs to
address the TM register 116 (FIG. 3), and to address the
B register 118 and further, increments each said address
register. TM address register 116 contains the address of
the radial scan line presented on TM recorder 44, and
the B address register 118 contains the address of the
current radial line 112 displayed on visual display 34.
Logic 114 also provides control through line 120 to
duplexer 122 and electronic switch 126 so that when
TM address register 116 is coupled to beam angle ad-
dress register 125, electronic switch 126 couples the
video output on line 132 to TM recorder 44. When B
address register 118 is coupled to the beam angle ad-
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dress register 125, the video output ine 132 is coupled
only to visual display 34.

In operation of system 10 for generation of the B-
mode image 110, duplexer 122 maintains the coupling of
B address register to the beam angle address register
and the video output is coupled only to visual display
34. In this mode, control logic 114 increments the ad-
dress contained in register 118 by one number for each
radial line that is scanned, until all of the lines of the
selected sector have been swept completely to generate
one frame on the CRT display. It will then go back to
the initial address and repeat the same process for suc-
ceeding frames. Thus, in this mode of operation, the
diagnostician can orient transducer 12 to obtain the
desired cross-sectional plane for which he wishes to
obtain his TM-mode scan. In all instances the trans-
ducer outputs-are controlled and processed by transmit-
ter/receiver, and switching logic block 127, are con-
trolled by beam angle address register 125 (correspond-
ing to elements 15, 16 and 18 in FIG. 1), and then by
detector and video amplifier means 129, to enable the
said visual display.

When the diagnostician is ready for the said TM scan,
he activates T.M. activator means 115 (FIG. 1) for
controlling logic 114 which then modifies the opera-
tion. In particular, both address registers 116 and 118
are initialized to an address representing a scan line at
the edge of the sector. Via manual set control 117 the
address of a single TM-line sought to be examined may
be set into register 116; or logic 114 may be set to effect
TM recording of a selected angle within the scan sector;
i.e. an angle in image 110 comprising a given number of
radial lines 112. Duplexer 122 is then set to transfer the
address of TM address register 116 to address register
125 for the beam angle. A signal from control logic 114
via cable 130, then initiates the scan line. The video
output at line 132 from detector and video amplifier
means 129 contains the signals produced by any reflec-
tions occurring along this line, and indications of such
reflections are shown by intensity modulations of the
corresponding scan line produced at the strip chart
recorder 44 and upon visual display 34. Control logic
114 then switches duplexer 122 to transfer the address
of B address register 118 to address register 125 of the
sector scanner system. Again, a signal via cable 130
originating at logic 114, activates block 127 and one line
of information appears in the video output line 132—-
which is then coupled only to the visual display 34.

The address in register 125 is also coupled to the
CRT display 34 via cable 124 to activate a correspond-
ing radial line 112 in this display, and a timing signal
from logic 114 via cable 130 initiates the writing of this
radial line. The B-register 118 address is then incre-
mented by one unit and duplexer 122 is switched back
into the TM register and a further scan line is thereafter
produced on strip chart recorder 44. On completion of
this scan line, duplexer 22 is switched back to the B-reg-
ister and a new scan line on the CRT of display 34 is
generated and the B-register again incremented by one
unit. This process is continued until the B-register 118
has been incremented through the totality of addresses
for the particular sector angle that has been selected.

Upon completion of the last scan line of the last ad-
dress in B register 118, duplexer 122 is returned to the
TM register. If the system has been set to effect a TM
scan through a selected angle, then the address of TM
register 116 is advanced by one increment, and this
whole process is reinitiated and repeated through the
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next CRT frame. After repeating the cycle for the num-
ber of frames equal to the totality of lines in the selected
angle to be recorded by the TM recorder, the address of
the A register 116 will have been incremented through
the entire selected angle and correspondingly, a com-
plete TM recording will have been made on the strip
chart recorder 44, corresponding to the entire portion
of the real-time picture displayed upon CRT display 34
which is included with the selected angle. During the
entire process of producing the TM scan, the operator is
able to maintain on the visual display 34 the structures
within the entire scanned region. In addition, the radial
line that is being recorded on TM recorder 44 is dis-
played as a brightened radial line on the visual display
since this line is displayed at a higher repetition rate
than the other lines on the visual display.

It might be pointed out here that the indicator marks
113 of FIG. 2 comprise a series of marks spaced at
intervals corresponding to one centimeter distances
within the human body. These indicator marks provide
valuable assistance to the diagnostician in judging the
size and spacing of structures being observed in the
image 110. These indicator marks are generated in Mas-
ter Control logic 114 (FIG. 1) and are displayed on both
the visual display 24 and slave scope 28 during the
frame overhead interval between B-scans. They are
thus preserved by the photographic record made by
camera 32 or video record made by video recorder 40.
Since the size of the image may vary depending upon
the enlargement of the photographic or video display
image, it is important to have suitable calibrations that
relate the final image to the actual size of the original
structures. Sector size control 156 may also be used to
change the size of the displayed image, however master
control logic 114 takes this size information into ac-
count and provides the appropriate scaling of indicator
marks 113.

As a further aspect of the present invention, the real
time two-dimensional displayed image and thereby the
resultant derivative readouts may, be means of the pres-
ent system, be subjected to a variety of image manipula-
tion procedures, which enable such useful results as
varying the resolution of the image, or enabling the
operator to focus his attention on certain specified por-
tions of the image, or so forth. Continuing, therefore, to
refer to FIG. 1, master control logic 114 provides con-
trol input signals to drive electronics 30, and to trans-
mitter 16 and receiver 18 associated with transducer 12.

An input to master control 114 is also provided from
a receiver gain control 150 which, in turn, is influenced
by operator adjustment of depth gain control 152.
Depth gain control 152 enables the operator to adjust
the receiver gain so as to increase such gain only where
the receiver is processing specified portions of the sec-
tor scan image 110. The net result of this arrangement
for operator viewing, is that such operator can adjust
the system so as to intensify lower portions of the image
or upper portions, or selected regions of the upper or
lower portions. By means of sector gain control 128, the
operator can also adjust the system so as to adjust the
gain of pre-selected angular regions of the sector so as
to highlight the desired structures being imaged. Such
angular gain adjustment also enables the operator to
compensate for reduced sensitivity of the transducer to
detect signals obtained at large scan angles. By proper
adjustment of sector gain control 128 a uniform image
may be obtained even at very large sector angles.
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The master control logic 114 is similarly provided
with inputs from reject control 154 and from data com-
pression control 155. Reject control 154 acts to establish
a threshold level for rejection of signals at receiver 18,
i.e., to thereby enable noise rejection, as is known in the
art of receiver operation. The compression control 155
varies the receiver gain characteristics so as to enable
non-linear processing, i.e., so that the output from the
receiver proceeding toward the display can be rendered
proportional to the log of the input, thereby enabling
expansion of scale in an area of maximum signal interest.
Techniques of this sort are again well-known per se in
the signal processing arts.

In addition to the foregoing controls, which are di-
rected at image manipulation, two further controls use-
ful in system 10 are provided. These are a brightness
control 157, which essentially functions to increase and
decrease the overall image display brightness by apply-
ing, in accordance with its setting, an appropriate DC
bias to the grid of the CRT in the several displays and,
in addition, a sector size control 156 is provided, which
enables the operator at his selection to vary the angle of
the sector appearing in the scan. Thus, in a typical in-
stance, the angle being examined may be varied among
such settings as 20, 40, 60, and 80 degrees. In accor-
dance with this aspect of the invention, the sector size
control 156, acting through master control 114, func-
tions to select a set of radial raster lines 112, the group
of lines selected serving to define the sector angle set. It
should be appreciated in this connection that a rela-
tively high number of such radial lines are utilized to
define the sector scan in the present system. As already
mentioned, 64 such lines may typically be present when
a maximum range of 21 cm has been selected. Regard-
less of the sector size set within the system, when the
system is set to its maximum range of 21 cm the total
number of such lines will remain the same. (It is noted
that any maximum range may be selected. 21 cm. repre-
sents a normal maximum to image human organs.) Thus,
it will be evident that the total number of available
radial lines is considerably greater than the 64 men-
tioned. In fact, in a typical arrangement, 256 such lines
are available to the system; but a total of 64 such lines
will be selected from the overall possible number of 256,
in accordance with the setting on sector size control
156. The group selected defines the particular sector
and is sequentially furnished to address register 125 as
shown in FIG. 3, to enable generation of the sector
scan. The correllary of the operation just described is,
of course, that the definition achieved within the nar-
rower sector scans will be greater than that of the
broader scans in that the total number of raster lines
remains the same. Accordingly, this feature of the in-
vention enables the operator to achieve increased defi-
nition of the image by reducing the angle of the sector
scan after initially locating the region of interest to him,
whereby greater structural details become evident in
the displayed image, as well as in the recordings that
may be effected by system 10 in eorrespondence to the
displayed image.

As one aspect of the image manipulating features of
system 10, a range control 140 is provided, which is
connected to master control 114 through line 142.
Range control 140 includes adjustable elements en-
abling the system operator to vary the maximum range
or depth of the sector scan so as to adapt the system for
use with patients having different physical attributes,
for example, the range control may be adjusted to en-
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able viewing at depths up to 21 cm from the transducer
or at 7 or 14 cm. The more limited depths are particu-
larly appropriate where the cardiovascular structures of
an infant are to be examined. Range control 140 operat-
ing through master control 114, which, as indicated,
controls the transmitter 16, receiver 18 and switching
and logic means 15 through control cables 144, 146, and
148, enables such result by varying the trigger pulse rate
to the elements of the transducer.

The range control permits a greater number of radial
lines to be used while examining structures at shallower
depths. In the examples above 64 lines were typically
used for examining structures up to 21 cm deep. By
restricting the depth to 14 or 7 cm a total of 96 or 192
lines respectively are used. The greater line density
obtained with the restricted depths permits greater
structural details to become evident in the displayed
images

‘While the present invention has been particularly set
forth in terms of specific embodiments thereof, it will be
understood in view of the present teaching that numer-
ous variations upon the invention are now enabled to
those skilled in the art, which variations yet reside
within the scope of the present teaching. Accordingly,
the invention is to be broadly construed and limited
only by the scope and spirit of the claims now appended
hereto.

We claim:

1. An ultrasonic patient diagnostic device comprising
means including a phased array transducer means for
generating and displaying a fan shaped, two-dimen-
sional, real time, operator viewable image of a region of
a patient being examined from ultrasonic energy di-
rected into and reflected out of said patient region, and
means responsive to said means for generating said
image for effecting, simultaneously with said real time
image, a TM recording corresponding to a preselected
region of said real time image viewable during patient
examination.

2. A device in accordance with claim 1 wherein said
TM-recording means includes means for effecting se-
quential TM-scanning of successive portions of the
two-dimensional image viewable during patient exami-
natjon.
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3. A device in accordance with claim 1 wherein the
means for generating a two-dimensional real-time image
generates a plurality of radial scan lines to comprise said
real time two-dimensional viewable image and said
means for effecting a TM-recording includes means for
identifying and selecting at least one of said lines and
presenting said line to said means for effecting a TM-
recording as a linear segment for a TM scan.

4. A device as in claim 3 in which said means for
generating an image provides said image corresponding
to a sector of a cross-sectional plane within said patient
region, and in which said means for effecting a TM-
recording includes means for identifying and selecting
an angle in said image comprising a given number of
said radial lines and presenting each of said given num-
ber of lines successively to said means for effecting a
TM-recording as a linear segment for a TM scan.

5. A device as in claim 4 in which said means for
identifying and selecting an angle successively presents
all of said radial lines to said recording means.

6. A device as in claim 3 in which said means for
effecting a TM scan includes means for brightening in
the two-dimensional real-time image said one line se-
lected for said TM scan.

7. A system in accordance with claim 1 including
slave display means and photographic means positioned
disposed and synchronized in relation to said slave dis-
play means to photograph said slave display means in
accordance with the occurrence of a preselected point
in the cycle of motion of a patient region.

8. A device in accordance with claim 1 wherein said
means for effecting a TM-recording includes means for
selectively indicating a portion of said operator view-
able image and for corresponding the portions of the
image being recorded by said TM-recording means to
said indicated portion of said operator viewable image.

9. A system in accordance with claims 8 wherein said
means for creating a two-dimensional real time display
image further includes means for displaying indicator
marks at intervals corresponding to predetermined spa-
tial distances within said region of a patient being exam-
ined whereby spatial calibration of said display image is

obtained.
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