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Description

[0001] This invention relates to ultrasonic diagnostic
imaging systems and, in particular, to ultrasonic diagnos-
tic imaging systems in which image brightness and con-
trast is automatically controlled.
[0002] Ultrasound imaging is often used in the diagno-
sis of patients who complain of nonspecific abdominal
pain. To diagnose this symptom the clinician will image
most or all of the major organs of the abdomen. This will
produce twenty, thirty, or more images of different organs
at different depths, and from different acoustic windows
of the body Consequently the ultrasonic echoes obtained
by such scanning will have undergone varying levels of
attenuation as the ultrasound beams and echoes
traverse different paths through the body. The varying
echo levels will result in images of differing brightness.
When the clinician notices these varying image appear-
ances, the first instinct is to adjust the ultrasound system
controls to negate them. For instance, if the deepest por-
tion of an image is unusually dark, the clinician will adjust
the time gain compensation (TGC) setting to provide
more gain in the image at greater depths. If the overall
brightness of the image is too bright or too dark, the cli-
nician will adjust the overall gain control dial. If the image
is noisy, especially in fluid-filled regions such as the gall
bladder, the clinician will adjust the dynamic range of the
signal path or image processor. It would be desirable to
alleviate this task of constant adjustment by providing an
ultrasound system that will recognize these image vari-
ations and provide the needed compensation automati-
cally, so that the variety of images acquired during a study
will exhibit comparable image appearance.
The patent US 4,408,492 describes an ultrasonic echo-
scope having a time gain compensation facility. To en-
sure that a uniform ultrasonic echo signal is obtained at
a predetermined depth within an object, the facility varies
the sensitivity of the time gain compensation for each
pulse of ultrasonic energy used to obtain an echogram
of the object. The ultrasonic echoscope includes means
to vary the slope of the time gain compensation so that
at other predetermined depths within the object, echo
signals of respective intensities are received, thus over-
coming problems due to shadowing by ultrasonically
highly absorbing regions of the object.
[0003] In accordance with the principles of the present
invention, an ultrasonic diagnostic imaging system is pro-
vided which automatically compensates for variations in
brightness or contrast whereby the image dynamic range
is analyzed by comparing measurements of a recent im-
age to comparable measurements of a reference image,
then adjusting the dynamic range of the image process-
ing path in accordance with the noted differences. In ac-
cordance with one aspect of the present invention, vari-
ations in brightness are compensated by computing off-
sets to a nominal TGC curve which will compensate for
depth dependent attenuation, then applying the offsets
to the TGC curve for subsequent images. In accordance

with still another aspect of the present invention, differ-
ences between the compression function used to reduce
the dynamic range of a recent image and a reference
image are used to automatically adjust overall system
gain for substantially uniform image production by the
ultrasound system.
[0004] In the drawings:

Fig. 1 illustrates an ultrasonic image display with a
displayed TGC characteristic;
Fig. 2 illustrates the user controls of an ultrasound
system which are used for varying the TGC charac-
teristic and the overall system gain;
Fig. 3 illustrates in block diagram form an ultrasonic
diagnostic imaging system constructed in accord-
ance with the principles of the present invention;
Figs. 4a-4c are a flowchart illustrating a method for
automatically adjusting the TGC characteristic, the
gain, and the dynamic range of an ultrasound system
in accordance with the principles of the present in-
vention;
Fig. 5 are curves illustrating a method for automati-
cally adjusting a TGC characteristic;
Fig. 6 illustrates calculated TGC slidepot offsets;
Fig. 7 illustrates the use of a compression curve for
adjusting gain and dynamic range in accordance with
the principles of the present invention.

[0005] Referring first to Fig. 1, an ultrasonic image dis-
play 10 is shown. In the center of the display is the ultra-
sonic image 12 which shows the tissue structure or flow
conditions of the patient being examined. In the upper
left corner of the display is alphanumeric information con-
cerning the patient and/or other characteristics of the ex-
amination being performed. To the right of the ultrasonic
image 12 is a depth scale 14 aligned with the image,
indicating the depth into the body to which the image
extends. Usually the markers on the depth scale are cal-
ibrated in centimeters of depth.
[0006] To the right of the depth scale 14 is a graphic
representation 16 of the TGC characteristic. The TGC
characteristic is shown as a sequence of line segments
joined by dots on the display. The relative slope of each
line segment indicates the variation in gain applied to the
received echo signals over the depth covered by that
segment. Setting an individual TGC switch, as shown in
Fig. 2, will vary the slope of a respective line segment.
Each line segment and its switch may have a predeter-
mined, fixed depth over which it is effective, or the seg-
ments can be scaled in relation to the maximum depth
of the particular image. An initial gain adjustment by a
gain control 26 is used to offset the gain of the entire TGC
characteristic, and causes the displayed characteristic
16 to move left or right as indicated by the arrow 18.
[0007] The slope of each segment of the TGC charac-
teristic is set by one of the TGC switches 20 shown in
Fig. 2. Conventionally the TGC switches are slide switch-
es such as indicated by the first switch 22 which slides
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horizontally along the groove 24. There may be as few
as four slide switches (for four TGC curve segments) or
as many as sixteen or more switches (for sixteen seg-
ments). Switch 22 controls the gain over an initial depth
portion of the image as indicated by the first segment 17
of the TGC characteristic 16. Moving slide switch 22 to
the right will increase the gain more rapidly over this initial
depth, and will cause the first line segment 17 on the
display to slope more quickly to the right. Turning the
gain control adjustment 26 will cause the gain over the
full depth to vary, and the TGC characteristic to move to
the right or left as indicated by the arrow 18. When all
the TGC switches 20 are vertically aligned along the cent-
er line 28 as shown in FIGURE 2, there will be no variation
in gain over the depth of the image and the TGC char-
acteristic 16 will appear as a straight vertical line over
the full depth. If various ones of the TGC switches 20 are
progressively moved to the right, a progressively sloping
TGC characteristic 16 as shown in Fig. 1 will result.
[0008] In an entirely manual TGC system of the prior
art, the clinician will set the switches manually for the
type of anatomy being diagnosed and the attenuation
characteristics encountered. Each time a new portion of
anatomy is viewed or a different depth of image is se-
lected, it may be desirable to change the TGC switch
settings to produce a more diagnostic image. This purely
manual approach to TGC control is improved by the ar-
rangement described in US Pat. 5,482,045, in which the
ultrasound system automatically invokes a predeter-
mined, optimized TGC characteristic at the start of an
exam. The TGC characteristic is stored in or calculated
by the ultrasound system at the start of an exam and is
automatically invoked and displayed as TGC curve 16.
The TGC characteristic can be optimized in consideration
of any applicable diagnostic parameters, such as the im-
age depth or the probe being used. In a preferred em-
bodiment the TGC characteristic is optimized for the type
of exam being performed. One curve is used for diag-
nosing the liver, another for diagnosing a fetus, and a
third curve may be invoked for a cardiac exam. When
the clinician manipulates the ultrasound system controls
to select the type of exam being performed, the system
assigns the appropriate TGC characteristic. This capa-
bility is referred to as "tissue specific" imaging.
[0009] When the ultrasound system assigns an opti-
mal starting TGC characteristic, any manual adjustment
of the slide switches is generally minimal. The tissue spe-
cific characteristic is set for the general range of patient
conditions for the particular exam, and it is generally only
necessary for the clinician to provide some fine tuning
adjustments with the slide switches 20. Thus, the posi-
tions of the slide switches after adjustment will generally
be only slightly offset from their nominal center positions.
When the slide switches are all centered as shown in Fig.
2, the ultrasound system is using the predetermined TGC
curve without alteration. The offset positions of the
switches thus represent adjustments made to the prede-
termined TGC curve. This is different from a purely man-

ual system, in which the positions of the switches repre-
sent the full TGC curve; when the switches are all cen-
tered, there is no TGC, no depth-dependent gain applied
to the received echo signals. In both cases, the displayed
TGC curve 16 illustrates the full TGC characteristic ap-
plied to the received echo signals.
[0010] If it is desirable for the physical positions of the
switches 20 to constantly indicate the shape of the TGC
characteristic 16 rather than variation from a predeter-
mined setup TGC characteristic as described above, the
switches can be motor controlled by a motor 30 as indi-
cated in Fig. 2. When the user selects a given procedure
and the ultrasound system sets up the preferred TGC
characteristic for the selected procedure, the motor 30
is commanded to automatically move the switches 20 to
physical positions corresponding to the slopes of the seg-
ments of the TGC characteristic 16. The switches 20
would move under motor control from their previous
alignment to the alignment representing the TGC char-
acteristic. Thereafter the user would manually adjust the
switches to customize the predetermined setup TGC
characteristic for the acoustical conditions of the partic-
ular patient’s anatomy, as described above, and both the
displayed TGC curve 16 and the physical alignment of
the switches would constantly illustrate the full TGC char-
acteristic.
[0011] In accordance with a preferred embodiment of
the present invention, the gain control 26 is automated
to operate in conjunction with a nominal gain setting that
is predetermined for the particular exam being conduct-
ed. When the type of exam (or probe type, or image depth,
or other diagnostic variable) is chosen, the ultrasound
system automatically invokes a predetermine level of
overall gain. Adjustment of the gain control 26 is then
generally needed only to make fine adjustments to the
predetermined gain level.
[0012] An ultrasound system constructed in accord-
ance with the principles of the present invention is shown
in block diagram form in Fig. 3. A probe 32 with an array
transducer 33 transmits ultrasonic waves under control
of a beamformer 40 as steered and focused beams which
scan the region of the body being diagnosed. Echoes
returned from the transmitted beams are received by the
transducer elements and coupled over n conductors of
a cable to the inputs of n TGC amplifiers 36, one of which
is represented in the drawing. The amplified echoes are
digitized and coupled over n conductors to the receive
channels of the beamformer 40. The echoes from the
active elements of the receiving aperture are delayed
and combined in the beamformer to form received scan-
lines of coherent echo signals. The beamformed echoes
undergo processing in a signal processor 42, which may
include processes such as filtering, harmonic separation,
quadrature demodulation, log compression, detection, or
Doppler processing. The processed echo signals are
then coupled to an image processor 44, where they are
arranged into the desired image format. The image proc-
essor may include a scan converter which processes
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sector scanlines received in an R-θ spatial orientation
into Cartesian coordinates. The image processor may
also overlay or combine tissue and flow image portions
or produce a three dimensional rendering of a volumetric
region of the body being scanned. The processed image
is stored at least temporarily in a frame buffer 46 from
which the image is acquired for display on an image dis-
play 50.
[0013] In accordance with the principles of the present
invention the ultrasound system includes an auto TGC
processor 64 which operates to automatically control the
depth dependent gain applied to received scanline sig-
nals as described below. An auto gain circuit 66 is pro-
vided to automatically set up a gain which is constant
with depth, as described below. In the illustrated embod-
iment the gain of the auto gain circuit is applied as a
constant offset to the TGC gain through a single TGC
amplifier 36, although separate gain control circuits can
be used for the two functions. The auto TGC processor
and auto gain circuit receive inputs from a user operated
control panel 62, through which the user can select a
diagnostic procedure that leads to the automatic selec-
tion of an optimized predetermined TGC characteristic
and overall gain setting, and through which the user can
fine tune and adjust the TGC curve and gain automati-
cally set up by the ultrasound system. An auto log com-
pression processor 68 provides an automatically deter-
mined log compression function for the log compression
circuit in the signal path of the signal processor 42, the
operation of which is more fully described below.
[0014] Figs. 4a-4c are a flowchart illustrating a method
for automatically adjusting the TGC characteristic, the
gain, and the dynamic range of an ultrasound system in
accordance with the principles of the present invention.
This automatic control can be set up to operate continu-
ously, or to operate only upon command. For instance,
the user may be viewing an image 12 which appears too
dark, too light, or exhibits wide contrast variability. In that
case the user can depress a control on the control panel
62 to cause the automatic TGC, gain, or dynamic range
functions to automatically adjust the current image (if
buffered) or to provide automatic adjustment to subse-
quent images (in real time operation.) In a preferred em-
bodiment, the user depresses the control on the control
panel or a display screen to activate one cycle of auto-
matic TGC, gain and compression curve optimization.
The characteristics thus calculated are used to process
images until the control is depressed again, at which time
a new, updated set of characteristics is calculated, which
then is used to process subsequent images. The char-
acteristic set by this automatic optimization can be reset,
in which case the system is reset to processing subse-
quent images with only the preprogrammed TGC, gain
and compression characteristics. The gain, TGC and
compression controls are also restored to their original
behavior prior to automatic optimization.
[0015] In a preferred embodiment of the present inven-
tion the ultrasound system stores TGC characteristics

(or TGC characteristic parameters from which TGC char-
acteristics can be determined) which are specially de-
signed for different diagnostic exams. When the user
starts a particular exam, the ultrasound system will in-
voke the preferred TGC characteristic 16 for that exam
type as an initial TGC function. The user may then adjust
or fine tune this initial characteristic for the acoustic con-
ditions presented by the particular patient being exam-
ined.
[0016] When the processing of the present invention
is invoked, either automatically or by user command, the
manually set TGC control and gain values are reset to
their nominal values (step 102). If the TGC slidepots 20
are motor controlled as described above, the slidepots
will be motor-driven to positions corresponding to the sys-
tem-predetermined TGC characteristic. At this point, the
ultrasound system is producing images which are a func-
tion just of the optimized predetermined TGC character-
istic and of the predetermined initial gain level.
[0017] With the system-selected TGC and gain applied
to the imaging signal path, an image frame is acquired
(step 104). The image frame is preferably acquired prior
to scan conversion processing, when it is still in the R-θ
format. This enables the auto TGC function to operate
on the received echo data without the effects of image
processing such as interpolated pixel values.
[0018] The auto TGC function is performed on the R-
θ image, which begins by analyzing the signal amplitudes
down each scanline (step 106). With no manual TGC
variation, the signal amplitudes may exhibit a general
decline with depth, as represented by the amplitude plot
70 of FIGURE 5. Next, scanlines which exhibit poor cou-
pling or low signal levels are discarded (step 108). For
example, the scanlines at the lateral periphery of an im-
age acquired with a curved array probe may be noisy or
indistinct due to poor coupling with the patient’s body at
the periphery of the transducer array. Since such lines
are not generally representative of the image as a whole,
they are not used in the automated process. Also, sam-
ples within each scan line with low signal levels may also
be discarded. Next, a linear slope fit is performed (step
110) on the retained data. Fig. 5 illustrates an example
of a dashed line 72 which is fitted to the general slope of
the amplitude data of scanline 70. While this linear slope
fit may be applied to the scanlines after they have under-
gone signal processing, preferably it is performed prior
to log compression or with the log compression undone,
so that the process is operating on data with a linearly
varying dynamic range. Alternatively, it is possible the fit
a sequence of line segments to the varying slope of the
amplitude data as described in US Pat. 4,852,576. How-
ever, it has been found that a single line fit will provide
the desired level of automatic optimization when com-
bined with the optimized predetermined TGC character-
istic, as the predetermined characteristic will generally
exhibit segment-to-segment variation.
[0019] When a linear slope has been fitted to the depth-
dependent attenuation characteristic of each scanline in
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the image frame, these slopes are combined into a single
slope value for the image. A preferred way to combine
the individual scanline values is to calculate a weighted
mean of the attenuation estimates (step 112.) One way
to do this is to sum the amplitude values for each line,
then weight the contribution of each scanline in propor-
tion to the relation of the sum for that scanline to the total
sum of all scanlines. This will effectively cause image
regions with good echo signal content to contribute more
to the final result than do regions of little or no signal
content. A single linear slope value α is thus produced
for the image.
[0020] In the next step, an inverse curve to the weight-
ed mean slope is calculated (step 114.) For example, if
the linear slope α was represented by dashed line 72, its
inverse curve would be dashed and dotted curve 74,
which slopes upward inversely in relation to the down-
ward slope of dashed line 72. In the next step, TGC offset
values are identified from the inverse curve (step 116.)
For example, Fig. 6 illustrates an inverse curve 76 with
an upward slope -α (where α is referenced to the hori-
zontal) which has an increasing gain (dB) with increasing
depth (cm). Located along the curve 76 at depth incre-
ments corresponding to those of the TGC slidepot depth
increments are discrete gain values shown as circles 81,
82, ... 84. These identified gain values are applied to the
corresponding segments of the optimized predetermined
TGC characteristic 16 (step 118.) Preferably, the values
are applied to the preset TGC characteristic initially cho-
sen by the ultrasound system for the exam. This will ef-
fectively adjust the system-provided TGC characteristic
by providing it with a calculated linear tilt. The new depth-
dependent TGC values are applied to the TGC amplifiers
36 and subsequent images are produced with this auto-
matically corrected TGC characteristic.
[0021] In some applications it may be desirable to add
a predetermined bias to the slope factor -α to account
for certain user preferences or how images appear in
certain applications. The final slope factor would then be
of the form (-α + bias). The bias is preferably adjusted
per application or 2D imaging setting to address ampli-
tude variations with depth that are unique for that appli-
cation, and to accommodate cases in which a visually
uniform image actually results when far field acoustic sig-
nals are slightly attenuated.
[0022] The displayed TGC curve 16 is modified as nec-
essary to correspond to the full TGC characteristic, that
is, the initial system-provided characteristic as modified
by the calculated linear tilt adjustment. In a system with
unmotorized slidepots 20 the physical locations of the
slides at their current locations, whatever they may be,
represent no manual change to the displayed TGC char-
acteristic. The manual slidepots may be adjusted by the
clinician as desired to provide manual additional adjust-
ment to the TGC characteristic which has been automat-
ically calculated by the auto TGC circuit, and the dis-
played TGC curve 16 will move in correspondence to any
adjustments.

[0023] The ultrasound system then performs automat-
ic gain and log compression determination. This process
begins by acquiring an image frame which has been proc-
essed with the automatically determined TGC function
described above (step 120.) Alternatively, instead of ac-
quiring a new image frame with the automatically deter-
mined TGC characteristic, the frame used in the auto
TGC process can be processed by applying the new TGC
gain values to each scanline of the frame. Next, regions
of the image with poor signal content, such as regions
where fluid is present or regions where coupling is poor,
are eliminated. For example, consider a range of gray-
scale pixel values extending from 0 (darkest) to 255
(brightest). Regions of poor signal content may be elim-
inated by excluding from processing all values from 0-20
or 0-50, for instance. With poor signal levels removed,
the log compression of the image, if present is undone
(step 124.) This may be performed by a lookup table
which is the reverse of that used to log compress the
image data.
[0024] The data of the selected image is now proc-
essed in comparison with reference data. A preferred
source of reference data is an image which the user feels
is a desirable image, referred to herein as a training im-
age. The training image may alternatively be supplied
with the ultrasound system, and preferably chosen for
the type of exam being performed. The training image,
whatever its source, is then processed by calculating the
mean and median of the pixel values in the image without
the effect of log compression (step 126.) This will produce
an average uncompressed pixel value and a median un-
compressed pixel value. This processing may be done
in the factory by providing the ultrasound system with
precalculated mean and median training pixel values.
[0025] The same processing is now performed on the
selected image. With the grayscale pixel values now in
a linear format, the mean and median values of the pixel
values of the selected image are calculated (step 128.)
This will produce an average uncompressed pixel value
and a median uncompressed pixel value for the selected
image. The mean and median values of the selected im-
age are compared with the mean and median values of
the training image (step 130), and the comparison is used
to find a new compression curve from which are derived
new gain and compression parameters (steps 132, 134).
These new values are applied as gain adjustments to the
TGC amplifiers 36 and as an adjusted log compression
function for the signal processor 42.
[0026] This processing may be understood by consid-
ering the following example. Ultrasound echo data is of-
ten digitized with 16-18 bit precision, which can give a
data range of over 100 dB. For purposes of display, the
data is mapped to an 8-bit gray level value, which corre-
sponds to under 50 dB of dynamic range. The data is
eventually displayed on an image display 50 and ob-
served with the human visual system, which has a very
poor ability for differentiating gray levels in a 100 dB
range. To map the 18-bit echo data into an 8-bit value,
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the data is log-compressed. The compression process
maps the output values into input values through the
equation 

[0027] The output value is rounded to an 8-bit value,
and clipped to be within the range 0 to 255. The com-
pression map can be characterized by two clip points,
CL and CH, which characterize the minimum and maxi-
mum input values that will be clipped. When the output
value is plotted as a function of the input value in a log-
linear format, we get a piecewise linear function such as
that represented by the function 90 in Fig. 7. The param-
eters a and b of the compression transfer function can
be calculated from the clip points, CL and CH, through
the relationship

[0028] Estimates of the clip points, CHi and CLi for
training image i can also be calculated from the image
data itself This is done by calculating the uncompressed
mean and median pixel values of training image i and
various weighting coefficients, w1, w2, and w3, that relate
these mean and median values to the clip points. These
weighting coefficients are calculated by minimizing the
mean squared error between the estimated clip points,
CHi and CLi and the desired compression function with
clip points CH0

i and CL0
i over a set of n training images.

These weighting coefficients calculated from the training
images were then used with the uncompressed mean
value and the uncompressed median value of the select-
ed image to establish a new compression function for the
selected image. This new compression function is rep-
resented by the dashed line 92 in Fig. 7. Application of
the compression function calculated from parameters
w1, w2, and w3, to a selected image results in distributing
the image amplitude levels such that they more closely
match an image that had been log compressed with a
function characterized by clip points CH0

i and CL0
i. The

CH and CL clip points are shown at 94 and 96. The hor-
izontal (linear) differences of the two functions 90, 92
provide a gain adjustment: moving the selected image
function to the left to align with the training image function
is an addition of gain and moving the function to the right
for alignment calls for a reduction in gain. Likewise, the
change of slope between the clip points which is neces-

sary to align one function to the other represents a
change in dynamic range. The gain adjustment is applied
to the TGC amplifier by way of the auto TGC processor
and the dynamic range adjustment is applied to the log
compression circuit of the signal processor.
[0029] As in the case of the TGC control, in a preferred
embodiment the gain value applied to the amplifier is a
combination of a system predetermined nominal gain val-
ue as modified by the automatically determined gain ad-
justment, and the dynamic range characteristic used is
a combination of a system predetermined nominal dy-
namic range characteristic as modified by the automati-
cally determined dynamic range adjustment. If the user
is dissatisfied with the image after these automatic ad-
justments have been made, the user can manually adjust
the TGC controls 20, the gain control 26, or the dynamic
range control (not shown) on the ultrasound system to
further refine the image. Both the gain and dynamic range
can be reset to the nominal values if desired.

Claims

1. A method for optimizing the time gain compensation
TGC characteristic of an ultrasonic diagnostic imag-
ing system which uses a system-predetermined
TGC characteristic for an imaging procedure, the
method comprising the steps of:

automatically optimizing the TGC characteristic
used to process the received echo data; and
automatically optimizing the dynamic range
used to process the received echo data;

wherein automatically optimizing comprises:

obtaining an ultrasound image which has been
produced in response to the system-predeter-
mined TGC characteristic;
analyzing the ultrasound image data to produce
an adjustment to a TGC characteristic relative
to that provided by the system-predetermined
TGC characteristic; and
producing an ultrasound image in response to
the system-predetermined TGC characteristic
as modified by the TGC characteristic adjust-
ment;

characterized in that automatically optimizing the
gain of the TGC characteristic further comprises
comparing the variation of a compression curve for
a current image with a reference image compression
curve.

2. The method of Claim 1, wherein analyzing further
comprises fitting a line with a slope which approxi-
mates the variation of echo amplitude with depth.
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3. The method of Claim 1, further comprising displaying
a TGC characteristic which is a composite of the sys-
tem-predetermined TGC characteristic and the TGC
characteristic produced by the analyzing step.

4. The method of Claim 3, further comprising manually
adjusting the displayed composite TGC characteris-
tic.

5. The method of Claim 1, further comprising obtaining
a system-predetermined TGC characteristic from a
data storage device of the ultrasound system.

6. The method of Claim 1, further comprising obtaining
a system-predetermined TGC characteristic by sys-
tem computation using imaging procedure parame-
ters.

7. The method of Claim 1, wherein the steps of auto-
matically optimizing comprise automatically optimiz-
ing in response to a user-initiated command.

8. An ultrasonic diagnostic imaging system comprising:

means for producing a TGC characteristic using
data stored on the ultrasound system;
an image storage device (46) which stores im-
ages produced by a system-produced TGC
characteristic;
an auto TGC processor (64) which analyzes im-
ages produced by a system-produced TGC
characteristic to produce a TGC characteristic
adjustment; and
a gain control circuit (66) responsive to a sys-
tem-produced TGC characteristic as modified
by a TGC characteristic adjustment which pro-
duces echo data with gain controlled as a func-
tion of depth;

characterized in that the system further comprises
an auto log compression processor (68) for providing
an automatically determined log compression func-
tion to the system-produced TGC characteristic by
comparing the variation of a compression curve for
a current image with a reference image compression
curve.

9. The ultrasonic diagnostic imaging system of Claim
8, wherein the TGC characteristic producing means
comprises a storage device which stores parameters
of a TGC characteristic.

10. The ultrasonic diagnostic imaging system of Claim
8, wherein the TGC characteristic producing means
comprises a processor which produces a TGC char-
acteristic in response to an imaging procedure pa-
rameter.

11. The ultrasonic diagnostic imaging system of Claim
8 further comprising a display (50) which displays a
system-produced TGC characteristic as modified by
a TGC characteristic adjustment produced by the
auto TGC processor (64).

12. The ultrasonic diagnostic imaging system of Claim
11 further comprising a manual TGC characteristic
control (62), wherein the display (50) displays a sys-
tem-produced TGC characteristic as modified by a
TGC characteristic adjustment produced by the
analysis software as modified by a manual TGC
characteristic adjustment.

Patentansprüche

1. Verfahren zum Optimieren der TGC-Kennlinie (Tie-
fenausgleich) eines diagnostischen Ultraschall-Bild-
gebungssystems, das eine vom System zuvor fest-
gelegte TGC-Kennlinie für einen Bildgebungsvor-
gang verwendet, wobei das Verfahren folgende
Schritte umfasst:

- automatisches Optimieren der für die Verar-
beitung der empfangenen Echodaten verwen-
deten TGC-Kennlinie; und
- automatisches Optimieren des für die Verar-
beitung der empfangenen Echodaten verwen-
deten dynamischen Bereichs;

wobei das automatische Optimieren Folgendes um-
fasst:

- Erhalten eines Ultraschallbildes, das in Reak-
tion auf die vom System zuvor festgelegte TGC-
Kennlinie erzeugt wurde;
- Analysieren der Ultraschallbilddaten zum Vor-
nehmen einer Anpassung an eine TGC-Kennli-
nie relativ zu derjenigen, die durch die vom Sy-
stem zuvor festgelegte Kennlinie geschaffen
wurde; und
- Erzeugen eines Ultraschallbildes in Reaktion
auf die vom System zuvor festgelegte TGC-
Kennlinie, die durch die Anpassung der TGC-
Kennlinie verändert wurde;

dadurch gekennzeichnet, dass das automatische
Optimieren der Verstärkung der TGC-Kennlinie fer-
ner das Vergleichen der Änderung einer Komprimie-
rungskurve für ein aktuelles Bild mit einer Kompri-
mierungskurve eines Bezugsbildes umfasst.

2. Verfahren nach Anspruch 1, wobei das Analysieren
ferner das Anpassen einer Linie mit einem Verlauf
umfasst, der ungefähr der Änderung der Echoam-
plitude mit zunehmender Tiefe entspricht.
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3. Verfahren nach Anspruch 1, das ferner das Anzei-
gen einer TGC-Kennlinie umfasst, die eine Kombi-
nation der vom System vorher festgelegten TGC-
Kennlinie und der durch den Schritt des Analysierens
erzeugten TGC-Kennlinie ist.

4. Verfahren nach Anspruch 3, das ferner das manuelle
Anpassen der angezeigten kombinierten TGC-
Kennlinie umfasst.

5. Verfahren nach Anspruch 1, das ferner das Erhalten
einer vom System zuvor festgelegten TGC-Kennli-
nie von einer Datenspeichereinrichtung des Ultra-
schallsystems umfasst.

6. Verfahren nach Anspruch 1, das ferner das Erhalten
einer vom System zuvor festgelegten TGC-Kennli-
nie durch Systemberechnung mit Hilfe von Parame-
tern des Bildgebungsvorgangs umfasst.

7. Verfahren nach Anspruch 1, wobei die Schritte des
automatischen Optimierens das automatische Opti-
mieren in Reaktion auf einen vom Benutzer initiierten
Befehl umfasst.

8. Diagnostisches Ultraschall-Bildgebungssystem,
das Folgendes umfasst:

- Mittel zum Erzeugen einer TGC-Kennlinie un-
ter Verwendung von in dem Ultraschallsystem
gespeicherten Daten;
- eine Bildspeichereinrichtung (46), die durch ei-
ne vom System erzeugte TGC-Kennlinie er-
zeugte Bilder speichert;
- einen automatischen TGC-Prozessor (64), der
durch eine vom System erzeugte TGC-Kennli-
nie erzeugte Bilder analysiert, um eine Anpas-
sung der TGC-Kennlinie vorzunehmen; und
- eine Verstärkungssteuerschaltung (66), die auf
eine vom System erzeugte TGC-Kennlinie rea-
giert, die durch eine Anpassung der TGC-Kenn-
linie verändert wurde, wodurch Echodaten er-
zeugt werden, deren Verstärkung als eine Funk-
tion der Tiefe gesteuert wird;

dadurch gekennzeichnet, dass das System ferner
einen Prozessor (68) zur automatischen logarithmi-
schen Komprimierung umfasst, der eine automa-
tisch ermittelte logarithmische Komprimierungsfunk-
tion für die vom System erzeugte TGC-Kennlinie
schafft, indem er die Änderung einer Komprimie-
rungskurve für ein aktuelles Bild mit der Komprimie-
rungskurve für ein Bezugsbild vergleicht.

9. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 8, wobei die Mittel zum Erzeugen der
TGC-Kennlinie eine Speichereinrichtung umfassen,
die Parameter einer TGC-Kennlinie speichert.

10. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 8, wobei die Mittel zum Erzeugen der
TGC-Kennlinie einen Prozessor umfassen, der in
Reaktion auf einen Parameter des Bildgebungsvor-
gangs eine TGC-Kennlinie erzeugt.

11. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 8, das ferner eine Anzeigevorrich-
tung (50) umfasst, die eine vom System erzeugte
TGC-Kennlinie anzeigt, die durch eine durch den au-
tomatischen TGC-Prozessor (64) erzeugte Anpas-
sung der TGC-Kennlinie verändert wurde.

12. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 11, das ferner eine manuelle Steue-
rung (62) der TGC-Kennlinie umfasst, wobei die An-
zeigevorrichtung (50) eine vom System erzeugte
TGC-Kennlinie anzeigt, die durch eine von der Ana-
lysesoftware erzeugte Anpassung der TGC-Kennli-
nie verändert wurde, die durch eine manuelle An-
passung der TGC-Kennlinie verändert wurde.

Revendications

1. Procédé permettant d’optimiser la caractéristique
TGC de compensation de gain dans le temps d’un
système d’imagerie diagnostique à ultrasons qui uti-
lise une caractéristique TGC prédéterminée par sys-
tème pour une procédure d’imagerie, le procédé
comportant les étapes de:

optimisation automatique de la caractéristique
TGC utilisée pour traiter les données d’écho re-
çues; et
optimisation automatique de la gamme dynami-
que utilisée pour traiter les données d’écho re-
çues;

dans lequel l’optimisation automatique comporte:

l’obtention d’une image à ultrasons qui a été pro-
duite en réponse à la caractéristique TGC pré-
déterminée par le système;
l’analyse des données d’image à ultrasons pour
produire un ajustement d’une caractéristique
TGC relative à celle fournie par la caractéristi-
que TGC prédéterminée par le système; et
la production d’une image à ultrasons en répon-
se à la caractéristique TGC prédéterminée par
le système telle que modifiée par l’ajustement
de la caractéristique TGC; caractérisé en ce
que l’optimisation automatique du gain de la ca-
ractéristique TGC comporte en outre la compa-
raison de la variation d’une courbe de compres-
sion pour une image courante avec une courbe
de compression d’une image de référence.
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2. Procédé selon la revendication 1, dans lequel l’ana-
lyse comporte en outre l’ajustement d’une ligne avec
une pente qui approche la variation d’amplitude
d’écho avec la profondeur.

3. Procédé selon la revendication 1, comportant en
outre l’affichage d’une caractéristique TGC qui est
une combinaison de la caractéristique TGC prédé-
terminée par le système et de la caractéristique pro-
duite par l’étape d’analyse.

4. Procédé selon la revendication 3, comportant en
outre l’ajustement manuel de la caractéristique TGC
combinée affichée.

5. Procédé selon la revendication 1, comportant en
outre l’obtention d’une caractéristique TGC prédé-
terminée par le système à partir d’un dispositif de
stockage de données du système à ultrasons.

6. Procédé selon la revendication 1, comportant en
outre l’obtention d’une caractéristique TGC prédé-
terminée par le système par un calcul du système
au moyen de paramètres de procédure d’imagerie.

7. Procédé selon la revendication 1, dans lequel les
étapes d’optimisation automatique comportent une
optimisation automatique en réponse à une com-
mande initiée par l’utilisateur.

8. Système d’imagerie diagnostique à ultrasons com-
prenant:

un moyen permettant de produire une caracté-
ristique TGC au moyen de données stockées
sur le système à ultrasons;
un dispositif de stockage d’image (46) qui stocke
les images produites par une caractéristique
TGC produite par le système;
un processeur TGC automatique (64) qui ana-
lyse les images produites par une caractéristi-
que TGC produite par le système pour produire
un ajustement de la caractéristique TGC; et
un circuit de commande de gain (66) sensible à
une caractéristique TGC produite par le systè-
me telle que modifiée par un ajustement de ca-
ractéristique TGC qui produit les données
d’écho avec un gain commandé comme une
fonction de la profondeur; caractérisé en ce
que le système comprend en outre un proces-
seur de compression logarithmique automati-
que (68) permettant de fournir une fonction de
compression logarithmique déterminée auto-
matiquement à la caractéristique TGC produite
par le système en comparant la variation d’une
courbe de compression pour une image couran-
te avec une courbe de compression d’une image
de référence.

9. Système d’imagerie diagnostique à ultrasons selon
la revendication 8, dans lequel le moyen produisant
la caractéristique TGC comprend un dispositif de
stockage qui stocke les paramètres d’une caracté-
ristique TGC.

10. Système d’imagerie diagnostique à ultrasons selon
la revendication 8, dans lequel le moyen produisant
la caractéristique TGC comprend un processeur qui
produit une caractéristique TGC en réponse à un
paramètre de procédure d’imagerie.

11. Système d’imagerie diagnostique à ultrasons selon
la revendication 8 comprenant en outre un affichage
(50) qui affiche une caractéristique TGC produite par
le système telle que modifiée par un ajustement de
la caractéristique TGC produite par le processeur
TGC automatique (64).

12. Système d’imagerie diagnostique à ultrasons selon
la revendication 11 comprenant en outre une com-
mande de caractéristique TGC manuelle (62), dans
lequel l’affichage (50) affiche une caractéristique
TGC produite par le système telle que modifiée par
un ajustement de la caractéristique TGC produite
par le logiciel d’analyse ou telle que modifiée par un
ajustement de caractéristique TGC manuel.
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