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SYSTEM AND METHOD FOR DICOM
COMPLIANT DISPLAY OF ULTRASOUND
IMAGES IN VARYING AMBIENT LIGHT

[0001] This invention relates to medical diagnostic imag-
ing systems and, in particular, to ultrasonic diagnostic imag-
ing systems which ensure that a displayed image conforms to
generally-accepted performance standards for displaying
medical images despite changes in ambient lighting condi-
tions.

[0002] Images of anatomical structures in the human body
are commonly obtained using a wide variety of techniques.
For example, images are obtained by x-ray, magnetic reso-
nance imaging (“MRI”), and ultrasound technologies. In
modern medical imaging systems, the images are captured as
a digital record and stored on media or in a network storage
server. The images may be viewed in real-time as they are
generated, or they may be viewed using the saved digital
record. In either case, the images may be viewed through a
variety of displays, including, for example, cathode ray tube
(“CRT”) displays, plasma displays, light-emitting diode
(“LED”) displays, field emission displays, and organic light
emitting diode displays. The appearance of the same image
can differ when the image is viewed on each of these displays.
Further, an image viewed on any of these displays can change
as a result of operator adjustments. For example, a user may
alter the brightness, contrast, or color saturation of an image.
An image can also be viewed using any of these display
devices in a variety of lighting conditions, which can vary
with the location of the display or for other reasons, such as
changes in ambient lighting conditions. As a result of these
variations, there can be differences between how an image is
perceived when viewed on an imaging system as the image is
acquired compared to how the image is perceived when sub-
sequently viewed on the display of a diagnostic review sta-
tion.

[0003] Despite these and other variations in the manner in
which medical images are displayed, it can be important for
an accurate diagnosis that medical images be displayed in a
consistent manner that conforms to generally accepted pet-
formance standards for displaying medical images. Efforts
have been made to achieve uniform perception of the medical
images between image acquisition and subsequent review.
For example, the Digital Image and Communications in
Medicine (“DICOM?”) standard attempts to ensure that medi-
cal images are perceived in a consistent manner. A part of the
DICOM standard dealing with the visual presentation of
images is PS 3.14. This part of the standard defines a calibra-
tion profile for medical imaging monitors, known as the
Grayscale Standard Display Function (“GSDF”) specifica-
tion. The calibration profile provided by the GSDF specifica-
tion achieves “perceptual linearization” in perceived bright-
ness for equal differences in display input. The GSDF
standard is based on the recognition that the sensitivity of the
human eye to incremental changes in light level varies with
the absolute intensity of light. The GSDF calibration profile
therefore provides an objective, quantitative mechanism for
mapping digital image values into respective luminance lev-
els. By using a known functional relationship between digital
image values and luminance levels, an image can be dis-
played and viewed on a different device or medium with the
same diagnostic value it possesses on its original acquisition
device. The GSDF standard also takes into account the level
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of ambient light of the viewing environments when calibrat-
ing a display device to the GSDF calibration curve. If the
amount of ambient light is ignored in performing a GSDF
calibration, low light levels used to display gray would be
overwhelmed in an environment with elevated ambient light
levels.

[0004] One variable that PS 3.14 is designed to eliminate is
the variability of user preferences which a user may employ to
adjust an image to what the user personally feels is a more
diagnostic presentation. One environmental variable that can
motivate a user to make such adjustments is the ambient
lighting in the room or lab where an image is being viewed. In
some instances the room may be brightly lighted to make the
patient feel more comfortable and at ease, for example. In
other instances the room may be more dimly lit, enabling
subtle details in the displayed image to be more readily dis-
cerned by the diagnostician. In yet other instances the images
may be acquired in a brightly lighted room, then transferred
electronically to a workstation in a dimly lit diagnostic lab for
reading by a diagnosing physician. In these variable condi-
tions the sonographer will want to adjust the image display
controls such as brightness and contrast to present an image
which he or she feels is most diagnostic. This adjustment may
adversely affect the image when remotely viewed, however,
because the manual image adjustment may cause acoustic
controls like Gain or TGC to produce poor digital images for
remote viewing. Another compensation is for the sonogra-
pher to leave the display brightness/contrast unchanged, but
to compensate for ambient light conditions by abnormally
adjusting the acoustic imaging controls such as Gain or TGC.
These adjustments could tend to adversely affect both the
local viewing and the remote viewing of the digital images.
Both types of adjustment can result in poor image perception
or bad acoustic control settings.

[0005] Conventional monitors for displaying medical
images attempt to provide GSDF calibration based on ambi-
entlightlevel by allowing manual adjustment of the displayed
image. Adjustments are typically made using a fixed estimate
or measurement of the intensity of ambient light. These esti-
mates are based on the subjective judgment of the person
making the adjustment, and they are therefore neither consis-
tent or free from error. Further, these estimates are incorrect
when the ambient light conditions differ from those extant at
the time of attempted GSDF calibration, which can readily
occur when the an ultrasonic imaging system is moved to a
different room.

[0006] Another problem encountered with displaying
ultrasound images with excessive brightness using a portable
display is excessive power consumption, which manifests
itself in reduced time between battery re-charges. Therefore,
apart from the desirability of displaying ultrasound images in
a manner that conforms to the DICOM standard, it is also
desirable to avoid displaying ultrasound images with exces-
sive brightness in order to maximize the time between battery
re-charges.

[0007] There is therefore a need for an ultrasound imaging
system that produces images for remote system display that
consistently conform to the DICOM standard despite varia-
tions in the level of ambient light at the location of the ultra-
sound imaging system which acquired the images.

[0008] An ultrasound imaging system and method pro-
duces an ultrasound image for display on a review station or
remote display device in a DICOM compliant manner. Echo
data corresponding to the ultrasound image are first provided
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by suitable means. The values of the echo data are trans-
formed to corresponding p-values using a DICOM compliant
GSDF calibration curve. As a result, DICOM compliant
p-values corresponding to the ultrasound image are gener-
ated. The level of ambient light in the vicinity of the display
device is also sensed. The p-values are converted to respective
digital driving levels based on display characteristics of the
display device and the sensed level of ambient light. Thus, the
sensed level of ambient light is automatically used in the
conversion of the p-values to the respective digital driving
levels for the ultrasound system display. The digital images
may be conveyed to another display device at a remote loca-
tion where they may be displayed in a perceptually linear way
in compliance with the DICOM standard.

[0009] FIG. 1 is a block diagram illustrating an ultrasonic
diagnostic imaging system according to one example of the
present invention.

[0010] FIG. 2 is a graph illustrating a standardized gray-
scale display function of echo data values versus p-values,
which define luminance differences that are linearly per-
ceived by a human observer.

[0011] FIG. 3is a graphillustrating the translation of p-val-
ues to digital display level (“DDL”) values that are specific to
a display device used in the ultrasonic diagnostic imaging
system of FIG. 1.

[0012] FIG. 4 is a graph showing several examples of cali-
bration curves relating p-values to DDL values, one of which
is selected in the system of FIG. 1 for respective levels of
ambient light.

[0013] An ultrasonic diagnostic imaging system 100
according to one example of the invention is shown in FIG. 1.
The imaging system 100 includes a probe or scanhead 110
having an array 112 of transducer elements. The array 112
transmits beams at different angles over an image field. The
transmission of the beams is controlled by a transmitter 114,
which controls the frequency, phasing and time of actuation
of each of the transducer elements of the array 112 so each
beam is transmitted from a predetermined origin along the
array and at a predetermined angle. The echoes returned from
along each beam direction are received by the elements of the
array 112, digitized by an analog-to-digital (“A/D”) converter
115, and coupled to a digital beamformer 116. The digital
beamformer 116 delays and sums the echoes from the trans-
ducer elements of the array 112 to form a sequence of
focused, coherent digital echo samples along each scanline or
beam direction. The sequence of samples are used to form
respective image frames corresponding to the beams formed
by the beamformer 116.

[0014] The transmitter 114 and beamformer 116 are oper-
ated under control of a system controller 118, which in turn is
responsive to the settings of controls on a user interface 120
operated by a user of the imaging system 100. The system
controller 118 controls the transmitter 114 to transmit the
desired number of scanline groups at the desired angles,
transmit energies and frequencies. The system controller 118
also controls the digital beamformer 116 to properly delay
and combine the received echo signals for the apertures and
image depths used.

[0015] The scanline echo signals generated by the digital
beamformer 116 are filtered by a programmable digital filter
122, which defines the band of frequencies of interest. When
imaging harmonic contrast agents or performing tissue har-
monic imaging, the passband of the filter 122 is set to pass
harmonics of the transmit band. The filtered signals are then
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detected by a detector 124. For B mode imaging, the detector
124 performs amplitude detection of the echo signal enve-
lope. For Doppler imaging, ensembles of echoes are
assembled for each point in the image and are Doppler pro-
cessed to estimate the Doppler shift or Doppler power inten-
sity. The echo data from the scanlines of an image are col-
lected in an image memory 126. This echo data is coupled to
a scan converter 128 where the echo data is arranged in the
desired image format such as a rectangular linearly scanned
image or a sector-shaped image or a 3D volume rendering.

[0016] The echo data from the scan converter 128 are con-
verted to a range of grayscale display values in a process
known as mapping using a grayscale mapper 130. The gray-
scale mapper 130 transforms values corresponding to the
echo data from the scan converter 128 to data corresponding
to respective perception values, known as “p-values.” The
p-values are luminance values that linearly relate the echo
data values to “just noticeable differences” in human percep-
tion in accordance with the DICOM standard in general, and
the GSDF calibration curve in particular. The grayscale map-
per 130 may perform this function using a lookup table, or it
may do so by other means such as formulaic computation.
These p-values are independent of a specific device on which
an image is displayed. FIG. 2 illustrates an example of a
GSDF calibration curve showing p-values corresponding to
echo data values.

[0017] After the grayscale mapper 130 has mapped the
image to the GSDF calibration curve, data corresponding to
the image can be transferred to external networks, storage
devices and display devices (not shown) such as worksta-
tions, paper printers, and film printers. When these devices
are configured to respond to DICOM standard images, the
images can be reproduced to the same diagnostic value they
had in their original form. The images may be shown on
emissive displays, such as workstation monitors or LCD dis-
plays, in a darkened room, printed on transmissive film and
viewed on a radiology light-box, or printed on glossy or
non-glossy photographic paper with the same diagnostic pre-
sentation in each case. The external networks, storage devices
and display devices perform this function by applying the
standard DICOM images to the characteristic display curve
of the respective display device, which translates the standard
image to the known display characteristic of the display
device. The images will exhibit the same diagnostic value,
within the limitations of the display device, for a variety of
display devices on which they are displayed. The calibration
ofthese softcopy review devices is performed considering the
ambient light at the viewing location, which is independent of
the ambient light at the image acquisition location.

[0018] With further reference to FIG. 1, after the echo data
values have been mapped by the mapper 130 to respective
p-values using the GSDF calibration curve, data correspond-
ing to the p-values are applied to a p-value/DDL transform
processor 134. The p-value/DDL transform processor 134
transforms an image mapped to DICOM calibrated p-values
to a range of digital driving levels (DDLs) suitable for a
particular display device 150 used in the imaging system 100.
Forexample, the p-values applied at the input of the transform
processor 134 may be mapped to a series of digital driving
levels that graphically plot to a standard curve 30 for a typical
CRT display device, as shown in FIG. 3. A different display
device 150, however, may require a different series of DDLs.
For example, the transform processor 134 may map the
received p-values to a series of digital driving levels that
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graphically plot to a flat panel display device response curve
32. Inorder to faithfully reproduce the luminance levels of the
standardized image on a unique display device 150, the p-val-
ues conforming to the GSDF curve must be translated accord-
ing to the device-specific response curve 32. This is prefer-
ably done by a lookup table of output DDL values, which the
transform processor 134 addresses using the received
DICOM compliant p-values. Another display device (not
shown) may have a different display response, and a transla-
tion will then be performed in order to accurately drive the
different display device. When the DDL values produced by
the transform processor 134 are applied to the display device
150, the display device 150 is driven by drive levels specific to
the device 150, which cause the device 150 to produce images
with luminance levels conforming to the human perception
levels of the DICOM display standard.

[0019] The imaging system 100 also includes at least one
ambient light sensor 140, which is connected to the p-value/
DDL transform processor 134. The ambient light sensor 140
generates a signal indicative of the level of ambient light in
the environs of the display device 150. The p-value/DDL
transform processor 134 uses the signal indicative of the level
of ambient light to generate a calibration curve that relates the
DICOM compliant p-values from the grayscale mapper 130
to specific digital driving levels DDL for the level of ambient
light corresponding to the signal from the ambient light sen-
sor 140. As explained above, this calibration curve may be in
the form of a lookup table or may be implemented by some
other means. When a lookup table is used, a lookup table is
generated that is specific to the characteristics of the display
device 150 and the level of ambient light. The p-value/DDL
transform processor 134 then uses this lookup table to trans-
form each received p-value to a corresponding DDL value. As
a result, the display device 150 will automatically present a
consistent image despite variations in the level of ambient
light. As the ambient light level in a room is increased or
decreased or theimaging system is moved to a different room,
the light sensor 140 will apply a corresponding signal to the
p-value/DDL transform processor 134. The p-value/DDL
transform processor 134 will then generate a new calibration
curve, such as by generating a new lookup table, correspond-
ing to the level of ambient light. The transform processor will
then use this new calibration curve to convert p-values to
respective DDL values.

[0020] A set of calibration curves for different levels of
ambient light is shown in F1G. 4, for example. The curve 41
for instance is relatively linear throughout its range. This
curve would be used in a brightly lit room where degradation
of the display dynamic range requires more compensation for
low luminance levels. The higher numbered curves are used
for progressively dimmer ambient room lighting levels. The
curve 49 for instance applies a more rapid change between
consecutive low grayscale levels, as is evident from the
steeply curved shape near the origin of the graph. This display
function will impose the greater differentiation in low level
driving values needed to maintain the diagnostic value of the
displayed image, particularly the low Iuminance levels, in a
dimly lighted room.

[0021] Although only one ambient light sensor 140 is
shown in FIG. 1, signals from a second ambient light sensor
160 may optionally be used by the p-value/DDL transform
processor 134 to assist in generating a calibration curve that
relates the p-values to display DDL values for the correspond-
ing level and nature of the ambient light. For example, the
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ambient light sensor 140 may sense the level of ambient light
falling on the screen of the display device 150 while the
ambient light sensor 160 may sense the level of ambient light
behind the screen. An average of the light levels sensed by
both of these ambient light sensors 140, 160 could then be
used to generate a new calibration curve relating received
p-values to output DLL values. Alternatively, the levels of
reflected light and backlight could be accounted for differ-
ently in the construct of the calibration curve.

[0022] The imaging system 100 may also include a manu-
ally adjustable brightness control 158, which allows a user to
change the brightness of the image shown in the display
device 150. This allows the user to make a manual adjustment
based on personal judgment of the ambient light conditions.
The images will still conform to the DICOM standard when
the user’s judgment of the ambient conditions is reasonable.
The brightness adjustment can, if desired, be regarded as a
change in an acoustic imaging parameter and, rather than
disable GSDF, can be used to make a change to the image that
appears both on the local monitor and in the exported digital
image used for remote review.

[0023] Although the present invention has been described
with reference to the disclosed embodiments, persons skilled
in the art will recognize that changes may be made in form
and detail without departing from the spirit and scope of the
invention. Such modifications are well within the skill of
those ordinarily skilled in the art. For example an ultrasound
system can have two video outputs, one producing a signal
compensated for ambient light and another producing an
uncompensated video signal. The user would use the com-
pensated video output for a display in the same viewing room
as the imaging system, and the uncompensated video output
for a display in a separate viewing room which may have
different ambient lighting conditions. Accordingly, the inven-
tion is not limited except as by the appended claims.

We claim:
1. A method of displaying an ultrasound image on a display
device, comprising:
providing echo data corresponding to the ultrasound
image;
sensing the level of ambient light in the vicinity of the
display device;
generating DICOM compliant perception values corre-
sponding to the ultrasound image by using a DICOM
compliant GSDF calibration curve to transform each
value of echo data to a corresponding perception value;
converting the perception values to respective digital driv-
ing levels based on display characteristics of the display
device and the sensed level of ambient light, the sensed
level of ambient light being automatically used in the
conversion of the perception values to the respective
digital driving levels; and
providing the digital driving levels to the display device so
that the display device can display the ultrasound image.
2. The method of claim 1 wherein the act of using a
DICOM compliant GSDF calibration curve to transform each
value of echo data to a corresponding perception value com-
prises:
generating a lookup table corresponding to the DICOM
compliant GSDF calibration curve, the lookup table
containing a plurality of echo data values and a plurality
of perception values each of which is associated with a
respective one of the echo data values; and



US 2009/0203999 A1

using the echo data values to reference the associated per-
ception values in the lookup table.

3. The method of claim 1 wherein the act of converting the
perception values to respective digital driving levels com-
prises:

generating a lookup table corresponding to the display

characteristics of the display device and the sensed level
of ambient light, the lookup table containing a plurality
of perception values and a plurality of digital driving
levels each of which is associated with a respective one
of the perception values; and

using the perception values to reference the associated
digital driving levels in the lookup table.

4. The method of claim 1 wherein the act of generating a
lookup table corresponding to the display characteristics of
the display device and the sensed level of ambient light com-
prises generating a lookup table corresponding to the display
characteristics of the display device, a respective lookup table
corresponding to the display characteristics of the display
device being generated for each sensed level of ambient light.

5. The method of claim 1 wherein the act of sensing the
level of ambient light in the vicinity of the display device
comprises sensing the level of ambient light in two separate
locations in the vicinity of the display device.

6. The method of claim 5 wherein the act of sensing the
level of ambient light in two separate locations in the vicinity
of the display device comprises:

sensing the level of ambient light on a display screen of the
display device; and

sensing the level of ambient light behind the display screen
of the display device.

7. The method of claim 1, further comprising manually
adjusting the brightness of the ultrasound image displayed on
the display device,

wherein adjusting the brightness is regarded as a change in
an acoustic imaging parameter which makes a change to
the image that appears both on a local display device and
in an image signal used for remote review.

8. The method of claim 1 wherein the display device com-
prises a flat panel display device.

9. The method of claim 1 wherein the display device com-
prises a cathode ray tube display device.

10. The method of claim 1 wherein the act of using a
DICOM compliant GSDF calibration curve to transform each
value of echo data to a corresponding perception value com-
prises mapping each value of echo data to a corresponding
grayscale perception value.

11. An ultrasound imaging system, comprising:

an ultrasound probe receiving echo signals from a subject;

a processor coupled to receive the echo signals from the
probe, the processor being operable to convert the
received echo signals to echo data corresponding to an
ultrasound image;

adisplay device;

a grayscale mapper coupled to receive the echo data from
the processor, the grayscale mapper being operable to
transform each value of echo data to a corresponding
value of perception data using a DICOM compliant
GSDF calibration curve such that the grayscale mapper
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generates DICOM compliant perception data having
values that correspond to the ultrasound image;

an ambient light sensor operable to sense the level of ambi-
ent light in the vicinity of the display device and to
generate an ambient light signal corresponding thereto;
and

a transform processor coupled to receive the perception
data from the grayscale mapper and the ambient light
signal from the ambient light sensor, the transform pro-
cessor being operable to convert the perception values to
respective digital driving levels based on the ambient
light signal and at least one display characteristic of the
display device, the transform processor being coupled to
the display device to provide the digital driving levels to
the display device so that the display device can display
the ultrasound image.

12. The ultrasound imaging system of claim 11 wherein the
grayscale mapper comprises a lookup table corresponding to
the DICOM compliant GSDF calibration curve, the lookup
table containing a plurality of values of echo data and a
plurality of values of perception data each of which is asso-
ciated with a respective one of the values of echo data.

13. The ultrasound imaging system of claim 11 wherein the
transform processor comprises a lookup table corresponding
to the display characteristics of the display device and the
ambient light signal from the ambient light sensor, the lookup
table containing a plurality of values of the perception data
and a plurality of digital driving levels each of which is
associated with a respective one of the values of the percep-
tion data.

14. The ultrasound imaging system of claim 11 wherein the
ambient light sensor comprises:

a first ambient light sensor sensing the level of ambient
light at a first location in the vicinity of the display
device; and

a second ambient light sensor sensing the level of ambient
light at a second location in the vicinity of the display
device, the second location being different from the first
location.

15. The ultrasound imaging system of claim 14 wherein the
first location comprises a display screen of the display device
and the second location comprises a location behind the dis-
play screen of the display device.

16. The ultrasound imaging system of claim 11, further
comprising a manually adjustable brightness control, the
manually adjustable brightness control being operable to
allow the brightness of an image shown on the display device
to be manually adjusted.

17. The ultrasound imaging system of claim 11 wherein the
display device comprises a flat panel display device.

18. The ultrasound imaging system of claim 11 wherein the
display device comprises a cathode ray tube display device.

19. The ultrasound imaging system of claim 11 wherein the
display device comprises a communication port coupled to
receive the DICOM compliant perception data from the gray-
scale mapper so that the perception data can be coupled to an
external network.

20. The ultrasound imaging system of claim 11, further
comprising a transform processor coupled to receive the per-
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ception data from the grayscale mapper, the transform pro- a video output at which a video signal is provided which is
cessor being operable to convert the perception values to uncompensated for local ambient lighting conditions.
respective digital driving levels based on at least one acoustic

imaging parameter, the transform processor being coupled to BoOR Ok kK
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