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ABSTRACT

LCDs suffer from viewing angle dependency, meaningt characteristics of LCDs change with viewingglan
DICOM GSDF calibration and corresponding qualitecks typically take place for on-axis viewing. Haeg users
will use the display for a broad range of viewingkes. Several studies have shown that when ctbbrés done for
on-axis viewing then the display is not accuratalynplying with the DICOM GSDF standard when viewoféraxis.

This paper presents a novel solution: we adapDi@OM GSDF calibration algorithm to have inhereabustness
against change of viewing angle. A validation hasrbdone by means of a 5 Mega Pixel medical disRagults show
that it is possible to double the range of viewarngles (18° instead of 9°) for which the displaywishin the 10%
tolerance as defined in the DICOM GSDF standards Téwsult is very useful because users typically wse their
displays also for off-axis viewing angles.
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1. INTRODUCTION

Display image quality is extremely important in rieadl imaging. DICOM/NEMA has defined the DICOM GSDF
standard [1] to ensure that medical images areodejged in a way that even the most subtle imageires will be
visible for a human observer. The DICOM GSDF notyomproves conspicuity of findings in the extremeb
luminance, but also provides a mechanism to staimtathe appearance of images on monitors of diffemherent
brightness and with different response curves. IPigdues undergo a perceptual linearization, catleel Digital
Imaging and Communications in Medicine (DICOM) (segle Standard Display Function (GSDF). This ersstivat
pixel values that are supposed to ascend in arlifesdhion actually appear that way to the human dgspite the
nonlinearity of our perception.
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Figure 1: example of viewing angle dependency of LT

It is known that LCDs suffer from viewing angle @splency, meaning that the characteristics of thB tBange with
viewing angle. Figure 1 shows an example of howpek luminance (luminance of full white) dependdfte viewing
angle. However, apart from peak luminance alsorotharacteristics such as native curve (luminamsponse in
function of drive level) and color reproduction i@oshift problems) change with viewing angle.

Phi 45
cd/m?

10000

1000 ——Theta 0
——Theta 10
Theta 20
Theta 30
——Theta 40
—— Theta 50
—— Theta 60

10 % ——Theta 70

1

100

00%  125%  50% 375x 600% 625% 750% #75% 1000x DDL

Figure 2: change of native curve in function of viing angle

Display calibration and corresponding quality ctetkpically take place for on-axis viewing. Howevesers typically
will use the display under a rather broad rangei®@iving angles. Several studies have shown thanvdadibration is
done for on-axis viewing then the display is natuaately complying with the standard when viewirfigaxis [2; 3].

To overcome this problem Baoxin et al. [4] havegasied a solution whereby the position of the isstacked in real-
time and the configuration/characteristics of thepldy is changed accordingly. In this way the usdl always

perceive the display as being calibrated indepehden the viewing angle. However, this method riegsi an often
expensive user tracking method (such as an infrafé@sound or vision based head tracking devieEyeover, the
method cannot be used in case there are multipleers at the same time.

This paper presents another solution: insteadagking the user and dynamically changing the beiaofi the display,
we will adapt the DICOM GSDF calibration algorithitself in order to have inherent robustness agathainge of
viewing angle. This new method also has the adgenthat it is a very cheap solution that does aqtiire additional
hardware such as head tracking. In addition it aletks for multiple viewers.



2. METHOD

DICOM GSDF is a set of requirements that are pasethe transfer curve (the luminance in functioryy level) of
medical displays. These requirements include absdluminance values, contrast response (dL/L) a¥bsJ(just
noticeable differences) per greyscale step. Foerdetails we refer to [1]. A display is made comptito the standard
by configuring a lookup-table in the display thatnges the native transfer curve of the displagnother curve that
complies with DICOM GSDF. The standard also mergtitivat a display can at most deviate 10% fromahget curve
for each of the three metrics.

As an example we show the three conformance medfidICOM GSDF in figure 3. Since the blue curvested

display) is for some grey levels exceeding the 10Bfrance (dashed lines) this display is not coinglyvith DICOM
GSDF.
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Figure 3: Conformance metrics for DICOM GSDF

We will now describe the newly proposed DICOM GSé&dfibration algorithm for medical displays. As esfistep a
normal DICOM GSDF on-axis calibration is performedter calibration display compliance is checked $everal
viewing angles. It can be expected that indeedofeaxis viewing the display will be calibrated viithacceptable
tolerance and also for some (probably relativelyal§nviewing angles the display could also be cdaml Viewing

angles for which there is compliance with the stadccan be conveniently plotted in a polar grapks &hown on the
left side of figure 4. The axes of the figures emgnt polar (0°-40°) and azimuth angles (0°-36@°Jigure 4 the blue
area represents the viewing angles for which thplaly complies with the standard.

As a second step we select a viewing angle forlwthie display is not complying with the standard.ak example the
right hand side of figure 4 shows this selectedvirig angle with a red dot. For this selected viepamgle we will now
identify why the system is not compliant anymore are will alter the calibration data or charactécisf the display
such that also for this viewing angle the display e just within acceptable tolerance again. Example, in the case
of DICOM GSDF we will identify (for the selectedewiing angle) for which video level(s) the caliboatiis outside of
the allowed 10% tolerance. Based on this infornmatice will alter (the shape of) the native transferve locally
(around that video level) to make the display tabmpliant for the selected viewing angle.
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Figure 4: from left to right: compliance region for on-axis calibration, selection of new point for iration 1

As a third step we will again check display comptia for several viewing angles. Figure 5 (left haitk) shows an
example of what can be expected. Because of thieatmms made (to also make the display compliantHe viewing

angle selected in the previous step) the rangeenfing angles for which the display complies witte tstandard has
broadened. If this range however is still insuffiti then we can perform another iteration and agpply steps 2 and

3. A possible result of this second iteration isweh in the center and right parts of figure 5.
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Figure 5: from left to right: compliance region after iteration 1, selection of new point for iteration 2, compliance region after
iteration 2

Of course at some point improvement will not begille anymore because performing an additionatiem would
result into non-compliance with the standard foragis viewing or some other viewing angles thatvimasly were
complying. When this happens then we stop iterating) use the calibration data that we obtainechduhe previous

iteration.



The fundamental principle that the described methquoits is that perfect compliance to a standsrbt required and
that a certain tolerance or deviation from the démd can be tolerated. As such the proposed metlibtblerate a
small but acceptable deviation compared to thedstahfor on-axis viewing, in return for a much largange of angles
for which the display is still complying with théasdard.

From the above description it is clear that ourhudtcan be applied to any standard or display remént for which
there exists a calibration algorithm and a metlwothéasure compliance. The proposed method coulexEomple also
be used to ICC colour profile calibration.

3. RESULTS

For this evaluation we used a 5 Mega pixel gragsoatdical display. The viewing angle behavior & tlisplay was
characterized using an EZContrast system from Eldine calibration lookup table for the display whsn calculated
in two different ways: by means of traditional oxisacalibration and by means of calibration witlr aew method.

Figure 6 shows the comparison of the two methodie. viewing angles for which the display compliestmbICOM

GSDF when using on-axis calibration are indicatgdrizans of the area surrounded by the yellow curke.viewing
angles for which the display complies with DICOM B¥Swhen using the new calibration method are shiovilue. It
can be seen that traditional on-axis calibraticsults into a viewing cone of appx. 9° for which tisplay complies
with DICOM GSDF. Our new method is able to doullattviewing cone to appx. 18°.
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Figure 6: Performance of the new method compared tonormal calibration

The proposed method is also able to optimize tosvafftaxis viewing of the display. A typical exaragk a laptop:
users normally look slightly downwards onto thetégpdisplay. By selecting (in step 2) points tha lncated around
the desired typical viewing angle, the calibratieill be optimized for that preferred viewing anglén off-axis
calibration has been done with the same 5 Megd digplay. The results are shown in figure 7. Theelregion shows
the viewing cone for which the display will be cdiapt to DICOM GSDF if we perform an off-axis calfétion with
the new method. Performing a traditional calibmatiehere the measurement device is put under tHerped off-axis
angle relative to the display will result into anggliance region which is indicated with the redsdot



Figure 7: Optimizing for off-axis viewing

Finally, we investigate if using a measurement cevfor display characterization & calibration) it broad
acceptance angle will also improve the viewing cforewhich the display is complying with the chossandard. For
this purpose we calibrate the display with the itradal calibration method and with two differenteasurement
devices. One measurement device has an acceptagleedad 3 degrees, while the second measuremeitedbas an
acceptance angle of 10 degrees.

From figure 8 we can see that using a measuremevical with broad acceptance angle only brings ghsli
improvement of 3 degrees (compared to 9 degreesirament with the new method). Moreover, althotlghrange
of viewing angles for which the display is comptidn a particular standard can be slightly incrdalg using a
measurement device with broad acceptance anggecaini have negative impact on other characterisfitdse display.

For example: using a luminance device with broamptance angle will result into far less accuratsbtute luminance
measurements compared to a small acceptance aegleurement device because the device will captuchmore

ambient light. And in many situations accurate &lifsomeasurement values (luminance, color pointirest, ...) is

exactly something that is highly desired. Therefores not recommended to use measurement devids broad

acceptance angle.



Figure 8: Effect of using a photometer with broad aceptance angle

4. CONCLUSIONS

We developed a novel method to make DICOM GSDFlayspalibration much more robust against viewinglan
dependency of displays. The proposed method isyackheap solution that does not require addititlaatiware such as
head tracking; in addition it also works for muléiviewers.

A validation of the proposed method has been dgnmédrans of a 5 Mega Pixel medical display. Resliltsv that it is
possible to double the range of viewing angleswibich the display complies with the standard. THeisult is very
useful because it is known that users typicallyf ugle their displays not only for on-axis but alep off-axis viewing
angles.
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