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Abstract

The Gray Scale Standard Display Function (GSDF) for
calibration of medical displays is a useful modbeit as such not
sufficient to achieve highest possible image quaiite will
discuss a method to improve calibration accuracgrdlie
complete display surface.

1. Introduction

Over the last few years liquid crystal displays énagplaced the
traditional light box in medical imaging. When dep systems
are used for primary diagnosis they need to complh the

DICOM GSDF standard [1; 2]. This standard descrifhesexact
transfer curve (luminance in function of digitaliwdr level) that
the display system should follow based on the digpl own

minimum and maximum luminance.

To comply with DICOM GSDF display systems are being

calibrated. With a luminance sensor the transfavecwof the
display is measured, typically at the centre ofdigplay and for
on-axis viewing. Based on the measured curve aulpdiable
(calibration lookup table) is calculated and coufgd. This
lookup table changes the native luminance curvhefisplay to
the required DICOM GSDF curve (see figure 1). Dagpbystems
that are calibrated to the DICOM GSDF standard \hié
perceptually linear [6].
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Figure 1: Extract from DICOM supplement 28, conceptof
using a lookup table to change the display transferurve

Typically also a quality control system is put itage to make
sure that the display system complies with DICOMDGESver its
complete lifetime. Such QA software periodically @r demand
of the user re-measures the transfer curve of gay system
and makes adjustments to the calibration lookupletaib
necessary.

2. Problem statement

Although the described method of calibration andlity control
is being used widely in the medical imaging comrynthis
paper will show that calibration to DICOM GSDF awpiemented
today is not sufficient to maintain highest possitthage quality.
Previous work [3] already demonstrated that viewiaggle
characteristics of LCD displays result into non-ptiance with
DICOM GSDF when looking at the display under andfeleed,
since the transfer curve is being measured forxisaewing and
therefore the display system is only compliant {€OM GSDF
when viewed on axis. This is because the transfierecof LCDs
varies with the viewing angle. However, this probles relatively
limited since the distortion compared to DICOM GSBFsmall
for small viewing angles and since most users #gtlook at the
display on-axis or under small viewing angles.

This paper describes another and more severe pmoll€Ds

suffer from non-uniformity and spatial noise [4]dathis impacts
compliance to DICOM GSDF. There are several caofapatial

noise. Non-uniformity of the backlight is resporeildor the

typical luminance fall-off towards the borders dfetdisplay.
Other causes are LCD cell artifacts causing highequency,

pixel by pixel variations in the brightness of thesplay. Such
artifacts are caused by tolerances on the storaggcitor of each
LCD pixel, non-perfect rubbing of the LCD alignmelayer,

tolerances in the conductivity of the column and onductors,
varying characteristics of the cell transistorsta@erances in the
driver circuits. The superposition of all of thesféects results in
spatial noise, often also called mura, seen axe fi“cloudy”

pattern on the LCD (see figure 2).
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Figure 2: Spatial noise patterns for 6.25%, 25% and 00%
driving of a medical LCD display




Referring back to above described causes such eagrikiing

circuitry and the pixel transistors, it will be werdtandable that
spatial noise does change as a function of driwel.leThis

dependency of spatial noise on drive level carlyehsi seen from
figure 3 where the spatial noise pattern for ond #re same
display is shown at different drive levels (6.25%dal00%

driving of the LCD).
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Figure 3: Mura patterns for video level 6.25% and D0%

This dependence of the mura pattern on the drixed Edso means
that the transfer curve of the display will varyeowthe display
surface. This can be seen in figure 4 where thplalistransfer
curve is shown for different locations on the digplsurface.
Especially for lower luminance values significanttjfferent

transfer curves can be observed. These differessescannot be
modeled as a simple gain and offset difference.
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Figure 4: Display transfer curve for multiple locations on the
display
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Since typically DICOM GSDF calibration is currentiyly done
at the centre of the display one can therefore axfieat the
display will only be (perfectly) DICOM compliant #te centre.

3. Measurements

To quantify DICOM GSDF compliance we compare theested
transfer curve after calibration with the targetCDIM GSDF
curve and this for multiple locations across theptily surface.
The display used is a 5 Mega Pixel monochrome raédi€D
display. Typically the distortion from the targetree is measured
in JNDs (Just Noticeable Differences). A just nesble
difference is the smallest difference in luminanteat is
detectable by a human observer. The authors refdr, ©2; 6] for
more information.

Figure 5 shows the average difference in INDs émest over the
256 grey level) of the achieved transfer curve camg to the
DICOM GSDF target curve that the display shouldofelat that
position. This plot was created by first calibrgtim 5 Mega Pixel
display with a sensor in the centre of the dispdayg then re-
measuring the GSDF compliance at non-centre digpdesjtions.
In the centre of course the display is well calibdesince there the
sensor was placed there. On other display positiowgever the
average distortion ranges from a few JNDs to 0@edIDs. It is
obvious that such poor compliance to DICOM GSDH reiult in
much lower image quality such as strong perceptaatlinearity
or even shades of grey that cannot be discriminategmore
(because the number of JNDs per step comes claseD/step
at some display positions and for certain greyesjal
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Figure 5: Average distortion compared to DICOM GSDFfor
the complete display surface

This problem is much more severe than the distortioe to the
viewing angle dependency of the display: mura guatial noise
are always present also if the user is looking quéiif on-axis.
Secondly, distortions due to spatial noise and vmufermity are a
magnitude higher than the distortions caused bwing angle
dependency.

The mura patterns of LCD displays (and therefoee dhange in
the transfer curve of the display across the disarface)
contain both lower and higher spatial frequenciesver spatial
frequencies are for example caused by the slownande fall-off
of the backlight while the higher spatial frequescican be the
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result of pixel to pixel noise and this up to thguist frequency
of the display. It is known that the human eyeeiss|sensitive to
high spatial frequencies and that mainly the lofseguency noise
will be visible.

4, Solution

A possible solution to this problem of spatial DIRI@ompliance
is to make sure that the display system has the s@amsfer curve
over its complete surface. Recently display systéwage been
introduced that have built-in compensation [4; Br fnon-
uniformity and spatial noise. Such display syste@asply
electronic precompensation to the image data sdhbagerceived
images will be free of spatial noise and non-umiiities. The
general principle of the electronic precompensat®ishown in
figure 6. The exact spatial noise pattern of thepldiy system is
measured and characterized and then this datae tosapply
electronic precorrection of the images sent to display. This
precompensation cancels out with the spatial npéttern of the
display and therefore the resulting perceived imalggs
significantly lower noise level.

Figure 6: Concept of electronic precompensation fonon-
uniformity and spatial noise

By comparing the plots in figures 3 and 7 one atke effect of
this compensation for non-uniformity and spatiaiseo To create
these plots the same display system was used witfigure 3)
and with compensation (figure 7) applied.

Figure 7: Remaining mura patterns on a display withnoise
reduction applied

As a side effect of having almost perfect luminanc&ormity
these display systems also have significantly \es&tion in the
native transfer function across the display surfddéerefore one
can expect that compliance to DICOM GSDF will becmbetter.

Figure 8 shows the average difference in JNDs émegt over the
256 grey level) of the achieved transfer curve cameg to the
DICOM GSDF target on a display system with noisguntion

applied.
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Figure 8: Average distortion compared to DICOM GSDF
(with precompensation for non-uniformity and spatid noise)

These results indicate that the distortion compaedICOM
GSDF is significantly reduced with a factor of mdhan three.
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