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Abstract 
The Gray Scale Standard Display Function (GSDF) for 
calibration of medical displays is a useful model, but as such not 
sufficient to achieve highest possible image quality. We will 
discuss a method to improve calibration accuracy over the 
complete display surface.  

 

1. Introduction 
 

Over the last few years liquid crystal displays have replaced the 
traditional light box in medical imaging. When display systems 
are used for primary diagnosis they need to comply with the 
DICOM GSDF standard [1; 2]. This standard describes the exact 
transfer curve (luminance in function of digital drive level) that 
the display system should follow based on the display’s own 
minimum and maximum luminance. 

To comply with DICOM GSDF display systems are being 
calibrated. With a luminance sensor the transfer curve of the 
display is measured, typically at the centre of the display and for 
on-axis viewing. Based on the measured curve a lookup table 
(calibration lookup table) is calculated and configured. This 
lookup table changes the native luminance curve of the display to 
the required DICOM GSDF curve (see figure 1). Display systems 
that are calibrated to the DICOM GSDF standard will be 
perceptually linear [6]. 

 

 
Figure 1: Extract from DICOM supplement 28, concept of 
using a lookup table to change the display transfer curve 

 

Typically also a quality control system is put in place to make 
sure that the display system complies with DICOM GSDF over its 
complete lifetime. Such QA software periodically or on demand 
of the user re-measures the transfer curve of the display system 
and makes adjustments to the calibration lookup table if 
necessary. 

 

2. Problem statement 
 

Although the described method of calibration and quality control 
is being used widely in the medical imaging community, this 
paper will show that calibration to DICOM GSDF as implemented 
today is not sufficient to maintain highest possible image quality. 
Previous work [3] already demonstrated that viewing angle 
characteristics of LCD displays result into non-compliance with 
DICOM GSDF when looking at the display under angle. Indeed, 
since the transfer curve is being measured for on-axis viewing and 
therefore the display system is only compliant to DICOM GSDF 
when viewed on axis. This is because the transfer curve of LCDs 
varies with the viewing angle. However, this problem is relatively 
limited since the distortion compared to DICOM GSDF is small 
for small viewing angles and since most users actually look at the 
display on-axis or under small viewing angles.  

This paper describes another and more severe problem: LCDs 
suffer from non-uniformity and spatial noise [4] and this impacts 
compliance to DICOM GSDF. There are several causes of spatial 
noise. Non-uniformity of the backlight is responsible for the 
typical luminance fall-off towards the borders of the display. 
Other causes are LCD cell artifacts causing higher frequency, 
pixel by pixel variations in the brightness of the display. Such 
artifacts are caused by tolerances on the storage capacitor of each 
LCD pixel, non-perfect rubbing of the LCD alignment layer, 
tolerances in the conductivity of the column and row conductors, 
varying characteristics of the cell transistors or tolerances in the 
driver circuits. The superposition of all of these effects results in 
spatial noise, often also called mura, seen as a fixed, “cloudy” 
pattern on the LCD (see figure 2). 

 

 
Figure 2: Spatial noise patterns for 6.25%, 25% and 100% 

driving of a medical LCD display 
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Referring back to above described causes such as the driving 
circuitry and the pixel transistors, it will be understandable that 
spatial noise does change as a function of drive level. This 
dependency of spatial noise on drive level can easily be seen from 
figure 3 where the spatial noise pattern for one and the same 
display is shown at different drive levels (6.25% and 100% 
driving of the LCD). 

 

 
Figure 3: Mura patterns for video level 6.25% and 100% 

 

This dependence of the mura pattern on the drive level also means 
that the transfer curve of the display will vary over the display 
surface. This can be seen in figure 4 where the display transfer 
curve is shown for different locations on the display surface. 
Especially for lower luminance values significantly different 
transfer curves can be observed. These differences also cannot be 
modeled as a simple gain and offset difference. 

 
Figure 4: Display transfer curve for multiple locations on the 

display 

 

Since typically DICOM GSDF calibration is currently only done 
at the centre of the display one can therefore expect that the 
display will only be (perfectly) DICOM compliant at the centre. 

 

3. Measurements 
 

To quantify DICOM GSDF compliance we compare the observed 
transfer curve after calibration with the target DICOM GSDF 
curve and this for multiple locations across the display surface. 
The display used is a 5 Mega Pixel monochrome medical LCD 
display. Typically the distortion from the target curve is measured 
in JNDs (Just Noticeable Differences). A just noticeable 
difference is the smallest difference in luminance that is 
detectable by a human observer. The authors refer to [1; 2; 6] for 
more information. 

Figure 5 shows the average difference in JNDs (averaged over the 
256 grey level) of the achieved transfer curve compared to the 
DICOM GSDF target curve that the display should follow at that 
position. This plot was created by first calibrating a 5 Mega Pixel 
display with a sensor in the centre of the display and then re-
measuring the GSDF compliance at non-centre display positions. 
In the centre of course the display is well calibrated since there the 
sensor was placed there. On other display positions however the 
average distortion ranges from a few JNDs to over 20 JNDs. It is 
obvious that such poor compliance to DICOM GSDF will result in 
much lower image quality such as strong perceptual non-linearity 
or even shades of grey that cannot be discriminated anymore 
(because the number of JNDs per step comes close to 1 JND/step 
at some display positions and for certain grey scales). 

 

 
Figure 5: Average distortion compared to DICOM GSDF for 

the complete display surface 

 

This problem is much more severe than the distortion due to the 
viewing angle dependency of the display: mura and spatial noise 
are always present also if the user is looking perfectly on-axis. 
Secondly, distortions due to spatial noise and non-uniformity are a 
magnitude higher than the distortions caused by viewing angle 
dependency. 

The mura patterns of LCD displays (and therefore the change in 
the transfer curve of the display across the display surface) 
contain both lower and higher spatial frequencies. Lower spatial 
frequencies are for example caused by the slow luminance fall-off 
of the backlight while the higher spatial frequencies can be the 
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result of pixel to pixel noise and this up to the nyquist frequency 
of the display. It is known that the human eye is less sensitive to 
high spatial frequencies and that mainly the lower frequency noise 
will be visible.  

4. Solution 
 

A possible solution to this problem of spatial DICOM compliance 
is to make sure that the display system has the same transfer curve 
over its complete surface. Recently display systems have been 
introduced that have built-in compensation [4; 5] for non-
uniformity and spatial noise. Such display systems apply 
electronic precompensation to the image data so that the perceived 
images will be free of spatial noise and non-uniformities. The 
general principle of the electronic precompensation is shown in 
figure 6. The exact spatial noise pattern of the display system is 
measured and characterized and then this data is used to apply 
electronic precorrection of the images sent to the display. This 
precompensation cancels out with the spatial noise pattern of the 
display and therefore the resulting perceived image has 
significantly lower noise level. 

 

 
Figure 6: Concept of electronic precompensation for non-

uniformity and spatial noise 

 

By comparing the plots in figures 3 and 7 one can see the effect of 
this compensation for non-uniformity and spatial noise. To create 
these plots the same display system was used without (figure 3) 
and with compensation (figure 7) applied. 

 

 
Figure 7: Remaining mura patterns on a display with noise 

reduction applied 

 

As a side effect of having almost perfect luminance uniformity 
these display systems also have significantly less variation in the 
native transfer function across the display surface. Therefore one 
can expect that compliance to DICOM GSDF will be much better.  

Figure 8 shows the average difference in JNDs (averaged over the 
256 grey level) of the achieved transfer curve compared to the 
DICOM GSDF target on a display system with noise reduction 
applied.  

 

 
Figure 8: Average distortion compared to DICOM GSDF 

(with precompensation for non-uniformity and spatial noise) 

 

These results indicate that the distortion compared to DICOM 
GSDF is significantly reduced with a factor of more than three.  
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5. Conclusions 
 

This paper demonstrated that spatial noise and non-uniformities in 
medical LCD displays result into poor compliance to DICOM 
GSDF if one examines the complete display surface.  

Current calibration practice is to characterize the native transfer 
curve of the display at only one position. However there is 
significant variation in native transfer curve across the display 
surface and therefore calibration will only be accurate at the 
position where the characterization took place. 

We also discussed a possible solution. Display systems that have 
built-in compensation for spatial noise and non-uniformities have 
as a side effect much less variation of the native transfer curve 
across the display surface. This results in much better compliance 
to DICOM GSDF over the complete display surface. 
Improvement of a factor of three has been demonstrated. 
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