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ABSTRACT 
This contribution examines the influence of ILMD noise 

on the reproducibility of different sparkle evaluation setups. 
Sparkle measurements at different sampling rates and 
aperture numbers are simulated for different ILMD 
sensors. Especially at low sparkle levels, the SNR  can 
become very critical for some evaluation techniques such 
that the number of measurements needs to be increased 
significantly to ensure reproducibility among the different 
ILMD sensors. 

1 Introduction 
Anti-Glare Layers (AGLs) are essential components for 

many displays to ensure readability under changing 
illumination. The AGLs scatter the incoming light, 
enhancing the contrast perceived by the human eye. 
However, AGLs also affect the light emitted from the 
display, leading to an unwanted high spatial-frequency 
non-uniformity of the luminance. This effect is known as 
sparkle. An exemplary luminance distribution of a good 
and bad example is shown in Figure 1. 

Reproducible evaluation of AGL-caused display sparkle 
is very challenging. Different evaluation techniques 
requiring different imaging conditions have been proposed 
and will also be discussed in the upcoming IEC 62977-3-9 
standard. A previous study explored the impact of the 
ILMD (Imaging Luminance Measurement Device [2]) noise 
for one specific setup by comparing the sparkle result as a 
number of the averaged measurements [1]. 

The relation is shown in Figure 2. The y-axis shows the 
sparkle normalized to the value obtained with 10 averaged 
images. It can be seen that the impact of the ILMD noise 
depends on the magnitude of the sparkle. The lesser the 
sparkle signal, the stronger the impact of the ILMD noise. 
For low sparkling samples, the error due to the noise 
increases the sparkle value up to 25 %. For the highest 
sparkling sample, the sparkle values  are barely affected.  

 

 

 
Figure 1: Visualization of the sparkle effect of the AGL on 
the luminance distribution for two samples: Left: High 
sparkle, Right: Barely visible sparkle 

 
Figure 2: Impact of ILMD noise on the evaluated sparkle 
as a function of the number of images that were 
averaged before performing the sparkle evaluation 
(modified legend from [1])  

However, this measurement series neither shows a 
general correlation nor can the influence on 
reproducibility be generalized. This contribution 
systematically analyzes the influence of sensor noise for 
different sparkle evaluation settings. We do this by 
simulating sparkle measurements similar to another 
study [3]. However, we extend the model to also include 
the ILMD noise and of different sensor types. 

In the next section, we briefly review different sparkle 
evaluation techniques and the relevant capture 
parameters for sparkle. We then explain our ILMD noise 
simulation model as well as the sparkle measurement 
simulation model. In the last section, we show important 
results regarding the impact of the noise and draw a 
conclusion. 

2 State-of the-art sparkle measurements 
The main challenge in any sparkle evaluation is the 

separation of the periodic luminance evaluations of the 
display pixels from the random high-spatial frequency 
component known as sparkle. Several methods for this 
separation have been proposed: 

 

 Spatial filtering of the captured image [4] 
 Frequency filtering of the captured image [1] 
 Defocusing the pixel matrix only within a low 

DoF configuration [5] 
 Defocusing using diffraction blur in a high 

DoF configuration [6] 
 Undersampling [7] 

 

While the first two methods base on image post-
processing, the latter three adjust the capturing 
conditions before the actual sampling process. 
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After separating the periodic luminance of the display 
matrix, the sparkle is defined as 

 Eq. 1 

where L(x,y) is the lateral luminance distribution and  
its mean luminance. 

The main setup diffierences between the different 
methods are the image sampling ratio ( ), which is the 
relation between the ILMD pixel pitch ( ) and the 
imaged display pixel pitch ( ) on the sensor, and the 
aperture setting given by the aperture number f# of the 
lens. 

The image sampling ratio determines the maximum 
spatial frequency that can be measured. The measured 
sparkle increases with increasing sampling ratio [1]. It also 
affects aliasing artifacts such as Moiré. For an ISR range 
between 1.8 and 3.6, experiments showed that limiting the 
evaluated frequency range cancels out the sparkle value 
dependency from the ISR [1]. 

The f# affects several parameters of the image 
capturing process. An increasing f# increases the depth of 
focus and decreases the aperture angle. Further, a 
significant amount of diffraction blur can occur. All these 
parameters can impact the measured sparkle [1,6,8]. A 
simulation showed that a lower f# reduces or eliminates 
the aliasing of the sparkle itself [3]. 

3 Simulation of sparkle measurements 
In order to simulate the effects of ILMD noise for 

different sparkle evaluation concepts, we change both the 
image sampling ratio and the f# used in the measurement. 
The general concept is illustrated in Figure 3 and Figure 4. 

In the first step, an ideal regular spaced display matrix 
is defined by the vertical and horizontal fill factor as well as 
a pixel pitch. We assume that only green subpixels are 
turned on and that there is no pixel-to-pixel luminance 
variation in the bare display. Next, we add a high-
frequency noise component to simulate the sparkle. The 
component can vary in its frequencies and amplitudes. 

Next, the image is blurred according to the aperture 
setting by adding the diffraction blur. We assume that the 
lens has an ideal diffraction-limited MTF. The effect of the 
angular aperture is neglected in this simulation. The next 
step is sampling with the ILMD pixels to obtain the image 
in ILMD pixels. 

Then the noise is added. Details about this step are 
provided in the following subsection. Finally, we repeat the 
last step to simulate the effect of a multi image capture, 
which averages a series of images into one.  

Applying an image post-processing technique might be 
necessary before calculating the resulting sparkle 
according to Eq.1 if there are still contributions from the 
periodic pixel structure. This is the case if the condition 
derived in by Kurasdhige is not fulfilled [6]. We then use a 
frequency filter to eliminate the display pixel effects [1]. 

 

Figure 3: Visualization of sampling simulation for a 
measurement setup with a lower f# 

 
 

Figure 4: Visualization of noise addition for a 
measurement setup with a high f# 
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Figure 5: Noise parameters for the ILMDs 

3.1 Simulation of ILMD noise level 
We simulate sensor noise as a function of the saturation 

based on dark signal noise and the full well capacity of the 
sensors. We use published data [9] of five different 
commonly used ILMD sensors. The resulting Signal-to-
Noise ratios in % as a function of the saturation (for 12 Bit 
A/D conversion) are provided in Figure 5. A maximal 
saturation of 80 % is assumed for the first image 
acquisition. The saturation is then determined for each 
pixel individually according to the sampling model (Figure 
3). Noise is added to each pixel according to the standard 
normal distribution and its specific noise level [10]. 

4 Results 
We simulated sparkle distributions ranging from 2 % to 

12 % evaluated sparkle according to the measurement 
and evaluation procedure of our previus study [1]. First, we 
simulated repeatability, which is the deviation beteween 
measurement results of the same setup and sensor noise. 

In this case, the measurement is simulated five times 
with the same ILMD. Figure 6 shows the simulated 
repeatability for an f# = 32 with an ILMD pixel pitch of 3.45 
micrometer and an image sampling ratio of 3.3 as a 
boxplot. It can be seen that the repeatability of the 
measurement is unproblematic. This is true as long the 
region of interest used for the evaluation is large enough 
for similar reasons as described in another study [11]. 

Next, we simulate the impact on reproducibility, which 
is the deviation of results obtained with different ILMD 
sensors. 

 

 
 

Figure 6: Repeatability of evaluated sparkle considering 
an ILMD with 1.4% noise and an f# = 32 

 
 

 
 

 
 

Figure 7: Reproducibility of evaluated sparkle for 
different f# and an ISR of 3.3 with different ILMD noise 
levels according to Figure 5 

 
 

Figure 8: Reproducibility of evaluated sparkle for an ISR 
of ~0.6 considering sensor noise according to Figure 5 

The results for different f# but constant sample 
conditions are shown in Figure 7. Each box of the boxplot 
shows the reproducibility of the evaluated sparkle for one 
sparkle input sample. It can be seen that the 
reproducibility depends on two main factors, the aperture 
setting, and the sparkle input sample.  
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Increasing the aperture number results in a more 
blurred sparkle distribution and a decreasing sparkle 
signal. The same is true with a low ISR shown in Figure 8, 
which can be compared to Figure 7 top. When the original 
sparkle is low (low sparkle input sample), the remaining 
signal and ILMD noise reach the same order of magnitude. 
If the ILMD noise then deviates between the sensors, 
reproducibility between them becomes problematic. 

One way to improve the SNR would be to capture the 
images multiple times. While the sparkle signal remains 
constant, the ILMD noise distribution differs and could be 
averaged out. Figure 8 shows simulation results where five 
images were used for the averaging process. It can be 
seen that the reproducibility improves significantly 
compared to Figure 7. Further, it shows that the evaluated 
sparkle decreases, consistent with the experimental data 
shown in Figure 2. This effect determines the number of 
images required to eliminate the ILMD noise effect as it will 
converge to the actual sparkle signal.  

 

 
 

Figure 9: Reproducibility of evaluated sparkle for different 
f# considering sensor noise according to Figure 5 and 
image averaging. 

 
Figure 10: Images required until the ILMD noise 
contributes less than 5 % relative to the evaluated sparkle 
signal (for an ILMD with 1.0 % noise at full saturation) and 
ISR = 3.3. 

5 Conclusion 
The influence of ILMD noise on the evaluated sparkle 

depends on the magnitude of the sparkle and the 
sampling conditions. While unproblematic for the 
repeatability within one setup, it is problematic for 
reproducibility if there is a difference in the ILMD noise 
level. The only way to ensure reproducibility is to 
average over a large number of measurements until the 
evaluated sparkle converges. The results of this study 
are of interest for every sparkle measurement regardless 
of the actual evaluation method and thus important for 
consideration in international standardization such as 
the IEC to improve reproducibility. 
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