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Application Note 
Measuring Display Resolution with Contrast Modulation Methodology 

Introduction 
Illustrated below are a conventional RGB Stripe subpixel arrangement and a higher-efficiency PenTile RGBW™ 
subpixel arrangement (Figure 1).  Using fewer subpixels, the PenTile RGBW pattern on the right renders 
information at the same resolution as a conventional RGB Stripe pattern.  Displays made using the PenTile 
RGBW pattern offer improvements in cost performance and power efficiency compared to conventional RGB 
Stripe displays, due to the combined effect of increased aperture ratio and improved light transmission through 
the white (clear) subpixel.  

 

 

 

 

 

 

 

 

 

A consistent methodology for determining resolution independent of display technology or subpixel layout is 
provided by the Video Electronics Standards Association, a non-profit corporation formed in 1989 which 
“promotes and develops timely, relevant, open standards for the display and display interface industry, ensuring 
interoperability and encouraging innovation and market growth.”  Novel subpixel arrangements such as PenTile 
RGBW, as well as other emerging new display technologies, prompt the question of how resolution should be 
measured when technology and structural differences complicate direct comparison.  This document explains 
how VESA’s definition of resolution applies in the comparison of the conventional RGB Stripe pattern to 
Clairvoyante’s PenTile RGBW architecture. 

VESA Flat Panel Display Measurement Standards 
The VESA Display Metrology Committee defines resolution in Section 303-7 of Flat Panel Display Measurements 
Standard Version 2.0 1 as “the number of alternate black and white lines that can be displayed with a stated 
minimum contrast modulation”, and establishes a contrast modulation threshold (CT) of 50% as the standard for 
displaying crisp edges on text and graphics. 
                                                   

1 VESA Display Metrology Committee, “Video Electronics Standards Association Flat Panel Display Measurements Standard Version 2.0,” 
Section 303.7 Resolution from Contrast Modulation, pp. 76-77, June 1, 2001. 

Conventional  
RGB Stripe Pattern 

Figure 1 
A conventional RGB Stripe subpixel arrangement (left), and a PenTile RGBW 

subpixel arrangement (right) utilizing 33% fewer subpixels.  Despite 
the difference in subpixel count, the resolution is equivalent. 
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VESA FPDM Standard Section 303-2 2 provides 
1x1 grille test patterns (Figure 2 at right) and a 
measurement methodology appropriate for 
determining the maximum number of alternating 
black and white lines that meet or exceed 50% 
contrast modulation.  
 
Contrast modulation (Cm) is defined in VESA 
FPDM Standard Section 303-7 as the difference 
between the white-line luminance (Lw) and 
black-line luminance (Lb) divided by the sum of 
the white-line luminance and the black-line 
luminance.  To determine the white-line 
luminance and the black-line luminance, one 
must compute a luminance profile of the 
alternating black and white lines and perform a moving window average. The averaging window is one pixel wide. 
Please note that one pixel width encompasses three subpixels on an RGB Stripe display, and only two subpixels 
on a PenTile RGBW display.  The white luminance is the maximum value of the moving window average, and the 
black luminance is the minimum value, which typically occurs 180 degrees out of phase: 

The horizontal contrast modulation for a 1x1 vertical grille on an RGB Stripe display is theoretically 100% (see 
Horizontal Contrast Modulation: RGB Stripe, below).  On a PenTile RGBW display, the same 1x1 vertical grille 
exhibits a theoretical horizontal contrast modulation of approximately 85% to 100% — well above the 
aforementioned 50% threshold (see Horizontal Contrast Modulation: PenTile RGBW, below).  Therefore RGB 
Stripe and PenTile RGBW displays are capable of rendering the same horizontal resolution as defined by 
VESA FPDM Standard Section 303-7, despite the fact that the PenTile RGBW pattern employs 33% fewer 
subpixels.   

Note that certain non-ideal effects such as cross-talk or light leakage may degrade the contrast modulation (even 
for RGB Stripe displays), but this is a relatively minor factor; given the theoretical calculations there is a 
considerable performance margin which allows actual displays of both patterns to easily exceed the 50% 
threshold. 

The vertical contrast modulation on a 1x1 horizontal grille is theoretically the same (100%) for a PenTile RGBW 
display as it is for an RGB Stripe display (see Vertical Contrast Modulation: RGB Stripe and PenTile RGBW, 
below).  Therefore RGB Stripe and PenTile RGBW displays are capable of rendering the same vertical 
resolution, as defined by VESA FPDM Standard Section 303-7. 

The following sections provide detail of the calculation of contrast modulation for RGB Stripe and PenTile RGBW 
displays in both the vertical and horizontal axis.

                                                   

2 VESA Display Metrology Committee, “Video Electronics Standards Association Flat Panel Display Measurements Standard Version 2.0,” 
Section 303-2 N x N Grille Luminance and Contrast, pp. 62-63, June 1, 2001. 

Cm =  
Lw+ Lb  

Lw - Lb  
where Lw is the white-line luminance and 
           Lb is the black-line luminance 

one pixel width 

Figure 2a 
1x1 vertical grille test 
pattern for horizontal 
contrast modulation 

Figure 2b 
1x1 horizontal grille test 

pattern for vertical 
contrast modulation 

one pixel width 
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Horizontal Contrast Modulation: RGB Stripe  

A magnified view of a 1x1 vertical grille test pattern rendered on an RGB Stripe display is shown below (Figure 3) 
with a corresponding table of data values (Figure 4).  

 

 

 

 

 

 

 

 

The RGB Stripe luminance (Y) values 
corresponding to the data values in Figure 4 
appear at the right (Figure 5).  Note that these 
luminance values are color-filter dependent, and 
assume luminance values typical of mobile 
phone color filters: 

Yred  = 25 
Ygreen  = 62.5 
Yblue = 12.5 

 

 
The total luminance for a sample 
comprising the four-row sample 
pictured in Figure 5 is provided as 
Figure 6.  Then calculating the moving 
window average luminance from these 
values and normalizing the results 
yields the graph pictured in Figure 7. 

 

 

 

 
The calculated contrast modulation of 
this RGB Stripe panel is 100%.  Note 
that cross-talk and light leakage may 
marginally degrade this contrast 
modulation on a real panel. 

 

Figure 3.  1x1 vertical 
grille on RGB Stripe 
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Figure 4.  Data values for segment 
of RGB Stripe display 

Figure 5.  Luminance values for segment 
of RGB Stripe display 
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Figure 7.  Moving-window-average luminance  
for RGB Stripe display 

Line One
( on )

Line Two
( off )

Line Three
( on )

Line Four
( off )

100

250

0 0 0
100

250

0 0 050 50
0

100

200

300

Lu
m

in
an

ce
 V

al
ue

Figure 6.  Total luminance for four-row horizontal sample 
of RGB Stripe display  
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Horizontal Contrast Modulation: PenTile RGBW  
A magnified view of a 1x1 vertical grille test pattern rendered on a PenTile RGBW display is provided below 
(Figure 8) with a corresponding table of data values (Figure 9).  Note that modulation of black and white lines is 
accomplished with a two-subpixel width, compared to the RGB Stripe display which requires three. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
The PenTile RGBW luminance (Y) values 
corresponding to the data values in Figure 9 
appear in Figure 10 (right).  Again, these 
luminance values are color-filter dependent, and 
assume luminance values typical of mobile 
phone color filters: 
 
  
 

 
 
The total luminance for a sample 
comprising the four-row sample 
pictured in Figure 10 is provided as 
Figure 11.  Then calculating the moving 
window average luminance from these 
values and normalizing the results 
yields the graph pictured in Figure 12. 
 

 
 
The calculated contrast modulation of 
this PenTile RGBW panel is 100%.  
Note that cross-talk and light leakage 
may marginally degrade this contrast 
modulation on a real panel. 

 

Yred  = 25 
Ygreen = 62.5 
Yblue = 12.5 
Ywhite = 100 

Figure 10.  Luminance values for segment 
of PenTile RGBW display 

Figure 8.  1x1 vertical grille 
on PenTile RGBW 
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Figure 9.  Data values for segment 
of PenTile RGBW display 
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Figure 11.  Total luminance for four-row horizontal sample 
of PenTile RGBW display 
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Figure 12.  Moving-window-average luminance 
for PenTile RGBW display 
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In addition, a PenTile RGBW display can operate in an alternative mode that shifts the mapping of the blue 
subpixels.  A magnified view of a 1x1 vertical grille test pattern rendered with this alternative mapping is provided 
below (Figure 13) with a corresponding table of data values (Figure 14).  Note that modulation of black and white 
lines is still accomplished with a two-subpixel width. 
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The PenTile RGBW luminance (Y) values 
corresponding to the data values in Figure 14 
appear at the right (Figure 15).  Again, these 
luminance values are color-filter dependent, and 
assume luminance values typical of mobile phone 
color filters: 

Yred  = 25 
Ygreen = 62.5 
Yblue = 12.5 
Ywhite = 100 

 

 
The total luminance for a sample 
comprising the four-row sample 
pictured in Figure 15 is provided as 
Figure 16.  Then calculating the moving 
window average luminance from these 
values and normalizing the results 
yields the graph pictured in Figure 17. 

 

 

 
The calculated contrast modulation of 
this PenTile RGBW display using the 
alternative mapping is 87.5%.  Note 
that cross-talk and light leakage may 
marginally degrade this contrast 
modulation on a real panel.   

Both versions of PenTile RGBW 
mapping perform far above the 50% 
contrast threshold.   

Figure 13.  1x1 vertical grill 
PenTile RGBW 

(alternative mapping) 
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Figure 15.  Luminance values for segment 
of PenTile RGBW display  

(alternative mapping) 

Figure 14.  Data values for segment 
of PenTile RGBW display  

(alternative mapping) 
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Figure 16.  Total luminance for four-row horizontal sample 
of PenTile RGBW display  

(alternative mapping) 
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Figure 17.  Moving-window-average luminance 
for PenTile RGBW display  

(alternative mapping) 
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Vertical Contrast Modulation: RGB Stripe and PenTile RGBW  
A magnified view of a 1x1 horizontal grille test pattern rendered on an RGB Stripe display and a PenTile RGBW 
display is provided below (Figure 18). 

Horizontal lines on either subpixel arrangement have the same vertical luminance profile, and thus the same 
contrast modulation.  Theoretically both patterns have no luminance in the black lines (Lb=0), and therefore 
Cm=100% in both cases — well above the minimum contrast modulation threshold of 50%.  Again, Note that 
cross-talk and light leakage may marginally degrade this contrast modulation on real panels. 

Summary 
As new display technologies emerge, a device-independent definition of resolution is essential.  VESA FPDM 
Standard Sections 303-2 and 303-7 (attached) provide a means for determining effective resolution which does 
not rely on physical structure, and instead focuses on objective measurements of performance which relate 
directly to human visual perception.  Applying this measurement methodology, PenTile RGBW delivers resolution 
equivalent to conventional RGB Stripe while providing a flexible mix of cost reduction, performance improvement, 
and power savings. 

Figure 18.  The RGB Stripe (left) and PenTile RGBW (right) 
subpixel arrangements exhibit the same vertical resolution. 
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