
Abstract 

A better understanding of neural processing in the visual cortex allows us to tailor 

display applications to perceptual aspects of human vision and enhance the information 

presented to the observer. For this essay we focus on the human visual system’s (HVS) 

ability to distinguish texture, in particular by differentiating between pattern orientation, 5 

spatial frequency and contrast. These properties are commonly modeled as a series of 2D 

Gabor filters, consisting of cosine patterns multiplied by a Gaussian distribution at 

varying orientations. We discuss three specific examples that can aid map, diagram, 

statistical graphics and other display design. First we discuss the use of texture in non-

textured digital color maps, then we introduce the notion of an algorithm to detect visible 10 

differences in texture between two inputs, such as drawings, and finally we propose a 

method to enhance digital displays by optimizing the orientation of pixels and subpixels 

based on the HVS’s properties for texture recognition.  

 

Application 1: Selectively enhancing online map systems with added texture 15 

 

All major internet search engine providers offer route planning services using digital 

maps. Some of the most popular ones include Google Maps, Bing Maps and Yahoo! 

maps. While aerial views use real texture, route planning usually defaults to non-textured 

color maps in order to avoid distracting from the important information, namely streets, 20 

landmarks and routes.  

When printing directions on a grayscale printer (e.g. laser printer), or viewing on a 

monochrome portable display (e.g. e-book reader), important information is lost. The 

figure below shows an excerpt from the Google Maps system and a simulation of printing 

it on a gray scale printer. Some information (in this example the shape of the national 25 

park) is lost.  

 

 
 

One way to overcome this problem is to add texture to all features of the map. This 30 

approach, however, could potentially distract the viewer from the important information. 

We propose to analyze color map content feature by feature and, if neighboring regions 



(such as the island and water in our example) are different in color, but similar in 

luminance, add texture to the smaller one of the features for better distinction. A more 

advanced method would analyze color difference and adjust the texture accordingly. For 35 

example, since the island’s color is very different from the water, it would be rendered 

using a texture with very different contrast, orientation and spatial frequency compared to 

the texture of water.  

A similar method could be adapted to enhance images, graphics and art work for the 

visually impaired, in particular to prepare digital content for people suffering from color 40 

blindness.  

 

Application 2: Algorithm to detect differences in textures 

 

One incentive to understand the perceptual mechanisms of the HVS is the development 45 

of metrics that can automatically judge the quality of visual stimuli. One such metric is a 

Visual Difference Predictor (VDP), an algorithm that essentially models all known 

aspects of the HVS to compare images and graphics. Examples of applications it can be 

used for are judging the quality difference between an original photograph (e.g. directly 

from the digital camera) and a compressed jpeg version that was posted on the web. 50 

Other examples include source video in a studio and the video that is received on 

television at home; the original homework assignment and the 10
th

 photocopy of it. 

A VDP essentially filters the original and the comparison input by models of the most 

significant properties of human perception (e.g. luminance compression, scatter in the 

eye, lateral inhibition on the retina, cortex transforms (orientation, frequency, contrast)) 55 

and then compares it’s estimation of what the eye sees for both, the original and the 

comparison. The following diagram shows an example input to the VDP (original and 

distorted comparison) and the resulting prediction of which differences are visible. Note 

that although the image was uniformly distorted with a pattern, the distortion is only 

visible on the road. The prediction matches this observation. 60 

 

 
 



Application 3: Sub-pixel optimization for TVs and monitors 

 65 

Most digital displays, such as television sets, desktop and laptop monitors, cell phone 

displays and others consist of a 2D array of full pixels that can be addressed individually. 

Each square, full pixel consists of three vertical sub-pixel strips, red, green and blue, in 

order to produce all shades of color. Often, the colored red, green and blue subpixels are 

visible, even for a black and white image such as a Word document (as I am typing this 70 

document, I can see a shade of red to the right of each black letter and a shade of green to 

the left). 

Mitchell et al. 1967 found that the HVS is significantly more sensitive to vertical and 

horizontal orientations in texture than to oblique orientations. In the case of a digital 

display, we do want clear distinction between each full pixel, but avoid distinction 75 

between red, green and blue subpixels. In this light we propose a new pixel layout in 

which full pixels continue to be separated along a horizontal and vertical grid for clear 

distinction, but colored subpixels, are oriented at a 45 degree angle, to which the HSV is 

less sensitive. The effect will be better blending between subpixels. The following figure 

shows a close up of a common notebook display on the left and the proposed, new 80 

subpixel layout to the right. 

  

 
Summary 

We explored three applications in different display fields and demonstrated how an 85 

understanding of the HVS’s perceptual mechanisms can enhance the visual information 

we consume day to day.  

 

[References and figure credit available upon request] 


