
Methods and Devices for Reducing Actual and Perceived Glare 

Everyone who has driven at night is aware of the discomfort caused by the glare of oncoming headlamps 

and the distraction caused by a bright sun low on the horizon. This glare also contributes to the roughly four 

million annual vehicle collisions with deer. High Performance Optics has investigated the physics and 

psychophysics of glare to mitigate, objectively quantify, and meaningfully reduce its impact.  

Our team identified early the increasing challenge of the burgeoning popularity of automotive headlamps 

based on gallium nitride light emitting diodes. These primarily emit blue light with a wavelength of 450 

nanometers and then adjust the color of the light with red and yellow phosphors.  

Automotive windshields have many practical and regulatory constraints on their optical transmission at 

different wavelengths. The company hypothesized that selective absorption of the primary blue light 

coming from the newer headlamps could be achieved without compromising luminous transmission, color 

perception, or cosmetic appeal. It also developed and patented an approach to the general problem of glare 

based on non-linear multi-path absorption, described below.  

To test our hypothesis, the company constructed a high-fidelity night-driving simulator that laser projected 

a high-resolution video stream of varied night driving clips into which transient (0.25 second) images of 

roadside hazards such as deer, stop signs, moose, and the like were added at each edge of the displays. 

Seated behind a standard green and modified windscreen the gaze and pupil diameter of each eye were 

tracked using the SmartEye Aurora eye tracking hardware and iMotions psychophysics software. Figure 1 

below is a screen shot of the image where a fawn is inserted for 250 milliseconds. The driver’s gaze, tracked 

with the green line, is sensibly probing the tail of the lead vehicle and the center line of the road.  

 

Figure 1: Screen shot of a night-driving video with an added fawn. 



The horizontal gaze of the left eye for one observer is shown in Figure 2, with gaze maintained on 

the lead car but averted in the direction of the potential hazard. 

 

Figure 2: Horizontal gaze coordinate for the segment shown in Figure 1. The average gaze one 

second prior to the display of the fawn is shown as a dashed line. The fawn appears at the diamond 

and is displayed for the duration (0.25s) indicated by the arrow. About one second later, after the 

fawn image is gone, the subject’s left eye averts to the right as also shown in the screen shot of 

Figure 3. The direction and amplitude of this aversion is an indication of subconscious detection 

or ‘notice’ of the potential hazard.  

 



Figure 3: Eye tracking data showing the ~ degree aversion corresponding to the peak in Figure 2.  

HPO has exposed naïve subjects to this nine-minute video where 23 ‘hazard’ images are briefly 

displayed. In a subset of these scenarios an oncoming commercial headlamp is directed at the 

observer off axis by thirty degrees. The probability of subconscious aversion was then evaluated 

as a function of the angular threshold. Based on this limited sample it was found that the probability 

of sensing the hazard in the presence of an oncoming headlamp was substantially greater using the 

new windshield than for the standard green glass screen. Full experimental details are available 

for discussion under an appropriate confidentiality agreement.  

In a smaller cohort the response of each pupil was measured while the subjects gaze was fixed, 

and the headlamp was toggled on and off using each windscreen. A representative pupil trace is 

shown in Figure 4 below. The pupil response through green glass is shown in solid lines and the 

response through the new screen is presented as points.  

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Pupil area (left and right) through two different windscreens. The pupil remains more 

open throughout in the new windscreen even though its luminous transmission is greater than the 

standard green glass material.  
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While the relationship between the spectrum of the incident headlight and pupil dilation requires 

further examination, there is an early indication that reduction of blue light from the headlamp 

increases the total amount of light impinging on the retina and may therefore contribute to the 

observed increase in subconscious detection of the peripheral hazards. 

Finally, HPO has developed and patented an approach to glare mitigation based on nonlinear, 

multi-path absorption of selected wavelengths. Figure 5 shows a schematic cross-section of a 

bright source impinging on a tilted windshield. The incident beam produces spatially displaced 

images of reduced intensity that result from internal reflections at the glass:air interfaces. The 

primary image of the incident beam passes once through the polymer layer into which a 

wavelength-dependent absorber is added, but the first and second glare images pass through the 

doped polymer three and five times, respectively, resulting in more than exponentially enhanced 

attenuation of the glare beams.  

Patent Link: 

https://patents.google.com/patent/US10545264B1/en?oq=us+10545264 

 

Figure 6: Schematic illustrating the impact of nonlinear multi-path absorption. The glare images 

produced by internal reflections are nonlinearly attenuated because they pass through the 

absorbing layer more than once at different angles.  

HPO’s patents elaborate on this concept by tuning the nonlinear absorption based on the 

psychophysics of visual perception and the nature of the photoreceptor mosaic in the human retina. 

Additional details are available for discussion under appropriate confidentiality agreements.  

https://patents.google.com/patent/US10545264B1/en?oq=us+10545264

