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	Abstract
	Understand the current lens types used in currently most popular commercial VR HMDs and the advantages and the disadvantages and discuss how its specification is related to the motion sickness caused by the VR experience.

	Purpose
	Understand the current VR HMD lens specifications and discuss any possible correlation between the lens specifications and the motion sickness caused by the VR service.
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In order to deliver an immersive VR experience, large field of view and image clarity are important factors to consider and one of the hardware components used in VR HMDs that determines these factors is the optics. Two important attributes to consider for the lenses are the followings:
1) A short focal length to magnify the displays for the best possible field of view
2) As compact and light as possible to minimize the impact on the ergonomics and design
Table 1 below shows the lens type and its adjustment used by three most popular commercial VR HMDs in the market.
	 
	HTC Vive
	Oculus Rift
	PlayStation VR

	Lens Type
	Fresnel
	Hybrid Fresnel
	Standard

	Lens Adjustment
	IPD (60.8-74.6 mm),
lens-to-eye distance
("eye-relief" adjustment)
	IPD (58-72 mm),
lens-to-eye distance
(adjustable with optional glasses spacer)
	Software IPD,
lens-to-eye distance



Table 1. Lens Specification for VR HMDs

The magnification and the screen-door effect are inversely proportional. The higher magnification increases the size of the display pixels and it makes the visibility of subpixel matrix more visible. Hence, this problem needs to be addressed when image clarity is needed.

[image: http://media.bestofmicro.com/V/A/575254/gallery/Rift-Vive-PSVR-lenses_2_w_755.jpg]
Figure 1. Optics used in various VR HMDs
To solve this dilemma, Oculus Rift and HTC Vive are using Fresnel lenses. This lens type segments a standard curved lens into small curved sections so when viewed from the front, it looks like there are circular concentric ridges on the surface of the lens – please see HTC Vive lens shown in Figure 1. The YouTube video provided by VR Lens Lab will be helpful to understand how lenses for virtual reality headsets work. Fresnel lenses also produce optical diffusion and it helps to minimize the screen-door effect. Oculus Rift is using a set of hybrid Fresnel lenses with very fine ridges combined with a regular convex lens. This is the reason why the ridges are not very visible as shown in Figure 1 and it offers better quality of image with less screen-door effect than HTC Vive. The Rift’s hybrid lenses also have a larger viewing spot where the image quality is at its best and more consistent focus across their visual field. This allows the users to position the HMD in front of their eyes more easily.

The Vive’s Fresnel lenses are more traditional so it achieves wider field of view than the Rift. Their coarser ridges produce higher contract VR environments when users look for them but their viewing spot is smaller so it is less forgiving about the headset adjustment. Their coarser ridges also make the screen-door effect more visible than the Rift. Image comparison between the Rift and the Vive is well demonstrated in the linked YouTube video.

Unfortunately, finding a perfect solution that solves every known problem in VR is not possible at the moment. Fresnel lenses have some clear advantages over regular lenses, but also have some clear disadvantages. The two major issues with Fresnel lenses are
1) Reduced contrast and
2) Fresnel glare
Fresnel glare is much more noticeable in high contrast situations where bright objects exhibit very noticeable light flare artifacts around them. On darker backgrounds, the glare can be quite distracting and it is problematic to both the Rift and the Vive.
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	Fresnel Glare in HTC Vive
	Fresnel Glare in Oculus Rift


Sony PS VR, however, is not using the Fresnel lenses. Perhaps, Sony is hoping that its superior screen technology with better subpixel matrix can help to produce better image quality than the Rift and the Vive. However, the current PS4 is significantly less powerful than the PCs needed for the Rift and the Vive so the more aliasing and less detailed graphics quality are inevitable to achieve the 90 FPS required for comfortable VR experience. This may set back the image quality of the VR service.

<Discussion Points>
1. Does image quality have any relation to the motion sickness caused by the use of VR HMD?
A. Do problems caused by the use of Fresnel lenses have any relations to the motions sickness? If so, why?
B. Are there any different types of lenses that solve the problems mentioned in the article?
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