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A compact virtual-reality (VR) device with wider field of view provides users with a more realistic experience and comfortable
fit, but VR lens distortion is inevitable, and the amount of distortion must be measured for correction. In this paper, we propose
two different full-field distortion-measurement methods, considering the characteristics of the VR device. The first is the
distortion-measurement method using multiple images based on camera calibration, which is a well-known technique for the
correction of camera-lens distortion. The other is the distortion-measurement method by measuring lens distortion at multiple
measurement points by rotating a camera. Our proposed methods are verified by measuring the lens distortion of Google
Cardboard, as a representative sample of a commercial VR device, and comparing our measurement results to a simulation using
the nominal values.
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Fig. 1. Checkerboard images without distortion (left), with barrel
distortion (center) and pincushion distortion (right).
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Fig. 2. Optical configuration of method 1: the distortion

measurement method by multiple images.
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Fig. 3. Optical configuration of distortion measurement with
finite-infinite conjugate.
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Fig. 4. Optical configuration of method 2: the distortion measure-
ment method by multiple measuring points.
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Fig. 5. Optical configuration for correction of an object height
considering the curvature of field.
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calculation of the corrected object height (h;).
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Table 1. Design values of a lens in Google Cardboard

Surface S1 S2
Curvature 3.38E-02 -1.74E-02
Thickness 8.79 mm

Conic -7.00E+00 -1.46E+01

2nd Order Term 0 0
4th Order Term 2.65E-05 -4.14E-06
6th Order Term -4.61E-08 1.95E-09
8th Order Term 4.10E-11 0.00E+00
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Fig. 7. Distortion measurement results by method 1, method 2,
and simulation with Zemax.
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Fig. 8. Distortion measurement results of two lenses with the
same design value using method 2.
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Fig. 9. Difference between the distortion simulation with the
design value and the distortion measurement of two lenses.
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