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Design of Dual-Focal-Plane Helmet Mounted Display Based on
Single Picture Generation Unit
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Abstract Augmented reality helmet mounted display (HMD) requires two or more focal planes to display pictures
at different focal lengths, which not only enhances the depth of field effect, but also reduces the visual conflict and
discomfort caused by a single focal plane. A relatively traditional solution is to use two separate picture generation
units (PGUs). However, it increases the cost, reduces the reliability, and is bulky. We design a new structure using
a single PGU and a single free-form surface prism. By setting two separate areas on the PGU and making one of the
image areas relayed to the new remote position through two flat mirrors, we achieve a bifocal surface display.
Finally, a HMD optical system is designed, which possesses a field-of-view angle of 18° X 16°, an exit pupil
diameter of 8 mm, a working wavelength of 540—640 nm, an exit pupil distance greater than 15 mm, and two focal
lengths of 95.2 mm and 35.2 mm.
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Fig. 1 Optical path structure of dual-focal-plane
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Fig. 2 Vector diagrams of pupil and field Fig. 3 Initial structure of free-form surface prism
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Table 1 Specifications of optical system

Design parameter Near focal plane Far focal plane
FOV/(*) —3—11 2—6
Distance of exit pupil /mm 18.25 18.25
Diameter of exit pupil /mm 8 8
MTF >0.4@30 lpsmm ' >0.3@30 lpsmm™'
Focal length/ mm 35.2 95.2
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Fig. 4 Design examples of optical system. (a) Near-

focal-plane optical path; (b) far-focal-plane
optical path; (c¢) expanded structure of optical

system; (d) actual structure of optical system
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Fig. 6 Grid distortion under different fields. (a) Near-focal-plane field; (b) far-focal-plane field
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Fig. 7 Simulation results under different fields. (a) Near-focal-plane field; (b) far-focalplane field
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