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Abstract: Head mounted display (HMD) as a kind of visual systems requires a large field of view
(FOV), a large exit pupil distance, a small volume, and light in weight. In order to meet these
requirements, a compact two-mirror structure and free form surfaces were introduced to the system. Two-
mirror structure was benefit to minmize the weight and volume of the system. Free form surfaces was
used to correcte the aberrations introduced by wide FOV and non-rotationally symmetry of the HMD. The
abberation compensate theory and design method were also described in detail. An achromatic HMD with
50°%25° FOV, 8 mm pupil, 27 mm eye clearance was designed. The modulation transfer function (MTF)
value was more than 0.4 within the entire FOV. The system could be applied to the next generation
HMD technology.
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Fig.1 Initial structure of HMD
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Fig.3 Footprint of different field of view on freeform surface
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Tab.1 Specifications of the HMD system

Parameters

Specifications

Configuration Off-axis reflective configuration

Exit pupil diameter 8 mm
Effective focal length 50
Field of view 50°(H)%x25°(V)
Eye clearance 27 mm
Pixel size of the micro-display 15 pm
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Fig.4 Final design result of HMD system
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Tab.2 Comparison of HMDs with different

structures

Catadioptric

Dioptric system Mirrors system
system

Parameters

Field of view 40°x30° 45°%32° 50°%25°
Eye clearance >60 mm >18 mm >27 mm
Exit pupil 15 mm 8 mm 8 mm

Effective focal
28 mm 15 mm 50 mm
length
Number of
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Fig.5 MTF plots of the HMD
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Fig.6 Astigmatism plot of the HMD system on 4 mm pupil
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Tab.3 Tolerances list of mirrors M1 and M2

Manufacturi
anuraciuring Alignment tolerance/mm & rad
tolerance
Sh
ror R
RMS dius/ ||Dec. x Dec.y Dec.z Tilt @ Tilt B8 Tilt y
mm
/A
Ml 0.035 1.50 || 020 020 0.30 0.0025 0.0015 0.0050
M2  0.045 034 || 004 004 0.10 0.0025 0.0025 0.0025
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Fig.8 Results of tolerancing at 30 Ip/mm
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