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Design of wide field—of—view head—mounted display

optical system with double freeform surfaces
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Abstract: Field—of —view (FOV) is the key performance indicator to evaluate a head —mounted display
(HMD) in areas such as virtual reality. In order to overcome the difficulties of a sharp increase of optical
system aberrations with the increased FOV, a wide FOV HMD optical system with double freeform
surfaces was proposed. First, the principles of the double ellipsoid HMD which could achieve large FOV
and low distortion were analyzed, and the reason of the aberration correction limitations of the double
ellipsoid HMD was pointed out. Then wide FOV HMD optical system with double freeform mirrors was
proposed. Two free —form mirrors were used by the new optical system which were symmetrical in
vertical direction and asymmetrical in horizontal direction to correct off —axis aberrations brought by

increasing FOV. The FOV of the new optical system was 106.3°(H)x80° (V). The maximum relative
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distortion is 6.97%. The exit pupil diameter was 8 mm and the eye clearance distance was 19 mm. Through
tilt outside 8° the binocular FOV was 122.3°(H)x80°(V) and the binocular overlapped FOV was 90.3°(H)x
80°(V). The IPD is adjustable within 55—71 mm. The analysis of optical performance indicates that image
quality is greatly improved, and the relative distortion and FOV can meet the application requirements of
the virtual reality.
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[9]

0
(HMD) ,
y , “W” “M ” .
e : 60°
30° [5]O [6-7]
. , 1
[11]

. Sensics 1
piSight™ 4x3  27.5°(H)x ’ ’ |
20°(V) , 150°(H)x ’ ’
60°(V). Cheng!” 2x1 ’ )

, 56° (H) x ’ . ’
45°(V) ., ’
(V) 9 9
’ ; 2 ,
iSight™
piSig 9 )
5 R Image source Ellipsoid surface 1
i ROgCI‘ng uent lens
80°(H)x67°(V) Ftpupt
Relay lens
1200(H)X670(V) 3 Ashok[()] Ellipsoid surface 2
, 65°(H)x50°(V). Yang"! !

Fig.1 Diagram of double ellipsoid structure
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Fig.2 Double ellipsoidal mirrors imaging principle
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Fig.3 Distortion compensation of double ellipsoidal mirrors
structure.(a) Distortion introduced by ellipsoid surface 1;
(b) Distortion introduced by ellipsoid surface 2;

(c) Double ellipsoidal distortion after compensation
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Fig.4 Wide field—of—view head—mounted display

optical system with double freeform surfaces
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Tab.1 Performance parameters of HMD optical (CGH) °
system with double freeform surfaces
Parameter Specification o ,
Microdisplay OLED ’ 3 mm,
: 253 g
Resolution 1920x1 920
Pixel size 9.6 pmx9.6 pm
Field of view 106.3°(H)x80°(V)
Exit pupil diameter 8 mm 3
Eye clearance distance 19 mm 8mm MTF
Eye relief 52 nm(on axis) 5(a) , 50 Ip/mm MTF
. 0.3 o o(b) )
Distortion 6.97%
Weight <25.3% ( 3 ) 0]
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Fig.5 Performance comparison of system
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Fig.8 Forward ray paths
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