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Design of immersive head-mounted display optical system

CHEN Zhuangzhuang'®, ZHU Biao'” , GONG Mingyan', ZHAI Conghong', ZHU Xiangbing"”
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Abstract: In order to meet the requirements of the virtual reality head-mounted display with large field of view, large exit
pupil, and high imaging quality, a three-piece virtual reality head-mounted display optical system was designed using aspheric
lenses, and the tolerance analysis of the optical system was carried out. The results show that the average modulation transfer
function (MTF) value of the optical system meets the transfer function requirements. The field of view of the system is 90°, the
exit pupil diameter is 8mm, the system weight is 33.67g, the total length is less than 60mm, the MTF value at 9. 31lp/mm is
better than 0.272, the maximum distortion is 8. 17% , and the maximum vertical chromatic aberration is 36. 2um that less than a
pixel size, respectively. Compared with the literature, the field of view, exit pupil diameter, and exit pupil distance is

respectively increased, and the imaging quality is improved. This study can provide a reference for the optical design of

immersive head-mounted displays.
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Table 1~ Performance parameters of HMD optical system

parameter specification
wavelength visible light
field of view 90°
exit pupil diameter 8mm
exit pupil distance 12mm
total length <60mm
distortion <10%
MTF =0.2@9.31lp/mm

weight <50g
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Fig. 1 Initial structure light path diagram
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Fig.3 3-D model cutaway

Table 2 Material parameters of optical system lens

No. material index abbe density/ (g + cm ™)
element 1 coc 1.533 56.227 1.020
element2  OKP-Al 1.649 21.451 1.210
element3  OKP-Al 1.649 21.451 1.210

(copolymers of cycloolefin) i 3 #7545 I 3R ) ; DKP-A1
RULDF R ISR BRI TR . R 3 o R AE
S a., H conic 2y [R4E M 2k 5B %, the nth order
S AEBK I B R A

Table 3 Optical system aspheric parameters

conic the 2nd order the 4th order the 6th order the 8th order the 10th order
S, 37.935 0. 000 —-1.495 x10° -2.685 %1077 3.526 x10 -1.522x10~"
S, -0.154 0. 000 -2.954 x10°° 1.508 x 107 -2.170 x 10" 1.724 x10°12
S, -11.883 0. 000 -2.604 x10 73 -7.817 x10~° -2.977 x10 " 1.957 x10°1
M -5.355 0. 000 -3.490 x10~° 2.005 x10 8 -2.722 x10 M -1.532x10~ ™
Ss -94. 629 0. 000 2.331 x107° —2.406 x10® -1.263 x10 M -8.860 x10°1
Ss -0.044 0. 000 —~1.184 x107° 1.009 x 10 ~* -1.389 x10 M -1.419 x10~™
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Fig.4 Diagram of the MTF curve

__< type tolerances
1) radius/ mm +0.01
_: | thickness/mm +0.05
/ 1 decenter x/mm £0.02
-5.00 0.00 500 -10 7 o 10 surface decenter y/mm £0.02
field curvature/mm distortion/% tolerances it/ (°) £0.02
Fig.5 Distortion curve
] tilt v/ (°) +0.02
P index +0.001
_>/ abee/% +0.5
Y] decenter #/mm £0.02
/‘ | element decenter y/mm +0.02
L tolerances it /() +0.02
NA tilt y/(°) +0.02
_{ S, 0.19
-40 20 0 20 40 S, 0.52
lateral chromatic aberration/um
Fig. 6 Lateral chromatic aberration curve surface accuracy S 0.41
PV/pum Ss 0.29
4 /L\\% ﬁ*ﬁ Se 0.83
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A S A EA I — RPN T I S RO
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(735 MTF (B, & 4 6 RGN A ZNIR, £
HIBE A {H ( peak-to-valley , PV) HISR 7R T RUKS B . 3%
5 JFE+4 MTF {F Monte Carlo 43 H745 5 .

Table 4  Tolerance distribution table of optical system

Table 5 Monte Carlo analysis results

Monte Carlo

analysis MTF value field 1(0°) field 2(13.5°) field 3(22.5°) field 4(31.815°) field 5(38.25°) field 6(45°)
>90% 0.33145 0.57739 0.27418 0.35553 0.29823 0.24950 0.21730
>80% 0.33513 0.58377 0.28219 0.36636 0.30420 0.25775 0.23047
>50% 0.3455 0.59278 0.30030 0.38006 0.31381 0.27928 0.26116
>20% 0.35466 0. 60065 0.31483 0.38966 0.32330 0.30321 0.30798
>10% 0.35847 0.603317 0.32443 0.39385 0. 32805 0.31568 0.33064
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