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Optical design of pancake structured head-mounted display

BAI Xianghu, ZHU Xiangbing ™ , ZHUANG Yabao, CHENG Fangfang, XU Zihao, ZHU Junfeng
(School of Physics and Electronic Information, Anhui Normal University, Wuhu 241002 , China)

Abstract: In order to meet the requirements of large field of view, large exit pupil, high imaging quality and light and small
structure of virtual reality head-mounted display, a reverse optical path design method was adopted to study pancake structure of
a folding optical path. Two lenses were designed for theoretical analysis and software simulation, and the tolerance analysis of the
designed optical system was carried out. The results show that the full field Angle is 96°, the exit pupil diameter is 10 mm, the
exit pupil distance is 14.94 mm, the modulation transfer function (MTF) is greater than 0.2 at Nyquist frequency (20. 83 lp/
mm) , the maximum distortion is —26.5% , and the maximum vertical color difference is 13. 84 pum, respectively. This structure

has higher MTF value, smaller vertical color difference and root mean square radius of dispersion class, and reasonable aberration

September,2024

balance. This study provides a reference for the folding optical path structure of the head-mounted display.

Key words: optical design; head mounted display; folding optical path; virtual reality
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Table 1 Some parameters of the image source

2.1

specification parameters

1600 pixel x 1600 pixel

resolution

38.4 mm x38.4 mm

physical dimension

display brightness 450 cd/m?
contrast 650 : 1
frame frequency 90 Hz

support color 16.7 x 10° color
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Table 2 Lens data of VR HMD

surface radius/mm thickness/mm glass
object infinity -500
stop infinity 14.94
2 ~57.869 2.20 OKP-4
3 — 144.661 0.74
4 infinity 10. 17 ARTON_D4531
5 - 46.594 2.75
image infinity
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ZRh -2.183 x10 ™" 10 IR AR K H1.942 x 10,

object T ( NHRFE B B8 #FAE stop T B A7 ], AN
() JeR G B X8 02 1) B 25 A — A, AH VL Y image AT 2 AT S
PR BB —F, 3 3 Gt T ENTZBIRRTNIOCHR

#£3 SIS

Table 3 Structural parameters

actual virtual distance from S; to

diopter/m ™! image distance/mm the image source/mm
0 infinity 3.75
-1 1000 3.24
-2 500 2.75
-3 333.333 2.27
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spatial frequency in cycles/mm

0.000 4.166 8.322 12.498 16. 664 20. 830
spatial frequency in cycles/mm
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Table 4  Tolerance distribution of optical system

surface tolerances material tolerances element tolerance
" peak-to-valley radius/ thickness/ decenter tilt X/Y/ ind Abbe/ decenter tilt X/Y/
suriace value/ um mm mm X/Y/mm (°) maex % X/Y/mm (°)
S
: 0.587 +0.02 +0.02 +0.01 +0.03 +0.001 +1 +0.02 +0.03
S, 0.6
S
Sz ggz; +0.02 +0.02 +0.01 +0.03 +0.001 +1 +0.02 +0.03
TN T o s
Table 5 Probability after Monte Carlo operation 5 =R 1‘%
Monte Carlo analysis/% average value of MTF Z'Kj(q:‘&i‘f‘—%j( pancake é,j:.: 1‘@ EI’(J VR HMD, %FH
>90 0.329 P @, Bt T SR A 1 AN AR BRTE A K 3
» . MR TT R N T A O, AR A R

S 180 ) TR 45 R 2 T P AR R 2 S I
1% P W 3 B AR B 4 7 R 1 P 1 S, I
3 5 G0 I I AE 20. 2 mm 2 A, B H O R
> 10 0.33% GEEER/ANT 17.3 g0 BER TG, I

>50 0.336

>20 0.335
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