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Optical system design of reflective head mounted display

using freeform surfaces
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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°%x25° 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.

Key words: optical design; free form surface; head mounted display; reflective optical system

Y fs B #3:2016-02-14; 11T H #1:2016-03-15
TEHZ B . X Z42(1987-), 5 WA E 38 g5 25 A6 2 R 4 DL KO6 20 B % 1 F 7 1 9 BF 5¢ . Email:ciomplj @sina.com
SUHfE Av . B Ei(1965-), 5, WFgE 61, 1 AR S, 2B ROk 2E R G5 1 M UF5E . Email:huangw @ciomp.ac.cn

1018001-1



L oh ok AR

% 10 ¥ www.irla.cn % A5 %
WA B T G S A B B B £ A
05 5 L F 4706, 76 HMD B9 3% 10 2 b, 5247 5% M H e

3k 28 R 7 (HMD) B 28 A JSOR 16 42 1 45 i e
) Tob BERYY BR IR RS, BT B R
FHRT S Sk B B R AR E S KRG S5z
0] (4 2 J& — B2 G B 1T 5% B A RO o 1
Sk — ol 3k SR A%, HLRH AR BRI B AT A TS R
=N R A U L TR e A WAl N e ST L
KRB A5 K, 6 T R 9 T BT H
FEWR D AL e 1 H B AR M ) e 3k 3 R W /N A
BRafbmit Bis.

FIE A R XS AR o R R T £
M A R, (R R Y 2 ) A R RE 0 7 i
Tt s AE X PR s A5 2, HRHM AR
Hh T B b O A HE XY £ 012 Zernike £ i A |
¢ Z I DL S AR ) R ESE o BB G S I
KM T A AR AW & R, il A R R S D
KR R G B A SE PR A, TR A
AT 32 7 0% I FH 310 3k 28 B 7R 4% 19 62 e T U A
WANE & 3 15T HMD 622 53T ek, 3k
A LA K B eR TR 4G R = P R R 0 45
g u=81 4 i = 45 Al R R A 2 ok o i R g
AAT ) RMR BoR T a H R AR S BN R
AR 4 2 PN E R Wi g = S S B = YR
3 HOE DL AR A R s Mg o 3K T 5 A rh 2R
T IR AN TR g AT 2

Rt RGOS S EE L6, EH
F/NAL B R G, T2 T A
KA, FET HMD B9 48 2R, S ek s b nl s
B4 M N F HMD (33, IR 7E 83k v v i & T
Zernike 5 XY Z WA 0 7 il AL AR 2, —
AEHA 8mm HE 27 mm H B 50°x25° ¥ 3%  G
0,25 11 3k 25 R ER A R B SE AR SCh A

1 HMD B3t ZFigit

1.1 &t a4

XSSP 5 25 1) Sk 28 b s s R T e S 4 DL A
BLA& L — 14 (OLED) 7R g2 4L . 1 PR UE IR i 5
HAOL R M B VE A, 7e X H A6 REE AT
BT I B ) 23 () 45 1 s [ AT B A, 4GB I

b I GG BB I, 28 5 SO B ML R M2 /Y 5T 2 ) #
ik OLED, R it 3o #% rb B9 4% 18, 380 3ok X5 T 180 AR o
PP AL K ] 32 4G HMD 3% 31 25 %

W NI AR BRSO 2~6 mm, MR 2% {4 i
by, BRE ECAR BN A R R IR SR, CHR A
HAEMWE/NT 3mm, A 7R R EF IS Y i AR
55 ,HMD (1 H i B 42 38 % B R KT 6 mm, DLl 2 IR
PR AR ghwEick , R B E H AT 15 mm,
HMD ) 7R BURE %5 [ B AR DA S H e B 1% 384 K T
ARG 53 —Tr T, AR 1R 22 BEE | Seidel 18 22 B &
6 R G ALAR DL K 37 i 3G R M O, PR s
HEMMIG KN EZIE T RERERER
M D FREE . Z5 G 75 B HMD 19 i 3 14 56 F % 22 2O
(9 XE B2, HMD Ry i B 72 1 B 8 mm, 4 B 2
WE N 2Tmm, ARG R A EET
A SR 2 B ' 2 GHE R, SC R R il A5 A it i
S5 5 30 25 ) A Je) ok ke S 0t 2R 42
1.2 R

XU S 535 062 R Ge 4 40 a7 51, ) DLR DG 27 1k
T4t CODE V J5 i # #4 3& 9) b 45 44 . 1 Je 7 o
TEHEEMNRESHWILR T, A AR R
S5 5 AR AR Al 1Y OG B E By SRS R T R S Y
AT R0 U O ERTET, A PR M 2 RO% 2R R G AR BE S
VT GOGE R G AT, 15 B )R A5k n
K1 FTs, Hob M1 ZEH Ja 8 Ak b Xl i R —23°
M2 8 H )R #F AR bR X Al RE 250 i R B U
“Decenter and Bend” ; fix Ji % S 4 5% i) i 0 42 24 4k,
Bt RGBT H O R AR 2%

Pl 1 HMD i %) 4 45 14
Fig.1 Initial structure of HMD
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Fig.2 Optical path of the two mirrors 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°%x32° 50°%25°
Eye clearance >60 mm >18 mm >27 mm
Exit pupil 15 mm 8 mm 8 mm
Effective focal 98 mm 15 mm 50 mm

length
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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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Fig.7 Distortion of the HMD system
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Tab.3 Tolerances list of mirrors M1 and M2

Manufacturi
Amachiring Alignment tolerance/mm & rad
tolerance
She
o R
RMS dius/ ||Dec. x Dec.y Dec.z Tilt a Tilt B Tilt y
P mm
M1 0.035 1.50 || 020 020 0.30 0.0025 0.0015 0.0050
M2  0.045 034 ] 0.04 004 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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