E3E EIW
2014 4 3 A

b = = 4
ACTA OPTICA SINICA

SRRUTTR k=S
(

Vol. 34, No. 3

2OV R OB OXOAY #r4 A
R B AR B P SRS St 5 s A o LB B

T Bl
P EBRABE R, dEat 100049
HE TR AL Gk 45 TR A% O B L R
A LR O

BERBB RN RG . WAL TR M SR ECRAE A Bl mm i Jm L, o TR ERE R ERE L., EX
T 2R T — 5 R R P B i AR L AT T IO R MR . XN RE

16°) M7 b A fe KW AR {8 — 1. 54 %

;‘t“??éb

]
N R T AR TR — ALk A R HR
SRS

ééﬁﬁl Fe2= et s B el il s A% 3 e A Sk % R
7&"-7

L e 457X 327, 1
R/ 15 mm, HEEE S 50 mm. 7R 2% ZE 3 Re a0 40 AL L 4435 14 R A% i B EC(OMT ) R T 0.6, FE(—22.5°%,
R I% /1N T LT 3 o (07 1 SR A3 0 WA 1) 7 A 15 R B0 IR R . 323k 25 R 0l 2 AR 0 AR B A A L A
TN141

XEEARIRED A

RGN 56 mm X128 mm, H & 136 g, ALIH4REN . Ze2B LB ER
X7
doi

10.3788/A0S201434.0322001

Freeform Surface
Zhang Xin

Optical Design of an Avionic Helmet-Mounted Displays Using
Li Hua'* Wang Chao

Shi Guangwei' Fu Qiang'
' Key Laboratory of Optical System Advanced Manufacturing Technology . Changchun Institute of Optics ,
Abstract

‘1
Fine Mechanics and Physics, Chinese Academy of Sciences . Changchun , Jilin 130033, China
University of Chinese Academy of Sciences, Beijing 100049, China

In order to resolve the contradictions between large exit pupil

small size, a helmet mounted displays (HMDs) system is designed. using freeform surface described by radial basis
function. The principle that radial basis function describes freeform surface is introduced, and the approaches for

Nyquist frequency. The magnitude of maximum distortion occurs at (—22

avionic HMD technology

wide field of view (FOV) and lightweight,
aberration correction are analyzed. A new way is tried to determine a starting point of optimization quickly whil
designing. At last, the imaging quality of the optical system is analyzed. A HMD with 45° X 32", 15 mm pupil

. .5° °
simulation to be —1.54%

show that the optical system of HMDs has low aberration, and it can provide user clear symbol or video images
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eye relief is designed. The modulation transfer function (MTF) value is more than 0.6 within the entire FOV at the

5l

.

il, 50 mm
The size of the system is 56 mm X 128 mm and the weight is 136 g. The design results
=]

, 16°) in the field and it is measured in
HMDs system, which has good image quality, small volume, and light weight, can be applied to the next generation
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Table 1 Design specification of HMDs

Parameter Specification
Image source
Microdisplay OLED
Size 0.61"(1.55 cm) diagonal

Active area 12. 7 mmX9. 0 mm

Resolution 800 pixel X 600 pixel
Relay lens
Configuration Off-axis configuration
Exit pupil diameter 15 mm
Effective focus length 21.31 mm
F-number 1.42
Eye relief 50 mm

Other system parameters
45°X32°
656~486 nm
<<10% over entire FOV

Field of view
Wavelength range
Vignetting

3.2 RZpikitE®RL

TEBLTHZOL S RGEME R B8 64 7 1 75 5
RIVAA i 2 P AR AT oA et . B ek PR JE
ZIA R R GG A% R AR R 1 AR
FEpR BT — A Sk A R AR R G H 4R ZE Mg
K 2 s . ot RGEh— DG a8 AT 5
B — TR BB — DR

Off-axis EMDs zernik |- DIFFRACTION LIMIT

S 5 o 2 ————————1 (22.50,0.000) DEG | yaveiencrs wercET
. _'C € polynomial surtace ¥ (22.50,-16.0) DEG 656.3 Mt
optical wedg g/ DIFFRACTION MTF ¥ 587.6 M
+Z T I (0.000,-16.0) DEG e
o7 AV liffractive surface 31-Jul-13 ¥ (0.000,0.000) DEG SR
D . DEFOCUSING 0.00000
o. -
- S
o. S —
M = = e
oo. ST
D S
u
Lo.
a
25th order T
Zernike 004
polynomia \ o
surface A .
\\ o.
(a) 43.10 MM (b)
6.0 12.0 8.0 25.0 30.0
Off-axis HMDs_Zernike polynomial surface Scale: 0.58 31-Jul-13 SPATIAL FREQUENCY (CYCLES/MM)

Bl 2 (a)fy P88 on 2 W R AL AL G 45 T T 9 Sk 28 R 8O0 REEE M B (b)IZo2% 7 40 1 18 il 1% 28 eR 43 th £k
Fig. 2 (a) Optical layout of the HMDs with a combiner described by Zernike polynomial; (b) polychromatic MTF plot
of the off-axis HMDs

0322001-3



2 M

BOHZ Sk 25 B #5062 R GE i AR 22 KR 15K
R DR HIRG 25 W e T £ R AR 4L A A
I/ I8 B T 2 OB AR BSOS 2 5 2) i L
AR 208 575 575 2 oA /) Wi 28 2 M AR ORI XU 1
GBI 3) 18 FH DG B i 2D ey 2H & 5 40ROk 1) Bl o)
22 5 ) M AT I 625 T IE W 2 £ 25 OG5 AN
BB E.

TR F R G G d e s 2T A RAE

EAZ . A0

T W
¢ Ol SR CREAR BT XS L) 5 r 2 DL B R
(70 BRI AR 1] AL Rk O AR R A RS L DR
w2 AR, fEPgkEEAT .6 AN E
5 EL A S OGR4 A8 A 2% 11 2 A7 9 1 5 %A X FR 00
35 o T A AR 6 2 2k A

olx,y) = /z—ZAT vy,
(1D)

i = %[(j—}—n)z +j 4+ 3n],
Ak HATH R A B A2 R R
25 A AT LIRS T RS 7 Fln OME
J[ = ﬂoor(iﬂgi_l> )
(12)

lni—z<z+1>/2,
j=1—n,

0
P/,,lm 50

Ny 0
50 ™
100 =100 %I

100-100

o floor () N BUEEEAE . FEA SCHT 1 3k 2%
IRERIGEE RGP AT R TR A TR 14 T,

TER R R 1 R RS FRAE BT 0 A s
Ti1] 3 bR B AE 4L A 2 1 18 B L 5 — 4> HMDs Je2: R
Gi. DhZETEIT 0 B e 02 R AE 4L A A A
1 3k 25 SR 28 06 2F R GE R I Ak B T ) R 254 .
FEIX B, 20— ok BRUAR ) I R 450 1T L O Ak R 4 A
M. SB—F e s 2T ET 25 TR BN
Code V i U Ok, fE 4L & 4% D A2 N e B T4
(s y) Bl Matlab #1415 2] 2 1w % 40 & 3 (a)
JIEm s 55 A i v 0T R B, BV S (9O X i A
WE R p FH— S8 ol s A A A TE B 8 X
8 A~ 4 (] i 43 A7 — 4k 4 /55 97 R RGGRAE L A&l 3 (b) T
7 88 A0 b AR e 3 R RO PR T S T
(P JE v 2 30 2 3 2o B /N e 1k SRR A5 1) S5 bR A
T 64 IR E 55 U . FI A CODEV i s #5 iy C
BT MBF SRS, 4 Visual C++ Fikfr
k. M CODEV [k £ B% 42 4 R 17 4 12 i 2h &5
B3R SCF(DLL) . 724 F CODEV i I #2 ¥ f 78
H%M CVUSER FH®E T 5 H2 . f£ CODE V
I FH SR fife BT 64 TR BRI G 5 9 48 )k ek B HE
fbiz HMDs 2 250 . MR R &M e s 1. I
MATLAB #1718 405 H = 07 48 [ 2 R 45 3R AE
)4 A TR AN ] 3 (o) TR .

100

0
L 0

-50 ¢ s =50 o™
b2 Frng 50 1057100 ¥

3 (DMBFERELW AR AL S BB 5 (b) 8X 8 N4 8] I 40 A7 19 — 4k 125 57 7% 1) 5 bR 5K 5
(o) H v 30 745 1) 36 pR B AIE 19 4L A5 44 1o 76

Fig. 3 (a) Shape of the combiner described with Zernike polynomial surface; (b) 2D Gaussians are spaced uniformly

with means centered on an 8 X8 grid; (¢) shape of the combiner described with the Gaussian radial basis functions
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