£60% FEIH/N20023EFE5H/HMAERBFEFHE

It Bl St FFIHE

Y o P S R B B AL O e

et B BER, £RE TR, RER
"HONTT AR Z R FABRAR, TR EIM 516006,
P Tl KRBl SR BB, PV P 7100215
P Tk RO M TR 2=, BEVE P94 710021

TE O 7R IEEG R I SO R R G (AR-HUD) B ARG 5015 00 R 485 25 5700 , 76 9L 4% £ B0 A5 SR 19 6 Al b i R
ALREIE /N AR-HUD A9 PR A, SR b il v o Sl AU 3 R 40, 80 T — 3K B2 BE B o0 10 m 3% 4 107X 5°RY B 1% B 7R
e . 16 R LA S B e A% 3 PR (Eyebox ) A5 10125 3 53 40 B 8% 3h 3 BB 320 9 4548, I 22 1 S5 My kA7 AR Ak 4 20, 4
AW B 95 T 3L EBEZ N, R 0 18 i 4% 36 pR B4 32 30T 17 S B L W A% L Bh A% 22 ¥ /N AT M A 18 . W6 A2 AR
FURIG W TR REE(HUD) B 42 RS 23R4T 0635 05 B0, 8 e R PR3 A NI o 55, 2% AR-HUD #ha% il
AHAAEUN 10 L, 3f i B e 50 (U D) EHG S SR SOR 705 B B0 0E T BT B9 B B4 k5 T 7 1k o

XA W FUERRS; Aiim, EERS; ZEEH

RESES U471 XHtRERL A DOI: 10.3788/LOP213312

Optimal Design of Optical Modules for Double Free-Form Surface
Head-Up Display Systems

Chen Xiaowei', Cao Yan"*", Xue Jialong’, Ren Jinwei’, Wang Bo', Wu Shenjiang”
'"FORYOU Multimedia Electronics Co., Ltd., Huizhou 516006, Guangdong, China;
*School of Defence Science and Technology, Xi’an Technological University, Xi’an 710021, Shaanxi, China;

*School of Optoelectronics Engineering, Xi’an Technological University, Xi’an 710021, Shaanxi, China

Abstract To ensure high quality of virtual images in augmented reality head-up display (AR-HUD) systems, the size of
the AR-HUD should be reduced as much as possible to achieve a longer distance and a larger field of view. Using an off-
axis dual-reflection system with a free-form surface, a virtual image display optical path with a virtual image distance of
10 m and a field of view angle of 10° X5° is designed. Furthermore, the Eyebox (aperture diaphragm offset range) is
divided into the moving range of a driver’s field of view. The system has nine structures, and multiple structures can be
used for the optimization simulation. The light spot from each field of view falls within the Airy disk. The modulation
transfer function of the image is close to the diffraction limit, and both the distortion and dynamic aberration values are less
than the industry standard values. Once the imaging requirements are satisfied, the dust-proof film of the head-up display
(HUD) system is drawn, and the light damage simulation is performed; based on the results, sunlight can be prevented
from entering the eyes. Finally, the AR-HUD shell is drawn, and the measured volume is 10 L. The display effect is
simulated through a user interface (UI) image to verify the correctness and feasibility of the design.
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Fig. 1 Schematic diagram of AR-HUD
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Fig. 2 Schematic diagram of lower perspective
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Fig. 3 Schematic diagram of field of view (FOV)
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Table 1 Design parameters of AR-HUD

HUD parameter Parameter value

VID 10 m
FOV 10°X5°
Eyebox 130 mm X 50 mm
TFT 4.1
Volume 12 L
Distortion 2%
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Table 2 Fitting data of windshield

Surface

Radius Conic K1

K2 K3 K4 K5

Windshield —3963. 9300 3.7926
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Fig.4 Initial structure of coaxial three-mirror optical system
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Table 3 Optical path structure parameters of AR-HUD

Surface Radius Thickness /mm Tilt about X /() Tilt about Y /()
Object field - —10000. 00 - -
Windshield —3963. 93 —345. 00 —62. 15 7.22

Zernike standard sag 807.62 154.32 —19.03 0
Zernike standard sag —2594.48 —148.08 26.00 0
Image plane Infinity - —10. 00 6.00
#4 —REHBSH
Table 4 Primary mirror type parameters
Surface Radius Conic K1 K2 K3 K4 K5
14.234 —10.405 —4.826 4.746 —0.635
K6 K7 K8 K9 K10
3.105 0. 006 0.242 0.715 —0.324
Zernike —2594. 485 0 K10 K11 K12 K13 K14
—0.324 0. 006 —0.040 —0.126 —0.778
K15 K16 K17 K18 K19
0.228 0. 090 —0.050 0. 105 0. 056
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Table 5 Secondary mirror type parameters

Surface Radius Conic K1 K2 K3 K4 K5
—15.597 —6.132 0.583 0.241 —0.051
K6 K7 K8 K9 K10
1.651 0. 095 —0.036 0.131 —0.041
Zernike 807.616 0 K10 K11 K12 K13 K14
—0.041 —0.006 0.016 —0.003 —0.040
K15 K16 K17 K18 K19
—0.006 —0.002 —0.009 —0.008 —0.008
ao5s)

5 AR-HUD 3D & 4 5]
Fig. 5 3D rendering of AR-HUD
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Fig. 6 Volume measurement chart
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Table 6 Dynamic distortion unit: ()
Position P1 P2 P3 P4 P5 P6 P7 P8 P9

Config2-configl 0. 60 0.18 0.99 0.25 0. 64 1.92 0.28 0.63 0.94
Config3-configl 1. 20 0.54 0.97 1.54 1.03 0.33 0.90 0.68 0.90
Config4-configl 0.74 0.96 2.44 0.18 0. 10 2.91 1. 38 2.18 2.71
Configh-configl 1.56 2.02 1.88 1.49 1.76 0.58 0.60 1.51 0.62
Config6-configl 1.41 0.11 2.69 1.08 0.39 3.28 1.53 2.72 3.22
Config7-configl 2.73 1.05 1. 86 2.50 2.44 2.70 0.82 2.79 2.15
Config8-configl 1.12 2.73 2.81 0.58 1.12 2.66 0. 87 0.91 2.39
Config9-configl 1.79 2. 50 1.03 1.95 1. 88 0. 56 1.42 0.48 1.41

5 &’ 5 % X

TE4R B AR-HUD % i 520t 1, b o — 28 /N HiAk
B, SR FHOBCE H il T 09 25 4, R Zemax 6 2% 4 4K
AT AL BT 5 PR, £ ] TracePro #E 17 Bl 22 %
AR AT, 9 FH Catia 22 ] AR-HUD 4k 72, 15 %)
HUD &4 10 L, B8 5 2 3 2 AR-HUD B 3 fF
B R A R BT EEOR . B Jn L ] Ansys-Speos 3K
X AR-HUD A [A 4V 8 HR 5 5% 0k 47 05 B 43 #r , 1 B
PG BB, 6 A HIR 0 % PR 1 K

Qmn Z, Lin S M, Luo K T, et al. Dual-focal-plane
augmented reality head-up display using a single picture
generation unit and a single freeform mirror[J]. Applied
Optics, 2019, 58(20): 5366-5374.

FHRN . Rk BR REMATRID]. B At B STl
K2, 2015,

Wang D P. Investigation on the automotive head-up
display system[D]. Nanjing: Nanjing University of Posts

and Telecommunications, 2015.

0922001-6



£ 605 FIH/2023FE5 A/HMAESBFFHE

(3]

(4]

(6]

[7]

(8]

Peter O. Optic design of head-up displays with freeform
surfaces specified by NURBS[J]. Proceedings of SPIE,
2008, 7100: 71000Y-1.

FA, AR, RGN 5T IR B9 4 4 40 2
JeeE RG] WOL S Em TR g, 2018, 55(11):
112201.

Wang R, Jiang L., Song Z H. Optical design of ensemble
head-up display system based on mini-projector[J]. Laser &.
Optoelectronics Progress, 2018, 55(11): 112201.

Wu P J, Chuang C H, Chen C Y, et al. An augmented
reality head-up display system with a wide-view eyebox
[J]. International Journal 2020, 2020:
4719268.

G, BTN, R, AF OB R AT L
ARG EE A BT[] BEADESA, 2019, 40(5): 894-900.
Huang X Z, Hu S J, Tang G M, et al. Optical structure
design of automotive head-up display with long-distance
imaging[J]. Journal of Applied Optics, 2019, 40(5): 894-
900.

Wei S L, Fan Z C, Zhu Z B, et al. Design of a head-up
display based

of Optics,

on freeform reflective systems for
automotive applications[J]. Applied Optics, 2019, 58(7):
1675-1681.

B, SR, T, &5 25T A il e

[10]

[11]

0922001-7

Z5 (A AH BLOG % & g ik [J0. 6 7= 4k, 2018, 47(9):
0922003.

LiXY, NiDW, Yang M Y, et al. Design of large field
of view space camera optical system based on freeform
surfaces[J]. Acta Photonica Sinica, 2018, 47(9): 0922003.
INSCAE, RSP, Phatre, AR T = il iE s B B Y
ENBOE R RG] O T2, 2012, 41(6): 654-657.
Sun W J, Zhao L P, Sun J N, et al. Off-axis projection
system based on three reflectors with Zernike polynomial
surfaces and even aspheric surfaces[J]. Acta Photonica
Sinica, 2012, 41(6): 654-657.

KW, R, B, A B A oG R S e
PRAG 2 R HEDFSE[T]. De 2273k, 2021, 41(18): 1822002.
Zhang Y L, Shi H D, Wang C, et al. Research on
polarization aberration characteristics of off-axis freeform
surface optical system[J]. Acta Optica Sinica, 2021, 41
(18): 1822002.

PRKE, MR, RAE, % el =% &
grveit 5 [T] ot 5ot e i g, 2021, 58(17):
1722001.

Chen T X, Wu Y X, Song S M, et al. Design and
alignment of folded off-axis three-mirror optical system
[J]. Laser & Optoelectronics Progress, 2021, 58(17):
1722001.



	1　引　　言
	2　原理分析
	2.1　AR-HUD结构分析
	2.2　技术指标

	3　AR-HUD的光学系统设计
	3.1　设计思路
	3.2　设计实例
	3.3　优化体积

	4　仿真分析
	4.1　成像质量与仿真分析
	4.2　Ansys-Speos成像仿真

	5　结　　论

