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Table 1 Design parameters of dual optical path AR-HUD optical system

HUD system parameters Parameter value
VID/m Far:7.5;Near: 3.8
FOV/(®) Far:10°X 3°;Near:4° X 1°
Lower perspective/(") Far:1.6";Near:4.6°
EYEBOX/mm 130X 50
DLP/inch 5.74
Wavelength/pm 0.55
Distortion/ % <5
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LS BRI 2 i 7s o SEPRBEICE BeIT I, O 7N R 28 IZ BT R JE e R BCBCE O 54T, 9 — 4k ok
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Table 2 Fitting data of windshield
Surface Radius A, A, A, A, A, A, A,
Windshield —8370.069 —2.066 —0.012 0.039 —1.197 0.457 —1.344 0.013
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(a) Three-dimensional layout diagram of HUD of (b) Three-dimensional layout diagram of the
distant projection optical path HUD near projection optical path
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(c) Eyebox point diagram
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Fig.5 Three dimensional layout of dual optical path AR-HUD and point taking diagram of Eyebox
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Fig.6  Dot—column diagram of virtual focal plane at different projection positions
K7 R0t REGEPIAS SR T MTF 26, B2t b B AR B TR ST R /N2 0 0.113 mm, A I 48 1k A3 30 5
FEAE4.42 1p/mm 4k o ARG BT 25 2R /TR, AR AR AL, 25 R T R D R T 0.5, MG M R T 0.4,
BAG B R H DG R G EOK .

0822001-5



HF— -5.0000, 1.5000(deg)-Tangential -
- B—-5.0000, ~1.5000(deg)-Tangential  g—-5.0000, 0.0000(deg)-Tangential
5 B— 0.0000, 0.0000(deg)-Tangential B 0.0000, 1.5000(deg)-Tangential
2 BF—5.0000, 1.5000(deg)-Tangential E-0.0000, —1.5000(deg)-Tangential
% 0.5 1 B—5.0000, —1.5000(deg)-Tangential E-5.0000, 0.0000(deg)-Tangential
:; B--- -5.0000, 1.5000(deg)-Sagittal B----5.0000, 0.0000(deg)-Sagittal
= B--- -5.0000, —1.5000(deg)-Sagittal B---0.0000, 1.5000(deg)-Sagittal
B--- 0.0000, 0.0000(deg)-Sagittal B- - 0.0000, —1.5000(deg)-Sagittal
B---5.0000, 1.5000(deg)-Sagittal B---5.0000, 0.0000(deg)-Sagittal
B---5.0000, —1.5000(deg)-Sagittal
0
0 0.45 0.9 135 1.8 2.25 2.7 3.15 36 4.05 45
Spatial frequency/(cycles'-mm™)
(a) Far projected virtual image focal plane central field of view
0 \“M%‘-‘
E— -2.0000, 0.5000(deg)-Tangential ddidaiigias
. B— -2.0000, —0.5000(deg)-Tangential —_—
S i e (ol B s B— -2.0000, 0.0000(deg)-Tangential
2 81— 2.0000, 0.5000(deg)-Tangential B— 0.0000, 0.5000(deg)-Tangential
g 0.5 | -B=2.0000, ~0.5000(deg )-Tangential B 0.0000,0.5000(deg)- Tangential
= B--- -2.0000, 0.5000(deg)-Sagittal B 2.0000, 0.0000(deg)-Tangential
T | i, ~0apUl{dep)- Szt B+ ~2.0000, 0.0000(deg)-Sagittal
= | 8-0.0000,00000(deg)-Sagittal B 0.0000, 0.5000(deg)-Sagittal
8:: 2. (R0, 05008 Acg)-Sagiital B 0.0000, ~0.5000(deg)-Sagittal
E--- 2.0000, —0.5000(deg)-Sagittal B 2.0000, 0.0000(deg)-Sagittal
0
0 0.45 0.9 135 1.8 2.25 27 3.15 3.6 4.05 45

Spatial frequency/(cycles:mm™)
(b) Near projected virtual image focal plane central field of view

H7 FEZYLEZEGETHMTE & %
Fig.7 MTF curve of virtual focal plane at different projection positions
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(a) Far projected virtual image focal plane central field of view

(b) Near projected virtual image focal plane central field of view
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Fig.8 Mesh distortion plot of virtual focal plane at different projection positions
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Fig.9 Contrast curve of virtual image projected at the center position of the eye box
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Table 5 System tolerance allocation

Tolerance Radius of Spacing/ X direction Y direction The amount of rotation The amount of rotation
parameters curvature/mm mm offset/mm  offset/mm on the X axis/(") on the Y axis/(")
Front windscreen 1 0.2 0.2 0.2 0.2 0.2
Primary mirror 1 0.2 0.2 0.2 0.2 0.2
Secondary mirror 1 0.2 0.2 0.2 0.2 0.2

k6 EHFTHWMER
Table 6 Results of Monte Carlo analysis

Percentage/ % Far projection optical path MTF value Near projection optical path MTF value
90 0.641 038 41 0.747 032 07
80 0.641 790 26 0.747 636 64
50 0.643 107 51 0.748 615 63
20 0.668 274 13 0.749 260 67
10 0.685 100 22 0.749 542 14
4 i
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B ST A% 5 AR 1 A0 B2 435 AR T [ R B 0 i S R, DA T B TR 2 s 2 A A I R, O DA 2 B T 4 3RO L
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Design and Optimization of Dual-focal Vehicle Head—up Display Optical
System Based on Single-optical Machine

REN Jinwei', CHEN Xiaowei’, WANG Bo’, CAO Yan’, SUN Yihan',
LI Xinyu', WU Shenjiang'
(1 School of Optoelectronics Engineering , Xi'an Technological University, Xi'an 710021, China)
(2 FORYOU Multimedia Electronics Co., Ltd, Huizhou 516006, China)

Abstract: As society continues to progress, automobiles have become a common sight in households
worldwide. However, the increase in the number of vehicles on the road has led to a series of traffic safety
issues. As a result, automotive safety has become one of the most popular research topics worldwide.
Among them, Head-Up Display (HUD) systems can be applied to cars, serving as an assistant to driving
and improving driving safety. Through the use of a head—up display optical system, drivers can see virtual
images that display important driving information and road conditions in the direction of their line of sight,
eliminating the need to look down at instrument panel information and navigation information. This reduces
driver distraction and improves driving safety. As HUD technology continues to advance and develop, it
will gradually integrate with autonomous driving systems, becoming a standard feature in future high—tech
vehicles. Nowadays, the technology of automotive HUD on the market is gradually maturing, mainly
including Windshield HUD (W-HUD) and Augmented Reality HUD (AR-HUD). However, the current
car-mounted HUD can only display virtual images on a single projection distance. When the driver changes
the observation due to changes in vehicle speed, the visual focus distance needs to be adjusted to adapt to
the HUD projection distance. Long—term and high—frequency adjustments can lead to eye fatigue for the
driver. To address this issue, this paper proposes the design of a car—mounted binocular parallax optical
system. Based on the current research status, a method of using a single DLP micro—projection machine to
separate two images and generate two Projection Generating Units (PGUs) to display binocular virtual
images for AR-HUD is proposed. According to the initial architecture of the HUD optical system, which is
a coaxial reflection optical system, an off-axis reflection vehicle-mounted parallax display optical system is
constructed by using an off-axis rotating reflection mirror. Then, by changing the object distance of the
PGUs to the primary reflection mirror, the two free-form reflection mirrors are combined to construct an
off-axis reflection binocular parallax vehicle-mounted display optical system, thereby ensuring the
projection of two virtual images at different distances. The optical system uses a 5.74 inch DLP micro
projector with an eyebox size of 130 mm <50 mm, a far projection field of view of 10° X 3" and a near
projection field of view of 4°X1°, and a virtual image projection distance of 3.8 m and 7.5 m. Image quality
evaluation is analyzed and explained from the aspects of the point cloud diagram, MTF curve diagram, grid
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distortion, illumination curve diagram, and image simulation. The key to the optical system is tolerance
analysis, which helps to determine the allowable limits of different manufacturing and alignment errors.
Manufacturing and calibration errors can be reduced to an appropriate level without degrading the image
quality of the optical system. If the tolerance requirements are too strict, it may increase the difficulty in
processing and arranging the optical components and may also lead to unstable imaging quality during actual
use. By designing the tolerance range of the curvature radius of the lens and the windshield usage area, the
distance between lenses and the windshield usage area, the X-axis offset lens and the windshield usage
area, the Y-axis offset lens and the windshield usage area, the axial rotation of the lens and the windshield
usage area, and the axial rotation of the lens and the windshield usage area, the statistical results of the
optical transfer function of the system's virtual image plane were obtained using Monte Carlo method with
1 000 randomly selected samples. It can be seen that at a spatial cutoff frequency of 4.42 1p/mm, more
than 90% of the MTF of the optical system is greater than 0.63, indicating that the tolerance distribution of
the system is reasonable, the tolerance capability is strong, and the design results are ideal. The design
result of the dual-path AR-HUD optical system in this paper shows that, through software control, the
near projection virtual image plane and the far projection virtual image plane can be displayed
simultaneously or in a time-sharing manner, which improves the driver's visual experience.
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