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Optical Design of Dual-Focal-Plane Head-Up Display Based on Dual
Picture Generation Units
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Abstract Compared with conventional head-up displays (HUDs), augmented reality HUDs (AR-HUDs) can display
richer information, and an ideal AR-HUD requires the display of multiple virtual images at different depths to present basic
and interactive information. In most traditional solutions, however, the display of information at the two depths is
achieved by rotating the reflective mirror at high speed or using the optical zoom system, with lower reliability and
potential safety hazards. Therefore, the optical off-axis reflective structure is proposed to achieve the dual-focal-plane
display using two picture generation units (PGUs) and a single free-from surface mirror. By adding a plane mirror to
increase the object distance of the far-field optical path, we achieve a display of two focal planes. Finally, a dual-focal-
plane HUD is obtained, with an eye box of 130 mm X 50 mm, field-of-view angles of 5° X 1% and 10° X 5°, and virtual
image distances (VIDs) of 2. 5 m and 7. 5 m. The research results meet the requirement of the simultaneous display of near-
field basic information and far-field interactive information, and the display effects of depth of field are enhanced.
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Actual structure of dual-focal plane AR-HUD system and set-up of field of view. (a) Actual structure of dual-focal plane

AR-HUD system; (b) set-up of field of view
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Fig. 4 Results of near field when pupil is located in center of eyebox. (a) Spot diagram; (b) MTF; (¢) F-TAN (Theta) distortion;
(d) grid distortion

130 mm

far: -5, 2°; tangential: 0.419771
near: 2.5, — 2° tangential: 0.425043
maximum distortion: 1.3356%

far: 5, —-0.5°; tangential: 0.372315
near: —-2.5, —3°; tangential: 0.485050
maximum distortion: 1.8444%

E3

5

far: -5, 4.5°; sagittal: 0.420908
near: —2.5, —2°; tangential: 0.379988
maximum distortion: 1.8444%

E5

50 mm

far: 5, —0.5° tangential: 0.359518
near: 2.5, —3° tangential: 0.414850
maximum distortion: 2.0118%

E4

PLET 7 Y B 5 R AL T LT 2 P 40 v AL Y S AR MUTF {8 I 78 46

Fig. 5 Setting of eyebox and minimum MTF and distortion value when pupil is located in four corners of eyebox

2 SBERGN 2SI

Table 2 Distribution of tolerance range of optical system

. ) Decentered Decentered Tiltangle n  Tilt angle in
. Radius Irregularity per . . . . . L L
Mirror ) Thickness /mm  distance in X distance in Y X direction /Y direction /
delta /mm fringe ) ) ) ) ) .
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M1 - 2 0.2 0.2 0.2 0.1 0.1
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