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In this study, we present methods to quantitatively analyze and correct the distortions and biocular parallaxes in a head-up
display (HUD). To analyze asymmetrical distortions, five kinds of distortions are proposed and evaluated at five eye positions
of an eyebox. The differences between distortions evaluated at the four corners of the eyebox and that at the center are defined
as the relative distortions, which occur due to head motion of the driver. We also define the convergence and divergence
parallaxes at six biocular positions in the eyebox to quantitatively analyze them. Using these analytical methods, we constrain
the degree of biocular parallaxes and distortion changes with eye position to be small, so that an optical system nearly free from
them can be obtained by optimization design for HUD optics.
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Fig. 1. Schematic diagram of a typical head-up display.
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Fig. 2. Distortion types. (a) Horizontal and vertical distortions. (b) Horizontal- and vertical- symmetric distortions. (c) Rotational distortion.

(d) Five eye positions in the eyebox.
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Fig. 3. Schematic diagram of biocular parallaxes in an HUD. (a)
Convergence parallax. (b) Divergence parallax.
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Table 1. Optical specifications of an HUD optical system

Parameters Values (mm)
Virtual image distance 2700
Virtual image size 240 x 120
Display size 40 x 20
Eyebox 80 x 40
Eye pupil diameter 8

START

Set a design specifications
(windshield data enter, eyebox size,
field, virtual image distance, etc)

v

Tnitial optical system optimization
(structure constraints, radius, conic, polynomial
coefficients, thickness, tilt, decenter, etc)

v

Set zoom positions : Zoom position 1 ~ 5 to correct distortions
Zoom position optimization : For aberration correction, distortion correction

All of distortions meet the requirements?

Set zoom positions : Zoom 1 ~ 12 to correct biocular parallax
Zoom position optimization : For aberration correction, distortion correction,
compact structure, and biocular parallax compensate

The optical performance
meets the requirements?

Fig. 4. Flow chart of optimization design for an HUD optics.
Virtual image
Windshield

Freeform
mirror

Display

Fig. 5. Layout of a final designed optical system for an HUD.

Table 2. Surface data of a final designed optical system for an
HUD (in mm)

Surface name Surface type Radius Thickness
(virtl(ljal;]ei::r:age) i i 2700.00
Stop (eyebox) - - -900.00
Windshield | XY polynomial -37.86
Freeform mirror| XY polynomial -530.50 -120.00
Flat mirror Sphere Infinity -120.46
Image (display) - - -
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Fig. 6. MTF graphs and spot diagrams of a final HUD optical system at each eye position of the eyebox. (a) Center position. (b) Corner

position (position 2).
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Fig. 8. Distortion analysis. (a) Distortions

at five eye positions. (b) Relative distortions due to head motions.
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