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Introduction 1

When mounting the AR display like glasses and using it outdoors, it is conceivable that the external light
environment including the glare of direct sunlight makes it difficult to see the AR screen.

In order to solve this problem, it is necessary to appropriately control the intensity of external light
incident on the eyes in response to various external light environment changes.

In this paper, we introduce application of liquid crystal light control lens with sun visor function using CLJ
polarization technology to AR display.
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How to Respond to Various External Light

Representative external light environment

There are five representative states as the external light environment.

1.
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Sunny and dazzling place

Places that are not dazzling like the shade

Environment in which the sun is in sight and direct sunlight enters the eye
The evening sun is in sight and dazzling but the scenery is dark

The reflection from the road surface of sunlight is dazzling
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Shading solution for each external light environment

Shading method suitable for each external light environment

1. Since the scenery as the background where the AR images overlap is dazzling, ambient light is
dimmed with a low transmittance

2. Since the scenery as the background where the AR images overlap is not dazzling, the ambient light is
passed through with high transmittance

3. Because direct sunlight is orders of magnitude higher illuminance, the direct sunlight is blocked by a
sun visor

4. Asin 3, the evening sun is shaded with a sun visor, but since the scenery is dark, pass the ambient light
other than the setting sun with a high transmittance

5. Because the reflected light is polarized light, it removes the reflected light by absorbing polarized light
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CLJ's LC Lens Technologies 3

CLJ LC lens operations for each environment

CLJ LC Lens operates as shown below against a typical external light environment (environment with road
surface reflection will be described later). Note that the low transmittance and the high transmittance are
not binary switching, but the transmittance for the external light intensity is determined by a function, and
the transmittance changes smoothly corresponding to the change in the external light intensity.
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The sun-visor characteristic of lens operation functions as shown below and makes it easy to see visibility.
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Environment in which the sun is in sight and @

direct sunlight enters the eye

The sun-visor ON
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CLJ LC lens configuration

CLJ LC Lens is configured as shown below. In order to obtain a view that is easy to see against the external
light environment, the following measures are taken.
The transmission axis of the Polarizer 430 is arranged to be perpendicular to the ground. Since the
reflected light from the road surface vibrates in the horizontal direction with respect to the ground, the
reflected light is absorbed by the Polarizer 430 having the absorption axis in the horizontal direction
and removed from the field of view.
ITO 34 (or 42) is multi-segmented to realize the sun visor function.
Orientation membrane 36, 40 and TN-Liquid crystal 38 are designed to increase the light shielding ratio
of the upper viewing angle to enhance the sun visor function.
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LEFT RIGHT

(Eye side)

430, 46: Polarizer
478: 45°rotator (ex. M2 retarder) 40
32, 44: Glass sheet

34, 42: ITO

36, 40: Orientation membrane

38: TN-Liquid crystal 461




CLJ's Patents

For details of CLJ LC Lens, see the following patents
AR CLLC B/ AR B, ES R T EH]
CLJLCLens DFEMIZ T ACFFaF 2R

US: 9523866, 9678362

CN: Z1.201280078181.9, Z1.201280078184.2

CA: 2901731, 2901732

AU: 2012395866, 2012395867

JP: 5458218, 5358749, 5947464
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AR display module with CLJ LC Lens 4

Influence of external light on the viewability of AR images

As described above, CLJ LC Lens has the function of providing transmittance characteristics suitable for
each external light environment.

When viewing an AR image outdoors, the AR image overlaps with the external light environment including
direct sunlight, so the brightness, saturation and contrast of the AR image which determines the ease of
viewing the AR image are influenced by the external light environment directly and greatly. In particular,
contrast affects visibility. The ambient light environment illuminance becomes the black base of the AR
image and the contrast is decided. Accordingly, it is important to control the transmission characteristics of
the lens in response to the change of the external light environment as the background of the AR image,
and maintain the contrast of the AR image within a certain range. Note that one of the characteristics of
the AR image is see-through and there is also a harmony with the contrast of the background itself (so that
only the AR image is inconspicuous), so making the background showing the AR image completely dark is
not necessarily the optimal solution.
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Configuration to be disclosed in this paper

The figure below shows the combination of CLJ LC Lens and AR projection module.

Of the AR projection modules, at least the part that emits AR image light is placed between CLJ LC Lens
and Eye. With this configuration, CLJ LC Lens provides appropriate transmission characteristics for external
light environment changes, while AR image light does not pass through CLJ LC Lens, so it is not affected by
the transmission characteristics of CLJ LC Lens. However, since External light that passed through CLJ LC
Lens has frequency characteristics of illuminance due to CLJ LC Lens opening / closing operation and AR
image light usually has brightness frequency characteristics, in order to prevent flicker by both, it is
necessary to adjust the frequencies of both. Since the frequency relationship for not causing flicker is known,
we will not touch on the details in this paper. The configuration of the AR projection module is not limited
to projector type, light guide plate type, etc.
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Method of controlling contrast of AR image

The lower graph shows an example of the relationship between the environmental illuminance, the
transmittance of the lens, and the brightness of the AR image. The horizontal axis of the graph shows the
environmental illuminance, the left vertical axis shows the transmittance of the lens and the brightness of
the AR image, and the right vertical axis shows the environmental illuminance after passing through the
lens. In this example, it is assumed that both the landscape and the AR image are easy to see when the AR
image has a certain brightness when the environmental illuminance is 1,000 Ix. The primary reason for easy
viewing is the proper contrast of the AR image. The transmittance of the lens is controlled to a value at
which the environmental illuminance becomes 1,000 Ix after passing through the lens when the
environmental illuminance exceeds 1,000 Ix. The transmittance of the lens is prescribed to be 8% or more
in the international standard when used for driving a car and cannot be further lowered. Therefore, when
the environmental illuminance exceeds 12,500 Ix, the environmental illuminance after passing through the
lens becomes larger than 1,000 Ix. As described above, since the environmental illuminance becomes the
black base of the AR image and determines the contrast, when the environmental illuminance after passing
through the lens becomes higher than 1,000 Ix, the contrast decreases by that ratio. Accordingly, when the
environmental illuminance exceeds 12,500 Ix, the contrast can be maintained by increasing the brightness
of the AR image according to the ratio.

It is to be noted that the above numerical value setting is merely an assumed value for explanation, and
does not limit the implementation range of the present principle, and may be another set value. Disclosed
in this paper is a lens with sun visor function (CLJ has a patent) and an AR display module, and maintains the
contrast of the AR image within a certain range by controlling the transmittance of the lens and the
brightness of the AR image even if the ambient illuminance changes .
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