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Head-mounted display (HMD) is regarded as one of the most popular device for providing three-dimensional

(3D) contents in virtual reality (VR) or augmented reality (AR). Technologies on HMD have been deeply
studied because it has a potential to make the people enjoy 3D contents. In this paper, we propose the
application for digital micro-mirror device (DMD) as both the filter and the combiner. DMD has a benefit
that it generates many images in short time. The real background image and the image generated by the
organic light-emitting diode (OLED) are watched through the DMD, and these two images are combined as

one image to generate AR.

1 INTRODUCTION

Head-mounted display (HMD) is one of the most
prospective systems to display 3D contents (Inoguchi
et al., 1995, Ando et al., 1998, Cakmakci et al., 2004,
Rolland et al., 2005, Hong et al., 2011, and Arens-
Arad et al., 2016). Since HMD s the best device for
representing VR and AR, many research groups have
developed these technologies (Earnshaw, 1993,
Drascic et al., 1996, Ando et al., 1999, Zhou et al.,
2008). Occlusion capability and accommodation
effect are very important factors in enhancing the
reality of 3D contents in HMD. In consideration of
accommodation effect, the holographic technique is
ideal to provide 3D contents within diffraction limit
(Moon et al., 2014 and Gao et al., 2017). However,
the narrow viewing window owing to the space-
bandwidth of the spatial light modulator (SLM) is a
practical problem (Lohmann et al., 1996). In addition,
it brings about the sacrifice of the quality of 3D
contents resulting from annoying speckle noise. The
occlusion capability is necessary to block the
appearance of some background part where the 3D
contents appear (Kiyokawa et al., 2004 and Wilson et
al., 2017). In occlusion-capable HMDs, two
components are required, one is an SLM for selective
pass of the environmental scene and the other is a
combiner to overlay the selectively filtered
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environmental scene and the virtual contents. Some
multi-layered displays meet the purpose of occlusion
capability (Lim et al., 2017). Triple-layered LC can
function as displaying near and far contents and
selectively filtering one of them (Kim et al., 2017).

In this paper, we designed a novel HMD using a
DMD as both filter and combiner. In IMID 2018, we
already presented its concept (Kim et al., 2018). The
DMD has a benefit that it can generate many images
in a short time (Cossairt et al., 2004, Kim et al., 2016,
and Limetal., 2017). In addition, the DMD combines
the background image and 3D contents reproduced on
the OLED, allowing observers to watch the image
with low distortion.

2 OPTICAL DESIGN OF
OCCLUSION-CAPABLE HEAD
MOUNTED DISPLAY

This system consists of two parts, OLED part and
background part. Figure 1 shows the optical design of
the system. In Fig. 1(a), the optical path of the whole
system is shown. The real scene is seen through the
HMD as a background and the 3D images is displayed
by the OLED. These two images are combined by the
DMD selectively by choosing the state of the DMD
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between on sate and off state. Therefore, the observer
watches the combined image through the DMD.
Figure 1(b) shows 4f system including the DMD. The
images from the outside and the image from the
OLED are projected on the DMD through the first 4f
system, and each image are combined and relayed to
the observer by the second 4f system.

When we design the system, we use small size
optical elements in order to build a compact HMD.
The OLED is useful since backlight is not required
for displaying 3D contents.
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Figure 1: Occlusion-capable head-mounted display; (a)
system layout, (b) 4f system including the DMD.
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Figure 2: Optical layout using Zemax.
Figure 2 shows the optical layout. This was

designed with a Zemax. The distance from the lens to
the observer that is the size of the main optical system
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of the HMD is about 100mmx100mm . Since the
optical system is designed in a limited space, we use
an aspheric lens with large F/#. In addition, it is
difficult to design a small lens with a large refraction
angle at a short distance, so that two aspheric lenses
are placed in serial to shorten the focal length.

3 EXPERIMENT

This system uses both the OLED and the DMD. Table
1 and 2 show the specification of them respectively.
The OLED has an active area with 38.1 mmx 30.5
mm and its resolution is 1,280 x 1,024 with the pixel
pitch 29.7 um . 3D contents generated by the OLED
are projected on the DMD. As the DMD, V7001
model made by Vialux corporation is used. It has an

active area with 14.0 mmx 10.5 mm and the
resolution is 1,024 x 768 with the pitch 13.7 zzm . In 6-
bit gray level mode, the switching rate of the
micromirror is 1,091 Hz. We made a program code
by Matlab to control the DMD.

This setup is constructed to prove the feasibility
of our idea. So, we set up our system on the optical
breadboard and it is not proper for the observer to
wearing this system. For the purpose that our compact
system is made compact as a wearable system, there
remains several issues such as minimizing the control
board of the DMD and the OLED.

Table 1: The specification of OLED.

OLED SXGA —1012SD
Video input type HDMI
OLED resolution SXGA (1280 x 1024)

Refresh rate 30~85Hz

Active area

38.1 mmx 30.5mm

Table 2: The specification of DMD.

DMD Vialux V7001
DLP chipset Discovery 4100
DMD resolution XGA (1024 x 768)
Micro-mirror pitch 13.7 um

Active mirror array
area

14.0 mmx 10.5 mm

Array switching rate
1bit B/W

22,727 Hz

Array switching rate
6bit Gray

1,091 Hz

Array switching rate
8bit Gray

290 Hz
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Figure 3: System setup of occlusion-capable head-mounted
display.

4 CONCLUSIONS

In this paper, we proposed a novel HMD with a DMD
and an OLED where the DMD functions as both filter
and combiner. With this system, the observer watches
both the environmental scene and the virtual contents.
The virtual contents are displayed by the OLED and
they are combined with the environmental scene at
the DMD. With our setup, we succeed in proving the
feasibility of our idea. For the next step, we have a
plan to make the system compact suitable for the user
to wear it.

ACKNOWLEDGEMENTS

This research was supported by Basic Science
Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry
of Education (NRF- 2017R1D1A3B03035831).

REFERENCES

Inoguchi, K., Morishima, H., Nanaba, N., Takeshita, S., and
Yamazaki, Y., 1995. Fabrication and evaluation of
HMD optical system consisting of aspherical mirrors
without rotation symmetry, Japan Optics 95, Extended
Abstracts, pp. 19-20.

Ando, T., Yamasaki, K., Okamoto, M., and Shimizu, E.,
1998. Head-mounted display using a holographic
optical element, Proc. SPIE 3293, 183-189.

Cakmakci, O., Ha, Y., and Rolland, J. P., 2004. A compact
optical see-through head-worn display with occlusion

Occlusion-capable Head-mounted Display

support, in Proceedings of the 3™ IEEE/ACM
International Symposium on Mixed and Augmented
Reality, pp. 16-25.

Rolland, J. P., Hua, H., 2005. Head-mounted display
systems, Encyclopedia of Optical Engineering, pp.1-13,
New York.

Hong, J., Kim, Y., Choi, H.-J., Hahn, J., Park, J.-H., Kim,
H., Min, S.-W., Chen, N., and Lee, B., 2011. Three
dimensional display technologies of recent interest:
principles, status, and issues [invited], Appl. Opt.
50(34), H87-115.

Arens-Arad, T., Farah, N., Ben-Yaish, S., Zlotnik, A.,
Zalevsky, Z., and Mandel, Y., 2016. Head mounted
DMD based projection system for natural and
prosthetic visual stimulation in freely moving rats,
Scientific Reports 6, 34873.

Earnshaw, R. A., 1993. Virtual Reality Systems Academic
press, London.

Drascic, D., and Milgram, P., 1996. Perceptual issues in
augmented reality, Proc. SPIE, pp. 123-134.

Ando, T., Matsumoto, T., Takahashi, H., and Shimizu, E.,
1999. Head mounted display for mixed reality using
holographic optical elements, MEM. Fac. Eng. 40, 1-6.

Zhou, F., Duh, G. B.-L., and Billinghurst, M., 2008. Trends
in augmented reality tracking, interaction and displays:
a review of ten years of ISMAR, Proc. 7" IEEE/ACM
International Symposium, pp. 193-202.

Moon, E., Kim, M., Roh, J., Kim, H., and Hahn, J., 2014.
Holographic head-mounted display with RGB light
emitting diode light source, Opt. Express 22(6), pp.
6526-6534.

Gao, Q., Liu, J.,, Duan, X., Zhao, T., Li, X,, and Liu, P.,
2017. Compact see-through 3D head-mounted display
based on wavefront modulation with holographic
grating filter, OPT. Express 25(7), pp. 8412-8424.

Lohmann, A. W., Dorsch, R. G., Mendlovic, D., Ferreira,
C., and Zalevsky, Z., 1996. Space-Bandwidth product
of optical signals and systems, J. Opt. Soc. Am. A, 13(3),
pp. 470-473.

Kiyokawa, K., Kurata, Y., and Ohno, H., 2001. An optical
see-through display for mutual occlusion with a real-
time stereo vision system, Elsevier computer &
graphics 25(5), pp. 2765-2779.

Wilson, A., Hua, H., 2017. Demonstration of an occlusion-
capable optical see-through head-mounted display, SID
symposium digest of technical paper, 48(1).

Lim, S., Kim, M., Kim, H., and Hahn J., 2017. Digital
holographic head-mounted display based on the macro-
pixel, The 17" International Meeting on Information
Display, F6-4.

Kim, M., Heo, D., and Hahn, J., 2017. Multi-layer head-
mounted display with active mask LCD, The 17"
International Meeting on Information Display, E21-4,
KIDS.

Kim, K., Kim, M., Heo, D., and Hahn, J., 2018. Occlusion-
capable  head-mounted display with digital
micromirror-device, The 18" International Meeting on
Information Display, P1-22

301



PHOTOPTICS 2019 - 7th International Conference on Photonics, Optics and Laser Technology

Kim, K., Lim, S., Kim, H., and Hahn, J., 2016. Full-color
tabletop light-field display, Digital Holography and
Three-Dimensional Imaging, DT4D.5, OSA.

Cossairt, O., Moller, C., Travis, A. L., and Benton, S. A,,
2004. Novel view sequential display based on DMD™
technology, SPIE Proceeding 5291.

Lim, S., Choi, G., Kim, M., Kim, K., and Hahn, J., 2017,
time-sequential super multi-view display, The 7%
Korea-Japan workshop on Digital Holography and
Information Photonics, p20-19, OSK.

302



