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We propose a three-dimensional (3D) streaming system based on a lamina display that can convey 
field information in real-time by creating floating 3D images that can satisfy the accommodation cue. 
The proposed system is mainly composed of three parts, namely: a 3D vision camera unit to obtain and 
provide RGB and depth data in real-time, a 3D image engine unit to realize the 3D volume with a fast 
response time by using the RGB and depth data, and an optical floating unit to bring the implemented 
3D image out of the system and consequently increase the sense of presence. Furthermore, we devise 
the streaming method required for implementing augmented reality (AR) images by using a multilay-
ered image, and the proposed method for implementing AR 3D video in real-time non-face-to-face com-
munication has been experimentally verified.

Keywords : Augmented reality, Fast response time, Depth-fused display, Multilayer type 3D display
OCIS codes :  (100.6890) Three-dimensional image processing; (120.4570) Optical design of instruments 

*Corresponding author: mins@khu.ac.kr, ORCID 0000-0003-4794-356X
Color versions of one or more of the figures in this paper are available online.

This is an Open Access article distributed under the terms of the Creative  Commons  Attribution  Non-Commercial  License (http://creativecom-
mons.org/licenses/by-nc/4.0/)  which  permits  unrestricted  non-commercial  use,  distribution,  and  reproduction  in  any medium, provided the 
original work is properly cited.

Copyright © 2021 Current Optics and Photonics 

I. INTRODUCTION

Currently, COVID-19 is a worldwide pandemic that has 
restricted travel, business trips, meetings, and other forms 
of gatherings. This situation has increased the demand 
for services that can easily and conveniently receive and 
dispatch necessary information via non-face-to-face com-
munication in offices or schools. Furthermore, devices that 
can communicate in real time by streaming information 
are expected to be heavily commercialized. Mutual com-
munication is indispensable for non-face-to-face services. 
Techniques used to implement these interactions should 
provide various attractive benefits. For example, during a 
presentation, information is imparted at the desired time 
using a wireless pointing device; during shopping, the 
required information is entered using the touch screen of 
an interactive kiosk (freestanding computer terminals that 
dispense information) to order something in a store. Conse-
quently, it is in this context that augmented reality (AR) and 
mixed reality (MR), in which the real and virtual worlds 

interact, have been in the spotlight [1–7]. When interacting 
with AR, people can see more vivid and realistic visual in-
formation; this is similar to when users immerse themselves 
in virtual reality (VR) using VR devices. In this regard, if 
live streaming with AR can be performed, smoother com-
munication in real-time can be achieved, while giving the 
user a sensation of actually being at a specific location such 
as a dual live broadcast. Furthermore, a fast response time 
is essential to prevent users from feeling frustrated while 
streaming using a device. If video latency occurs, users 
will feel uncomfortable with the information that does not 
fit well with reality, and the usage rate will be reduced. In 
this regard, it is obvious that the three-dimensional (3D) 
effect will be maximized when the 3D video is streamed 
in real-time and communicated vividly in both directions 
with no video latency [5]. This study has been conducted 
with the aim of providing users the opportunity to stream 
3D images including field information to each other in a 
non-face-to-face manner. The existing holographic method 
[8–10] makes it difficult to input and output 3D images in 

- 32 -

Current Optics and Photonics
Vol. 5, No. 1, February 2021, pp. 32–39

ISSN: 2508-7266(Print) / ISSN: 2508-7274(Online)
DOI: https://doi.org/10.3807/COPP.2021.5.1.032



3D Augmented Reality Streaming System Based on a Lamina… - Hogil Baek et al. 33

real time; therefore, it cannot be used to devise a suitable 
system configuration because many resources are required 
for recording and decoding 3D images. Therefore, we ap-
ply a novel streaming method on a multilayer [11–25] of 
a volumetric 3D display whose technology is established 
enough to be implemented in real time. The multilayer 3D 
display not only satisfies the accommodation cue [26–29] 
and provides a relatively natural image compared to that 
obtained by stereoscopic 3D displays [30–32], but also has 
the advantage of being implemented in a relatively simple 
manner. 

In this paper, we propose a 3D AR streaming system that 
implements a 3D image, which floats in front of a system 
with low video latency in real-time to increase the sense of 
presence.

II. METHODS

Figure 1 is a conceptual diagram that elucidates the 
construction and principle of the proposed 3D AR lamina 
display system for real-life streaming. The proposed system 
comprises three parts: a 3D vision camera unit located in 
front of the system that acquires RGB and depth data in a 
streaming area, a 3D image engine unit that generates mul-
tilayered 3D images to satisfy the accommodation cue, and 
an optical floating unit for implementing AR by displaying 
the 3D images out of the system to provide the sense of 
presence.

The 3D vision camera unit comprises RGB cameras, in-

frared projectors, and detectors that mapped depth through 
either structured light or time of flight calculations; this was 
aimed at allowing the device to perform real-time gesture 
recognition and skeletal detection for different people or 
objects. Further, the 3D vision camera must transmit video 
data that is compatible with the 3D image engine to avoid 
video latency as much as possible. In this study, the 3D im-
age engine uses a common RGB image format and a depth 
map expressed in grayscale. Therefore, the Kinect camera by 
Microsoft or the latest smartphone devices with depth cam-
eras from Samsung or Apple can be used as the 3D vision 
camera. To convert information into data that is suitable for 
each device and to set the required measurement range, it 
may be necessary to calibrate the data with software, and 
details of this will be explained in the experimental section.

The 3D image engine unit is based on a lamina 3D dis-
play [18–20], which consists of an encoding part that inputs 
depth data in the form of polarized light and a decoding 
part that outputs partial images according to the depth data 
to generate multilayer 3D images. To stream a 3D image, it 
is of utmost importance that the encoding and decoding of 
depth data proceed quickly. Approaches for implementing 
3D images into a light-field display, such as an integral im-
aging method [25, 33, 34] or a volumetric method using a 
DMD [35–37], require the conversion of an image accord-
ing to depth data or the reconstruction of sub-depth maps 
according to each layer. Therefore, it is difficult for these 
methods to successfully implement live streaming; howev-
er, the lamina 3D display is suitable because there is no ad-

FIG. 1. Conceptual diagram of the system configuration of the prototype.
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ditional delay time for encoding and decoding of image and 
depth data. The encoding part of the 3D image engine unit 
receives RGB and depth data from the 3D vision camera 
unit and generates a polarization-encoded image, in which 
the polarization state of each pixel of the RGB image is 
modulated from 0° to 90°. Because the polarization-encod-
ed image must appear as different partial images at different 
positions, the decoding part must include an optical com-
ponent and a volume screen with polarization characteris-
tics that can convert the amount of light according to the 
polarization state. To implement this, we use a wheel-type 
screen that is sequentially located in space over time and 
can stack partial images with the afterimage effect. In the 
wheel-type screen shown in Fig. 1, P1–P5 refer to layers at 
different locations, and each polarization decoding angle is 
also configured and distributed differently. These layers can 
be implemented using the selective polarization scattering 
films employed in the passive type lamina 3D display [18] 
or by utilizing the diffusers with a linear polarizing film 
attached. In the decoding part, the difference between the 
polarization state of each pixel of the polarization-encoded 
image and the polarization decoding axis determines the 
pixel intensity of the partial image according to Malus’ law. 
Thus, partial images might appear in a completely differ-
ent intensity form depending on the polarization decoding 
axis, as shown in the intensities of partial images according 
to the polarization decoding axis in Fig. 1. The intensity 
indication for each partial image is shown in grayscale for 
clarity in Fig. 1, and the closer it is to the white color, the 
higher the intensity. These multilayer 3D images satisfy the 
accommodation cue through the afterimage effect and the 
depth-fused effect [18–23].

The optical floating unit places 3D images outside the 
system volume to maximize the sense of presence and al-
lows viewers to interact with the 3D image. If the 3D image 
floats but exists within the volume of the system, it is less 
immersive and difficult to interact with [38]. Thus, the 3D 
image should float as if it were a real image. Fortunately, 
research on optical floating has been conducted in detail, 
and devices used for floating real 3D images have been 
developed. Accordingly, the floating real 3D image can 
be implemented using a floating lens [39, 40], a crossed-
mirror array (CMA) [41], or the ASKA3D-Plate, which is 
a kind of a dihedral corner reflector array (DCRA)that can 
also be called a roof mirror array [42–44]. The basic prin-
ciple of optical floating is the same as the image equation, 
in which a convex lens can optically translate the position 
of an image back and forth by adjusting the distance be-
tween the focus and the object. However, with a lens, aber-
rations can occur, and reconstructing objects into images by 
the image equation can cause depth distortion due to axial 
magnification. Evidently, the axial magnification of the 
image equation can also be used to modify the depth den-
sity for expanding the optical spacing beyond its physical 
dimensions or for reducing the spacing. Conversely, DCRA 
exhibits no focus, fewer aberration problems, no depth dis-

tortion, and a relatively wide field of view compared to that 
of lenses. However, there is a disadvantage in that it must 
be configured as an off axis to implement a front view. The 
multilayered 3D image implemented in this study does not 
significantly affect the form factor even if the system exhib-
its an off-axis configuration; further, DCRA was more suit-
able because depth distortion was not desired. The optical 
floating unit in Fig. 1 represents the ASKA3D-Plate, which 
reflects twice through the front and rear structures to realize 
a floated image. Because the optical floating component re-
verses the depth when floating the image, the image output 
from the 3D image engine must be displayed in an inverted 
state, as shown in Fig. 1.

III. EXPERIMENT

Figure 2 shows a picture of the setup of the proposed 
system, which consists of a 3D vision camera unit, a 3D 
image engine unit, and an optical floating unit. 

The Kinect camera (Microsoft Kinect Model 1656; 
RGB camera 1920 × 1080, Depth camera 512 × 424, 30 
Hz) has been used as the 3D vision camera, which can 
measure a depth corresponding to 0.5–8.0 m according to 
the grayscale value with a field of view of approximately 
60°. In the code of the software development kit (SDK), 
if the measured depth data is far from a certain range re-
peatedly, the grayscale is shown as 0; if it is closer, the 
grayscale is shown as 255. However, in the proposed sys-
tem, the algorithm of the SDK was modified to restrict the 
depth measurement range from 0.5–0.85 m for obtaining 
detailed image information and to achieve a corresponding 
grayscale value from 0–255, which is suitable for the 3D 
image engine due to the low lateral resolution and the high 
axial resolution of the depth camera; for depths that are ap-
proximately 0.8 m apart, the depth camera can distinguish 
the depth range in increments of approximately 0.004 m. 
Furthermore, the restriction and reversal of depth data are 
not applied in the form of correction after acquiring the 
depth map but are applied immediately; therefore, no ad-
ditional time is required. In the case of a restricted range of 
depth measurement as compared to the implemented vol-
ume range, the corrected axial resolution does not decrease, 
thereby affecting the image to be implemented. Because the 
depth expression of the 3D image is reversed to the pseudo-
scopic 3D image by the optical floating unit located behind 
the 3D image engine, the order of partial images shown by 
the wheel screen should be displayed in reverse to match 
the order of the initially intended depth. To solve this, the 
grayscale values, which are the depth data measured by the 
Kinect camera, have been reversed and provided, as shown 
in Fig. 2.

The 3D image engine consists of a liquid-crystal-on-
silicon (LCoS) projector for the RGB image (Sony VPL-
HW55ES; 1920 × 1080, 60 Hz), a liquid-crystal spatial 
light modulator (LC-SLM) for converting depth data into 
polarization states (Epson L3P14Y-55G00; 1400 × 1050, 
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60 Hz), optical components such as projection and relay 
lenses, and a five-layered wheel screen with polarization 
characteristics controlled by an AC servo motor (SANYO 
DENKI; R2AA06020FXH00W). The volume and frame 
rate of the 3D images were 27 mm × 20 mm × 10 mm and 
60 Hz, respectively. Figure 3 shows partial images and 
reconstructed 3D images according to each condition by 
using the RGB and depth data in Fig. 2. Figure 3(a) shows 
partial images as they appear on each layer (P1–P5) in the 
wheel screen and reconstructed 3D image. Each pixel in-
tensity of the partial image along the polarization decoding 
axis appears in a completely different form. These partial 
images are reconstructed to a 3D image by using afterim-
age and depth-fused effects, as shown in Fig. 3(b), which 
shows the observed 3D image that is reconstructed with the 
depth direction inverted as mentioned above and captured 
from various angles. The nose of the blue pig appears to 
be the farthest because the depth is reversed. When view-
ing the 3D image from the same position as the central axis 
(viewing angle: 0°), the partial images overlap as a single 
3D image, while the partial images do not match at viewing 
angles above 10°. When the human eye is in accordance 
with the camera, it is implied that volumetric multilayer 
3D images applied with depth fusing technology can pro-
vide natural 3D videos; however, partial images must be 

matched on the retina. If the partial images do not match 
well, partial images are observed separately and not as 
continuous volumes of a single 3D image. In other words, 
the optimal viewing angle of this system with the camera is 
limited to approximately 10°. Figure 3(c) shows the result 
of comparing a floating 3D image by using an optical float-
ing unit and real objects at specific angles. A pink pig is lo-
cated 0.3 m from the end of the system, and a yellow puppy 
is located at the end of the system (0 m). As the angle of the 
camera changes, the position of the pink pig and the float-
ing 3D image are seen to be in the same position without 
any difference in parallax; meanwhile, the position of the 
yellow puppy changes significantly. This indicates that the 
floating 3D image is located 0.3 m from the system.

ASKA3D-244 (borosilicate glass; 244 mm × 244 mm × 
5.3mm ) has been used as the optical floating unit, and it 
is placed at a distance of approximately 0.3 m from the 
3D image engine tilted by approximately 45° to show the 
frontal video. Because ASKA3D-244 can carry images for 
distances equal to the object positions, we can adjust the 
position of the floating 3D image by controlling the dis-
tance between the wheel screen of the 3D image engine and 
ASKA3D-244. Moreover, Fig. 4 show the result of compar-
ing the 3D video with the floating 3D video by using real-
time pickup. Figure 4(a) shows the result of implementing a 

FIG. 2. Experimental setup of the prototype and depth map by Kinect.
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3D video without depth reversal and optical floating. As ex-
pected, the viewing angle is limited to approximately 10°, 
but the resulting images are clear enough to read the text on 
the whiteboard of the background. Figure 4(b) shows the 
result of a floating 3D video. The resolution is slightly low-
ered by ASKA3D-244; however, it is possible to achieve a 
real 3D floating video as shown.

IV. DISCUSSION

Since polarization encoding is performed with a simple 
one-to-one mapping of the grayscale value of the depth 
map image to the corresponding polarization, real-time 
streaming of 3D images is possible without considering 
enormous computational resources. However, because 
the proposed system focuses on real-time streaming, we 
discuss the latency of the system. The causes of latency in 
the system are as follows: The Kinect v2 sensor was not 
a product that could indirectly control the latency by set-
ting the smoothing parameter like the Kinect v1 sensor, 
so it could not be controlled through the SDK. Therefore, 

we can estimate the latency of approximately 29.58 ms by 
referring to the following reference [45]. The latency of 
the LCoS projector was confirmed to be approximately 22 
ms. Since the LC-SLM could not be accurately checked, 
it is assumed that it is approximately 30 ms similar to that 
of the LCoS projector. Since the wheel screen rotates at 60 
Hz, it is assumed that latency occurs at 16.6 ms. Thus, we 
expect the latency of the system from approximately 46.6 
ms. The streaming 3D video implemented will appear with 
low latency. The wheel screen was configured to provide 
twice the hertz when the motor rotates once by configuring 
it with 10 black opaque areas and 10 polarization screens. 
It can also increase the rotational speed of the motor up to 
4500 rpm, so it can provide up to 150 Hz. However, we 
limited the speed so that the 60 Hz image is output for safe-
ty as it was an experimental configuration to confirm the 
possibility of the proposed method. When floating the 3D 
video in Fig. 4, the 3D image is slightly blurry. There are 
two main causes of blurring: The first is the blur that occurs 
independently of the optical floating unit, which requires 
information is acquired in high resolution, and optimiza-

FIG. 3. Partial images and reconstructed 3D image in the proposed system. (a) Partial images dependent on layers and the recon-
structed image; (b) reconstructed images according to viewing angle; and (c) the floating 3D image in comparison with real-objects 
according to viewing angle.
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tion should be performed with minimal use to prevent deg-
radation of resolution by optical elements such as lenses. 
Also, since the clarity may vary depending on the diffusing 
layer of the screen, a layer with a grain size suitable for the 
environmental conditions of the system should be used. 
Finally, making the image small is to convert from a large 
scale space to a small scale space, so the detail of the image 
is reduced and the overall clarity decreases. Therefore, if 
possible, avoid reducing the image. The second is the blur 
caused by the optical floating unit. According to the refer-
ence [43], reducing the distance between the mirrors in the 
optical floating unit can reduce the blur effect. Besides, the 
distance between the optical floating unit and the screen 
decreases, the amount of light increases, and the overall 
contrast increases making it reduce blur. Therefore, it is 
possible to reduce the blur by reducing the space the image 
floating out of the system. Please consider that this was an 
experimental configuration to confirm the possibility of the 
proposed method. 

V. CONCLUSION

In this paper, we propose a novel method to convey field 
information by giving the sense of presence in real-time 
using floated 3D images. The experimental demonstration 
supports the proposed method that provides intuitive 3D 
images for facilitating non-face-to-face communication 
among users. We expect that the proposed method can con-

tribute to the realization of a floating volumetric 3D display 
to obtain natural 3D images.
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