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Deep Neural Network 3D Reconstruction
Using One-Shot Color Mapping of Reflectance Direction Fields
Toshiba RDC, °Hiroshi Ohno

E-mail: hiroshil.ohno@toshiba.co.jp

In many manufacturing processes, real-time inspection of microscale three-dimensional (3D) surfaces is
crucial. Therefore, a method integrating deep neural networks (DNNSs) has been proposed for obtaining a
microscale 3D surface from a single image, or two images, captured by an imaging system referred to as
the one-shot BRDF (Bidirectional Reflectance Distribution Function) system, equipped with a multicolor
filter [1-4]. This system can acquire reflectance direction fields using one-shot color mapping that assigns
light directions to specific colors. Assuming a smooth and continuous surface, the 3D shape can be
reconstructed from either a single image or two images captured by the one-shot BRDF system. This
process utilizes DNNs that function as a gradient descent method to solve nonlinear partial differential
equations, without the need for training data. This DNN-incorporated method is referred to as

OneShot3DNet. The effectiveness of this method has been validated numerically and experimentally.
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network-incorporated method (OneShot3DNet) for reconstructing 3D surfaces.
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Corneal quality assessment for corneal transplantation using hyperspectral imaging
Maria Merin Antony, Murukeshan Vadakke Matham*
Centre for Optical and Laser Engineering, School of Mechanical and Aerospace Engineering,

Nanyang Technological University, Singapore
*E-mail: mmurukeshan@ntu.edu.sg

1. Introduction

Cornea is the most widely transplanted human tissue.
To ensure good surgical results and effective visual recov-
ery, thorough screening of donors and donor tissues is nec-
essary throughout the process [1]. This screening minimiz-
es the risk of transmitting infectious diseases and environ-
mental contaminants to the recipient, while also guarantee-
ing the transplant’s high optical and functional quality.
Therefore, the quality assessment of the cornea at various
stages - from donor selection to the transplantation proce-
dure is crucial to ensure its longevity and effectiveness.
Currently, these assessments are performed using equip-
ment with the need of skilled personnel, where assessment
can be subjective and lack specificity [2]. This research in
this context, proposes a methodology using hyperspectral
imaging (HSI) for the quality assessment of corneal flaps
prior to transplantation to address these issues. HSI, which
is a non-invasive imaging technique, captures both spectral
and spatial information of the sample under investigation
offering automation possibilities and chemical specificity
[31].
2. Materials and methods

The corneal flap or button is carefully removed from
the porcine eye and was imaged using a hyperspectral im-
ager (Pika XC2, Resonon) with spectral resolution of 1.3
nm as shown in the Fig. 1. Corneal button is then inspected
for stains or pigments in transmission mode.
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Fig. 1. a. Experimental setup in transmission mode, b. corneal
button or flap placed in a glass slide.
The corneal flap is mounted on a stage and scanned at a
speed of 100 pm/s across the beam to capture the whole
surface of the cornea.
3. Results and discussion

RGB photograph of the porcine cornea button used as
sample for imaging is shown in Fig. 2a with regions for
hyperspectral data extraction marked as 1, 2, 3, and 4. The

spectra extracted are shown in Fig. 2b.
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Fig. 2. a. RGB photograph of the cornea button, b. spectra ac-
quired from four different regions, c. SAM based classification.

The dips observed in the reflectance spectra at approxi-
mately 420 nm, 550 nm and 580 nm are associated with the
Soret band (around 420 nm) and Q bands (550 nm, 580 nm)
of oxyhemoglobin, a major component of blood [4]. These
spectral features are therefore strongly suggestive of the
presence of oxyhemoglobin, confirming that the stains are
blood-related which need to be cleaned thoroughly prior to
transplantation procedure to avoid any post-operative im-
plications. The spectral angle mapper (SAM) was used for
image classification as shown in Fig. 2c where the stains
were clearly mapped (green and light blue regions) based
on the spectra library created from four different regions.
By mapping such specific wavelengths to the known ab-
sorption peaks of substances, the various stains and pig-
ments can be accurately identified and confirmed.
4. Conclusions

The proposed spectral image analysis provides a robust
and non-invasive method for detecting blood, enhancing
the precision and reliability of the corneal quality.
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Enhancing the Accuracy of Identification in Complex Environmental Back-
grounds using YOLO V7 and U2NET: Orchid Repotting

Hung-Wei Hsu, Chih-Chung Wang, and Jia-Han Li"
Department of Engineering Science and Ocean Engineering, National Taiwan University, Taipei 106319, Taiwan
E-mail: r105250001@ntu.edu.tw, d09525016@ntu.edu.tw, * : jiahan@ntu.edu.tw

1. Introduction

In the horticultural industry, determining the appropriate tim-
ing for repotting is crucial for plant health and growth. Tradi-
tional Automated Optical Inspection (AOI) techniques fall short
in addressing the high variability inherent in horticulture due to
environmental, genetic, and growth-related factors. These tradi-
tional methods are inadequate for dealing with the dynamic and
complex nature of plant cultivation. Therefore, advanced deep
learning models are needed to predict optimal repotting times
and ensure precise target object detection amidst complex back-
grounds. This study employs YOLOv7[1] for prediction and
U2NET(2] for image segmentation, replacing the masking func-
tion of YOLOv7. The effectiveness of three YOLOv7-trained
models is compared to evaluate their performance in recogniz-
ing Oncidium orchids under challenging, cluttered background
conditions.

2. Methodology

Varatharasan[3] et al. addressed cluttered backgrounds in ob-
ject detection by creating synthetic data with heterogeneous
backgrounds to enhance learning efficiency. Extending their
methodology, we captured images of Oncidium for back-ground
removal. After processing, the data were categorized into three
classes: background removal, no background re-moval, and a
combination of both.
In the data processing phase, images were classified using
background removal, no background removal, and a hybrid ap-
proach to improve recognition precision. U2NET was uti-lized

for background removal, significantly reducing pro-cessing time.

Subsequently, we trained the YOLO V7 model on these images
to develop a custom recognition model. These three models—
background removal, no background removal, and hybrid—
were compared to analyze their recognition accuracy.

Fig. 1 class 1 repre-
sents 1-inch potted
plants, class 3 repre-
sents 3-inch potted
plants, and class 5
represents  5-inch
potted plants.

Fig. 2 YOLO V7
deep learning model
architecture.
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3. Results and Discussion

In practical field recognition, the hybrid model demonstrated
the best performance among the three models. Although the
training data with background removal yielded the best predic-
tion values during pre-training, the actual field environment,
characterized by complex backgrounds, revealed that the back-
ground removal model had lower recognition rates in such con-
ditions. From Figure 3, it can be observed that the hybrid model
has the best recognition rate among the three models for identi-
fying potted plants that are ready for repotting.

Fig. 3 Predicted
results of the
three models

hybrid model: 0.48

background removal model
no detect

mode
( ion of repotting)

3. Conclusions

In the data processing phase, replacing the YOLO V7 mask
function with the U2NET model considerably acceler-ates data
processing speed. For image handling, photos were processed
under three different conditions: with background removal,
without background removal, and using a mixed approach. The
mixed training meth-od, which combines features from both
background removal and non-removal, effectively addresses the
challenges posed by complex backgrounds. This method em-
phasizes training on contour shapes extracted from backgrounds,
thereby enhancing training effectiveness in environments with
intricate textures. Utilizing advanced models like U2NET and
YOLO V7 has substantially improved the precision of identify-
ing and classifying different growth stages of orchids, which is
vital for automating horticulture and customizing applica-tions
in orchid cultivation.
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Compact super multi-view and foveated holographic near eye display for augment-
ed reality and virtual reality applications

Jae-Hyeung Park', Myeong-Ho Choi'?, Woongseob Han'*, Minseong Kim'~

! Seoul National University,

2 Inha University

E-mail: jachyeung@snu.ac.kr

1. Introduction

Near eye displays (NEDs) are glasses-type wearable
displays that play a pivotal role in augmented reality (AR)
and virtual reality (VR) applications. Various optical tech-
niques have been developed to realize compact form factor,
light weight, wide field of view, large eyebox, and high
angular resolution. However, natural three-dimensional
(3D) image presentation without the ver-
gence-accommodation conflict (VAC) remains a challeng-
ing issue. The VAC adversely affects the visual comfort of
users, leading to eye fatigue, particularly during prolonged
use. To address the VAC, NEDs should present optical 3D
images to each individual eye of the users. Super mul-
ti-view (SMV) and holographic display techniques can
generate optical 3D images and their application to the
NEDs has been an active research topic recently.

In this presentation, we introduce our recent work on
SMV and holographic NEDs for AR and VR applications.
We show that the light source array can be adopted in both
AR and VR configurations to achieve the SMV NED with a
slim form factor. The realization of the foveated holo-
graphic VR NED is also discussed, demonstrating its com-
pact implementation using a geometric phase lens.

2. Slim SMV NED

SMV displays present 3D images by projecting their
slightly different multiple perspectives to the corresponding
viewpoints inside the pupil of each individual eye of the
user. When the eye is focused at the intended 3D image
distance, the projected perspective images are precisely
overlapped in the retina plane, forming a clear and sharp
image. When the eye is focused at different distance, the
perspective images are spatially separated in the retina,
giving defocused or blurred imagery. This effect drives the
proper accommodation response of the user, solving the
VAC problem.

The implementation of the SMV technique to the AR
and VR NEDs often results in bulky system form factor and
reduced image resolution, diluting its own advantages. In
our work, we use an LED array and a ferroelectric liquid
crystal display on silicon (FLCoS) with a waveguide con-
figuration [1]. The light from a LED is delivered by the
waveguide to the eye side, modulated by the FLCoS, and
then focused on a single viewpoint spot in the eye pupil
plane by an out-coupler holographic optical element (HOE)
on the waveguide. The time-multiplexed synchronized op-
eration of the LED array and the FLCoS enables the projec-

tion of the multiple perspective images to the slighted sep-
arated viewpoints within the eye pupil, presenting 3D im-
ages. The use of the time-multiplexing scheme enables the
3D image presentation with its full resolution of the FLCoS
regardless of the number of the viewpoints. The novel op-
tical configuration with the LED array, FLCoS, and wave-
guide enables slim and compact system implementation
without compromising the form factor.

3. Compact foveated holographic NED

Holographic displays present 3D images by reproduc-
ing the wavefront of the object. Coherent laser illumination
is modulated by a spatial light modulator (SLM), forming
3D images with complete depth cue. The holographic
NEDs have several advantages including the VAC-free
natural 3D image presentation, wide depth range, and the
aberration pre-compensation capability. These features
make the holographic NED highly promising.

In our work, we add a foveated display feature to the
holographic NED. The foveated display is a technique re-
alizing a wide field of view with a smaller number of pixels
utilizing the non-uniform visual resolution of the eye across
the field of view. We develop a novel optical configuration
comprising a geometric phase lens and two SLMs for the
foveated holographic NED [2]. The polarization dependent
optical power of the geometric phase lens gives different
magnifications to the holographic images from two SLMs,
realizing the foveated image presentation. The holographic
virtual image formation at an arbitrary distance by the indi-
vidual SLM allows all the physical system components to
be tightly packed, enabling highly compact system imple-
mentation.

4. Conclusions

We have developed a waveguide-type SMV NED and a
foveated holographic NED. Both of these designs address
the VAC while maintaining slim and compact form factor.
In the presentation, the principle and the experimental re-
sults will be discussed.

Acknowledgements
This research was supported by National Research Foundation
of Korea (2022R1A2C2013455).

References
[1] W. Han et al., Proc. SPIE 12913 (2024) article 13.
[2] M.-H. Choi et al., Proc. SPIE 12913 (2024) article 14.

100000000-059

SESSEICAMEFAUTAMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

Cs.2



17a-A37-5

© 2024%F [SRYEES

SBL—Y—HBHAZEITH 7z LN L—Y—RETAM/0U5HF
HFETARATLA

Femtosecond-laser-generated micro cloud volumetric display with RGB laser

illumination
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Utsunomiya Univ. CORE °Keisuke Numazawa, Kota Kumagai, Yoshio Hayasaki
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Fig. 2 Micro clouds illuminated with RGB lasers.
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and their application to volumetric image drawing
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FINEEDOTA LV E— L DIENH BTN TR AE CrEE & LTEITT5 X9
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N, TNEARNTZZF v —RI7A4 METHEHT L XZ = LTHWASZENAEETH D, Abf
ZETIE, ZONNRT = EBERITOWVTHRATT 5.
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VR AN AT FREOHINTIR > O ER ST D RMEEZ RS, ZoREic kv Lo
R i L7 YEHNREE OB > THEER L, ERRROFEHRESTENR S 5. 2 OEFIKO TR
ZxE LTRGBS T2 &0 Bi—AROBYENBE SN D HED T 1 e —
LEERT DO DEERT 7T 7 1w 7 R F A ERS 20605 %R % Fig. LITRT. @A O
BERIZE S 0.3mm D7 4 AR Y ~—Z VY, & 532nm O L—HF— &5k LT, —FH & ¥
W, —FHaT Vo RU N LR E-TIA VENE—LE LIERITIED 2T E—LE LT,
74 bRV v — ECTHEHRAEDOE TR L. 20K, H#A T -V TR EIEZEI RN HLLEBL
AT AN LT a 7T 7 ¢ v 7 R FICENRFITE R U7 Fmd & {25 He-Ne L —
P —(632. 8nm) D E AGFT D Z LIk - T, Fig. 2 O X ) REHEAHR SN 5 %I1X
RN CRBR 7282 — U SAERLTE DR L, TNEAWT ZRTatll 21772 0 HikE R
5.

Fig.1 Optical system Fig.2 Diffracted light
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