
セッション 2024年第85回応用物理学会秋季学術講演会

© 2024 JSAP

一般セッション(口頭講演) | 4 JSAP-Optica Joint Symposia 2024：4.3 Laser sources and Laser applications

2024年9月17日(火) 10:45 ~ 12:00 A31 (朱鷺メッセ3F)

[17a-A31-1~5] 4.3 Laser sources and Laser applications

Set Sze Yun(東大)

英語発表

10:45 ~ 11:00
[17a-A31-1]
3D Reconstruction of Veins Using NIR by Efficientnet Model

Phuong Anh Dam1, 〇(M1)Hoang Nhut Huynh1, Tan Loc Huynh1, Kien Vinh Vuong1, Ngoc An
Dang Nguyen1, Anh Tu Tran1, Trung Nghia Tran1 (1.Ho Chi Minh City University of Technology
(HCMUT), VNUHCM)

英語発表

11:00 ~ 11:15
[17a-A31-2]
An Optical Approach for the Liquid Vortex Characterization

〇(M1)Tien Danh Vu1,2, Phuong Hoang Le1, Thanh Nhu Nguyen1,2, Binh Xuan Cao1,2 (1.Square
Lab, Hanoi University of Science and Technology, 2.School of Mechanical Engineering, Hanoi
University of Science and Technology)

英語発表

11:15 ~ 11:30
[17a-A31-3]
Utilizing Near-Infrared Femtosecond Laser-Generated Gas Bubbles for Acellular Area
Construction in Cell Monolayers

〇Kazunori Okano1,4, Naomi Tanga1,2, Rieko Aida4, Hayato Suwa4, Hiromi Hagiwara4, Yalikun
Yaxiaer1, Koichiro Kishima5, Yoichiroh Hosokawa1,2,3 (1.Mat. Sci, NAIST, 2.CDG, NAIST,
3.MediLux, NAIST, 4.Toin Yokohama Univ., 5.Pinpoint Photonics)

英語発表

11:30 ~ 11:45
[17a-A31-4]
Evaluating Single Event Effects in Radiation-Tolerant Chips Using Short-Pulse Laser

〇(M2)Chien Ping Hung1, Shih Bo Yu1, Jia Han Li1 (1.National Taiwan Univ)

英語発表

11:45 ~ 12:00
[17a-A31-5]
【No-Show】BREAKING OF PHONON BOTTLENECK IN CsPbI3 NANOCRYSTALS DUE TO
EFFICIENT AUGER RECOMBINATION

〇(D)Ankit Sharma1, Samit K Ray2, K V Adarsh1 (1.IISER Bhopal India, 2.IIT Kharagpur India)



3D Reconstruction of Veins Using NIR by Efficientnet Model 
Phuong Anh Dam1,2, Hoang Nhut Huynh1,2, Tan Loc Huynh1,2, Kien Vinh Vuong1,2,  

Ngoc An Dang Nguyen1,2, Anh Tu Tran1,2, and Trung Nghia Tran1,2 
 

1 Laboratory of Laser Technology, Faculty of Applied Science, Ho Chi Minh City University of Technology (HCMUT), 268 

Ly Thuong Kiet Street, District 10, Ho Chi Minh City 72409, Vietnam,   
2 Vietnam National University Ho Chi Minh City, Linh Trung Ward, Thu Duc, Ho Chi Minh City 71308, Vietnam 

E-mail: ttnghia@hcmut.edu.vn  

 

 

1. Introduction 

The study proposed a method for visualizing veins us-

ing near-infrared (NIR) transillumination imaging and re-

constructing 3D structures with an EfficientNet CNN mod-

el and pixel-to-pixel technique. NIR imaging, despite being 

noninvasive, encounters issues with light scattering, result-

ing in blurry images with poor depth perception. The pro-

posed method combines depth estimation and scatter 

deblurring to improve the clarity and accuracy of 3D re-

constructions, specifically targeting veins on the back of the 

hand.  

2. Method 

The methodology for 3D vein reconstruction using NIR 

imaging and deep learning involves an image acquisition 

system that captures NIR images of hand vascular struc-

tures. Depth estimation and scatter deblurring are per-

formed with an EfficientNet CNN model and pixel-to-pixel 

method. This includes preparing training data with blurred 

NIR images and corresponding depth maps, training the 

model to predict pixel depths, and generating a Depth Es-

timation Matrix (DEM) as shown in Figure 1. 

Figure 1. A. Depth estimation method, training data includes blurred 

images and depth, B. pixel-by-pixel method, C. deblurring method 

using depth matrix and depth thresholding, and D. reconstructing 3D 

structure from deblurred image and depth matrix. 

The pixel-to-pixel method improves depth estimation 

by scanning the image, applying zero padding, and select-

ing the most common depth for each pixel. Scatter deblur-

ring enhances clarity by using a depth threshold on the 

DEM, generating a deblurred image, and reconstructing the 

3D structure using depth values on the x-y and z axes. 

The model is trained with 100,000 images, a depth 

range of 0.1 to 50.0 mm, a batch size of 8, over 50 epochs, 

using the Adam optimizer and accuracy as the metric. Ex-

periments, including simulations and real tissue tests cap-

turing NIR images of the hand, show that the model effec-

tively improves image clarity and depth estimation, leading 

to accurate 3D reconstructions of vascular structures as 

shown in Figure 2. 

Figure 2. 3D reconstruction results of blood vessels using CNN model 

with A. Extracting ROI and estimating depth with CNN, B. Applying a 

depth matrix threshold to obtain a deblurred image, C. Comparing in-

tensity profiles of observed and deblurred images, and D. Reconstruct-

ing the 3D blood vessel structure from the depth matrix and deblurred 

image. 

3. Conclusion  

The study proposed approach enhances 3D vein recon-

struction through NIR imaging with the EfficientNet model 

and the pixel-to-pixel method, improving image clarity and 

depth estimation. Experimental results verify its accuracy 

and potential for noninvasive biomedical imaging, espe-

cially in vascular diagnostics and monitoring. 
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1. Introduction 

Research on liquid vortices is integral to fluid 

mechanics and is applied in various fields, including 

the manufacturing of optical elements [1]. To discover 

liquid vortex surfaces, contact methods [2], though 

simple, damage surface structures. Noncontact meth-

ods offer high-speed and accurate measurements but 

require complex systems [3]. Most experimental set-

ups are suboptimal. 

This paper proposes a straightforward approach 

combining the optical system and image processing 

techniques to investigate liquid vortex surfaces by 

light reflection. Collimated laser beams directed onto 

liquid surfaces provide vortex parameters through 

reflected beam profile analysis. The method is vali-

dated by the parabolic shape of liquid vortices in a 

rotary cylinder, showing promise for liquid character-

ization using simple optical elements. 

 

2. Experimental Method 

Figure 1 Experiment Setup 

Liquid vortices are examined in real-time through 

surface reflection. The axially symmetric liquid sur-

face is described by z = z(r). A collimated, expanded 

laser beam shines perpendicular to the rotating liquid 

surface, with its axis aligned with the rotation axis. An 

iris diaphragm creates various beam radii, and the 

diameter of the incoming beam d equals the iris aper-

ture. The reflected beam profile is recorded with its 

spot width monitored by a camera with image pro-

cessing techniques and an observation screen with a 

central hole for the collimated beam. The optical path 

of two symmetric boundary rays of the collimated 

beam is illustrated in Fig. 1. Given the tangent slope at 

the reflection point is θ, the angle between reflected 

and incoming beams is 2θ. The beam width on the 

screen D(r) is calculated: 

( ) ( )( )
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2
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where r is the incident beam radius (r = d/2), and H is 

the distance from the cylinder bottom to the observa-

tion screen. A rotatable cylindrical liquid container 

driven by a rotor is precisely controlled by the encoder 

feedback signal with a PID controller. When the con-

tainer rotates with liquid inside, it creates vortices. 

 

3. Results and Discussion 

The following parameters were investigated in this 

study. Two 150 ml liquid samples were used in the 

experiment including a saline solution (NaCl; 0.9) and 

a propylene glycol solution (C3H8O2; 99). The viscosi-

ties of the saline and glycol solutions, at standard ex-

perimental conditions (25°C, 1 atm), are 0.9 cp and 57 

cp, respectively, and their approximate densities are 1 

mg/l. The container angular velocity is 15 ± 0.12 rad/s. 

The iris aperture is adjusted to investigate incident 

beam diameters in the range of 10–19 mm. 

The parabolic shape of the liquid vortex surface 

has been demonstrated in previous research [1,2]. Ini-

tial results with 10 incident beam diameters for both 

solutions show similar vortex surface profiles by the 

data on reflected beam spots. A detailed analysis with 

37 iris aperture values further examines the relation-

ship between the reflected spot size and the incoming 

beam radius D(r), described as a quadratic function of 

z(r) (Eq. 3). The vortex surface shape, as determined 

by fitting the plots, closely matches a parabola, with 

R2 ≥ 99%. The proposed method effectively investi-

gates liquid vortices. 

 

4. Conclusion 

This method analyzes liquid vortices by light re-

flection. A collimated laser beam directed onto liquid 

surfaces determines vortex parameters from reflected 

beam data. Studying vortices in a rotating cylinder 

with propylene glycol and saline solutions at 15 rad/s, 

we determine similar vortex shapes. Curve fitting 

shows the vortex surface is nearly parabolic. The 

method offers a technique to characterize liquid dy-

namics. 
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The focused irradiation of near-infrared femtosecond laser 
(NIR fs laser) pulses in biological solvents efficiently in-
duces molecular breakdown, generating vaporous gas micro 
bubbles [1]. Such irradiation on live cells induces apoptosis 
and necrosis depending in pulse energy [2]. Here we ex-
amined the relation bubble size and numbers and pulse en-
ergy in cells. Further, the NIR fs laser bubbling-formed 
cell-removed acellular area was used for assaying antimo-
tility effects of the plant flavonoid apigenin. 
Gas bubble generation 
An acellular rectangular area was pre-formed by NIR fs 
laser scanning (Fig. 1). The same laser was then scanned 
across the cell monolayer at a right angle, intersecting the 
acellular region. The gas bubble observed at cell monolayer 
area while no bubbles at acellular area, indicating that re-
quired pulse energy for the bubble generation was different 
at live cell and medium. 

Series of experiments at different energy condition es-
timated that pulse energy threshold was 35 and 80 nJ for 
cell monolayer and medium, respectively (Fig. 2). The 
pulse irradiation condition ranging from 30 to 80 nJ could 
ablate cells without medium bubbling. The bubbles re-
mained in cells for several to more than 10 s at 100 nJ pulse 
irradiation while immediate decayed at irradiation to me-
dium. Below 30 nJ, gas bubbles were never generated, and 
cells receive no lethal damage. Above 80 nJ, the bubbles 
vigorously generated in both cells and medium.  
Application in biology 
The NIR fs laser-based bubbling was employed to demon-
strate its effectiveness in evaluating the motility of a lung 
cancer cell line A549, particularly in the context of as-
sessing the antimotility effects of the plant flavonoid apig-
enin (Fig. 3). The acellular area closed completely within 6 
h in the regular medium, whereas in the apigenin contain-
ing medium, it persisted beyond the 6 h mark. Quantitative 
analysis revealed a significant and dose-dependent reduc-
tion in the motility rate of A549 cells with apigenin treat-
ment. The 50% effective apigenin concentration (ED50) 
was observed at 60 µM.  
 
Methods 
A549 cell line (RCB3677) was cultured in DMEM con-
taining 9% FBS and antibiotics until making cell monolay-
er on a glass-bottom dish. NIR fs laser ablation (800 nm, 1 
kHz) was executed at a speed of 600 µm/s over an area of 

50 × 250 µm. The laser pulse energy was measured with a 
laser power meter after the objective lens. Throughout the 
laser scanning process, bubble generation and cell mono-
layer conditions were recorded with a CMOS camera. 

Fig. 1 Bright field micrographs of A549 cell monolayer (A) dur-
ing and (B) after NIR fs laser scanning (60 nJ).  

Fig. 2 Pulse energy response of micro bubbles generation in a cell 
monolayer. Number of bubbles (A) and bubble diameter (B) vs. 
pulse energy.  

Fig. 3 Apigenin dose response in acellular area recovery. Micro-
graphs before and 14 h after apigenin treatment (A) and the width 
of recovery area after 14 h of treatment (B). 
  
Acknowledgements 
This study was supported with Pinpoint Photonics, Inc. 
 
References 
[1] R. Yasukuni, A. Koyanagi, Y. Tanaka, K. Okano, Y.Hosokawa, 

Sci. Rep. 12 19001 (2022). 
[2] K. Okano, C.-H. Wang, Z.-Yi Hong, Yoichiroh Hosokawa, Ian 

Liau, Biochem. Biophys. Res. 24 199817 (2020). 

第85回応用物理学会秋季学術講演会 講演予稿集 (2024 朱鷺メッセほか2会場＆オンライン)17a-A31-3 

© 2024年 応用物理学会 04-046 4.3



Evaluating Single Event Effects in Radiation-Tolerant Chips Using Short-Pulse Laser 
 

Chien-Ping Hung, Shih-Bo Yu, and Jia-Han Li* 
 

Department of Engineering Science and Ocean Engineering, National Taiwan University, Taipei 10617, Taiwan 

Email: R11525065@ntu.edu.tw, R10525092@ntu.edu.tw, *: jiahan@ntu.edu.tw 
1. Introduction 

Radiation-tolerant chips are essential for high-reliability 
applications in aerospace, military, and nuclear industries, 
as they withstand high radiation levels without performance 
degradation. Short pulse lasers are used to test these chips, 
offering high precision and the ability to simulate various 
radiation effects in a controlled setting, providing valuable 
insights into their performance and reliability. 

We test radiation-tolerant chips using 800 nm and 1060 
nm lasers. Each wavelength interacts differently with the 
chip's material, allowing for a comprehensive analysis of 
their behavior under diverse conditions. This approach 
identifies the strengths and weaknesses of different circuit 
designs and materials. Additionally, these lasers can induce 
Single Event Effects (SEE) in the chips, enabling further 
analysis of their vulnerability and resilience. 

 
2. Method 

Our short-pulse laser platform involves two laser sources 
operating at wavelengths of 800 nm and 1060 nm, each 
with varying camera modules. Because the 1060 nm laser 
spectrum is entirely in the non-visible range, it is necessary 
to use an IR camera module to observe the irradiation posi-
tion. 

The figure below shows a block diagram of the experi-
mental setup, detailing the different modules within the 
system. 
 

 
Figure 1. Block Diagram of Laser Testing Platform [1][2] 

 
Objective of each experiment is to detect SEE in each 

DUT, which includes identifying SET (Single Event Tran-
sient), SEU (Single Event Upset), or bit errors in the me-
mory. Next, based on the different DUTs, we analyze the 
data to assess their radiation resistance and identify sensi-
tive areas. 
 
 

3. Results and Discussion 
   The current optical path structure used in the experi-
ments maintains a laser spot size of approximately 5 µm. 
This fine spot size, combined with a minimum step size of 
50 nm on the moterized platform, is essential for 
high-resolution scanning and accurate detection of radiation 
effects on the chip. 

The scanning path used in the experiments follows estab-
lished protocols, ensuring that the entire chip surface is 
systematically scanned. [3] 

The analysis of irradiation results includes both front and 
back illumination scenarios. The observed SEE in these 
experiments are documented and compared. The findings 
indicate that the proportion of sensitive areas relative to the 
entire chip is very small, underscoring the importance of 
precise positioning and scanning during the tests. 

 
4. Conclusions 

The experiments demonstrate that both 800 nm and 1060 
nm lasers can induce SEE in the DUT. However, it is noted 
that the 1060 nm laser is more suitable for back illumina-
tion experiments, likely due to its higher penetration rate 
compared to the 800 nm laser. [4] 

The cross-section analysis of the chip can be compared 
with particle experiments to validate the findings. This 
comparison provides a more comprehensive understanding 
of the chip's behavior under different radiation conditions. 

Additionally, the bit error rate (BER) for memory com-
ponents within the chip is analyzed for its correlation with 
the observed SEE. This analysis helps assess the overall 
reliability of the memory under radiation exposure and 
guides the design of more robust radiation-tolerant chips. 
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ABSTRACT 
 

Inorganics lead halide perovskite (LHP) have been became appropriate system for demonstrating light-

matter interaction due to their flexible bandgap tunability, defect tolerance and high photoluminescence 

quantum yield nature.  Although, LHPs have many hallmark properties which can support highly 

efficient photovoltaic devices, but they lost lot of energy in carriers-phonon scattering which slow down 

the recombination process and decrease the efficiency. Faster thermalization time of hot carriers support 

electron-hole recombination at band-edge which can be exploited in optoelectronic devices either by 

incorporating electrons/holes transport layer for photovoltaic or fast recombination for LED. Recently, 

efficient photovoltaic and light emitting devices are immediate requirement for high-speed quantum 

technologies. Here, we have chosen CsPbI3 and Cu-doped CsPbI3 nanocrystals (NCs) and addressed 

both issues simultaneously by using transient absorption spectroscopy. Our sample can be classified as 

an intermediate confinement as the size of NCs is 16 nm (32 nm) for CsPbI3 (Cu-doped CsPbI3) NCs 

which are higher than Bohr’s radius (~12 nm), and give sharp excitonic peaks in ground state optical 

absorption with excitonic position at ~2.1 eV. Further, by femtosecond laser excitation with 400 nm 

and 120 fs pulse width, which is generated by second harmonic of fundamental wavelength 800 nm. 

The fluence-dependent measurement revealed the many-body interaction and hot carriers dynamics. At 

higher fluence, say 150 μJ/cm2 and above, pristine CsPbI3 NCs shows breaking of phonon bottleneck 

effect by fast decay while Cu-doped NCs showed slow thermalization. To get insight, we have 

calculated Auger recombination (non-radiative) lifetime by subtractive method. The lifetime 

measurements clearly distinguished the appearance of contrast results due to efficient Auger process 

associated with pristine CsPbI3 NCs. Thus, our results provide insight to incorporate metal doping and 

understanding about hot carrier dynamics for solar energy harvesting. 

 
Figure 1: From right to left; pump-probe technique, 2D contour plot and calculated Auger recombination time. 
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