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Future challenge: How can we accelerate the data mining?
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A Practical Approach to Calibrating Cameras and
Multiple Line-Lasers in Light Sectioning Systems
for Underwater Application

Takaki lkeda, Heyang Gao, Yi Tang, Takafumi Iwaguchi, Diego Thomas, Yoshihiro Sato, Hiroshi Kawasaki
Kyushu University, Kitami Institute of Technology, Kyoto University of Advanced Science

Introduction

Underwater 3D Measurement Demand Challenges of Underwater 3D Research Purpose Research Result

Measurement ) )
+High density Improved calibration
-ngh accuracy accuracy.
+Wide area significantly better 3D
measurement methods for  oconstruction. and good
underwater map robustness in noisy
Structural Inspection Marine biology Reactor inspection construction environments.
Decreasing Refraction Fewer feature points

Method Overview

Measurement System
(a) The position of the
approximated camera cannot be
determined unless manually
chosen. Once fixed, it can only
represent a limited area in a space.
(b) Physical camera model can
represent all of the space correctly.

Calibration Method

One RGB camera &
Multiple mono-color cross-line laser projectors

Pipeline

*Refraction Plane Optimization: Grid points
are detected on the image and used to
estimate the refraction plane of the
camera housing by minimizing
reprojection error.

sLaser Plane Optimization: The external
parameters of each planar laser in water
are optimized using two planar constraints.

_____ Experiments | _Conclusion

—— Experiment Setup 1.A calibration method based on a physical
optical model is proposed.

Cross-line
laser

0000

Camera

DVL

O

Planar laser: Resistant to light
attenuation and refraction.
DVL: Not affected by texture or
water turbidity.

In the bottom of
a swimming pool,
the error of the
physical model is
much lower than
that of the
approximate
model.

Reconstruction results for
mannequins , the physical
model outperforms the

approximate model. Green dots indicate the detected
marker position.

Red dots indicate reprojected points

2.Aline laser calibration method utilizing
two coplanar constraints is developed.

Experimental results show that proposed
method better than traditional approximate
modeling methods for underwater 3D
reconstruction.

Future Work
Optimization in low-light environments

SE

[1] G. Nagamatsu, J. Takamatsu, T. Iwaguchi,
D. Thomas, H. Kawasaki, "Self-calibrated
dense3D sensor using multiple cross line-
lasers based on light sectioning method and
visual odometry", IROS, 2021.

[2] Agrawal, A,, Ramalingam, S., Taguchi, Y.
and Chari, V..A theory of multi-layer flat
refractive geometry, 2012 IEEE Conference
on Computer Vision and Pattern Recognition,
pp. 3346-3353 (2012).
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Comparison of CO, laser and Nd:YAG laser "

30 CO,-LPP (Spot Size : 730 ym) Nd:YAG-LPP (Spot Size : 440 ym)
M~ 1.9x10" wiem® ~1.0x10" Wiem®
— 1.0x10" wiem® T 7.0x10° Wiem®
z 2 |7 63x0" wiem® = 510" Wiem?
S or 2 —_— ° 2 @ 2.9x10" Wiem®
5 2 3.9x10° Wiem 2 — o
£ ] 11x10° Wie
. Z e
s 3 =
uj 10 H 3
o £ £
2 2
Solid Sn target
0
10° 10 101 102 8 10 12 14 16 18 8§ 10 12 14 16 18

i Wavelength [nm]
Intensity [W/em?] Wavelength [nm]

Mitigation of Sn ions and Sn atoms by H, gas @

The temporal changes of the emission images of SnH at 610 nm and
of Sn at 318 nm in H, background gas at 66.6 Pa.

Time-resolved LIF images of Sn atoms at the different delay time
after ablation in H, buffer gas at different pressures.

EUV spectra of Sn-LPP in a vacuum

of 103 Pa and H, buffer gas. + The kinetic energy of ions can be estimated to be ~11 keV.

+ LIF on the Si substrate is due to sputtering of Sn atoms by Sn fast ions,

and is an indicator for evaluating damage to the mirror by ions.

Future research plans for high-power EUV light source
+ Plasma dynamics measurements (n, and T,) to
achieve high CE.

* 2um laser-generated EUV plasma, a strong
candidate for both high CE and low power
consumption.

W}

« Investigation of the interaction between EUV
plasma and H, gas, which contributes to the

J. Opt. 24, 054014 (2022)

KOMATSU Tech. Rep. 62 (169) (2016)
SPIE Advanced Lithography, 2021, ASML

Visualization of the dynamics of laser-produced Sn plasma

. Collaboration with Prof. K. Tomita,
-Thomson scattering for EUV sources - Hokkaido Univ.

To measure n,, T, and Z simultaneously, we have applied laser collective Thomson
scattering (CTS) to laser-produced EUV light source plasmas (Droplet Sn +CO, laser).
CTS spectrum consists of the ion component and the electron component. In the
previous studies, we have fabricated a special spectrometer having 6 gratings, and
successfully detected the ion component for the first time.

i lasma productio
Experimental setup P p b
scheme

in-band EUV emissivity
(and opacity) depends §
on T, and ion density n, Backlight
(= nlZ). shadowgraph
Especially, T, is a key before CO,
parameter to improve laser
emissivity.

Pre-pulsed laser(10ps) =

Main laser

(CO, 100mJ, 10.6 um)

CE 3.1% 4.0% 2.8%

Top view of Expanded S
probe1 F
—

k
lasers i
the ion component of CTS I:_\/'\ K Az
=

B2y
cut by the 9'25;32 10
spectrometer K

From absolute P Scatiered fgh 6%\(\

intensity,

spectral width / %‘i«\‘?\
L N

and shape, ne,

Te, and Z are %‘> \1‘ 0°
determined. T=Tiis s <
assumed i

Doppler shift o501 velocity field
Doppler shift e, (magnitude, angle)
- 3,4] . - -
2D profiles of n, and T,”* and LIF imaging"™"
1.3 ps-plasma 2.0 ps-plasma 2.5 ps-plasma « Inthe 1.3 ps-plasma, the

high n, (> 4 %1024 m'3) and
the high T, (25 eV) regions
were clearly separated.

In the 2.5 ps-plasma, n, is
too low.

In the 2.0 ps-plasma, the
regions of the high n, and
the high T, largely
overlapped in both
directions (the laser path
axis and radial axis). A
hollow-like density profile
was observed.

long lifetime of the collector mirror. i i - r
g 2019 EUVS Workshop, Lawrence Livermore National Laboratory FlnaHCIal su ppOl’tS
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Communities

NI", Yoko SATO%),
AKASHIMA?1:4:5)

| Information Center, KU
t of Medical Informatics, KU

. . Health Team in K
Portable Health Clinic (PHC) System and the Part

Health checkup and telemedicine system with triage function

Major Publications

@ An evaluation of the commonly used
portable medical sensors performance in
comparison to clinical test results for
telehealth systems. (Islam R, Tet al., 2024)

[ ] @ Concept of Micro Healthcare
Portable Health Clinic MCH Introduction Movie Entrepreneurship (MHE) to facilitate
Homepage <Service Delivery Models> Universal Health Coverage (UHC):

 Rural Model, Urban Model Prospects and Challenges. (Hossain F, et
- Community Health Camp Service

+ Genki Campus, Genki Office Models al, 2024)
* Pharmacy Based Service Model @ Portable health clinic COVID-19 system

for remote patient follow-up ensuring
clinical safety. (Islam R, et al., 2022).

@ Awareness, treatment, and control of
hypertension and type 2 diabetes among
male industry workers in Jaipur, India.
(Fumihiko Y, et al.,2021)

@ Portable Health Clinic for sustainable
care of mothers and newborns in rural
Bangladesh. (Kimiyo K, et al.,2021)

@ Health Checkup and Telemedical
Intervention Program for Preventive
Medicine in Developing Countries:

<<Designing the Future with Digital Transformation >> Verification Study. (Nohara Y, et al., 2015)

ventive healthcare ser

reduce medical expen
publications and 10+

Service Features and Coverage

‘

* A complete solution of healthcare service for the unreached communities including
checkup, consultancy and follow-up to achieve Universal Health Coverage (SDGs 3.8)

» Focuses on vulnerable populations, such as, elderly, youth, children, mothers,
women, immigrants, foreigners and people with disabilities

* A modular system that can be upgraded based on new requirements from the
communities

Innovative Technology Adoption

‘

» Universal design, Fast Healthcare Interoperability Resources (FHIR) compliant,
comply privacy issues
+ Improved efficiency of medical resources Social Impacts!!
: Shift from consultation-based medicine # Reach the healthcare service to the
to Al-based medicine using portable medical devices (Online / Application) unreached communities

» Deployment to PHR (Personal Health Records) ¢ Creates Micro-Health Entrepreneurship

. - . opportunity for rural youths and job
: My Doctor — Data aggregation — Big data analysis oziortuni);ies Y !

— Al System’s version upgrade — Early diagnosis and prediction of local issues R e L1 et A NI Vinte R L e

. . health workers with proper training on the
0 Global Expansion of the PHC Services Ty
. . . . . ) X @ Depict a success story of a university in
+ Originating from Ban%[adesh! the PHC service is expanded in man¥ Asian developing disseminating information and research
countries. Recently, this service has been extended to Zambia in Africa.

outcome to society




Reimagine Healthcare Delivery Model for
Unreached and Elderly Communities

S AT LIRHRBFHRZER - #EBR - P2 FIAAY R

1. Research Motivation

Unfortunate Healthcare Facts in our world Vision of SocialTech Lab

* Half of the world's population lacks access * Develop disruptive technologies to ensure
to quality healthcare. affordable and personalized services

* High healthcare costs push 100 million » * Empower and engage millions of micro
people into poverty annually. healthcare entrepreneurs

* Every 2 minutes, a woman dies due to * Create a world where no human life is lost
pregnancy or childbirth. due to avoidable health conditions

2. Disruptive Digital Healthcare Service Delivery Model

. Remote Doctors
Patients o .
Digital Health Solution:
o0 < <
« Portable Health Clinic (PHC) Box
- * Micro Healthcare Entrepreneurs

« PHC Server: Personolized Triage, « Connect with triaged patients

«  Personalized health e . ; * Access patient's entire

monitoring > njﬁzﬁt&gﬁjg Prediction of Health Risk, Data medical history.
+ Elderly, disabled people é;@%ﬁ?ﬂxz} Security, Data Visualization + Provide prescriptions
* Mother and child immediately

Approx 67% cost reduction for the 2nd screening
£[m]: ¥,
A\

-Erroneous -Cleaning Health status prediction, accuracy >97%
-Missing value E> -Imputation E> Diabetics risk prediction, accuracy >96% .

[ ]
-Unbalanced -Prediction Blood Uric Acid Prediction, RMSE <0.03 | -

Before Cleaning After Cleaning
ey -
predicting blood
glucose
Raw data contains errors, Impute missing Identify most suitable machine
outliers, inliers value learning mechanism to predict health

status, disease, costly parameters  Technologies are to assist doctors
Not toreplace doctors

3. Ongoing Research

A. Digital Transformation
Digitizing health records: Converting paper ~ C. Prediction and Visualization

health records into digital format. + Life-long medical history visualization
+ Converting speech to text: Transcribing * Health risk prediction

doctor-patient conversations into text + Uland UX for Healthcare Applications

B. Classification, Formation and
Integration

« Text classification

« Standardization and Personalization

[(BEEE] -4/ R=2a> T -0 3y TEEERER (WAOIPHREAH) .
TEL : 092-400-0494 E-mail : entry@airimaq.kyushu-u.ac.jp URL: http://airimaq.kyushu-u.ac.jp/ Al{IMaQ
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Open Science Platform, OSP
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Background: Analysis of small organic compounds by LDI-MS

Matrix-assisted LDI-MS
lonization by the support of matrix

serious clustered noise

1000
miz

Difficult to analyze low
molecular weight compounds

interferences from matrixes

Surface-assisted LDI-MS by using carbon materials

lonization by the support of surface [Characteristic]

® Nanostructure

® High thermal and electrical conductivity

® Great UV absorption ability

! (M. Tanaka et al, ACS Appl. Nano Mater. 2022, 5, 2, 2187-2194)

um | ‘ : %

lower noise signals
1 and higher sensitivity
1

opm—————

SEM image

500 1000

m/z

Successful analysis of low
molecule weight compounds

e

1=IV—-1

8=

Manufacturing Processes of Graphite Sheet

Removed hydrogen, oxygen, and

Polymer film nitrogen by heating

-

Stacked the layered structure
of carbon atoms

Obtained the thin and flexible
graphite sheets

Purpose: Development of a novel graphite sheet-assisted LDI-MS method for the small organic compound detection.

Result®: Characterization of Graphite Sheet

[The morphology, absorption and structure of graphite sheets]

Method: Graphite sheet-assisted LDI-MS Analysis

[Protocol]
1 % ﬂsheet preparation Sample loadin LDI-MS analysis SEM image UV absorbance Raman spectra
LS -5
Cutting Cut piece \ [
~_ '
. b
Conductive tape (-
1
—— ITO Glass v
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [
¥ i iti n " 1
[Pretreatment] LzLdMes a"al’;i':tfvl’e"/dr::;:ﬁve [Graphite Sheet-assisted LDI-MS] 1 :
Wash graphite sheets by EtOH Ton source 1 000KV N
| lon source 2 18.80 kV. [Sample] 1-(4-chlorobenzyl) pyridinium chloride (4-C-BP) Concentration: 1 mM in 50%MeOH
Past the conductive tape on Lens 7.50 kV. Intens. [a.u]
the ITO glass Mass range 0-2000 m/z O[T wosrr — el pyiane ® - Graphite Sheet
| Laser frequency 200.0 Hz N /@AQ _ Q/ " 'O > Graphite Pate
Paste graphite sheets on the Off set 59% i " (acopy 60
Laser value 6.0 * ke

tape

ey
| Laser power =
Drop 0.5 pL sample solution on

the graphite sheet, air-dried

Positive: 60%
Negative: 5%
10.5
100 (/pixel) 1
100 ym
13x13=169 pixels
23

Survival Yield (%)

Detector gain
Shots

Raster width

Sum pixels
SIN

50 60

70
Laser Power (%)

80 90 100

Il
T00 120 140 160 160 200 220 240

LDI-MS analysis
iz

Result: Amino acids analysis Result®: Detectable mass detection range

[Sample] Amino acids mixed solution Concentration: 1 mM in deionized water [Sample] Gly-Sar, Gly-Sar-Sar-Sar-Sar, A inland A in II; PEG 300, PEG 1000, PEG 1500
Concentration: 1 mM in deionized water

Positive mode Negative mode

Intens. [a.u.]
s

Intens. [a.u.]
x10¢ « F — Blank X100 £ — Blank
15 H B — Sample 5 — Sample
o . ER 2 <
sz T / =_30 |
) H | 3% H
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Successful detection of all amino acids without background noise peaks Successful detection of mass range up to 2000 Da

Result@: Application for food and biological analysis
[Sample] Raw milk (1000 dilution times by deionized water)

[Sample] Soy sauce (1000 dilution times by deionized water) [Sample] Rat serum (1000 dilution times by deionized water)

Colgl and [3C;, N (0.1 mM)

Internal

189 MS signals 145 MS signals

252 MS signals 289 MS signals 282 MS signals 184 MS signals

[Quantitative Analysis] [Quantitative Analysis] [Quantitative Analysis] "

Soy sauce 1000 dilution R2=0.9971 R2=0.9942 R?=0.9783
Added different concentration of - ¥ ativ
glucose with IS 142 maimL i 5 H » j
.2 mg/m i 79.94 mg/HL ) 5/ 44.56 g/L* o
Soy sauce 14.1 mg/mL H o [82.25 mgidL Raw milk £ e 483101
conventional HPLC H -l - i - Lactose assay kit
5 Ak Glucose assay kit
F o m m ol m m ow o m omowm

Rat serum

Concantiation of st ghecoss (mLpheami| Concratiation ol sdded lactose (31}

Successful quantification analysis of small organic compounds in different food and biological samples

Graphite sheets could be highly useful for small molecules detection of food
and biological analysis as a novel material in LDI-MS.
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