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Fig. 1 The rust preventive effects of the zinc paints with or
without fine powder of HAp on the field experiment

X i Fig. 2 Influence of HAp and zinc fine powder on anodic polarization
in coastal area of Kitada Nada, Naruto-City,

curve using iron electrode in 3% NaCl solution
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Remote sensing spatial analysis of waterlogging from cyclone Sidr
in Bangladesh

Nazmul Huda, Graduate School of Engineering, Kagawa University
hudasociology@gmail.com

Introduction: A category-5 cyclone, Sidr, with a maximum wind speed of 260km/h, was landfall on
15 November 2007 in the Southwest of the Bengal delta, Bangladesh (SWB), a country that has a
long history of seasonal storms. At least 4,234 people have confirmed the death, with 8.9M affected.
Estimated damage from the Sidr is around $2.31B. It created a huge ground

impact on land use and land class. This study estimates surface water on the
physical settlement area due to the Sidr that refers to as waterlogging.
Physical settlement is defined as any built-up such as rural and urban
housing, institutions, industries, parks, roads, etc. The study aims to

estimate the waterlogging risks developed from the Sidr based on zonal

analysis. Methodology: The geographical extent of the study area is 88.84E—
88.56E and 21.656N-23.37N. Figure-1 shows a total of 2282 mauzas in the Figure 1. The study area

inland and coastal districts of SWB. For estimating the surface water area, the Landsat-07 missions’
satellite reflectance data with 30m resolution, dated 21 November 2007, of Green and Near Infrared
bands, were used to produce Normalized Difference Water Index (NDWI). The NDWI>0.0 is
considered as water pixels. A high-resolution spatial map of physical settlement was converted to
30m raster image. Change matrix tool was used to overlap the water raster layer on the physical
settlement raster. Finally, the water pixels that overlapped on the settlement were considered as the
waterlogging pixels. For zonal analysis, the mauza or village-level boundary was considered. The
mauza containing >75% waterlogging pixels, considered to very high-risk zone derived by cyclone or
storm. Similarly, (>50-75)% as risk zone, (>25—-50)% as moderate-risk zone, (>0-25)% as the low-
risk zone and the area without any waterlogging pixel as a no-risk zone were defined as waterlogging
risks.

Result: Figure-2 shows that eight clusters covering 12.7 sq. km. and nine clusters covering 13.9 sq.

km. in the inland district appeared as high-risk and risk-waterlogging clusters, respectively. Around

89.1°E ROME 89.7°

54 sq. km. containing 34 clusters were identified as moderately-risk
waterlogging. Again, around one-third of the land, which has 323 clusters
in total covering 862.3 sq. km. has been observed as a low-risk zone. The
waterlogging risk was not identified around 63.4% of the land covering 941
clusters in the inland area. Nevertheless, the waterlogging risk is much

more severe in the coastal district. A total of 70 clusters covering 220.9 sq.

km., or 9.6% of the coastal district land appeared as high-risk clusters, but

89.1°F S94°E STE

only 5.5% of the area containing 45 clusters categorized as risk-cluster. A Figure 2. waterlogging
total of 70 clusters covering 321.9 sq. km. appeared as moderately-risk risks

clusters. One-third of the coastal district land remained without any waterlogging risk after the Sidr.
Conclusion: The study concluded, waterlogging risks are very high in the mauza when the percent
of inundation is high, and the percent of settlement is low. The investigation provides credence that

remote sensing research is workable even for the village-level ground impacts from natural hazards.
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Background

¢ RC structures have been reported to deteriorate due to salt attack,
carbonation, and ASR and so on. In particular, when water penetrates into

7 carbonated cover concrete, reinforcing bar corrosion occurs, and the cover
concrete delaminates.

* Even if the cover concrete is carbonated, water is not supplied. the
reinforcing steel will not be corroded. Therefore, in considering the
corrosion of steel bars in deteriorated RC structures, it is the most important
to know whether water has reached the steel bars or not, but a simple and
non-destructive method has not yet been established.

* In this study, we focus on electrochemical measurement and propose a
method to evaluate the contact of water with the reinforcement from the
change in electrical resistivity caused by the penetration of water in the RC.

DC power supply

Potentiometer

Electrode

DC current

Experimental Results Simulation Results

* Experiments were conducted to test the hypothesis that the + The two-dimensional FEM was conducted. It for the four-
electrical resistivity of concrete changes when water infiltrating electrode method was performed using the V5.6 AC/DC
from the surface of the concrete reaches the reinforcement. module of COMSOL Multiphysics® software.

* The concrete specimens were 100 mm wide, 100 mm high, and 30 -

380 mm deep. Four cases were made: no reinforcement and with E 025mm
reinforcement (25, 50, and 70 mm of the thickness of the cover % 25 050mm
concrete). Nooenfod “; S 20 i
_ 3 Wic=04 357 WIC=06 |eip 25
5 30 30 ©25mm gg
c—i‘] 25 25 :; i
Z 20 20 2]
£ S Nl | P
S 15 gy —o —8—8 IS
% 10 10 W ,
o~
5 %D@O_O*o 5 00— 0—0—0 Wet layer thickness (mm)
0 -
0 168 336 504 672 0 168 336 504 672 Fig.2 Relationship between rate of decrease in electrical resistivity
Time (h) Time (h) and location of water penetration
Fig.1 Relatioushlip F)et\\'ecll el.ectrical resistivity of each cover . The rate of decrease in electrical resistivity instantly
concrete thickness and time ; I ? g
increases once the water reaches the reinforcement. Thus,

Re-consideration th{s may serve as an indicator that water has contacted the
reinforcement.

30 W/C=0.4 040% 25mm
©40%_50mm * Based on the simulation results, we again considered the
©40%_75mm experimental results. Similar to the simulation results, it was
confirmed from the experiments that the rate of decrease in

electrical resistivity exhibited a peak at the initial stage of

20 4

10

Rate of decrease in
electrical resistivity
(%)

0 o = % 168 water supply. In‘ tl}elcase of W/C = O,fl and 25 mm cover
J10 © Time (h) - concrete, the resistivity decreased by 25% at 72 h and then
converged, suggesting that the water had penetrated the

Fig.3 The graph showing rate of decrease in electrical position of the reinforcement.

resistivity at each time

* The experimental results show that the electrical resistivity of the RC specimens is much lower than that of the non-reinforced
specimens, and the electrical resistivity decreases significantly when water reaches the reinforcement.

* In the simulation study, the experimental results were confirmed by numerical analysis, where the resistance decreased rapidly as the
water reached the reinforcement. It was newly found that the rate of decrease in electrical resistivity has the maximum value when
the water reaches the reinforcement. because the electrical resistivity decreases significantly when the water reaches the
reinforcement.

* Water has contacted the reinforcement that the rate of decrease in electrical resistivity instantly increases once the water reaches the
reinforcement.
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A Modular Multifunctional Capsule Robot System

FNRZIFHEN BHARE FLHREZRERE  Lingling Zheng
EHRSE $19d504@stu.kagawa-u.ac.jp

Research Background http://guolab.org/

Intestinal cancer becomes one of the most common cancers and causes of

Multi-Functional Module-Based

Capsule Robot
.

cancer-associated deaths. Earlier-stage diagnosis and treatments for intestinal

diseases can reduce the difficulty of the operation and decrease the fatality rate.
Intestinal endoscopy, which uses a long flexible tube with a light and camera
to insert from the mouth or anus to the nidus, is used to perform diagnosis and
treatments. However, conventional intestinal endoscopy has caused discomfort
and pain to patients and some potential complications in the process of
operation, which may include perforation, infection, bleeding, and so on. In
addition, the success rate mainly depends on the experience of surgeons.

Therefore, microrobot has been widely investigated due to its potential

Fig.1. Ddiagram of multi-functional
applications in the clinical practices of intestinal tracts. module-based capsule robot.

Medical Procedure :
Image Ln::'hd i

sensor

Three kinds of situations of Medical
procedure can be described as follows. (a)
Using the diagnosis module to check the

intestinal conditions is the first step of the

endoscopy procedure. If the diagnosis module @ : ) : ©

did not detect any problem, it would finally be Fig.2. Medical procedure.

discharged. (b) When the diagnosis module finds out a suspicious lesion, the treatment module should be selected and
swallowed. The diagnosis module moves backward to dock with the treatment module and moves together to the
targeted position A, and then they are separated for treatment. They will be finally discharged. (c) Similar to (b), the
other treatment module would be selected to treat lesion B.
1. Capsule robot modules structure design

2. Modeling, analysis of the mechanism

3. Performance verification of the robots

Fig.3. Experiment for robot modules docking and separation. Fig.5. Experiment for accidental separation test.

References: [1] L. Zheng, S. Guo, Z. Wang and T. Tamiya, "A Multi-Functional Module-Based Capsule Robot," IEEE Sensors
Journal, vol. 21, no. 10, pp. 12057-12067, 15 May15, 2021, doi: 10.1109/JSEN.2021.3058354.



(%= 1]

A Task Performance-based sEMG-driven Variable Stiffness Bilateral

Rehabilitation System

FNKRZIZHER BB X TLER D1 Ziyi Yang
E#& % s21d502@kagawa-u.ac.jp
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Low Assistance Max Active Variable Assistance  V: amble Active High Assistance  Min Active
TPI=1 Motion Range: 0<TPI<1 Motion Range TPI=0 Motion Range
—_ - > _—

Bilateral Rehabilitation
—Patient Effort . Patient Effort B Patient Effort
p ' Robot Assist — Robot Assist p — P oot Assict

- Frobot

F -
Robor 3 \ Fractont s
} d
Pt A
Frobot FPanen: ; J. Frarien:

@ @ @ @ @ @ - ‘e
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Fig.1 The sEMG-driven variable stiffness control framework based on the task performance index including

patient-in-charge mode, patient-robot cooperation mode and robot-in-charge mode

In this paper, an SEMG-driven variable stiffness control with a novel training task quantitative factor TPl was
purposed for upper limb elbow joint bilateral rehabilitation shown as Fig.1. Based on the purposed control
frameworks, the demands of patients with different injury level can be satisfied and the patient voluntary participant
can be promoted for facilitating efficient upper limb rehabilitation. Firstly, the dynamics of the PVSED were
analyzed for estimating the human active torque for minimal assistance intervention and maximal patient active
participation. Then, an SEMG-driven musculoskeletal model was utilized for calculating the real-time reference
stiffness from non-paretic limb during the bilateral rehabilitation training. In the performance-based control low, an
impedance control was implemented as the low-level controller for master-slave position tracking and bilateral limb
coordination. Furthermore, the training task quantitative factor TPl is designed by considering both training
accuracy and training intensity which can realize that the multiple stiffness modes can be integrated into a single
high-level controller with a smooth and automatic transition. With the TPI regulation, the stiffness modes can be
smoothly switch among the patient-in-charge mode, robot-in-charge mode and the patient-robot cooperation mode.

The preliminary experiments of three different stiffness modes were performed to validate the different interaction
characteristics and assistance performance. Then, a validation experiment of multiple stiffness modes switching
prove the smooth and automatic Transition with the TPl parameter according to the training task performance.
Moreover, a comparison experiments in different load bilateral training task were also carried out to evaluate the
performance in different training intensities, which also shows that the purposed control framework can efficiently
induce the patient voluntary participant.

Future work will focus on the clinic application with hemiplegia patients. And the human active torque estimation

method should also be improved with the real patients’ conditions
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Preparation of pGCN/GO/PVDF films for water purification

FENKZIZHERE MHBIEIFHEKR M2 FAN  ZHAOJUN
EHE L s20g566@kagawa-u.ac.jp

As the world’s population grows and the climate changes, freshwater is becoming increasingly scarce. For the
solution of the freshwater crisis, seawater desalination is one of the promising methods, because seawater comprises
ca. 98% of the earth's available water. The traditional seawater desalination technology is mainly divided into two
methods: the distillation method and the film method. The most widely used film method is reverse osmosis (RO)
technology, in which seawater is filtered through porous films under higher pressure than osmosis pressure.
Commercial RO films are dominated by thin-film composite polyamides. However, new materials for RO composite
thin film are expected, due to the low water permeability and the fouling on the polyamides.

In our lab, 2D nanosheet materials such as graphene oxides (GO) and protonated graphitic carbon nitrides (pGCN)
have been used for constructing functional thinner RO films. We have found that the large size of the nanosheets
and the stabilization of the nanosheet-layered films by the interaction between nanosheets are effective to prohibit
the ion permeation. In this research, the composites of pPGCN/GO with PVDF (Polyvinylidene difluoride) have been
studied for focusing on the improvement of pure water flux of the films and the contamination resistance of the
films. Recently, Rahimi and co-workers reported GO/PVDF films with high surface hydrophilicity and water flux.[!J

Sonicate 4h .
PGCN (75 mL)/GO (25mL)/H,0 (20mL) mmmemmmmms PGCN/GO Solution 1

Sonicate 2h g Hydrothermal i Freeze
— PGCN/GO Solution 2 =——— pGCN/GO Solution 2 5
PGCN (75 mL)/GO (25mL)/H,0 (20mL) p PP Disi
icate Centrifuge :
PGCN (75 mL)/GO (25mL)/H,0 (20mL) Sonicatedh | GCN/GO Solution 3 =it PGCN/GO Solution 3
2500 rpm 25min

pGCN/GO Powder 1

PVDF/pGCN/GO  Heating 1h i Smi
fom 1213 i PVDF 13 wt % et oW pVE g5 we % { PGCONIGO Powder 2
Solution 1/2/3 —=
Stirring 350 rpm pGCN/GO Powder 3

Spin-coating

PVDF/pGCN/GO  Drying 60°C 2h  PVDF/pGCN/GO
———

film 1/2/3 film 1/2/3
!

Powder 1 Powder 2 Powder 3 Pure PVDF film Powder 1 0.2 wt % film Powder 2 0.2 wt % film Powder 3 0.2 wt % film

Three types of pPGCN/GO/PVDF composite films were prepared by the wet processes as the above chart. All of
the prepared films were mostly transparent, but small aggregates were partially found in the composite films by the
observation of an optical microscope. The desalination properties of the films were investigated with the water flux,
ion permeability, and ion rejection. The ion rejection rate of PVDF film with 0.2 wt % powder 3 was highest,
indicating that pGCN/GO composite powders were protected through ions permeation. Regarding the water
flux measurement of the films, the PVDF film with 0.2 wt% powder 1 possessed the highest pure water flux.
This might be due to the improvement of the hydrophilicity of PVDF film by adding the pGCN/GO composite
powder. Additionally, the addition of pGCN/GO powder can decrease the porosity of the PVDF, and increase
the pure water flux of the film.

Furthermore, it was found that the ion retention of PVDF with pGCN/GO powder increased, although all the
ion rejection were lower than the reported datal'l. The results might be due to use low content of the ionic

nanosheets as the film components and distribute the powders in PVDF inhomogeneous.

[1] A. Rahimi, H. Mahdavi et al. Zwitterionic-functionalized GO/PVDF nanocomposite membranes with
improved anti-fouling properties [J]. Journal of Water Process Engineering, 2019, 32: 100960.
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