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ExperimentObjectives
❑ To investigate the influences of vascular geometry on 

hemodynamics
❑ To develop a numerical simulation system for clinical diagnosis

⚫ Flow measurement for droplet formation 
inside microchannel using digital holography

3D interfacial geometry 
between water and oil

3D flow inside droplet
[μm]

Investigation of Bio/Micro-fluid Mechanics
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Computat ional Fluid Dynamics
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1D-0D Simulation

(I) Segmentation of the vascular lumen
(II) Centerline extraction
(III) Surface shape reconstruction

(IV) Shape parameters calculation
(curvature and torsion);
(V) Alignment and position tracking

⚫ Vessel Segmentation, Centerline Extraction, 
and Bifurcation Detection in cerebral medical 
images using deep learning-based approaches

…

Convolutional Neural Network
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3D Simulation
⚫Mesh deformation method for 3D fluid simulation
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(I) Segmentation of the vascular lumen
(II) Centerline extraction
(III) Surface shape reconstruction

⚫ Vessel Segmentation, Centerline Extraction, 
and Bifurcation Detection 
images using deep learning
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Medical 
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Mesh deformation method for 3D fluid simulation

0D Simulation

Simulation Results
⚫ 1D-0D simulation of cerebral circulation considering 

peripheral vessels
Major 
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Upper body block
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ModelCapillary
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⚫ Simultaneous measurement of the motion of a 
single Red Blood Cell and surrounding flow 
using multicolor confocal micro-PIV

(I) Correspond prism cells to centerline point
(II) Calculate parallel and rotational  movement from original and target centerline
(III) After deform, improve quality of prism cells 

Comparison of the CFD result at correspond surface point with 
original model and deformed model

⚫ Assessment of Patient-Specific Collateral Circulation 
in the Cerebral Peripheral Region through the 
Development of a Mathematical Model

Data processing
⚫ Designing of modelling system V-

modeler

Multi - scale modeling, Uncertainty quantification, 3D measurement De505
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Prediction of Building and Urban Environment
Prediction systems of building and urban environment have been developed to create

sustainable building and urban spaces. We focus on flow, heat and pollutant dispersion in
multiple scales from human-ambient to urban/regional.

■Clarification of the flow 
field structure around 
building using SPOD

■Wind velocity
observation with a 

Doppler lidar

■Estimation of heat fluxes 
using Scintillometer

■Measurement of different 
pollens

■ PIV measurement of flow characteristics during 
conversation, cough and sneeze

Systems to Realize Zero Energy Building

■Interpreting AI controls using XAI ■Predicting indoor airflow distribution using ANN

yz
x

■Measurement of aerosol size distribution generated 
by breathing, coughing, and speaking activities 

■ Distribution of time-averaged pollutant concentration 
in street canyon with hedge barriers

■Evaluation of 
thermal sensation 

in an outdoor 
environment

30 μm

stained

encapsulated

observed 

Carberla 
solution

Barrier Free

Time-averaged 
Concentration

Hedge Barrier

■Optimizing energy systems using digital twin

In order to realize Zero Energy
Building (ZEB), it is important to
improve the efficiency of heat
source systems. We have reduced
their energy consumption using
advanced control algorithms such
as AI-based model predictive
control (MPC). Main areas of study
are air conditioning system with
renewable energy sources and
optimization of heat source system.
Furthermore, we are interpreting
the controls with XAI to understand
the inner workings of the AI model.

■MPC of building heat source system using AI

Future urban planning / Future energy systems to realize ZEB Ce-B08




