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Dynamic network analysis and visualization derived from natural science data
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We proposed a workflow for constructing and visually analyzing dynamic
networks using EDM, an analysis method based on nonlinear state space reconstruction, in order to
quantify the dynamic relationships among data in measured time series data and to better understand
the background system. By combining these analysis methods with interactive visualization techniques

to promote user understanding, we constructed a dynamic network visualization system aimed at
creating knowledge in natural science fields such as ecology. By applying the proposed method to
ecological data, we confirmed that it is useful for identifying the state of ecosystems and
analyzing their transitions, and demonstrated that it is possible to create knowledge by applying

the method to natural science data.



[3]

Modeling: EDM
[4] A
SSR

EDM
SSR

7 RS9 RITAST, R ETHET 5

2016

[5]

SSR% AL lR%1
HRHRIEL D
EHODEE

SSRERLMBRIFEE 550 BMNX Y b T— S AR
A ' e & :

ST S i

STI for SDGs

[1]
[2]
SSR
Empirical Dynamic
UCsD
embedding
B

i <Ry kT~
TR R

AUVRZTaY

A EDM
C

[6] C

B SSR

SSR

snapshot-to-point approach



EDM

e series {a)

XYZ attractor

|h X+

} Brush-link Visualization (f)

Scatter plot

EDM (b}

X

Hriie ) Vectors. Edges

i X, 1)

| 1 2 & —_—

h m%mm%%"-w*vz
. 3

SSR

t-SNE PCA  Isomap

UCsb

SSR

t-SNE  PCA UMAP

steep slope Nodes

¥
A

T ]

z

i@

it

it 22
flat slape

State Transition Graph (g)

Annotation

Node-link diagram "
Summarization

EDM

SSR

Dynamical Network () Vectorization (d) mapping (e)
Jyr 2

(Ao

Vicw:

Allracly

S Time 8

Modz Tk
diagram

20 mapping
sotting

Graph

S 2

Nads- i1k clagrem

oy

Annotation
Summarization




[5] EDM

IEEE VIS [71
EDM

VR Virtual Reality

EDM VR

[1] M. Lima, SKM. Ernest, JH. Brown, A. Belgrano, NC. Stenseth. Chihuahuan desert
kangaroo rats: Nonlinear effects of population dynamics, competition, and rainfall.
Ecology, 89(9):2594-2603, 2008.

[2] J. Plailly, JD. Howard, DR. Gitelman, JA. Gottfried. Attention to odor modulates
thalamocortical connectivity in the human brain. Journal of Neuroscience, 28(20):5257-
5267, 2008.

[3] EC. Lamon 111, SR. Carpenter, CA. Stow. Forecasting PCB concentrations in Lake
Michigan salmonids: a dynamic linear model approach. Ecological
Applications, 8(3):659-668, 1998.

[4] ER. Deyle, RM. May, SB. Munch, G. Sugihara. Tracking and forecasting ecosystem
interactions in real time. Proceedings of the Royal Society B: Biological Sciences,
283(1822):20152258, 2016.

[5] G. Sugihara, R. May, H. Ye, C. Hsieh, E. Deyle, M. Fogarty, S. Munch. Detecting
causality in complex ecosystems. Science, 338(6106):496-500, 2012.

[6] S- van den Elzen, D. Holten, J. Blaas, JJ. van Wijk. Reducing snapshots to points:
A visual analytics approach to dynamic network exploration. IEEE transactions on
visualization and computer graphics, 22(1):1-10, 2015.

[7] H. Natsukawa, ER. Deyle, GM. Pao, K. Koyamada, G. Sugihara. A visual analytics
approach for ecosystem dynamics based on empirical dynamic modeling. IEEE Transactions
on Visualization and Computer Graphics, 27(2):506-516, 2020.



2 1 1 0

Natsukawa Hiroaki Deyle Ethan R. Pao Gerald M. Koyamada Koji Sugihara George 27

A Visual Analytics Approach for Ecosystem Dynamics based on Empirical Dynamic Modeling 2021

IEEE Transactions on Visualization and Computer Graphics 506-516

DOI

10.1109/TVCG.2020.3028956
42(2)
2023

= Journal of the Japan Society for Simulation Technology 76-82

DOl

11 4 4

Hiroaki Natsukawa

Understanding system dynamics by combining empirical dynamic modeling and data visualization

Manifolds in Nature (OIST Workshop)

2024

Hiroaki Natsukawa

Ecosystem Dynamics Revealed by Combining Data-Driven Analysis and Visualization Techniques

China-Japan Joint Visualization Workshop

2022




Hiroaki natsukawa

Understanding System Dynamics by Combining Data-Driven Analysis and Information Visualization

The 40th JSST Annual International Conference on Simulation Technology

2021

Wang Ting, ,

49

2021

2022

16 ICT

2022




CNN

48 2020

2020

WANG TING, s ,

Twitter

48 2020

2020

Natsukawa Hiroaki Deyle Ethan R. Pao Gerald M. Koyamada Koji Sugihara George

A Visual Analytics Approach for Ecosystem Dynamics based on Empirical Dynamic Modeling

IEEE Visualization 2020, VAST

2020

WANG TING;, ,

Identification and Understaning about the Dynamical System

47 2019

2019




WANG TING, ,

Visual Analytical System for Analyzing State-Transition in Dynamical Systems

2019

2019

https://natsukawa-lab.jp/




