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Overview of K-DMSS KiSTH 2
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Integrated ‘
S/W Package for Predicting Disasters & Damage Assessment

Developed on _ _

HPC (high performance computing) & Big Data Platforms J
Supports for High resolution

Modeling & Simulation for Atmosphere-0cean & Huydrology J

Supports for Huge data J

Visualization & AR [augmented reality) for Scientific Analysis

KISTI’s independent

Decision-Making Support System for Disaster Management

tute of
and Technology Information
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Overview

swows | Components of K-DMSS ST 225 i
@ Disaster Information System

- MPAS Web Portal Service
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system Based on GNSS
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Data Register/Search Scenario Operation

Data Storage

-

- Disaster Dat Disaster Prediction & Damage
Surge Tide Surge Information ata Assessment System
Prediction Prediction Management Exchange

Visualization System

River Flooding Prediction

Data Assimilation
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S EEE e i - %I-‘;J * ; 0, 0 (=]

Predlcable water, AWS & Sensors, WWW, Open API, SNS Knowledge Detection Framework

HPC OpenMP Fortran @f&wnsm VPCTIALL Big
Testbed o J? _ ey Te[.::;aed
o0’ Nu0uSQL - R
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3-Dimensional Integrated
Visualization System

K-DMSS : Software system

Numerical Model
Visualization System




Overview

oxowss | HPC & Bia Data Testbed L e —
Total 169.4 TF

Intel CPU (Xeon) + NVIDIA GPU (K40M)
Cluster system

Firewall(UTM)

1G switch n
s ] e T e ] L T o
i 112.8TF 56.6TF | i
: Cluster for M&S* Cluster for big data analysis** i i :
i (30 nodes) (15 nodes) b i
E Cluster for 3-D visualization | | i
i (9 nodes) i i
i Cluster for user service Cluster for data management i i :
i (2 nodes) (6 nodes) i NAS i
| S Trial Service Construction & Service Development 169.4TF ' Storage System 838TB §

(Service for collecting, producing, analyzing, and visualizing information)

*  Cluster for M&S: 30 nodes(CPU+GPU), 12TF + 100.8TF = 112.8TF / 600 cores + (172,800 cores) = 173,400 cores
** Cluster for big data analysis: 15 nodes(CPU+GPU), 6.2TF + 50.4TF = 56.6TF / 300 cores + (86,400 cores) = 86,700 cores

(Service for storing input/output data)
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International Collaboration with NCAR

Development of K-MPAS & Kr- PAS based on MPAS

South Korea is located in the middle

KISTI’s independent

| Development of EDAS for K-MPAS based on LETKF

Ensemble Data Assimilation System Local Ensemble Transform Kalman Filte

KISTI’s independent

Development of GPU Acceleration Code of MPAS (phusics Part]

OpenACC (2017) = CUDA (2018)

J
J
J

NCAR developed MPAS GPU code (Dynamic Part)

Development of Integrated Prediction Sustem of W-0-W models

Weather-Ocean-Water

J

(WRF/K-MPAS) — (ADCIRC/FVCOM) — (SURR)

Simulation of Tuphoon-Surge-Flood for specific regions

Weather-Ocean-Water The Imjin River, Busan City, etc.

)

MPAS = Model for Prediction Across Scales | K-MPAS = KISTI MPAS focused on Typhoon Prediction

/—’
.K |t|b.llB

and Technology Information

J
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Integrated
Prediction

waeing . Prediction & Analysis Systems JLACd [ —

High Resolution Coupled Modeling System Based on HPC TPAS (Typhoon Prediction and Analysis System)

Wind speed (m's) Wind direction Surface pressure (hpa)
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WRF & K-MPAS : Weather Prediction

FPAS (Flood Prediction and Analysis System)
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SURR : Flood Prediction N-FLOW — SPH Modeling

Model Coupling

i SPAS (Surge Prediction and Analysis System)
i ADCIRC

o
1
H
UG-SURGE i -
FVCOM [ - -~ SIMide)
. i E — SiMidetsurge)
Tlde s i 51 _,')\'\
to i
rm Sul‘g Cean i ?
] 1 £
H H 8
1 1
1
L-----------------------------------------------------------------I 59555 5.7"565 5.7667 5.7688
W-Juian time (day) s
FVCOM : Surge Prediction Coastal Inundation
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Integrated
Prediction

Prediction & Analysis Systems

Modeling

MPAS Ensemble Data Assimilation System

RADIATION
\

Korea Institute of

CPU-GPU Heterogeneous code of MPAS
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Increasing Accuracy of Prediction

Comparison of track errors among three NWP models
MPAS(60-15km), UM(N768, ~17km in mid-lat), ECMWF(T1279, ~16km)

oot s v e

Defining features of K-MPAS

New generation

Old generation

,Singularity problem over the Pole “ 67.6 80.3 68.4
A " 48 44 110.9 148.0 112.8
1 No singularity problem over the Pale
2 No boundary errr problem [72 2 182.1 269.2 2241 |
3) Effective high-resolution simulation
96 21 214.6 364.7 279.6
120 14 272.5 432.5 374.7

(For the 1% ~ 18! typhoon in 2016, data collected till 20161004UTC)

K-MPAS is developed
Under the KISTI-NCAR international
Collaboration Project (2014~2017)

Comparison of Typhoon track errors
done by KMA (18 typhoons in 201b)

2017 MSJOH @ KISTI The National Supercomputing Center

Increasing Speed of Simulation

VReduction of computing resource
w/ variable resoltuion®

¥V Boundary error®

Reference | w 200hPa

- [MBkmoY > I
Park et al 2014 Tl e o e o e
o Uniform Variable Ratio of computing time
(Left) Simulation w/o boundary conditions resolution (a) | resolution (b) of a to b
(Right) The same simulation but w/ boundary 15km 60-15km X5
conditions: discontinuous boundary condition
introduces errors distorting wave patterns, 3km 15-3km X 10
Best Better Good

K-MPAS > ECMWF > UM
24h, 48h, 72h, 96h, 120h (forecast hours)

06/20
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Integrated
Prediction
Modeling

Typhoon 2016
O'N -
O°'N -
. h
800 S \f
\ g e
O'N T S
e 3 \\\ -
700 NS
e
O'N \
600 P JMA Typhoon Best Track

Prediction & Analysis Systems

CHABA

——— Typhoon influen

ce on the Korean Peninsula

\._._/ L7 RS s 2=

g

Distance error (km)
P9
=

2

\/<RsearchGoaIby2018>

100 +--gu---ga-- -

24 48

108 05§ oM
T T ssn v wmmz ay)

I\B}Low
] [ g uc0
7 sa<

o

108 Cﬁ%‘:ﬂu
(S 5% « 20 wn B2 BY)

108 05§ 150
(%s*_* é& o 100kn 82 #Y) o

108 0s% 21Al
(HAZ YYNT & 230 km 82 H )

 Typhoohthéck-Prediction

T

CHABA

)
KOSTO Korea Institute of
L/ l l Science and Technology Information
W kisti.re ke

Typhoon Track Prediction in 201b
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Integrated
Prediction
Modeling

©,

Prediction & Analysis Systems

)
K‘ST‘ Korea Institute of
L/ l l Science and Technology Information
Kisti.re.kr

Flood prediction system with the Hydraulic structure in North Korea
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Pilseung bridge
Gunnam Dam
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B36 B35
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bridge

Dams in North Korea
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Disaster Information System

DIS is the integrated information system which has several features including

Data Management & Search based on Standard Metadata J

~ Such as GNSS data from KASI

@

D) Metadata Harvesting from External Information Sources

o Upen API to share Disaster Information

High Scalability in Computing Power and Data Storage

@

Workflow Environment for Creating Integrated Scenarios

Such as Military Weather Scenario, Flood Scenario

@
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Disaster

‘s Architecture of DIS Lt

: / A
Scenario Operation

Scenario Generation Scenario Monitoring K-MPAS
» Workflow Generation & * Real-time Workflow
Management Monitoring
Process Registration Statistics Service
» Workflow Action Registration * Analysis of Scenario Use B S0 e 313mmeen

Weather Prediction

k WL shmg LT 1 WIS
Data Management A1

Data Collection Data Search
G * Observation/Prediction Data « Metadata Search Surge Prediction
N — CO||eCt|on . Open_AP|
Satellite Image + Standard Metadata Registration
e Data Processing Data Exchange
w + Data Compression/ « Metadata Exchange
s A Decompression (OAI-PMH)
Ocean Observation + Data Movement/ + Observation/Prediction Data
Format Conversion Distribution

Data

. N
m Data Storage

River Waterlevel

River Flooding
Metadata/Raw Data Storage Prediction

Scenario Storage

Raw Data
(Luster)

GIS Data

Cluster-based
File System for Massive Data Damage Prediction

Cluster 3

Cluster 2

Cluster 1
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Disaster

‘s DIS Web Portal Lelepi

V¥ Disaster Information Web Portal (Main Page)

KAF-WRF Operation Scenario

A4 OBUEY  OiECClE 2l 1= 0

Navigation GJ
o

f f_wp — & fet_wrf_run_dm1 — ® fct_wrf_plot_dm1
Cw.
fet_wrf_nest_dm2 ® fct_wrf_run_dm2 . fet_wrf_plat_dm2

= AlLtele 2 s

Scenario = AIL}2]2 - WRF SURR 2017-02-13 17:36:10 a2}
= AlLbEI2 - WRF SURR 2017-02-13 14:37:38 2|2}
. - = A|Lt2|2 - WRF SURR 2017-02-10 18:04:11
Monlforlng b AlLE|2 (LA =7H) 2017-02-10 14:57:44

ALt (LAl =) 2017-02-09 16:30:28 2| A

Page 1212 E4=2| Oll= AlLt2I2 - WRF SURR 2017-02-09 16:30:00 =) At

5cenario V¥ Disaster Information Web Portal (Scenario Page)

Development mu meson 51 odise AumsuEn seas ©

nformation Portal
Page EEE
& Auee S5 Navigation bed
g (2 o cesss
:

-2 AWM AL

- ovm_cron | fet_wrf_coll fet_wrf_wps fet_wrf_run_dm1 fct_wrf_plot_dm1
3 AT M AR L o . 4
Crem time=15:1,7.13.19:="... J code=kisti&path=/CAC ) Dpath=/CACHE/FCT/WRF, ‘ HE/F R b
) - e
B2 BG COLOR & SORT
i c® -
(=) ™
o e Workflow for Workflow
fct_wrf_nest_dm2 fct_wrf_plot_dm2

“ Military Weather Scenario .. .. 1 Environment
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Disaster Knowledge Detection ST e

R& D for DKD have been doing since 2015 based on the Big Data Platform.

D) PI’EdICtInQ Disaster Intensity & Damage Extent
By Big Data Analysis
o Developing Specialized Deep Learning Algorithms
‘ For Disaster Detection
9

Such as CNN/RNN, convLSTM

9 DB\IBlODII’IQ Distributed Deep Learning Platform

Supporting for very large data set

DE\IB|ODII'IQ Docker/Kubernetes-based Platform

To ensure data scalability

@

ADDIulng Recent Deep Learning Algorithms J
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Disaster

wan . KISTI Deep Learning Platform ST

Parameter Parameter Parameter

Server

A
\a

Server

/
Ap/

eV
Worker Worker  Bfcr Worker oru| Worker
Worker @ Worker @ Worker ooe ﬂ Worker

| . Data Quéuiei

,,wDiata Quet]e’”

l Data QuieL]eﬂﬂ

g Wbétaaueiu’e”

Bia D SprK ™ ensor
g Lata SpOlﬂz Streomlng r .

Testbed
big Ellelnjts::zrnfacl);sis** @hadﬂﬂﬂ NotOlllyS QI— kUberne&%E *dOCer
(15 nodes)

** Cluster for big data analysis: 15 nodes(CPU+GPU), 6.2TF + 50.4TF = 56.6TF / 300 cores + (86,400 cores) = 86,700 cores
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Disaster

K led o [ /? rea Institute o
Detection KI STI Dee ° Le arnino P [ = So—
|nput Data — Output Data

W o /A Convolution Neural Network

FORECAST TRAGK "memm/
Convolution Fully connected 4o
A iy <

Typhoon Prediction

Various WRF Simulation Data &
. LO (Input) L L2 3 F6
Predicted Typhoon Data 51612 256x256  126x128 64x64 3232 (Output)

Observation Data 'l'

Recurrent Neural Network

___Meteorological Satellite Data
O O =5
,RNL,G ,RN!\',D _RNIN_O
m el P
Sensor ity 1 1
Dats - Em =
{(gl \;:::ma;:;:w::zmsmpnnchmme Infarrratics {’ CI ‘-::‘,J::’rrw‘azl[?;:lz\‘:‘ﬂ:kshnpmchmm Informatics
DEEPRAL PREDICTIVE CONVLSTM NETWORK. . . D017 s v s e o s R s, €0 GLOBENGE TYPHOON EYE TRACKING. .. 2017 s 0 watens comr o amasrs Aossrn i wov, 50
DEEPRAIN: A PREDICTIVE CONVLSTM GLOBENET: CONVOLUTIONAL NEURAL
NETWORK FOR PRECIPITATION USING NETWORKS FOR TYPHOON EYE TRACKING FROM
MULTICHANNEL RADAR DATA CO”VLSTM REMOTE SENSING IMAGERY CNN

Seongchan Kim?!, Seungkyun Hong'?, Minsu Joh'?, Sa-Kwang Song'* Seungkyun Hong*'?, Seongchan Kim?, Minsu Joh'?, Sa-kwang Songh!2

Selected as one of top papers by Cl organizing committee (Sept. 4, 2017)
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Disaster Damage Assessment LG —

DDA system has several features including

o Direct Damage Prediction by Statistical Approach

Facility Damage

Indirect Damage Prediction using Big Data Analysis Techniques

Business Damage

@

oy Web-based GIS system for Vis. of Direct/Indirect Damage

Prediction Output Provisioning with Open API

@

@

W W W ¥

Observed, Predicted & Analuzed Data Convergence
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Disaster
Knowledge

weam | Damage Prediction System T

i h
P(r):jii?i’g:cl))na{a Facility (Direct) Damage Prediction Model Big Data Platform

p
Text Extraction J Statistical Prediction of Damage

Real-Time Streaming Big
Data Framework
(Apache Spark,

Damage Data
-

Facilities(Direct) Damage Prediction

e
Numerical ¢ Spark Streaming)
DEIIEE[ PEIE Quantitative Damage Assessment
p
Historical
Weather Data
- Business (Indirect) Damage Prediction Model Hadoop Ecosystem Based
™ Big Data Framework
Topography/ °®o st . & — (Apache Hadoop
Buildings / :m"@ *‘92/' k" = Ecosystem)
Facilities / - ) M Business Type/
Environment Floating ~ Location Sales Disaster Sales Effect
Data Population Info. Transaction History Based on Text
A\ /
Days Sales Estimation Event Based Sales Estimation
( . X . Machine Learning
Weather Local Vulnerability Unit/Regional Sales Damage Framework
L Forecast Data (MLIlib, TensorFlow,
Theano, Caffe)
FIooDdatS;age Web-based GIS system for Visualization
Building or Reginal Economic
a3 ™ A -
Flood/Inundati Damage Visualization
on Prediction el BEe i GPU-Accelerated Parallel
P ing F k
Data Damage Shapefile for GIS S/W rocessing rramewor

(GPGPU, Multi-GPU)

Indication of Damage
According to Risk Level
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Achievements & Plans e

_ K-DMSS (KISTI- System Military
KC ® Decision Making Delivery Weather
I I Support System) In 20117~2018 ‘ Info. Service
~ www.kisti.re.kr Korean Airforce
-
K-DMSS Subsystems & Models Deliverable in 20171

TPAS (Typhoon Prediction and Analysis System)

FPAS (Flood Prediction and Analysis System)

Ll
SPAS (Surge Prediction and Analysis System) Military Operation Scenario Flood Prediction Scenario
in the South Korea on the Imjin River

EDAS (Ensemble Data Assimilation System)

3D integrated Visualization System

K-MPAS CPU-GPU Hybrid Weather Prediction Model
Numerical Model Visualization System

DIPAS (Direct damage Prediction & Analysis System)
FPAS (Flood Prediction and Analysis System)

IPAS (Indirect damage Prediction & Analysis System)

Disaster Information Integrated System
Deep Learning Typhoon Track Prediction Model

Disaster Information Integrated System Deliverable in 2018
Disaster Information Portal System

3D integrated Visualization System

Numerical Model Visualization System

Flood Prediction Scenario at the KAF airbases
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to the Right People, at the Right Time,
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