e o
Cx® :

Funded by
European Union
Civil Protection

S Ay S L

Al in Emergency Response

Panayiotis Kolios, PhD BEng AKC

Research Assistant Professor,

KIOS Research and Innovation Center of Excellence,
University of Cyprus

Web: www.kios.ucy.ac.cy/pkolios

Email: pkolios@ucy.ac.cy

& & . ;
Aat | University
of Cyprus

K@LOG

e Innowation Cantar of Excellar



http://www.kios.ucy.ac.cy/pkolios
mailto:pkolios@ucy.ac.cy

KIOS CoE, University of Cyprus




KIOS Technical Focus & Specialization

Intelligent monitoring, control, management and security of complex,
large-scale, dynamical systems
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A Emergency Management Response



COVID19 Decision-support
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>€ 2,000,000.00 EU R&D funding (DG ECHO PREDICATE, SWIFTERS,
LEAPFROG, AIDERS, ARTION projects, DG HOME CERETAB, H2020 PathoCERT,
CARAMEL, SESAME, RIF Ronda, MARISENSE)

Industry R&D funding from national first responders (Cyprus Police, Ministry
of Defence) and critical infrastructure operators (EAC)

UCPM trainings including the Exchange of Experts and the AMC

PreSeed funding by Cyprus Seeds and Research & Innovation Foundation



Facility

3 DJI M300, 4 DJI M100, 2 DJI M210
platforms

12 DJI Mavic units
Fixed-wing Parrot and DeltaQuad

Camera payloads . Y ata V! ﬂ%/

NV T

HD, thermal, multispectral cameras . - , — . ; '
Lidar sensors

Spectroscopy sensors
Power

One 1045Wh Power station

Multiple drone batteries
Computing

2 Ruggedized laptops, 1 ruggedized
tablet

2 GPU laptops

12 Nvidia Jetson Nano

2 Samsung Tablets, 12 smartphones
HPC cluster
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Exercises and Trainings




Field Deployments




LoRa Sensor Network & Data
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Al for Emergency Response

Situational Awareness

Flame height
Fire Temperature
Spread rate

Situational Awareness

Structural assessment
of buildings
Find survivors

FIRES

Modelling
Weather

Vegetation type
Modeling of Spread

L

Cascading Effects
Citizens

Buidlings
Road accessibility

EARTHQUAKES
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Modelling
_|" Weather forecast

Estimated population
density
L}
L.
Cascading Effects
Citizens

Buidlings
Road accessibility

FLOODS
[\
:®1 Modelling
- 4 Weather forecast
Situational Awareness Rainfall
Water height
Water speed

[ |
L.
Cascading Effects
Citizens

Real time flood discharge

Buidlings

Road accessibility
Industrial/Sensitive area
Topographic drainage basin
Hydrographic network
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"v" ‘ ﬁ‘% Modelling
Situational Awareness ( I3 * \ o — Sickness Trend
People Count ;j looooool » Infection Rate

Proximity Alert
Mask Detection
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L.
Cascading Effects
Hospital Capacity

Shortage of medicine
Lockdowns



What can Al/ML do?

QWhat kind of help can Al/ML provide in the Disaster Management
cycle?
= Systems that forecast events in order to take actions before a disaster
= Decision-support systems
= Decision-making systems
= Al-powered automated robotic devices



Emergency
Management

Stages of Disaster

Activities

Temporal Domain

v

operation
Mitigation Preparedness
O O
Assess
o Pre-Disaster ----|----- Current ----
State

Forecasting and
Prediction

Early Warning &
Vulnerability Assessment

Event that disrupts
normal society

Image Disaster
Recognition

UAV-based
monitoring

Recognizing People

Cascading Effects

Predictive
Modelling

Spatio-temporal
— evolution of

disaster
Response
@)
Predicting Decision
--=-  Next -------- Making ----|-
State and Actions
Planning for

Cascade Negative
Effects

Mapping &
Damage
Assessment

Recovery &
Strategy
Assessment



Employing Al in Emergency Response

High Computing Power and Storage

Input Data

Al Algorithms
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Detection and tracking

Ready to Go (GPS) G Takeoff il @l HD il
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Integrated hardware and software intelligent systems
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Damage assessment and severity (Xyliatou)

UAV Burnt Area Mapping
Aenal UAV flights performed i order to map the bumt area of the Ayia Marina Xyliatos forest

3D View of the Xyliatos burnt area

Project Description
A multiple drone flights performed and big imagery sets
collected serial. The 3D view of the burnt area as well as
the Digital Elevation Medel resulted when the Photogrammetric
and GIS analysis had been applied on the initial data.
A high detsiled orthophoto file has also been created,
empowering the di di dure.
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Web and Mobile apps
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Integrated hardware and software data fusion m AIDERS

% Weather Weather forecast
% 2 '%5 _I'> Fire Temperature Rainfall We.ather forecast . .
© Water speed Estimated population density
QU % ¥ Spread rate = Real time flood discharge Structural assessment
v o Vegetation type 2
Pz < I
g
Citizens
Citizens 4 Buidlings Citizens
Buidlings 0‘760' Road accessibility Buidlings
Road accessibility Teams and means Road accessibility
Industrial/Sensitive area
Teams and means Topographic drainage basin Teams and means
Hydrographic network
e l@,
=13
Camera Multispectral RadioMetric Lidar CBRNE
v Conventional Broad Spectral Data Thermal and Elevation and Multi-Gas
o RGB Images (between 3-5 bands) Radiometric data structural data detection data
C
Q
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Fire analysis

ONeed information in all phases:
= Prevention / Preparedness
= Response
= Recovery

QData needed include:
= Weather, tolopogy, fuel conditions, fire behavior
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= |[arge volume of data that need to be processed both

different phases



Activities SimpleScreenRecorder (Snappy Edition) ¥

@ The AIDERS platform b3 How to generate randorn X Javascript Random Inte:

SimpleScreenRecorder

| Recording

@start recorﬁng
V| Enable recording hotkey Enable sound notifications

Hotkey: v Ctrl+ Shift + Alt+ Super+ R
Information Preview

Total time: 0:00:00 Preview frame rate: | 10

rpsin. £.90 Note: Previewing requires extra CPU

FPSout:  0.00 time (especially at high frame rates).
Size in: 1920x1080

Sizeout: ?

File name: ?

Filesize: 0B

Bitrate:  0bit/s

Start preview
Log

[PageRecord::StartPage] Starting page ...
[PageRecord::StartPage] Started page.

@cancel recording Zisave recording

Video F

x

Multispectral overlay

Map 4 18:05 e

html-Javascript randor

X

@ mtocm-GoogleSearch  x

University of Cyprus
Gym Facilities

+

© Maphox © OpenStres
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Earthquake assessment

QHazard and risk assessment
= Using OpenQuake, etc

aData needed include:

= Soil type, Building quality, distance from fault, number of floors populatlon
density, distance from public open area s S L
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Longitude: 33.3721
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Elevation: 180 meters NG
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{"x":1082, "y":839}

QLERSEEO {"1ng":33.40939748501023, "lat":35.14632424864362}

= UAV Missions

Select Drones

Drone kios_mavic2i

Drone kios_mavic2f

Monitor Points
Click & Go

Build Map

Start Build Map
Load Build Map

%X Maptools Metdical Sciroul

Enable Detections

§ Chemistry &
UAVs Trajectories Physics Bep.

Detections
Computer Sience i
&Math Dep. FAUre rooms

Video Feeds

Detection Video Feeds
Anasiagios

daventis Bulldf

Map Styles

Map Layers

Ue Hatt




3D reconstruction

Reconstruction




Water contamination Case Study
$i¢) PathoCERT
Technology layout
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PathoTWEET

’E

Faster
event

PathoDRONE PathoVIEW
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PatholMS

detection

pling
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Faster
water

PathoTHREAT

Real-time water
sample analysis
Real-time vital
signs monitoring
Real-time
situational
awareness

PathoWARE PathoINVEST



Water contamination Case Study
$1¢) PathoCERT
Technology layout




Emergency Response Technologies

Autonomous Systems Embedded Hardware UCPM Trainings Field Exercises



QAvailable at:
https://www?2 .kios.ucy.ac.cy/ARTION/

QDatasets, algorithms, manuals, etc.
ONew material will be regularly posted

l
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Data

& (1)
Flood Exe Search-and-Rescue 5
Datasets collected during a flood exe Datzzets collected during
shol an artificial lake in Cyprus. Cyprus.

More ]

Manuals / Whitepapers etc.
_—
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https://www2.kios.ucy.ac.cy/ARTION/disaster-management-ai-portal/

External Experts

External Data

H2020 PathoCERT
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Scenario #1: Urban water contamination after an earthquake due to wastewater infiltration

Field exercises

Scenario #2: Contaminated water sources due to a natural/accidental event (rainfall after
a forest/urban fire), causing problems at infrastructures, e.g., the water treatment plant unable to
function.

Scenario #3: Urban water contamination of unknown source (including terrorist attack), possibly
affecting human health.

Scenario #4: Flooding event, which is mixed with waste products, affecting a certain area
that needs to be evacuated.

Scenario #5: Search and rescue mission within in a lake/sea/river with possibly
contaminated water.



