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Cyber-Physical-Social Information Ecosystem NicP
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Collective Awareness of Cyber-PhysicaI Social Event

(E.g.) PM2.5 air pollution
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Courtesy: Eventinformation management system
(UC Irvine, NICT, 2013)
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Cyber-Physical Social System: A Vision

Hﬁ

Recognize evolving complex situations at particular
location over period of time, then provide actionable
feedback to device, people, and society

-

Model and manipulate cyber-physical-social events
based on ‘correlations’ between individually-
disseminated, heterogeneous sensor data
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Analyzing Spatial-Temporal-Thematic Correlations

High PM2.5 (> 35 pg/m3) High humidity (> 85%)
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“I need to ware face mask, because PM2.5 increases extraordinarily”
“Wearing face mask makes my face smaller in such a humid day”
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STl CKER Spatio-Temporal Information Clustering and Knowledge ExtRaction ”\f‘?

Visual correlation mining of heterogeneous sensor
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correlating datase
eNarrow STT
conditions

*~.. Visual analysis of STT correlations

Visual presentation of intersection, surrounding, synchronization,
movements and continuity complement, etc.
Aggregation
Data Filtering Filtering Filtering
Manipulation
Data Szz:;r :
Model site
Visualization Tag cloud Plotting Iso-sphere Composite  Trajectory
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NICT K-L Grid: Cyber-Physical Social Sensing Platform  #/?
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Sensing Platform Issue 4

[Agile gathering, processing and

archiving of heterogeneous
sensor data

?’ " Application
. : . ol "
N k- - Collective sensing developer
A ‘ﬁ application
ﬂ N <
“UN
» Sudden deluge of data from )
anonymous sources On-demand creation of
»  Ad-hoc sensing and trial- application-specific
7L GBI virtual sensor networks

» Quick response to ongoing
situation changes

Physical networks

Suffer from unforeseen traffics
» Hard to reconfigure existing
sensor networks
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Cyber-Physical-Social Sensor Service (CPSenS) NicP

Sensor Service Collaboration Overlay Sensor Service Collaboration

— Sensor virtualization: encapsulates data 12 < S
sources as Sensor services

— Vertical sensor integration: combines %
heterogeneous sensor services on demand

— Horizontal sensor integration: complements
missing data with multiple sensors

Service Controlled Networking (SCN)

1. Declarative Service Networking (DSN):
defines application-specific sensor service

collaboration by declarative rule language NCPSfor | ... NCPS for
2. Network Control Protocol Stack (NCPS): |___OpenFlow IEEE1888 |/
Invoke programmable network commands OpenFlow IEEE 1388
Command/API

for dynamic configuration; service node
discovery, path setting, status monitoring

W
3. DSN/NCPS Translator: Generate NCPS

commands by interpreting DSN = : o g

descriptions with multiple-overlay Upenriov ) IEEEE 1888 NW
coordination

Programmable Networks
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CPSenS Example NicP

Overlay GeoSocialApp DSN description

R1 REGIST(GeWE) <~ IDENT(GeoSocialWeb, GeWE, “192.168.94.62")

F1 FIND(RaQU) <~ REQUEST(GeWE, RaQU)
F2 FIND(TwQU) <~ REQUEST(GeWE, TwQU)

S1 SEND(GeWE, RaQU, “50 <= Rain” & “1000 < SampleRate”) <~ FIND(RaQU)
S2 SEND(GeWE, TwQU, “disaster” & “4000 < Record”) <~ FIND(TwQU)

_ Sensor service collaboration

SERVICE_ SERWICE_ N
SAMIE LR ATICN ~

OpenFlow paths by NCPS

____________________________________________ GeoSocialApp
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Seamless Processing form Sensor Data to Complex Eventac?

“aggregation”
operator +
. . A “filter”
Alr pOIIUtlon event / | operator Event model
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Event Information Management System

Nﬁ

Complex event processing

Analyzing complex situations
by spatio-temporal event
stream processing

Event Warehousing

Creating atomic events from
individually-disseminated ,
heterogeneous sensor data
(both streams and archiv

Trigger

Event Shop (UCI)
o Segmentation: Threshold
/(b\ Reuse
________________ I ,* A
EVWH (NICT)
C-P-SEvent DB
S — m— Event
Link detection &
correlation

Courtesy: Eventinformation management system (UC

Irvine, NICT, 2013)
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Event Warehouse (EVWH) 4

Correlation Database (Value-based Storage approach)

Weather sensor data SNS sensor data (weather topic)
2012-03-0111:02:35 AP-Kyoto 2.1C 3.5mm 2012-03-0111:00:02 35.011636,135.768029  #Weather Wondering if it snows
2012-03-0111:03:05 AP-Tokyo 11.2C 0.1 mm 2012-03-0111:02:00 35.681382,139.766084  # Weather Spring has come
2012-03-0111:03:35 AP-Osaka  1.0C 2.1mm 2012-03-0111:05:45 34.701909, 135.494977  #Weather Not good for laundry

Data values Table structure Data values Table structure
tag:value record_tag:[tag, tag,..], tag:value record_tag:[tag, tag,..],
r 1:2012-03-01 11:02:35, 1001:[1, 4, 6, 9], 21:2012-03-01 11:00:02, 2001:[21, 24, 27, 28],
2:2012-03-01 11:03:05, 1002: [2, 5, 7, 10], 22:2012-03-01 11:02:00, 2002: [22, 25, 27, 29],
L 3:2012-03-01 11:03:35, 1003:[3, 4, 8, 11] 23:2012-03-01 11:05:45, 2003:[23, 26, 27, 30]
4:AP-Kyoto, 1—24:35.011636, 135.768029,
5:AP-Tokyo, /_ 25:35.681382, 139.766084
6:2.1C, —26:34.701909, 135.494977,
7:11.2C, 27:#Weather,
8:1.0C, 28: Wondering if it snows,
9:3.5mm, 29: Spring has come,
10:0.1mm, 30: Not good for laundry
11:2.1mm

Spatiotemporal correlation

J L JOIN over Correlation

corr_tag: (tag, tag, ..)/corr_coeff ... corr_label D

Table structure
(X2, 3,21, 22, 23)/0.95 ... [2012-03-01 noon] T .
“(4. 24, 26)/ 0.92 ... Kansai area 4 record_tag:[tag/certanty, tag/certainty,...],)
103: (5, 25)70.80 ... Tokyo area 5001:]101/0.95, 102/0.92, 104/0.85, 106/0.6,],
104: (6,8, 9, 11)/0.85 ... snow 5002: [101/0.95, 103/0.80, 105/0.9, 29:/1.0]

105 (7,10)/0.9 ... sunny

6: (28, 30)/0.6 ... cheerless day
101/0.95: 102/0.92: 104/0.85: 106/0.6:
[2012-03-01 noon] Kyoto area snow cheerless day

Cybe F-PhySiCa|-SOCia| Event 101/0.95: 103/0.80: 105/0.9: 29:

[2012-03-01 noon] Tokyo area sunny Spring has come



Correlation Search (Cross-DB Search)
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Correlation Clustering by Evolutional Computing

Nﬁ

* Optimize correlation graph cluster by evolutional operations: merge, split,

expansion, crossover, and mutation
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Example of Cross-DB Search

Query “ice sheet” in Northern Hemisphere

Select spatially- and ontologically-
correlating data

Examples of added dataset

Arkhipev, SM (2000} Chemistry of ice core FRDTS. daii10.1594/PANGAEA SE202,
In: Arkhipov, Serguei M; Kotlyakov, Viadimir; Punning, Ya-M K; Zogorednoy, V;
Nikolayav, V I; Zagorednov, V' 5; Macheret, Yu Ya; Vaikmaye, R; Barkow, N |;
Korsun, $A; Korotkevich, V; Morev, V A; Evseyev, A V; Vostokova, T A;
Andreev, Andrel A; Klementyey, Oleg L; Korotkeviteh, ¥5; Stiévenard, Michel;
Sinkevich, SA; Samoylov, O Yu; Gordienke, FG; Korsun, AV; Tiugu, KR;
Arkipov, SM (2008): Deep driling Russian projects in the Arctic (1575
1988). fnstétute of Geography, Russian deademy of Setences, Moscow.
diol:10.1594/PANGAEA TOTI63

Wasilowska, Agnieszka; Rzepecki, Marek (2010): Hydrochemistry and pigments
measured on water bottle samples at Admirality Bay in 2007, Deparment of Antaretic
Bielogy, Polish Academy of Sciences, 80110, 1594/PANGAEA. 740077

impact of limate inducedfgiacier reit on marine coastal 3 uCOAST)

Klages. JP et al. (2013). Clay mineral content of sediment core PSTH234-1.

doi:10.1594/PANGAEA. TT9R3S,

In Supplement ta: Klages, Johann Philipp; Kuhn, Gerhard; Hillenbrand, Claus-

Dieter; Graham, Alastair GC; Smith, James A; Larter, Robert D) Gohl, Karstan

(2013): First gesmorphalegical recard and glacial history of an interfEe sreamridge on

the Weast Antarctic continantal shelf. Quaternary Sclance Reviews, B1. 4751,

dei-10.10164. quascirey. 2012.11,007
F from Marine Sediments & AW (A71_Paleo) o
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Towards Cyber-Physical Cloud Computing 4

Cyber-Physical Cloud Computing (CPCC) is defined as: “a system environment that can
rapidly build, modify and provision auto-scale cyber-physical systems composed of a set

ke RN
E\n 'fj ey
J 9@
. Cyber'PhySical ; g . ' = web services
CbeOen: P::’i:ca Ig Cloud Cyber-Physical Cloud | ‘%
PHting Computing , _. 5

Processor
Service
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Service

] satellite

Desktop Cloud
Computing Computing

Actuator Data
Service | Service

= B haspital

traffic signal

Interaction to Physical Components g.
>

Internet

small Scalability and Interoperability large : QB’
Y

end user smart phoneg
e Efficient use of resources

* Modular composition
» Rapid development and scalability of cyber-physical systems
« Smart adaptation to environment at every scale

» Scalable reliability and performance Reference: Cyber-Physical Cloud: its Roots, Architecture,

Challenges and Opportunities (NICT, NIST, 2013)
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CPCC Scenario 4

» Geo-Fencing: deliver local

information from global monitoring
Functional & Cyber-Physical System Model

onriinedansl » Emergency Evacuation and Rescue
requirements kg e Systems
——— " P e Person Find Systems
gf - | : « Emergency Health Care Systems

system builder » Emergency Telecommunication

Systems
Service Catalag
deliver ) deI'IVEH"
........ -3 __h::‘-h‘-l
\ s
Information cloud resources

system user i i
requirements -

sensing data

cloud resources !E . !g

e direct interaction

====j indirect interaction via actuatars

Reference: Cyber-Physical Cloud: its Roots, Architecture,
Challenges and Opportunities (NICT, NIST, 2013)
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CPCC Conceptual Architecture 4

Service Orchestration
-virtualLocation
_i'-l‘lﬂ'l'lﬂ
+run service) ' !
|+register service()
———p #negotiate SLA)
T T ‘f‘ ‘Conductor " Provisioner
[ recamaos SRS oot sonvoes() || provice Kt ofservicss() |
i a0 -physicalLocation +monitor service() | +register new service()
sl O el smody existng service()
Iﬂmd’l‘raxhliig algorithm()
i i Catalog
| StoredData Actuator Sensor -serviceEntry
. o ) +perform action() J'+pri:wi:la data()
i-l-prmrlda data() ' ‘F T
+modiy data)
; Social Physical
i Passive | Active
| ComplexService | #interpret() +convert()
+perform complex task() I

Reference: Cyber-Physical Cloud: its Roots, Architecture,
Challenges and Opportunities (NICT, NIST, 2013)
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Conclusions nicP

Event-specific Scalable C-P-S Event-oriented
collaboration system collaboration

Application STICKER

Event-of-
interest

Application for E1

Correlational Ev IM

Programmable
network (SDN)
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