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A	Social	System	Service	After	a	Severe	Disaster

Information	provided	by	
automobile	companies

The	above	figure	is	officially	provided	on	
March	20,	2011	by	the	Ministry	of	Land,	
Infrastructure,	Transportation	and	Tourism

Official	road	information
The	real	time	information	of	travelable	roads	as	of	March	20,	2011	based	on	vehicle	
travel	information	jointly	provided	by	Honda,	Pioneer,	Toyota	and	Nissan.	

Online	information	of	passable	roads		after	the	
Great	East	Japan	Earthquake	 of	March	11	in	2011	
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Social Systems

Cyber-Physical	System	for	Social	Systems	Optimization

State

Energy/Environ
ment

Community

Grasp	the	physical	world	in	real	time	via	sensor data.
Give	feedback	with	an	optimal	solution	for	the	social	systems

Behavior

Physical world Cyber world
Sensor	data

Integrated	IT	Platform

Social	data

Visualization
Simulation

Data Analytics

Context data

Solutions

Optimization	and	new	value	creation	
methodology

Healthcare

Weather/Disaster

Traffic/Transportation

IoT

Big Data
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Decision	Making	
Crowd	Sourcing
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CPS-IIP:	Integrated	IT	Platforms	for	Cyber-Physical	Systems	to	
Accelerate	Implementation	of	Efficient	Social	Systems

September	2012	-- March	2017	funded	by	MEXT

•Multi-stream	
data	collection	
& analyses

• Pervasive	
Sensing

• Smart
Federated	
Analytic	Env

• CPS data	
management

NII Hokkaido
Univ.

Osaka	
Univ.

Kyushu
Univ.
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Goals	of the	CPS-IIP	Project
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• Pervasive	data	sensing	mechanism	for	diverse	data	
streams	and	real-time	feedback		functions

• Scalable	& secure	data	management	Platform

• Complex	data	analytics	&	decision	making	support	
platform
– Exploratory	visual	analytics	utilizing		flexible		combination	

of	various	data	sources	and	analytics	tools

“To	understand	large	complex	systems	in	the	
real	world	via	BigData and	provide	optimal	
solutions	based	on	their	context”				
Real	world:		Building,	Campus,	City���
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Things,
Environment

Physical
World

Controllable System

Cyber Space

General	Issues	in	CSP/Big	Data

CPS Cloud

Actuation	(where,	when,	
how)

A	variety	of	data	sensor	data�systems	
data,	user	generated	content,	etc.

invisible	(stress-free)	data	collection

sensor	networking

Evaluation	of	values

Data	cleansing
Privacy	protection

Multi	structured	data	
store

Master	data	management

Sensor,	
Transducer

Sensors,
UGC

Privacy
Reliability
issues

Gap	in	values

data	mining,	machine	
learning,	complex	
event&	media	
processing

well	controlled	data	
security

1.	data	sensing,	
collection

2.	data	store,	pre-
processing

3.	data	analytics

4.	feedback

well	controlled
output

Complex	
Streaming
issues

Human
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Data	Analytics	&	Service	PlatformData	Management	
Platform

Service	C ���

Real–world	data	
sensing

Sensor	Networks

Statistical	Analysis,	
Knowledge	
Processing

Visualization

Simulation

Planning/Hypothesis	
tests

Decision	
Making

Social	System	Services	

Data	Capture

Preliminary	data	
analysis	and	
processing
(filtering,	
cleansing,	
clustering,	
Compressing,	
etc.)

Data	
Access/Sharing	
Control

CPS-IIP	Structure
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Actuating 
structurePhysical world

Service	BService	A

Cyber World (CPS	Integrated	Platform)

External	data	
sources
(scientific	data,	
economy,	society,	
etc.

State Capture

Data	selection/	
combination

Data	
Storage

Multi-data
Stream	capturing

Library		for	data,	
data	handling	tools,
analysis	scenarios

Visual	analytic	environment		with
improvisational		federation	of	resources

Kyushu U
Osaka U

Hokkaido U

NII
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Real	world	Data	Collections	for	CPS-IIP
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Category Data	&	source

Location	info of	vehicles Probe	car	data,	Taxi	probe	data

Location	info	of	humans
- GPS	information
- Incoming/outgoing	info	at	
stations

Location information	from	smart phone	application
Usage	information	of	IC	cards	in	subway	passengers

Broadcasting	media	info TV	program	archive	of	7	major	Tokyo	stations	of	
200k	hours	for	3	years	(150TB)

Student	behavior info
- IC	card	usage

Captured	in	Kyushu Univ.	campas

Environmental	and	weather	info Snowfall, snow	removal	from	Sapporo	city	and	Japan	
weather	association
Real-time	weather	info	from	the	satellite

Power consumption	info Smart meters	in	campuses	of	Kyushu	and	Osaka	Univ.

Communication traffic	info NII’s	SINET	
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Service	Field Captured	Data Analytics Feedback/Value

Snow	plowing and	
removing	in	a	large	
city

- movement	of	humans	
and	vehicles	(GPS)

- complaints		from	
citizens

- snow	plowing state	
(reporting)

- Visualization	of traffic	
conditions	under	
snowfall	and	snow	
plowing

- Method:	Open	smart	
federation	architecture

- Open	Library w/	
software	components	
and	data	sets

- Info	dissemination	thru	
SNS	to	citizens

- Snow	removal operation	
management:
Optimization of	the	time		
and	place		for	clearance.

ITS - movement of	humans	
and	cars		using GPS	and	
other	sensors

- Vehicle	behavior →
road	congestion	and	
accident	detection

- integration	onto	GIS

- Traffic	management		via	
signal	control

- navigation		for CO2

reduction

Disaster Management - Social	systems sensing
- Human	behavior	sensing

- Simulation	of	human
activities	in	the	city

- Evacuation	support	
- Rescue	support
- Aid delivery	control

Personalized	energy
saving		on	campus

- Visual	sensor
- Energy	consumption	sensors
- IC	card	info

- Modeling	of	human	and	
vehicle	movement

- Power	consumption	
modeling

- Visualization	of	human	
behavior

- Visualization	of	personal	
power	consumption

- Community energy	
management

Potential	Service	Applications	of	CPS-IIP
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Five-year	Research	Plan

Component	
Selection,

Integrated	
System	Design

�CPS	Data	Management	

� Smart Federated	Analytic	
Environment

�Multi-stream Data	
Collection and	analyses

�Pervasive	Sensing

FY2016FY2015FY2014FY2012 FY2013

Functional	design,		Systems	design,		Test	implementation

International
Symposium

Final	report	sessionmid-term	evaluation2nd conference1st conference

Basic	design,	Library	Expansion,		Implementations

Simulation	model
Real-time	feedback	systems	architecture	design
Test	data	collection at	a	trial	site	

Hybrid	sensor	network	design
Data	collection	via		multiple	sensors
Preliminary	sensor	data	analytics for	behavior	monitoring

Systems	evaluation,	Experiment
Evaluations

Demo Subproject�Smart	
Snow	Plowing

Demo Experiment2�Human	
centric	Energy	Management
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•Multi-stream	
data	collection	
& analyses

• Pervasive	
Sensing	

• Smart
Federated	
Analytic	Env

• CPS data	
management

NII Hokkaido
Univ.

Osaka	
Univ.

Kyushu
Univ.
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CPS-IIP	Data	Management	and	Analytics	
Platform

DB DB DB

Real World

High-speed retrieval of spacial data

DB import

Sensing

Alert

Analytics & Visualization

Parallel data analysis
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Infrastructure	for	Stream	Data Management and Analysis

Probe-Car	Data
(PCD) Road	Map Data

CPS
Database
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Visualization	and	Integration	of	scientific,	social,	and	
participatory	data	streams	for	smart	snow	removal
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Stream	
real-time	
processing

Weather	data

Multi-stream

Mass	media Social	media
One	of	the	largest	

DB	in	Japan

Spatial	
information	
processing	

Visual	
information	
processing	

CPS	Data	
Management	
Infrastructure

Verify	social	
media	based	on	
other	streams

Multimedia	
database	and	

queries

Alerts for	
rapid	

response	

Spatio-
temporal	

visualization

Active	
response	by	a	
mobile	app

Crow
d-reporting
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Crowdsourced Mobile	Sensing

Drivers
Pedestrians

Private	
sector

Public	sector

Mobile	Sensing	
Platform

Mobile	Sensing	
Application

Mobile	Application	
for	Business

Tools	for	
Interactive	Analysis

Cloud
• Analysis	of	Trajectories
• Event	Detection

• information	city	
roundup	and	
recommendations

• sensing

• collect sensor data
• provide roadside event

information

Integration of Sensing Data
and Social Big Data

“crowdsourcing”
– the	act	of	taking	a	task	traditionally	performed	by	a	

designated	agent	and	outsourcing	it	by	making	an	
open	call	to	an	undefined	but	large	group	of	people	
([Howe	2006]).

– can	take	the	form	of	peer	production
– is	also	often	undertaken	by	sole	individuals	

(“collective	knowledge”)

motivating	citizens	to	participate	in	the	service	by		
providing	useful	functions	and	information

Driving	Recorder	Application

[sensing]
• recording	sensor	data	and	movie	while	users	drive
• sending	drive	logs	and	movies	to	the	service	platform
• enabling	users	to	post	events	that	they	realize

[showing	information]
• event	information	collected	from	users

System	Overview

• Location
– latitude,longitude,altitude

• Move
– acceleration	(x,y,z)
– gyro	(x,y,z),
– course,	speed

• Scene
– movie	(1280x720,	mp4)

Collected	Data

Crowdsourced	Mobile	Sensing

15
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•Multi-stream	
data	collection	
& analyses

• Pervasive	
Sensing

• Smart
Federated	
Analytic	Env

• CPS data	
management

NII Hokkaido
Univ.

Osaka	
Univ.

Kyushu
Univ.
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Social	CPS	Smart	Federation	Integrated	Platform
and	its	Software	Technologies

��

Goal �Social	CPS	Smart	Federation	Integrated	Platform
Technologies	to	develop�
v Federation	technology	/	visual	analytics	platform	architecture	/	smartphone-based	crowd	

sourcing	of	real	time	location	data	and	image	data
v Large	scale		social	CPS	data	warehouse	/	mobile	SNS	
v Social	CPS	Integrated	Platform	Architecture

Smart federation platform architecture
Open publication of Web-top meme media system 
WebbleWorld

Smartphone-based	crowd	sourcing	of	real	time	location	
data	and	image	data	
Real	time	capturing	of	locations	of	buses	and	snow	
removal	vehicles

map

Pattern	
mining

Speed	
heatmap

3D	
measuremen
t	visualization

Exploratory	visual	analytics	with		Geospatial	Digital	Dashoboard to	
detect	traffic	obstacles	for	pinpoint	snow	removal		

Large-scale	social	CPS	data	warehouse
- NoSQLdatabase and	its	interface
- Web-based	data	acquisition	and	data	visualization	viewer

Federationg 10	tools	and	services	within	10	min.

Visual	Analytics	Platform	Architecture
- Geospatial	Digital	Dashboard	with	access	to	real	data
- Coordinated	multiple	views	and	analyses	framework

Locations of 
snow removal 
vehicles

Bus:
Location / 
acceleration 3D measurement of roads with LRS

Data	sharing	among	4	
research	groups

Snow 
removal 
trajectory

Bus trajectory 3D measurement 
of roads
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Large-scale	social	CPS	visual	analytics	service	library
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Goal	�To	enrich	the	large-scale	social	CPS	visual	analytics	service	library
Technologies	to	develop�
v Registration	of	existing	analysis	and	visualization	tools	and	services
v Development	of	new	analysis	and	visualization	tools	and	services
v Implementation	of	real-time	analysis	tools

High-speed trajectory mining and flock pattern 
discovery

Spatial analysis of behavioral obstacles

Data	stream	compression	for	pattern	mining	without	
decompression

Summer	red
�winter	blue

Identification of winter time obstacles

Visualization of traffic jam, 
weather radar data, 

estimated amount of snow 
removal, and snow 
removal trajectory

Clustering analysis of 
road links

(Gudmundsson et.	al.
AGIS2006)

flock	pattern

Rajectory data
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Better	compression	
than	Gzip

750	time	faster

Two	times	faster	
retrieval	than	

Zgrep

�compression	and	retrieval	of	trajectory	data
�compression	of	log	stream	data

Typical	route	change	dscovery of	traffic�
Applicable	to	anonimous trajectory	data

Smartphone	application�
evacuation	log	acquisition

Spatial	analysis	of	evacuation	
obstacles

After	snow	fall
Daily	change	of	average	speed	

in	each	road	link

Before	snowfall

Identifying	traffic	jams	after	
snow	fall

Generic	wrapping	of	analysis	tools	in	R,	Octave,	Ruby	
into	components
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•Multi-stream	
data	collection	
& analyses

• Pervasive	
Sensing

• Smart
Federated	
Analytic	Env

• CPS data	
management

NII Hokkaido
Univ.

Osaka	
Univ.

Kyushu
Univ.
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Modeling,	Simulation	and	Visualization	
for	Constructing	Smart	Cities/Buildings

1 0ENR @AG 0L @ /AD E L :A ME C

0 0 0 0D0

3 5 0 0 3 3 0
E  0 3 3 0 5

0 10 3 2 3

3 5
) 0 3 ( 0 0

02 0 0 0
0 0 3 3 0

v Urban	sensing	for	precise	re-production	of	
pedestrian/vehicular	mobility in	target	areas

v Usage	of	simulation	for	future	city	planning	and	
evacuation	planning	at	emergency	situations

v Visualization	of	simulation	results

EMO GES NE

Pedestrian flow Simulation

# of visitors for 
buildings

Laser Range Scanner

Security Camera

Urban Sensing/Simulation Technology
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1.	Human	Tracking	and	Environmental	
Sensing	Technologies

2.	BEMS	2.0	Concept	Establishment
(New	Metrics	Design	and	Feedback	Control)

3.	BEMS	2.0	Proof	of	Concept

• productivity-based	energy	
efficiency

• human-oriented		thermal	
comfort

• CFD-based	feedback	function	

demonstration	for	
33	months

• 2	LIDERs	and	52	Temp.	
Sensors	in	“Knowledge	
Salon”

• Cloud	Uploading		&	
Smartphone	App
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•Multi-stream	
data	collection	
& analyses

• Pervasive	
Sensing	

• Smart
Federated	
Analytic	Env

• CPS data	
management

NII Hokkaido
Univ.

Osaka	
Univ.

Kyushu
Univ.
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Pervasive	Sensing
- Adaptive	Sensor	Network	on	Campus	-

Objective : Construction	of	real-time	social	sensing	system
Issues :
v Measurement	of	the	position	for	each	person	by	camera,	Wi-Fi	AP,	ID	card	reader
v Measurement	of	environmental	information	such	as	temperature
v Integration	of	sensing	data	for	grasping	human	activity

Integrated	server

Sensing
�Person	position
�Power	usage	of	
appliances

Integration
�Person	trajectory
�Personal	power	usage

Camera	server ID	card	server Smart	plug	server

Provide	API

Visualization
Mining
Feedback

Outdoor	sensor	node
• Self	power	generation
• Over	6Mbps	

Ad-hoc	private	network
• High-throughput	multistage	relay
• Easy	extension	of	sensing	area	and	sensors
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• Peak	shift	based	on	schedule	change
• Balancing	between	efficiency	of	peak	cut	

and	time	change	of	schedule

Data	Analysis	and	Feedback
for	Efficient	Energy	Usage

Objective : Construction	of	feedback	system	for	efficient	energy	usage
Issues :
v Analysis	of	the	relation	between	person	behavior	and	power	consumption
v Visualization	of	sensing	data	for	analysis	and	indication	to	user
v Support	system	considering	acceptability	for	efficient	energy	usage

Feedback	system

Visualization	for	administrator
Advanced	analysis

Visualization	for	user
Simple,	easy	to	understand

Input	schedule

Power	demand
estimation

Peak	shift	planning

Request	for	
modifying	schedule

Peak	shift	system

0

500

1000

1500

11-Jan 12-Jan 13-Jan 14-Jan 15-Jan 16-Jan 17-Jan 18-Jan

Po
w
er

[W
]

Power	demand	estimation
based	on	input	schedule

Estimated	power	demand

Ground	truth

Estimated

Cooperative	peak	shift	between	community

Future	work
What	kind	of	incentive	is	appropriate?
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•Multi-stream	
data	collection	
& analyses

• Pervasive	
Sensing	

• Smart
Federated	
Analytic	Env

• CPS data	
management

NII Hokkaido
Univ.

Osaka	
Univ.

Kyushu
Univ.

1. Smart	Snow	Removal	Operations

2. Productivity-based	Energy	Efficiency
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Improvement	on
• Average	speed	of	the	traffic /	Average	delay	of	fixed	

route	buses	 /	Arrival	time	of	emergency	vehicles	
• CO2	emission	from	traffic	jams
• Annual	cost	of	snow	removal
• Winter	traffic	accidents
Evidence-based	quantitative	account	on
• Traffic	disturbance	by	snowfalls	
• Snow	removal	effect
Information	sharing	between	the	city	government	and	
citizens
Citizen	→ ����������

• Complaints /	road	conditions	and	accidents
���������� → ��������

• Conditions		of	road/	traffic	/	snow	removal	/	weather	

DEMO	1:	Evidence-based	Improvement	of	Snow	Removal	in	Sapporo
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Road	Measurement		with	Real-time	Data
n Detection	and	analysis	of	traffic	jams	and	the	causes

T Pinpoint	snow	removal	reduces	jams
n Detection	and	estimation	of	jams	and	frozen	road	surface

T Information	dissemination	to	citizens
n Evaluation	of	measures	by	analytics	and	simulation

T Prioritization	of	operations	with	preventive	actions
n Effect	evaluation	of	prove	car	data

T Decision	making	by	evidence

Data	Analytics	&	Simulation

Overview of	the	system

Probe car data Weather data

• Laser range scanner
• ABS functioning 

position info.
• VICS data
• Traffic accidents info.

Exploratory	visualiztion and	analytics

CPS data management platform
Multi-stream data processing, data store, access control
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3D	measurement	of	road	snowfall	by	laser	range	scanner

Device	attached	to	a	
bus

Measurement	of	road	snowfall	in	cooperation	with	Sapporo	city’s	
snow	control	operations	for	important	bus	routes
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Traffic	jam	analysis	through	Exploratory	visualization	
and	analytics	

• Interactive	analysis	by	improvisational	combination	of	map	and	data	
minting	library	tools

• Evidence-based	analysis	of	traffic	jam	causes
T Effective	pinpoint	snow	removal 30
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Measurement	of	road	conditions	using	crowd-sourcing	
APPs	for	drive	recorders

Sensing	
Ø Recording	and	transmitssion of	

sensor	log	and	images
Ø Submission	of	event	detections

(construction,	jam,	...)
Information	display

Data	acquisition	using	mobile	APPs

Data	processing	and	service	platform

Drive	recorder	APP

Ø GPS	position	info.
Ø image 1280×720 px mp4
Ø Accelaration,	gyroscopic,	directional

Portal	site

Feedback through processing acquired data
Real-time traffic info, road condition, event detection

Various	images	of	a	particular	point
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Simulation	of	snowfall		effects	to	road	traffic

Measurement of effective road width by car-mounted cameras

Obstacle	detectionVehicle	detection

32
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Summary	of	Evidence-based	Improvement	of	Snow	
Removal	in	Sapporo

Cyber Space

Probe car data
Drive recorder
Weather information
Claim information
etc.

Major roads of the city

Real-time sensing of road and snow 
conditions

Real world sensors

Maximization of snow removal results

Supports for snow 
removal operations 

and feedback of 
related informationweather×roads×traffic

×humans

Acquisitions of weather and road 
conditions and optimization of 

snowfall management
Cyber World

Physical World

Monitoring 
of conditions 
and results

Reduce 
traffic jams, 
accidents 
and snow 
removal cost
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•Multi-stream	
data	collection	
& analyses

• Pervasive	
Sensing	

• Smart
Federated	
Analytic	Env

• CPS data	
management

NII Hokkaido
Univ.

Osaka	
Univ.

Kyushu
Univ.

1. Smart	Snow	Removal	Operations

2. Productivity-based	Energy	Efficiency

34
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DEMO	2:		Human	centric	Energy	Management

Sensing

Utilization

Control	of	air	conditioner	and	illumination

Congestion-aware	ventilation	for	each	zone

Co-operative	peak	shift	between	multiple community	

Navigation	for	preventing	heat	stroke

Indication	of	ecological	behavior

Building	control	&	support

Planning	support	for	layout	design	of	appliances

Behavior	support

Mobile	sensing
(Acceleration,	position,	tweet,	temperature)

Environment
	Estimation	of	comfort


Human	behavior
	Activity,	congestion


Infrastructure	sensing
(Camera,	Wi-Fi,	ID	card,	power,	temperature,	CO2)

Productivity-based	Energy	Efficiency
Ø Energy	per	‘productivity’	instead	of	the	physical	size

Evaluation	of	‘comfort’	as	productivity

Private	or	office	space

Kyushu university	Ito	campus

Public	space

Grand	Front	Osaka DIAMOR	OSAKA
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Conventional	energy	saving	measures	

• Coarse sensing • Coarse feedback

On a building  and daily basis No use of acquired data,  uniform directives
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Power	consumption	measurement	by	individual	power	
sensors
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Human	location	sensing	by	laser	range	scanners

502 20

0 20
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Human	movement	measurement	by	IC	cards,	cameras	
and	WiFi APP
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Sensor	data	integration	in	virtual	environment
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Comfort	estimation	model	based	on	congestion	and	
environmental	data

Comfort control based on ambience of people and air flow
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Smart	campus	
experiment	at	

Kyushu	University

Experiment	at	
Knowledge	Salon	of	
Gran	Front	Osaka	by	
Osaka	University

2	cases:	smart	campus	&	commercial	building
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BEMS2.0		Human	centric	BEMS	compatible	both	with	
comfortableness	and	energy	saving

human×ambience×e
nergy

Air control, congestion 
information and feedbacks

Shopping and office 
buildingsReal world sensors

Cyber Space

Compatibility of comfortableness 
and energy saving

Fine sensing on a individual 
basis

Optimal control and analysis of 
individual comfortability  

Cyber World

Physical World

Monitoring 
of conditions 
and results
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Challenges	in	CSP	Studies

Real World

Sensor

Actuator

Controllable Machine
Cyber World

���

Mobile	
Phone

real	world	
understanding

content

Service
applications

contentcontentcontent

Service
applications
Service

applications

�How	to	get	real	world	Data?
�Corporations	are	reluctant	to	disclose	their	data.
Security,	privacy	issues,	corporate	confidentiality
�Value	vs.	efforts;		C/P	hard	to	balance	initially.
a	chicken	and	egg	problem	exists
�Limited	knowledge	in	each	physical	domain

Big	internet	players	lead	data	collection,	
data	analytics	and	even
IT	infrastructure	design	itself.			

Collaboration	with	industry	is	a	
key.		But,	with	whom,	in	what	
way?

How	should	academia	contribute	
to	the	progress	of	ICT	via	CPS	
studies?
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Summing-up: CPS	to	“Scoal CPS	”	

Social and human aspects are important 
in order to correspond to societal 
dynamics.

Aiming	at	a	new	CPS	concept	that	is	applicable	to	change	
various	social	systems

Effective social activities to 
improve citizens’ comfort

Abstraction and modeling of societies

Management of social resources
social systems

Sensors, Actuators, Networks, Computers, DB 
Operating System (OS)

Social CPS as an operating system of society
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