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A New Campus as an Experimental Field of 

Social Information Infrastructure
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Strategy of CPS research at Kyushu Univ.
 1st step

– Feasibility study for smart city in suburban
city with a large-scaled university campus

• Finding and analyzing various key issues
 Further strategic research/development plan

– Short-term：campus as a showcase of new technology and advanced 
culture

– Mid-term：platform for pilot program coordinating university campus 
with its surrounding town

– Long-term: Smart city balancing nature/culture with various industries
 Key issue examples: Fusion of various cyber-physical sensory data

Flexible and resilient sensor network
Personalization based on smart ID card
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Internet
Vision/Sensor

Mining

Statistical Anal.
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Cyber-Physical Smart Campus (est bed) 4



Goal: Smart City around Kyushu Univ. Campus

Green house

Health facilities

New Campus
（Hydrogen Station）

Waste heat

Cogeneration

Farming Facilities

Surplus energy
utilization
in Agriculture

Change into Low CO2 
Transportation System
(EV, Hydrogen-fueled 
Car)

On-campus Smart-grid
with PV and wind power
generation 

Hydrogen instead 
of LP/city Gas

Optimization of electricity usage
(Sensing-control-visualization）

Student House
Conventional House

Integrated
CPS

Dormitory

Person 
Authentication by
custom IC-card

Optimization of on-
campus transportation

Reduction of 
regional energy

On-campus Farm

Optimization of 
facility usage

Observation of Human/Vehicle
activity using sensor network

Library, Restaurant

Internet
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Mining
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FS: Personalized Eco System

 Automatic control of energy consuming instruments
 Manual control led by visualized notification 
 Optimization based on personal attribute, environment,..

energy consuming instruments
SensorOperation

control

Sensory Data
Operation Status

Gathering

Visualization
Analysis

Operation Status

Control（output）

Acquired data（input）

Human
Activity

Sensing

Authentication

Analysis

Operation
control

Operation
plan

Remote
control

personalized

personalized
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Object Tracking in Wide-area Environment

Object tracking in a single view
– There are many good techniques

• Continuity based algorithm

How should we do when a target-area is quite 
large?
– We have to use multiple cameras, i.e., multi-view image.
– Usually cameras are sparsely installed.

Object tracking in sparsely installed multiple 
cameras
– No continuity is assumed!
– We have to identify the objects in the multiple views.
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Disappear Appear

Vehicle tracking in a wide area by distributed 
multiple cameras
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Object Tracking in Distributed Vision
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People tracking in a wide area by distributed 
multiple sensors
 Inside of our building

10

Observation
area

Observation
area

10 Cameras

2 Sensors

2F

3F
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Performance evaluation (Indoor Env)

S1 S2

recall：90.3%
precision：81.6%

Total

recall：90.4%
precision：85.3%

Last
half
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Macro-level Transfer Model
in a Large Scaled Environment

 Areas where object flows occur are detected
 Correlation of those areas are evaluated

Sparse Camera Set

Without explicit tracking

〇Simple computation
〇Spatio –teimporal
relation among flow areas
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Macro-level Transfer Model
in a Large Scaled Environment

Motion vectors in 
patches

Salient directional 
region

Transfer model

30 50
20

20

30 Cam 3Cam 1

Cam 2

映像内の移動方向解析による指向性領域検出とそれに基づく移動モデル検出

Observed image
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Estimated Transfer Model (Preliminary)

 Three views in a campus scene
 Human walking pattern in the

morning
↓

 Spatio-temporal relation
among salient 
directional region
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Sensor Data Visualization of Ito Campus Eco Project

 Data Broadcasting Service on Digital TV of Ito Campus
 Receivable everywhere inside the campus using car navigation 

systems, mobile TV and home TV
Digital TV/Radio wave

Home TV

BML（Broadcast Markup Language）

Internet
Mobile TV

Web server

Visualization

Sensor data

Audio/Video Stream (mpeg2ts)
Data Broadcast Contents (BML files)

Car navigation systems

Various types of sensors
Various types of information

Control Signal

Sensor data
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PicoMESH: A flexibly area-extensional WLAN infrastructure for 
ubiquitous sensors and actuators

 Wireless backhauled WLAN access points
– AP allocation, reallocation and deletion are simply done without LAN cabling

 Ultra-large scale wireless multihop relay by statistical mesh and IPT 
forwarding
– More than 10 hops relay 

 Commercial grade
– WiFi hotspot operators deploy APs based on the PicoMESH technology as their 

network infrastructures

Internet

Palm size

Product 
rollout by 
PicoCELA

A large scale trial 
in Canal City 
Hakata

PicoMESH, as a gateway to internet, can accelerate 
introduction of numerous sensors and actuators
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Filtering/Mining/Analysis of Sensor Data 

 Efficient processing over streaming data.
– Based on fast pattern-matching/mining algorithm.
– A huge number of queries can be processed simultaneously in one pass through 

the data.

 Efficient processing over stored data in compressed form.
– Based on fast pattern-matching/mining algorithm over compressed data.
– Compressed data can be processed efficiently without explicit decompression. 
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Internet

Filtering

Data Mining

Statistical Data Analysis
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Crowd sensing through micro blog

 Use “Twitter” as human sensor to know the real world.
 Use “WiFi signals from APs” to grasp the position in the indoor.
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This burger
is delicious

Train delay This event is 
exciting!

Where is a nice 
restaurant ?

kindergarten
Lack of 

kindergarten

Go Ichiro!

Micro blog analysis & WiFi-based indoor positioning system

When what event has 
risen where?

What food is caught on big 
with youngers?

What kinds of affairs
attracts interest?

even if in indoor 
Position is clear
even if in indoor 
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time time time time

Feature
detection

・Recording of Farming
Activities

Action Recognition Farming Environment Observation

Application to Agriculture

Feature
detection

Variety of 
Sensory Data

Sensor Fusion
Data Mining
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Other Important Problems

 Specification of API for sensor/actuator access
– Establish standard API?

 Sensory data should be Open as much as possible
– Expect good applications for ECO by students, staffs

More Extensive Involvement to ECO 
– Introduction of Rewards?
– Good Education in the university?
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Thank you for listening!

CPS Research Activities at Kyushu University


