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Mega Trends
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Economic developing center shifting to 
developing countries

Market center shifting to developing countries

2007 2020

industrial 
countries
(OECD+)

developing countries

industrial countries(OECD+)

developing
countries

GDP changing

67.2 trillion $ 102.1 trillion $

40.1
trillion $

27.1
trillion $ 49.7

trillion $

52.4
trillion $

double rates
in developing 

countries

（source：World Energy Outlook 2010
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Energy expenditure center shifting to developing 
countries

Sharply-rising energy expenditure in developing countries

（Source：World Energy Outlook 2010）
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Dwindling birthrate and an aging population
in industrial countries

Developing countries follow 30 or 40 years 

behind in industrial countries

（Source：United Nation World Population Prospect 2008）
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Cloud Networked Robotics
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Courtesy of Dr. Kamei
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IEICE Technical Committee on Cloud Networked Robotics
• Interaction between heterogeneous robots
• Interaction between human  and robots
• Cloud data collaboration for networked robots
http://www.ayu.ics.keio.ac.jp/cnr/



9© 2012 Toshiba Corporation 9

Brains on Clouds
• Cleverbot http://www.cleverbot.com/
• Siri (Speech Interpretation and Recognition Interface)
• しゃべってコンシェルShabette_concier
http://www.nttdocomo.co.jp/service/information/shabette
_concier/
• Animetrics
http://animetrics.com/cloud-face-recognition-services/ 
:
:
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Elements of Cloud Networked Robotics
• Data sensing
• Recognition 
• Data mining
• Visualization and feedback
• Modeling
• Simulation
• Prediction
• Control
• Actuation
• Utilization
• Harmonization with human and robots
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Acceleration Based Sensing
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Related Works on Activity Recognition (1)

Many sensors need to be installed in the environment.
 too costly to implement

Floor sensors

Cameras
Microphones

Door
sensors

RFID tags/
readers

Ultrasonic
sensors

Infrared
sensors

•Aware Home
Georgia Tech. (1999)

•EasyLiving Project
Microsoft Research (2000)

•YUKARI Project
NiCT (2004)

•Sensing Room
Univ. of Tokyo (2004)
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Related Works on Activity Recognition (2)
   Input meal 

menu 
 

 

Bluetooth 

Wearable 
sensor module 

PDA 

Physiological 
data 

Take 
medicines 

Movement 
recognition

Beginning 
of a meal 

Take a rest

Take 
exercise 

Recommended 
menu 

MIT (2004)Toshiba (2002)
NTT (2010)

Various living activities have become recognizable by wearing sensors.
 Impracticable to continuously wear many accelerometers in daily life

Mobile phones / Smartphones
• are widely used.
• are always located close to users.
• are equipped with sensors such as an accelerometer and a GPS.

to use a special device from the viewpoint of the cost
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Problems for Activity Recognition @ Smartphone
• Problem 1: Focusing only outdoor migration activities

– It was difficult to recognize various indoor activities.

• Problem 2: Power consumption

NTT DoCoMo (2006) KDDI (2008)

Recognizing various indoor activities (ADL and IADL)

Developing a low power consumption algorithm

(Related works)

Objective 1:

Objective 2:
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Indoor Activity Recognition @ Smartphone

• Using not only an accelerometer but also a microphone
– Hybrid activity recognition focused on the sound

• Rough classification of movement by acceleration
– “Walking,” “Quiet,” and “Performing a living activity”

• Classification of the nature of the task by sound

Data Resolution, 
Sampling Frequency

Data size per
1 sec. (Bytes)

3-axis acceleration 10bit, 20Hz 75
Sound 16bit, 16kHz 32,000

Recognizing various indoor activities (ADL and IADL)

Developing a low power consumption algorithm
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Indoor-Outdoor Activity Recognition @ Smartphone

Internet

Indoor living activity recognition

Outdoor migration activity recognition

Boarding Walking Resting

Vacuuming

Washing 
dishes

Brushing teeth

Indoor-outdoor
switching

3G

BluetoothTM
Server

PC

Accelerometer

Accelerometer

Microphone

GPS

Browsing of the log
(watching over)

Personal lifelog

Distant family

Care manager
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• Recognizing various indoor-outdoor activities in real 
time by using a commonly-used smartphone
– Sensors

• 3-axis accelerometer, microphone, GPS
– Combined an indoor living activity recognition engine and an outdoor 

migration activity recognition engine

• By switching between the 2 engines depending on an 
acquisition condition of GPS satellites
– Enables users to continuously recognize indoor-outdoor activities

• A transmitting function to a cloud server or an external 
terminal via 3G networks or BluetoothTM

– In anticipation of various practical services

Features
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Processing Flow

Indoor living activity recognition

Outdoor migration activity recognition

Boarding Walking Resting

Vacuuming

Washing 
dishes

Brushing teeth

Indoor-outdoor
switching

GPS
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Indoor Living Activity Recognition Engine

1. Roughly classifies the user’s movement into “Resting,” 
“Walking,” and “Performing a living activity”

2. When it classifies “Performing a living activity,” it activates
the microphone to recognize various living activities.

Indoor living activity recognition

Vacuuming

Washing 
dishes

Brushing teeth
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Movement Classification by Acceleration
• Low throughput algorithm

• 10bit, 20Hz sampling
• Using variances of 1-sec data series

1-sec variances of
vertical acceleration 

Resting

Walking

Performing a
living activity

A
ccelerom

eter

M
axim

um
 am

ong
3 variances of each
axis acceleration
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C

lassification of the 
nature of the activity

R
eview

ing results of the 
entire activity period

Activity Classification by Sound
• Train each target activity beforehand（10 seconds）
• Classifier: SVM（Support Vector Machine）

•Classifying every 1 second

Washing dishes

Ironing

Vacuuming

Brushing teeth

Hair drier

Flushing the toilet

M
icrophone

Feature extraction
(M

FC
C

, R
M

S
, ZC

R
)

N
orm

alization

• MFCC (Mel Frequency Cepstral Coefficients)

• RMS (Root Mean Square)

• ZCR (Zero-Crossing Rate)

•16bit, 16kHz sampling
•Calculating averages of each feature every 1 second
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quiet

performing
a task

Classification of
m
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ent condition
walking

Classification of
the nature  of the task

task3

task2

task1

walking performing a task (task1) quietInstance‐based
recognition result

Additional recognition 
result by majority voting

Classification result of 
every 1 second
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C
alculating statistics

Outdoor Migration Activity Recognition Engine

E
stim

ating a direction of gravity

S
tochastic correction

Walking

Running

Resting

Boarding

A
ccelerom

eter

C
alculating device direction

independent feature quantities

Length, Inner product, Cross Product

average, minimum, maximal and variance of these 
quantities in a certain time window

running walking

boardingresting

Transition probability: high

Transition probability: low
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• Indoor Living Activity Recognition
– 21 subjects

• 6 men and 6 women in their 60s
• 5 men and 4 women in their 20s to 40s
@ a mock living room

– Target living activities
• “Washing dishes,” “Ironing,” “Vacuuming,” “Brushing teeth,” “Hair 

drier,” and “Flushing the toilet.”
– First, they performed each activity for 10 seconds.
– Then, we directed them to perform all the target activities.
– We did not direct them how to spend the intervals between the 

target activities.
– An untrained task might occur during the intervals.
– It should be considered to be an untrained task.

Evaluation Experiment
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Trained tasks

U
ntrained task

A
ccuracy (%

)

W
ashing dishes

Ironing

Vacuum
ing

B
rushing teeth

H
airdrier

Flushing the toilet

Washing dishes 37 3 1 1 88.1

Ironing 36 4 2 85.7

Vacuuming 42 100

Brushing teeth 3 36 3 85.7

Hair drier 42 100

Flushing the toilet 41 1 97.6

Untrained task 3 7 4 4 87 82.9

Rough movement Accuracy(%)
Walking 95.2

Performing a living activity 96.8
Resting 96.5

Indoor Living Activity Recognition Accuracy

Movement classification
accuracy by acceleration

84.5%

Final classification accuracy
by majority voting

Accuracy(%)
88.1
85.7
100
85.7
100
97.6

91.4%

Living activity Accuracy(%)
Washing dishes 80.2
Ironing 76.7
Vacuuming 86.3
Brushing teeth 74.1
Hair drier 96.4
Flushing the toilet 93.2

Raw activity classification
accuracy every 1 second
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Outdoor Migration Activity Recognition Accuracy

Running Walking Resting Boarding
Running 92.5 0.0 0.0 0.0
Walking 7.4 99.4 1.1 1.4
Resting 0.0 0.1 97.5 2.6

Boarding 0.0 0.4 1.3 95.6
Unknown 0.1 0.1 0.1 0.3

E
stim

ated
result

Correct answer

• Trial subjects carry the cellular phone in daily life
– Number of subjects: 4 (our project members)
– Total number of hours: 56 hours 31 minutes
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Future Work
• Performance evaluation in an actual usage environment

– Recognition accuracy
– Power consumption

• Considering the measures in case that users doesn’t 
carry their smartphone on them inside the house
– Use of sensors equipped with commonly-used digital products and 

home appliances

• A number of business under consideration
– Tele-monitoring service
– Healthcare service
– Energy saving in cooperation with HEMS
– Routine inspection task support system
– BEMS, Smart office, etc.
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Hand  held IF  Robot : ApriPetitTM

ＡｐｒｉＰｅｔｉｔTM

Size: 
105x100x150mm 

Weight 500g

Camera

Indicatorｚ

SpeakerMicrophone

Switch

Hand held size

Image processing inside 

and speech processing cloud
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