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Introduction of myself

Background of my research

Academic history etc.

Measurement system

Modeling of human behavior

A Study On Measurement System For 
Modeling of Migration Activities Of Shoppers

Why modeling ?
Why measure movements ?

Detail of the system

My future works
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Shibasaki lab.

Center for Spatial Information Sciences

Remote sensing ----

Spatial Database ---- Standardization & Maintenance

Spatial analysis ----

3D digital city

Real world Digital copy

3D digital city map

Modeling of human activities



Why behavioral modeling ?

Behavioral model

Find a pattern

How they move
around?

Cost reduction

Marketing

Contingency
planning

Amenity
convenience

Advertisement

Design
&

Management

Building

Shopping
facilities

Urban 
planning

Prospective users
-personal data

(age, sex, occupation
preference, 

lifestyle)
-their behavior

How they use it ?

Estimation
&

Assessment

Design process of some place…



New behavioral model is needed

Current spatial model
Traffic managementMarketing

Huff model
Disaggregate logit model 

Probability of choice 

Marcov chain model
Poisson regression model

Several destinations

Probability of transition

One objective? No error? Perfect? Between points?

Single task     Choices are always rational     Based on “Points”

Combination and switch of 
several objectives

Limited-rationality
based on lack of information Focus on smaller scale

Location planning



Multi-agent simulation

Shopper agent

property
Experience
Needs
Time money
Behavioral pattern

Building agent

Characteristics
cost

utility

model

Autonomous behavior
interaction

SA
L

E



Measurement & Modeling

Sensor Unit Note PC

Measurement system

data of each shoppers

Visual 
informati
on

Route  of 
migration

Environment
Circumstance

Mental condition

Analysis of 
behavioral pattern

Migration behavior

Modeling
ij =( jKjMj/DijTij )/ ( Kj



Current positioning system

GPS-based technology

GPS
DGPS
Pseudolite
Snap Track
Indoor GPS
GPS One

advantage weak point

- global standard
- high accuracy

- unavailable
in some area

- multi path 
problem

“base station” technology

advantage weak point

PHS
Ultrasonic waves
RFID Tag
Beacon 

( GI Stone )

- can be used
everywhere

-Cost
-No standard

Tracking technology

advantage weak point

Magnetic
direction sensor
Gyro sensor
Video image
processing

-Size
-Low 
accuracy

- can be used
everywhere
- detailed 

data

Combination of several technologies



Complementary method 
of GPS is necessary

In the valley between high-rise buildings 
Underground passage                                 
Inside of buildings GPS 

Point

We have to get 
trajectory between 
GPS points

GPS 
Point

GPS is not always available



Current positioning system

GPS-based technology

GPS
DGPS
Pseudolite
Snap Track
Indoor GPS
GPS One
advantage weak point

- global standard
- high accuracy

- unavailable
in some area

- multi path 
problem

“base station” technology

advantage weak point

PHS
Ultrasonic waves
RFID Tag
Beacon 

( GI Stone )

- can be used
everywhere

-Cost
-No standard

Tracking technology

advantage weak point

Magnetic
direction sensor
Gyro sensor
Video image
processing

-Size
-Low 
accuracy

- can be used
everywhere
- detailed 

data

Combination of GPS & sensors



Personal Positioning System (PPS)

Accelerometer
Gyrocompass
Magnetic sensor 
Barometer 

Estimated  track

Actual walking 
path

Accumulation of errors 
is inevitable

Map matching



Map Matching
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Result : walk along corridor (2-D)

Estimated track

Track modified by 
Map Matching



Result : 2 floors (3-D)

Track modified by 
Map Matching

Estimated 
track

matching nodes 
of the entrance 
of staircases



Current positioning system

GPS-based technology

GPS
DGPS
Pseudolite
Snap Track
Indoor GPS
GPS One
advantage weak point

- global standard
- high accuracy

- unavailable
in some area

- multi path 
problem

“base station” technology

advantage weak point

PHS
Ultrasonic waves
RFID Tag
Beacon 

( GI Stone )

- can be used
everywhere

-Cost
-No standard

Tracking technology

advantage weak point

Magnetic
direction sensor
Gyro sensor
Video image
processing

-Size
-Low 
accuracy

- can be used
everywhere
- detailed 

data

Combination of RFID-Tag & sensors



Measurement system

RFID tag

RFID tag system

Personal 
Positioning system

M
ap M

atching

How shoppers move in shopping districts ?

ID:SBKCBSG
Coordinate

(-1368.9,3770.6,39.8)

ID-location table



P8 -5.779, 6.36 )

Ver2.2(network)

P7 -5.779, 0)

P17 -8.642, 0)

P9 0, 5.0) P10 19.485, 5.0)

P11 24.485, 0)

P2 19.485, 0)

P12 24.485, -41.71)

P13 19.485, -46.71)

P3 19.485, -41.71)

P1 0, 0)

P4 0, -41.71)

P15 -1.975, -41.71)

P14 0, -46.71)

P18 -6.56, -41.71)

P16 -1.975, -41.085)

P5 0, -19.92)
P6 8.4, -19.92)

Tag map

P19 8.4, -10.71) P20 12.5, -10.71)

P21 12.5, -19.92)

P22 8.4, -30.32) P23 12.5, -30.32)

ID



ID- location table
Spatial coordinate x,y,z

Approximate location

p1
p2
p3
p4
p5
p6
p7
p8
p9

p10

ID of Tag



Detection of tags

Signal

( ID )

receiver
Mobile PC

50cm - 1meter MIN
15 meters MAX

ID:JXGRITB
Time (detected) 10:18:58

Time (lost) 10:19:02 

JXGRITB

10:18:58 10:19:02

every 0.7second
100mHz radio-wave



Newly recognized
or

lost from the sensor Time from Start point
Tag ID

ID:JXGRITB
Time (detected) 10:18:58
Time (lost) 10:19:02

ID- location table 

JXGRITB X Y

10:18:58
10:19:02
10:19:34
10:20:11

8.4, -10.71)

12.5, -10.71)

12.5, -19.92)



Experiment 1

Tracking by RFID system



10:18:58
10:19:02
10:19:34
10:20:11

8.4, -10.71)

12.5, -10.71)

12.5, -19.92)

Check the time
of  t1,t2…tn

t1

t2

t3

Estimated track

Modified track



Experiment 2

Map matching
using both RFID system and gyro sensor

Track from
gyro sensor

Track corrected by map matching



Experiment in Tokyo big sight



Measurement system

RFID tag Eye camera

RFID tag system

Gyro sensor

M
ap M

atching

How shoppers move in shopping districts ?
What makes them to move around ?

ID:SBKCBSG
Coordinate

(-1368.9,3770.6,39.8)

ID-location table



Data obtained by the system

Field of vision

track



my Future works

improve the mesurement system
Classification of information source

-attention
- time

Accuracy of positional data

Quantification of experience and knowledge

Experiments in large scale
(number of subjects, space)

Migration behavioral model

feedback

Elaboration of the model Empirical rule
marquee
image strategy
marketing


