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Individuals’ Movement in Urban Environment

❖ Human Mobility and Accessibility

Movement Types
Temporal

Non-recurrent Recurrent

Sp
at

ia
l Local Residential Mobility Commuting

Long 
distance

Migration Seasonal Work

Sustainable Mobility (Banister 2008)

- individual schedule

- accessibility to destinations

- multimodal 
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Individuals’ Movement in Urban Environment

❖ Data Collection - Travel Survey

Graph Source

Rich in 
contents

Retrospective

“Non-spatial”

https://www.psrc.org/household-travel-survey-program
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Massive but Thin

Individuals’ Movement in Urban Environment

❖ Data Collection - Location-Aware Technologies 

Mobile TomTom
Garmin

Safety Commute

https://www.gps4us.com/news/post/Innovative-user-interface-adds-value-to-wearable-devices-integration-with-location-aware-online-portals-20111220.aspx
http://www.tomtom.com/landing_pages/launch/
https://buy.garmin.com/en-US/US/into-sports/running/forerunner-630/prod516105.html
https://www.cbsnews.com/news/wearable-gps-tracking-for-children-to-ease-parents-minds/
https://www.technologyreview.com/the-download/611970/uber-is-jumping-into-the-scooter-wars/
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Individuals’ Movement in Urban Environment

❖ Data Collection - Smartphone-based Survey Apps 
Dynamica

✓ user profile

✓ trip purpose 

✓ travel mode

✓ schematic attributes 

- emotion status

- trip satisfaction 

- estimated costs

- …
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Objectives

❖ An object-oriented framework 

1. Data Management

1.1 Conceptual data representations 

1.2 Logical data structures

1.3 Physical data storage, index, …

2. Data Analysis

2.1 Partonomy & Taxonomy

2.2 Approaches

- Statistics

- Data Mining



yingsong@umn.edu╟ 2019 AAG Annual Meeting @ Washington D.C.╢

1.1 Conceptual: Data Representation

❖ Pyramid Framework

Mennis et al. 2000

LOCATION TIME

THEME

Knowledge 

Component

Data 

Component

OBJECT

- Timestamp

- Duration

- Sequence 

- Coordinates

- Activity/Trip Types

- Person
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❖ Data Component

Home

Daycare

Work

Lagrangian: GPS-based tracking data

Location a spatial location

Time a timestamp 

Theme mobility status (e.g. odometer, speed, energy level…)

1.1 Conceptual: Data Representation
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❖ Data Component

Home

Daycare

Work

Eulerian: Smartphone-based activity survey

Location an activity or a trip

Time the duration of the activity or trip

Theme experience (e.g. emotion status, trip routes, costs, …)

1.1 Conceptual: Data Representation
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❖ Relationship

Home

Daycare

Work

1.1 Conceptual: Data Representation

𝒕𝒊

𝒕𝒔𝒕𝒂𝒓𝒕

𝒕𝒊+𝟏

𝒕𝒔𝒕𝒂𝒓𝒕 ∈ (𝒕𝒊, 𝒕𝒊+𝟏] 𝒕𝒆𝒏𝒅 ∈ (𝒕𝒋, 𝒕𝒋+𝟏]

𝒕𝒋 𝒕𝒋+𝟏

(trip ID, trip type, {schematic}, {(x, y, t)})

- Closest one

- Interpolated
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❖ Objects, Attributes and Behaviors (selected)

1.1 Logical: Data Structure

Individual

- Individual ID
- Profile ID (FK)

- Schedule ID

get profile ID ()
get schedule ID()

Schedule

- Schedule ID
- Individual ID (FK)

- list {A/T ID (FK)}

+ get A/T ID list ()
+ select A/T ID ({criteria})
+ insert an A/T object ()

Profile

- Profile ID
- Profile dict

+ get profile dict ()
+ update dict (key, value)

Activity/Trip (A/T)

- A/T ID
- A/T type ID (FK)

- {schematic attribute}
- {(x, y, t)}
- pre A/T ID
- next A/T ID

+ initiate A/T ()
+ get A/T start time ()
+ get A/T end time ()
+ get attributes (item)
+ get pre A/T ID ()
+ get next A/T ID()
+ update A/T (item, value)

A/T types

- A/T Type ID
- Activity type dict
- Trip type dict

+ get A/T description (ID)
+ get A/T ID (description)
+ update A/T dict (ID, des)

1:M 1:M

1:1

1:1
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2.1 Taxonomy & Partonomy

❖ Knowledge Component

Lagrangian Eulerian

Data GPS-based tracking data Smartphone-based activity survey

K
n

o
w

le
d

ge

P
ar

to
n

o
m

y • space-time locations

• stops and moves

• movement trajectories 

• activities and their locations

• trips and their travel modes

• individuals with trips and activities

T
ax

o
n

o
m

y space-time trajectories, 

each with a sequence of tuple 
{(x, y, t, {status})}

Individual participants,

each with an ordered series of tuple 
{(activity/trip, start t, end t, {schematic})}
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2.1 Taxonomy & Partonomy

❖ Mobility Patterns

1. Movement parameters

Activity/Trip (A/T)

- Individual group

- Schedule feature

- Activity/Trip type

- {schematic attribute}

- {(x, y, t)}

Dodge et al. 2008
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2.1 Taxonomy & Partonomy

❖ Mobility Patterns

2. Individual Schedule

Activity/Trip (A/T)

- A/T type ID

- pre A/T ID

- next A/T ID

- {schematic attribute}

- {(x, y, t)}

Ben-Akava (MIT courses)

Schedule

- A/T ID list
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2.2 Approaches 

https://www.dezyre.com/article/data-mining-vs-statistics-vs-machine-learning/349
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2.2 Approaches 

Bhattacharjee: https://medium.com/technology-nineleaps/popular-machine-learning-algorithms-a574e3835ebb

1. Statistics 
- quantifies data from sample 

- estimates population behavior

2. Data mining 
- finds out pattern in data

3. Machine learning 
- learns from training data  

- predicts or estimates future



Example Study: subjective wellbeing 

The Currency of Life 

Economics time use, goods, and utility

Psychology subjective well- being

Measure U-Index a misery index of sorts

(Krueger et al. 2009)
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0. Data and Study Area

• Twin Cities Metro Area

• 373 users

• 1 week period

• 25,699 activities/trips

• 6 emotions, level 1-7

- Happy

- Meaningful

- Sad

- Tired 

- Stressful 

- Painful 
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1.1 Data Representation

Schematic Attributes 6 emotions 

Happy

Meaningful

Sad

Tired 

Stressful 

Painful 

Activity Type

Home

Work

Education

Personal business

Shop

Eat out 

Leisure/Recreation

Other/Unknown

Trip Type

Car

Bus

Rail

Shuttle

In vehicle

Walk,

Bike

Wait

Other/Unknown

(7 levels of strength; average by activity/trip)

GPS tracking data (3 second)
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Double-linked list 

[activity sequence] 

- ordered linked list

[user] 

- with activity list

[activity/trip] 

- a tuple of values

1.2 Data Structure (in process)

[activity types] 
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2.1 Analysis – Visual Exploration 

https://plot.ly/~AliSong7/84.embed

1. Emotion status across time

Happy

Meaningful

Sad

Tired 

Stressful 

Painful 

05-18                             05-20                               05-22                              05-24                  05-26

2017

Happiness is independent from 

other five emotions?

https://plot.ly/~AliSong7/84.embed
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2.1 Analysis – Visual Exploration 

2. Emotion status by activity and mode

https://plot.ly/~AliSong7/86.embed

Happy

Meaningful

Sad

Tired 

Stressful 

Painful 

Mean & Variations

https://plot.ly/~AliSong7/86.embed
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2.1 Analysis – Visual Exploration 

3. Transition matrix for emotion changes https://plot.ly/~AliSong7/92.embed

Abate -

Intensify +
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Biking after school 

make you happy

https://plot.ly/~AliSong7/92.embed
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2.2 Analysis – time series analysis

(1)  Step Patterns - Markov models

- Continuous-time semi-Markov  

jump rate & holding times

- Hidden Markov chain

emotions ⇔ activities and modes

(2)  Sequential Patterns - Path alignment and clustering

- One-dimension 

behavior or emotion; feature-based clustering 

- Multidimension 

sequences of tuples (behavior, emotion)
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Ying Song     yingsong@umn.edu


