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Learning Semantic Relationships of
Geographical Areas Based on Trajectories
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trajectories (x, y, t)
(spatiotemporal information of moving objects)



Trajectory Data Mining
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discovering patterns in trajectories to
iInform critical real-world applications




Trajectory Data Mining Tasks

S

trajectory similarity trajectory clustering

trajectory anomaly detection
trajectory classification
trajectory prediction

etc...




Trajectory Applications

g 56

Vehicles

£

People

healthcare (detecting change in

human mobilit
/ gait pattern of seniors)

understanding

location-based services (e.g., recommendation of points-of-interest)
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How people perceive different areas of their city?
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To what extent people rely on geographical proximity of areas?



Research Question Il

New York City of Porto

How the behavior of people compare in different geographical space?
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Overview

Method 1
Learning Semantic Relationships of Geographical Areas

Method 2

Statistical Method for Distinguishing Geographical Proximity
to Semantic Proximity

i U UNIVERSITY




Learning Semantic Relationships of

Geographical Areas
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How can we learn latent semantic
relationships between geographical areas
using trajectories?

13




14

Geographical
Proximity
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onstruction of a Uniform Grid
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How | Convert Trajectory Into Grid Cells?
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trajectory (x;, y;, t;)

183

[a:

trajectory (xy, Yk, tx)
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Our Approach

learn relationships using
network representation learning
(NRL)
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Network Representation Learning

(NRL)
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Network Representation Learning (NRL)

e S

Network/Graph Low-dimension space

several network structural properties can be learned/embedded
(nodes, edges, subgraphs, graphs, ...)
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Random Walk-based NRL

Input graph
2
o 4
1

® L

3

®5

o
8 ‘6
9@’

o

Learn a vector embedding
for each node

21

Obtain a set of
random walks

Feed sentences to
Skip-gram NN model

3587645
1 3587645
2 1358765
87 8543567
8 4 5 6 78 9
89 2135678
9 7421356

Treat the set of random walks as sentences

—



NRL in our Approach
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Construction of a lattice graph

g1 Q)

bl
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Trajectory as walks
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Trajectory Permutations

nodes appearing in same context window
are more similar

pre—— for trajectories, every node should be

_ _ in the context of every other node
Skip-gram (context window)

110 ~

]:l:ll:l I:I shuffling R |:|| I:II:I o alke —

_ m-times
single walk °

[
[
|:| DI:II:":I ] feed walks to
skip-gram NN model
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Statistical Method for Distinguishing

Geographical Proximity to Semantic Proximity
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Real vs Null Hypothesis
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Real Model

Real model is based on real trajectory movements over lattice graph
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method 1
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Null Model

Null Model is based on random walks but satisfies the size constraint
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Alternate Null (Intermediate) Model

Intermediate model is like Null model but satisfies the constraint for

each walk starting from the same node u as Real model walks
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Model Comparative Analysis

how can we compare the
real vs the null model?

metrics for both quantitative and visual comparison
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Quantitative: Cosine Similarity

v; (128D) v; (128D) 7y, (128D)

— —
cosd(V;, V) o 5 “not similar”
a
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Quantitative: Interesting Pairs of Nodes

Let’'s say we have two models (X and Y)

COSQX (F{, 7])) cos 0, (7{, Fj)

dX,Y(ﬁaﬁ) — ‘COSQX(‘?ia‘F.’i) — COSQY(V:’ia‘F.}i)‘

dX,Y(Vi,Vj) > Ao esimitar”
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Comparing Distributions of Models

Let's say we have two Histograms (H# and H?)

Where b 1s the number of bins
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Exploratory Analysis of Models

A many-to-many visualization o M MEEELE 2

One-to-many visualization
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Evaluation
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Case Study I: New York City (NYC)

" ror Lee z MORRIS PARK
3 A Palisades Park 8 City Island
“ Moonachie
Ridgefield § ®
\‘.’b
F
: Edgewater
N ®
7 CliffsidePark & General Gl
) Natio
3 Memgll Soundview SUNY:
. © Meadowlands &
B 'Y Sponts Complex Fairview St. Mary's Park %
AVEN L
g @D
North Bergen
ast s
e 3 ¥
.’1 p r:
2 R Guttenberg Rikers Island Foﬂp:ﬁ:xe
€ Secaucus West New e ",
7 York COLLEGE POINT 2 “‘&

BAY TERRAC

DITMARS

NoriaPark  STEINWAY,

Union City

Hamilton Park Colgfge Point
)

Aitiplex Cinemas

§$ MURRAY HILL
S8 ()] M HILL e €
] S . ;
rodal 3 S , 5
Terminal 7o | S [oving Image
Major Workd ©
# 4 WOODSIDE ¥ ¢ o
THE HEIGHTS ()
i‘/a o Science
¢ CORC 3
¢ Hoboken ORONA 4
The Spatted F ELMHURST
@i
JARE ; &)

FRESH
MEADOWS

Cunning!
* - Parl

QUEENS

REGO PARK

HISTOR
DOWNTOWN

3 Juniper
IR 43 * Valley Park

¢ 124N B FOREST HILLS \

MIDDLE VILLAGE .

Jersey City

ica Multiplex

a 2 Campus
S a 2 J § JAMAICA HILLS )
- .

@ Liberty Science Center

oo R
oy
atter!
StatePark: @ Eilis lsland. i

i Pag
@ Liberty National B;igre a "\
Ci B E‘\ A i

Golf Course H

a Jami
) Ci

KEW GARD

Mt Lebanon Cemetery

senoate @

foGEWOOD 4 Forest Park
JAMAICA

aobingan®
§ o a

S

Cypress Hills Cemetery @ i RIGHMOND L ~' %

Fort Greene

Qtatia nflihartu e

38




Exploratory Analysis: Many-to-Many

intermediate
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Exploratory Analysis: One-to-Many
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Quantitative: Cosine Similarity

1 ‘ . .
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Quantitative: Interesting Pairs of Nodes

—real vs null
- real vs intermediate

cosine similarity difference

0 1 2 3 4
rank (of a pair of nodes) x10°
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Distribution of Pair-wise Similarities

no of pairs of nodes
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Case Study II: City of Porto
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Exploratory Analysis: Many-to-Many

40

30

intermediate
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Exploratory Analysis: One-to-Many
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Quantitative: Cosine Similarity
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Quantitative: Interesting Pairs of Nodes

—real vs null
- real vs intermediate

cosine similarity difference
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rank (of a pair of nodes) «10°
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Distribution of Pair-wise Similarities

real null intermediate
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Research Questions

New York City of Porto

How the behavior of people compare in different geographical space?
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Chi-Square

City of New York

City of Porto
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b

Y2 =dH* HE) = Z}

HB)Q

real distance from null: y? = 4.0854¢e + 05 > 0

real distance from intermediate: y? = 3.0426e + 05 > 0

real distance from null: y? = 6.1697e + 05 > 0

real distance from intermediate: y? = 7.8492e + 05 > 0
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Summary of Contributions

Learning Semantic Relationships of
Geographical Areas based on
Trajectories

Saim Mehmood and Manos Papagelis
IEEE Mobile Data Management 2020

53

learned nodes embeddings
= for real and null models

performed statistical
analysis to distinguish
<+ geographical to semantic
proximity
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