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Mining Human Mobility Data
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Mobility Data
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Ultimate Objective: Semantically Understand

Semantics

What the person is doing at that location

A very hard problem:

What is the true destination?
conference venue or train station
Which event is attending?
WWW or daily work
Sparse observations
1-2 points in 3-5 days



A First Step Towards Semantically Understand
Mobility Data

Raw Location Traces Semantics (a sub-problem)

= . 1. Lookatasi ngle location record
628*;5_5_18 14:00 (43,778, 11.250) 2. Use some words to describe that record
J AT . Questions:
1 " 1.How to know what is happening at this
R B "~ . place? © geo-tagged social media
et g “..” 2. How to define the relevance of POI/

e, RE % s . eventto the query location? = looking
for the right spatial model



Problem

Definition: Semantic Annotation of

Input: Location history of a mobile user Annotation
Record ID | Time Longitude | Latitude Record ID | Annotations
r 2013-1-20 | 40.75051 |-73.99349 ry madison, garden, rangers,
r 2013-2-10 | 40.68312 |-73.97597 pensuins
r, 2013-2-19 | 40.75051 |-73.993499 p! nets, barclays, center, nba
ry rangers, madison, square,
montreal, canadiens

Input: Geo-tagged tweets from the crowd

Time Longitude | Latitude | Tweets

2013-1-20 | 40.75051 |[-73.99349 | LETS GO RANGERS

2013-1-20 | 40.61219 |-74.15814 | I'm at Buffalo Wild Wings
2013-1-20 [ 40.75050 |-73.99350 | I'm @ Madison Square Garden for

Pittsburgh Penguins vs New York Rangers




Baseline Method: Frequency-Based Method

N Cienlal™
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An example illustrating the problem of frequency based methods. The true user's intention of this
location record is to attend the Game of Thrones event. But since MOMA is a more popular venue
nearby, frequency-based methods will incorrectly use words “moma" and modern" for annotation.



Baseline Method: Gaussian Mixture Model

* Cons: (1) need to set parameter K
different locations. (2) Gaussian d

; K may vary for different words at
istribution may not be the true
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Left figure from: http://scikit-learn.org/stable/modules/mixture.html



A more suitable model — Kernel Density

Estimation

* A non-parametric distribution model

e Check-in distribution (Zhang et al., 2013),
(Lichman et al., 2014): demonstrate the
effectiveness over Gaussian models

 Animal’s home range (Worton et al.,
1989), Epidemiology (Bithell, 1990),
Marketing (Donthu and Rust, 1989)
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KDE: parameter h controls the “sharpness” of
spatial distribution
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Experiment Setting

* Use geo-tagged tweets from crowd as spatial context
* Select some check-in tweets as the “ground truth”

New York Rangers w/ 60 others) at time 2013-4-20 19:00

City HTesting #Crowd tweets Time range
Tweets

[’ LETS GO RANGERS (@ Madison Square Garden for Pittsburgh Penguins vs}

New York City (NYC) 1,540 15,612,712  11/2012-7/2013
Chicago (CHI) 697 11,269,220  10/2011-7/2013
Los Angeles (LA) 623 10,989,333 11/2012-7/2013
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Comparison with Baseline Methods

FREQ: Rank words based on frequency
TFIDF: Frequency weighted by IDF

GMM: Gaussian Mixture Model

KDE: Kernel Density Estimation (our method)
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Related Work for Comparison: Local Words

* Local word (highly skewed in 1.0

spatial distribution) 0-9¢
. 0.8/
1. Measure the locality score of
: 0.7}k
each word using method S0
(Backstrom et al., 2008; Az
Cheng et al., 2010) Q%’O o
. . 0.4}
2. Filter non-local words with S O g
0.3 P> KDE-local, ¢ = 0.5 |&..... ;.. o, G ORI T
score lower than ¢ KDE-local, £ = 0.7 g g
0.2HO O KDE-local, ¢ = 0.9 @ ¥idimmmmmnammmmdimg
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U304 05 06 0.7 08 0.0 10

Recall
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Related Work for Companson Local Words

* Local word detection as a filter

e Conclusion:

1. Local word may filter the
true local words w.r.t a
query location

2. There is no need to apply
local word filter because
KDE already captures the
locality at a given location

&

The Evergreens 3eck
Ceme efy/ £

Word “knicks” is considered as a non local word
because people watching games at home/bar are
also talking about “knicks”. But “knicks” should
be the annotation words for people at the arena
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Related Work for Comparison: Semantic
Trajectory

* Semantic trajectory annotation Q
* Map the location to the nearest Point-Of-
Interest (Yan et al., 2011; Bogorny et al., 2014) L 7~ |
* Cons: —
1. does not capture the dynamic event o e N
information from the social media Q W/ S
2. the nearest POl might not be the true
destination

16



Case study for a user A

(a) Annotation documents using tweets (our method)

r;: (40.7505, -73.9934),

r,: (40.6831, -73.9760),

r,: (40.7505, -73.9934),

1/20/13 2/10/13
Word Relevance Word Relevance
Score Score
garden 152 barclays 123
madison 146 center 120
square 144 nets 83
rangers 99 spurs 73
penguins 58 san 40

r,: (40.7634, -73.9748),

re: (40.8295, -73.9270),

3/24/13
Word Relevance
Score

garden 79
madison 77
square 76
nyr 51
rangers 44

re: (40.8295, -73.9269),

3/28/13 4/18/13 6/5/13
Word Relevance Word Relevance Word Relevance
Score Score Score

game 33 yankee 152 yankee 155
thrones 32 stadium 142 stadium 148

apple 4 yankees 94 yankees 108

store 3 others 38 indians 48

plaza 3 bronx 36 game 43

(d) Tweets as ground truth:

s B Hle St B |

(b) Locations on the map

(c) Annotation by static POl information (method for comparison)
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- Daddy's home!!!l LETS GO RANGERS (@ Madison Square Garden for Pittsburgh Penguins vs New York Rangers) [pic]: http://t.co/cUYIVcRx
,: I'm at Barclays Center for San Antonio Spurs vs Brooklyn Nets (Brooklyn, NY) w/ 69 others http://t.co/UgJxCvIX
;¢ Let's do it. (@ Madison Square Garden - @thegarden for @washcaps vs @NYRangers w/ 44 others) http://t.co/oaaE4f1t9n
,: with @jedafrank (@ Game Of Thrones Exhibition w/ 14 others) http://t.co/U5ztm1RWRu
<. I'm at Yankee Stadium - @mlb for Arizona Diamondbacks vs New York Yankees (Bronx, NY) w/ 129 others [pic]: http://t.co/MnHVcn170P
. I'm at Yankee Stadium - @mlb for Cleveland Indians vs New York Yankees (Bronx, NY) w/ 143 others http://t.co/KTidI9wtEv

v

r,: (40.6831, -73.9760)

POI Distance POI Distance
Madison Square 3 Barclays Center 72
Garden
Auntie Anne’s 9 Burlington Coat 79
Pretzels Factory
Forest Electric 16 Jean-Baptiste Gary 84
Corporation E MD
Auntie Anne’s 21 National Vision 98
Pretzels
Event Bar 31 Wellness Center 99

e, re: (40.82509, -73.9269)

r,: (40.7634, -73.9748)

POI Distance
New York Yankees 34
Yankees Audi Club 37
Johnny Rockets 64
Yankee Stadium 78
Apple Bank For 129

Saving

POI Distance
Manhattan Dental 9
Health
Och-Ziff Capital 23
Management Group
Oz Management 23
Group
Summit Rock 23
Advisors
Ingres Corporation 23




Case study for a user A
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(b) Locations on the map
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r,: Daddy's home!!!l LETS GO RANGERS (@ Madison Square Garden for Pittsburgh Penguins vs New York Rangers) [pic]: http://t.co/cUYIVcRx
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r,: with @jedafrank (@ Game Of Thrones Exhibition w/ 14 others) http://t.co/U5ztm1RWRu

= =

,: I'm at Barclays Center for San Antonio Spurs vs Brooklyn Nets (Brooklyn, NY) w/ 69 others http://t.co/UgJxCvIX
;¢ Let's do it. (@ Madison Square Garden - @thegarden for @washcaps vs @NYRangers w/ 44 others) http://t.co/oaaE4f1t9n

<. I'm at Yankee Stadium - @mlb for Arizona Diamondbacks vs New York Yankees (Bronx, NY) w/ 129 others [pic]: http://t.co/MnHVcn170P
. I'm at Yankee Stadium - @mlb for Cleveland Indians vs New York Yankees (Bronx, NY) w/ 143 others http://t.co/KTidI9wtEv
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Case study for a user A

(a) Annotation documents using tweets (our method)

r;: (40.7505, -73.9934),

r,: (40.6831, -73.9760),

ry: (40.7505, -73.9934),

1/20/13 2/10/13
Word Relevance Word Relevance
Score Score

garden 152 barclays 123
madison 146 center 120

square 144 nets 83
rangers 99 spurs 73
penguins 58 san 40

3/24/13
Word Relevance
Score

garden 79
madison 77
square 76
nyr 51
rangers 44

r,: (40.7634, -73.9748),

re: (40.8295, -73.9270),

re: (40.8295, -73.9269),

3/28/13 4/18/13 6/5/13
Word Relevance Word Relevance Word Relevance
Score Score Score

game 33 yankee 152 yankee 155
thrones 32 stadium 142 stadium 148

apple 4 yankees 94 yankees 108

store 3 others 38 indians 48

plaza 3 bronx 36 game 43

(d) Tweets as ground truth:

= 5

(b) Locations on the map
=) O} & 0

(c) Annotation by static POl information (method for comparison)

- Daddy's home!!!l LETS GO RANGERS (@ Madison Square Garden for Pittsburgh Penguins vs New York Rangers) [pic]: http://t.co/cUYIVcRx
,: I'm at Barclays Center for San Antonio Spurs vs Brooklyn Nets (Brooklyn, NY) w/ 69 others http://t.co/UgJxCvIX
;¢ Let's do it. (@ Madison Square Garden - @thegarden for @washcaps vs @NYRangers w/ 44 others) http://t.co/oaaE4f1t9n

r,: with @jedafrank (@ Game Of Thrones Exhibition w/ 14 others) http://t.co/U5ztm1RWRu

= =

<. I'm at Yankee Stadium - @mlb for Arizona Diamondbacks vs New York Yankees (Bronx, NY) w/ 129 others [pic]: http://t.co/MnHVcn170P
. I'm at Yankee Stadium - @mlb for Cleveland Indians vs New York Yankees (Bronx, NY) w/ 143 others http://t.co/KTidI9wtEv
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Case study for a user B

(a) Annotation documents using tweets (our method)

ry: (40.7583, -73.9854),

r,: (40.778, -73.962),

(b) Locations on the map

(c) Annotation by static POl information (method for comparison)

(. (40.7684, -73.9745) r, : (40.7583, -73.9854) r,: (40.778, -73.962)
3 . y = . ’
5/5/13 5/6/13 5/13/13 B s negny POI Distance POI Distance
Word Relevance Word Relevance Word Relevanc O e 0 S Ly
Score SeOre e Score B s T ) Forever 21 26 995 Fifth Avenue 56
dgefield | @ v 695
museum - nt = ice 13 % P 5 ‘ ' va:;:;‘;";u.ur\ o 572 Disney Store 26 Frank E. Campbell — 56
art 24 metropolitan 66 fox 13 sack w coalrs Vanke oo R » The Funeral Chapel
ancs : odgson Russ
publicar 2 museum 65 upfront 6 . ’ Ferry Point Park Thoma;/lvgl. Loeb, =
q r 4 ) Barretto Point Park n .
much 2 metgala 29 central 5 3 o Bl =
r, o Olive & Bettes 70
creative 2 met 24 centralpark 2 ety Manhat> -
NIk W & New York Society of 35 Universal Funeral 70
Ctral Park il e etropolitan 1
ry: (40.8294, -73.9269), rs: (40.8295,-73.9269), 1, (40.7564,-73.8460), 10y Wommoa . Ts Security analysts Chapel
5/15/13 4/18/13 6/5/13 . Ppercdilon &
wken (o) . " \278 - g @__Flff Aing . . _
Word Relevance Word Relevance Word Relevance Mo 7 ' ry: (40.7684, -73.9745) re: (40.7564, -73.8460)
Score Score Score il NG e ‘ f”"’:‘ S POI Distance POI Distance
k 223 1 i 1 oy My UL % 0% —
yankee yankee 8 field 06 LS Noad 3] i AN o @ Victorian Garden 66 Citi Field 9
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b Manhattan . & % ; e A 3 2
bronx 52 bronx 30 edc 67 N s i S, | Park
"and Ceany ’
america 32 baseball 8 edm 31 New York w0 e Central Park 174 Mama’s of Corona 151
Carousel
Mets Plaza 170
(d) Tweets as ground truth: Central Park Zoo 174
r,: katyperry @ Museum of Modern Art (MoMA) http://t.co/j9ql2faeRw The A | 82 NYC Parks & 183
ry: .emmyrossum #MetGala #PunkFashion @ The Metropolitan Museum of Art http://t.co/T11YQfm6KG € Arsena Recreation
ry: @minkakelly #foxupfront @ Wollman Park http://t.co/56dcTzx5YJA
r,: @bearpascoee @4stillrunning @ruebenrandle #bleachercreatures #rollcall yankees #204 @ Yankee Staduim http://t.co/PIGxyatsF9 *r,rs: (40.8295,-73.9269): Annotation by POl is the same as r, r, in Figure 7.
rs: #photoday yankees @ Yankee Stadium http://t.co/ySy2uHTrDh
le

: @djafrojack Kinetic Field @ edc_lasvegas @insomniac #edcny @ Citi Field http://t.co/dGADzm1911
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Case study for a user B

(a) Ann¢ (b) Locations on the map (c) An r comparison)
" ry: (40.7583, -73.9854), r,: (40.778, -73.962), r, : (40.7583, -73.9854) r,: (40.778, -73.962)
5/5/13 5/6/13 75 POI Distance POI Distance
i Word Relevance Word Relevance ' )
e Forever 21 26 995 Fifth Avenue 56
= Score Score v
u Disney Store 26 Frank E. Campbell — 56
gl reEEEn 25 art 68 bon The Funeral Chapel
|| ) 7S
art 24 metropolitan 66 Hodgson Russ LLP 30 Thomas W. Loeb, 59
B publicar 2 museum 65 .« | 00 Commercial Blinds 33 —
— Olive & Bettes 70
| much 2 metgala 29 . _
| r New York Society of 35 Universal Funeral 70
creative 2 met 24 w'|  Security analysts Chapel
america | 32 || bwebal |8 cam | e | Newvork S e 00 TP cenalvak | 178 | | Mema'sof corona | 151
Carousel
Mets Plaza 170
(d) Tweets as ground truth: Central Park Zoo 174
r,: katyperry @ Museum of Modern Art (MoMA) http://t.co/j9ql2faeRw NYC Parks & 183
ry: .emmyrossum #MetGala #PunkFashion @ The Metropolitan Museum of Art http://t.co/T11YQfm6KG The Arsenal 282 Recreation
ry: @minkakelly #foxupfront @ Wollman Park http://t.co/56dcTzx5YJA
r,: @bearpascoee @4stillrunning @ruebenrandle #bleachercreatures #rollcall yankees #204 @ Yankee Staduim http://t.co/PIGxyatsF9 *r,rs: (40.8295, -73.9269): Annotation by POI is the same as r, r, in Figure 7.

rs: #photoday yankees @ Yankee Stadium http://t.co/ySy2uHTrDh
re: @djafrojack Kinetic Field @ edc_lasvegas @insomniac #edcny @ Citi Field http://t.co/dGADzm1911
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Case study for a user B

(a) Annotation documents using tweets (our method) (b) Locations on the map (c) Annotation by static POl information (method for comparison)

ry: (40.7583, -73.9854),
5/5/13

r,: (40.778, -73.962),

ry: (40.7684, -73.9745),

r, : (40.7583, -73.9854)

r,: (40.778, -73.962)

5/6/13 5/13/13 s mgsen g POI Distance POI Distance
Word Relevance Word Relevance Word Relevanc O] 1 W G Ly
Score Score e Score ‘ noton P Nt t"p Forever 21 26 995 Fifth Avenue 56
j 7 4 . &
museum 2 art 68 ice 13 O] rg I's il 15 ' T dn W Disney Store 26 Frank E. Campbell - 56
i N ! ! Newest home o w The Funeral Chapel
art 24 metropolitan 66 fox 13 pack L, N Hod Russ LLP 20
ancs . odgson Russ
publicar 2 museum 65 upfront 6 7 ’ Ferry Point Park Thoma;/]vg/. Loeb, >9
f r o 4 ) Barretto Point Park . .
much 2 metgala 29 central 5 3 ' 00 Commercial Blinds 33
r i Olive & Bettes 70
creative 2 met 24 centralpark 2 s Manhatt> )
NIk (270 New York Society of 35 Universal Funeral 70
Getal Park T, ecpatan i
r,: (40.8294,-73.9269),  r.:(40.8295,-73.9269),  rg (40.7564,-73.8460), 10ty el rE I g " Security analysts Chapel
5/15/13 4/18/13 6/5/13 ‘ oper e h st
(9a) # > g @ e FIl ing . . :
Word Relevance Word Relevance Word Relevance " hwsen 7 ' ry: (40.7684, -73.9745) re: (40.7564, -73.8460)
Score Score Score i NG (258 ‘ f"'“: S POI Distance POI Distance
k 223 k 1 fiel 1 | -
yankee yankee 8 eld 06 & G 1 3 b Wiz Victorian Garden 66 Citi Field 9
stadium 208 stadium 169 citi 102 r W ’ Amusement Park
\ e iion - Shea Stadium H 138
yankees 88 yankees 31 edcny 68 ® @ % Wollman Ice Skating 70 ca Rsi ,IA:)r;Ie ome
or anhattan \: ; 3
bronx 52 bronx 30 edc 67 AR EINh, & Park
Stand Canyy ’
america 32 baseball 8 edm 31 New York o Central Park 174 Mama’s of Corona 151
Carousel
Mets Plaza 170
(d) Tweets as ground truth: Central Park Zoo 174
r,: katyperry @ Museum of Modern Art (MoMA) http://t.co/j9ql2faeRw NYC Parks & 183
) . . . The Arsenal 282 )
ry: .emmyrossum #MetGala #PunkFashion @ The Metropolitan Museum of Art http://t.co/T11YQfm6KG Recreation
ry: @minkakelly #foxupfront @ Wollman Park http://t.co/56dcTzx5YJA

r,: @bearpascoee @4stillrunning @ruebenrandle #bleachercreatures #rollcall yankees #204 @ Yankee Staduim http://t.co/PIGxyatsF9

= =

< #photoday yankees @ Yankee Stadium http://t.co/ySy2uHTrDh
.. @djafrojack Kinetic Field @ edc_lasvegas @insomniac #tedcny @ Citi Field http://t.co/dGADzm1911

*r,,rs: (40.8295, -73.9269): Annotation by POl is the same as r, r¢ in Figure 7.
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Extension: User Profiling
Annotated Location Reco

oy Clustering the

rds

33 location records from user A in NYC 250 location records from user B in NYC
1 yankee, stadium, bronx 1 art, metropolitan, museum, metgala,
2 garden, madison, square, rangers, penguins punkfashion
3 barclays, center, brooklyn, nets, spurs 2 Yankee, mets, sox, stadium, orioles
4 yankee, stadium, oldtimersday 3 Citi, filed, mets, edcny, subwayseries
5 public, island, plaza, staten, drinking

Top words from this person’s tweets:
staten, stadium, rpx, hylan, island, drinking, rangers,
yankee, bronx, plaza, madison, garden, photo, ale

Top words from this person’s tweets:
Metgala, punkfashion, yankee, stadium, begatelle,
citi,

field, metropolitan, marquee, bleacher, creatures,

superstudiu, art, museum



Summary and Future work

* Summary

* More precise annotation by considering the mobility history

24



25



Determining bandwidth parameter h of KDE

e Fixed values

e Reference rule (heuristic)
H, =n" 2ty
* Cross validation

 Split data as training and testing
* Maximize likelihood

* Adaptive bandwidth

* Choose h inversely proportional to
the number of points nearby
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