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“‘Ordinary people”
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Going to work...
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KIJS' soccer game...
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Shopping...
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Spending time at home...
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Days and similarity

1) FInd representation of days
- Encoding of activity sequences

2) Develop “day similarity” metric
- Corresponding to people’s notion of similar
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Why*?

» [dentification of anomalous days
- May indicate confusion (important to detect)
- Change of habits

» Clustering of similar days
- Assess variety
- Prediction of how days will evolve
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Encoding a day
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Encoding a day
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Encoding a day
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Encoding a day
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The good and the bad

» The good
- Excellent at isolating activities

» The bad
- Impose heavy burden on users
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Location is...
1) Constantly existent state

2) Almost always measurable



Prior work

» Location trace similarity

- Machine processing

Yu Zheng - Xiaofang Zhou Editors

Computing with
Spatial Trajectories

Foreword by
Jiawei Han
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Prior Work

» Location trace similarity
- Machine processing

» Day similarity
- Anomaly detection

Yu Zheng - Xiaofang Zhou Editors

Computing with
Spatial Trajectories

Foreword by
Jiawei Han
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Anomaly detection literature

» Giroux et al. (ACM PETRA, 2008)
» Xian and Gong (IEEE ToPAMI, 2008)

» Ma (ACM SIGACCESS, 2009)

» Patterson et al. (ACM UbiComp 2012)
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Key features

» Depend on learning “normal” behavior
- Per-subject training required

» \WWhen observations are “similar”
- Researcher-definea
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Our goals

» Works “off the shelt”

- No dependence on training
- Works well across multiple people

» W

nen behavior I1s “similar”

- Human-subject-defined
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation
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Willing volunteers
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GPS logger

Microso ft°
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Primary vehicle
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Goal: collect 6 weeks of data E
Result: 46 days/subject (avQ)
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation
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Road map

Raw data collection

Data preprocessing

Human assessment

Similarity algorithms

Evaluation
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Raw location traces

» Want to represent traces as “days”
- Sequence of activities

» Where location traces are “stopped”
- Indicates presence of activity
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Stop detection

Microso ft:
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Stop detection

Microso ft:

Research slide 41



Stop detection
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Stop detection
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Stop detection
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Stop detection
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Stop detection
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Stop detection
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Stop detection
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Stop detection
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Stop detection
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Stop detection
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Stop detection
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Stop detection
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Home/work classification

» Used aggregated stop information

» Helpful for our subjects
- Home and work occur frequently

» Leveraged ATUS data
- How and where people spend their time

Microsoft
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Fraction of Time at Place (weekday)
American Time Use Survey 2008
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Fraction of Time at Place (weekend)
American Time Use Survey 2008
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Symbolic location trace

47.643191 -122.139533
47.644055 -122.140175
47.645260 -122.140190
47 .645953 -122.139900
47.645916 -122.138236
47.645920 -122.137200
47.645965 -122.135611
47.645900 -122.135735
47.645878 -122.135735
47.645870 -122.135735
47.645926 -122.135788
47.645950 -122.135803
47.645961 -122.135803
47.645970 -122.135788
47.645961 -122.135611
47.646061 -122.134353
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Symbolic location trace

47.643191 -122.139533 A
47.644055 -122.140175 A
47.645260 -122.140190 A
47.645953 -122.139900 -
47.645916 -122.138236 -
47.645920 -122.137200 -
47.645965 -122.135611 -
47.645900 -122.135735 B
47.645878 -122.135735 B
47.645870 -122.135735 B
47.645926 -122.135788 -
47.645950 -122.135803 -
47.645961 -122.135803 -
47.645970 -122.135788 C
47.645961 -122.135611 C
47.646061 -122.134353 C

Microsoft

Research slide 71



Symbolic location trace

47.643191 -122.139533 2 A
47.644055 -122.140175 A A
47.645260 -122.140190 A A
47.645953 -122.139900 - -
47.645916 -122.138236 - .
47.645920 -122.137200 - -
47.645965 -122.135611 - .
47.645900 -122.135735 B B
47.645878 -122.135735 B > B
47.645870 -122.135735 B B
47.645926 -122.135788 - —
47.645950 -122.135803 - -
47.645961 -122.135803 - .
47.645970 -122.135788 C c
47.645961 -122.135611 C C
47.646061 -122.134353 C c
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Symbolic location trace

47.643191 -122.139533 A A

47.644055 -122.140175 A A

47.645260 -122.140190 A A

47.645953 -122.139900 - A-B

47.645916 -122.138236 - A-B travel
47.645920 -122.137200 - A-B

47.645965 -122.135611 - A-B

47.645900 -122.135735 B B

47.645878 -122.135735 B > B

47.645870 -122.135735 B B

47.645926 -122.135788 - B-C travel
47.645950 -122.135803 - B-C

47.645961 -122.135803 - B-C

47.645970 -122.135788 C C

47.645961 -122.135611 C C

47.646061 -122.134353 C C
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Symbolic location trace

47.643191 -122.139533 2 A
47.644055 -122.140175 A A
47.645260 -122.140190 A A
47.645953 -122.139900 - A-B
47.645916 -122.138236 - A-B
47.645920 -122.137200 - A-B
47.645965 -122.135611 - A-B
47.645900 -122.135735 B B
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47.645870 -122.135735 B B
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Road map

Raw data collection

Data preprocessing

Human assessment

Similarity algorithms

Evaluation
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation
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Human assessment

» Subjective evaluation
- Captures “day similarity”

» Subjects’ evaluate their own data
- Ground truth data collection

Microsoft
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"‘Demo”
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“Temporal relationships
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"Yes, | did the same things today as | did yesterday.”
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation
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Similarity algorithms

» Edit distance

» Distance sensitive edit distance
» Stop type distance

» Sum of pairs distance

Microsoft

Resea I'Ch slide 107



EqQit distance

» [ evenshteln distance

» Transform one string into another
- Edit operations: insertion, deletion, substitution

» Example: kitten — sitting
- Distance = 3

Microsoft

Research

slide 108



Kitten — sitting

KITTEN

Vol

SITTING

Microso ft:
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Edit distance between days

Day 1 Day 2
A A
A
A A-B

A-B A-B
A-B A-B
A-B A-B
A-B B
B ) B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Edit distance between days

Day 1 Day 2
A A
A
N ————— - S =

A-B A-B
A-B A-B
A-B A-B
A-B B
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Edit distance between days

Day 1 Day 2
A A
A A
D —— D 4]

A-B A-B
A-B A-B
A-B A-B
A-B B
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Edit distance between days

Day 1 Day 2
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Edit distance between days

Day 1 Day 2
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Edit distance between days
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Edit distance between days

Day 1 Day 2

+1

+1
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Edit distance between days

Day 1 Day 2

A A

A A

D —— D 4]
A-B A-B
A-B A-B
A-B A-B
A-B m——m—mmm—p D\ B 4]
B B

B B

B B
B-C ——— B-C +1
B-C ———————— B-C +1
B-C —————— B-C +1
B-C ———————— B-C +1
C — +1
C — O 41
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Distance sensitive edit distance

Microso ft:
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Geographic distance cost

Day 1 Day 2

A A

A A

A —————— B 41
A-B A-B
A-B A-B
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A-B m—————m—m—lp B —-B 41
B B
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B-C ————— B-C +1
B-C =—— B-C +1
B-C ——— B-C +1
B-C =—— B-C +1
c — C +1
C —— C — +1
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Geographic distance cost

Day 1 Day 2

A A

A A

DA ———— T\
A-B A-B
A-B A-B
A-B A-B
A-B —— T\ — B
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Geographic distance cost

Day 1

Day 2

A
A
A

lIlllilIl:ll>|:ll>l:ll>l:l|>l
www

Wwww

QQQAQA

+dist (A,A-B)

+dist (A-B,B)

+dist (B-C,B)
+dist (B-C,B-D)
+dist (B-C,B-D)
+dist (B-C,B-D)
+dist (C,B-D)
+dist (C,D)
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Geographic distance cost

Day 1

Day 2

A
A
A

W w T
www
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QQQAQA

+dist (A,A-B)

+dist (A-B,B)

+dist (B-C,B)
+dist (B-C,B-D)
+dist (B-C,B-D)
+dist (B-C,B-D)
+dist (C,B-D)
+dist (C,D)
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Symbol string transformation

Day 1 Day 2
A A
A
A A-B

A-B A-B
A-B A-B
A-B A-B
A-B B
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Symbol string transformation

Day 1 Day 2
A A
A
A A-B

A-B A-B
A-B A-B
A-B A-B
A-B B
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Symbol string transformation

Day 1 Day 2
A A
A
A A-B

A-B A-B
A-B A-B
A-B A-B
A-B B
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Symbol string transformation

Da

=
O
Q
<
N
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Microso ft:
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Distance sensitive edit distance

Day 1 Day 2

QOQOOQOQ D WWWwWWopp PP
DOUDWWWWWwWmWwpp P P

Microso ft:
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Distance sensitive edit distance

Day 1 Day 2
A A
A A
A A
A A
A — A +dist(A,B)
B B
B B
B B
B B
B B
B B
B B
C ——— C  +dist (C,B)
c — C +dist (C,D)
C ——— C  +dist (C,D)
c —— C +dist (C,D)

Microsoft

Resea I'Ch slide 128



Stop type distance

Microso ft:
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OINg Local search

» Geographic business database

» Input: coordinate pair, search radius

» Output(s): location, distance, category

AY L4

Microsoft

Resea I'Ch slide 130



OINg Local search example

Input: (47.641954, -122.140497), 250m

Microso ft:

Resea I"Ch slide 131



OINg Local search example

Input: (47.641954, -122.140497), 250m
Output:
l: Studio C, 141m, Hair & Beauty

Microsoft-

Resea I'Ch slide 132



OINg Local search example

Input: (47.641954, -122.140497), 250m
Output:
l: Studio C, 141m, Hair & Beauty

Location-type distribution:
(Hair & Beauty, 1.0)

Microsoft
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OINg Local search example

Input: (47.625788, -122.148022), 250m

Microso ft:

Resea I"Ch slide 134



OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care

Microsoft
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OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care

weight = 1 - (distance from stop/search radius)

Microsoft-
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OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care

1: Employment Services 1 - (X/250)
2: Legal Services = 1 - (X/250)
3: Dental Care =1 - (X/250)

Microsoft
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OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care

1l: Employment Services 1 - (61/250) = 0.756
2: Legal Services =1 - (64/250) = 0.744
3: Dental Care =1 - (202/250) = 0.192

Microsoft
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OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care

1l: Employment Services 1 - (61/250) = 0.756
2: Legal Services =1 - (64/250) = 0.744
3: Dental Care =1 - (202/250) = 0.192

Sum = 0.756 + 0.744 + 0.192 = 1.692

Microsoft

Resea I"Ch slide 139



OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care

1: Employment Services = 0.756/1.692 = 0.447
2: Legal Services = 0.744/1.692 = 0.440
3: Dental Care = 0.192/1.692 = 0.113

Microsoft

Resea I'Ch slide 140



OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care

Location-type distribution:
(Employment Services, 0.447),
(Legal Services,0.440),
(Dental Care, 0.113)

Microsoft
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OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care
4: Dickens and Mason DDS, 205m, Dental Care

Location-type distribution:
(Employment Services, 0.404),
(Legal Services,0.397),
(Dental Care, 0.103),

(Dental Care, 0.096)

Microsoft
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OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care
4: Dickens and Mason DDS, 205m, Dental Care

Location-type distribution:
(Employment Services, 0.404),
(Legal Services,0.397),
(Dental Care, 0.103 + 0.096)

Microsoft
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OINg Local search example

Input: (47.625788, -122.148022), 250m

Output:

l: A and H Partners, 61lm, Employment Services
2: Deborah A Bianco PLLC, 64m, Legal Services
3: Rodney B Wentworth DDS, 202m, Dental Care
4: Dickens and Mason DDS, 205m, Dental Care

Location-type distribution:
(Employment Services, 0.404),
(Legal Services,0.397),
(Dental Care, 0.199)

Microsoft
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Compute stop type distance

Day 1 Day 2
A A
A
A A-B

A-B A-B
A-B A-B
A-B A-B
A-B B
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D

Microso ft:
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Compute stop type distance

Day 1 Day 2
A A
A
L G ——  BA-B +KLD (A,A-B)

A-B A-B
A-B A-B
A-B A-B
A-B B
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Compute stop type distance

Day 1 Day 2
A A
A
L G ——  B-B +KLD (A,A-B)

A-B A-B
A-B A-B
A-B A-B
A-B B
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Compute stop type distance

Day 1 Day 2
A A
A A
A A-B +KLD (A,A-B)
A-B A-B
A-B A-B
A-B A-B
A-8 $—y B +KLD(A-B,B)
B B
B B
B B
B-C B
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Compute stop type distance

Day 1 Day 2
A A
A A
A A-B +KLD (A,A-B)
A-B A-B
A-B A-B
A-B A-B
A-B B +KLD (A-B,B)
B B
B B
B B
B-¢ ¢mm—) B +KLD (B-C,B)
B-C B-D
B-C B-D
B-C B-D
C B-D
C D
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Compute stop type distance

Day 1

-——

Day 2

A
A

:l’:ll’:l’:l’
Wwwow

ODwwww

wuluww
OO0

+KLD (A ,A-B)

+KLD (A-B,B)

+KLD (B-C, B)
+KLD (B-C,B-D)
+KLD (B-C,B-D)
+KLD (B-C,B-D)
+KLD (C,B-D)
+KLD (C, D)
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Sum of pairs distance

Microso ft:
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Sum of pairs distance

47 .643191 -122.139534 47 .647192 -122.137553
47 .644055 -122.140176 47 .648056 -122.138195
47 .645260 -122.140191 47 .649261 -122.138210
47 .645953 -122.139901 47.649954 -122.137920
47 .645916 -122.138237 47 .649917 -122.136256
47 .645920 -122.137201 47 .649921 -122.135220
47 .645965 -122.135612 47 .649966 -122.133631
47 .645900 -122.135736 47.649901 -122.133755
47 .645878 -122.135736 47 .649879 -122.133755
47 .645870 -122.135736 47 .649871 -122.133755
477 .645926 -122.135789 47 .649927 -122.133808
47 .645950 -122.135804 47 .649951 -122.133823
47 .645961 -122.135804 47 .649962 -122.133823
47 .645970 -122.135789 47.649971 -122.133808
47 .645961 -122.135612 47 .649962 -122.133631
47 .646061 -122.134354 47 .650062 -122.132373
Microsoft’
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Sum of pairs distance

47.643191 -122.139534 ¢t—————y A47.647192 -122.137553
47.644055 -122.14017¢ <S$t————————3p 47 .648056 -122.138195
47.645260 -122.14019]1 tL—-—m———yp 47.649261 -122.138210
47.645953 -122.139901 *t—————3p 47.649954 -122.137920
47.645916 -122.138237 S4——————y 47.649917 -122.136256
47.645920 -122.137201 S$t————y 47.649921 -122.135220
47.645965 -122.135612 ¢t——————y 47 .649966 -122.133631
47.645900 -122.135736 Gty 47 .649901 -122.133755
47.645878 -122.135736 E¢—————) 47 .649879 -122.133755
47.645870 -122.13573¢6¢ <St————y 47 . 649871 -122.133755
47.645926 -122.135789 St————————y 47 .649927 -122.133808
47.645950 -122.135804 ¢t—————Pp 47.649951 -122.133823
47.645961 -122.135804 E¢t——————)p 47 .649962 -122.133823
47 .645970 -122.135789 ¢ty 47 .649971 -122.133808
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Dynamic time warping

Microso ft:
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Dynamic time warping

Home

Home

Home — Work

Home — \Work

Work

Work

Work —

ome

Work =& Home

Home

Home
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Dynamic time warping

HOme Home 8:00AM
5. 30AM Home — Work B;AM
v Home — Work '
9:00AM
Work l
l WOI'k 5:30PM
.\ Work = Home 6.0+0PM
v | Work = Home |
6:30PM Home
Home
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Dynamic time warping

HOme Home 8:00AM
5. 30AM Home — Work 8.3+OAM
v Home — Work '
9:00AM
Work l
l WOI'k 5:30PM
.\ Work = Home 6.0+0PM
v | Work = Home |
6:30PM Home
Home
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation

Microsoft
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation

Microsoft
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Algorithm evaluation

» Provided same dataset

» Assess which pairs were most similar

Microsoft
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Overall accuracy results

Day Similarity Prediction Accuracy
100 W without dynamic time warping
with dynamic time warping
80
S
> 60 - S
(8
o
S 40 - —
<
20 - —
O -
Stop Type Distance Edit Distance Distance Sensitive Sum Of Pairs Distance
Edit Distance
Microsoft’
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Overall accuracy results

Day Similarity Prediction Accuracy
100 W without dynamic time warping
with dynamic time warping o)
80 T 75 5 A)
3 |
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Overall accuracy results

Day Similarity Prediction Accuracy
100 W without dynamic time warping
. with dynamic time warping _ 74 2% _ T
£ I |
> 60 - S
(8
o
S 40 - —
<
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Accuracy results

Day Similarity Prediction Accuracy

100 M without dynamic time warping
with dynamic time warping

80
g
> 60 - |
(S ]
{
3 40 - —
<

20 - |

O -

Stop Type Distance Edit Distance Distance Sensitive Sum Of Pairs Distance
Edit Distance

F(7,29)=11.22, p =5.45 x 1012

Microsoft-
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FPalrwise t-tests

Algorithm Wins | Losses
Edit Distance w/o DTW 0 3
Edit Distance w/DTW 0 1
Distance Sensitive Edit Distance w/o DTW 2 2
Distance Sensitive Edit Distance w/DTW 5 0
Stops Categories Distance w/o DTW 0 4
Stops Categories Distance w/DTW 0 4
Sum of Pairs Distance w/o DTW 3 0
Sum of Pairs Distance w/DTW 4 0

Microsoft
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FPalrwise t-tests

Algorithm

Wins

Losses

Edit Distance w/o DTW

3

Edit Distance w/DTW

Distance Sensitive Edit Distance w/o DTW

Distance Sensitive Edit Distance w/DTW

Stops Categories Distance w/o DTW

Stops Categories Distance w/DTW

Sum of Pairs Distance w/o DTW

Sum of Pairs Distance w/DTW
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FPalrwise t-tests

Algorithm

Wins

Losses

Edit Distance w/o DTW

3

Edit Distance w/DTW

Distance Sensitive Edit Distance w/o DTW

Distance Sensitive Edit Distance w/DTW

Stops Categories Distance w/o DTW

Stops Categories Distance w/DTW

Sum of Pairs Distance w/o DTW

Sum of Pairs Distance w/DTW

IwOOMNOO

OO B | |O|IN| -
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Best performing algorithms

» No significant performance difference

» Sum of pairs distance w/DTW

» Distance sensitive edit distance w/DTW

Microsoft
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Best performing algorithms

» No significant performance difference

» Sum of pairs distance w/DTW

» Distance sensitive edit distance w/DTW

Microsoft
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Road map

Raw data collection
Data preprocessing

Human assessment

Similarity algorithms

Evaluation

Microsoft
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Road map

Data preprocessing
Human assessment
Similarity algorithms

Evaluation

Application

Microsoft
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Application
» Clustering

» Uses similarity measure
- FInd groups of similar days

» Tested as part of human assessment
- Used standard edit distance

Microsoft
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Clustering evaluation

Cluster Quality Ratings
20
S 15
S
oo 10 I
c
B
e 5
N e e
Strongly Disagree Neither agree Agree trongly
disagree or disagree agree
"My days have been accurately separated into sensible groups."
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Road map

Data preprocessing
Human assessment
Similarity algorithms

Evaluation

Application
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Road map

uman assessment
Similarity algorithms
Evaluation

Application

Conclusion
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Conclusions

» Location traces for encoding days
» 30-subject user study
» Assessed 8 similarity algorithms

» Clustering application
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Future work

» Better stop-type classification
- Limited to business-type distributions

» Other similarity algorithms

» Anomaly detection experiments
- Expect this would work we
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Thanks!
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