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Why choose this topic?
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(xi,yi,ti)

(x2,y2,t2)

(x1,y1,t1)

(xn,yn,tn)

ID Timestamp GPS

“Peter” 2010-04-02 13:12 37.5, -122.5

“Peter” 2010-04-02 15:22 37.2, -123.5

… … …

ID Timestamp Trajectory

“Peter” 2010-04-02 13:12 <37.5, -122.5>,<37.5, -123.5>…

Similarity and Outlier
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• Same time stamp

|𝐷| = 𝑥1 − 𝑥2
2 + 𝑦1 − 𝑦2

2

• Different time stamp

2 2 2

1 2 1 2 1 2( ) ( ) ( )D x x y y t t     
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You have entered your facebook in your dorm, half hour ago.

You have entered your facebook in your dorm, now.

You have entered your facebook in your dorm, half hour ago.

You have entered your facebook in your lab, now.

Example2

Example1

2 1D D

2 2 2

1 2 1 2 1 2( ) ( ) ( )D x x y y t t     

Similarity and Outlier



DM
LESS IS MORE Data Mining Lab

数据挖掘实验室

p1 p4 p6

p5

p9

p10 p11

p12

v1 v2
v3

v4

v5

Two locations were far away or exceeded a threshold value in a 
very short period of time .

zx

t

Filtered version of this point is mean of points in solid box

Similarity and Outlier

Anomaly Point？
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The Kalman filters

Heuristics-Based Outlier Detection

𝒙𝑖
(𝑗)
, 𝑗 = 1,2, . . 𝑃

1) Generate P particles 

)𝑃(𝒙𝑖|𝒙𝑖−1

2) Importance sampling

3) Importance weights

𝜔𝑖
(𝑗)

= 𝑃(𝑧𝑖| ෝ𝒙𝑖
(𝑗))

4) Selection step

𝜔𝑖
𝑗

(normalized)

ෝ𝒙𝑖 =
𝑖=1

𝑃

𝜔𝑖
𝑗
ෝ𝒙𝑖

𝑗

5) Compute a weight sum

Insight: the number of noise points is much smaller than 
common points
Calculates the travel speed of each point 
The segments with a speed larger than a threshold are cut off
Distance-based outlier detection

Similarity and Outlier
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Same time period

Similarity and Outlier

Trajectory
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Same time period
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Same time period

Same?  

Similarity and Outlier
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Same time period

(b)(a)

(c) (d)

Similarity and Outlier
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Problem 1. Different sampling rate because of different device

Problem 2. Different path on low sample rate

Problem 3. Direction

5 minutes sample rate of a GPS device on taxi;  1minutes sample rate 
Of a GPS device on a privacy car.

Problem 4. Different length

Similarity and Outlier

Why difficulty?
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Euclidean distance? 

Closest-Pair Distance: 𝐶𝑃𝐷 𝐴, 𝐵 = 𝑚𝑖𝑛𝑝∈𝐴,𝑝′∈𝐵𝐷 𝑝, 𝑝′

Similarity and Outlier
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Same time period

Similarity and Outlier
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Trajectory convert to location set {A,B,C,D…..G}.
Trajectory similarity convert to measure set similarity.

• We measure the distribution of two set.

• Building two items or three items in set measures the distribution
or common items.

A B C D

5 8 9 4

A B C

3

A B

5

B C

8 9

C D

B C D

4
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Same time period

(b)(a)

(c) (d)
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Longest common subsequence (LCSS)

skip some noise points when calculating the distance 
A threshold 𝜀 is used to determine whether two points are matched

Similarity and Outlier

Count common subsequence
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Same Shape Different ShapeTime

Similarity and Outlier
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Same Shape Different ShapeTime
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Dynamic time warping (DTW)

Similarity and Outlier

Edit distance
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Same？

Partition? Outlier
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• The distance between two trajectory segments

– the Minimum Bounding Rectangle (MBR)-based

• (∆( 𝑥𝑙 , 𝑥𝑢 , 𝑥′𝑙 , 𝑥
′
𝑢 ))2+(∆ 𝑦𝑙 , 𝑦𝑢 , 𝑦′

𝑙
, 𝑦′

𝑢
)2

• ∆( 𝑥𝑙 , 𝑥𝑢 , 𝑥′𝑙 , 𝑥
′
𝑢 ) = ቐ

0
𝑥′𝑙 − 𝑥𝑢
𝑥𝑙 − 𝑥′𝑢

𝑥𝑙 , 𝑥𝑢 ∩ 𝑥′𝑙 , 𝑥′𝑢 ≠ ∅

𝑥′𝑙> 𝑥𝑢
𝑥𝑙 > 𝑥′𝑢

– Trajectory-Hausdorff Distance 
• The aggregate perpendicular distance (𝑑⊥)

• The aggregate parallel distance (𝑑//) 

• The angular distance (𝑑𝜃)

• 𝐷𝐻𝑎𝑢𝑠 = 𝑤1𝑑⊥ +𝑤2𝑑// +𝑤3𝑑𝜃

θ
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1. Geometric shape

2. Length (traveled distance)

3. Duration (in time)

4. Speed

Mean, median, and maximal Speed

Periods of constant speed, acceleration, deceleration

5. Direction:

Periods of straight, curvilinear, circular movement;

Major turns (‘turning points’) in: time, position, angle, initial and final 
directions, and speed in the moment of the turn;

Trajectories: Overall Characteristics

 Trajectory feature representation

Anything else？

Similarity and Outlier
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...

...

...

...

...

...

...

...

...

...

POIs based method 

Similarity and Outlier
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Semantic trajectory

Previous information based

Similarity and Outlier

http://images.google.com.au/imgres?imgurl=http://daily.swarthmore.edu/static/uploads/what-is-the-new-beijing/800px-beijing_national_stadium.jpg&imgrefurl=http://daily.swarthmore.edu/2008/02/09/what-is-the-new-beijing/&usg=__blE2w7WYrfkZw-ysp7UIvUkfJj0=&h=521&w=800&sz=74&hl=en&start=16&um=1&itbs=1&tbnid=WMnQaqHjSpRi1M:&tbnh=93&tbnw=143&prev=/images?q=beijing&um=1&hl=en&sa=N&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://daily.swarthmore.edu/static/uploads/what-is-the-new-beijing/800px-beijing_national_stadium.jpg&imgrefurl=http://daily.swarthmore.edu/2008/02/09/what-is-the-new-beijing/&usg=__blE2w7WYrfkZw-ysp7UIvUkfJj0=&h=521&w=800&sz=74&hl=en&start=16&um=1&itbs=1&tbnid=WMnQaqHjSpRi1M:&tbnh=93&tbnw=143&prev=/images?q=beijing&um=1&hl=en&sa=N&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://www.nexans.com/Corporate/2008/beijing_airport.jpg&imgrefurl=http://www.nexans.com/eservice/Corporate-en/navigatepub_199950_-17335/Nexans_cables_at_the_heart_of_Beijing_Internationa.html&usg=__4YKFntsiYy8HNgLvKnttHj3dekg=&h=263&w=350&sz=31&hl=en&start=20&um=1&itbs=1&tbnid=IJYB_W8RzDKDSM:&tbnh=90&tbnw=120&prev=/images?q=airport+beijing&um=1&hl=en&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://www.nexans.com/Corporate/2008/beijing_airport.jpg&imgrefurl=http://www.nexans.com/eservice/Corporate-en/navigatepub_199950_-17335/Nexans_cables_at_the_heart_of_Beijing_Internationa.html&usg=__4YKFntsiYy8HNgLvKnttHj3dekg=&h=263&w=350&sz=31&hl=en&start=20&um=1&itbs=1&tbnid=IJYB_W8RzDKDSM:&tbnh=90&tbnw=120&prev=/images?q=airport+beijing&um=1&hl=en&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://www.uvm.edu/giee/chinaconf/i/photo_lg_beijing.jpg&imgrefurl=http://www.uvm.edu/giee/chinaconf/&usg=__OChJD4Zm9VQSG0aSZ57wgqWWj1Y=&h=399&w=599&sz=74&hl=en&start=1&um=1&itbs=1&tbnid=fe0u_gcALpZ7hM:&tbnh=90&tbnw=135&prev=/images?q=beijing&um=1&hl=en&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://www.uvm.edu/giee/chinaconf/i/photo_lg_beijing.jpg&imgrefurl=http://www.uvm.edu/giee/chinaconf/&usg=__OChJD4Zm9VQSG0aSZ57wgqWWj1Y=&h=399&w=599&sz=74&hl=en&start=1&um=1&itbs=1&tbnid=fe0u_gcALpZ7hM:&tbnh=90&tbnw=135&prev=/images?q=beijing&um=1&hl=en&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://eact-china.org/pic/festival/greatwall.jpg&imgrefurl=http://eact-china.org/festival/events.html&usg=__fL2RuJ7VWOuJUHZYe-qiYf5EjhQ=&h=1944&w=2948&sz=2744&hl=en&start=5&um=1&itbs=1&tbnid=82Tf-S8yuT-7kM:&tbnh=99&tbnw=150&prev=/images?q=beijing++great+wall&um=1&hl=en&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://eact-china.org/pic/festival/greatwall.jpg&imgrefurl=http://eact-china.org/festival/events.html&usg=__fL2RuJ7VWOuJUHZYe-qiYf5EjhQ=&h=1944&w=2948&sz=2744&hl=en&start=5&um=1&itbs=1&tbnid=82Tf-S8yuT-7kM:&tbnh=99&tbnw=150&prev=/images?q=beijing++great+wall&um=1&hl=en&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://flighttochina.net/wp-content/uploads/2007/10/thetempleofheaven.jpg&imgrefurl=http://flighttochina.net/category/city/beijing/&usg=__cCJPnjhQGd3sWLuSEgsVOHBsvE4=&h=301&w=450&sz=54&hl=en&start=13&um=1&itbs=1&tbnid=OzrZ1ElxB-2tcM:&tbnh=85&tbnw=127&prev=/images?q=beijing++dazhong+shi&um=1&hl=en&tbs=isch:1
http://images.google.com.au/imgres?imgurl=http://flighttochina.net/wp-content/uploads/2007/10/thetempleofheaven.jpg&imgrefurl=http://flighttochina.net/category/city/beijing/&usg=__cCJPnjhQGd3sWLuSEgsVOHBsvE4=&h=301&w=450&sz=54&hl=en&start=13&um=1&itbs=1&tbnid=OzrZ1ElxB-2tcM:&tbnh=85&tbnw=127&prev=/images?q=beijing++dazhong+shi&um=1&hl=en&tbs=isch:1


DM
LESS IS MORE Data Mining Lab

数据挖掘实验室

 Others methods representation

Graph

Matrix

Network

Similarity and Outlier
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• We can observe its movement from the hive (in or out).

Outlier is different from pattern.

in 
hive

outside 
hive

time

Similarity and Outlier
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