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Background

* Big Data — Four v’s

* Volume, Variety, Velocity, Veracity
* Movement data

e Pedestrians

* Animals

* Aviation

* Maritime

* datACRON project
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Background

TIMESTAMP
01-10-15 1:58
01-10-15 2:00
01-10-15 2:08
01-10-15 2:08
01-10-15 2:08
01-10-15 2:09
01-10-15 2:09
01-10-15 2:09
01-10-15 2:09
07-10-1517:21
07-10-1517:22
07-10-1517:48
07-10-1517:48
07-10-1517:48
07-10-1517:48
07-10-15 17:48
07-10-1517:48
07-10-1517:48
07-10-1517:48

LON
114.75152
114.7494
114.74012
114.73996
114.739173
114.739013
114.738707
114.738547
114.737907
114.251783
114.251793
114.416587
114.41637
114.416332
114.416105
114.416058
114.415965
114.415933
114.415862

* Example of movement data

LAT
30.6056
30.60493
30.60043
30.60034333
30.59998667
30.59991667
30.59977667
30.59969667
30.59943
30.50421333
30.50428333
30.69275167
30.6927
30.692695
30.69262333
30.69260833
30.69256833
30.69255333
30.69253

SPEED HEADING

7.9
7.7
8.1
8.1
6.9
8.0
9.1
7.9
8.9
0.9
60.5
7.0
4.5
6.9
4.3
6.0
6.2
8.8
4.9

251.9
246.9
239.7
239.3
244.5
243.8
241.7
241.9
245.8
0.0

0.0

250.0
249.8
249.9
249.7
249.6
249.4
249.3
249.3

Chair of Cartography
Department of Civil, Geo and Environmental Engineering



Technische Universitat Miinchen m

Background

* Ramification of mover identity inaccuracy

Simulation of two movers moving
in opposite directions

Example of two movers in
different cities
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Objectives

* Develop an algorithm to detect mover identity
errors.

e Develop a visual-analytic strategy to facilitate
parameter discovery.

* Correct erroneous trajectories.
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Working Steps

Pre-processing
(Data preparation, duplicate rows removal)

U

Detection of anomalous trajectories

J

Duplicate mover identifier detection

J

Trajectory Correction
& Output
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Related Work

 Anomalous trajectory detection approaches

» Survey of trajectory data mining (Zheng, 2015)
e Pattern mining approach

e Building up patterns of motion from historical data
* Statistical approach

* Deviation from models of normal motion
e Heuristic approach

 Critical points (stop, turn, slow motion)
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Movement data quality

* Missing data problem (spatial/temporal gaps)
» Accuracy problems (inaccuracies in identifier, position,
timestamp, or other attributes)
* Mover identity error
» Spatial errors
* Temporal errors
e Attribute errors

* Precision deficiency (limitations of the positioning system)
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Related classes of errors

Cut-off error Jitter
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Need for visual analytics approach

Visual Data Exploration

User Interaction

)

< >Model\
g

Mapping
Transformation

Visualization
Model Knowledge

Buildin

Data /
Parameter

u refinement

Automated Data Analysis

Feedback loop

4 ™\ Chair of Cartography

&/ Department of Civil, Geo and Environmental Engineering



Technische Universitat Minchen m

Methodology (algorithmic component)

1. Pre-processing
2. Detection of anomalous trajectories
3. Correction of anomalous trajectories
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Methodology (algorithmic component)

Pre-processing steps

 Removal of duplicate rows
* Conversion to Web Mercator projection

e Conversion to Hierarchical Data Format
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Methodology (algorithmic component)

Detection of anomalous trajectories

e Simple thresholding based on mean velocity

* Other properties like total distance covered can also be used
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Methodology (algorithmic component)

Correction of anomalous trajectory
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Last point Latitude, longitude of the last inserted point

Last point | Timestamp of the last inserted point

timestamp
/| Points List of all points belonging to this group
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| L™ o points in this group
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Methodology (algorithmic component)

R-Tree spatial index data structure for fast
lookups

* Number of trajectories and points in trajectories is
non-trivial.

* R-tree data structure is utilized to quickly find the
nearest matching candidate group to a candidate
point.
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Methodology (visual analytic component)

1. Data loader interface
2. Duplicate mover detection interface
3. Cut-off error removal interface

4 ™\ Chair of Cartography

&/ Department of Civil, Geo and Environmental Engineering



Technische Universitat Miinchen m

Methodology (visual analytic component)

Data loader interface

Maritime dataset loader

Enter Filename

D:/_Projects/traj/Wuhar

S

# Trajectary 1D count mean std mex Speed Histogram TID = 413997052_ 1
77 413997052_2 6851 1577463024179 5.79255886312529 S54.630978399229. . 1000 _ :}
78 413997052_1 7018 12 47667505539 4 8AB244435660 49 299344056359
9 413828559 1 1rra FA2N046253402 .. 3334465127349 48.236414895032. . o -g
B0 4138284521 5056 11.220663509005... 4475504857010, 40.531890715428 . E o003
a1 413996252_ 11 5507 M.36747T1721116... 3610044788961, 37 557550185284 U 40“-?
a7 413828452_3 fla T 1079338122742 3847235808135 . 35 015095446050 200 E
83| 413828452_9 4964 12.16023917836...  4.3108186802711... 33.367876567249. . 0 3
81 4137930391 4953 1614698773345 . 3438333785050, 31 877528484830 DR AR AR AR AR AR
85 4139965991 13259 B.782474370249_ .. 2758608133966  31.794715778066... Speed (km/h)
86 413829321 11 9251 B5T2708T2216378 3106379715043 31 771537646085
a7 413997591_3 G187 7 80111916523041F 2.9208981011887... 31.7705893320017. ..
86 4138293211 12247 7792458410813 3413468078504  31.656785500826..
89 4137938561 6249 0464290203394 . 3238150208984 . 30 497986730065,
00 413793363_2 5240 8701002031969 .. 2082809770635  29.091818701333
91 413996734_9 5162 1050292485003 3228415213004  20.050818849142
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Methodology (visual analytic component)

Duplicate mover detection interface

Duplicate mover detection

0 Enter trajectory ID

® 42456 | :
: o 42451 413000000_ 7
' 40715 | 0P
‘ Load trajectory
| = 42455 8
i 40601 Distance threshold (meters): 500
37695
42442 Time threshold (minutes): 30
S0 Max groups to display: 10
37289 ¥
38695 Enter Output Filename
corrected_trajectory.csv
Save trajectory
u y
‘Echeng Sub trajectories timeline
1 42455
42442
40601
42456
40715
38695
38700
37695
37289

42451
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Methodology (visual analytic component)

Duplicate mover detection interface
(slippy map with glyphs for movers and stop points)
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Methodology (visual analytic component)

Duplicate mover detection interface (timeline view)

37695 + .

Start: 2015-10-03 04:59:20

< End: 2015-10-03 07:06:07
Speed: 7.469 km/h
Heading: 43.383

o _

| | |
4h 8h 12h

37289 —+
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Methodology (visual analytic component)

Cut-off error removal interface

Cut off error removal
o

B Q Enter trajectory ID
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Evaluation

2 maritime datasets analyzed

_ Wuhan Dataset European Dataset

Total number of records ~13 million ~61 million

Total number of trajectories [REHHES 118,000

1 month 1 month
(2015-10-01 to 2015-10-31) (2016-01-01 to 2016-01-31)

Original format Csv CSv
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Evaluation

Visualization of an anomalous trajectory (Wuhan dataset)
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Evaluation

Sample mover identity correction result (Wuhan dataset)
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Original Trajectory Corrected
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Evaluation

Sample Mover identity correction result (Wuhan dataset)

p——

Original Trajectory Corrected
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Evaluation

Sample Mover identity correction result (Wuhan dataset)

Original Trajectory Corrected
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Evaluation

Visualization of European dataset
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Evaluation

Cut-off error reduction (European dataset)
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Evaluation
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Cut-off error reduction (European dataset)

mon> ‘:Z;l =

2 0l Cfielmsford

oe

London

Bmi\?”rj\\ A
Folkestone )‘nﬁh‘f‘/ l ~J m
Original Trajectory Reduced number of cut-off errors

Chair of Cartography
Department of Civil, Geo and Environmental Engineering



Technische Universitat Minchen m

Results

Mover ID correction results from a sample trajectory (Wuhan dataset)

I S

Distance 125880 km 300 km
Mean speed 6625 km/h 9.3 km/h
Visual Many criss-crossing segments None
Performance 6559 points processed in 1.87 s

Cut-off error correction results from a sample trajectory (European dataset)

I L

Number of high-speed 131

segments removed

Mean speed 193 km/h 3.2 km/h
Visual Many long distance segments Reduced
Performance 8965 points processed in 7.12 ms.
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Results

Wuhan dataset batch mode correction results (20 anomalous trajectories)

Original Trajectories Corrected trajectories

Chair of Cartography
Department of Civil, Geo and Environmental Engineering



Technische Universitat Minchen m

Conclusions

* Method to detect groups of movers from an
anomalous trajectory was developed

* Visual analytic method to alter algorithm
parameters was developed

* Methods were applied to two maritime datasets
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Future work

» Additional modes of transport
 Parallel detection of other multiple classes of errors
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