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If you are a detective

Someone missing?

Would you please help us?
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Content

® Introduction
@ Task and Data Description
® MovementFinder

©® Design Goal
©® Dealing with Uncertainty

® Visual Design and Investigative Interaction
@ Case Study
® Conclusion and Future Work
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Infroduction

7

® Background
© GAStech

« Tethy-based international company
- Several employees missing

* Recording the GPS logs and transaction logs from the employees
©® Abila
* Kronos capital
® Data
© GPS records, 685,170 items, 33MB
© Transaction records (loyalty card, credit (debt) card), around 1,491 records

© Employee information (Name, title, position and department)

Vi
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® Tasks
© Describe daily behavior of the employees
© Identify up to twelve unusual events or patterns that you lef Agy.}ﬁ,{gggggsj

* Who, when, where [ IR
- Pattern, confidence and evidence - 18 §
@ Dealing with uncertainty s 1 35w = g7 “‘j»
' . 7 o 'ﬂ: 'Jm . = -@" & Androutsou Street 5 .&/
©® Missing data o | Z = 1 . & v
m. : - Ogizert g‘ABILA‘HOSF‘ITAL
Conflicting data = L e\
- To Abila Airport GA:IJ To Port of Abila

Data of varying resolutions

Outliers
Other kinds of confusing data
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Working Pipeline

@ Data processing

rTm™

= L rm

[T =

]
) Shop
J Restaurant
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Detail 1: Time 23:00, Jan.8 - 3:40, Jan.9 |

e

Ganaral PO D::.H'—nrn

g = S:i:::: I:m - & |E1: Mies Minke went to the
® POI matching and labeling y F il Tir 7NN o steyed therg 1 .30, Jan

@ Pa‘ttern eXtraCtlon / : E2: Bordrogi Loreto amived at the:" . o 3 | .‘.
y” Taxiarchon Park at 03:32, Jan.8, - = - 4 :'x‘
Vi Mies Minke left at 03:30, meetin N
@ Outl |er Ca|CU|atI0n ,-'{r/ 2{13;?;:1\;13:;32?;\:;;“ Elnrdrciﬂ
@ Data cleaning — dealing with = e i
o | Estlmatad rfneetmg place
uncertalnty || | |Deta.||2 Tmea40 Jan@ - 8:18, Jan.d |
| ST L B A, e
® Visualization \ | S0 382 L?
G PS t k \ \g; Bordrogi Loreto went to a cafe | | |
7 & | T, , 4
[5H Winka 2 Sewwr “ermetar Conteol 4 then he went to tec
© Event sequence for each person i o
E2 E3 4 '
® Event detection with multiple filters visual e e e |
an aIyS I S ) - T They sta'_.r;d in the' Taxi:;rlchian :"ark .\" i h
within a non-overlap 4 hour each at night.
/ 7 :

/'; (nstea e
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Data cleaning
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@ Dealing with uncertainty in the following aspects e e

|
'Workflow dealing with POI uncertainty T PO LT
@ POI data } transaction location
|
Manually extracted from tourist map and neither precise | JPG Map File | | ———
nor complete. { — ]March lat/Ing in QGIS ——| 3] yith lat/Ing range —>|  POIMap }_
I ————
|
|

Road Map Data }

i i s o s i A e i A e s

BENEREERG O

Source Data Initial POl map Refined POl map




Workflow dealing with GPS missing data

| |

ChinaVIS 3 The 3rd China | |
8 k::[jfﬁi Caleulate th | Set the threshold f Identify the missing dat }
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| \

Data cleaning

@ Dealing with uncertainty in the following aspects sasech e
Hen PO Uncertain
© POl data S

* Manually extracted from tourist map and neither precise
nor complete.

© GPS data

-\.

Q‘Hme Jindicating the missing data, also
|cat|ng Ihe source / destination |nformat|on .

« Atrack can be systematically shifted.
* Noise exists

« Distance between two consecutive records can be far
away.
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Data cleaning

@ Dealing with uncertainty in the following aspects
© POl data

* Manually extracted from tourist map and neither precise
nor complete.

®© GPS data
+ Atrack can be systematically shifted.

*  Noise exists

Distance between two consecutive records can be far
away.

ChinaI
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Workflow dealing with GPS shift uncertainty
- -, Identify the regular place . . . . 1
| | PS5 Dara | | [e.p. H-ﬁ.f‘ET.El'.h:lll.'ﬂE'I:I'lﬂrh the chifrl — | Dcaling with shift uncertainty |
‘l 1 > I le the d .' ' 1
TOI R | smzsampile the data, . -
I | ap ) | et the general patcem | — | Keduce the noise effect
e .
Spatial View
L - =N < o
y
L |
i = ':.:__
|
| i
A G |
gl
: r-\-. m : oo el —.-'H.-"'
] : | - 1
| I | ; 5
| Apply the shift for GPS logs |
ELKEEE_EI_T 38, Harw. Eil 4 Bea )]Tram saction snd P01 matzhes |
5 7
g " _— I N S
8 I — T . I R S
— T — R — I T P
i [ T I i a e —& 1 1 ]
i 4 - —
I | ! |
4 e [ — : _.—-_ I E—
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] T — — = 1 1 1 1
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Before preprocessing After preprncessrﬁg
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e
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Data cleaning e 1

Workflow dealing with Transaction Time Uncertainty

| |
' I |
@ Dealing with uncertainty in the following aspects | \ s | Cornia | |
| | “lransaction [ata | |
| " 4 [ Seek lor the step-event backward in tme, | |
© POI data. Check whether the transaction | Ne . P P :
. . . | { d GPS data) : I
- Manually extracted from tourist map and neither precise | i b |
| I
nor complete. — T —— :
Example 1 [Orlgmally, the hill's time is 12:00 1 |ﬂf}°h i the breakfast time |
& Heme: o ID &, Hame: Sazalsas
© GPS data . ;'N =3 , % - & m T
3 — —_— c N
B gy | e | | & |
- - . [ 4 |
* Atrack can be systematically shifted. z P e — 0 — . — . —
. > 2 --:_ -Hé-:—
+ Distance between two consecutive records can be far e+ s D Z » B2 = 2 ————————————
away. o —
_ Example 2
© Transaction data . 10, Name Ca-po-Corrarte Ade

* In case of price conflicts, we show both prices. I —— S——— —

* In case of transaction time conflicts, we select the time W [
that better matches the GPS logs. 1 ———— . E————

18 . | & ]
T
@ a E 4 E g o1 1 B\ 13 m @M

Criginally, the bill's time is 3:55‘.’“’II Match to last day's afterncon, 15:50 -
and happens in Kronos Mart

Vis®PKU "




ChinaVIS & The 3rd China Visualization and Visual Analytics Conference
07.21~23 Changsha ;—:E,E)?H‘ EREN ﬂ%ljl_/f/t_% Efﬂ”ﬁﬂ‘ﬁjﬁ/ﬁ\

Data cleaning \

fWorkrow dealing with POI uncertainty ‘mmmscd on GPS data, ‘ i

‘ ‘[ transaction location }

| pS— |

. . . . . | JPG MapFile | Trtetactively anizn the ‘

@ Dealing with uncertainty in the following aspects | o] )[R e
| |

® POl data

* Manually extracted from tourist map and neither precise nor
complete.

© GPS data

Source Data Initial POl map Refined POl map
Workflow dealing with GPS shift uncertainty

| Dealing with shift uncertainty

« Atrack can be systematically shifted.

( TOI My — | Reduce the noise effecr

Workflow dealing with Transaction Time Uncertainty

*  Noise exists

[ msaction e Spatial View
= Check whether the transaction
Stop-Event Data place and stop place matches
(preprocessed GPS darn) —

» Distance between two consecutive records can be far away.

Example 1 .
© Transaction data et
T e .
« In case of price conflicts, we show both prices. Event View
* |In case of transaction time conflicts, we select the time that better —————

matches the GPS logs.

! |||
1
" I||

a = =

0 S ©oro4 8w owo=ouou
Before preprocessing After preprocessing

© Car assignment data

Match to last day's afternoon, 15:50

: e .
Originally, the bil's tima is 350,
and happens in Kranos Mart

*  No employee ID provided

Vis®@PKU 13
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Uncertainty classification and dealing methods

® Methods
© Data based reliability improvement
® Cross reference of multiple source of data to enrich the data

® Visually identification and automatic methods

® Benefits
® Precise information and confidence level of information

® Foundation for event detection

Example: Geo informatiort’/

@PKU shift and downsampling
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Spatial temporal visual analvties

(c) Entity View (a) Spatlal \ﬁew -
* Visual Components LT

+ Spatial View ' e
 POls
 GPS tracks
« Spatial filtering

Spatial filter {1
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Spatial temporal visual analvtics

7

* Visual Components
« Spatial View
* POls
« GPS tracks
« Spatial filtering
« Temporal View

 GPS logs
distribution

« Temporal filtering
* Periodical selectior

(6) Timeli'he View‘

®PKU
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Spatial temporal visual analvties

7

SevurRy v
( ) Entlty Vlew
See Cartrol
Securty Badgng Office
 Visual Con |ponents
113 Faciltss Jan
Morluniau  Ceclis 107 Faciloas Truck Driver
) S p atl aI VI eW Scomess Dylan 106 Facilbes  TruckOriver
Markun Adan 106 Faciltes Truck Oriver
Coginian Dante 111 Faciles Janitor
° P O I S Mes Henk 104 Faociles  Truck Driv or
Nart Ireng 107 Facilbss Truck Driver
Lwalor Va 114 Facilbas Janitor
» GPS tracks forson it 101 Fates Tosk v
Hawsion  Baneo 101 Faciltes ruck Oriver
A e A Hafon Abina 101 Faclivas Truck Driver
® S p atl al fl |te rI n g Ovan Bertrand 29 Faciltes Facilties Group Manager
Markun Valena 105 Faciltes ruck Drver
.
» Temporal View
* GPS logs

« Temporal filtering
* Periodical selectior

* Entity View

1
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Spatial temporal visual analvtics

7

* Visual Components . .
- Soatial View (d) Detail Event View
+ POIs s ——
° GPS traCkS IT O (D
 Spatial filtering - St
: op event
« GPS logs distributiol e Ay O — @
1 emporal filteringy =« () DetaitventView  » Transaction event
« Periodical selection == : z 1 8 8 B 3 4 B W B 3 3
* Entity View e ' e
* Detail Event View Tt et
* Event sequence
visualization

« Comparison and
outlier detection

Vis@PKU
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Spatial temporal visual analvtics

* Visual Components

» Temporal View
* GPS logs distribution
« Temporal filtering
« Periodical selection
« Spatial View
* POls
« GPS tracks
« Spatial filtering
* Entity View
« Detail Event View

7

* Even%. Setquence (e) Event Timeline — W ko A e = P PSS SOt jon
Vlsua Iza Ion ::i’ 2 “:‘f‘_f ’_‘;r' .,EEL rge pay bills, around several thousands] ote 2 oe S ruv._c
. CO m parlso n an d o — Tue 07 7 Wed 02 s ’ - Fril0 ) Sx 11 o 12 l~'cl|13— —— ?‘.l_"‘ _Ae‘J 15 'mlﬁ—l : ‘. -(

outlier detection

®PKU
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Spatial temporal visual analytics

* Visual Components

» Temporal View

* GPS logs distribution

» Temporal filtering

» Periodical selection
Spatial View

+ POls

* GPS tracks

« Spatial filtering
Entity View
Detail Event View

« Event sequence visualization

« Comparison and outlier
detection

Spatial Temporal Circular
Design

» Detail event exploration

» Spatial temporal correlation

®PKU

- (c) Entity View
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Case: Investigation after uncertainty dealing
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7

8 \\ eeeeeeeeeee Shep
=3 \‘\‘ mmmmmmmmmmm park
Orilla Elsa 28 Engineering Drill Technician = ]B\ \\\ Ii;?::"" IZ;‘;“.Z;W
“‘L_ N . \ Non POI Unczrtain
Herrero Kanon 22 Security Badging Office
1D 22, Name: Herrero Kanon
— = b . | < [ |
—E— 4 3y < ! |
4 1 - [ | < |

Pattern 1: They go together in one
car. Herreron Kanon drove, and he| —

paid for two in lunch while Orilla - - =
Elsa used her Loyalty Card 14— ——[———

Pattern 3. In the weekend, they Hour
drove together, went to eating, 1
park or museum. Herreron Kanon : ) .
paid for the bill. ID: 28, Name: Orilla Elsa Showing most spatially T ‘
.6 O ) overlapped trajectories
8 I N N

Pattern 2: They go together in one 10 (S —— —— S

Orilla Elsa used her Loyalty Card 1 S S S

0 2 4 6 8 10 1z 1 16 15 20 22 24

Oufller: Orilla went to the
musuem again in Sunday| —
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Conclusion

7

@ Dealing with uncertainty
® Combining several types of data, referring to the correct and higher resolution ones
© Dealing with uncertainty in multiple dimension
@ Combination of multiple filters
©® Visual summary of daily patterns
©® Provide flexible investigation tool
© Support comparison for further event detection
® Future work

© Try data with larger scale
©® Provide more aggregation methods for group analysis

®PKU %
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Thank you |




