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2.1 Twin-Cities Trafc Data

Figure2.1. Detectomapatthestatiorevel



2.2 Usersof Transpor tation Traf ¢ Visual Tools 9

Station Table Detector Table Value Table
' | Polygon ' - )
Station | Polygon_id Boundary Location| Freeway) Direction| Zone |..... Detector| Station Time  |Detector|Volume| Occupancy
Detector 50
************************************** 1 P1 (35),(4,0),.| 26th St.| -35W | N Q4 1 1 19971121230 1 50 3
Detector 51 Station 20
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 P3 (57),(64),..| 28th St.| 1-35W | N Q4 2 1 19971121250 2 60 12
Detector 52

Figure2.2. Detector-stati®elationshgndBasiclades

Data Mining and Knowledge Discovery(e.g., visualization)

% Data Warehouse
Query
\ result Clustering Patem Map  Graphic Trend
N I Rule
Raw data 7> Classification
, Outlier detection >
5-minute Trend

Detector CIean

volume &  |oad
occupancy

Figure2.3. Data- evandmairmodules oursystem
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Space dimension

County Freeway Region

Freeway+ Direction

Station

Detector

2.3.1 Basic Concepts

Time dimensions
Year
Season
Month ~ Week

Date

Hour

Minute

Figure2.4. ConceptliearchieforDimensions

2.3.1 Basic Concepts
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Jan Feb By Year Jan Feb By Freeway
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2.3.1 Basic Concepts

0-D Data Cube

Group By
(with total)
By Year
1994
1995
1996

1-D Data Cube

Cross Tab

1994 19951996 By Freeway

2-D Data Cube

Simplified
3-D Data Cube

By Freeway & Month

Figure2.5. The0-D 1-D 2-D and3-Ddatacubes
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Cube-query

SELECT Month, Year, Highway,
Avg(Volumes) AS Avg_Volume

FROM VOLUMES

GROUP BY CUBE Month, Year, Highway

Volume

Highway WeekdayHour of day Avg volume
1-35W-S | Monday 6 254.43
1-35W-S | Monday 7 288.01
1-35W-S | Monday 8 267.04
I-35W-S | Friday 6 260.98
1-35W-S | Friday 7 323.55
I-35W-S | Friday 8 254.15
1-35W-S | Sunday| 6 29.67
1-35W-S | Sunday| 7 34.97
1-35W-S | Sunday| 8 47.82
1-94-E |Monday| 6 265.32 C U B E
1-94-E | Monday 7 326.01
1-94-E | Monday 8 278.58
1-94-E | Friday 6 279.31
1-94-E | Friday 7 340.74
1-94-E | Friday 8 272.97
1-94-E | Sunday, 6 34.59
1-94-E | Sunday| 7 43.27
1-94-E | Sunday| 8 48.14 ALL

Base table

2.3.1 Basic Concepts

Data Cube

Highway | WeekdayHour of day Avg volume
ALL | ALL |ALL 202.75
1-35w-s | ALL |ALL 195.62
1-94-E | ALL |ALL 209.88
ALL |Monday|ALL 279.90
ALL Friday |ALL 288.62
ALL | Sunday ALL 39.74

ALL |ALL |6 187.38
ALL | ALL |7 226.09
ALL |ALL |8 194.78
1-35W-S |Monday| ALL 269.83
1-35W-S | Friday |ALL 279.56
1-35W-S | Sunday| ALL 37.48
1-94-E Monday AL L 289.97
1-94-E | Friday |ALL 297.67
1-94-E  |Sunday | ALL 42.00

I-35W-S | ALL |6 181.69
1-35W-s | ALL |7 215,51
I-35W-s | ALL |8 189.67
1-94-E | ALL |6 193.07
1-94-E | ALL |7 236.67
1-94-E | ALL |8 199.90
ALL Monday 6 259.87
ALL | Monday 7 307.01
ALL Monday g 272.81
ALL Friday | 6 270.15
ALL Friday | 7 332.15
ALL Friday | 8 263.56
ALL Monday 6 32.13

ALL Monday 7 39.12

ALL Monday 8 47.98

Resulting table from Cube operator

(aka data cube)

Figure2.6. Anexamplefdatacube
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VOLUMES-L2
VOLUMES-Base Q5 - Highway Weekday Hour of dayAvg volume
Highway | WeekdayHour of dayAvg volume ALL ALL ALL 202.75
1-35W-S | Mon 6 254.43 Q3
1-35W-S | Mon 7 288.01 T
1-35W-S | Mon 8 267.04
1-35W-S | Fri 6 260.98
1-35W-S | Fri 7 32355 VOLUMES-L1-A VOLUMES-L1-B VOLUMES-L1-C
I-85W-S | Fri 8 254.15 High dayHour of day Avg volume Highwa Hour of dayAvg volume High dayHour of day Avg volume
:gng :3: g gi'g; Q4 ALL | ALL 6 187.38 ALL | Mon ALL 279.90 1-35W-S | ALL ALL 195.62
13ow-s | sun s 1782 ALL | ALL 7 226.09 ALL Fri ALL 288.62 1-94-E | ALL ALL 200.88
192t | Mon s 265.32 ALL | ALL 8 194.78 ALL | Sun ALL 39.74
1-94-E | Mon 7 326.01
1-94-E Mon 8 278.58
1-94-E | Fri 6 279.31 Q2 Feb
1-94-E | Fri 7 340.74
1-94-E | Fri 8 272.97 VOLUMES-L0-A VOLUMES-L0-B VOLUMES-LO-C
:gZE :E: g igg? Highway WeekdayHour of dayAvg volume High dalHour of day Avg volume Highway WeekdayHour of dayAvg volume
1-94-E | Sun 8 48.14 ALL | Mon 5 259.87 1-35W-S | ALL 6 181.69 1-85W-S | Mon | ALL 269.83
ALL | Mon 7 307.01 1-35W-S | Fri | ALL 279.56
1-35W-S | ALL 7 215.51 -
ALL | Mon 8 27281 1-35W-S | ALL 8 189.67 I-35W-S | Sun | ALL 37.48
ALL | Fri 6 270.15 -94- 1-94-E | Mon | ALL 289.97
1-94-E | ALL 6 193.07
ALL | Fri 7 332.15 1-04-E | ALL 7 236.67 1-94-E Fri | ALL 297.67
ALL | Fri 8 263.56 1-04-E | ALL 8 109.90 I-94-E | Sun | ALL 42.00
ALL | Sun 6 3213 :
ALL | Sun 7 39.12
ALL | sun 8 47.98

Figure2.7. Anexamplefgroup-k

Takbe 2.2. Sliceonthevaluel-35\WsouthoftheHighwy dimension

2.3.2 Trafc Data Warehouse
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Talde 2.3. DiceonthevalueMondgandl-35WS of highway dimension

Time dimension Space dimension Month

time id detector_id
_ . ear .
minute station Y’ Station
location station_id
hour S-minute location
name
S — Detector name
direction time_id direction
freewa minute detector_id|
Fact table y hour station freeway
zone
season p— zone season date -
year ! county

county
detector_id Season

season_id
year

time_id
detector_id|

volume

volume
occupancy

occupancy

Figure2.8. Desigrschema

2.3.3 Operations on The Traf c Data Cube
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Tabe 2.4. Thebasetalle oftraf c datacube

Tabe 2.5. Examplefroll-up
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Tale 2.6. Examplefdiill-devn

2.4 Visualization Utilities

2.4.1 Trafc Video Visualization



2.4.2 Traf ¢ Volume Map 18

Figure2.9. Traf c Video

2.4.2 Trafc Volume Map

2.4.3 Attrib ute Visualization



2.4.4 Video Map Compar ison 19

Figure2.10.Summartraf c map

Figure2.11.Attibutevisualization

2.4.4 Video Map Comparison



2.45 Traf ¢ Flow Visualization 20

Figure2.12.Compasonoftraf c videaftwo diferentdays

2.45 Trafc Flow Visualization

2.4.6 The visualization display component for a specic highway



2.5 Traf ¢ Data Mining and Visualization 21

Figure2.13.

2.5 Trafc Data Mining and Visualization

2.5.1 Classi cation
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Figure2.14.Traf c videdorhighway I-940n1/61997
2.5.2 Clustering



2.5.2 Clustering

Volume during

6:10-6:15PM
<:1% \Klsz
No Occupancy during
11:25-11:30AM
<=19 >19
Volume during Yes
11:30 - 11:35AM (Bottleneck)
<=4 &4
Yes No
(Bottleneck)

Figure2.15.AClassi catioBxample
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Average Traffic Volume(Time v.s. Station) 1-35W North Bound on 1/13/1997 using K-means clustering
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Tale 2.7. Desaptiorofeachcluster
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2.5.3 Outlier s/Exceptions detection
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2.5.4 Association Rules Discovery

2.5.5 Sequential Pattern Disco very
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3.1 Performance

3.1.1 Performance Pro ling

Tale 3.1. Expeimentl. Fetchthedatafora snapshot.



3.2 Data base

Applet CGl Database

request for traffic data

traffic data for a snapsh

all

e
the first snapshot

_ I T network,1

- § Tnetwork,z

T T T T T T T T T T T T T T T T T T T T T T T T T e ?’ Tnet\Nork,n

Tdb=Tdb,1+Tdb,2+...+Tdb,n

Thetwork =Tnetwork,1* Tnetwork, 2" * Tnetwork,3

Figure3.1. PerbmancéPro lingorexpeiment.

Performance vs. database table

Performance decreases a little when table grows bigger

3.2 Database

30
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Tale 3.2. perbrmancendiferensizsofdataset

3.2.1 Different query approach

Applet CaGil Database
S request for traffic data e )
I I Tab

Response Time' all

Jo

the 1st snapshot

network

Figure3.2. Retrevingthewholalay insteadfa snapshot

Tale 3.3. Expeimen®. Fetchdataofthewholelay.
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3.3 Network

3.3.1 Pipelining to reduce response time



3.4 Conclusion

Applet cGli Database

request for traffic data

I _ SQL query

1st snapshot
2nd snapshot

response time
3rd snapshot

J buffer
1st snapshot
T S shapshiot |

]

Figure3.3. Pipelinintiaf c data.

Talde 3.4. ExpeimenB. Responstme Thebufersiz isthreesnapshotsalueperday isused.

3.4 Conclusion
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Task 3: Develop
Visualization
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4.1 Introduction

4.1.1 Experiment design

Parameter s
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Table design

Query design

Tabe4.1. Queres
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4.2 Use Index to Improve Performance
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Tabe 4.2. Impacbfindeingonperbmance

4.2.1 Improvement for traf c video

Use inde x to reduce response time

Tale 4.3. Responsgmeusingve min

4.2.2 Improvement for data cube visualization
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Figure4.1. DataCubeVisualizatiandindex.

Data cube visualization using diff erent tables
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Tale 4.4. Impacbfinde&ingonperbmance
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Figure4.2. Perbmancefvalueperday and ve_min

4.3 Develop High Performance Algorithm
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4.4.1 De nition of S-Outlier s

4.5 Spatial Outlier Detection: Problem De nition and Proposed

Algorithms
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Tade 4.5. Examplesf and functionfordiferentapproaches

45.1 Problem De nition

Spatial Outlier Detection Problem
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Tabe 4.6. Modebuildingocomputéheaggegatdunctions

4.5.2 Our Approach

Model Building
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Test Result Computation
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45.3 Outlier s Detected
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Task 4. Prototype
Software
Implementation

5.1 Prototype Software Design

5.1.1 Design Requirements

User Friendliness



5.1.2 Software Design 50

Por tability

Performance

5.1.2 Software Design

GUI Database

CGl

Figureb.1. Softwrearchitecture

Graphic User Interface (GUI)
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CGl web server

Database server



5.2 Software Utilities

Tabe5.1. Valueperday

Tahe5.2. Dtcube

5.2 Software Utilities

Tabe5.3. Fiveemin
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5.2.1 Video Visualization 53

Tade5.4. Polygon

Takbe5.5. Station

5.2.1 Video Visualization

Video visualization for one day

Video map comparison component



5.2.2 Visualization of Attributes 54

Takbe5.6. Color

Figureb.2. ASnapshdtomTraf ¢ Video

5.2.2 Visualization of Attrib utes
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Figureb.3. Traf c Videdorl-94

5.3 Visualization of Dimension Hierarchy



5.3.1 Data Cube Visualization 56

Figure5.4. Compasonoftraf c videooftwo diferentdates

Figure5.5. \blumamap

5.3.1 Data Cube Visualization



5.3.2 Traf ¢ Dimension Hierarchy 57

Figure5.6. Outliedetection

Figure5.7. Datacubevisualization

5.3.2 Trafc Dimension Hierarchy
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T D S

Figureb.8. Traf c DimensioHiearcly. Inthishiearcly, timedimensiois brole intoDate(DandTOD(T).

5.3.3 D-T matrix
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Figureb.9. Day ofyearvs Timeofday.

Figure5.10.Weekdgvs Timeofday.

Figure5.11.Monttvs Timeofday.

5.3.4 D-S matrix
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Figureb5.12.Monttvs Timeofday onl-35Wsouth

Figure5.13.Day ofyearvs stationsnl-35Wsouth.

Figure5.14.Weekdg vs stationsnl-35Wsouth.
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Figure5.15.Monttvs station®nl-35Wsouth.

5.3.5 S-T matrix

Figure5.16.Stationsnhighway |-35Ws Timeof day.
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5.3.6 T matrix

5.3.7 D matrix

5.3.8 S matrix

5.3.9 Album
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Figure5.17.Timecune.
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T Jan Feb

D

e

1-35W south

1-35W north

/P(ivot to D-T face.

Figureb.18. Slicedatacubeandpivotsmalbatacubedo getaltum.

5.4 Suppor ting Utilities

5.4.1 Change color scheme function
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5.4.2 Change color threshold function

5.4.3 Conclusion
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Figure5.19.2-Daltum
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2.2 Modify Java Source Code

.2.3 Recompile Java Source Code

JApplets director y
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Jjava director y

2.4 Change Permission

CGls

Java Class Files
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