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wn‘quitous The Word

INfEanIgE-existing or being
EVERWHENE at the same time” ---
VWeRsIErrsHvIctionary.

Mark Weiser, Xerox Palo Alto Research Center
“Tabs", "pads", and "boards" built at Xerox PARC, 1988-1994

Apple Classroom of Tomorrow (ACOT) Project (1985)

Newton MessagePad, Apple (1993)



- wﬁit@ustomputing

Embeddirp computation into the
enVIeRIMEnt

Warere | [guIteus Data Mining?
#

EmPECdineldate mining into an

eRIMEND
e

- @ :
DatENIINING IS Nt an isolated process
anymore

Rather an integral part of an ensemble
of objects and processes in an
environment




atesMining
-

Datemvinines Scalable analysis of data by
g careftliattention to issues in

-
COo pu?ng,

Sioyzlefe,
communication,
human-computer interaction.

efiCell-phones

Cell-phone in 1973 Cell-phone in 2006

Cell-phones are playing an increasingly important role
in making computing ubiguitous.

Computing getting pushed by the core need of
mobile communication.




First Cell—phone Call
By Martin Cooper of
Motorola, 1973

Car phone system, 1970

Data

Computing e Lontext
Communication —— — s —
Human—computefr_;ﬁtér_épt-i@q._ g oo

F : — ] *I Driver
Nearby Cars

Road/location

Roadside objects




z DATEISOICes in a Vehicle

/el = Systens Driver behavior data
S e etz

Inle) albipielreels o Nearby cars generating
ﬁiﬁﬂﬁ' Infermation

Social networking

Operatlng'éo“:iltlons I crtserment

Fuels ySLEM
llgnitierRrsuk-system Road/location
Transmissiersub-system Terrain information
Exhaust sub-system GPS location
Tire system

Roadside objects

Service advertisement
Traffic information

Cargo data:
Supply chain data
RFID

JIFComputing and

Ommunication
#
Cor Cif)c)s

Pnkeardfembedded systems
*phippesand PIDAS

Remoremeachines connected through
WireIEEs network

Communication
Network of embedded systems in the vehicle
Land or satellite-based wireless network
Vehicular Ad hoc Network (VANET)
Personal area network inside the vehicle
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uan Interaction
Il

D

raic ang drvers in a VANET

Road~sidenndividuals

Remotely located individuals interacting
with the vehicle through a wireless
network

liappInelnte the Vehicle Sub-

4 ‘ System Data

Optional GPS
—_module
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W/ lcle Pata Stream Mining

Vehlcl alith Monltorlng and Maintenance:

edelfandidatardrven fauli-tests
grunusualseavierfier a subsystem and accessing the data
produCineps behaVIOI’

Euel Cen mptlon Analysis:
IS uenveniclerbiiming fuel efficiently? Identify influencing factors and
optimize
Detect influence’ of driver behavior on gas mileage and eliminate
inefficient driving practices

Driver Behavior Monitoring:
Route monitoring: Fixed and variable routes
Direct Cost Issues: e.g. ldling, braking habits

Safetg/ Issues: e.g. speeding, trajectory monitoring (e.g. stopping,
turns

alNevel Application: The
INABCHVantia

-

-
Nojorozidn
Benefit

Competition




Reports

MineFleet Control Center Software

Modeling, benchmarking, and monitoring of
vehicle health, driver behavior, fuel-
consumption, and fleet characteristics.

-4l

Step 1: Hands-off on- Step 3: Automatic Vehicle performance
bhoard data collection for benchmarking, health monitoring, driver

Step 2: Download data through USB behavior monitoring, fuel consumption

port when the vehicle returns. analysis, data stream management, and
report generation.

weeks using MineFleet
Onboard. No wireless link
is necessary.

Also works with third-party hardware
for collecting onboard data




o A a8
ElEINEconemy: Impact of

@'river BEhavior

@liciiiiy the efiectiof
CIVENENEVIeIeN
fuel ecopemy:
Examples:

Effiect ofi speeding
Effect of acceleration
Effect of braking
Effect of idling

i~ e Strmes [ o B y%

Summary of the fuel economy
analysis in MineFleet

d\/ehicle Condition

UERWINATIENETIEct of
e,lgf'gg conditien en
iUl consnndiion):
Examplez 8
-
Eflecteifai=ntake

SulysystemmIenavier on
fuel 'economy.

Effect of fuel
subsystem on fuel
economy.

Summary of the fuel economy
analysis in MineFleet
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Measures the amount of oxygen in the exhaust before it goes
through the catalytic converter

coRemYy: Predictive
ViedEling

ﬁyj‘ga predictvermoedel of the fuel
econom‘yés a function: efi vehicle and
diivingNparameters for optimizing the
PErfeIrance

Predictive medeling allows detecting the
effect of any specific vehicle or driver
parameter on fuel economy.

11



? 3 EUel Heat Map

. M ser - Truck 1
i hysiss

Fuel heat maps show the vehicle operating points that offer high fuel
economy. Red color represents high fuel economy and blue represents
poor. Fuel heat maps of different vehicles are used in this figure for
comparative performance analysis.

1Idranomalous
Wweniclebehavior and
gy‘@id expensive
pPreakdowns
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’Pre ictive Modeling for

\We Health Analysis

BDElECt Prowlems using model and data
%mn vt detection tests well before
VERICIENDNI® Codes show up.

4

Generateralerts'when MineFleet detects
unusuall behavior of a subsystem and access
the data producing this behavior.

¥ Sfen HOLS: Vehlcle Health Management

Thine e 2 pobentisl vehucks hoalth problems,
Overall Health Status

Tha st recent tests that faled wane:
L. Vishuch Systern Tofrgsr ue Moriton
2. i Intake Vokama [reorsistency
‘Wehicle Health Problems
Pl chck on vebacke Mealth Tests Mitory
for o nfomation.

Long Term Fuel R

Test Failed

w"' e ded s o) v Ll Summary Panel for the Vehicle Health

monitoring module reporting two test failure

chechrs for

Fuel o), or wat

Detailed description of a specific test that the vehicle passed
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o Analytic Viswatization Browsar - Truck 2
| Thumbaatl

| e

\| Cusmsstive Vahicin Data Anakesis

Construct the vehicle operating regimes using advanced
mathematical
projection techniques and identify abnormal behavior.
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&; ples of Vehicle Health Monitoring Tests

_—
SenSQﬂOperatmg Condition Monitoring.
i iEimpEUElrelated Combustion Efficiency: Monitoring
] IMhekeNolumeNnconsistency Monitoring
‘ Engine lintake: Vacutmsnefficiency Monitoring
InENermallEVEnt Detection

IiretENREGUEST Status Monitering
[dle’ControliVionitoring
I Altianagement: Monitoring
QUanuiuverFuel Vianagement Monitoring

VeRiclersystenm lemperature Management Monitoring
Quantitative Euel System Management monitoring

Exhaust System
Combustion Temperature Ineguality Monitoring
Combustion Temperature Control Decay Monitoring

lanition System
Vehicle Ignition System Voltage Monitoring

Spark Control Monitoring
Vehicle Operating System Voltage Monitoring

Iﬁ:hmark vehicles
aﬁﬁ'v.ehlcle -Subsystems

o) |dent|fy poorly
PErforming ones
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M Amnalytic Visualization Bx\msex Truck 1

ICumulative Vehicle Data Analysis
Wehicle Health Tests
Diagnostic Trouble Codes
Fuel Econormy

Summary

Histarical Fuel Economy
Feature Histograms
Fuel Map

Fraction of Time

Benchmark Analysis [*] 300 400 500 800 700 800
Caompare With Benchmark Amount in Millivolts (mVv)

Al Effect of Oxygen - Bank 1 - Sensor 1 on Gas Mileage in the

ronenTR
Select Shift

0.20
[Benchmark Vehicle 0.5

0.10

Fraction of Time

0.05

0.00 +
o 30 400 500 &OO 700 800

Amount in Millivolts (mv)

e
Decreases Fuel Economy Increases Fuel Economy

Benchmark Comparison:
It sppears thak this vehicle s operating within the specified benchmark behaviar, The assigned anamaly
score is 0,9%.

Oxygen - Bank 1 - Sensor 1 | Oxygen - Bank 1 - Sensor 2 | Oxygen - Bank 2 - Sensor 1 | Oxygen - 4|

EetAnalytics

ComparerandieEnchmeark
VENICIES I thETIEEL.
Exa

Compare theNue;

SUbsyStENIs of aII similar

Velhicleshisunerieet and peepdi vty
identify/ thesunusally o] (]
hehaving ones. et PR

e Dagrow: Test:
[T r—r -
Lireg T Fusd Bt Combaion Efomrey

Identify all vehicles e

L T Fusf St mbaston sy
Lo T Fusf 8ot Camboston ey

showing specific type of bt

e s ]
B s ks Ity

problems. Example: P

]
3¢ Vese whem b

Identify all the vehicles that e e ke i)
are running O2 lean or rich

Identifying all the vehicles in a fleet with a specific problem (e.
02 Lean, miss-fires, Long-term fuel related combustion
efficiency test-failure)




;.See. _Sh%s: Reports

1.3 Cumulative Fusl Economy
2, Driver Analytics

2.1 Driver Speeding Charactenstics

The tokerwing S
55 mieshoar”
D e P i e e b

B

Thes follcrwinng Sigare shows e drivers and S comespondng lime spenl in differen
3peed, scceleration and braking ranges

A page from the vehicle report

A page from the driver report

spend I gf,
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%rtr Enedding MineFleet in
o . ‘ theWEhicle

|eet rea/~vmme: A cell-phone-
PASEANENSION! for onboeard modeling
anANIBRILeYING Of the vehicle data
streams;

MineFleet VANET

Step 1: Continuous cell-phone-based data Step 2: Automatic Vehicle performance
analysis. Detected anomalous behavior benchmarking, health manitoring, driver
reported over wireless link of the cell-phone. behavior monitoring, fuel consumption
No expensive continuous data analysis, data stream management, and
downloading over wireless network. report generation

Real-time monitoring enboard the vehicle using a cell-phone

Bluetooth connection with the data-bus




; Colnting Problem

*
C IENIITIDER Gl Ergine Misfires in last 6

NTI01lIS
ct‘ProbIem: Count the number of 1-s

iromraayevine window in a binary stream.

- NN 1101010001

Need to account for the expiring bits.

Naive solution takes O(n) space. Expensive.

ppreximate Solution

-
oun%g Infermation among a set of
GItABWRICOUNTS.

=St ofi alucket = time stamp of the most
recent entiyanthe bucket.

Tirack the bUCKkets.

When the time-stamp of a bucket expires, through
away the bucket.

Error in oldest bucket only.

19
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‘Cpntin'ued

ential histegrams: Buckets of
exponeﬁ@lly Increasing size.
Buckeésizes: 1, 2, 22, 23, . ... 2",
Need only?O(leg N) buckets.

A bucket size can take at most log N
bits.

% data matiix X

Naivercomputation: Compute XX

Comrﬂte I the freguency domain (take
Fourertransiermation)

StatStream (Zhu and Shasha, 2002)

20



WRESOICEl Constrained Change

D’Ethihe Correlation Matrix

H.l'

Wpta, Plttagunta, Klein, 2005

-
Efficifgly @Btect changes in the correlation
atid

Identify the region of the matrix that contain
significantly’ changed coefficients

NE=Conguer Search for Significant
errelanienrCoefficients

Impose a tree-structure:
Leaf node: a unique correlation coefficient

Root of a sub-tree: set of all coefficients corresponding to
the leaves in that sub-tree

21



DQM—tree Contain Any

[gpIficant Coefficient?
-

r a random vector o, =[o; ,,0, ,,

op .e{!‘l,l} with uniform probability

Sip = ZX 101,p

I=iy iy, iy

i, T
S{il,iz,....ik},p — [Sl,pszlp "-Sm,p]
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’ "Weﬁt at*Every Node

F?ﬁ,iz,mik},p)z & % Corr(x,, qu)z

Compute the left hand side at every
node and proceed only if it is greater
than a threshold.

DEtEcling No Changes

-

/

—e— Naive # Adds/# mults |7

—a— New Algo # Adds

+ i i | —_—

0 100 200 300 400
Number of Features

Number of multiplications and additions performed by the
naive and the proposed algorithms for correctly detecting no
significant changes in the correlation matrix.
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%ﬁste enitering: Using Bounds

r

e fixaPerttrbation Theory

(w (Vo) Vest significant eigenvalue and
e corl‘.@@nding elgenvector of Cov,and
COV[—__Z 4

A =Cov, -Cov,
Al Al
V,—V <——M
v, =V, I, 52 |Al,

| 4= 2, <2 Al

Frobenius norm|| A [l.= (3> A"

J

WerEleet VANET Project

A VANET

Developingia mobile data stream management
system for guick indexing and retrieval of information
from the device onboard the vehicle.

Distributed indexing and clustering techniques
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S eiRthe Challenges

H.l'

WOrk 1opeIeay. Is extremely dynamic
-
Conn@tié‘ﬁ timeris small; 15-30 seconds
depen@inepupon the speed and the
CORNECLIGN protecol

Existing P2P data mining algorithms do
not work.

g ‘ REsellces

Wjstbuted andiUbiguitous Data Mining

WITKT ;. -
-

RE/AYAl ke edu/ddm/wiki/

Bibliography, papers, data, software.
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¥
‘Condusions

MNeed, Appreach,; Benefit, Competition

Theory 9
6 Applications
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