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Venicles: Sournce ofi High Velume: Data Streams
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Whay Mine Vehicle Data?

Regular f
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Eueliconsumption analysis
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Euel Subsystem: Sample Attributes

Euel Sulssystem Operatiine Conaition
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Preduct Concept: MineEleet
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Driver Behavior Monitoring
- Policy-based driver behavior
monitoring
- Identify the effect of driver
behavior on fuel economy
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MineEleet Architecture

(51) Analytics (52)

Read data using
Your own adapter _

V2 Compenents
OnpeandiVedule
VInEEIEET ConuolfCEniEr SEVEr
VineEleerClientVoedules
MInEEIEet el SEVICES

e PR IS |5 3 ffi

w-Aly;

Step 1: Continuous cell-phone or embedded- Step 2: Automatic Vehicle performance
device based data analysis. Detected benchmarking, health monitoring, driver
anomalous behavior reported over wireless behavior monitoring, fuel consumption

link. No expensive continuous data analysis, data stream management, and
downloading over wireless network. report generation.




MineEleet System

Flest Vehicle Driver Report Tools Help Debug

O & K & &3 8% &% S S

Mew Flegt Flzct Delete Flest Properties New Vehicle wehide Delete Vehicle Properties  New Driver Driver Delete Driver Properties  Import Data Generate Report View Analytics

Analytic Visualization Browser - Truck 2

Flest Name Diagnostic Tests Summary Vehicles | Drlvers

(Cumulative Vehicle Data Analysis
Mext Truck Inc

Columbia Shuttle Fuel Econormy There are 4 potential
(Calumbia Movers VEIEID HEET 1068 Overall Health Status vehicle health
Diagnaostic Tests Surmnmary problems.

Diagnostic Tests History
Campare With Benchmark

Baltimore Transport Fs

The rmost recent tests
that faled were:

1. Wehicle Systemn
Temperature Manitor

Analytic Visualization Browser - Truck 2

~
[Cumulative Vfehicle Data Analysis B
Fuel Econormy
Wehicle Health Tests

= Amalyiic Visualization Browser - Truck 2

Short term fuel trim - Bank 2

0272

Ci ve Vehicle Data Analysis
Fuel Economy

»
Last Mame Fuel Economy Summary E
Jones H\stuncal.Fue\ Economy E o138
Jones Feature Histograms §
Fuel Map =
o

Wehicle Health Tests
Compare With Benchmark

Shift Analysis
Select Shift
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Challenges: Aceessing Data
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Onboeard Computing Plationm
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Euel Econemy: Impact ofi Vehicle: Condition;and
Drver Benavior

Queantiiy tieeliect el Venicle conditien en fiuelfcensumptien. Example:
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Euel Heat VMap & Predictive Modeling

M Analytic Visualization Browser - Van 37

Cumulative Vehicle Data Analysis predictive Model of Vehicle speed
Diagnostic Trouble Codes
Fuel Econormy

Summa 5 5-15 15-25

Please choose the desired relative frequency for each Feature range to obtain the predicted Fuel economy,

25-35 35-45 45-55 55-65 B5-75 F5-85 85-35 95-105

M Amalyiic Visualization Browser - Truck 1

Cumulative Vehicle Data Analysis
Diagnastic Traukle Codes
Fuel Econommy
Fuel Econamy Summary
Histarical Fuel Econormy
Fuel Economy Prediction
Featura Histograms
Fuel Map
Suhsystem Parameter Interaction
Yehicle Health Tests
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8.0% 6.8% B.6% % 2% 16.7% 6.5% 0.1% 0.0% 0.0%

- dicted Fuel Economy = 15.3

Revert to Yehicle Defaul:

Observed Distribution Modified Distribution
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35 035
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Benchmark Analysis
Compare With Benchmark
Clase Benchmark

|
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i 0o 0.00 +
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& speed | Engine speed | Short term fuel trim - Bank 1 | Short term Fuel trim - Bank 2 | Long term Fuel trim - Bank 1 | Long term fuel trim - Bank /4| *

Tupe to zearch =]
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Euel Consumption Summany:Panel & Savings Calculator

M Analytic Visualization Browser - Yan 37 |:||: X|

Cumulative Yehicle Data Analysis
Diagnostic Trouble Codes

The average fuel econary for this vehicle from the recorded
Fuel Econormy Average Fuel Economy data is 15.6 miles per gallon.
Summary

Histarical Fuel Econarmy
Fuel Economy Frediction
Feature Histograms
Fuel Map
Subsystem Parameter Interaction
Wehicle Health Tests

The best fuel economy for this vehice was obtained at speeds
Ideal Speed for Best Fuel Economy between 55 and 65 Mies per Hour (MPH,

The best fuel economy for this vehicle was obtained at an

Benchmark Analysis Ideal Acceleration for Best Fuel Economy acceleration between 0 and 1 Feet per Second Sguared
Compare With Benchmark (ftfsec2).
Shift Analysis
Select Shift The best fuel economy for this vehide was obtained at engineg
Ideal Engine Speed for Best Fuel Economy speeds between 1500 and 2000 Rotations per Minute (RPM),

The predicted fuel economy for this vehicle driven at speeds
Predicted Fuel Economy at ldeal Speed between 55 and 65 Miles per Hour (MPH) is approximately 19,3
miles per gallon,

r

M Fuel Savings Calculator

nter the following information to estimate savings by changing the behavior of
Feature Qxygen - Bank Z - Sensar 2,

This vehicle spends 36.9% of its time idling. Reducing the
percentage of time spent idling by half will improve the fuel
Effect of ldling economy from approximately 15,3 to 15,9 miles per gallon,

This wehicle is driven approximately miles driven per
Fuel is estimated to cost appraoximately per gallon

Savings per day: 5167

Calculate Potential Savings

Savings per month: 550,66

Savings per year: | £g07. a1

[ Compute ][ Close l

——
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Predictive Venhicle Healthi Management

M Fleei Level Analytics - BWI Transporier

M Amalytic

Curmulative Vehicle Data Analysis
Diagnostic Trouble Codes

Fuel Economy
Subsysiem Parameter Interaction
Vizhiche Health Tests
Summary

Vahicle Health Tests History

Benchmark Analysis
Compana With Banchmark

Shifl Analysis

Sealect Shift

Fuel Econonmy

Vehicle Health Tests
Summany
Long Term Fuel Ralated
Combustion Efciency
Abr Irika ke Vo lume Inconsisiancy
Thenmal Event Detecior
Quantitative Fusl Managarment
Monitoring, Fuel 3
Vehicle System Temperature
Monitor

Transmission Lubricating
Systemns
Monitor

Driving Analysis
Fault Codes
Shift Properties

Wehicles Anahtics

Diagnostic Trouble Codes

Fuel Econarmy

Vehicle Health Tests
Wehicle Diagnostic Tests

02 Lean Vehicles

02 Rich Wehicles

Long Term Fuel Related Combustion Efficiency

Test Description:

A part of the combustion Formobs, fuel delivery & also the most adaptiee process the vehicle has bo lorg
termm wear during normal engine operstion. While there i system Falre codes associsted with reaching
the bmikations of its adeptabiity, often significant collateral breakdown has ecourmed before the: actual
code vall set, This test is designed to montor changes well before thery reach the breakdoen stage. By
morikoring Hhess charges within the fusl delvery portion a5 they ooour over b, we can often presmpt
thees collsteral damage through earky detection of the deteriorstion.

Lorsg term Fuel trim out of range

Vehicle Diagnostic Tests

\ehicle Diagnostic Tests

Thermal Event Detector
Throttle Request Status

Idle Air Control

Air Intake Management Monitor

[ Select All J[ Deselect Al ]

Flagged Vehicles

Test Failed

Failed Diagnostic Test

Lang Term Fuel Related Combustion Efficiency
Lang Term Fuel Related Combustion Efficiency
Long Term Fuel Related Combustion Efficiency
Long Term Fuel Related Combustion EFficiency
Long Term Fuel Related Combustion EFficiency
Long Term Fuel Related Combustion EFficiency

Air Intake Yolume Inconsistency
Air Intake Yolume Inconsistency
Air Intake Yolume Inconsiskency
Air Intake Yolume Inconsiskency
Air Intake Yolume Inconsistency
Air Intake Yolume Inconsiskency

Mame
Truck 2
Truck 4
Truck &
Truck 1
Truck 3
Truck &
Truck 2
Truck 4
Truck &
Truck 1
Truck 3
Truck 5

tecommiendation:
MinaFheet recommends dhecking fusl pressure (koo bigh), injectors For keakage, keaking fusl pressune
requiator, clogged evaporstive smiHons System, coagen Sensor contamination and dogged air filter as
maest Bkehy causes when fuel tim Fails high. MineFlest recommends checking for clogged injector(s),

W lanition system components, Fuel pressure (low), or waber intrusion on coygen sensor as possible causes.

Detailed descrplion| 6l a SPECIC t
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MineEleet VANET Project
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Algerithmic Challenges

Ensemble-nased Approact
EXaCHVS, Approximate technigques

Agoro}eteigoniiofme of stlsical gfggeries
EGIREXEIPIERCOITEI BNV LY

Avorodaie sgeflsgnce corrlgefgor]
Avgrodmaie moclelire

o Similarity orgservaion, agorodimzion ard orinogonzlity

o Foufier, Wavelst, Elgenyveciors, Rarndom veciors




Correlation Matrix Computation & Moenitenng

Given oata matixox

NaIvercompuiation: Compuiexix
ComputeNteNeguencyicemanpieke=elneriansionmnaion)
StaieSireraly) (Zue zglc Sneisprel, 2002)

o Divide znd Copeluer
o Apgrodizie oringgonality of rardom Yeciors

u [denify e redion of the el e coniein sigrificertly chzdged
cogfflcienis




fiesting A Group o Correlation Coefficients Together

Given a subset of attributess X =£X;, X,,

A randomivector o ={a;,0,,

——T
COMPULERS = X0

lzvcfju'ig;u’](;e(s)2 = Z Correlation (X| ; Xq)2
I p=1 I,




Divide-and-Conguer Search for Significant Correlation
Coefficients

o [frpose @ ireg-siruciire:
f

<l Urlie|ue correlation cogificieni
0 r<ooro esu'J—'rrze set of all cogfficienis corresgondirig to
fa




Variational Approximation
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Continued

InreuUCE appreximatieRiusigiecally
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Regression: Variational Formulation

Minimize J (w) = %(W* —w)' C(w —w)

where C; Zx,J o

1

Can be reduced to minimizing J (w) = -w'b +§WTCW

b, - > C, W,

K+ |

C I, ] Inner Product Computation

n /
:in,jxi,k
i=1




Appreximate Inner Product Computation

DEtenministic lIeciniques
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Appreximate Inner Product Computation

EQeciogll and Ferhatesmanog|u; 2000

uv= (blqjl (u)‘Pl (V) + bijz (U)LPZ (V))1/2

¥, (u) =Z_1:u'° for p=1,2




Approximate Inner Preduct Computation
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