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Abstract—This paper presents an overview on optimizing 
interoperability between different applications for enhanced 
return-on-investment through utilization of business intelligence 
in conjunction with prognostics and health management 
methodology.  Such implementation is particularly suitable for 
deployment in mass-produced vehicle onboard diagnostics 
system. 

I. INTRODUCTION 
Onboard diagnostics (OBD) systems become an integral 

part of modern motor vehicles.  While OBD serves the main 
purpose of vehicle health monitoring and diagnosis, numerous 
additional features are also supported for both vehicle service 
centers and owners.  The formal benefit from additional 
revenue generated from enhanced servicing efficiency and 
reduction in spare parts stock inventory and the latter enjoy a 
wide range of multimedia infotainment services as well as 
drivers’ health monitoring [1]. 

The OBD is configured to simultaneously support .different 
applications for both vehicle service centers and end users on 
optimizing return on investment (ROI) and health 
management for both driver and motor vehicle.  A prognostics 
framework using data collected from sensors mounted in 
different parts of the vehicle and accompanying accessories is 
proposed to analyze the actual use profile to more thoroughly 
address the optimization of operational reliability [2].  The 
proposed framework is optimized for mass-produced vehicle 
onboard diagnostics systems with a focus on maximizing 
return-on-investment (ROI) for vehicle service centers. 

II. PROGNOSIS AND DIAGNOSIS

A. Vehicle health 
The condition of a motor vehicle has a direct influence on 

the operation of a service center.  Prognosis allows services 
parts to be ordered in advance so that inventory can be kept to 
a minimum without overstocking parts that may eventually 
become obsolete [3].  An OBD is connected to a sensing 
network that continuously monitors vehicle health and safety 
parameters.   

B. Driver health 
Using a range of biosensors and wearable devices, various 

signs that may impair driving capability such as drowsiness, 
blackout and intoxication of the driver can be monitored [4].  

C. Business intelligence 
The OBD collects failure codes from individual vehicles, 

and generate a detailed description of the associated fault so 
that the health of the vehicle can be remotely assessed. 
Necessary replacement parts are ordered based on diagnostic 
information. Any anomaly triggers an alarm for emergency 
response.  Prognostics is carried out by continually monitoring 
components that are subject to tear and wear and are measured 
against certain predefined baselines.  This facilitates the 
service center track individual vehicle’s use conditions and 
suggest the optimal service interval based on actual usage 
profile.  The collected data can also can provide more 
customized service solutions to their clients through business 
intelligence technology and supports the development of a 
systematic approach to customer relationship management 
(CRM) [5]. 

D. System layout 
The overall infotainment system consists of several wireless 

communication subsystems for both intra-vehicular and 
vehicle-to-infrastructure communications as shown in Fig. 1. 

Fig. 1 OBD and infotainment system 
.One of the major functions of the OBD is to obtain failure 

codes from various key modules of an individual vehicle, and 
generate a detailed description of the associated fault so that 
the driver can be well-informed of health of the vehicle. Any 
abnormal readings received by onboard sensors can be sent 
back to the service center for problem identification and 
isolation.  Interoperability possess great challenges for OBD 
service integration since different infotainment services 
provided by different entities may have different QoS 
requirements while collecting and delivering information 
through the same system [6].  Both wireless and wired sensors 
connected to different subnetworks in the vehicle share the 
same OBD system resources. 
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III. RELIABILITY AND INTEROPERABILITY

Consumer electronics part suppliers usually carries out 
qualification tests in the design and development phases of the 
product development cycle [7].  Tests for automotive 
applications entail environmental tests of reflow soldering test, 
thermal shock test and temperature cycle test that may take 
months to complete.  Further, different quality of service 
(QoS) standards may apply to different components and 
subsystems where interoperability is considered.  Mainstream 
method for predicting the future reliability of automotive 
electronics is by conducting accelerated life tests at high 
temperature for continuous operation in the engine bay to 
estimate the time-dependent degradation functional curve 
fitting under various test conditions [8].  Interoperability may 
also require certain subsystems to comply with the ISO/TS 
16949 and/or 26262 standards.  Using a combination of 
physics-of-failure (PoF) and data-driven approach as shown in 
Fig. 2, reliability assessment facilitates utilization of data-
driven approach for anomaly detection and isolation of the 
attributes associated with interoperability that can be used in 
the relevant PoF models for degradation profiling [9]. 
Correlation between the fused data and impeding failure can 
be used to forecast any failure that may affect the operation of 
other subsystems. 

Fig. 2 Continuous reliability assessment process 

IV. BUSINESS INTELLIGENCE

TABLE I 
BUSINESS INTELLIGENCE FOR INFOTAINMENT SYSTEM 

Automobile Manufacturer After-Sales Service Center 

Intermittent failures isolation Condition-based Maintenance
    ROI optimization Manpower utilization 
    Reliability qualification Service appointment scheduling 
    Root cause analysis Spare parts management 
    RUL computation Warranty 

Data collected from the onboard infotainment system allows motor vehicle 
manufacturers and service centers to provide more customized service and 
enhanced business opportunities.  

Prognostics provides servicing information on necessary 
spare parts to be scheduled for replacement based on the 
actual condition that leads to the reduction of spare parts 
required to be stocked. Information on spare part replacement 
schedule reduces stockholding as parts are replaced as they are 
arrived. Business intelligence (BI) yields substantial 
simplification of the supply chain for inventory [10].  As a 
result, one can have a better estimation of system redundancy 
requirements.  Data fused from the infotainment system also 
facilitates condition-based monitoring for the motor vehicle to 
minimize the need for unscheduled maintenance and 
redundant inspections due to no fault found.  BI will optimize 
reliability and enhance maintainability by analyzing data for 
accurate fault diagnostics thereby enhances maintenance 
effectiveness and operational costs.  Any fault developed can 
be isolated and RUL assessment of vehicle parts can be 
computed. 

With better awareness of individual vehicle’s health state, 
service centers will handle less unscheduled repair that 
translates better resource management and warranty planning. 

V. CONCLUSIONS 
Vehicle onboard infotainment systems not only provide 

useful information for consumers while operating their vehicle 
but also provide important information that enhances 
profitability through effective utilization of business 
intelligence technology and reliability analysis.  The mutual 
benefits brought to both consumers and automotive industry 
minimizes vehicle downtime while improves customer 
satisfaction as well as return-on-investment. 

REFERENCES 
[1] B. Fong, et. Al., "A Prognostics Framework for Reliability Optimization 

of Mass-Produced Vehicle Onboard Diagnostics System," IEEE Global 
Conference on Consumer Electronics, Osaka, Oct. 2015. 

[2] D. K. Lau and B. Fong, "Prognostics and Health Management," 
Microelectronics Reliability, vol. 51, no. 2, Feb 2011, pp. 253-254. 

[3]  M. Hasley and N. Poulous, Financial impact of MRO inventory 
optimization ‘’, .Asset Management & Maintenance Journal, vol. 27, no. 
5, pp. 56-57, 2014. 

[4] B. Fong, A. C. M. Fong and C. K. Li, “Telemedicine Technologies: 
Information Technologies in Medicine and Telehealth”, Wiley 2011. 

[5] T. Pessemier, et. Al., “Proposed architecture and algorithm for 
personalized advertising on iDTV and mobile devices”, IEEE 
Transactions on Consumer Electronics, vol. 57, no. 3, pp. 1112-1119, 
2011. 

[6] B. Fong, A. C. M. Fong and G. Y. Hong, “Interoperability in a Wireless 
Home Networking System for Healthcare Monitoring”, IEEE 
International Conference on Consumer Electronics, Las Vegas, Jan. 
2007 

[7] B. Fong and C. K. Li, “Methods for Assessing Product Reliability: 
Looking for enhancements by adopting condition-based monitoring”, 
IEEE Consumer Electronics Magazine, vol. 1, no. 1, pp. 43-48, 2012. 

[8] H. Knauss, et Al. "Calibration experiments of a new active fast response 
heat flux sensor to measure total temperature fluctuations." Proceedings 
of ICMAR pp. 86-113, 2002. 

[9] J. H. Cho and H. K. Song, “Reliability improvement techniques for 
HomeRF system”, IEEE Transactions on Consumer Electronics, vol. 49, 
no. 2, pp. 321-327, May 2003. 

[10] J. Banks, et. Al., “How engineers can conduct cost-benefit analysis for 
PHM systems”, IEEE Aerospace Conference, pp. 3958-3967, 2005. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


