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IntroductionIntroduction

�� Purpose of Synthetic Vision System (SVS) Purpose of Synthetic Vision System (SVS) 

initiative initiative -- reduce low visibility during flight by reduce low visibility during flight by 

using 3d displaysusing 3d displays

�� Current research Current research –– implement  smoothing implement  smoothing 

algorithms to reduce jitter in optical tracking algorithms to reduce jitter in optical tracking 

datadata

�� The behavior of the optical tracking data is The behavior of the optical tracking data is 

considered in this study as a means of making a considered in this study as a means of making a 

more intuitive smoothing algorithm selection more intuitive smoothing algorithm selection 



BackgroundBackground

�� Data CharacterizationData Characterization

�� There are three major classes of optical There are three major classes of optical 

tracking data:tracking data:

�� Minimal (near stationary situations)Minimal (near stationary situations)

�� Gradual (slow but definite movements)Gradual (slow but definite movements)

�� Sharp (sudden intentional movements)Sharp (sudden intentional movements)

�� Stationary data could be considered a fourth Stationary data could be considered a fourth 

classclass



BackgroundBackground

�� Data Characterization Data Characterization –– Major ClassesMajor Classes



BackgroundBackground

�� Smoothing Algorithm ConsiderationsSmoothing Algorithm Considerations

�� What is the extent of smoothness that is What is the extent of smoothness that is 

required?required?

�� Light smoothersLight smoothers

�� Least effectLeast effect

�� Preserve trends within dataPreserve trends within data

�� Heavy smoothersHeavy smoothers

�� Most effectMost effect

�� May drastically alter original data patternMay drastically alter original data pattern



BackgroundBackground

�� Smoothing Algorithm ConsiderationsSmoothing Algorithm Considerations

�� What smoothing method will be used?What smoothing method will be used?

�� Smoothing by fittingSmoothing by fitting

�� Mold data into mathematical functionMold data into mathematical function

�� Smoothing by altering data valuesSmoothing by altering data values

�� Change the values in the data set to create Change the values in the data set to create 

smoother trendsmoother trend



BackgroundBackground

�� Smoothing Algorithm ConsiderationsSmoothing Algorithm Considerations

�� What types of smoothers are there?What types of smoothers are there?

�� Linear SmoothersLinear Smoothers

�� Superposition: Superposition: 

�� NonNon--Linear SmoothersLinear Smoothers

�� Location Location EquivarianceEquivariance: : 

( ) ( ) ( )i i iS x y S x S y+ = +

( ) ( )i iS y a S y a+ = +



ObjectiveObjective

�� Project Goals:Project Goals:

�� Select smoothers based on aforementioned Select smoothers based on aforementioned 

considerationsconsiderations

�� Test and compare smoothers on the optical Test and compare smoothers on the optical 

tracking data subjected to engine vibration tracking data subjected to engine vibration 

jitterjitter



ProcedureProcedure

�� Select smoothing algorithm properties:Select smoothing algorithm properties:

�� Moderate SmootherModerate Smoother

�� Nonlinear Nonlinear 

�� CompoundCompound

�� Add vibration jitter to three classes of Add vibration jitter to three classes of 

optical tracking data (based on previous optical tracking data (based on previous 

work)work)



ProcedureProcedure

�� Previous smoothing algorithms:Previous smoothing algorithms:

�� LoessLoess

�� Moving Average (most suitable)Moving Average (most suitable)

�� SavitzkySavitzky--GolayGolay

�� New smoothing algorithms considered:New smoothing algorithms considered:

�� Median FiltersMedian Filters

�� 3RSSH 3RSSH 

�� 4253H 4253H 

�� (3RSR)2H, twice(3RSR)2H, twice



ProcedureProcedure

�� 3RSSH 3RSSH –– Composed of:Composed of:

�� 3R 3R –– repeated running median (span 3)repeated running median (span 3)

�� SS SS –– Splitting (performed once)Splitting (performed once)

�� Includes endpoint smoothing EIncludes endpoint smoothing E

�� H H –– HanningHanning filter filter 

�� moving average (span 3) with weights (moving average (span 3) with weights (¼¼ ½½ ¼¼) ) 

�� Variant: 3RSSH, twiceVariant: 3RSSH, twice

�� twice twice –– ‘‘reroughrerough’’ then smooth datathen smooth data



ProcedureProcedure

�� 4253H 4253H –– Composed of:Composed of:
�� 42 42 –– running median (span 4) followed by running median (span 4) followed by 

running median (span 2)running median (span 2)

�� 5 5 –– running median (span 5)running median (span 5)

�� 3 3 –– running median (span 3)running median (span 3)

�� H H –– HanningHanning filterfilter

�� Variants: 4253EHVariants: 4253EH

4253H, twice 4253H, twice 

4253EH, twice4253EH, twice



ProcedureProcedure

�� (3RSR)2H, twice (3RSR)2H, twice –– Composed of:Composed of:

�� 3R 3R –– repeated running medianrepeated running median

�� SR SR –– repeated splittingrepeated splitting

�� 2H 2H –– 2 iterations of 2 iterations of HanningHanning filterfilter

�� twice twice –– ‘‘reroughrerough’’ then smooththen smooth



ProcedureProcedure

�� Compare 3RSSH, 4253H, (and its variants) Compare 3RSSH, 4253H, (and its variants) 

and (3RSR)2H, twice to:and (3RSR)2H, twice to:

�� 33

�� 55

�� 4242

�� Moving Average (span 9) Moving Average (span 9) 



ResultsResults
�� Engine Vibration Jitter on three data typesEngine Vibration Jitter on three data types
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ResultsResults

�� Error Ranges for SmoothersError Ranges for Smoothers

1.78950.17112.8275Mov. Avg. (Span 9)

0.8534685750.31423338912.94461569(3RSR)2H, twice

1.2221706690.23980701412.863846124253H, twice

1.2221706690.23980701412.863846124253EH, twice

1.2583115130.210808212.850376544253EH

1.2583115130.210808212.850376544253H

2.6292052110.29472327312.913438623RSSH, twice

2.4998464520.25122644512.86474063RSSH

0.1409240540.36191013412.914044833R

1.0037580940.25385869312.8824450442

0.1165497570.25885107912.903115575

0.1409240540.36191013412.914044833

Sharp Error RangeGradual Error RangeMinimal Error 

Range

Smoother



ResultsResults

�� Top 3 smoothers for Minimal DataTop 3 smoothers for Minimal Data



ResultsResults

�� Top 3 smoothers for Gradual DataTop 3 smoothers for Gradual Data



ResultsResults

�� Top 3 smoothers for Sharp DataTop 3 smoothers for Sharp Data



ResultsResults
�� Comparison of 4253H and variantsComparison of 4253H and variants



ConclusionConclusion

�� Moderate Compound NonModerate Compound Non--linear smoother linear smoother 

were more resistant than linear smootherswere more resistant than linear smoothers

�� Certain Smoothers were more suitable for Certain Smoothers were more suitable for 

specific data typesspecific data types

�� Most consistent Most consistent –– 4253H4253H



Future WorkFuture Work

�� Consider an adaptive smoother for jitter Consider an adaptive smoother for jitter 

reductionreduction

�� Investigate significance of Investigate significance of twicingtwicing and and 

endpoint smoothing especially on sharp endpoint smoothing especially on sharp 

datadata
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