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ABSTRACT

Thisarticleproposesthedesignofanovelhardwareembeddedsystemusedforautomaticreal-time
roadsignrecognition.Thealgorithmusedwasimplementedintwomainsteps.Thefirststep,which
detectstheroadsigns,isperformedbythemaximallystableextremalregionmethodonHSVcolor
space.Thesecondstepenablestherecognitionofthedetectedsignsbyusingtheorientedfastand
rotatedbrieffeaturesmethod.Thenoveltyoftheembeddedhardwaresystem,onanARMprocessor,
leadstoareal-timeimplementationoftheADASapplications.Theproposedsystemwastestedon
theBelgiumTrafficSignDetectionandRecognitionBenchmarkandontheGermanTrafficSigns
Datasets. The proposed approach attained a high detection and recognition rate with real-world
situations.Theachievedresultsareacceptablewhencomparedtostate-of-the-artsystems.
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1. INTRodUCTIoN

AutomaticTrafficSignRecognition (TSR) isbecominganessentialcomponentof thenewcars
(Greenhalgh&Mirmehdi,2012a;Greenhalgh&Mirmehdi,2012b;Rutaetal.,2010;Xu,2009;
Kassanietal.,2016),itisanimportantapplicationforAdvancedDriverAssistanceSystems(ADAS)
(Wahyono,2014;Hsiehetal.,2014;Rubleeetal.,2011;Granaetal.,2013).Theinabilitytoobserve
roadsignsduetovariousconditionsmightresultinroadaccidents.Manycaraccidentsarecausedby
drivers’lackofawarenessorfatigue.Thus,earlywarningofthedriverwillkeephimmoreattentive.
Consequently,theintegrationofanautomatedembeddedsystemoftrafficsignsrecognitionincreases
safetyconditions.

Aroadtrafficsignrecognitionapproachcanbecomposedoftwostages:detectionandrecognition
(Hsiehetal.,2014;Jungetal.,2016;Seoetal.,2015;Timofteetal.,2014).Thepurposeofthefirst
stepistoextractthesignsfromthewholescene.Thesecondstagetriestorecognizethesymbols
accordinglytoapredefineddatabase.Trafficsigndetectionandrecognitioninunstructuredscenes
havebeendrawingtheattentionofmanyresearches,boththeoreticallyandtechnically(Gudigaretal.,
2016;Saltietal.,2015).OneoftheforemostdifficultiesofTSRapplicationsistheunderstandingof
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theenvironmentandorientationofthesignsinrealscenes.Thefirstchallengeistoconsiderurban
scenesunderstandingundercomplexconditions(timeoftheday,weather,noise,occlusions,lighting
changes,shadows,distortion,etc.)aspresentedinFigure1.

Theproposedsystemisdividedintotwomainstages:thedetectionandtherecognitionstages.
Inthedetectionstep,theimageistransformedtotheHSVcolorspace,andtheMaximallyStable
ExtremalRegions(MSERs)algorithm(Greenhalgh&Mirmehdi,2012a),(Greenhalgh&Mirmehdi,
2012b),(Saltietal.,2015)isusedtodetectallpossiblecandidates.Fortherecognitionstep, the
OrientedfastandRotatedBrief(ORB)descriptor(Rubleeetal.,2011),(Granaetal.,2013)isused
toextractfeaturesservingtherecognizingprocessandenablestheidentificationofsigns.Thus,we
trytointegratethemethodswhileensuringacompromisebetweenprocessingtimeandaccuracy.In
thefollowing,wejustifythechoiceofHSVcolorspace,MSERalgorithmandORBfeature.

Manyresearchers(Jungetal.,2016),(Gudigaretal.,2016),(Lillo-castellanoetal.,2015)prefer
theHSVcolorspaceforitsabilitytoseparatecolorandbrightnessandthereforeitsresistanceto
lightingchanges.In(Farhatetal.,2015),(Lunge&Pawar,2014),(Berkayaetal.,2016),acolorspace
comparisonshowsthatHSVcolorspacepresentsthebestrobustnessintrafficsignsrecognition.
Moreover,similarworksshowthatMSERisanefficientandrapidtechniquethatprovidesbetter
robustnesstoblurredimagesandimprovesmatchingperformanceoverlarge-scalechanges.Forthese
reasons,wehavetoconsiderapplyingMSERinHSVcolorspace(Ellahyanietal.,2016).

ORBfeatureiscomparativelyscaleandrotation-invariantwhilestillusingtheveryefficient
Hammingdistancemetricformatching.Thus,itispreferredforreal-timeapplicationsasitensures
acompromisebetweenaccuracyandexecutiontime.

ThesecondchallengeforsuchTSRsystemistorespectthereal-timeconstraintregardlessofthe
speedofthevehicle.Toachievethispurposewithanembeddedsystem,itisimportanttoconsider
asuitablehardwareplatform.

Inthispaper,wepresentanovelembeddedsystemabletodetectandrecognizetrafficsigns
efficientlyinreal-timebasedonARMprocessor,andwecompareitsrobustnesswithsimilarhardware
implementations.

Theremainderofthispaperisorganizedasfollows:Section2providesareviewoftargeted
recognitiontechniquesandgivesanoverviewofpastworks.Section3,outlinestheproposeddetection

Figure 1. Problems of traffic sign detection: Over-Illumination, under-illumination, occlusion, rotation and deterioration of the 
signs, deficiency, complexity scene and weather situations.
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