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Chapter1.Abstract

Oneofthemainchallengesforadvanceddriverassistancesystems(ADAS)is

theenvironmentperception problem.OnefactorthatmakesADAS hard to

implementisthelargeamountofdifferentconditionsthathavetobetakencare

of.Themainsourcesforconditiondiversityarelaneandroadappearance,image

clarityissuesandpoorvisibilityconditions.Areview ofcurrentlanedetection

algorithmshasbeencarriedoutandbasedonthatalanedetectionalgorithm

hasbeendevelopedandimplementedonamixedcriticalityplatform.Thefinal

lanedetectionalgorithmsconsistsofpreprocessingstepswheretheimageis

convertedtograyscaleandeverythingexcepttheregionofinterest(ROI)iscut

away.OpenCV,a libraryforimage processing has been utilized foredge

detectionandhoughtransform.Analgorithm forerrorcalculationsisdeveloped

whichcomparesthecenteranddirectionofthelanewiththeactualvehicle

positionanddirectionduringrealexperiments.Thelanedetectionsystem is

implementedonaRaspberryPiwhichcommunicateswithamixedcriticality

platform.Thedemonstratorvehiclecanachieveameasuredspeedof3.5m/s

withreliablelanekeepingusingthedevelopedalgorithm.Theadvantageofthe

approachisthatevenwithoutlanemarkings,lanesstillcanbefoundonlywith

theinformationoftheirboundaries.However,problemsalsoexist.Forexample,

edgedetectionistime-consumingbecauseofagreatamountofcalculationsoit

ishardtobearealtimesystem.Furthermore,theproblem ofnoisessuchas

shadowsofobstaclesandvehiclesmaycauseerrorsofthedetection.Inaddition,
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edgedetectionrequiresfeaturesofedgesonalane’sbothsides.Ifobstacles

suchastheprecedingvehiclesoccludeoneside,errorsmayarise.

Chapter2.Introduction

Usingthemachinelearningalgorithmsandpythonitwillpredictthewidthoftheroad

.Itwillalsotellthedistancefrom theroadsideandalsoguideforovertakingthe

vehicles.

Thetrainedmachinebecomethepowerfulfeatureinthedriverlesscarasthevehicle

getproperassistanceintheovertakingandparkingalso.Itcanalsobeusedinthe

cruisecontrolofthecarmakethemoreimpactofthecarandeasyincontrollingthe

car.

Activesafetyiscurrentlyakeytopicintheautomotiveindustry,whichfostersthe

developmentofAutonomousVehiclefunctions.Variousadvanceddriverassistance

systems(ADAS)andactivesafetysystemshavethepotentialtoimproveroadsafety,

drivercomfort,fueleconomy,andtrafficflowbyassistingthedriverduringdifferent

drivingconditions.Itisestimatedthathumanerrorisacontributingfactorinmore

than90%ofallaccidents.Inordertosavethehumanlivescausedbyroadaccidents,

itishenceofinteresttodevelopsuchsystemsusingmodelingandsimulationtools

whichisquickandmoreefficientascomparedtotherealdrivingtesting.Overtaking

isoneofthemostcomplexmaneuverswiththehighriskofcollision(75%human

error)so the automation ofthis maneuverstillremains one ofthe toughest

challengesinthedevelopmentofautonomousvehicles.

Sinceovertakingisoneofthecomplexmaneuversandsomanyfactorsaffectit,the

automation ofthismaneuverhasbeen considered to be one ofthe toughest
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challengesinthedevelopmentofautonomousvehicles.Overtakinginvolvesagreat

interaction between both longitudinal(throttle and brake)and lateral(steering)

actuators.Nowadays,in thefield ofdriverassistancesystemsand automated

driving,developmentapproaches forlateralmaneuvercontrolare the verybig

challenge.

LITERATURESURVEY

MachineLearning:

Ataveryhighlevel,machinelearningistheprocessofteachingacomputersystem

how to makeaccuratepredictionswhen fed data.Thosepredictionscould be

answeringwhetherapieceoffruitinaphotoisabananaoranapple,spottingpeople

crossingtheroadinfrontofaself-drivingcar,whethertheuseoftheword book ina

sentencerelatestoapaperbackorahotelreservation,whetheranemailisspam,or

recognizingspeechaccuratelyenoughtogeneratecaptionsforaYouTubevideo.

Thekeydifferencefrom traditionalcomputersoftwareisthatahumandeveloper

hasn'twrittencodethatinstructsthesystem howtotellthedifferencebetweenthe

bananaandtheapple.Insteadamachine-learningmodelhasbeentaughthow to

reliablydiscriminatebetweenthefruitsbybeingtrainedonalargeamountofdata,in

thisinstancelikelyahugenumberofimageslabelledascontainingabananaoran

apple.

OpenCV:
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OpenCV(OpenSourceComputerVisionLibrary)isanopensourcecomputervision

andmachinelearningsoftwarelibrary.OpenCV wasbuilttoprovideacommon

infrastructureforcomputervisionapplicationsandtoacceleratetheuseofmachine

perception in thecommercialproducts.Being aBSD-licensed product,OpenCV

makesiteasyforbusinessestoutilizeandmodifythecode.Thelibraryhasmore

than2500optimizedalgorithms,whichincludesacomprehensivesetofbothclassic

and state-of-the-artcomputervision and machine learning algorithms.These

algorithmscanbeusedtodetectandrecognizefaces,identifyobjects,classify

humanactionsinvideos,trackcameramovements,trackmovingobjects,extract3D

modelsofobjects,produce3D pointcloudsfrom stereocameras,stitchimages

togethertoproduceahighresolutionimageofanentirescene,findsimilarimages

from animagedatabase,removeredeyesfrom imagestakenusingflash,followeye

movements,recognizesceneryandestablishmarkerstooverlayitwithaugmented

reality,etc.OpenCV hasmorethan47thousandpeopleofusercommunityand

estimatednumberofdownloadsexceeding 18million.Thelibraryisusedextensively

in companies,research groups and bygovernmentalbodies.Along with well-

establishedcompanieslikeGoogle,Yahoo,Microsoft,Intel,IBM,Sony,Honda,Toyota

thatemploythelibrary,therearemanystart-upssuchasAppliedMinds,VideoSurf,

andZeitera,thatmakeextensiveuseofOpenCV.OpenCV’sdeployedusesspanthe

rangefrom stitchingstreetviewimagestogether,detectingintrusionsinsurveillance

videoinIsrael,monitoringmineequipmentinChina,helpingrobotsnavigateandpick

upobjectsatWillow Garage,detectionofswimmingpooldrowningaccidentsin

Europe,runninginteractiveartinSpainandNewYork,checkingrunwaysfordebris in

Turkey,inspectinglabelsonproductsinfactoriesaroundtheworldontorapidface

detectioninJapan.
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AdvancedDrivingAssistanceSystems:

AdvancedDriverAssistanceSystems areintelligentsystemsthatresideinsidethe

vehicleandassistthemaindriverinavarietyofways.Thesesystemsmaybeused

toprovidevitalinformationabouttraffic,closureandblockageofroadsahead,

congestionlevels,suggestedroutestoavoidcongestionetc.Thesesystemsmay

alsobeusedtojudgethefatigueanddistractionofthehumandriverandthusmake

precautionaryalertsortoassessthedrivingperformanceandmakesuggestions

regardingthesame.Thesesystemscantakeoverthecontrolfrom thehumanon

assessinganythreat;perform easytasks(likecruisecontrol)ordifficultmanoeuvres

(like overtaking and parking).The greatestadvantage ofusing the assistance

systemsisthattheyenablecommunication between differentvehicles,vehicle

infrastructure systems and transportation managementcentres.This enables

exchangeofinformationforbettervision, localization,planninganddecisionmaking

ofthevehicles.CamerasystemsinADAScandisplaywhatisbehindorbesidethe

vehicle,even atnighton screen.Theycan also analysethevideo contentfor

automaticlane-departurewarningsystemsandhigh/low-beam headlightcontrol.An

imagesensorinterfaceprovidesincomingvideoframestoasingle-ordual-core

architectureoptimizedwithDSP extensionsforimageimprovementfilteringand

edge or spot detection. Additional system requirements include an

appropriate communicationinterface,anintegratedDRAM interfaceforfastaccess

toexternalmemoryandembeddedflashforlowsystem cost.

Classification:-

CamerasystemsinADAScandisplaywhatisbehindorbesidethevehicle,evenat

nighton screen.Theycan also analysethe video contentforautomaticlane-
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departurewarningsystemsandhigh/low-beam headlightcontrol.Animagesensor

interfaceprovidesincoming video framesto asingle-ordual-corearchitecture

optimizedwithDSPextensionsforimageimprovementfilteringandedgeorspot

detection.Additionalsystem requirementsincludeanappropriate communication

interface,anintegratedDRAM interfaceforfastaccesstoexternalmemoryand

embedded flash forlow system cost.In machine learning,classification is a

supervisedlearningconceptwhichbasicallycategorizesasetofdataintoclasses.

Themostcommonclassificationproblemsare– speechrecognition, facedetection,

handwriting recognition,documentclassification,etc.Itcan be eithera binary

classificationproblem oramulti-classproblem too.Thereareabunchof machine

learningalgorithms forclassificationinmachinelearning. Letustakealookatthose

classificationalgorithmsinmachinelearning.

Chapter3.ExistingSystem
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A trackingproblem isusuallynotaninitialvalueproblem,andoneneedsto

harvesttheboundaryconditionsatthefinaltime.Evenifoneassumesthat,a

solutiontotheboundaryvalueproblem exists,thenatureofthetrajectorycannot

beguessedfrom theproblem descriptionifthesystem failstohaveananalytic

solution,asalsopointedout.Anumericalprocedureisthenorm insuchcases

and requires an assumption thatthe system remains reachable underthe

assumedsetofinitialvaluesandsamplinginterval.

Thepossiblesolutionforcomfortorientedvehiclefollowingwithleadingvehicle

movementpredictiontreatedasdisturbancecontrollerispresented.Itisdealing

withtheexecutionofoptimalspeedtrajectoryplanningisdoneinawaythat

modifyinganoptimalspeedtrajectoryleadstothesmallestdeviationfrom the

desiredspeedwhilethevehicleismoving.Theseapproachesaretreatingthe

problem locallyand partiallyand don'tgive an energyconsumption based

decisionifavehicleshouldovertake.

Chapter4.ProposedSystem
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This projectpresents an advanced lane detection technology to improve the

efficiencyandaccuracyofreal-timelanedetection.Thelanedetectionmoduleis

usuallydividedintotwosteps: imagepre-processingandtheestablishmentand

matchingoflinelanedetectionmodel.

Figure 1 showstheoveralldiagram ofourproposedsystem wherelanedetection

blocksarethemaincontributionsofthispaper.Thefirststepistoreadtheframesin

thevideostream.Thesecondstepistoentertheimagepre-processingmodule.

Whatisdifferentfrom othersisthatinthepre-processingstagewenotonlyprocess

theimageitselfbutalsodocolourfeatureextractionandedgefeatureextraction.In

ordertoreducetheinfluenceofnoiseintheprocessofmotionandtracking,after

extractingthecolourfeaturesoftheimage,weneedtouseGaussianfiltertosmooth

the image.Then,the image is obtained by binary threshold processing and

morphologicalclosure.Thesearethepre-processingmethodsmentionedinthis

project.
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InthisprojectIwillattempttofindlanelinesfrom adashcam videofeed.Oncewe

detectlanelines,wewillmarkthem ontheoriginalvideoframeandplayitback.This

allwillbedoneonlineandwithoutanylagusingOpenCVfunctions.

Ourapproachherewouldbetodevelopsequenceoffunctionstodetectlanelines.

Wewillusea‘sample’imagewhilewritingthisfunctions,andonceweareableto

detectlane lines on few ‘sample’images successfully,we willclub complete

program intoafunctionwhichcanacceptlivefeedimageandreturnthesameimage

framewithlanelineshighlighted.

Usingthemachinelearningalgorithmsandpythonitwillpredictthewidthoftheroad

.Itwillalsotellthedistancefrom theroadsideandalsoguideforovertakingthe.It

canalsousedinthecruisecontrolofthecarmakethemoreimpactofthecarand

easyincontrollingthecar.Thetrainedmachinewillabletocalculateanditwill

predictthewidthofthelanethatwillhelptodrivethecarinitslanewiththeproper

guidance.

Canny Edge Detector Algorithm -The Canny edge detector is an edge

detection operatorthatusesamulti-stage algorithm todetectawiderangeofedges

in images.Itwas developed by John F.Canny in 1986.Cannyalso produced

a computationaltheoryofedgedetection explainingwhythetechniqueworks.

Cannyedgedetectionisatechniquetoextractusefulstructuralinformationfrom

differentvisionobjectsanddramaticallyreducetheamountofdatatobeprocessed.

• Detectionofedgewithlowerrorrate,whichmeansthatthedetectionshould

accuratelycatchasmanyedgesshownintheimageaspossible

• Theedgepointdetectedfrom theoperatorshouldaccuratelylocalizeonthe

centeroftheedge.

• Agivenedgeintheimageshouldonlybemarkedonce,andwherepossible,
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imagenoiseshouldnotcreatefalseedges.

ProcessofCannyEdgeDetectionAlgorithm

1.Apply Gaussianfilter tosmooththeimageinordertoremovethenoise

2.Findtheintensitygradientsoftheimage

3.Applynon-maximum suppressiontogetridofspuriousresponsetoedge

detection

4.Applydoublethresholdtodeterminepotentialedges

5.Trackedgeby hysteresis:Finalizethedetectionofedgesbysuppressingall

theotheredgesthatareweakandnotconnectedtostrongedges

BlockDiagram
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Chapter5.Implementation

Program Code:

importcv2

importnumpyasnp

defmake_coordinates(image,line_parameters):

slope,intercept=line_parameters

print(image.shape)

y1=image.shape[0]

y2=int(y1*(3/5))

x1=int((y1-intercept)/slope)

x2=int((y2-intercept)/slope)

returnnp.array([x1,y1,x2,y2])

return

defaverage_slope_intercept(image,lines):



13

left_fit=[]

right_fit=[]

forlineinlines:

x1,y1,x2,y2=line.reshape(4)

parameters=np.polyfit((x1,x2),(y1,y2),1)

slope=parameters[0]

intercept=parameters[1]

ifslope<0:

left_fit.append((slope,intercept))

else:

right_fit.append((slope,intercept))

left_fit_average=np.average(left_fit,axis=0)

right_fit_average=np.average(right_fit,axis=0)

left_line=make_coordinates(image,left_fit_average)

right_line=make_coordinates(image,right_fit_average)

returnnp.array([left_line,right_line])

defcanny(image):

gray=cv2.cvtColor(image,cv2.COLOR_RGB2GRAY)
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blur=cv2.GaussianBlur(gray,(5,5),0)

canny=cv2.Canny(blur,50,150)

returncanny

defdisplay_lines(image,lines):

line_image=np.zeros_like(image)

iflinesisnotNone:

forx1,y1,x2,y2inlines:

cv2.line(line_image,(x1,y1),(x2,y2),(255,0,0),10)

returnline_image

defregion_of_interest(image):

height=image.shape[0]

polygons=np.array([

[(200,height),(1100,height),(550,250)]

])

mask=np.zeros_like(image)

cv2.fillPoly(mask,polygons,255)

masked_image=cv2.bitwise_and(image,mask)

returnmasked_image
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cap=cv2.VideoCapture("test2.mp4")

while(cap.isOpened()):

_,frame=cap.read()

canny_image=canny(frame)

cropped_image=region_of_interest(canny_image)

lines=cv2.HoughLinesP(cropped_image,2,np.pi/180,100,np.array([]),minLineLength=

40,maxLineGap=5)

averaged_lines=average_slope_intercept(frame,lines)

line_image=display_lines(frame,averaged_lines)

combo_image=cv2.addWeighted(frame,0.8,line_image,1,1)

cv2.imshow("result",combo_image)

ifcv2.waitKey(1)==ord('q'):

break

cap.release()

cv2.destroyAllWindows
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Chapter6.Output/Screenshot

Input(SampleImage)
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OutputScreen

Chapter7.Conclusion

Theproblem ofautonomoushighwayovertakingwassolved.Thetestprotocolfor

highway overtaking assist was developed which was further used for the

developmentof an automated driving system forthe autonomous highway

overtaking. The developed test protocol was validated analytically using

mathematicalequationsandtheautomateddrivingsystem wastestedvirtually.The

simulationresultswerefoundtobeinaccordancewiththedesiredhostvehicle

behavior.Thesystem drivesthehostvehiclethroughtheselectedusecasesina

safeandefficientmanner,whileinteractingwithtargetvehiclesoperatinginthe

trafficenvironment.Theproposedautonomoushighwayovertakingsystem hasthe

followingcharacteristics:

•Safe,comfortable,androbust:Thesafetyofthedevelopedsystem wasguaranteed

by ensuring thatthe hostvehicle remains outside the safe time gap during

overtaking.Also,thehostvehiclewasabletoexecutetheovertakingmaneuver

withoutexceedingthesafelimitsoflongitudinalacceleration,headingangle,yaw

rate,andlateralvelocity,itwasconcludedthatthedevelopedfuzzycontrollerwas

suitableforapplicationtothesteeringcontrolevenatahigherspeed.Thus,the

system isrobustenough.
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•Feasibleandmodularframeworkoftheautonomoushighwayovertakingsystem

Thedevelopedsystem isfeasiblesinceitusesthesensorsandADASsystemsAlso,

the developmentofsubsystems is performed independently which mightbe

beneficialtothefutureoptimizationofthesystem understudyandimplementation

into a realvehicle.The system can be said to be optimized forreal-time

implementation.
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