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ABSTRACT

3Dfaceand3Dhairreconstructionareinterestingandemergingapplicationswithinthefieldsof
computervision,computergraphics,andcyber-physicalsystems.Itisadifficultandchallenging
tasktoreconstructthe3Dfacialmodeland3Dfacialhairfromasinglephotoduetoarbitraryposes,
facialbeard,non-uniformillumination,expressions,andocclusions.Detailed3Dfacialmodelsare
difficulttoreconstructbecauseeveryalgorithmhassomelimitationsrelatedtoprofileview,beard
face,finedetail,accuracy,androbustness.Themajorproblemistodevelop3Dfacewithtextureof
large,beard,andwildposes.Mostlyalgorithmsuseconvolutionneuralnetworksanddeeplearning
frameworkstodevelop3Dfaceand3Dhair.Thelatestandstate-of-the-art3Dfacialreconstructionand
3Dfacehairapproachesaredescribed.Differentissues,problemsregarding3Dfacialreconstruction,
andtheirproposedsolutionshavebeendiscussed.
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INTRoDUCTIoN

Facialbeardandfacialhairplayanimportantroleintheindividualexpressionsofthehuman.Hairand
facesareessentialpartsofhumanvirtualcharactersbecausevirtualcharacters(computer-generated
characters)areprovidingnaturalismorrealism,videofilm,andgamingindustry.Hairisanessential
piecetobuilddigitalhumancharactersandfulfiltherespectiverequirements.Currently,face-capture
technologydoesnoteasilyaccommodatefacial-hairfeatures.Facialhairisanimportantstepinthe
3Dreconstructionofrealfacialgeometryandcyber-physicalsystems.

Currently, the advancement in field of machine vision and computer graphics plays an
important role in the cyber-physical systems like autonomous mobile systems and robotics
systems. 3D face reconstruction is an important task for solving security problem in the
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departmental stores, supermarket, crowded and tourist places. 3D face reconstruction from
singlephotoaddressesvariouschallengeslikeprofile,wild,occluded,andfacialbeardposes.
Traditionalapproachesareusedtoobtainthe3Dmorphablemodel(3DMM)coefficientsand
rendertherespective3Dfacesfromasinglephoto.Thesemethodsaretimeconsuming,needhigh
complexityandnotefficient.Recentapproachesareusingconvolutionneuralnetworks(CNNs)
andtheyaremoreefficientandhaveachievedremarkablesuccessin3Dfacialreconstruction
fromsinglephoto.3Dfacereconstructionfromasingleimagefacesmanyissuesandproblems
suchaslackofdiversityinfacialexpression,occlusions,facialbeardposesandenvironment
conditions.Somealgorithmsaresuggestedandproposedthatisgoingtosolvetheissuesoflarge
poses,wildposes,occludedposes,robustness,anddetailedreconstruction.Allfoundational3D
facereconstructionapproachesaremostlyfocusonprofileview,occlusionandrobustnessbut
notfocusonfacialbeardpose.Thechapteremphasizeson3Dfacereconstructionandthefacial
hairreconstructionapproaches.

Therearenumerousapproachesfor3Dfaceshapereconstructionthatreconstructsthe3D
modelonlyforfrontalposes,mediumposes,anduniformilluminationwhilemanychallenges
comewhenthereislargepose,andocclusionoccurred.Thevariousapproachesthatareusing
singlephotoasaninputcannotgetthebetterresultascomparedtomultipleimagesoninput.The
computationalcostof3Dfacereconstructionfrommultipleimagesishigh.3Dfacereconstruction
fromasingle imageisstill ill-posedproblemandresearchershavedoneresearchforsolving
differentissues.

The earliest methods are used 3D reference faces, landmark-based facial model and shape
fromshadingtechniquesforrecovering3Dfacialgeometry.Thesedays,the3Dsingleimagefacial
reconstruction is seldomused formodern facial recognitionapplications.3DMMandCNNsare
frequentlyusedinthe3Dsingleimagefacialmodel.CNNsapplicationsincludenaturallanguage
processing, occluded pedestrian detection, image classification, decoding facial recognition and
imagereconstructionetc.

3Dhairreconstructionplaysanessentialpartinfacialrecognitionandreconstructionoffacial
geometry. Some approaches are required user interactions, depth information for annotation the
headregionandhair(Chai,2015)(Chai,2013).Insomeapproaches,3Dhairisreconstructedvia
structuredlightpattern(Chen,2018).Recently,deep-learningapproaches(Chao,2016)(Zhou,2018)
arecontributingtothefieldof3Dhairreconstruction.Thereareveryfewachievementsthatwas
reportedover3Dfacialhairreconstruction.

Thetraditionalmethodsutilizedthe3Dreferencefaces(Hassner,2006)(Hassner,2013)and
theseold approaches are focusedandemphasizedon robustness insteadof finedetails.Shape
fromshadingapproaches(Li,2014)giveimportancetoaccuracyanddetailedreconstruction.The
3DMMfittingapproachesarewidelyusedinthesedaysthatareproposedbyVetterandBlanz
(Blanz,Vetter,1999).

Later, facial landmarks detectors (Jourabloo, 2016) (Zhu, 2016) are used for 3D facial
reconstruction,andtheseareemphasizedonaccuracy.Currently,deepconvolutionneural(Jackson,
2017)(Tran,2017)(Tran,2018)areusedforrecoveringof3Dfacialshapefromasingleimage.
ThesedeepCNNsapproachesarestillinachallengingphaseandimprovingrobustness,accuracy,
and lower the computational cost. A mobile 3D facial reconstruction method (Chinaev, 2018)
andcoarse-to-finemethodproposedby(Jiang,2018).Itreconstructsthehigh-quality3Dfacial
geometry,butholisticfaceisgeneratedwhilereconstructingthe3Dfacialgeometry.Theproposed
self-supervisedbootstrap(Xing,2018)approachistheupgradedversionofvolumetricregression
network(Jackson,2017).Theproposedapproachmodel-free(Feng,2018)isalatestmethodfor
3Dfacialreconstruction.ReDA(Zhu,2020)usedthefaceparsingmasks,multi-scaleconvolution
andUVmaps for3D face reconstruction.Deep3Dportrait (Xu,2020) isunsupervisedCNN-
basedapproachthatreconstructedtheheadwithhairandear.MFIRRN(Li,2021)methodismore
accurateanddetailed-rich.
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