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$Estract
Finger Yein recognition Geals ZitK tKe recognition oI suEMects EaseG
on tKeir Yenous Sattern ZitKin tKe Iingers� TKe PaMorit\ oI tKe aYail�
aEle s\stePs acTuire tKe Yein Sattern using onl\ a single caPera� 6ucK
s\stePs are susceStiEle to PisSlacePents oI tKe Iinger Guring acTui�
sition� in Sarticular longituGinal Iinger rotation Soses a seYere SroE�
leP� %esiGes soPe KarGZare EaseG aSSroacKes tKat tr\ to aYoiG tKe
PisSlacePent in tKe Iirst Slace� tKere are seYeral soItZare EaseG so�
lutions to counter IigKt longituGinal Iinger rotation� $ll oI tKeP use
classical KanG�craIteG Ieatures� TKis ZorN Sresents a noYel aSSroacK
to PaNe CNNs roEust to longituGinal Iinger rotation E\ training CNNs
using Iinger Yein iPages IroP Yar\ing SersSectiYes�

Conclusion
ŬFirst CNN EaseG rotation tolerant single caPera s\steP

ŬTZo GiIIerent CNN arcKitectures�

–TriSlet�6TNet
–'enseNet���� ZitK 6oIt0a[

ŬTZo GiIIerent training aSSroacKes�

– ,Pages acTuireG at GiIIerent rotation angles
–$rtiIicial rotateG Yersions oI SalPar iPages �Gata augPentation�

Ŭ/oZ �relatiYe� SerIorPance GegraGation on tKe ZKole rotational
range �±��r�

Ŭ$ugPenteG training Gata ZorNs onl\ Ior TriSlet�6TNet

Ŭ%aseline SerIorPance at SalPar YieZ still neeGs iPSroYePent

ŬRotation tolerance is EaseG on training Gata anG not on tKe CNNs ar�
cKitecture

/ongituGinal Finger Rotation
Ŭ0isSlacePent oI tKe Iinger Guring acTuisition

ŬCan Ee reGuceG or SreYenteG E\ tKe Gesign oI GeYice �e�g� E\ aGGing
suSSort structures�

ŬNegatiYe inIluence can Ee reGuceG Guring Sre�Srocessing� Ieature e[�
traction or coPSarison

/ongituGinal Iinger rotation SrinciSle� a scKePatic Iinger cross section sKoZing IiYe Yeins �Elue Gots�
rotateG IroP ���r �leIt� to ���r �rigKt� in ��r steSs� TKe SroMection �EottoP roZ� oI tKe Yein Sattern
is GiIIerent GeSenGing on tKe rotation angle�

CNN $rcKitectures
Squeeze-Net (SqNet) with triplet loss function
Ŭ*rouSs iPages oI tKe saPe class
togetKer in tKe outSut sSace

Ŭ6eSarates iPages IroP GiIIerent
classes

ŬCan Ee aSSlieG to classes tKat
KaYe not Eeen incluGeG Guring
training
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𝐿(𝐴, 𝑃 , 𝑁) = Pa[(||𝑓(𝐴) − 𝑓(𝑃)||2 − ||𝑓(𝐴) − 𝑓(𝑁)||2 + 𝛼, 0)
𝐴 �� $ncKor� 𝑃 �� 3ositiYe� 𝑁 �� NegatiYe� 𝛼 �� Pargin� 𝑓(𝑥) �� ePEeGGing�

DenseNet (DenseNet-161) with SoftMax loss

Ŭ6oIt0a[ loss Iunction is EaseG on assigning classes to iPages �SroE�
aEilit\ Yalues to eacK class��

Ŭ(Yaluation can onl\ Ee aSSlieG to alreaG\ traineG classes�

Ŭ ,nSracticaEle Ior EioPetric aSSlications�

ŬTo aYoiG tKis SroEleP� tKe net is traineG ZitK tKe 6oIt�0a[ loss Iunc�
tion anG tKen ePSlo\eG as Ieature e[tractor Ior eYaluation E\ using
tKe CNN actiYations oI interPeGiate la\ers�

Training 'ata
ŬTZo Gata sets�

–PROTECT Multimodal Dataset�300'%�
–PLUSVein-Finger Rotation Data Set�3/86Vein�FR�

Ŭ3roYiGe Iinger Yein iPages all arounG tKe Iinger ����r in steSs oI �r�

Ŭ8seG suEset� ±��r arounG tKe SalPar YieZ � �r�

Ŭ300'% Ior training� 3/86Vein�FR Ior eYaluation

$cTuireG at �r RotateG to ��r $cTuireG at ��r

Var\ing ranges IroP ZKicK tKe training iPages are taNen�

Ŭ2nl\ IroP a single SersSectiYe �SalPar YieZ� ±�r�  classical single
caPera recognition s\steP

Ŭ'iIIerent rotational ranges �±5 r� ±15r� ±30r anG ±45r�
TZo sources Ior rotateG iPages�

�� ,Pages acTuireG at GiIIerent rotation angles

��$ugPenteG iPages siPulating rotations oI tKe Iinger �circular Sat�
tern norPali]ation � sKiIt�

([SeriPents � Results
Evaluation of the CNN’s rotation tolerance

ŬCNNs� TriSlet�6TNet �toS roZ� anG 'enseNet���� �EottoP�

ŬClassical single caPera recognition s\steP ZitK iPages acTuireG
IroP a single YieZ �±�r��

ŬTraining iPages taNen in tKe range oI ±�r� ±��r� ±��r anG ±��r

ŬRotation source� actuall\ acTuireG �leIt� anG augPentation �rigKt�
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PLUSVein-FR: Triple-SqNet - CPN, Training Data Acquired at Rotation Angles
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PLUSVein-FR: Triple-SqNet - CPN, Augmented Training Data
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PLUSVein-FR: DenseNet 161 - CPN, Training Data Acquired at Rotation Angles
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PLUSVein-FR: DenseNet 161 - CPN, Augmented Training Data
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TrenG oI tKe ((R across GiIIerent longituGinal rotations aSSl\ing TriSlet�6TNet
anG 'enseNet���� traineG ZitK GiIIerent rotational ranges

Comparison to State-of-the-Art

ŬCoPSarison to Eest SerIorPing PetKoGs oI SreYious eYaluations
�3roPPegger et al. ����� �����

Ŭ ,nIerior Easeline SerIorPance # SalPar YieZ

Ŭ/oZer �relatiYe� SerIorPance GegraGation Ior increasing rotational
Gistance
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PLUSVein-FR: Comparison Proposed vs Best Hand-Crafted System

Best Acquired (DenseNet 161 CPN ±45°)
Best Augmented (Triplet-SqNet CPN ±45°)

PC (Fixed Angle + EPN)
MC (Fixed Angle + EPN)

DTFPM (Fixed Angle + EPN)
SIFT (Fixed Angle + EPN)

ASAVE (Fixed Angle + EPN)
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PLUSVein-FR: Relative Performance Degradation: Proposed vs Hand-Crafted

Best Acquired (DenseNet 161 CPN ±45°)
Best Augmented (Triplet-SqNet CPN ±45°)

PC (Fixed Angle + EPN)
MC (Fixed Angle + EPN)

DTFPM (Fixed Angle + EPN)
SIFT (Fixed Angle + EPN)

ASAVE (Fixed Angle + EPN)

3erIorPance GegraGation GeSenGing on tKe rotational GiIIerence�
/eIt� aEsolute ((R Yalues� rigKt� relatiYe SerIorPance GegraGation
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