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3D	  Fingerprint	  Target	  
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2D	  fingerprint	  image	  

3D	  finger	  surface	  



Goal	  
•  Build	  3D	  targets	  to	  evaluate	  image	  acquisiEon	  
capability	  of	  fingerprint	  readers	  
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Benefits	  
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•  Standards	  organizaEons:	  develop	  standard	  
procedures	  to	  benchmark	  fingerprint	  readers	  

	  
•  Fingerprint	  vendors:	  improve	  performance	  of	  
fingerprint	  readers	  

	  
•  End	  users:	  understand	  and	  compare	  the	  
sources	  of	  limitaEons	  in	  different	  fingerprint	  
readers	  



Our	  ContribuEons	  
•  Synthesize	  3D	  targets	  by	  projecEng	  2D	  
calibraEon	  paUerns	  onto	  3D	  finger	  surface	  

	  
•  Fabricate	  targets	  with	  material(s)	  similar	  in	  
hardness	  and	  elasEcity	  to	  the	  human	  finger	  
skin	  using	  a	  state-‐of-‐the-‐art	  3D	  printer	  

•  Demonstrate	  uElity	  of	  the	  targets	  for	  
evaluaEon	  of	  fingerprint	  readers	  
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3D	  Target	  Synthesis	  
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y	  
Preprocessing	  3D	  Finger	  Surface	  

7	  3D	  finger	  surface	  
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Preprocessing	  2D	  CalibraEon	  PaUern	  
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Mapping	  2D	  PaUern	  to	  3D	  Surface	  

9	  Frontal	  finger	  surface	  
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Engraving	  2D	  PaUern	  on	  3D	  
Surface	  
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Postprocessing	  3D	  Finger	  Surface	  
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3D	  PrinEng	  
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Electronic	  3D	  
target	  

Physical	  3D	  
target	  

Stratasys	  Objet	  Connex	  350	  
(X	  &	  Y	  res:	  600	  dpi,	  
	  Z	  res:	  1600	  dpi)	  

Prin5ng	  material	  similar	  in	  hardness	  and	  elas5city	  to	  human	  skin	  



Experiments	  

•  How	  good	  is	  the	  synthesized	  and	  fabricated	  3D	  
target?	  
– Fidelity	  of	  features	  acer	  projecEon	  from	  2D	  to	  3D	  
– Fidelity	  of	  engraved	  features	  acer	  3D	  prinEng	  
– End-‐to-‐end	  fidelity	  of	  features	  

•  Are	  the	  different	  impressions	  of	  a	  3D	  target	  
consistent	  (intra-‐class	  variability)?	  

•  EvaluaEng	  fingerprint	  readers	  using	  3D	  targets	  
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Fidelity	  of	  3D	  Target	  Synthesis	  
•  Fidelity	  of	  features	  acer	  2D	  to	  3D	  projecEon	  

14	  Similarity	  Score	  =	  179;	  Threshold	  @0.01%	  FAR	  =	  33	  



Fidelity	  of	  3D	  Target	  Synthesis	  
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•  Fidelity	  of	  engraved	  features	  acer	  3D	  prinEng	  	  

Similarity	  Score	  =	  500;	  Threshold	  @0.01%	  FAR	  =	  33	  



Fidelity	  of	  3D	  Target	  Synthesis	  
•  End-‐to-‐end	  fidelity	  of	  features	  

16	  Similarity	  Score	  =	  125;	  Threshold	  @0.01%	  FAR	  =	  33	  



Intra-‐class	  Variability	  between	  
	  3D	  Target	  Impressions	  

17	  Similarity	  Score	  =	  1397;	  Threshold	  @0.01%	  FAR	  =	  33	  

Impression	  1	   Impression	  2	  



EvaluaEng	  Fingerprint	  Readers	  
•  Project	  2D	  calibraEon	  paUerns	  (sine	  graEngs/	  
fingerprints)	  of	  known	  spacing	  
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Sine	  Gra5ng	  
Spacing	  =	  10	  pixels	  

3D	  Target	  

Fingerprint	  
Average	  Spacing:	  10.42	  pixels	  



EvaluaEng	  Fingerprint	  Readers	  
•  Capture	  impressions	  of	  the	  3D	  targets	  

19	  Horizontal	  gra5ng	   Ver5cal	  gra5ng	   Circular	  gra5ng	  

Op5cal	  
Reader	  1	  
(500	  ppi)	  

Op5cal	  
Reader	  2	  
(1000	  ppi)	  

Fingerprint	  



EvaluaEng	  Fingerprint	  Readers	  

Test	  pa7ern	   Op5cal	  Reader	  1	  
	  (500	  ppi)	  

Op5cal	  Reader	  2	  
	  (1000	  ppi)	  

Horizontal	  graEng	   µ	  =	  9.04,	  σ	  =	  0.06	   µ	  =	  9.05,	  σ	  =	  0.05	  
VerEcal	  graEng	   µ	  =	  9.51,	  σ	  =	  0.23	   µ	  =	  9.46,	  σ	  =	  0.09	  
Circular	  graEng	   µ	  =	  9.80,	  σ	  =	  0.31	   µ	  =9.59,	  σ	  =	  0.08	  

Mean	  (µ)	  and	  Std.	  deviaEon	  (σ	  )	  of	  spacing	  computed	  in	  the	  captured	  
images	  of	  targets	  using	  the	  two	  readers	  (paUern	  spacing	  =	  10	  pixels)	  

Note: 
•  To compensate for the distortion induced during 2D to 3D projection of the 2D pattern, 
ratio of the Euclidean to Geodesic distance (0.94) is factored into spacing computations 
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•  Measurements	  from	  10	  captured	  images	  of	  
3D	  targets	  synthesized	  using	  sine	  graEngs	  



EvaluaEng	  Fingerprint	  Readers	  
•  Measurements	  from	  5	  captured	  images	  of	  3D	  
targets	  synthesized	  using	  fingerprints	  
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Test	  pa7ern	   Op5cal	  Reader	  1	  
	  (500	  ppi)	  

Op5cal	  Reader	  2	  
	  (1000	  ppi)	  

S0005	  (9.45)	   µ	  =	  8.93,	  σ	  =	  0.12	   µ	  =	  8.59,	  σ	  =	  0.09	  
S0010	  (10.20)	   µ	  =	  10.10,	  σ	  =	  0.04	   µ	  =	  9.65,	  σ	  =	  0.12	  
S0017	  (10.80)	   µ	  =	  10.85,	  σ	  =	  0.13	   µ	  =	  10.20,	  σ	  =	  0.08	  

S0083	  (10.42)	   µ	  =	  9.92,	  σ	  =	  0.23	   µ	  =	  9.55,	  σ	  =	  0.03	  

S0096	  (10.25)	   µ	  =	  9.56,	  σ	  =	  0.08	   µ	  =	  9.25,	  σ	  =	  0.02	  

Mean	  (µ	  )	  and	  Std.	  deviaEon	  (σ	  )	  of	  spacing	  computed	  in	  the	  captured	  images	  of	  
targets	  using	  the	  two	  readers	  (average	  paUern	  spacing	  indicated	  in	  brackets)	  



iPhone	  5s:	  Enrolment	  and	  VerificaEon	  
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Conclusions	  and	  Ongoing	  Work	  
•  Devised	  a	  method	  to	  create	  3D	  targets	  by	  (i)	  
projecEng	  a	  2D	  calibraEon	  paUern	  onto	  a	  generic	  3D	  
finger	  surface,	  and	  (ii)	  fabricaEng	  using	  a	  3D	  printer	  

•  Demonstrated	  fidelity	  of	  the	  3D	  target	  synthesis	  and	  
fabricaEon	  process	  

•  Showed	  the	  uElity	  of	  the	  fabricated	  3D	  targets	  for	  
evaluaEng	  opEcal	  fingerprint	  readers	  

•  Ongoing	  Work:	  InvesEgaEng	  alternaEve	  methods	  to	  
fabricate	  the	  3D	  targets	  with	  higher	  precision,	  and	  
using	  materials	  with	  similar	  opEcal	  properEes	  and	  
conducEvity	  to	  the	  human	  finger	  skin	  
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