Fingerprint Enhancement
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Figure 1. Minutia extraction: (a) good quality input image; (b) extracted minutiae; (c)
poor quality input image; (d) extracted minutiae.



B A BT F gk ko 5 (valley)#= A (ridge) > B 5 & BT g )j
rv’ﬂiﬁ.»hftm p: QYA B #%ﬁzé‘%&»x\;azja;ﬁﬁ% szl BLE L A R BL o

R RP AT A g Y A 5] A 0 - g ﬁm%"i\v
u%ﬁé AR PR R I A 5’%?* VR rﬂt“ AN ERE RN - BRE 2
G EQ:'FL%J » 4 ;] TR 'g»mr'r'f?ﬁ_

LEhme? APERS - Bl RHRITE 2 o doz W TRy e Tl KR
AR L AVRF T AR RS oridgelvalley Bt chiF R X * &g m:f?r
B Boii B2 o AP B2 AR v AR skndge/valley SH A BB
Bt PR 2 A T WA R B o T B 2 ik 4oFigure 20 H A & W Fp ety i e
- -

@ - BT f - Gaborig ik F ikt *v“ﬁis?J chig WP R 2 A 2 ik (8 eh e
ridgedd B~ & i * Mgk (4 hPs gy & H‘rgg ridge map -

jéridge map® > * - B E 3 éi_ 4 — 1B coarse-level ridge map %
unrecoverable-region mask - I * coarse-level ridge map*+ = = iz B} o

P e RRFEZEEE - B G e oo

KB M e 2 Rk 8 hBh? T O F R 5 18 ch B T o

3% %ﬁ

J

Input Image

fﬁ\é_

Bank of Gabor Filters

s T

Filtered Images

v ¥ v S

Ridie Extraction

——

Ridge Maps

™~ % AN &

Voting Algorithm
S AV

Coarse-level Rides Map Unrecoverable-region Mask

N ¥

Estimate Local Orientation

Crienration Field

C um$nsltwn

Ephanced Image

Figure 2. An overview of the fingerprint enhancement algorithm.



2 Fingerprint Enhancement
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2.1 Filtering of Fingerprint Image
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Figure 3. An evensymmetric Gabor filter: (a) Gabor filter tuned to 60 cycles/width
and 0° orientation; (b) corresponding MTF.
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Figure 4. Examples of filtered images for a 512X512 fingerprint image: (a) input

image;(b~i)filtered images with Gabor filters tuned to 60 cycles/width and
orientations of 0°22.5°-45°67.5°-90°-112.5°135°:157.5° , respectively.




2.2 Ridge Extraction
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Figure 5. The extracted ridge map of a filtered image: (a) filtered image; (b) extracted
ridge map; the dark lines represent the detected ridges; grey lines represent the
spurious ridges removed by the postprocessing step.

2.3 Coarse-Level Ridge Map and Unrecoverable-region Mask
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@ Delete all the connected components (8-connected) in the binary block maps
which have an area less than a threshold (16 in our algorithm).
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Figure 6. Intuitive meaning of the voting algorithm; here for simplicity, we assume
that the input image is decomposed into two filtered images; (a)( ¢) correspond to rule
1; (d)( ) correspond to rule 2; (g)( h) correspond to rule 3; the left two columns show
the inputs to the voting algorithm while the third column shows the voting results.

2.4 Local Orientation Estimation and Enhanced Image
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and f(x, y) represents the value of local orientation field at
pixel (z,y).



