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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
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Introduction

This document specifies finger image quality measures. A reference implementation of the normative
measures — NFIQ 2 — is available at Reference [16], which is described in more detail by the developers in
Reference [1].

The quality of finger image data is determined by the degree to which the finger image data fulfils
specified requirements for the targeted application. Information on quality is therefore useful in many
applications. ISO/IEC 19784-1 allocates a quality field and specifies the allowable range for the scores, with
a recommendation that the score be divided into four categories with a qualitative interpretation for each
category. Flncnr image nnnhfv fields are nrn‘nr]nr] inthe ﬁncn:r image datainterchange formatsstandardized
in ISO IEC 19794 4 and ISO/IEC 39794 4. Finger feature data interchange formats standardjzed in
[SO/IEC 19794-2, ISO/IEC 19794-3, ISO/IEC 19794-8 and ISO/IEC 39794-2 provide finger image |quality
fields fpr the source image. To facilitate the interpretation and interchange of finger image quality|scores,
this dofument specifies how to calculate the finger image quality score of plain finger image$ with afspatial
samplihg rate of 196,85 px/cm and a bit depth of 8 bit for the greyscale pixel intensity, valies scanngd from
inked fingerprint cards or captured using optical area sensors based on frustrated total internal reflection.

© ISO/IEC 2024 - All rights reserved
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Information technology — Biometric sample quality —

Part 4:
Finger image data

1 Scppe

This dgcument establishes:

— terjms and definitions for quantifying finger image quality;
— mdthods used to quantify the quality of finger images; and
— stgdndardized encoding of finger image quality;

for finger images at 196,85 px/cm spatial sampling rate and a bit depth;of 8 bit for the greyscale pixel
intensiky values scanned or captured using optical area sensors in direct contact with friction ridges

2 Ngrmative references

The following documents are referred to in the text in such away that some or all of their content congtitutes
requir¢ments of this document. For dated references, onlythe edition cited applies. For undated references,
the latgst edition of the referenced document (includingany amendments) applies.

ISO/IEC 2382-37, Information technology — Vocabulary — Part 37: Biometrics

ISO/IEC 39794-1, Information technology —=\Extensible biometric data interchange formats — [Part 1:
Framework

[SO/IE( 29794-1, Information technology~— Biometric sample quality — Part 1: Framework

3 Terms and definitions

For the purposes of this doctiment, the terms and definitions given in ISO/IEC 2382-37, ISO/IEC 29794-1 and
the following apply.

ISO andl IEC maintainterminology databases for use in standardization at the following addresses:

— IS Online-browsing platform: available at https://www.iso.org/obp

— IE(Q Electropedia: available at https://www.electropedia.org/

3.1
foreground region
set of all pixels of a finger image that form valid finger image patterns

Note 1 to entry: The most evident structural characteristic of a valid finger image is a pattern of interleaved ridges and
valleys.

3.2

local region

block of m x n pixels of the foreground region, where m and n are smaller than or equal to the width and the
height of the foreground region respectively

© ISO/IEC 2024 - All rights reserved
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finger image quality assessment algorithm
algorithm to calculate a quality measure

Note 1 to entry: “Quality assessment algorithm” and “quality algorithm” are synonyms.

3.4
trim

removal of pixels from the top, left, bottom and right sides of a finger image that do not comprise the
foreground region

Note 1 to entry: The steps for trimming an image to form the foreground region are defined in 6.1.5.2.

4 AL

CBEFF
DFT
DT
FDA
FJFX
LCL
NFIQ
OCL
OFL
QSND
RVU
TIR

5 Ca

A finge
requirg

A finge
format|
the me

breviated terms

Common Biometric Exchange File Format
discrete Fourier transform

determine threshold

frequency domain analysis

Finger]Jet Fingerprint Feature Extractor, Open Source Editien
local clarity

NIST Fingerprint Image Quality
orientation certainty level

orientation flow

quality score normalisation dataset:

ridge valley uniformity

total internal reflection

nformance

r image quality assessment algorithm conforms to this document if it conforms to the nof
ments of Clause. 6.

mative

r image quality block shall conform to this document if its structure and data values conforn to the

Ling requirements of Clause 7 (finger image quality block) and if its quality values are compute
thods-speécified in 6.2 and 6.4.

A fingg

d using

metric

rlimage quality assessment implementation conformant to this document may use the big

organization identifier of ISO/TEC JTC TI/SC 37, which is 257 [101,,J, 1f it has been tested following the
conformance testing methodology in Clause A.2.

Conformance to normative requirements of Clause 7 is achieved by Level 1 and Level 2 conformance as
specified in ISO/IEC 39794-1:2019, Annex C. Conformance to normative requirements of 6.2 and 6.4 is
achieved by Level 3 conformance as specified in ISO/IEC 39794-1:2019, Annex C.

The conformance test assertion in Annex A shall apply.

© ISO/IEC 2024 - All rights reserved
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6 Finger image quality measures

6.1 Overview

6.1.1

General

This clause establishes measures for predicting the utility of a finger image. Image quality measures from a

single i

mage are useful to ensure the acquired image is suitable for recognition.

A complete finger image quality analysis shall examine both the local and global structures of the finger

image.

Fingerprint local structure constitutes the main texture-like pattern of ridges and valleys

within

a local
fingerp
descrik
used as

For applying the algorithms as described in 6.2 and 6.3, the finger image shall have a’spatial samp

of 196,
values,
The alg
device
considg

ISO/IE
inclusiy

6.1.2

6.1.2.1

The mj
sigmoi

sig
where
X

X0

w

£

region while valid global structure puts the ridges and valleys into a smooth flow for_thd
rint. The quality of a finger image is determined by both its local and global structures~Thig
es the features and characteristics of finger images at both local and global structures that a1
quality components for quantifying finger image quality.

35 pixels per centimetre (500 pixels per inch), a bit depth of 8 bit for the greyscale pixel i
with friction ridges represented by greyscale pixel intensity values lowerthan those for |
orithms were developed using images of finger friction ridges in contact with an electronic ¢

bred free from geometric distortion and exhibit greyscale linearity‘aitd uniformity.

re.
Methods for mapping to the desired value range

Sigmoid function

ipping of values between 0 and 1 inclusive, i§;accomplished for several quality components w
i function as shown in Formula (1):

—1
moid(x,xo,W)=[1+exp[x0 X D

w

is a native quality-measure value;

is the inflectionpoint at which the function has the value 0,5;

e toAXE;

isan infinitesimally small positive quantity.

The vallues computed from the sigmoid function will be mapped to the target value ranges (0 to

entire
clause
e to be

ling rate
r]fclensity

valleys.
apture

and inked fingerprints digitized with an electronic scanner. The imaging devices and scanniers are

[ 29794-1 requires that quality components be mapped to dn integer value between 0 and 100,

ith the

1y

is a scalig-parameter determining the width of the region in which the function transitions from

100) in

subseq

6.1.2.2

uent clauses.

Known ranges

When the range of values for a given quality measure is known (e.g. from 1 to 250, inclusive), the known
range function is used, as shown in Formula (2):

{ Xx—min(x) 101J @
max

(x)—-min(x)+e

© ISO/IEC 2024 - All rights reserved
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is a native quality measure value;

| is the floor function giving the greatest integer <x

is an infinitesimally small positive quantity.

Constituent of local quality measures

A finger image is partitioned into local regions such that each local region contains sufficient ridge-valley

inform
For im
separa
In orde
height.
Insteaq

NOTE

fion usually varies between 8 pixels to 12 pixels.[2] A ridge separation comprises a ridge'and 3
I to cover two clear ridges, the local region size has to be greater than 24 pixels intboth wig
The size for each local region shall be (32 x 32) pixels, which is sufficient to cover.two clear
of Cartesian coordinate, curvilinear coordinate along the ridge can also be used:

The size of the local region used during computation of ngL (6.2.16.3), ngL (6.2.16.2), q(sj%rﬁ

Ation, preferably having at least two clear ridges, while not overly constraining high curvature|ridges.
hges with a spatial sampling rate of 196,85 pixels per centimetre (500 pixels per inchj, the ridge

valley.
Ith and
ridges.

(6.2.14),

and q(r:le (6.2.15) in the reference implementation NFIQ 2 prior to version 2.3.0 dewiates from size specifiedl in this

subclau

6.1.4

A globz
samplg

6.1.5

6.1.5.1

A segm
severa
each lo

Se.

Constituent of global quality measures

1 quality measure shall be computed over the whole fingep image after trim to assess the utilit
for fingerprint recognition.

Image preprocessing

Description

segmentation approaches, such as-using the average magnitude of the pixel-intensity grac
cal region.[2]

This (rijocument does not prescribe Segmentation methods, but notes that performing segme
C

influe
accord

See An|

6.1.5.2

Prior t
and co
approx

es several quality compgtients. Constant or near constant areas of the input image shall be rg
ng to 6.1.5.2 prior to computing quality using the measures specified in 6.2 and 6.3.

hex C for the area consideration.

Removal.of near constant rows and columns in image

compufing quality components, fingerprint images shall be trimmed to remove near constai
umns_on the margins. Pixel intensities take values [0, 255] for an 8-bit greyscale image. Ag
imdtion of the region of interest, image columns and rows which are near constant white back

y of the

entation process follows where each lacal region is labelled as background or foreground. Thiere are

lient in

ntation
moved

it rows
a first
sround

are removed. Using the algorithm specified below, a fixed threshold, T, , is set to the greyscale pixel intensity

of 250 to obtain the image without near constant areas.

The algorithm is visualized in Figure 1 and specified as follows:

a) Foreachrow R; in I, starting from the top:

1)
2)

compute the row arithmetic mean .., ;

on the first occurrence where ., <T, set top=R;;

© ISO/IEC 2024 - All rights reserved
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3) onthelastoccurrence where p,, <T, set bottom=R;.
b) For each column C; in I, starting from the left:

1) compute the column arithmetic mean p ;

2) onthe first occurrence where i, <T, set left=C;;

3) onthelastoccurrence where p, <T, set right=C;.

c) extractthe trimmed region of interest, I, as the pixels of [ encompassed between and including the rows
top (a2) and bottom (a3) and the columns left (b2) and right (b3).

where Qq/b‘

I | isthe matrix of grey levels corresponding to the pixels of an image; b‘ .

s/
I | isthe matrix of grey levels corresponding to the pixels of an image after triny\Q)b‘
)

R
|
|
|
|
1
&
N
N
¢
|
|
|
|
|
|
|
|
|
|
2
r
|
a) Image prior to trimmi near b) Results of following the steps in
constant rows and co s on the 6.1.5.2
margins Q
Key &

1 to Qv

right
NOTE 1 In Figure 1 a), the area overlayed in green is a visualisation of I.
NOTE 2 In Figure 1 b), the area overlayed in green is a visualisation of I.
NOTE 3 Each subfigure within Figure 1 contains a dashed black border.

Figure 1 — Example of removing near constant white rows and columns from an image

© ISO/IEC 2024 - All rights reserved
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Foreground segmentation based on local standard deviation

For quality components that require a foreground mask to indicate regions containing the fingerprint, an
algorithm using local standard deviation is adopted.

The algorithm is specified as follows:

a) No

rmalize I to zero mean and unit standard deviation to produce I’.

b) For each local region Vin I":

1) compute the standard deviation of Vas o ;
2) | mark the corresponding local regionin I, as foreground if o, >0,1.
6.1.5.4 Computing the dominant ridge flow orientation for a local region from pixel-intensity|
gradiepts
The dominant ridge flow orientation is determined by computing the pixel-intensitygradient inforimation
and th¢n determining the orientation of the principal variation axis.
The numerical gradient of the local region is determined using finite central difference for all interio} pixels
in x-difjection and y-direction, as shown in Formulae (3) and (4):
I(x+1,y)-1(x-1,y)
fxF 3)
2
I(x,y+1)-1(x,y-1)
fE 4)
2
With f,and f;, the dominant ridge flow orientation, angle(V), is determined analytically using the sine
and cogine doubled angle determined from the arithmetic means of the pixel-intensity gradient covatiances,
as shown in Formulae (5) to (12):
2
a= fx 5)
2
b= f; 6)
clff, 7)
a c
C 3 8)
c b
d=+\/c? +{a—b)* 9)
, o
sin(0)=— (10)
d
cos(G)za_b (11
d
sin(0
angle(V) =larctan in(6) (12)
2 cos(0)

NOTE

In Formulae (5), (6) and (7), the use of the overbar indicates the mean of the value.

© ISO/IEC 2024 - All rights reserved
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6.1.6 Image examples

For algorithms operating in a block-wise manner the trimmed input image is subdivided into local regions
according to an overlay grid. This is demonstrated in Figure 2 b), in which the local region V (6,1) is used as
an example in local processing and is marked up using a bold blue line. Figure 2 c) shows an enlarged view
of ¥V (6,1) and Figure 2 d) shows V (6,1) rotated according to its dominant ridge orientation computed using

Formula (12).

A

: { [E AR
|

o

a) Input finger image b) Division into local c) Enlarged view-of d) V (6,1) rotated
regions V(6,1) according to it
dominant ridg

orientation as

determined usipg

Formula (12)

o wn

Figure 2 — Example of computing the dominantridge flow orientation for a local region

6.2 Normative contributive quality compeonénts

6.2.1 | General

Subclayise 6.2 specifies algorithms for\computing finger image quality components that contributg to the
ISO/IEC 29794-4 quality feature veetor and to the computation of the unified quality score.

6.2.2 | Orientation certainty level

6.2.2.1 Description

The orfentation certainty level (OCL)[3] of a local region is a measure of the consistency of the orientations of
the ridges and valleys contained within this local region. The feature computes local quality and operates in
a blocktwise manner.

The finger“image within a (32 x 32) pixels local region [as shown in Figure 2 c]] generally consists pf dark
ridge lines’separated by white valley lines along the same orientation. The consistent ridge orientation and the
appropriate ridge and valley structure are distinguishable local characteristics of the fingerprint local region.

The pixel-intensity gradient (dx, dy) at a pixel describes the direction of the maximum pixel-intensity change
and its strength. By performing principal component analysis on the pixel-intensity gradients in a local
region, an orthogonal basis for the local region can be formed by finding its eigenvalues and eigenvectors.
The resultant first principal component contains the largest variance contributed by the maximum
total gradient change in the direction orthogonal to ridge orientation. The direction is given by the first
eigenvector and the value of the variance corresponds to the first eigenvalue, A ,,. On the other hand, the
resultant second principal component has the minimum change of gradient in the direction of ridge flow

which corresponds to the second eigenvalue, A;,. The ratio between the two eigenvalues thus gives an

© ISO/IEC 2024 - All rights reserved
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indication of the strength of the energy concentrated along the dominant direction with two vectors pointing
to the normal and tangential direction of the average ridge flow respectively.

6.2.2.2 Computing the eigenvalues and local orientation certainty

From the covariance matrix € [Formula (8)] the eigenvalues A,;, and A,,, are computed as shown in
Formulae (13) and (14):

_at+b- (a—b)2 +4c?

Amnin (13)
2
a+b+ (a—b)2 +4c?
Ambx = 2 (14)
This yiklds the local orientation certainty level shown in Formula (15):
A
i 1-if A >0
aoft =1 Hmax v (15)

which {s a ratio in the interval [0,1] where 1 is highest certainty level and®-is’lowest.

NOTE

0, otherwise.

The orientation certainty level fails to predict recognition perforimance when some marks or residue exist

in the samples that have strong orientation strength, such as those exhibited by latent prints left by the previgus user

of a capfure device.

6.2.2.3

For eadh local region Vin I

a) co]:pute the pixel-intensity gradient of V with.the centred differences method [Formulae (3), (4)];

b) co

c) compute the eigenvalues of C to obtain q(l)occfl [Formulae (13), (14), (15)].

Figure|3 visualizes the processing steps.

OCL algorithm

pute the covariance matrix € [Formula-{8)];

\\O

a) Current local region with the ratio between b) Original, untrimmed image and its q})OCCfl

eigenvalues marked as ellipse values, mapped to values 0-255

Figure 3 — Processing steps of orientation certainty level quality algorithm

© ISO/IEC 2024 - All rights reserved
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6.2.3 Local clarity

6.2.3.1 Description

Good quality fingerprints exhibit clear ridge-valley structure. Thus, the local clarity (LCL),[4] which is the
measure of the ridge-valley structure clarity, is a useful indicator of the quality of a fingerprint. The feature
computes local quality and operates in a block-wise manner.

To perform ridge-valley structure analysis, the foreground of the finger image is quantized into local
regions of size (32 x 32) pixels.[2] Inside each local region, an orientation line, which is perpendicular to the
ridge direction, is computed. At the centre of the local region along the ridge direction, a local region of size

ichis a
| valley
fied as

| valley
thickngss can be used as a measure of the quality of the finger image captured. Similarly, ridges that are
unreaspnably thick or thin indicate that the finger image has not been capturéd properly (due to pressing
too haid or too softly, for example), or that the image is a residual sample. Tthus, the finger image quality can
be det¢rmined by comparing the ridge and valley thickness to each oftheir nominal range of values. Any
value dut of the nominal range can imply a bad quality ridge pattern. Tofnormalize the range of the thjckness
values) a pre-set maximum thickness is used. The maximum ridge or valley thickness, W, for|a good
finger fmage is estimated at 20 pixels for a 196,85 pixels per centiinetre (500 pixels per inch) scanner|spatial
samplihg rate. The pre-set value of 20 pixels for a 196,85 pixels per centimetre (500 pixels per inch) gcanner
spatial{sampling rate is obtained from the median of the typical ridge separation of (8 - 12) pixels}[2] and
assuming that any ridge separation will not exceed twice the median value. This will ensure that the pre-
set valfie is indeed the maximum to limit the value of the normalized ridge and valley thickness between 0
and 1. The ridge thickness, W, and valley thickness, #/,, are then normalized with respect to the maximum
thickngss, W ...

With the ridge and valley separated as above,'d\clarity test can be performed in each segmented rectgngular
2D reglon.

For logal regions with good clarity, ‘the pixel-intensity distribution of ridges and the pixel-intensity
local

distribfition of the valleys have a very small overlapping area and thus q;¢; is high. The following|factors
affect the size of the total overlapping area:

a) nolse on ridge and valley;

b) wdter patches on th&image due to wet fingers;

c) indorrect orientation angle due to the effect of directional noise;

d) scaracross'the ridge pattern;

e) hi

—

dghly curved ridges;

f) ridge endings, bifurcations, delta and core points;
g) incipient ridges, sweat pores, and dots.

Factors a) to c) are physical noise found in the image. Factors d) to g) are actual physical characteristics of
the fingerprint. See Annex B for the factors influencing fingerprint image quality.

© ISO/IEC 2024 - All rights reserved
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6.2.3.2 Computing the ridge valley signature of a local region
Given the local region V, the ridge valley signature S is obtained according to Formula (16):

16 %
2)}:1 X'y

e (16)

S(x)=
where

Vyy isthegreylevel atpoint (x, y);

bl is the index along x -axis.

6.2.3.3] Determining the proportion of misclassified pixels

Formula (17) specifies the calculation of the proportion of pixels misclassified respectively as valley, and
Formula (18) specifies the calculation of the proportion of pixels misclassified as ridge,

vt
r
Bt (18)
Fr
where

o is the proportion of pixels misclassified as valley;

B is the proportion of pixels misclassified as ridge;

vgl  isthe number of pixels in the valley region with intensity lower than DT;
vyl is the total number of pixels in the valley region;

B is the number of pixels in thé nidge region with intensity higher than DT;

It is the total number of pixels in the ridge region.

© ISO/IEC 2024 - All rights reserved
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6.2.3.4 Determining the normalized ridge and valley width

The normalized valley width Wv and the normalized ridge width V_l/r are determined according to
Formulae (19) and (20):

— W
v = . (19)
(5><2,54 }Wmax
125
— w
Wr = r (2 0)
S$x2,54 pymax
125
where
S is the spatial sampling rate in pixels per centimetre of the captul€ device;
Wihax is the estimated ridge or valley width for an image with'49,21 pixels per cenfimetre
(125 pixels per inch) spatial sampling rate;
w{ and W, are the observed valley and ridge widths, respectively.

Accordfing to Reference [2], W™® =5 is reasonable for 49,21 piXels per centimetre (125 pixels p4r inch)
S§x2,54

125

spatial|sampling rate. By extension, ( )Wmax is 20 for, a spatial sampling rate of 196,85 pixels per

centimptre (500 pixels per inch).

6.2.3.5 Computing the local clarity

The loqal quality value qioccfl is the constrain€d average value of a and f§ with a range between 0 and 1, as

shownlin Formula (21):

1 oa+f
lofal -
qidi. = 2
0, otherwise.

: nmin _ 147 nmax nmin _ .7 nmax
(WM < Wy <W) (W < W <) dy

where [W™"™" and WM™ afe)the minimum values for the normalized ridge and valley width, calfulated
according to Formulae (22}-and (23) respectively:

wpmin = 3 (22)
We

wpmin S (23)
Wy

and where W™ and W;™* are the maximum values for the normalized ridge and valley width, calculated
according to Formulae (24) and (25) respectively:

womax _ 10 (24)
Wr

pmax =l—0 (25)
Wy
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NOTE Particular regions inherent in a fingerprint will negatively affect qioccﬁl. For example, ridge endings and

bifurcations or areas with high curvature such as those commonly found in core and delta points.

6.2.3.6 LCL algorithm
For each local region Vin I
a) rotate Vsuch that dominant ridge flow is perpendicular to x-axis using nearest neighbour interpolation;

b) crop rotated V such that no invalid regions are included;

c¢) wifh Vobtain the ridge-valley signature S (6.2.3.2);

d) determine DT using linear regression on S;

e) forleach element S(x), set threshold T(x) of x being ridge or valley based on DT;

1,if $(x)<T(x)
0, otherwise. ’

f) classify columns in Vas ridge (1) or valley (0) with P(x)={
g) determine ridge-valley transition vector € from P;

h) coipute the vector W containing ridge and valley widths from C;

i) determine normalized ridge width and valley width Wr and Wy (©6.2:3.4);

j) determine the proportion of misclassified pixels @ and  (6.2.33);

k) compute the local quality value g% (6.2.3.5).

NOTE The reference implementation fills invalid regions with 0-valued pixels.

Figure}4 visualizes the processing steps.
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Figure 4 — Processing steps of local clarity algorithm
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6.2.4 Frequency domain analysis (FDA)

6.2.4.1 Description

Frequency domain analysis (FDA) computes local quality and operates in a block-wise manner. A one-
dimensional signature of the ridge-valley structure is extracted and the discrete Fourier transform (DFT) is
computed on the signature to determine the frequency of the sinusoid following the ridge-valley structure.[®l

The ridge-valley signature of a high quality sample is a periodic signal, which can be approximated either by
a square wave or a sinusoidal wave. In the frequency domain, an ideal square wave should exhibit a dominant
frequency with sideband frequency components (sinc function). A sinusoidal wave consists of one dominant
freque

For ead

The FIj
ridge f
modell

6.2.4.2

The lod

Cy and minimum components at other non-dominant rrequencies.

h local region, a signature perpendicular to the dominant ridge flow orientation is computed.

ow direction. The averaging process filters out noise along the ridge and valleyflew and pro
ng of a smooth changing signal in a direction perpendicular to ridge flow.

Computing the local FDA quality component
al quality value is computed by using Formula (26):
1, if F,

max

=A, orF

max

=4y

1_
- AFmax +C(AFmax—1 +AFmax+1 )

4/2
zel Af

Ca
A

,otherwise.

is the attenuation parameter C;

is the amplitude at frequency index x.

ue of qi9%a! is set to 1 when the maximum frequency, F,,

ax amplitude occurs at index F,,
FDA algorithm

h local region Vin I:

] V with a 2-pixel‘horder;

ate V with_néarest neighbour interpolation such that dominant ridge flow is perpendiculaj
xis witharearest neighbour interpolation;

p V.sueh that no invalid regions are included;

A described in 6.2.4 computes the one-dimensional signatures by performing averaging along the

vides a

=A; or

to the

[h ¥, obtain the ridge-valley signature S (6.2.3.2);

compute the DFT of S to obtain the magnitude representation 4;

discard the DC component (i.e. the first component of A);

determine F,

compute gppy of VusingA and F

a
where
0,3
AX
The va
Fmax =
6.2.4.3
For eag
a) pa
b) rot
X-3
c) crd
d) wi
e)
f)
g)
h)
NOTE

nax as the index with the largest magnitude in 4;

local

(6.2.4.2).

ax

The reference implementation fills invalid regions with 0-valued pixels.

Figure 5 visualizes the processing steps.
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Figure 5 — Processing steps of FDA quality algorithm

6.2.5 Ridge valley uniformity

6.2.5.1 Feature description

Ridge valley uniformity (RVU) is a measure of the consistency of the ridge and valley widths.[3l. The
expectation for finger image with clear ridge and valley separation is that the ratio between ridge and valley
widths remains fairly constant throughout the finger image.
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The ratio of ridge thickness to valley thickness should be constant and close to 1 throughout the whole image
for a good quality finger image. The feature computes local quality and operates in a block-wise manner.

NOTE The ridge valley uniformity depends on the spatial sampling rate.

6.2.5.2 RVU algorithm
For each local region Vin I
a) determine dominant ridge flow orientation angle(V') of V;

b) rotate V_such that angle(V) is perpendicular to x-axis:

c¢) crgp V such that no invalid regions are included;

d) with V, obtain the ridge-valley signature S (6.2.3.2);

e) determine DT using linear regression on S;

f) forleach S(x), compute threshold T(x)=xxDT(1)+DT(0);
g) binarize § using T;

1,if S(x-1)<T(x) ,
0, otherwise. ’
1,if P(x-1)# P(x) |
0, otherwise. ’

h) classify ridge and valley in § as P(x)={
i) compute ridge-valley transition vector as C(x)={
j d

k) compute q}f&ﬁl as the ratio of the width of ridges against-valleys in §".

—

p first and last transition from § using € to remove incomplete ridges or valleys and obtain §"

Figure|6 visualizes the processing steps.
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Figure 6 — Processingssteps of ridge valley uniformity quality algorithm

6.2.6 | Orientation flow

6.2.6.1 Description

Orientgtion flow (OFE)* is a measure of ridge flow continuity which is based on the absolute orieptation
difference betweentadocal region and its 8-neighbourhood of local regions.

Orientation flow.is a good indicator to describe the quality of a good fingerprint pattern because, in general,
the flow of the ridge direction changes gradually, except in an area with a delta or a core. The feature
computes’local quality and operates in a block-wise manner.
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6.2.6.2 Local region-wise absolute orientation difference

The ridge flow is determined as a measure of the absolute difference between a local region and its
neighbouring local regions. The absolute difference D(i,j) for local region V(i,j) is computed using the

dominant ridge flow orientations of this local region and of its neighbours, as shown in Formula (27):

1 1 ) .
D(i, )= 2 ey e (O —OV(i—g,f—m /360°~{64(i,j) ~O(i-mj-n)| (27

Formula (27)[2] takes the minimum angle differences and 360° minus the angle difference because of the
circularity of angtesfegthe differenrce betweemangtes of 2°amd 358 45—
6.2.6.3] Local orientation flow quality

The lodal orientation quality g2 for the local region orientation difference D(i, j) is calelated ac¢ording

to Forrpula (28):

D(i,j)=Opmin . ..

lofal o e ’ lfD(I'])>9min
dofL. = 90°—6pin (28)

0, otherwise.

where |0, = 4° is the threshold for minimum angle difference to cénsider and the units of D(i}j) are

m
degreek.

6.2.6.4 OFL algorithm
a) Defermine the dominant ridge flow orientation angle{V’) of local region Vand I.
b) For eachlocal region VinI:

1) | compute the absolute orientation difference D(i, j) using angle(V) (6.2.6.2);

2) | compute the local orientation quality gys! (6.2.6.3).

Figurel7 visualizes the processing steps.

a) Noymal (perpendicu- b) Local orientations ¢) Orientation d) Local quality vialues
lar) line to the ridgeline differences
orientation

Figure 7 — Processing steps of orientation flow quality algorithm
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6.2.7.1
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MU

Description

MU is the arithmetic mean of the pixel intensities of all pixels in the input image. The feature computes
global quality.

6.2.7.2

MU algorithm

Compute Qpy as the arithmetic mean of pixel intensities in I.

6.2.7.3] Mapping to the desired value range
To fit into a quality block as specified in ISO/IEC 29794-1, the floating-point qyy; values shall be mapped to a
quality] component @y in the range from 0 to 100 using Formula (2), where x is gy, minfqyy ) ip 0 and
max (qjy ) is 255. See Formula (29).
Qup =| 524101 (49
255+¢
6.2.8 | MMB
6.2.8.1 Description
MMB i the arithmetic mean of all local region arithmetic means in the greyscale input image. The feature
computes local quality and operates in a block-wise manner.
6.2.8.20 MMB algorithm
a) Foreachlocal region Vin I
1) | compute the arithmetic mean of the pixel intensities in V as q}\f’[ﬁ% .
b) Compute Qg as the arithmetic mean of set of qll\?[f,?llg .
6.2.8.3] Mapping to the desired'value range

To fit into a quality block as speeified in ISO/IEC 29794-1, the floating-point qyg values shall be ma

a qualify component Q@i the range from 0 to 100 using Formula (2), where x is qyyg, min(qyym
and max(qymp) is 255-S€e Formula (30).
Quive = _AMMB-; 01 (3
2554¢

6.2.9

Minutiae count in finger image

pbped to
g) isO

0)

6.2.9.1 Description

Finger]et Fingerprint Feature Extractor, Open Source Edition (FJFX)[2] is the minutiae extractor selected
for the reference implementation due to licensing conditions (including commercial use cases and
redistribution), computational complexity, and platform independence. FJFX provides a count of detected
minutiae in the finger image. The minutiae count has a bearing on the mated comparison score. The feature
computes global quality.
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MINCNT algorithm

qﬁfg is the number of detected minutiae in the finger image as determined by the minutiae extractor.

6.2.9.3

Mapping to the desired value range

To fit into a quality block as specified in ISO/IEC 29794-1, the qf\:,[% values shall be limited to 100 using
Formula (31), yielding the quality component QI\C,II?IE :

CNT .c CNT
CNT [QMIN if gpy <100 .
OMIN = oNT (3
1100 if gy >100
6.2.10| Minutiae count in centre of mass region

6.2.10

This qqality component is the minutiae count in a (200 x 200) pixels local region centred on the cg

mass o
minuti

6.2.10
COM .

amIN |
mass o

6.2.10

1 Description

f the detected minutiae as described in 6.2.9. The quality component gomputes local quality
he locations.

2 MINCOM algorithm

5 the number of minutiae occurring within a (200 x 200) pixels local region centred at the c¢
f the locations of all detected minutiae in the finger imageas described in 6.2.9.

3 Mapping to the desired value range

1y

ntre of
r at the

ntre of

To fit into a quality block as specified in ISO/IEC 29794-1, the floating-point qf,[?ll\\f[ values shall be linpited to

100 using Formula (32), yielding the quality component QI(\:,[(I)II\}/I :
COM . COM
com |avin if gyin <100
QMiN = (3

6.2.11

6.2.11

For ead
The rej
The fed

100 if gSoN >100

Minutiae quality based/on'local image mean

1 Description

h minutia locatioh/detected as described in 6.2.9, alocal quality based on image statistics is con
ported qualityvalue is aggregated as the count of local qualities which occurs in the specified
ture computes local quality at the minutiae locations.

2)

hputed.
range.
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6.2.11.2 MINMU algorithm

QI\I\//I[ILI]\I is computed by first determining the local quality of each minutia detected as described in 6.2.9, using

Formula (33):

localyy _ .U(I)_IU(V)

MINT ST (33)

where

u(r) isthe arithmetic mean of the finger image;
u(v) isthe arithmetic mean of a (32 x 32) pixels local region centred on the minutia;

o(l) isthe standard deviation of the finger image.

qll\\,[/lllf\] ig finally computed as the percentage of q]lv?ICSlMU values greater than 0 and(less than or equal tq 0,5, as
shown|in Formula (34):

localyy
qu}lg 1,0<qMINX <0,5
| 0, otherwi
MU ,otnerwise.
qmiN = ONT (34
aMIN

6.2.11)3 Mapping to the desired value range

To fit imto a quality block as specified in ISO/IEC 29794-1, the floating-point qMH\] values shall be mapped to
a qualify component QMH\J in the range from 0 to\100 by multiplication with 100, using Formula (2)] where

X is qll;f[[H\J, min(ql\l\,/[[H\]) is 0 and max(qmg\]) is'255. See Formula (35).

==

MU
0 1{\12[ aMIN 101J (35)

255+¢
6.2.12| Minutiae quality basedion local orientation certainty level

6.2.12{1 Description

For eadh minutia lo€ation detected, as described in 6.2.9, a local orientation certainty level is computed. The
reporte¢d quality.value is aggregated as the count of local qualities which exceed the specified valpe. The
featurd computes’local quality at the minutiae locations.

6.2.122CMINOCL algorithm

q%lﬁ is computed by first determining the local quality of each minutia detected as described in 6.2.9 as

shown in Formula (36):

local
avin O =aocr (V) (36)

where qg’éfl (V) is the local orientation certainty level (6.2.2) for the (32 x 32) pixels local region V centred

on the minutia.
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ql?,[(f]ﬁ is finally computed as the percentage of qll\ZICSIOCL values greater than 0,8, as shown in Formula (37):

local
CNT OCL

ZqMIN 1'qMINx >0,8

x=1

OCL _ 0, otherwise.

qMIN = ONT (37)
amIN
6.2.12.3 Mapping to the desired value range
To fit into a quality block as specified in ISO/IEC 29794-1, the floating-point g{ss values shall be ma ped to
a qualify component Ql\?{% in the range from 0 to 100 by multiplication with 100, using Formula~(2}] where
X is qM?]I\j, min(ql\%f\j) is 0 and max(q%]ﬁ) is 1, as shown in Formula (38):
o =["% 101J (38)
1+e
6.2.13| Region of interest image mean
6.2.13{1 Description
The region of interest for the finger image is the foreground region.of.\the image containing the fing¢rprint.
The mgan pixel intensity in this area is computed over the set of {32 x 32) pixels local regions which have a
least one pixel contained in the region of interest. The feature computes global quality.
NOTE The quality component is highly correlated with qy; (6.2.7) and gy (6.2.8).
6.2.13]2 Determine the region of interest
a) Ergde the finger image I with a 5 x 5 structuring element to obtain I.
b) Apply normalized Gaussian blur filter (each weight is divided by the sum of all weights) with kerhel size
41|x 41 and standard deviation of 6,501 to obtain G.
¢) Bimarize G to obtain B.
NOTE The reference implémentation uses Otsu’s method![Zl for binarization.
d) Apply normalized Gausgian blur filter (each weight is divided by the sum of all weights) with kernel size

91

e) Binarize G’ using Otsu’s method to obtain B’.

x 91 and standard(deviation of 14,0 to B to obtain G”.

f) Defermine the/contours of inverted B’ to obtain C.
NOTE The reference implementation uses Suzuki’s method![8! for determining contours.
g) Coptours in the hierarchy of € that have a parent shall be set to 0 valued pixels.

h) 0 valued pixel regions that are not the largest 0 valued pixel area shall be set to 1 valued pixels.

i) Th

e resulting binary mask R contains the region of interest as a region of 0 valued pixels.

Figure 8 visualizes the processing steps.
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priginal image I d) Binarized imdge B

~

e) Blurred image G’ f) Binarized image B’ g) Contours of C outlined h) Region of interest
in different colours mask R

NOTE Each subfigure confains a dashed black border.

Figure 8 — Processing steps of region of interest algorithm

6.2.13]3 AREA.algorithm

a) Determiine the region of interest R (6.2.13.2).

b) For each 32 x 32 local region Vin I:
1) if Vhas atleast 1 pixel contained in foreground of R, mark the local region as foreground.

NOTE Up to and including in version NFIQ 2.2, V is implemented as a (16 x 16) pixels region. The values,
however, are the same as when local regions of size (32 x 32) pixels are used.

¢) Compute qXREA as the arithmetic mean of the grey levels of all pixels in the set of local regions ¥V marked
as foreground.
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6.2.13.4 Mapping to the desired value range

To fit into a quality block as specified in ISO/IEC 29794-1, the floating-point qKREA values shall be mapped

to a quality component QKREA in the range from 0 to 100 using Formula (2), where x is qKREA, min(quEA )
is 0 and max(qKREA) is 255, as shown in Formula (39):

u
dAREA
QhRrea :{zssﬂglol} (39)

6.2.14| Region of interest orientation map coherence sum

6.2.14{1 Description

The orientation map coherence sum quantifies the coherence of the estimated finger image orientatign field.
The coherence map is computed according to the coherence method specified in Reference [9]. The feature
computes local quality and operates in a block-wise manner.

6.2.14)2 Computing the gradient field

The gradient field g= (gx 9y )T of pixel intensity I(i,j) of Iis as shown it Formulae (40) and (41):

g i, ))=I(i+1,j)-1(i-1,j))/2 for 1<i<I,-1,0<j<I
9, (0,j)=1(1,j)-1(0,j) for 0<j<Iy (40)

gx(lw'j):I(Iw'j)_I(Iw_1'j) for OSjSIh
and

g,|(i,)=(1(i,j+1)-1(i,j-1))/2 for 0<i<I3,1<j<I -1
g, (i,0)=1(i,1)-1(i,0) for 0<i<I, (41)
q, (i,0)=1(i,1y)-1(i,I, -1)  for 0<i<I,

where [I,, and I, are respectively the width and height of I'in pixels.

6.2.14)3 Computing the cohererce of a local region

The caherence of a local regien V is computed from its pixel-intensity gradient field g, as shpwn in

Formula (42):

29, (i)
2| gs(h )|

where [x| denotes the Euclidean norm of x and the sums are taken over all pixels in V.

coh(V) (42)

NOTE g.is defined in 6.2.14.4.

6.2.14.4 COHSUM algorithm

a) Compute the pixel-intensity gradient field g of I (6.2.14.2).

T
b) Compute the square gradient field as g, = (g)z( —gf, ,Zngy) .

c) Determine the region of interest R (6.2.13.2).
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d) For each (16 x 16) pixels local region Vin I:

1) if V has at least 1 pixel contained in foreground of R, compute the coherence of V as coh(V),

otherwise set coh(V)=0.

NOTE Up to and including in version NFIQ 2.2, Vis implemented as a (16 x 16) pixels region.

€) Compute qgpp as the sum of the coh(V)ofall V.

6.2.14.5 Mapping to the desired value range

To fit ipto a quality block as specified in ISO/IEC 29794-1, the floating point gy values shall be maiped to

a quality component Q2gj; in the range from 0 to 100 and rounded to the nearest integer usingFor
where |x is qgop min(qé‘éﬁ) is 0 and max(qé‘éﬁ) is 3 150. See Formula (43):

qcon
Qeph =| —==—101 4
M 13150+ (
NOTE qggll_‘[ (6.2.15.2) is a value between 0,0 and 1,0. The reference implémentation’s minutiae e)

implempntation defined in 6.2.9 imposes a maximum image size of (800 x,1\.000) pixels, which can fi
(16 x 16) pixels blocks. Therefore, the maximum value of qé%ﬂ in the reference'implementation is 3 150. The

q(s:lgﬁ between 0 and 3 150 can therefore be normalized to derive Qégﬁ ;

6.2.15| Region of interest relative orientation map coherence sum

6.2.15{1 Description

The relative orientation map coherence sum is the average of local region orientation cohere
deternlined by 6.2.14. The feature computes local\guality and operates in a block-wise manner.

6.2.15]2 COHREL algorithm

la (2),

3)

ktractor
[ 3 150
value of

nce as

a) Compute qgoy and store the number of local regions ¥V which have at least one pixel contained i R as n

(6.2.14).

sum

b) Compute qggll_“[ — dcoH

6.2.15)3 Mapping tothe desired value range

REL

To fit ipto a quality block as specified in ISO/IEC 29794-1, the floating-point gcoy values shall be mapped to
a qualify component Q&Eﬁ in the range from 0 to 100 using Formula (2), x is q{:‘g,ﬁ , min(qggllq) is 0 and
max(q gﬁ) is 1, as shown in Formula (44):
REL Q(I:{g]ﬁ
= 101 44

Qcor =| 75 ¢ (44)
6.2.16 Quality feature vector composition
6.2.16.1 Description
Quality features specified in 6.2.2 to 6.2.6 provide a map of values for local regions in the finger image. The

quality features specified in 6.2.7 to 6.2.15 provide scalar quality values for the finger image.
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The specified features shall be composed such that a fixed length feature vector is obtained for use by a
classification system. Thus, the features in 6.2.2 to 6.2.6 are aggregated using arithmetic mean specified
in 6.2.16.2, standard deviation specified in 6.2.16.3 and histogram specified in 6.2.16.4 for inclusion in the
final feature vector specified in 6.2.16.5.

6.2.16.

6.2.16.

2 Mean of local quality values

2.1 Basic calculation

The mean quality value over an N x M matrix of local quality values is computed as shown in Formula (45):

6.2.16

To fit into a quality block as specified in ISO/IEC 29794-1, the floating‘point aggregated mean quality

produd
neares

For qg

respec

Q

=

6.2.16

6.2.16

The st4

Q
|

where

ndard deviation over ah-N x M matrix of local quality values is computed as shown in Formulj
1
1 N M .. 2 )2
‘(mzm > (LGi.)-F) j )

1 N M .
NXMZi:l ijlL(I']) S

are local quality values gy (6.2.2), 1% (6.2.3), 53! (6.2.4), gidid (6.2.5)0r ! (6.2.6

are the aggregated mean quality values gf , qic;, dkpa s GRyy» OF dopg 1 respect of L.

2.2 Mapping to the desired value range

ed in 6.2.16.2.1 shall be mapped to a quality component in thé.range from 0 to 100 and rounde
[ integer.

) qECL, qltlDA and ngL' refer to Formula (2) from 6.:14:2.1 to yield QSCL’ QIELCL' Q#DA and QSFL

fively. For qEVU , Formula (46) shall be used for, mapping to yield QILRLVU :

. : 1)1
U ={100-51gm01d(qgVU , 1, E)+EJ (4

3 Standard deviation of local guality values

3.1 Basic calculation

local local local local local

are local quality values qgcp. (6.2.2), qicp (6.2.3), qppa (6.2.4), qryy (6.2.5), or qop;. (6.2

R
-

5)

values

1 to the

6)

| (47):

7)

6);

are the aggregated standard deviation quality values q§¢., 90cL, 9%pa» 9Rvy» OF qQFL, » in respect of

L;

are the aggregated mean quality values ¢} , qicp, Grpa dRyy» OF 9opL» in respect of L.
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6.2.16.3.2 Mapping to the desired value range

To fit into a quality block as specified in ISO/IEC 29794-1, the floating-point aggregated standard deviation
quality values produced in 6.2.16.3.1 shall be mapped to a quality component in the range from 0 to 100 and
rounded to the nearest integer.

For q8cL, 9cL, 9Ppa > and ggpy, which range from 0 to 1, Formula (2) shall be used for mapping to yield
Q8¢ cL, @fpa,and Qg , respectively. For gRyy , Formula (48) shall be used for mapping to yield QRyy :

QRvu :\ 100-sigmoid( qf{vu,l,%}% \ (48)

6.2.16}4 Histogram of local quality
Local quality values from orientation certainty (6.2.2), local clarity (6.2.3), frequency domain analysis

(6.2.4)) ridge valley uniformity (6.2.5) and orientation flow (6.2.6) shall be represented as fixedflength
histogitams with 10 bins to capture the distribution of local qualities.

The bopndaries defining each bin for each of the features are specified as shown(n Formula (49):
Bppa ={—=;0,268;0,304;0,33;0,355;0,38;0,407;0,440;0,5;1; =}

By ¢1, ={—2=;0;0,7;0,740;0,77;0,79;0,81;0,83;0,85;0,87; o}
Byt ={—2=;0,337;0,479;0,579;0,655;0,716;0,766;0,81; 0,852;0,898; o} (49)
Bgky, ={—=;0,01715;0,035;0,05570;0,081;0,115;0,47180;0,256 90;0,47580; 0,748; oo}
Bp{y ={—==;0,5;0,667;0;1;1,25;1,5; 2;24;30; 2o}

For eadh of FDA, LCL, OCL, OFL and RVU, a histogram is computed using the specified bin boundarie§ where
the i-tH bin in the histogram is given by thé interval shown in Formula (50):

(By.B™), for 1=i
Byl By ), for 1<1'<|By| (90)

Where BQ is BFDA ) BLCL # BOCL ) BOFL ,0r BRVU .

The hidtograms oflocal qualities are specified according to their bin boundaries as defined in Formulae (51)
and (5P) where(the i-th bin in the histogram contains the cardinality of the multiset that contains| values
bound¢d by thethistogram boundaries.
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local i+1 } ,for 1SiS|BFDA|'

i i
qFDA HBFDA <qrpa <Brpa

i _ i local i+1 .
qLcL _HBLCL <qLcL <BLCL} Jfor1<i<[Bi|,
i _ i local i+1 .
docL _HBOCL <qct <BoeL ||, for1<i<|Bocy . (51)
e =l Bhe <@ < LAY for1<i<|Bop |,
dop——fr2er—=dor—<Lop{| Lot
i _ i local i+1 .
qryu _HBRVU Sqrvu < BRVU} ,for 1<i<[Bryy]-
The hijtogram for a single feature represented by its bins is written as:
i .
qra ={CIFDA}» for1<i<|Bgpy|,
qLdL ={QiCL}: for1<i<[Bycl,
i .
dogL ={CIOCL}rf0r1£’ <[Bocw|- (92)
i .
doxL ={QOFL}'f0r1£1 <[BorL |,
qryu :{qﬁvu } for 1<i<[Bryy]-

6.2.16J5 ISO/IEC 29794-4 quality feature vector

The quality feature vector that is inputtg the unified quality score computation (see 6.4) is specified as
shown|in Formula (53):

_ n W i H i
Q247944 = {qOCL' dicL’ 9pa’  9rvu’  9orL-

o O. (¢} (¢} o
qdocL» 4dicL» 9rpar 49rvur  90OFL»

docLzqrpA»  9icL: 9rRvus  9OFL» (33)
REL sum w
Ay’  dumB, 9coH 49coH:  9AREA°

CNT COM MU OCL
AMIN»  9MIN > 9MIN > QMIN}

6.3 lTon-normative quality measures

6.3.1 General

Subclause 6.3 specifies algorithms for computing further finger image quality components, which, however,
are not used in the computation of the unified quality score.
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Radial power spectrum

Description

The radial power spectrum is a measure of maximal signal power in a defined frequency band of the global
radial Fourier spectrum. Ridges can be locally approximated by means of a single sine wave, hence high

energy

concentration in a narrow frequency band corresponds to consistent ridge structures.

Since the ridges of a finger image can be locally approximated by one sine wave, large values of sine wave
energy can represent strong ridges. The robustness of the ridge structure can be used to measure finger
image quality. F is decided as the maximum Radial Fourier spectrum value within the reasonable Fourier

domaiif- The Teasonable Fourier domain refers to the region of neither the highest nor the Iowest Itefuency.
The higher the value of F, the better the finger image quality.
6.3.2.2 Variables
Name Default Description
Fiin 0,143 cycles/pixel Lower bound of frequency band
Fax 0,077 cycles/pixel Upper bound of frequency band
A, 1 pixel Sampling step between annular bands-in the frequency spectrun
0 180 Degrees of the spectrum to consider
6.3.2.3] Algorithm
a) Compute the magnitude of the 2D-DFT F (u,v) of input iinage, discarding the DC component.
b) Trgnsform F (u, v) into polar coordinates and normialize to the range of [0,1].
c) Determine the maximum energy (i.e. the maximum magnitude of all frequencies) to computd Qpgw

(6,

6.3.2.4 Magnitude of frequency bandspolar coordinates

J, the
compu

3.2.5).

magnitude of the annular band between r and r+A, in the polar Fourier spectrum F(c

fed as shown in Formula ((54):

A .
2;02: riler)

(,r), is

4)

A o) <
zazozrmmF (er,r)
where
a is the angle;
r is the radius.
F(a,r) isthe Spectrum f(p,q) representation in polar coordinate system (e,r), see Figure 9.
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Y
1100f
1050
10001
950+
900 : :
1 2 0,06-0)08 0,11 0,13 4,16 0,18 X
a) Fourier spectrum  b) Fourier spectrum in c) View of frequencies of 'd) 1D magnitude pf fre-
of input polar coordinate system interest quencies of interest
Key
X  cydles/pixel
Y mdgnitude
1  cydles/pixel
2 radians
Figure 9 — Processing steps of radial power spectrum algorithm
6.3.2.5 Determine quality from energy distribution
The quplity feature gpqyy is found as shown'in- Formula (55):
qpgw = max |/ (r)| (35)
re[Ar]
NOTE The radial power spectrum depends on the spatial sampling rate. The given defaults assume 196,85 pixels
per centimetre (500 pixels per inch).
6.3.3 | Gabor filter bank
6.3.3.1 Featureidescription

filter bankér&sponses.[10 The size of the filter bank is used to determine a number of filters oriented|

Gabor
evenly

The GaEJor quality feature operates on a per-pixel basis by calculating the standard deviation of the

across fhehalf circle. The strength of the response at a given location corresponds to the agreement b

ptween

filter orientation and frequency in the Iocation neighbourhood. For areas in the fingerprint image with a
regular ridge-valley pattern there will be a high response from one or a few filter orientations. In areas
containing background or unclear ridge-valley structure the Gabor response of all orientations will be low
and constant.
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6.3.3.2 Variables
Name Default Description
oy 6 2D Gaussian standard deviation in x-direction
oy 6 2D Gaussian standard deviation in y-direction
n 4 Size of filter bank (orientations of the Gabor wave)
f 0,1 Gabor filter frequency
0 — An orientation of a Gabor filter
6.3.3.3—Algerithm
a) Copvolve input image with a 2D Gaussian kernel with o =1 and subtract it from the input imaged tp give I.
b) Compute the Gabor response of I for each orientation 6.
c) Copvolve the magnitude (complex modulus) of each Gabor response with a 2D Gaussian’ kernel with o =4.
d) Compute the standard deviation of the Gabor magnitude response values at eachllocation yielding a map
of standard deviations.
e) Sum the map of standard deviations and normalize according to number of sample points to groduce
the final Gabor quality.
Figure[10 visualizes the processing steps.
6.3.3.4 Gabor filter
The geferal form of the complex 2D Gaborl! filter, h, , in the spatial domain is given by Formula (5¢):
2 2
1/ xg , Yo .
he (.53 f,6,04,0, ) =exp |zt 2 exp (727fxg) (56)
X O-y
where |xg and yg are calculated using Formulae (57) and (58) respectively:
XgF xsinf+ ycos@ (37)
Yg|[FxcosO - ysin@ (58)
and f i$ the frequency (cycles/pixel) of the sinusoidal plane wave along the orientation 6. The sizg of the
Gaussign smoothing windew is determined by o, ,0 .
The filter bank sizé/h-is used to compute the differently oriented Gabor filters composing the filtef bank.
Compulting 0 givenn is done as shown in Formula (59):
k-1
04—<Yk=1,...,n (39)
nmw
NOTE The Gabor quality feature is spatial sampling rate dependent. The given defaults assume 196,85 pixels per

centimetre (500 pixels per inch).

6.3.3.5

Computing the Gabor quality from the Gabor filter response

Let G be a matrix with standard deviations of local responses resulting from convolution of I and Gabor filter
of orientation n. The Gabor quality gg,g is computed as shown in Formula (60):

dGAB :ﬁzx zy G(x,y)
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a) Resulting image I b) Real valued Gabor filter h c) Gabor filterh

onvolved with hyielding e) G, convolved with 2D Gaussian f) Standard deviation of
rix of filter responses G, kernel responses at each pix

Figure 10 — Processing steps of Gabor algorithm

Jnified quality score

Methodology for combining quality components

 to obtain a single©@nunified output from several quality components described in the earlier ¢
cessary to combine those values to produce a single scalar quality score as required in the
ISO/IEC 29794:-1. Combining quality components shall be done such that the overall quality {
ive of perfermance. There are various methods that can be used to combine quality compone
bd averaging, the use of pattern classifiers and other nonlinear computations.

Training method

ilter

b]

lauses,
quality
core is
nts, e.g.

Pattern classifiers are mathematical models that can intelligently learn a concept and predict an output
when presented with new and even unseen samples. To apply pattern classification to combine the finger
image quality analysis measures, it is necessary to train the pattern classifier by providing the values for the
quality measures computed for training samples, along with the ground-truth classification [described in a)
and b) below] for each of these samples. Once the pattern classifier is well-trained, given the values of the
quality measures, it will be able to provide an overall quality score for the finger image.

The feature vector, Q,9794.4 (6.2.16.5), shall be the input to the pattern classifier. Training the pattern

classifier can be performed using a corpus of finger images with pre-assigned quality categories or scores
such as the QSND corpus, on the output of one or many quality algorithms. For all the samples in the corpus,
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the feature vectors are computed. They are then paired with the quality category or score and fed into the
pattern classifier for training.

With the feature vector specified in 6.2.16.5, a random forest shall be trained for binary classification, where
Class 0 represents images of very low utility and Class 1 represents images of very high utility. The trained
random forest outputs class membership along with its probability score. This score is the probability that a
given image belongs to class 1 multiplied by 100 and rounded to its closest integer.

The training set shall be chosen such that:

a) class 1 (or high utility) consists of images with NFIQ 1.0[12] value of 1 (with activation score > 0,7) and
mated similarity score in the 90th percentile for each of the comparison score providers;

b) class 0 (or low utility) consists of images with NFIQ 1.0 value of 5 (with activation score>/0,9) and
mdted similarity score smaller than a decision threshold value that corresponds to false match rate of 1
in [L0 000, i.e. false reject at false match rate of 0,000 1.

7 Finger image quality block

7.1 Binary encoding
In binary biometric data blocks, quality data should be encoded as specified-in ISO/IEC 39794-1.

Quality measures for finger images encoded in the format specified dn*ISO/IEC 39794-4 should be|placed
into the quality blocks of that format. CBEFF quality fields should‘dot be used in place of ISO/IEC 3p794-4
quality] fields but rather as supplementary data. The prescribeduse of CBEFF quality fields may be syupplied
by each CBEFF patron format standard and is beyond the scope of this document. Multiple quality mgasures
calculated by the same algorithm (i.e. same quality algorithmrvendor identifier and same quality algorithm
identif]er) shall not be present in a single biometric data ifitterchange record.

7.2 XML encoding

In XML documents, quality data shall be encodéd as specified in ISO/IEC 39794-1.

7.3 Quality algorithm identifiers

The owner of the quality algorithms ‘defined in this document is ISO/IEC JTC 1/SC 37. Its organization
identifjer is 257 (101,,). Table(T)lists the quality algorithm identifiers for the quality measures glefined
in this|document, which have'béen registered in accordance with ISO/IEC 19785-2 to identify the [quality
measufes defined in this document.

The bigmetric organization identifier of ISO/IEC JTC 1/SC 37 shall be used as the quality algorithm [vendor
identif]er if and only,if.a reference implementation approved by ISO/IEC JTC 1/SC 37 is used to compute the
quality] score. An approved reference implementation is posted at Reference [16].

If a unjfied quality score is calculated and reported in a finger image quality block, the normative [quality
measufesAdefined in 6.2 should be calculated first. The values of the normative quality components
defined #m6.2 may be reported in the finger image quality block, but this is not mandatory. Calculation of
the non-normative quality components defined In 6.3 is optional. Their values cannot be reported in an
ISO/IEC 29794-1 quality block because they are not mapped to integers in the range 0 to 100.

NOTE1 The unified quality score summarizes the quality components in Formula (53) in 6.2.16.5.

NOTE 2  Revisions to the reference implementation NFIQ 2 have corrected software defects which calculated the
unified quality score incorrectly. Tagged revisions to this reference implementation are listed in Table 1.
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Table 1 — Quality algorithm identifiers

Quality Quality
algorithm | algorithm - Governing
identifier identifier Description Symbol subclause
Hex decimal
214 33 Unified quality score, reference implementation 0 6.4
NFIQ 2 tag v2.0.0 NFIQ2v2.0.0 ==
22hex 34 Mean of local orientation certainty level o 6.2.16.2.2
OCL
231ex 35 Standard deviation of local orientation certainty 0 6.2.16.3.2
laval QClL
24hex 36 Mean of local clarity o 6.2.16.2:2
LCL
250ex 37 Standard deviation of local clarity Q%L 6.2.163.2
26464 38 Mean of local frequency domain analysis o 0:2.16.2.2
FDA
27 Hex 39 Standard deviation of local frequency domain p 6.2.16.3.2
analysis UEpA
28ex 40 Mean of local ridge valley uniformity o 6.2.16.2.2
RVU
29%ex 41 Standard deviation of local ridge valley uniformity %y 6.2.16.3.2
2Aex 42 Mean of local orientation flow o 6.2.16.2.2
OFL
2Bhex 43 Standard deviation of orientation flow QS 6.2.16.3.2
2CHex 44 MU Qmu 6.2.7.3
2Dyex 45 MMB Qmma 6.2.8.3
2B ey 46 Minutiae count QISII}IIE 6.2.9.3
2F hex 47 Minutiae count in centre.6f/mass Q&(I)IQ’I 6.2.10.3
304ex 48 Minutiae quality baséd on image mean Ql\l\//l[H\I 6.2.11.3
31ex 49 Minutiae quality.based on orientation certainty OCL 6.2.12.3
level QmIN
324ex 50 Region of.interest image mean o 6.2.13.4
AREA
334ex 51 Region-0f interest orientation map coherence sum Qzum 6.2.14.5
34 4ex 52 Region of interest relative orientation map coher- REL 6.2.15.3
énce sum Ccoi
354ex 53 Reserved for future use
361ex 54 Reserved for future use
37 Hex 55 Unified quality score, reference implementation 0 6.4
NFIQ 2 tag v2.1.0 NFIQzv2.1.0
38ex 56 Unified quality score, reference implementation 0 6.4
NFIQ 2 tag v2.2.0 NFIQz v2.2.0
3% ex 57 Unified quality score, reference implementation 0 6.4
NFIQ 2 tag v2.3.0 NFIQzv2.3.0
3AHex40yex  |58-64 Reserved for future use
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Annex A
(normative)

Conformance test assertions

A.1 Overview

In ordd

conformance. Conformant implementations are a necessary prerequisite for achieving interope

among
test ass
asserti
the tes
image

This a
implen

A2 (

To veriffy conformance, implementations of quality assessmentalgorithms claiming conformance w
ent should run on all images in the conformance test set:In order to conform, the absolute valug of the

docum
differe

shall n
commg
quality
separa

The fin

Standafds and Technology entitled SpeeialDatabase 3001131 and Special Database 302.[14] The confo}

test sef

NFIQ 2
docum
differe

r to achieve the objective of this document, it is necessary to test biometric products to ensu

implementations. Therefore, there is a need for a standardized conformance testing metho
ertions and test procedures as applicable to specific modalities addressed by this document. ]

L suites will reflect the real degree of conformity of the implementations to ISO/IEC 29794-4
quality blocks.

hnex specifies conformance test criteria and a conformance test sét'to determine wheth
entation claiming conformance to this document conforms to the reference implementation N

onformance test set

ce between the computed output value and the target unified quality score Qg2 y23.0 in 19

bt be more than 1 (i.e. 1 % of the maximum value 100). The contents of Table A.1 are avai
-separated values format from Reference [15). The values of Table A.1 mapped 0-100 to fif
block as specified in ISO/IEC 29794-1 are<shown in Table A.2, which is also available in @
fed values format from the same location,

ger images in the conformance test'set are selected from databases from the National Inst

can be requested from Reference’[15].

, the source code of whichyis available from Reference [16], is a reference implementation

hces from the values@n)Table A.1 and Table A.2.

re their
rability
dology,
he test

bns cover all normative contributive quality components, so that the conformity'results prodiyiced by

finger

er any
FIQ 2.

ith this

ble A.1

able in
into a
omma-

tute of
‘mance

for this

ent. The pre-compiled( release of version 2.3.0 of this reference implementation produces no
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