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Foreword

ISO (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 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
IEC Directives, Part 2 (see www.iso.org/directives or www.iec.ch/members_experts/refdocs).

ISO and IEC draw attention to the possibility that the implementation of this document may involve the 
use of (a) patent(s). ISO and IEC take no position concerning the evidence, validity or applicability of any 
claimed patent rights in respect thereof. As of the date of publication of this document, ISO and IEC had not 
received notice of (a) patent(s) which may be required to implement this document. However, implementers 
are cautioned that this may not represent the latest information, which may be obtained from the patent 
database available at www.iso.org/patents and https://patents.iec.ch. ISO and IEC shall not be held 
responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/foreword.html. 
In the IEC, see www.iec.ch/understanding-standards.

This document was prepared by Joint Technical Committee ISO/IEC JTC  1, Information technology, 
Subcommittee SC 37, Biometrics.

This second edition cancels and replaces the first edition (ISO/IEC 29794-4:2017), which has been technically 
revised.

The main changes are as follows:

—	 algorithms for normalization of finger image quality components have been added, along with new quality 
algorithm identifiers for the unique identification of the quality measures defined in this document;

—	 Annex A has been technically revised to reflect a new conformance test set.

A list of all parts in the ISO/IEC 29794 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards 
body. A complete listing of these bodies can be found at www.iso.org/members.html and 
www.iec.ch/national-committees.
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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. Finger image quality fields are provided in the finger image data interchange formats standardized 
in ISO/IEC  19794-4 and ISO/IEC  39794-4. Finger feature data interchange formats standardized in 
ISO/IEC 19794-2, ISO/IEC 19794-3, ISO/IEC 19794-8 and ISO/IEC 39794-2 provide finger image quality 
fields for the source image. To facilitate the interpretation and interchange of finger image quality scores, 
this document specifies how to calculate the finger image quality score of plain finger images with a spatial 
sampling rate of 196,85 px/cm and a bit depth of 8 bit for the greyscale pixel intensity values scanned from 
inked fingerprint cards or captured using optical area sensors based on frustrated total internal reflection.

v
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International Standard ISO/IEC 29794-4:2024(en)

Information technology — Biometric sample quality —

Part 4: 
Finger image data

1	 Scope

This document establishes:

—	 terms and definitions for quantifying finger image quality;

—	 methods used to quantify the quality of finger images; and

—	 standardized 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 
intensity values scanned or captured using optical area sensors in direct contact with friction ridges.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any 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

ISO/IEC 29794-1, Information technology — Biometric sample quality — Part 1: Framework

3	 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC 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 × 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

1
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3.3
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	 Abbreviated terms

CBEFF Common Biometric Exchange File Format

DFT discrete Fourier transform

DT determine threshold

FDA frequency domain analysis

FJFX FingerJet Fingerprint Feature Extractor, Open Source Edition

LCL local clarity

NFIQ NIST Fingerprint Image Quality

OCL orientation certainty level

OFL orientation flow

QSND quality score normalisation dataset

RVU ridge valley uniformity

TIR total internal reflection

5	 Conformance

A finger image quality assessment algorithm conforms to this document if it conforms to the normative 
requirements of Clause 6.

A finger image quality block shall conform to this document if its structure and data values conform to the 
formatting requirements of Clause 7 (finger image quality block) and if its quality values are computed using 
the methods specified in 6.2 and 6.4.

A finger image quality assessment implementation conformant to this document may use the biometric 
organization identifier of ISO/IEC JTC 1/SC 37, which is 257 (101Hex), if 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.

2
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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 image 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 region while valid global structure puts the ridges and valleys into a smooth flow for the entire 
fingerprint. The quality of a finger image is determined by both its local and global structures. This clause 
describes the features and characteristics of finger images at both local and global structures that are to be 
used as quality components for quantifying finger image quality.

For applying the algorithms as described in 6.2 and 6.3, the finger image shall have a spatial sampling rate 
of 196,85 pixels per centimetre (500 pixels per inch), a bit depth of 8 bit for the greyscale pixel intensity 
values, with friction ridges represented by greyscale pixel intensity values lower than those for valleys. 
The algorithms were developed using images of finger friction ridges in contact with an electronic capture 
device and inked fingerprints digitized with an electronic scanner. The imaging devices and scanners are 
considered free from geometric distortion and exhibit greyscale linearity and uniformity.

ISO/IEC 29794-1 requires that quality components be mapped to an integer value between 0 and 100, 
inclusive.

6.1.2	 Methods for mapping to the desired value range

6.1.2.1	 Sigmoid function

The mapping of values between 0 and 1 inclusive is accomplished for several quality components with the 
sigmoid function as shown in Formula (1):

sigmoid expx x w
x x
w

, ,0
0

1

1( ) = +
−











−
	 (1)

where

  x is a native quality measure value;

  x0 is the inflection point at which the function has the value 0,5;

  w is a scaling parameter determining the width of the region in which the function transitions from 
ε  to 1 − ε ;

  ε is an infinitesimally small positive quantity.

The values computed from the sigmoid function will be mapped to the target value ranges (0 to 100) in 
subsequent clauses.

6.1.2.2	 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):

x x
x x
− ( )

( ) − ( ) +










min

max min ε
101 	 (2)

3
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where

  x is a native quality measure value;

  x  is the floor function giving the greatest integer ≤ x

ε is an infinitesimally small positive quantity.

6.1.3	 Constituent of local quality measures

A finger image is partitioned into local regions such that each local region contains sufficient ridge-valley 
information, preferably having at least two clear ridges, while not overly constraining high curvature ridges. 
For images with a spatial sampling rate of 196,85  pixels per centimetre (500  pixels per inch), the ridge 
separation usually varies between 8 pixels to 12 pixels.[2] A ridge separation comprises a ridge and a valley. 
In order to cover two clear ridges, the local region size has to be greater than 24 pixels in both width and 
height. The size for each local region shall be (32 × 32) pixels, which is sufficient to cover two clear ridges. 
Instead of Cartesian coordinate, curvilinear coordinate along the ridge can also be used.

NOTE	 The size of the local region used during computation of qOFL
σ  (6.2.16.3), q

OFL
µ  (6.2.16.2), qCOH

sum  (6.2.14), 

and qCOH
rel  (6.2.15) in the reference implementation NFIQ 2 prior to version 2.3.0 deviates from size specified in this 

subclause.

6.1.4	 Constituent of global quality measures

A global quality measure shall be computed over the whole finger image after trim to assess the utility of the 
sample for fingerprint recognition.

6.1.5	 Image preprocessing

6.1.5.1	 Description

A segmentation process follows where each local region is labelled as background or foreground. There are 
several segmentation approaches, such as using the average magnitude of the pixel-intensity gradient in 
each local region.[2]

This document does not prescribe segmentation methods, but notes that performing segmentation 
influences several quality components. Constant or near constant areas of the input image shall be removed 
according to 6.1.5.2 prior to computing quality using the measures specified in 6.2 and 6.3.

See Annex C for the area consideration.

6.1.5.2	 Removal of near constant rows and columns in image

Prior to computing quality components, fingerprint images shall be trimmed to remove near constant rows 
and columns on the margins. Pixel intensities take values [0, 255] for an 8-bit greyscale image. As a first 
approximation of the region of interest, image columns and rows which are near constant white background 
are removed. Using the algorithm specified below, a fixed threshold, Tµ , 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)	 For each row Ri  in Î, starting from the top:

1)	 compute the row arithmetic mean µrow ;

2)	 on the first occurrence where µrow ≤Tµ  set top =Ri ;

4
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3)	 on the last occurrence where µrow ≤Tµ  set bottom =Ri .

b)	 For each column Ci  in Î, starting from the left:

1)	 compute the column arithmetic mean µcol ;

2)	 on the first occurrence where µcol ≤Tµ  set left =Ci ;

3)	 on the last occurrence where µcol ≤Tµ  set right =Ci .

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

where

  Î is the matrix of grey levels corresponding to the pixels of an image;

  I is the matrix of grey levels corresponding to the pixels of an image after trim.

 

a)   Image prior to trimming near	  
constant rows and columns on the	  
margins

b)   Results of following the steps in	 
6.1.5.2

Key
1 top
2 bottom
3 left
4 right
NOTE 1   In Figure 1 a), the area overlayed in green is a visualisation of Î.
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

5
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6.1.5.3	 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)	 Normalize I to zero mean and unit standard deviation to produce I’.

b)	 For each local region V in I’:

1)	 compute the standard deviation of V as σ v ;

2)	 mark the corresponding local region in Imask as foreground if σ v >0 1, .

6.1.5.4	 Computing the dominant ridge flow orientation for a local region from pixel-intensity 
gradients

The dominant ridge flow orientation is determined by computing the pixel-intensity gradient information 
and then determining the orientation of the principal variation axis.

The numerical gradient of the local region is determined using finite central difference for all interior pixels 
in x-direction and y-direction, as shown in Formulae (3) and (4):

f
x y x y

x =
+( ) − −( )I I1 1

2

, ,
	 (3)

f
x y x y

y =
+( ) − −( )I I, ,1 1

2
	 (4)

With fx and fy , the dominant ridge flow orientation, angle V( ) , is determined analytically using the sine 
and cosine doubled angle determined from the arithmetic means of the pixel-intensity gradient covariances, 
as shown in Formulae (5) to (12):

a f= x
2 	 (5)

b f= y
2 	 (6)

c f f= x y 	 (7)

C
a c

c b
=









 	 (8)

d c a b= + −( )2 2 	 (9)

sin θ( ) = c
d

	 (10)

cos θ( ) = −a b
d

	 (11)

angle V( ) =
( )
( )











1

2
arctan

sin

cos

θ
θ

	 (12)

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

6
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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) Input finger image b) Division into local 
 regions

c) Enlarged view of 
V (6,1) 

d) V (6,1) rotated  
according to its  
dominant ridge  
orientation as  

determined using  
Formula (12)

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

6.2	 Normative contributive quality components

6.2.1	 General

Subclause 6.2 specifies algorithms for computing finger image quality components that contribute to the 
ISO/IEC 29794-4 quality feature vector and to the computation of the unified quality score.

6.2.2	 Orientation certainty level

6.2.2.1	 Description

The orientation 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 block-wise manner.

The finger image within a (32 × 32) pixels local region [as shown in Figure 2 c)] generally consists of 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, λmax. 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, λmin. The ratio between the two eigenvalues thus gives an 

7

﻿
© ISO/IEC 2024 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 29
79

4-4
:20

24

https://standardsiso.com/api/?name=faa011175c08b4fa337772ebf31ef66c


ISO/IEC 29794-4:2024(en)

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 C [Formula  (8)] the eigenvalues λmin and λmax are computed as shown in 
Formulae (13) and (14):

λmin =
+ − −( ) +a b a b c2 24

2
	 (13)

λmax =
+ + −( ) +a b a b c2 24

2
	 (14)

This yields the local orientation certainty level shown in Formula (15):

qOCL
local

min

max
max=

− >






1 0

0

λ
λ

λ,

, .

if

otherwise

	 (15)

which is a ratio in the interval [0,1] where 1 is highest certainty level and 0 is lowest.

NOTE	 The orientation certainty level fails to predict recognition performance when some marks or residue exist 
in the samples that have strong orientation strength, such as those exhibited by latent prints left by the previous user 
of a capture device.

6.2.2.3	 OCL algorithm

For each local region V in I:

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

b)	 compute the covariance matrix C [Formula (8)];

c)	 compute the eigenvalues of C to obtain qOCL
local  [Formulae (13), (14), (15)].

Figure 3 visualizes the processing steps.

a) Current local region with the ratio between 
eigenvalues marked as ellipse

b) Original, untrimmed image and its qOCL
local  

values, mapped to values 0-255

Figure 3 — Processing steps of orientation certainty level quality algorithm
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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 × 32) pixels.[3] 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 
(32 × 16) pixels shall be extracted and transformed to a vertically aligned local region.

A linear regression (or least square fitting) is applied to calculate the determine threshold (DT), which is a 
line positioned at the centre of the local region V used to segment the local region into the ridge and valley 
regions. Regions with grey levels lower than DT are classified as ridges. Otherwise, they are classified as 
valleys.

Since good finger images cannot have ridges that are too close or too far apart, the nominal ridge and valley 
thickness can be used as a measure of the quality of the finger image captured. Similarly, ridges that are 
unreasonably thick or thin indicate that the finger image has not been captured properly (due to pressing 
too hard or too softly, for example), or that the image is a residual sample. Thus, the finger image quality can 
be determined by comparing the ridge and valley thickness to each of their nominal range of values. Any 
value out of the nominal range can imply a bad quality ridge pattern. To normalize the range of the thickness 
values, a pre-set maximum thickness is used. The maximum ridge or valley thickness, Wmax, for a good 
finger image is estimated at 20 pixels for a 196,85 pixels per centimetre (500 pixels per inch) scanner spatial 
sampling rate. The pre-set value of 20 pixels for a 196,85 pixels per centimetre (500 pixels per inch) scanner 
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 value is indeed the maximum to limit the value of the normalized ridge and valley thickness between 0 
and 1. The ridge thickness, Wr, and valley thickness, Wv, are then normalized with respect to the maximum 
thickness, Wmax.

With the ridge and valley separated as above, a clarity test can be performed in each segmented rectangular 
2D region.

For local regions with good clarity, the pixel-intensity distribution of ridges and the pixel-intensity 
distribution of the valleys have a very small overlapping area and thus qLCL

local  is high. The following factors 
affect the size of the total overlapping area:

a)	 noise on ridge and valley;

b)	 water patches on the image due to wet fingers;

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

d)	 scar across the ridge pattern;

e)	 highly 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.

9
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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):

S x y x y
( ) = =∑ 1

16

16

V ,
	 (16)

where

  Vx y, is the grey level at point x y,( ) ;

  x 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.

α =
v
v
B

T

	 (17)

β =
r
r
B

T

	 (18)

where

  α is the proportion of pixels misclassified as valley;

  β is the proportion of pixels misclassified as ridge;

  vB is the number of pixels in the valley region with intensity lower than DT;

  vT is the total number of pixels in the valley region;

  rB is the number of pixels in the ridge region with intensity higher than DT;

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

10
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6.2.3.4	 Determining the normalized ridge and valley width

The normalized valley width W v  and the normalized ridge width W r  are determined according to 
Formulae (19) and (20):

W
W

S W
v

v

max

=
×








� � ,2 54

125

	 (19)

W
W

S W
r

r

max

=
×








� ,2 54

125

	 (20)

where

  S is the spatial sampling rate in pixels per centimetre of the capture device;

  Wmax is the estimated ridge or valley width for an image with 49,21 pixels per centimetre 
(125 pixels per inch) spatial sampling rate;

  Wv  and Wr are the observed valley and ridge widths, respectively.

According to Reference  [2], Wmax =5  is reasonable for 49,21  pixels per centimetre (125  pixels per inch) 

spatial sampling rate. By extension, S W×





2 54

125

, max  is 20 for a spatial sampling rate of 196,85 pixels per 

centimetre (500 pixels per inch).

6.2.3.5	 Computing the local clarity

The local quality value qLCL
local  is the constrained average value of α and β with a range between 0 and 1, as 

shown in Formula (21):

q
W W W W W W

LCL
local v

nmin
v
nmax

r
nmin

r
nmaxif

=
− + < <( ) < <( )1

2

0

α β
, ,

,

v r

ootherwise.






	 (21)

where Wr
nmin  and Wv

nmin  are the minimum values for the normalized ridge and valley width, calculated 
according to Formulae (22) and (23) respectively:

W
Wr

nmin = 3

r

	 (22)

W
Wv

nmin = 2

v

	 (23)

and where Wr
nmax  and Wv

nmax  are the maximum values for the normalized ridge and valley width, calculated 
according to Formulae (24) and (25) respectively:

W
Wr

nmax = 10

r

	 (24)

W
Wv

nmax = 10

v

	 (25)
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NOTE	 Particular regions inherent in a fingerprint will negatively affect qLCL
local . 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 V in I:

a)	 rotate V such 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)	 with V obtain the ridge-valley signature S (6.2.3.2);

d)	 determine DT using linear regression on S;

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

f)	 classify columns in V as ridge (1) or valley (0) with P S Tx x x( ) = ( ) < ( )
{
,

,

0

1

otherwise.

if ;

g)	 determine ridge-valley transition vector C from P;

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

i)	 determine normalized ridge width and valley width W r  and W v  (6.2.3.4);

j)	 determine the proportion of misclassified pixels α and β (6.2.3.3);

k)	 compute the local quality value qLCL
local  (6.2.3.5).

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

Figure 4 visualizes the processing steps.

12

﻿
© ISO/IEC 2024 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 29
79

4-4
:20

24

https://standardsiso.com/api/?name=faa011175c08b4fa337772ebf31ef66c


ISO/IEC 29794-4:2024(en)

a) Crop of current local region b) Average profile of local region c) Average local region profile 
with linear regression line

d) Binarisation mask with 
ridge and valley regions 
based on regression line

e) Pixels determined to be ridge 
based on mask

f) Pixels misclassified as valley 
based on the threshold

g) Pixels determined to be 
valley based on mask

h) Pixels misclassified as ridge 
based on the threshold

i) Local clarities

Key
X block x-index
Y mean intensity

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.[6]

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 
frequency and minimum components at other non-dominant frequencies.

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

The FDA described in 6.2.4 computes the one-dimensional signatures by performing averaging along the 
ridge flow direction. The averaging process filters out noise along the ridge and valley flow and provides a 
modelling of a smooth changing signal in a direction perpendicular to ridge flow.

6.2.4.2	 Computing the local FDA quality component

The local quality value is computed by using Formula (26):

q

F A F A

A C A A

A

F F F

F
A

FDA
local

max max

max max max
=

= =

+ +( )− +

=

1 1

1

1 1

, if or

//
, .

2∑









 AF

otherwise
	 (26)

where

  0,3 is the attenuation parameter C;

  Ax is the amplitude at frequency index x.

The value of qFDA
local  is set to 1 when the maximum frequency, Fmax, amplitude occurs at index F Amax = 1  or 

F A Amax = .

6.2.4.3	 FDA algorithm

For each local region V in I:

a)	 pad V with a 2-pixel border;

b)	 rotate V with nearest neighbour interpolation such that dominant ridge flow is perpendicular to the 
x-axis with nearest neighbour interpolation;

c)	 crop V such that no invalid regions are included;

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

e)	 compute the DFT of S to obtain the magnitude representation A;

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

g)	 determine Fmax as the index with the largest magnitude in A;

h)	 compute qFDA
local  of V using A and Fmax (6.2.4.2).

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

Figure 5 visualizes the processing steps.
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a) Central area of input local region b) Ridge-valley profile

c) DFT of ridge-valley profile d) Map of qFDA
local

Key
X1 mean intensity
Y1 block x-index
X2 magnitude
Y2 cycle/pixel

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.[3]. 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.

15
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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 V in I:

a)	 determine dominant ridge flow orientation angle V( )  of V;

b)	 rotate V  such that angle V( )  is perpendicular to x-axis;

c)	 crop 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)	 for each S x( ) , compute threshold T x x( ) = × ( ) ( )DT 1 +DT 0 ;

g)	 binarize S  using T;

h)	 classify ridge and valley in S  as P S Tx x x( ) = −( ) < ( )
{
,

,

0

1 1

otherwise.

if ;

i)	 compute ridge-valley transition vector as C P Px x x( ) = −( ) ≠ ( )
{
,

,

0

1 1

otherwise.

if ;

j)	 drop first and last transition from S  using C  to remove incomplete ridges or valleys and obtain S';

k)	 compute qRVU
local  as the ratio of the width of ridges against valleys in S'.

Figure 6 visualizes the processing steps.
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a) Crop of current local region b) Average profile of local region

c) Average profile with regression line d) Local native quality component values displayed 
as the ratio of the width of ridges against valleys

Key
X block x-index
Y mean intensity

Figure 6 — Processing steps of ridge valley uniformity quality algorithm

6.2.6	 Orientation flow

6.2.6.1	 Description

Orientation flow (OFL)[4] is a measure of ridge flow continuity which is based on the absolute orientation 
difference between a local 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):

D i j m n V i j V i m j n V i j V i
,

,, , ,
( ) =

− ° − −
=− =− ( ) − −( ) ( )∑ ∑1

1

1

1
360min θ θ θ θ −− −( )( )m j n,

8
	 (27)

Formula (27)[2] takes the minimum angle differences and 360° minus the angle difference because of the 
circularity of angles (e.g. the difference between angles of 2° and 358° is 4°).

6.2.6.3	 Local orientation flow quality

The local orientation quality qOFL
local  for the local region orientation difference D i j,( )  is calculated according 

to Formula (28):

qOFL
local

min

min
min=

( ) −
° −

( ) >



D
D

i j
i j

,
, ,

, .

θ
θ

θ
90

0

if

otherwise


	 (28)

where θmin  =  4° is the threshold for minimum angle difference to consider and the units of D i j,( )  are 
degrees.

6.2.6.4	 OFL algorithm

a)	 Determine the dominant ridge flow orientation angle V( )  of local region V and I.

b)	 For each local region V in I:

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

2)	 compute the local orientation quality qOFL
local  (6.2.6.3).

Figure 7 visualizes the processing steps.

a) Normal (perpendicu-
lar) line to the ridgeline 

orientation

b) Local orientations c) Orientation  
differences

d) Local quality values

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

6.2.7.1	 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 QMU 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 qMU  values shall be mapped to a 
quality component QMU  in the range from 0 to 100 using Formula (2), where x is qMU , min MU( )q  is 0 and 
max MUq( )  is 255. See Formula (29).

Q
q

MU
MU=

+




255

101
ε

	 (29)

6.2.8	 MMB

6.2.8.1	 Description

MMB is 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.

6.2.8.2	 MMB algorithm

a)	 For each local region V in I:

1)	 compute the arithmetic mean of the pixel intensities in V as qMMB
local .

b)	 Compute QMMB as the arithmetic mean of set of qMMB
local .

6.2.8.3	 Mapping to the desired value range

To fit into a quality block as specified in ISO/IEC 29794-1, the floating-point qMMB  values shall be mapped to 
a quality component QMMB  in the range from 0 to 100 using Formula (2), where x is qMMB , min MMB( )q  is 0 
and max MMBq( )  is 255. See Formula (30).

Q
q

MMB
MMB=

+




255

101
ε

	 (30)

6.2.9	 Minutiae count in finger image

6.2.9.1	 Description

FingerJet Fingerprint Feature Extractor, Open Source Edition (FJFX)[5] 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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6.2.9.2	 MINCNT algorithm

qMIN
CNT  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 qMIN
CNT  values shall be limited to 100 using 

Formula (31), yielding the quality component QMIN
CNT :

Q
q q

q
MIN
CNT MIN

CNT
MIN
CNT

MIN
CNT

if

if
=

≤

>







100

100 100
	 (31)

6.2.10	 Minutiae count in centre of mass region

6.2.10.1	 Description

This quality component is the minutiae count in a (200 × 200) pixels local region centred on the centre of 
mass of the detected minutiae as described in 6.2.9. The quality component computes local quality at the 
minutiae locations.

6.2.10.2	 MINCOM algorithm

qMIN
COM  is the number of minutiae occurring within a (200 × 200) pixels local region centred at the centre of 

mass of the locations of all detected minutiae in the finger image as described in 6.2.9.

6.2.10.3	 Mapping to the desired value range

To fit into a quality block as specified in ISO/IEC 29794-1, the floating-point qMIN
COM  values shall be limited to 

100 using Formula (32), yielding the quality component QMIN
COM :

Q
q q

q
MIN
COM MIN

COM
MIN
COM

MIN
COM

if

if
=

≤

>







100

100 100
	 (32)

6.2.11	 Minutiae quality based on local image mean

6.2.11.1	 Description

For each minutia location detected as described in 6.2.9, a local quality based on image statistics is computed. 
The reported quality value is aggregated as the count of local qualities which occurs in the specified range. 
The feature computes local quality at the minutiae locations.
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6.2.11.2	 MINMU algorithm

qMIN
MU  is computed by first determining the local quality of each minutia detected as described in 6.2.9, using 

Formula (33):

qMIN
localMU =

( ) − ( )
( )

µ µ
σ
I V

I
	 (33)

where

  µ I( ) is the arithmetic mean of the finger image;

  µ V( ) is the arithmetic mean of a (32 × 32) pixels local region centred on the minutia;

  σ I( ) is the standard deviation of the finger image.

qMIN
MU  is finally computed as the percentage of qMIN

localMU  values greater than 0 and less than or equal to 0,5, as 
shown in Formula (34):

q

q

q

x
q

x

MIN
MU

MIN

local

MI

MIN
CNT MU

=

< ≤




=∑ 1

1 0 0 5

0

, ,

, .otherwise

NN
CNT

	 (34)

6.2.11.3	 Mapping to the desired value range

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

a quality component QMIN
MU  in the range from 0 to 100 by multiplication with 100, using Formula (2), where 

x  is qMIN
MU , min MIN

MUq( )  is 0 and max MIN
MUq( )  is 255. See Formula (35).

Q
q

MIN
MU MIN

MU

=
+











255

101
ε

	 (35)

6.2.12	 Minutiae quality based on local orientation certainty level

6.2.12.1	 Description

For each minutia location detected, as described in 6.2.9, a local orientation certainty level is computed. The 
reported quality value is aggregated as the count of local qualities which exceed the specified value. The 
feature computes local quality at the minutiae locations.

6.2.12.2	 MINOCL algorithm

qMIN
OCL  is computed by first determining the local quality of each minutia detected as described in 6.2.9 as 

shown in Formula (36):

q qMIN
local

OCL
localOCL = ( )V 	 (36)

where qOCL
local V( )  is the local orientation certainty level (6.2.2) for the (32 × 32) pixels local region V centred 

on the minutia.
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qMIN
OCL  is finally computed as the percentage of qMIN

localOCL  values greater than 0,8, as shown in Formula (37):

q

q

q

x
q

x

MIN
OCL

MIN

local

MI

MIN
CNT OCL

=

>




=∑ 1

1 0 8

0

, ,

, .otherwise

NN
CNT

	 (37)

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 qMIN
OCL  values shall be mapped to 

a quality component QMIN
OCL  in the range from 0 to 100 by multiplication with 100, using Formula (2), where 

x  is qMIN
OCL , min MIN

OCLq( )  is 0 and max MIN
OCLq( )  is 1, as shown in Formula (38):

Q
q

MIN
OCL MIN

OCL

=
+











1

101
ε

	 (38)

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 fingerprint. 
The mean pixel intensity in this area is computed over the set of (32 × 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 qMU (6.2.7) and qMMB (6.2.8).

6.2.13.2	 Determine the region of interest

a)	 Erode the finger image I with a 5 × 5 structuring element to obtain Ī.

b)	 Apply normalized Gaussian blur filter (each weight is divided by the sum of all weights) with kernel size 
41 × 41 and standard deviation of 6,5 to Ī to obtain G.

c)	 Binarize G to obtain B.

NOTE	 The reference implementation uses Otsu’s method[7] for binarization.

d)	 Apply normalized Gaussian blur filter (each weight is divided by the sum of all weights) with kernel size 
91 × 91 and standard deviation of 14,0 to B to obtain G′ .

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

f)	 Determine the contours of inverted B′  to obtain C.

NOTE	 The reference implementation uses Suzuki’s method[8] for determining contours.

g)	 Contours in the hierarchy of C 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)	 The 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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a) Original image I b) Eroded image Ī c) Blurred image G d) Binarized image B

e) Blurred image G’ f) Binarized image B’ g) Contours of C outlined 
in different colours

h) Region of interest 
mask R

NOTE	 Each subfigure contains a dashed black border.

Figure 8 — Processing steps of region of interest algorithm

6.2.13.3	 AREA algorithm

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

b)	 For each 32 × 32 local region V in I:

1)	 if V has at least 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  ×  16)  pixels region. The values, 
however, are the same as when local regions of size (32 × 32) pixels are used.

c)	 Compute q
AREA
µ  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 q
AREA
µ  values shall be mapped 

to a quality component Q
AREA
µ  in the range from 0 to 100 using Formula (2), where x  is q

AREA
µ , min

AREA
qµ( )  

is 0 and max
AREA

qµ( )  is 255, as shown in Formula (39):

Q
q

AREA
AREAµ
µ

=
+











255

101
ε

	 (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 orientation 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 = ( )g gx y
T,  of pixel intensity I i j,( )  of I is as shown in Formulae (40) and (41):

g i j i j i j i j

g j j
x

x

, , , )/ ,

, ,

( ) = +( ) − −( ) ≤ ≤ − ≤ ≤

( ) =

I I I I

I

1 1 2 1 1 0

0 1

for w h

(( ) − ( ) ≤ ≤

( ) = ( ) − −( ) ≤ ≤

I j j

g j I j I j jx

0 0

1 0

,

, , ,

for

for

I

I I I I
h

w w w h

	 (40)

and

g i j i j i j i j

g i i
y

y

, , , / ,

, ,

( ) = +( ) − −( )( ) ≤ ≤ ≤ ≤ −

( ) =

I I I I

I

1 1 2 0 1 1

0

for w h

11 0 0

1 0

( ) − ( ) ≤ ≤

( ) = ( ) − −( ) ≤ ≤

I I

I I I I I I

i i

g i i i iy

,

, , ,

for

for

w

h h h w

	 (41)

where Iw  and Ih are respectively the width and height of I in pixels.

6.2.14.3	 Computing the coherence of a local region

The coherence of a local region V is computed from its pixel-intensity gradient field gs  as shown in 
Formula (42):

coh V
g
g

( ) =
∑ ( )
∑ ( )

s

s

i j
i j
,

,
	 (42)

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

NOTE	 gs 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).

b)	 Compute the square gradient field as gs x y x y
T

g g g g= −( )2 2 2, .

c)	 Determine the region of interest R (6.2.13.2).
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d)	 For each (16 × 16) pixels local region V in 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, V is implemented as a (16 × 16) pixels region.

e)	 Compute qCOH
sum  as the sum of the coh V( ) of all V.

6.2.14.5	 Mapping to the desired value range

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

a quality component QCOH
sum  in the range from 0 to 100 and rounded to the nearest integer using Formula (2), 

where x  is qCOH
sum , min COH

sumq( )  is 0 and max COH
sumq( )  is 3 150. See Formula (43):

Q
q

COH
sum COH

sum

=
+











3150

101
ε

	 (43)

NOTE	 qCOH
REL  (6.2.15.2) is a value between 0,0 and 1,0. The reference implementation’s minutiae extractor 

implementation defined in 6.2.9 imposes a maximum image size of (800 ×  1  000)  pixels, which can fit 3  150 
(16 × 16) pixels blocks. Therefore, the maximum value of qCOH

sum  in the reference implementation is 3 150. The value of 

qCOH
sum  between 0 and 3 150 can therefore be normalized to derive QCOH

sum .

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 coherence as 
determined by 6.2.14. The feature computes local quality and operates in a block-wise manner.

6.2.15.2	 COHREL algorithm

a)	 Compute qCOH
sum  and store the number of local regions V which have at least one pixel contained in R as n 

(6.2.14).

b)	 Compute q
q
nCOH

REL COH
sum

= .

6.2.15.3	 Mapping to the desired value range

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

a quality component QCOH
REL  in the range from 0 to 100 using Formula (2), x  is qCOH

REL , min COH
RELq( )  is 0 and 

max COH
RELq( )  is 1, as shown in Formula (44):

Q
q

COH
REL COH

REL

=
+











1

101
ε

	 (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.

6.2.16.2	 Mean of local quality values

6.2.16.2.1	 Basic calculation

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

G L=
×

( )= =∑ ∑1

1 1N M
i j

i
N

j
M

, 	 (45)

where

  L are local quality values qOCL
local  (6.2.2), qLCL

local  (6.2.3), qFDA
local  (6.2.4), qRVU

local  (6.2.5), or qOFL
local  (6.2.6);

  G are the aggregated mean quality values q
OCL
µ , q

LCL
µ , q

FDA
µ , qRVU

µ , or q
OFL
µ , in respect of L.

6.2.16.2.2	 Mapping to the desired value range

To fit into a quality block as specified in ISO/IEC 29794-1, the floating-point aggregated mean quality values 
produced in 6.2.16.2.1 shall be mapped to a quality component in the range from 0 to 100 and rounded to the 
nearest integer.

For q
OCL
µ , q

LCL
µ , q

FDA
µ  and q

OFL
µ , refer to Formula (2) from 6.1.2.1 to yield Q

OCL
µ , Q

LCL
µ , Q

FDA
µ  and Q

OFL
µ , 

respectively. For qRVU
µ , Formula (46) shall be used for mapping to yield QRVU

µ :

Q qRVU RVUsigmoid
µ µ= ⋅ 





+





100 1
1

2

1

2
, , 	 (46)

6.2.16.3	 Standard deviation of local quality values

6.2.16.3.1	 Basic calculation

The standard deviation over an N × M matrix of local quality values is computed as shown in Formula (47):

G L F=
× −

( ) −( )



= =∑ ∑1

1 1 1

2

1

2

N M
i j

i
N

j
M

, 	 (47)

where

  L are local quality values qOCL
local  (6.2.2), qLCL

local  (6.2.3), qFDA
local  (6.2.4), qRVU

local  (6.2.5), or qOFL
local  (6.2.6);

  G are the aggregated standard deviation quality values qOCL
σ , qLCL

σ , qFDA
σ , qRVU

σ , or qOFL
σ , in respect of 

L;

  F are the aggregated mean quality values q
OCL
µ , q

LCL
µ , q

FDA
µ , qRVU

µ , or q
OFL
µ , 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 qOCL
σ , qLCL

σ , qFDA
σ , and qOFL

σ ,which range from 0 to 1, Formula (2) shall be used for mapping to yield 
QOCL

σ , QLCL
σ , QFDA

σ , and QOFL
σ , respectively. For qRVU

σ , Formula (48) shall be used for mapping to yield QRVU
σ :

Q qRVU RVUsigmoidσ = ⋅ 





+





100 1
1

2

1

2

σ , , 	 (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 fixed-length 
histograms with 10 bins to capture the distribution of local qualities.

The boundaries defining each bin for each of the features are specified as shown in Formula (49):

BFDA = −{ }∞ ∞; , ; , ; , ; , ; , ; , ; , ; , ; ;0 268 0 304 0 33 0 355 0 38 0 407 0 440 0 5 1

BLCL = −{ }∞ ∞; ; , ; , ; , ; , ; , ; , ; , ; , ;0 0 7 0 740 0 77 0 79 0 81 0 83 0 85 0 87

BOCL = −∞; , ; , ; , ; , ; , ; , ; , ; , ; ,0 337 0 479 0 579 0 655 0 716 0 766 0 81 0 852 0 8998;∞{ } 	 (49)

BOFL = −∞; , ; , ; , ; , ; , ; , ; , ;0 01715 0 035 0 05570 0 081 0 115 0 17180 0 25690 00 47580 0 748, ; , ;∞{ }

BRVU = −{ }∞ ∞; , ; , ; ; ; , ; , ; ; ; ;0 5 0 667 0 1 1 25 1 5 2 24 30

For each of FDA, LCL, OCL, OFL and RVU, a histogram is computed using the specified bin boundaries where 
the i-th bin in the histogram is given by the interval shown in Formula (50):

B BQ
i

Q
i, ,+( )1               for 1 = i

B BQ
i

Q
i, + )1 ,                 for 1 < ≤i BQ 	 (50)

where BQ  is B B B B BFDA LCL OCL OFL RVU, , , , .or

The histograms of local qualities are specified according to their bin boundaries as defined in Formulae (51) 
and (52) where the i-th bin in the histogram contains the cardinality of the multiset that contains values 
bounded by the histogram boundaries.
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q B q B i Bi i i
FDA FDA FDA FDA FDAfor= ≤ <{ } ≤ ≤+local 1 1, ,

q B q B i Bi i i
LCL LCL LCL LCL LCLfor= ≤ <{ } ≤ ≤+local 1 1, ,

q B q B i Bi i i
OCL OCL OCL OCL OCLfor= ≤ <{ } ≤ ≤+local 1 1, , 	 (51)

q B q B i Bi i i
OFL OFL OFL OFL OFLfor= ≤ <{ } ≤ ≤+local 1 1, ,

q B q B i Bi i i
RVU RVU RVU RVU RVUfor= ≤ <{ } ≤ ≤+local 1 1, .

The histogram for a single feature represented by its bins is written as:

q q i Bi
FDA FDA FDAfor={ } ≤ <, ,1

q q i Bi
LCL LCL LCLfor={ } ≤ <, ,1

q q i Bi
OCL OCL OCLfor={ } ≤ <, ,1 	 (52)

q q i Bi
OFL OFL OFLfor={ } ≤ <, 1 ,

q q i Bi
RVU RVU RVUfor={ } ≤ <, 1 .

6.2.16.5	 ISO/IEC 29794-4 quality feature vector

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

Q q q q q q

q q q

29794 4- OCL LCL FDA RVU OFL

OCL LCL FDA

= { µ µ µ µ µ

σ σ σ

, , , , ,

, , , qq q

q q q q q

q q q q

RVU OFL

OCL FDA LCL RVU OFL

MU MMB COH
REL

CO

σ σ, ,

, , , ,

, , ,

,

HH
sum

AREA

MIN
CNT

MIN
COM

MIN
MU

MIN

,

, , ,

,q

q q q q

µ

OCL}

	 (53)

6.3	 Non-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.

28

﻿
© ISO/IEC 2024 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 29
79

4-4
:20

24

https://standardsiso.com/api/?name=faa011175c08b4fa337772ebf31ef66c


ISO/IEC 29794-4:2024(en)

6.3.2	 Radial power spectrum

6.3.2.1	 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 
domain. The reasonable Fourier domain refers to the region of neither the highest nor the lowest frequency. 
The higher the value of F , the better the finger image quality.

6.3.2.2	 Variables

Name Default Description

rmin 0,143 cycles/pixel Lower bound of frequency band

rmax 0,077 cycles/pixel Upper bound of frequency band

∆r  1 pixel Sampling step between annular bands in the frequency spectrum

θ 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 image, discarding the DC component.

b)	 Transform F u v,( )  into polar coordinates and normalize to the range of 0 1,[ ] .

c)	 Determine the maximum energy (i.e. the maximum magnitude of all frequencies) to compute QPOW  
(6.3.2.5).

6.3.2.4	 Magnitude of frequency bands polar coordinates

J , the magnitude of the annular band between r  and r r+ ∆  in the polar Fourier spectrum F α , r( ) , is 
computed as shown in Formula (54):

J r
r

r

r

r

r

r

r

( ) =
( )

( )
=

+

=

∑ ∑
∑ ∑

α

α

α

α

0

0

π ∆

π





F

F

,

,
min

max

	 (54)

where

  α is the angle;

  r is the radius.

  F α , r( ) is the Spectrum f p q,( )  representation in polar coordinate system α , r( ) , see Figure 9.
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a) Fourier spectrum 
of input

b) Fourier spectrum in 
polar coordinate system

c) View of frequencies of 
interest

d) 1D magnitude of fre-
quencies of interest

Key
X cycles/pixel
Y magnitude
1 cycles/pixel
2 radians

Figure 9 — Processing steps of radial power spectrum algorithm

6.3.2.5	 Determine quality from energy distribution

The quality feature qPOW is found as shown in Formula (55):

q J r
r r

POW max= ( )
∈[ ]∆

	 (55)

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	 Feature description

The Gabor quality feature operates on a per-pixel basis by calculating the standard deviation of the Gabor 
filter bank responses.[10] The size of the filter bank is used to determine a number of filters oriented evenly 
across the half circle. The strength of the response at a given location corresponds to the agreement between 
filter orientation and frequency in the location 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
σx 6 2D Gaussian standard deviation in x-direction
σy 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
θ — An orientation of a Gabor filter

6.3.3.3	 Algorithm

a)	 Convolve input image with a 2D Gaussian kernel with σ = 1  and subtract it from the input image I to give Ĩ.

b)	 Compute the Gabor response of Ĩ for each orientation θ.

c)	 Convolve the magnitude (complex modulus) of each Gabor response with a 2D Gaussian kernel with σ = 4 .

d)	 Compute the standard deviation of the Gabor magnitude response values at each location yielding a map 
of standard deviations.

e)	 Sum the map of standard deviations and normalize according to number of sample points to produce 
the final Gabor quality.

Figure 10 visualizes the processing steps.

6.3.3.4	 Gabor filter

The general form of the complex 2D Gabor[11] filter, hCx , in the spatial domain is given by Formula (56):

h x y f
x y

j fxCx , ; , , , exp expθ σ σ
σ σ

x y

x y

( ) = − +












( )
 1

2
2

2

2

2

2

θ θ
θπ











	 (56)

where xθ  and yθ  are calculated using Formulae (57) and (58) respectively:

x x yθ = +sin cosθ θ 	 (57)

y x yθ = −cos sinθ θ 	 (58)

and f is the frequency (cycles/pixel) of the sinusoidal plane wave along the orientation θ. The size of the 
Gaussian smoothing window is determined by σ σx y, .

The filter bank size n is used to compute the differently oriented Gabor filters composing the filter bank. 
Computing θ given n is done as shown in Formula (59):

θ = − = …k
n

k n1
1

π
, , , 	 (59)

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 qGAB  is computed as shown in Formula (60):

q
X Y

x y
x yGAB =

×
( )∑ ∑1 G , 	 (60)
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a) Resulting image Î b) Real valued Gabor filter h c) Gabor filter h

d) Î convolved with h yielding 
matrix of filter responses G0

e) G0 convolved with 2D Gaussian 
kernel

f) Standard deviation of filter 
responses at each pixel

Figure 10 — Processing steps of Gabor algorithm

6.4	 Unified quality score

6.4.1	 Methodology for combining quality components

In order to obtain a single or unified output from several quality components described in the earlier clauses, 
it is necessary to combine those values to produce a single scalar quality score as required in the quality 
field of ISO/IEC 29794-1. Combining quality components shall be done such that the overall quality score is 
predictive of performance. There are various methods that can be used to combine quality components, e.g. 
weighted averaging, the use of pattern classifiers and other nonlinear computations.

6.4.2	 Training method

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, Q29794 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 
mated similarity score smaller than a decision threshold value that corresponds to false match rate of 1 
in 10 000, 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 in ISO/IEC 39794-4 should be placed 
into the quality blocks of that format. CBEFF quality fields should not be used in place of ISO/IEC 39794-4 
quality fields but rather as supplementary data. The prescribed use of CBEFF quality fields may be supplied 
by each CBEFF patron format standard and is beyond the scope of this document. Multiple quality measures 
calculated by the same algorithm (i.e. same quality algorithm vendor identifier and same quality algorithm 
identifier) shall not be present in a single biometric data interchange record.

7.2	 XML encoding

In XML documents, quality data shall be encoded 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 
identifier is 257 (101Hex). Table  1 lists the quality algorithm identifiers for the quality measures defined 
in this document, which have been registered in accordance with ISO/IEC 19785-2 to identify the quality 
measures defined in this document.

The biometric organization identifier of ISO/IEC JTC 1/SC 37 shall be used as the quality algorithm vendor 
identifier 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 unified quality score is calculated and reported in a finger image quality block, the normative quality 
measures defined in 6.2 should be calculated first. The values of the normative quality components 
defined in 6.2 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.

NOTE 1	 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  
algorithm  
identifier  

Hex

Quality 
algorithm 
identifier 
decimal

Description Symbol Governing  
subclause

21Hex 33 Unified quality score, reference implementation 
NFIQ 2 tag v2.0.0 QNFIQ2 v2.0.0 6.4

22Hex 34 Mean of local orientation certainty level Q
OCL
µ 6.2.16.2.2

23Hex 35 Standard deviation of local orientation certainty 
level QOCL

σ 6.2.16.3.2

24Hex 36 Mean of local clarity Q
LCL
µ 6.2.16.2.2

25Hex 37 Standard deviation of local clarity QLCL
σ 6.2.16.3.2

26Hex 38 Mean of local frequency domain analysis Q
FDA
µ 6.2.16.2.2

27Hex 39 Standard deviation of local frequency domain 
analysis QFDA

σ 6.2.16.3.2

28Hex 40 Mean of local ridge valley uniformity QRVU
µ 6.2.16.2.2

29Hex 41 Standard deviation of local ridge valley uniformity QRVU
σ 6.2.16.3.2

2AHex 42 Mean of local orientation flow Q
OFL
µ 6.2.16.2.2

2BHex 43 Standard deviation of orientation flow QOFL
σ 6.2.16.3.2

2CHex 44 MU QMU 6.2.7.3
2DHex 45 MMB QMMB 6.2.8.3
2EHex 46 Minutiae count QMIN

CNT 6.2.9.3

2FHex 47 Minutiae count in centre of mass QMIN
COM 6.2.10.3

30Hex 48 Minutiae quality based on image mean QMIN
MU 6.2.11.3

31Hex 49 Minutiae quality based on orientation certainty 
level QMIN

OCL 6.2.12.3

32Hex 50 Region of interest image mean Q
AREA
µ 6.2.13.4

33Hex 51 Region of interest orientation map coherence sum QCOH
sum 6.2.14.5

34Hex 52 Region of interest relative orientation map coher-
ence sum QCOH

REL 6.2.15.3

35Hex 53 Reserved for future use    
36Hex 54 Reserved for future use    
37Hex 55 Unified quality score, reference implementation 

NFIQ 2 tag v2.1.0 QNFIQ2 v2.1.0
6.4

38Hex 56 Unified quality score, reference implementation 
NFIQ 2 tag v2.2.0 QNFIQ2 v2.2.0

6.4

39Hex 57 Unified quality score, reference implementation 
NFIQ 2 tag v2.3.0 QNFIQ2 v2.3.0

6.4

3AHex–40Hex 58–64 Reserved for future use    
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Annex A 
(normative) 

 
Conformance test assertions

A.1	 Overview

In order to achieve the objective of this document, it is necessary to test biometric products to ensure their 
conformance. Conformant implementations are a necessary prerequisite for achieving interoperability 
among implementations. Therefore, there is a need for a standardized conformance testing methodology, 
test assertions and test procedures as applicable to specific modalities addressed by this document. The test 
assertions cover all normative contributive quality components, so that the conformity results produced by 
the test suites will reflect the real degree of conformity of the implementations to ISO/IEC 29794-4 finger 
image quality blocks.

This annex specifies conformance test criteria and a conformance test set to determine whether any 
implementation claiming conformance to this document conforms to the reference implementation NFIQ 2.

A.2	 Conformance test set

To verify conformance, implementations of quality assessment algorithms claiming conformance with this 
document should run on all images in the conformance test set. In order to conform, the absolute value of the 
difference between the computed output value and the target unified quality score QNFIQ2v2.3.0  in Table A.1 
shall not be more than 1 (i.e. 1 % of the maximum value 100). The contents of Table A.1 are available in 
comma-separated values format from Reference [15]. The values of Table  A.1 mapped 0-100 to fit into a 
quality block as specified in ISO/IEC 29794-1 are shown in Table  A.2, which is also available in comma-
separated values format from the same location.

The finger images in the conformance test set are selected from databases from the National Institute of 
Standards and Technology entitled Special Database 300[13] and Special Database 302.[14] The conformance 
test set can be requested from Reference [15]. 

NFIQ 2, the source code of which is available from Reference [16], is a reference implementation for this 
document. The pre-compiled release of version 2.3.0 of this reference implementation produces no 
differences from the values in Table A.1 and Table A.2.
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