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Foreword

ISO

techn
and 1
techn

Intern

The fain task of the joint technical committee is to prepare International Standards. Draft

Stand
as an

ISO/I

(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

ical committees collaborate in fields of mutual interest. Other international organizations,

governmental

blogy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ational Standards are drafted in accordance with the rules given in the ISO/IEC Ditectives,

ards adopted by the joint technical committee are circulated to the membeér’bodies for votin
International Standard requires approval by at least 75 % of the member bodies casting a

Subcpmmittee SC 37, Biometrics.

ISO/I
interc

— F

— F

hange formats:

art 1: Framework

art 2: Finger minutiae data

art 3: Finger pattern spectral data
art 4: Finger image data

art 5: Face image data

art 6: Iris image data

art 7: Signature(sign time series data
art 8: Fingér.pattern skeletal data

art 9-V@scular image data

art 10: Hand geometry silhouette data

on-governmental, in liaison with ISO and IEC, also take part in the work. In the field. ¢f information

Part 2.

International
h. Publication
ote.

EC 19794-3 was prepared by Joint Technical Committee ISO/IEC JTC 1, Informationy technology,

EC 19794 consists of the following parts, under the generattitle Information technology — Biometric data

— Part 11: Signature/sign processed dynamic data
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Introduction

In the interest of implementing interoperable personal biometric recognition systems, this part of
ISO/IEC 19794 establishes a data interchange format for finger pattern spectral data. The goal of this part of
ISO/IEC 19794 is to allow the exchange of local or global spectral data derived from a fingerprint image
without the exchange of the entire image. This will allow more compact data representations.

This part of
Transform a
dependent ar
original intens

ISO/IEC 19794 allows for representation of spectral components, such as Discrete-Flourier
nd (single-scale) Gabor Filter components, extracted from global or stationary (ot image
d not varying over the image) local overlapping or non-overlapping uniform-sized regions [of the
ity (non-color) image. Some or all of the extracted spectral components will be stored in the data

format, depending upon the implementation. This part of ISO/IEC 19794 does not accommedate multitscale

(wavelet) dec

There are fin
based recog
morphologicq

ompositions.

herprint recognition algorithms that use spectral data directly for pattern matching. Spectrall data-
nition algorithms process “globally” local sections (cells) of biometric images, in contrast to
I-based algorithms, which extract singularities in the morphologicalNféatures. At the curren{ time,

there is no gstablished mechanism for the interchange of finger pattern-spectral information for us¢ with
spectral-basgd fingerprint matching algorithms.
By establishing a standard for spectral-based representation of fingefprints, we
— allow interoperability among fingerprint recognition vendors based on a small data record;
— support the proliferation of low-cost commercialcfingerprint sensors with limited coverage, dypamic
rande, or resolution;
— define a data record that can be used to store biometric information on a variety a storage mefliums
(inclpding, but not limited to, portable devices and smart cards);
— encgurage the adoption of biomefrics in applications where interoperability is required.
The Internatipnal Organization for,Standardization (ISO) and the International Electrotechnical Commlission
(IEC) draw aftention to the fact that'it is claimed that compliance with this document may involve the lise of
patents concgrning the quantized co-sinusoidal triplets method of formatting the pattern spectral data] SO
and IEC takg no position coneerning the evidence, validity and scope of this patent right. The holder ¢f this
patent right Has assured-the ISO and IEC that he/she is willing to negotiate licenses under reasonable and
non-discriminatory terms&.and conditions with applications throughout the world. In this respect, the statgment
of the holder pf this patent right is registered with ISO and IEC. Information may be obtained from:
Bioscrypt Inc.
505 CochraneDrive

Markham, Ontario, Canada

L3R 8E3

Attention is d

rawn to the possibility that some of the elements of this document may be the subject of patent

rights other than those identified above. ISO and IEC shall not be held responsible for identifying any or all
such patent rights.

Vi
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Information technology — Biometric data interchange
formats —

Part 3:

Fin

er pattern spectral data

1 §

This ¢

2 (

A big
requir
of the

ycope

art of ISO/IEC 19794 specifies the interchange format for the exchange of'spectral-based fing

lonformance
metric system or algorithm conforms to this part of JSO/IEC 19794 if it satisfies th

data record as described in Clause 8.

3 Normative references

The f{
refere
docun

ISO/I
BioAF

ISO/I
Part 1

ANSI
(SMT]

nces, only the edition cited applies?;For undated references, the latest edition of th
nent (including any amendments) applies.

EC 19784-1:2006, Information!-technology — Biometric application programming interfa
Pl specification

FC 19785-1:2006, Information technology — Common Biometric Exchange Formats H
. Data element specification

NIST-ITL 1:2000;"Standard Data Format for the Interchange of Fingerprint, Facial, & Scar
Information

ANSI|IEEE Std-754-1985, IEEE Standard for Binary Floating-Point Arithmetic

erprint data.

e mandatory

ements for the generation of the finger pattern spectral data as defined in Clause 7 and the generation

ollowing referenced documents are indispensable for the application of this document. For dated

e referenced

e — Part 1:

ramework —

Jlark & Tattoo

4

erms and definitions

For the purposes of this document, the following terms and definitions apply.

41

biometric data
biometric sample at any stage of processing, biometric reference, biometric feature or biometric property

NOTE
data d

For the purpose of this document, biometric data refers to finger pattern spectral data, quality data, and other

erived from an acquired biometric sample.

© ISO/IEC 2006 — All rights reserved
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4.2

biometric feature

concise representation of information extracted from an acquired or intermediate biometric sample by applying
a mathematical transformation

NOTE 1  The use of this term should be consistent with its use by the pattern recognition and mathematics communities.
NOTE 2 For the purpose of this document, biometric features are finger pattern spectral components.
4.3

biometric sample
data obtained from a biometric device, either directly or after processing

4.4
acquired biometric sample

analog or digjtal representation of biometric characteristics directly taken from an individual by @-sensor
NOTE 1 For this document, the sensor will acquire representations of fingerprints.

NOTE 2  AnJacquired biometric sample will usually retain the full resolution and spatial extent permitted by the sefpsor.
4.5
intermediatel biometric sample
biometric sample that is obtained by modifying an acquired biometric sample“to allow better feature extrgction,
and that is ngt suitable as yet for automated matching in the biometric system under consideration

EXAMPLE Examples of modifications include cropping, down=sampling, compression, conversion td data
interchange fofmats standard and image enhancement.

NOTE Fof the purpose of this document, the concept of an intermediate biometric sample relates to finger pattgrn.

4.6
biometric system
an automated system capable of:

— captyuring an acquired biometric sample from an individual,

— optignally extracting biometric'features from that acquired biometric sample;

— comparing the biometricfeatures (or acquired biometric sample) with those contained in one offmore
refefence templates'ornmodels;

— decifding how.weltthey match; and

— indigating whether or not a recognition has been made.

4.7
bit-depth
the number of bits used to represent a data record parameter

4.8
cell
designated array of pixels within a finger pattern

NOTE Multi-scale cells are not accommodated in this part of ISO/IEC 19794.

2 © ISO/IEC 2006 — All rights reserved
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49

cell structure

an array of pixels, each of which has a greyscale value, defined by a co-sinusoidal pattern with parameters 6,
A, and &

NOTE This concept applies only to the quantized co-sinusoidal triplet method.

410
cell quality group
square array of cells of a finger pattern for which a quality score is specified

4.1
comdarison
the prlocess of measuring the similarity or difference between the biometric features of ancaequ|red biometric
sample and a previously stored reference template or model

412
core
a sindular point in the fingerprint where the curvature of the ridges reaches a maximum

NOTE] For simplicity, the core can be considered as a U-turn, sometimes enclosing a few ridge endings. It serves as
an approximation of the centre of the fingerprint image.

413
crop
remoye the outer regions of an image to reduce the size

414
delta
that pjoint on a ridge at or nearest to the point of divergence of two typelines, and located at or djrectly in front
of the| point of divergence

415
dimension
number of pixels in an acquired biomettic sample image either x or y direction

4.16
down-sample
reducg the resolution of an.image by re-sampling the image with a reduced number of pixels

NOTE] Proper filtering is implied to prevent aliasing.

417
enrolment
the process jof collecting acquired biometric samples from an individual and the subsequent prg¢paration and
storageof biometric reference templates or models

4.18
finger pattern
fingerprint image that may be processed (by cropping and/or down-sampling, for example)

NOTE For the purpose of this document, the concept of a finger pattern relates to an intermediate biometric sample.
419

finger pattern spectral data
set of spectral components derived from a finger pattern

© ISO/IEC 2006 — All rights reserved 3
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4.20

minimal spatial wavelength
the (spatial) wavelength (measured in pixels) at which exactly two samples of an image span a complete
period of a (co)sinusoidal pattern

NOTE This is therefore the maximal spatial frequency that can be supported by a sampling resolution, and is known
as the Nyquist frequency. The minimal spatial wavelength is the inverse of the Nyquist frequency. Be aware the minimum
Nyquist frequency is established by the resolution of the down-sampled fingerprint image. The required resolution for any
subpopulation should be determined according to the application.

4.21
pad

embed an im

4.22
re-sampling
sample an im

4.23
resolution
number of pix

NOTE Pi
cm (ppcm) =4

4.24
typeline
two innermos

pge in a larger array (usually filled with zeroes) to produce a resulting image of greater dims

age at a different frequency from that used to sample the original image

els per unit length

els per cm (ppcm) will be used in this part of ISO/IEC 19794 as the units/of resolution. Note that 1 pi
.54 pixels per inch (ppi).

t ridges that start parallel, diverge and surround or t€nd to surround the pattern area

5 Symbdls and abbreviated terms

For the purpdg
2D
CBEFF
DFT
ppcm
ppi

Variables are

ses of this document, the following symbols and abbreviated terms apply.
two dimensional
Common Biometric Exchange Formats Framework
Discrete Fourier Fransform
pixels per centimetre
pixels pef inch

represented in this document by:

abyc,..., S, 1
a 0, A, I
[a. b)

[a, b]

La]

[al

rtaticized; tfowerandupper case tetters

italicized, lower and upper case Greek letters

range of values from (and including) a up to (but not including) 5
range of values from (and including) « up to (and including)
largest integer less than or equal to a

smallest integer greater than or equal to

nsion

el per

© ISO/IEC 2006 — All rights reserved
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neare
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st integer larger than a.

a(b, c) function, a , that accepts variables b and ¢ as input
| a(b, c) | magnitude of DFT or Gabor function, a, given inputs b and ¢
Za(b, c) phase of DFT or Gabor function, a, given inputs b and ¢

6 Data conventions

nearest integer to a. If a equals a half integer, then ROUND(a) shall be replaced with the

6.1

Each
multik
quant
also |
shall
unsig
precis

6.2

The ¢

system. Pixel locations shall be represented by their x and ' coordinates. The origin of the coor

shall
this is
be (0
non-n

Byte and bit ordering

item of information, field, or logical record shall contain one or more bytes of data. Withi
yte quantities are represented in Big-Endian format. That is, the more significant bytes of
ty are stored at lower addresses in memory than less significant bytes. Thé order for trans
e the most significant byte first and least significant byte last. Within a.byte, the order of]

h a record all
any multibyte
mission shall
transmission

be the most significant bit first and the least significant bit last. Al numeric values ar¢ fixed-length

ned integer quantities, unless otherwise specified. Floating point¢values shall be recorg
ion 4-byte (32-bit) values as per ANSI/IEEE Std 754—-1985.

Coordinate system
oordinate system of a fingerprint used in this part of\ISO/IEC 19794 shall be a Cartesi

be the upper left corner of the image with x increasing to the right and y increasing downw.
in agreement with most imaging and image proeessing use. The pixel location of the imag
0). When viewed on the finger, x increases.from right to left as shown in Figure 1. All x ang
egative.

!

ed as single

n coordinate
inate system
brd. Note that
e origin shall
y values are

fatemtprimt fimger

Figure 1 — Coordinate system

For the finger pattern spectral record format, the resolution of the coordinate system is specified in the record
header, see 8.1.5, x (horizontal) resolution, and 8.1.6, y (vertical) resolution.

Similar to that of the image, the origin of a cell shall be the upper left pixel of the cell with x increasing to the
right and y increasing downward.

© ISO/IEC 2006 — All rights reserved
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6.3 Greyscale precision

The greyscale precision of the pixel data for this part of ISO/IEC 19794 shall be 8 bits, or 256 levels of grey. A
black pixel will have value 0, while a white pixel will have value 255. However, the 'blackest" pixel in an image
may have a value greater than "0" and the "whitest" pixel may have a value less than 255.

6.4 Image polarity

Images will have dark ridges and light valleys, otherwise a conversion to this convention is required. Grey
lines in figures of fingerprints presented in this part of ISO/IEC 19794 correspond to fingerprint ridges.

6.5 Angle|direction of rotation
have a range of [0, 360) degrees, unless otherwise specified. An angle of 0 degrees is-pardllel to
zontal, axis extending from the point of origin in a positive x direction. AngleS+increasg¢ in a
wise rotation.

Angles shall
the x, or hor
counter-clocK

6.6 Phase and propagation angles

All phase and propagation angles introduced in this part of ISO/IEC 19794 are te ke given in degrees.

7 Determination of finger pattern spectral data

7.1 Overvjew

the finger pattern spectral data to be used to.represent an acquired fingerprint image jn the

brmat defined in this part of ISO/IEC 19794, the following shall be performed:

To determine
interchange fi

[Optional] Image pre-processing, for example, reduction in resolution and cropping of the image:

conyersion of the acquired fingerprint image to a cropped and down-sampled finger pattern;
2) Celllllar partitioning: dividing the finger pattern from Step 0) into cells of size S xT pixels;
3) Sp”e ctral component selection: selection of the spectral components to represent each finger pattern
cell.
7.2 Step () [Optional] Image pre-processing
Spectral patiern-based{ fingerprint processing may optionally perform image resolution reduction| Any
resolution ref@uction, performed should maintain compatibility with the finger characteristics of the farget

population (a
with resolutio

h reduction, it may occur either before or after down-sampling.

dult, child, etc.). Cropping may also occur as part of this step. If cropping is performed together

If performed, the result of Step 0) is a cropped and down-sampled version of the acquired fingerprint image
known herein as the finger pattern. If Step 0) is not performed, the input to Step 1) below will be the acquired
fingerprint image.

7.3 Step 1) Cellular partitioning

In general, cellular representation of the finger pattern data comprises dividing the central, or other, portion of
the finger pattern into a grid of overlapping or non-overlapping cells. The first cell is considered to be the
upper, leftmost cell within the finger pattern. The origin of the first cell may be offset from the origin of the
finger pattern (as indicated by the x and y offsets shown in Figure 2). Any number of finger pattern pixels that
are insufficient to create a full cell at the right of a row, or at the bottom of a column shall be excluded.

© ISO/IEC 2006 — All rights reserved
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x offset
A
T
y offset cell
finger
o |= pattern
=
O
pixels

At ea
methg

7.4

Therg
repre

Figure 2 — Cellular partitioning of the finger pattern

ch cell, the finger pattern information will be represented by spectral components' selected
ds outlined in Clause 7.4.

Step 2) Spectral component selection

are several approaches that can be taken to obtain the spectral/information that will
bent a finger pattern cell. Such approaches include Discrete(Fourier Transforms, Gabqg

selecfion of spectral components from a quantized set of co-sinusaidal triplets, as described belo

7.41

Quantized co-sinusoidal triplets

It is possible to represent the greyscale information within a finger pattern cell with the follg

sinus
and ¢

This 4
and p

bidal function: Cell(, ; 5)(s.t)=cos(PDx 27 x f +8)", where PD = sx cos(@)—txsin(@), /]
are the subscripts for the cell pixels on the x.and y axes, respectively.

D co-sinusoidal function is fully defined-by the parameters 6, 1 and 6, the propagation ang|

hase offset, respectively. These parameters are shown pictorially in Figure 3 below.
X
—_—
»n,
o) A
X
Q
y
pixels cell S=d/ Ax360°

/ia one of the

be stored to
r filtering, or
W.

wing 2D co-
=1/A, and s

e, wavelength

Figure 3 — Spectral component representation of a finger pattern cell

The range of each of these parameters is given below:

& [0, 180) degrees. 6 is defined as the angle of propagation of the co-sinusoidal function, where the
propagation direction is measured perpendicular to the crests of the co-sinusoidal function. 8 will be 0
degrees when the crests are perpendicular to the x, or horizontal, axis. @increases in a counter-clockwise
rotation.

A: (minimal spatial wavelength, ] pixels. A is limited in practice to twice the number of pixels across the
longest diagonal in the image. 1 =1/f where f: [0,maximal spatial frequency). The maximal spatial
frequency is the Nyquist frequency and is equal to the image resolution divided by 2.

© ISO/IEC 2006 — All rights reserved
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6. [0, 360) degrees. ¢ is defined as (d//i)x 360°, where d is the distance between the origin of the cell
(upper-left corner of the cell) and the location of the first crest of the co-sinusoidal function in a positive
direction in x (see Figure 3).

The value of each of these parameters can be quantized to create a limited set of discrete triplets (6,4,6).
Applying each triplet in this set to the co-sinusoidal function noted above will generate a corresponding set of
finger pattern cell structures.

Consider then, representing 6, 1 and §by I/, m and n bits, respectively. This implies that the values for 6, 4 and
o will be as shown in the following tables:

Table 1 — /-bit representation for 4

Value (/-bits) 7]

0...000 0
1

0...001 o7 <180
2

0...010 ?x180
!

1...110 2 _2><180
I

1...111 5 l_1><180

Table 2 =<'m-bit representation for 4

Value,(n=bits) f A
0...000 0 ®
1
1 . -

0...001 2—m><Nqu|st f
0...010 2 x Nyquist i
o 7
1...110 2" -2 x Nyquist 1
v 7
1..111 ( ! ] Nyquist !
— |x Nyqui —
2m S
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Table 3 — n-bit representation for &

Value (n-bits) 1)
0...000 0
I 360
0...001 P
0...010 2%><360
n
1...110 22;2><360
1...111 22"_1><360

This Would result in a co-sinusoidal triplet set of size 2/"*, and a corresponding set of 2/ cell| structures.

To dgtermine which specific quantized co-sinusoidal triplet shoutd-be chosen to represent the information in a

givenlfinger pattern cell the following closest match approach should be used:

finger pattern cell information.

For example, given a cell of size-S pixels by T pixels, the distance may be calculated as:

T 2 T

1) Normalize the information within the finger pattefn eell to the range [-1,1].

b= |A1,1 _31,1| +|AL2 —BL2| +-~-+|AS’T — Bg r|for A and B as shown in Figure 4.

2) The distance between the finger pattern cellinformation and each cell structure in th¢ set shall be
calculated (see the example distance eguation below).

3) The cell structure that results in the;minimum distance with the finger pattern cell shall Qe determined.

4) The co-sinusoidal triplet that corresponds to the above cell structure shall be chosen to represent the

T 2 T

A: finger pattern cell

S
B: candidate cell structure

Figure 4 — Matrix of S xT pixels for the finger pattern cell and candidate cell structure

NOTE Other distance functions (Euclidean distance, etc.) may also be used to determine the minimum distance cell

structure from the finger pattern cell.

© ISO/IEC 2006 — All rights reserved
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In the case of ambiguity due to more than one cell structure producing the minimum distance, a single co-
sinusoidal triplet must be chosen from the set of co-sinusoidal triplets that correspond to this set of minimum
distance cell structures. This single co-sinusoidal triplet shall be chosen from the minimum set as follows:

1)

2)

The co-sinusoidal triplet(s) with the lowest value of phase, &, shall be chosen; then
The co-sinusoidal triplet(s) with the highest wavelength, A, shall be chosen; then
3)

The co-sinusoidal triplet with the lowest angle, 6, shall be chosen.

If a single co-sinusoidal triplet remains followings steps 1 or 2 above, then it shall be chosen to represent the

finger pattern

cell information. Otherwise, a single co-sinusoidal triplet will be isolated following step 3.

For this quarn
contained in

tized co-sinusoidal triplets method, cell size should be selected so that the number of
h single cell is approximately 2. Note that Figure 3 shows a cell with more than 2 ridges, b

is done for illfistrative purposes only.

7.4.2 Discrgte Fourier Transform

A finger patte¢rn cell can be represented with spectral information derived from applying a two-dimen

(2D) Discrete
size SxT, whd

Note that H(k,

recovered fro

Fourier Transform (DFT). The finger pattern cell information will cofisist of a real signal, h(
se 2D DFT can be computed as:

S-1

HkD =Y

s=0

-1

X ks It
h(s, t)xe' ( J,where k=0,..,841and [=0,...,T—1.

t=0

/) has complex values even though h(s,r) was teal-valued. The original image h(s,?)
m H(k,/) using the 2D inverse DFT formula:

],where s=0,...,S-1and r=0,....T-1.

Denote the spatial frequencies in the x andyi-directions as £, and f,, respectively. In addition, let NQ, and

denote the N
direction)/2 a

(£, =£xNQ

represented |
a: [0,255

5:0,360

quist frequencies in the y-and y directions, respectively, where NQ, = (image resolution in
nd NQy = (image resolution in the y direction)/2. Then each 2D DFT component at location

f, =LxNQ, ) (for%k=0,...,S~1 and /=0,
ere by magnitude! a,, =|H(k/), and phase, &, , = ZH(k,), with the following ranges:

T —1) consists of a complex component

x S x T), where 255 is considered the maximal greyscale value per pixel.

degrees.

idges
it this

Sional
1), of

chn be

NQ
he x

The value of these parameters shall be quantized to p and ¢ bits as shown in Tables 4 and 5.

10
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Table 4 — p-bit representation for «

If o falls in range: St.ore as Read « as:
p-bit value:
|:O,LX255XSXTJ 0...000 0
2P

1 2 1

—x255x SxT,—x255xSxT 0...001 —x255x SxT
2P 2P 2P

2 3 2

—x255x SxT,—x255xSxT 0...010 —x255xSxT
Lﬁp 217 oW/

p_ P _ P _
|:2 2><255><S><T,2 1><255><S><Tj 1...110 2 2><255><S><T
2P 2P
27 —1 27 —1
Y x255x S xT,255xSxT 1...111 255x SxT

Table 5 — ¢-bit representation-for &

The 2D.DFT function for real signals satisfies the Hermitian symmetry property. That is, H(%,/) id

If 5falls in range: St.ore as Read S as:
q-bit)value:
[o,ix%oj 0...000 0
211
[ixaﬁo,ix%oj 0...001 L 360
24 29 24
[ix36o,ix36oj 0...010 iX360
24 24 24
q q_ q_
[22q2x360,2 1><360J 1..110 2" =2 360
29 -1 29 -1
v x 360,360 1...111 x 360

conju

the complex

ate of H(d-k,1-/). This symmetlry implies that there IS reaundancy In the ZU DF 1 array I‘I(k,l). Assuming

the 2D DFT of a real-valued cell of size SxT is accomplished in row-column decomposition, this will result in:

— (ﬂ+ l)x T unique complex components if S is odd, and

2

— (%+ l)xT unique complex components if S is even.

This implies that for full image reconstruction precision the first (%H) columns of the DFT array, in the case

of S odd (or the first (%H) columns in the case of S even) must be stored. Storage and reconstruction from
fewer components will result in information loss, meaning that the exact image will not be reconstructable from
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the reduced number of components. Depending upon the number and selection method, minutiae patterns
may be reconstructable from some reduced sets of components.

A spectral decomposition of an entire image using a 2D DFT should show most of the spectral energy within
an annulus of the frequency plane. For most people, this annulus will be at about the 14-18 pixels wavelength

when the ori
wavelengths.

ginal sampling is at 500 dpi.

Of course other image resolutions will have different spatial

In the case of cell dimensions that are bigger than a ridge wavelength (by at least a factor of two), the DFT
spectral decomposition of the finger pattern may be dominated by a single component of high magnitude and
a spatial wavelength on the same order as the finger pattern ridge wavelength.

In the case
containing a

To prevent ri
decompositio

windowed DF

See 7.4.3 for

7.4.3 Gabo

A finger pattg
2D Gabor filtgr is a product of a Gaussian envelope and a complex exponential function:

and o repres

from the x-a

fingerprints, i

The finger p3

multiply the fi

The Gabor m
band-pass filf

For use with {

& will typically

f
Ciifurcation, a ridge ending, or both, there may not be single dominant Fourier component.

cell dimensions on the order of a single ridge wavelength or smaller, or in the case (of

hging in the two-dimensional DFT, it could be desirable to window the image prior to sg
h. One useful window is the two dimensional Gaussian. Closely related\to the Gal

more information on Gabor filters.

I filters

rn cell can be represented with spectral information derived‘from applying a 2D Gabor fi

2 2
st

G(a,fﬂg)(s,t):e 20° xe"z’-’f(‘y'+t‘), where s, =5c08§0 +¢sinf , t;, =—ssinf+tcosb,

ents the standard deviation of the Gaussian envelope, f'is the frequency, and & is the orien

is assumed that o, = o, and thus onlya single o value is required.

Y

ttern cell information will consist-of a real signal, h(s,z), of size SxT. To apply this Gabor
nger pattern cell information, h(s,z), with the above function to obtain:

S-1 T-1

Z(s,t) = ZZG(UJ-’G)(S —x,t— y)>< h(s,t).

x=0 y=0

agnitude i)y, =|Z(s,7) and the Gabor phase is J,, = ZZ(s,t). The Gabor filter acts as
er with certain localization properties in both the image domain and frequency domain.

ingerprint images, the frequency should be on the order of the inverse of the ridge spacing,

a cell

ectral
ssian

FT is the application of Gabor filters of predetermined wavelength and direction to the image.

ter. A

tation

Kis. Note that the more general equation»would include G:(Gx,ay), however, for us¢ with

filter,

local

while

Vary from [ﬂ to 1Rﬂ) dngrnne in nqnal increments.

The range of

a and Jis given below:

a: [0,255 xS x T), where 255 is considered the maximal greyscale value per pixel.

5:{0,360

) degrees.

The value of these parameters shall be quantized to p and ¢ bits as shown in Tables 6 and 7

12
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Table 6 — p-bit representation for «

If o falls in range: St.ore as Read « as:
p-bit value:
|:O,LX255XSXTJ 0...000 0
2P

1 2 1

—x255x SxT,—x255xSxT 0...001 —x255x SxT
2P 2P 2P

2 3 2

—x255x SxT,—x255xSxT 0...010 —x255xSxT
Lﬁp 217 oW/

x255xSxT,
P

110

27 -2

x 255X 8§ T

2P -2 2° -1
27 2

><255><S><TJ 1...

27 —1
2P

><255><S><T,255><S><TJ

P _
2 1><255><S><T

Table 7 — ¢-bit representation-for &

If 5falls in range: St.ore as Read S as:
q-bit)value:
[o,ix%oj 0...000 0
211
[ixaﬁo,ix%oj 0...001 L 360
24 29 24
[ix36o,ix36oj 0...010 iX360
24 24 24
q q_ q_
{2 2 360, 1><360J 1..110 2" =2 360
29 24
29 -1 29 -1
5 x 360,360 1...111 x 360

ents become

The gpectral components to be retained per cell, as well as the description of how these compor
storedn the Finger Pattern Spectral Data Field will be outlined in Clause 8.2.2.2.
7.5 Quality

Finger pattern cells, defined above, are grouped into Cell Quality Groups. A quality granularity parameter will
specify the number of cells in a Cell Quality Group: for example a value of 1 indicates a group comprises 1x1
cells; and a value of 2 indicates that a group comprises 2x2 cells. Quality scores are assigned to each of the
Cell Quality Groups, where higher quality scores indicate better quality. Some factors that may contribute to
the quality of the finger pattern cell information are greyscale resolution, greyscale linearity, spatial distortions,
and location of the finger core within the acquired fingerprint image.

© ISO/IEC 2006 — All rights reserved
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8 Finger pattern spectral data record

The finger pattern spectral data record format is used to provide interoperability between fingerprint
recognition systems using spectral data in some way. The record format contains fields for storing both
standardized and extended (non-standardized) finger pattern spectral data. The list of fields included in the
record is found in Clause 8.1. Table 18 provides the list of fields in diagram format. With the exception of the
format identifier and the version number for the standard, which are null-terminated ASCII character strings,
all data is represented in binary format. There are no record separators or field tags; fields are parsed by byte
count.

The biometric data record specified in this part of ISO/IEC 19794 shall be embedded in an ISO/IEC 19785-1

compliant strpetore—as—a-GCBEFFBiometric DataBlock{(BBB)—There—are—three—different46-bit BBB—format

types assigned to the finger pattern data record formats specified in this part of ISO/IEC 19794

10 (000A Hex): finger-pattern-spectral-quantized-sinusoidal-triplets
12 (000Q Hex): finger-pattern-spectral-discrete-fourier-transform
13 (0000} Hex): finger-pattern-spectral-gabor-filter
Note that these BDB_format types appear in the ISO/IEC 19785-1 header and notin any field defined herein.
The organization of the finger pattern spectral data record is as follows:

— A variable-length record header containing information about the overall record, including the numper of
fingers rg¢presented and the overall record length in bytes; and

— A ssingle finger record for each finger, consisting of:
— A fixed-length (6-byte) header containing information about the data for a single finger;

— A firjger pattern spectral data block, including a series of spectral data representing each cell pf the
finggr pattern, followed by quality data for the finger pattern; and

— An gxtended data block containing-vendor-specific data.

record finger pattem finger pattern

header I spectral data block |, ;| spectral data block |,

I I I I
header extended header extended
data block data block
. S \ v

v
single finger record 1 single finger record n

Figure 5 — Finger pattern spectral data record

8.1 Record header

There shall be a single record header for the finger pattern spectral data record to hold information describing
the identity and characteristics of the device that generated the data.

8.1.1 Format identifier

For this part of ISO/IEC 19794, the format identifier shall consist of characters "FSP" followed by a zero byte
as a NULL string terminator. The format identifier shall be recorded in four bytes.

14 © ISO/IEC 2006 — Al rights reserved
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Version number

The version number for the version of this part of ISO/IEC 19794 used in constructing the finger pattern
spectral data record shall be recorded in four bytes. This version number shall consist of three ASCII
numerals followed by a zero byte as a NULL string terminator. The first and second character will represent
the major revision number and the third character will represent the minor revision number. Upon approval of
this specification, the version number shall be "010" (an ASCII '0' followed by an ASCII '1' and an ASCII '0');
this represents version 1.0.

8.1.3

Length of record

The lgngthrtimbytes)oftheentirefinger pattermspectratdatarecord-shattberecorded-imfour-bytes.

8.1.4

The t
in ong

8.1.5
The

recor
ROUN

8.1.6

The :Ijesolution in the y-direction of the finger pattern.represented in the single finger recor

recor
ROUN

8.1.7

The n
onec

8.1.8

The n
onec

8.1.9

The n

Number of single finger records

ptal number of single finger records contained in the finger pattern spectral data.récord sha
byte. A minimum of one single finger record is required.

x (horizontal) resolution
esolution in the x-direction of the finger pattern represented -in the single finger recon

ed in two bytes and shall have the units of pixel per centimetre/ The value of the x resol
ND(ppcm) and shall not be zero.

y (vertical) resolution

ed in two bytes and shall have the units of pixel per centimetre. The value of the y resol
ND(ppcm) and shall not be zero.

Number of cells in x-direction

umber of cells that span a finger(pattern in the x-direction shall be recorded in two bytes.
Bl is required.

Number of cells in y-diréction

umber of cells that span a finger pattern in the y-direction shall be recorded in two bytes.
bl is required.

Number.of pixels in cells in x-direction

| be recorded

d(s) shall be
Lition shall be

d(s) shall be
tion shall be

\ minimum of

\ minimum of

umber)of pixels that span a finger pattern cell in the x-direction shall be recorded in two bytgs.

8.1.10 Number of pixels in cells in y-direction

The number of pixels that span a finger pattern cell in the y-direction shall be recorded in two bytes.

8.1.11 Number of pixels between cell centres in x-direction

The number of pixels between centres of adjacent or overlapping cells in the x-direction of the finger pattern
shall be recorded in two bytes. A value of 0 in this field implies a single cell in the x-direction.

© ISO/IEC 2006 — All rights reserved
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8.1.12 Number of pixels between cell centres in y-direction

The number of pixels between centres of adjacent or overlapping cells in the y-direction of the finger pattern
shall be recorded in two bytes. A value of 0 in this field implies a single cell in the y-direction.

8.1.13 Spectral component selection method

Three methods are defined in this part of ISO/IEC 19794 for determining the spectral components to be used
to represent finger pattern information. The specific method used for creating a record shall be recorded in
one byte and shall be specified as follows:

Table 8 — Spectral component selection method

Method Value
Quantized co-sinusoidal triplets 0
Discrete Fourier Transforms 1
Gabor filters 2

8.1.14 Type jof window
In the case that the spectral component selection method field is:
— 0: thfis field is not required.

— 1: tHis field will specify the form of the window that\will be placed on the cell. The window shall be
recarded in one byte and specified as follows:

Table 9 — Type of DFT window

Typelof window Value

Rectangular 0

Gaussian 1

— 2: thfis field is not required.

8.1.15 Standard devjation

If the spectral component selection method field has value:

— 0: this field is not required.
— 1: and the type of window field has value:

— 0: this field is not required.

— 1: this field is required and will contain the standard deviation for the Gaussian window.
— 2: this field is required and will contain the standard deviation in the Gabor equation.

The standard deviation, o, if required, will be recorded in 4 bytes as a floating-point value.

16 © ISO/IEC 2006 — All rights reserved
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2: this field is required and will specify the integer number of frequencies to be used in Gabor filters.

This value will be recorded in 2 bytes. The integer number of frequencies specified in this field will be
used to determine the length (in bytes) of the next field (frequencies).

8.1.17 Frequencies

If the pectral component selection method field has value:

8.1.18 Number of orientations

— 0 or 1: this field is not required.

If the ppectral component selection method field has value:

— 0 or 1: this field is not required.

8.1.19 Number of spectral components to be retained per cell

2: this field is required and will specify the frequencies used in the Gabor filter. Each frg
will be recorded as a 4-byte floating-point value. If more than one frequency is specifi
be placed sequentially one after another.

- 2: this field is required and will specify the number.of evenly spaced orientations on e3
Gabor filter. This value will be recorded in one ‘byte. For example, if the number o
specified is 4, this specifies 6 = {0,45,90,135}.

Depepding on the spectral component selegfion method the number of spectral components to b
each pell may vary. If the spectral component selection method field is:

present;

quency value
ed, they shall

ch cell of the
f orientations

e retained for

© ISO/IEC 2006 — All rights reserved

— 0: the number of spectral.components will be three (as defined in Clause 7.4.1) and this field is not
1: this field is mandatory and shall be recorded in five bytes, structured as follows:
Spectral'components to Value of most Parameter Value of four least
be retained significant byte significant bytes
All'dnique components 0 <Not applicable> 0
K components, for K > 1 1 K 1 to (2%%-1)
Reserved for later use 2 to 255 <Not applicable> 0
2: this field is mandatory and shall be recorded in one byte and structured as follows:
Spectral components to be retained Value
Angle of rotation of the filter with the highest energy? 0
All Gabor magnitude output 1
All Gabor magnitude and phase output 2
Reserved for later use 310 255
@  Energy is defined here as the Gabor magnitude squared, o
17
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8.1.20 Bit-depth of propagation angle of co-sinusoidal function
If the spectral component selection method field is:

— 0: this field is required and will contain the bit-depth used to represent the propagation angle of the
co-sinusoidal function. The bit-depth shall be recorded in one byte.

— 1 or 2: this field is not required

8.1.21 Bit-depth of wavelength of co-sinusoidal function

If the spectra[ component selection method field 1s:

— 0: this field is required and will contain the bit-depth used to represent the wavelength.of the co-
sinugoidal function. The bit-depth shall be recorded in one byte.

— 1 or|2: this field is not required.

8.1.22 Bit-depth of phase
If the spectral component selection method field is:

— 0: tHis field is required and will contain the bit-depth used to represent the phase offset of the co-
sinupoidal function. The bit-depth shall be recorded in one byte.

— 1: this field is required and will contain the bit-depth us€d 16 represent the phase of the DFT spectral
components. The bit-depth shall be recorded in one byte.

— 2: and the number of spectral components to be-rétained per cell field has value:
— |0 or 1: this field is not required.

— |2: this field is required and will contain the bit-depth used to represent the phase information of
the Gabor filtering. The bit-depth shall be recorded in one byte.

8.1.23 Bit-d¢pth of magnitude
If the spectral component selection' method field is:
— 0: thfis field is notrequired.

— 1: this field\is-required and will contain the bit-depth used to represent the magnitude of thg DFT
spegtral components. The bit-depth shall be recorded in one byte.

2. ol I £ gy | P D g ol [T -+ DX I 1
— L ang e number-or opTullial CUITTPUTITTIS U UT TTClanicu Pl LIl TITIU Tids valutc.

— 0: this field is not required.

— 1 or 2: this field is required and will contain the bit-depth used to represent the magnitude
information of the Gabor filtering. The bit-depth shall be recorded in one byte.

8.1.24 Bit-depth of quality score

The bit-depth used to represent the quality score of cell quality group shall be recorded in one byte.

18 © ISO/IEC 2006 — All rights reserved
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8.1.25 Cell quality group granularity

The granularity of the cell quality group shall be recorded in one byte and specifies the number of cells in the
x-direction of the cell quality groups. (It also indicates the number of cells in the y-direction of the cell quality
groups as they are square). The size of the cell quality group is thus calculated as: (cell quality group
granularity)z. Any number of finger pattern cells that are insufficient to create a full cell quality group at the
right of a row, or at the bottom of a column shall be excluded.

8.1.26 Reserved bytes

Two bytes are reserved for future revision of this specification. For Version 1.0 of this part of ISO/IEC 19794,
these 'uytc vaturesstatt-be-setto6-

8.2 |Single finger record

8.2.1| Header

A hegder shall start each section of a single finger record providing information-for that finger pattern. There
shall pe one header for each finger pattern contained in the finger pattern spectral data record, and it will
occupy a total of six bytes as described below.

8.211{1 Finger location

The flnger location shall be recorded in one byte. The codes fer this byte shall be as defined |in Table 5 of
ANSIINIST-ITL 1-2000, "Data Format for the Interchange ef\Fingerprint Information”. This table s reproduced
here In Table 10 for convenience. Only codes 0 through A0 shall be used; the "plain" codes ar¢ not relevant
for this part of ISO/IEC 19794, and are included here forinformational purposes only.

Table 10 < Finger location codes

Finger location Code

Unknown finger 0
Right thumb
Right index finger

Right middle finger

Right ring finger
Right little finger
Left thumb

Left index finger

Left middle finger

Left ring finger

Left little finger

Plain right thumb
Plain left thumb
Plain right four

Plain left four fingers

[N | =N
AO(DGJ\IOUU'ILOOI\)—\

Ty
N

-
w

-
£

8.2.1.2 Impression type

The impression type of the finger image(s) shall be recorded in one byte. "Nonlive" entries refer to images
scanned from cards or other media. These codes are compatible with Table 4 of ANSI/NIST-ITL 1-2000,
"Data Format for the Interchange of fingerprint Information”, with the addition of the "swipe" type. The swipe
type identifies templates derived from the image streams generated by sliding the finger linearly across a
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small sensor surface. Only codes 0 through 3 and 8 shall be used; the "latent" codes are not relevant for this
part of ISO/IEC 19794.

Table 11 — Finger impression type

Description Code
Live-scan plain 0
Live-scan rolled 1
Nonlive-scan plain 2
Nontive-scan rofied 3
Latent impression 4
Latent tracing 5
Latent photo 6
Latent lift 7
Swipe 8
Reserved 9

8.2.1.3 Number of views in single finger record

Some systen)s may have more than one view for the same finger.pattern. The total number of views within
each single finger record shall be recorded in one byte.

8.2.1.4  Finger pattern quality

The quality of the overall finger pattern shall be between 0 and 101 and recorded in one byte. This quality
number is ar| overall expression of the quality of 'the finger pattern. A value of 0 shall represent the Ipwest
possible quallty and the value 100 shall represent the highest possible quality. The numeric values in thip field
shall be set ip accordance with the general.guidelines contained in Clause 7.56.5 of ISO/IEC 19784-1. Further,
a quality value of 101 indicates that the.acquired fingerprint image from which the finger pattern was derived
complied with Appendix F of the Electronic Fingerprint Transmission Specification.

8.2.1.5 Lenhgth of finger pattern spectral data block

The total length of the finger-pattern spectral data block and extended data block shall be recorded In two
bytes.

8.2.2 Finger pattern spectral data block
8.2.21 Vi1w-rmm1nr

Preceding the finger pattern spectral data is the view number, which, starting from 0 sequentially identifies
each of the views of a finger pattern contained in the single finger record. The view number shall be recorded
in one byte.

8.2.2.2 Finger pattern spectral data

The finger pattern spectral data shall be stored in a packed format with the data corresponding to the upper
left cell stored first, followed by the cell on right of this first cell, and so on until the last cell of the first row and
then subsequent rows are stored. If the size (in bits) of the complete encoded finger pattern spectral data is
not divisible by 8, pad the end of the data with zeroes until the size is divisible by 8.
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Let n represent the number of bits required to represent a single cell. Then the length, 1db, (in
finger pattern spectral data (including padding) can be calculated as follows:

a = (number of cellsin x - direction )x (number of cellsin y - direction )x  bits
b = a(modulo8)

If b=0, then 1db =a/8 bytes

If b=0,then Idb=(a+(8-5))/8 bytes

bytes) of the

The number of bits required to represent a single cell will vary depending on the spectral comp0||1ent selection

meth¢d used. Given the fact that there are a variable number of spectral components that-may b
cell, it is necessary to outline the naming and ordering of the spectral components that will be
recorg.

In the| case that the spectral component selection method field is:

phase offset, o, in that order.
—+ 1: and the most significant byte of the number of spectral components to be retained pe

value:

the phase, 6. The elements shall be ordered in increasing increments of £, then
below:

b retained per
stored in the

— 0: the spectral components to be stored include the propagation’ angle, 6, the wavelength, 1 and the

cell field has

— 0: all unique 2D DFT spectral componentsshall be recorded with the magnitude, ¢, followed by

va' as shown

A | Onn | %hn | 9nn o | e | Ot | Ynn | Ohn

O i

— 1. K, for K > 1, 2D ‘DFT spectral components shall be recorded in the followi
indexes, k and [~associated with the frequencies f, and fy respectively, foll

magnitude, «, and-phase, ¢, information.

Note that the actual floating point values of f, and /, need not be stored as these
recalculated with the integer valued indexes, k €{0,---,S—1} and /e {0,---,T

ng order: the
bwed by the

alues can be
1}, and the

resolution of the image in the x and y directions. Here S and T denote the numb
cells in the x and y directions, respectively.

Each index, k and /, shall be recorded in a variable number of bits according to

r of pixels in

e value of S

and 7, respectively, where k requires encoding in |_log2 S-| bits, and / required encoding in

ﬂog2 T—| bits. The number of bits needed to store « and & will vary depending on the bit-depths

specified for these parameters.
— 2:and the number of spectral components to be retained per cell field has value:

— 0: the index number, r, which represents the angle of rotation, 6, corresp
highest energy shall be recorded. When reading this field 90 degrees mus

onding to the
t be added to

the angle if the ridge flow, not the filter orientation, is desired. The bit-depth required to
store this index number is completely determined by the value in the number of
orientations field. Denote this value as M. Then the bit-depth required for storing this

index is: m =[log, M |.
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Table 12 — Gabor angle

Angle of Store as Read as
rotation, @ m-bit value ridge flow
0 0...000 90

1 180 0...001 L 180490
2m 2"

2 180 0...010 2 180+90
2m 2"

27 =2 180 1...110 ; x 180 + 90
27 =1 180 1..111 2 =1 180490
2171 2m

1: all Gabor magnitude for all specified frequencies and origntations shall be recorded.
See Table 13 below for data ordering.
— 2: all Gabor magnitude, o, and phase, 6, for all specified frequencies and orienthtions
shall be recorded. See Table 13 below for data ordering.

There may be several Gabor filters applied to the cell, as\determined by Clauses 8.1.16 and $.1.18,
the number of frequencies and number of orientations; respectively. If there are several {zabor
fillers, the information in the finger pattern spectral:data field will contain all information for tHe first
cqll, followed by all information for the next cell, asillustrated in Table 13 below.

Table 13 — Ordering of Gabor data

n-bits resulting

from applying

G(G,foﬂo)(s’t)
to first cell

n-bits resulting
from applying

G 1,.0)(5:1)
to first cell

n-bits resulting

from applying

G(O-’fogfmal)(S’t)
to first cell

n-bits resulting
from applying

G ,.0,)(5:1)
to first cell

n-bits resulting
from applying

G(O_’ffmal’gﬁnal)(S’t)
to first cell

n-bits resulting
from applying

G(.1,.0,)(5:1)
to second cell

Where the number of'bits, n, needed for storing the spectral components will vary dependi

th

8.2.2.3

The cell qual
the data corr

Cell quality data

b bit-depths specified for these parameters.

ty/data shall follow the finger pattern spectral data and shall be stored in a packed forma

ng on

t with

psponding to the upper left cell quality group stored first, followed by the cell quality gro

Lp on

right of this first cell quality group, and so on until the last cell quality group data of the first row and then
subsequent rows are stored. If the size (in bits) of the complete encoded cell quality data is not divisible by 8,
pad the end of the data with zeroes until the size is divisible by 8.

Let g represent the cell quality group granularity and let » represent the bit-depth of the quality score for each
cell quality group. Then the length, 1qd, (in bytes) of the quality data (including padding) can be calculated as

follows:

a =| (number of cellsin x - direction )/ g |x| (number of cellsin y - direction)/ g |x n bits

b = a(modulo8)

22
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If b=0, then lqd = a/8 bytes
If b+0,then lqd = (a+(8-0))/8 bytes
The quality score range for each cell quality group shall be as follows:

Table 14 — n-bit representation for quality score of each cell quality group

. ] Store as Read quality
If I fall :
quality score falls in range n-bit value: score as:

[nﬂ faNaYaYa) )
I. ,1, V... UUVJU J
[1,2) 0...001 1
[2,3) 0...010 2

b -22m -1) 1..110 " _p

2 -127) 1..111 5]

8.2.3| Extended data block

The gxtended data block of the finger pattern spectral data record is open to placing additional ¢lata that may
be used by the matching equipment. The size of this section'shall be kept as small as possiblg, augmenting
the data stored in the standard finger pattern section. The extended data for each finger view shall
immefiately follow the standard finger pattern spectraldata block for that finger view and shall {egin with the
Extended data block length field. More than one extended data area may be present for each finger and the
extenfled data block length field will be the summation of the lengths of each extended data segment. The
data block length is used as a signal for the existence of the extended data while the individual gxtended data
length fields are used as indices to parse the-extended data. Note that the extended data area cgnnot be used
alonef without the standard portion of the_finger pattern spectral record.

Table 15 — Extended data block

Extended Extended Extended Extended Extended
Extended Extended
data block | dataarea | dataarea data area data area data area data area
length = b g~type code | length=~n type code | length =p
\ A A A ] \ A A A
r hd h h g h i o h
2 bytes lb\Ebytes 2bytes »n bytes 2 bytes 2 bytes D bytes
—_——

b bytes — present only if block length not zero

8.2.3.1 - FExtended data block length

All finger pattern spectral data records shall contain the extended data block length. This field shall be
recorded in two bytes and will signify the existence of extended data. A value of all zeros (0x0000
hexadecimal) will indicate that there is no extended data and that the file will end or continue with the next
finger view. A nonzero value will indicate the length of all extended data (in bytes) starting with the next byte.
The block length will then be followed by the extended data area type code (8.2.3.2), the extended data area
length field (8.2.3.3) and the extended data area (8.2.3.4).

8.2.3.2 Extended data area type code

The extended data area type code shall be recorded in two bytes, and shall distinguish the format of the
extended data area (as defined by the Vendor specified by the CBEFF_BDB_product owner and
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CBEFF_BDB_product_type in the ISO/IEC 19785-1 header). A value of zero in both bytes is a reserved value
and shall not be used. A value of zero in the first byte, followed by a non-zero value in the second byte, shall
indicate that the extended data section has a format defined in this part of ISO/IEC 19794. A non-zero value in
the first byte shall indicate a vendor specified format, with a code maintained by the vendor. Refer to Table 16
for a summary of the extended data area type codes. If the extended data block length (8.2.3.1) for the finger
view is zero, indicating no extended data, this field shall not be present.

NOTE If vendor-defined extended data is present and the ISO/IEC 19785-1 Standard Biometric Header does not
support CBEFF_BDB_product_owner and CBEFF_BDB_product_type then the link between the extended data and
vendor is lost.

Tall
Fable-4t6—Extended-dataareatype—codes

First byte Second byte | Identification

0x00 0x00 Reserved

0x00 0x01 Reserved

0x00 0x02 Core and delta data (8.2.3.5)
0x00 0x03 Reserved

0x00 0x04-0xFF Reserved

0x01-OxFF 0x00 Reserved

0x01-OxFF 0x01-OxFF Vendor-defined extended data

8.2.3.3 Extended data area length

The length of the extended data area (in bytes), including’the vendor identification and length of data fields,
shall be recorded in two bytes. This value is used to“skip to the next extended data if the matcher dannot
decode and yse this data. If the extended data blockilength (8.2.3.1) for the finger view is zero, indicating no
extended datg, this field shall not be present.

8.2.3.4 Extended data area
The extended data area is defined by the equipment that is generating the finger pattern spectral record| or by

the core and|delta extended data format contained in this part of ISO/IEC 19794. If the extended data|block
length (8.2.3.[1) for the finger view|is zero, indicating no extended data, this field shall not be present.

8.2.3.5 Cqare and delta.data block

If the extend¢d dataarea type code is 0x0002, the extended data area contains core and delta information.
This format i$ provided to contain optional information about the placement and characteristics of the [cores
and deltas op_ the flnger pattern Only locations of core and delta that fall inside the bounds of the ffinger
pattern cell data-s . = . = . in the
fingerprint. There may be Zero or more core pomts and Zero or more delta pomts for any flngerprlnt Core and
delta points may or may not include angular information.

The following fields are available to store the core and delta information.

8.2.3.5.1 Number of cores

The number of core points represented shall be recorded in the most significant 4 bits of the first byte in the
core and delta data block. Valid values are from 0 to 15.
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8.2.3.5.2 Cell alignment flag

This field represents a flag and shall be recorded in two bits, immediately following the number of cores field.
A value of 1 or 2 in this field indicates that cellular partitioning (see 7.3) was performed according to cell
alignment to the first core or cell alignment to the first delta, respectively.

The first core (or delta) is considered to be the first enumerated core (or delta), raster-scanned from the upper
left corner of the finger pattern®).

Such alignment implies that the position of the first core (or delta) acts as a corner position for one or more
cells. See Figure 6 for examples of the first core and first delta acting as the corner position for exactly 4 non-

— 1 III X
/Ké a\ - delta; [
%‘Q\mm 1_______\5

Figure 6 — Non-overlapping cells aligned to first\core or first delta

For rlon-overlapping cells, additional information is required 6 determine which of the 4 possible cells
surrc::l:nding the first core or first delta is used for the alignment. The two bits following this flag w(ll provide this
infornpation.

Oncelthe alignment cell is determined, all remaining cells of the finger pattern are aligned accord|ngly.

A vallie of 0 in this field indicates that no information is provided on whether or not cells were gligned to the
first cpre or first delta, while a value of 3 is reserved for future use.

8.2.35.3 Cell alignment cell
This field shall be used in conjunction with the cell alignment flag to determine which of 4 possjble cells, cell

alignment is set to. This field shall'be recorded in the two bits, immediately following the cell alignment flag.
Valid yalues for this field shall be’as defined in Table 17.

Table 17 — Cell alignment cell specification

Cell alignment cell Value
Upper left cell 0
Upper right cell 1
Lower left cell 2
Lower right cell 3

If the value of the cell alignment flag is 0, indicating no cell alignment specified, this field shall be considered
as a reserved field and shall be set to 0.

1) The finger pattern here is referring to the input to Step 1) of Clause 7.3.
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8.2.3.54

Core information type

The next two bytes of the core and delta data block incorporate two fields: the core information type and the
core x coordinate. The core information type shall be recorded in the most significant 2 bits of these bytes.
The bits “01” will indicate that the core has angular information while “00” will indicate that no angular
information is relevant for the core type. If this field is “00”, then the angle fields shall not be present for this

core.

8.2.3.5.5

Core x coordinate

If there are ridge endings enclosed by the innermost recurving ridgeline, the ending next to the maximal

curvature of |
ridge endings

The core x cq
delta data blq

1< |ch|vi||9 IiUIHU“IIU Ulcﬁllcb ‘l;IU CUIT pUb;tiUll. if ti IS CUIC IS d u-tunl Uf d |iu'9c“||c IIUt CIlIU]
, the valley end gives the core position.

ordinate shall be recorded in the least significant 14 bits of the 2" and 3" bytes of the cor
ck. The coordinate shall be expressed in pixels at the resolution indicated in the-record h

and it shall bg defined with respect to the origin of the upper left cell of the finger pattern.

8.2.3.56 (
The core y G
coordinate. T
coordinate sH
with respect t

8.2.3.5.7 (
If the core h4
core has a di
direction of th
the open side

The angle of
a non-negati
grees. If the @

See Figure 7

ore y coordinate

pordinate shall be recorded in the least significant 14 bits of thé\2 bytes following the

he most significant 2 bits of this field are reserved bits and shall have the value 0. The

all be expressed in pixels at the resolution indicated in the record header and it shall be d
p the origin of the upper left cell of the finger pattern.

ore angle

s a direction it has to be encoded since having)a direction characterises the type of corg
rection if there is a ridge or a group of ridges>pointing towards it. The direction is defined
e tangent to these ridge lines as close as>possible to the core position. The tangent is poin
of the U-structured ridge.

the core shall be recorded in one byte in units of 1.40625 (360/256) degrees. The value sh
e value between 0 and 255, inclusive. For example, an angle value of 16 represents 22
ore information type is zero (see 8.2.3.5.3), then this field shall not be present.

for core and delta placemént examples.

LOOP
CORE & DELTA

WHORL
CORE & DELTAS

osing

e and
eader

ore x
Core y
bfined

. The
by the
ing to

all be
5 de-

26

Delta g .. {5 Delta

R

Figure 7 — Example core and delta placement
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8.2.3.5.8 Number of deltas

The number of delta points represented shall be recorded in the most significant four bits of the next byte.
Valid values are from 0 to 15. The least significant 4 bits of this byte shall be reserved and shall be set to zero.

8.2.3.5.9 Delta information type

The delta information type shall be recorded in the first two bits of the upper byte of the x coordinate of the
delta. The bits “01” will indicate that the delta has angular information while “00” will indicate that no angular
information is relevant for the delta type. If this field is “00”, then the angle fields shall not be present for the
deltas.

8.2.3.

For a
sprea
sprea

The A
The ¢
defing

8.2.35.11 Deltay coordinate

The
coord
shall

to the

8.2.356.12 Delta angles

For a
starts

5.10 Delta x coordinate

delta we find three points of divergences placed between the two ridges at the lecation wh
ding apart. The position of the delta is defined by the mean of these three points. A
ding apart of two lines which have been running parallel or nearly parallel.

coordinate of the delta shall be recorded in the lower fourteen bits of the*next two bytes (
oordinate shall be expressed in pixels at the resolution indicated in\the record header a
d with respect to the origin of the upper left cell of the finger pattern.

nate. The most significant 2 bits of this field are reserved bits and shall have the value 0.T
pe expressed in pixels at the resolution indicated.in the record header and it shall be define
origin of the upper left cell of the finger pattern;

| observable divergences the direction-is defined by the direction of the tangent before the
to diverge. The tangent shall pointffrom divergent towards parallel running lines.

The
degr

of 16|represents 22.5 degrees. If not all three angles can be extracted from the image data bec

ree angle attributes of theldelta shall each be recorded in one byte in units of 1.406
s. The value shall be a hon-negative value between 0 and 255, inclusive. For example, a

ere they start
Hivergence is

ourteen bits).
hd it shall be

coordinate of the delta shall be placed in the lower fodrteen bits of the two bytes followipg the delta x

he coordinate
| with respect

pair of ridges

25 (360/256)
h angle value
huse of noise

or image boundary, the angle field is filled by repeating the determined values. If the delta inforfnation type is

zero (see 8.2.3.5.9), then-this field shall not be present.

© ISO/IEC 2006 — All rights reserved

27


https://iecnorm.com/api/?name=d665ab07f904ba9337b4af901440c05b

ISO/IEC 19794-3:2006(E)

8.2.3.5.13 Core and delta block summary

The core and delta format shall be as follows:

8.2.3.5.1 8.2.3.5.2 8.2.353 82354 8.2.3.5.5 8.2.3.5.6 8.2.3.5.7
Number Cell Cell Core Core
alignment alignment info Core x location Reserved Core y location cee | eee | eee
of cores angle
flag cell type
gfugy;gg flag spec(;f?(ilation type core x coordinate reserved core y coordinate angle
— W ¥ A y S N S N NS I — NS
\ 4 bits 2 bits 2 bits 2 bits 14 bits 2 bits 14 bits 1 byte
g N Y only present if Zerg or more
1 byte 2 bytes 2 bytes core info type additional
not zero cores
8.2.3.5.8 8.2.3.5.9 8.2.3.5.10 8.2.3.5.11 8.2.3.5.12
Number Delta
Reserved info Delta x location | Reserved Delta y location Delta angles eee | eee | eee
of deltas t
ype
gfuzzzg reserved type delta x coordinate reserved delta y coordinate ang1 ang2 ang3
H_H_H_j%/—/%(_j\ Y - T A '
4 bits 4 bits 2 bits 14 bits 2 bits 140jts 3 bytes
S ~ ~" " ~
only present if zero or more
1 byte 2 bytes 2 bytes delta info type additional
not zero deltas
8.3 Summary of finger pattern spectral-data record
Table 18 — Summary of finger pattern spectral data record
Field Size (bytes) [Valid values Notes
Format id¢ntifier 4 0x46535000 ('F'["FSP" implies Finger pattern SPectral
'S''P' 0x00)
Version nymber 4 0x30313000 ('0" [ Major version number: 01
'1''0' 0x00) ) )
Minor version number: 0
Length of fecord 4 47 to 2%21 Length provided specifies number of |bytes.
Every field of record to be included in lenpth.
S
§ Number of smgtefimrgerrecords + t+10255
Q
< | (horizontal) resolution 2 1t0 2"%-1 ROUND(ppcm)
S
8 | (vertical) resolution 2 110 2"°-1 ROUND(ppcm)
)
& | Number of cells in x-direction 2 1t0 2"%-1
Number of cells in y-direction 2 1to 251
Number of pixels in cells in x-direction 2 1t0 2"%1
Number of pixels in cells in y-direction 2 110 2"°-1
Number of pixels between cell centres in 2 0 to 255 0 would imply a single cell in the x-direction
x-direction
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N
QS

Field Size (bytes) | Valid values Notes
Number of pixels between cell centres in 2 0 to 255 0 would imply a single cell in the y-direction
y-direction
Spectral component selection method 1 0,1,0r2
Type of window If SCSM@:
0 <field not present>
1 Oor1 1
2 <field not present>
Standard deviation SCSM:
0 <field not present>
1 and type of window:(0, <field rfot present>
0 to 2%21 1 and type of window: 1
¢ 0 to 2%-1 2
Number of frequencies SCSM:
0 or1 <field not present>
1to 2'°1 2.
2 The value in this field is used fo determine the
length (in bytes) of the next field.
Frequencies << (o) SCSM:
/)Q 0 or 1 <field not present>
4 x number |@Mo 2%%-1 (for each|2
of frequencies;Mfrequency)
Number of orientations %] SCSM:

0 or 1 <field not present>

1 1to 255 2

Number of spectral components to be]) SCSM:

ptained per cell 0 <field not present>
5 1 MSBP: 0 or 1 1

4 LSBsC: 0 to 2%%-1

0,10r2

Bit-depth of propagation angle of the co-
inusoidal function

1t0 8

SCSM:
0

1 or 2 <field not present>

tit-depth of wavelength of co-sinusoidal
netion

1t0 8

SCSM:

U

1 or 2 <field not present>

Bit-depth of phase

1t0 8

SCSM:
Oor1

2 and the number of spectral components to be
retained per cell: 0 or 1 <field not present>

1t08

2 and the number of spectral components to be
retained per cell: 2
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Field Size (bytes) | Valid values Notes
Bit-depth of magnitude SCSM:
0 <field not present>
1t08
2 and the number of spectral components to be
retained per cell: 0 <field not present>
1t0 8 2 and the number of spectral components to be
retained per cell: 1 or 2
Bit-depth of quality score 1t08
Cell quality group granularity 0 to 255 (Cell quality group granularity)> = numper of
cells in cell quality group
Reserved Bytes 0
Field Size (bytes) [Valid values Notes
Finger location 1 0to 10
Impression type 1 0to 3,8
% Npmber of views in single finger record 1 1to 255
(4]
I Finger pattern quality 1 0 to 104
Length of finger pattern spectral data 2 0 to 21 Length provided specifies number of joytes
blpck
View number 1 0 to 255
-g Fihger pattern spectral data 1db 0 to 20%14) _ Data
0
o S Note: Let n represent the number pf bits
g % required to represent a single cell] Then
< - the length, 1db, (in bytes) of the|finger
"é g pattern spectral data (including pgdding)
o = can be calculated as follows:
Z g a = (number of cells in x-directjon) x
> (number of cells in y-direction) x » bits
c
§ b = a (modulo 8)
b If b= 0, then 1db = a / 8 bytes
qé': If b = 0, then 1db = (a + (8-b)) / 8 byte
[ The number of bits, n, required to
represent a single cell will vary depgnding
on the spectral component sejection
method used.
30 © ISO/IEC 2006 — All rights reserved



https://iecnorm.com/api/?name=d665ab07f904ba9337b4af901440c05b

ISO/IEC 19794-3:2006(E)

Field

Size (bytes)

Valid values

Notes

Cell quality data

lqd

0 to 204449 1

Data.

Present only if cell quality group granularity
=0

Note: Let g represent the cell quality group
granularity and let » represent the bit-depth
of the quality score for each cell quality
group. Then the length, Iqd, (in bytes) of
the cell quality data can be calculated as
follows:

a =| (number of cells in x-direction) / g | x

L (number of cells in y-dird
bits

b = a (modulo 8)
If b=0, then 1qd_= a / 8 byte
If b+ 0, then'lqd = (a + (8-

ction) / g | x n

S

)) / 8 bytes

Extended data block length

0to2'®-1

Length provided specifies 1}

umber of bytes

Extended data area type code

0to2"4

Present only if extended d
#0

bta block length

Extended data area length

0'to 2'¢-1

Length provided specifies 1}

Field present only if exter
length = 0

umber of bytes.

ded data block

Extended data block

Extended data area

Length/of
extended data
area (lda)

1 to 2d) _q

Field present only if exter
length = 0

ded data block

b ISB = Most Significant Byte

¢ SBs = Least Significant Bytes

a ECSM = Spectral Component Selection Method

9 HRinger pattern spectral data card format

Biomeétric matching-algorithm parameters are used to indicate implementation specific values tg
by the outside werld when computing and structuring verification data. They can be encoded as
embedded in‘a-Biometric Information Template as defined in ISO/IEC 7816-11.

For thefinger pattern spectral card?) format, the header entries expected by the card are recordq

be observed
Data Objects

d in the Data

Objectas stown betow:

2) The term “card” is used for smartcards as well as for other kind of tokens.
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Tag Length | Parameters
'91' 9 Length | Description
2 Number of pixels in cells (both x and y-direction)
2 Number of pixels between cell centres (both x and y-direction)
1 Bit-depth of propagation angle of co-sinusoidal function
1 Bit-depth of wavelength of co-sinusoidal function
1 Bit-depth of phase
1 Bit-depth of quality score
1 Cell quality group granularity
If this Data Object is not present in the Biometric Information Template, the default values as shown in[Table
19 will apply.
Table 19 — Finger pattern spectral data card format
Field Value
x (horizontal) Resolution 100 ppcm
y (vertical) Resolution 100 ppcm
Number of pixels in cells in x-direction 5
Number of pixels in cells in y-direction 5
Number of pixels between cell Centres irig-direction 5
Number of pixels between cell Centres.in y-direction 5
Spectral component selection method 0
Bit-depth of propagation angle of co-sinusoidal function 3
Bit-depth of wavelength of.Co-sinusoidal function 3
Bit-depth of phase 3
Bit-depth of quality score 3
Cell quality~group granularity 2
NOTE For the finger pattern spectral data card format, the full finger pattern spectral data record is submitfed for
storage on the|card.
The number pf célls*in x direction is stored in 1 byte at a resolution of 100 ppcm. The number of cells in y
direction is stpred/in 1 byte at a resolution of 100 ppcm.
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Annex A
(informative)

Finger pattern spectral data record examples — quantized co-sinusoidal

triplet spectral component selection method

This informative annex provides two examples of finger pattern spectral interchange data using the quantized

co-sin

A.1 Example 1

Table
400x6
data

The g
dimer

Choo
storag
bits, t

Choo
cells.
requir
the re

usoidal triplet spectral component selection method

A.1 represents an example finger pattern spectral data record created using ‘an input i
00 pixels and sampled at 500 ppi (197 ppcm), with no reduction in resolution or image crg
torage.

ellular partitioning of the finger pattern comprises dividing the entirg.finger pattern into a g
sion 5x5 pixels. The cellular representation grid thus contains 80x120 cells.

5ing bit-depths for 6, 4 and 6 as 4, 3 and 3, respectively, itnplies that each cell requires 1
e. Since there are 80x120 cells, the finger pattern spectral data will have size 80x120x10Q
hus requiring 12000 bytes of storage.

5ing a value of 2 for the cell quality group granularity indicates that a cell quality group ¢
For the example stated here with 80x120 cells, ‘and a quality granularity of 2, 2400 quality
ed. With a quality score bit-depth of 4, this implies 1200 bytes of quality information will &
cord.

mage of size
pping prior to

rid of cells of

D bits of data
bits = 96000

bmprises 2x2
scores will be
e included in

Table A.1 — Finger pattern spectral data record — quantized co-sinusoidal triplets example 1

Field Size (bytes) Values
Format identifier 4 0x46535000
('F''S''P' 0x00
Version number 4 0x20313000
("0''1''0' 0x00)
Length of record 4 13246
Number of single finger records 1 1
x (horizontal) resolution 2 197 (ppcm)
v (vertical) resolution 2 197 (ppcm)
Number of cells in x-direction 2 80
Number of cells in y-direction 2 120
Number of pixels in cells in x-direction 2 5
Number of pixels in cells in y-direction 2 5
Number of pixels between cell centres in x-direction 2 5
Number of pixels between cell centres in y-direction 2 5
Spectral component selection method 1 0
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Field Size (bytes) Values
Bit-depth of propagation angle of co-sinusoidal function 1 4
Bit-depth of wavelength of co-sinusoidal function 1 3
Bit-depth of phase 1 3
Bit-depth of quality score 1 4
Cell quality group granularity 1 2
Reserved bytes 2 0
Finlqer location 1 2
Im;Lression type 1 0
Number of views in single finger record 1 1
Finger pattern quality 1 80
Lemgth of finger pattern spectral data block 2 13201
Vigw number 1 0
Finger pattern spectral data 12000 <data>
Ce|l quality data 1200 <data>
Exiended data block length 2 0

A.2 Exam

The following
size 400x60(
cropping perf

The example
finger pattern

In this exam(
pattern into a

Choosing bit-
sinusoidal trig

represented By the most-similar of the 1024 cell structures (using the closest match approach steps outli

7.4.1). Each
cell consists
information).

ble 2

pixels and sampled at 500 ppi, as in example 1, but with reduction in resolution and
brmed.

image is first cropped to 300x400-pixels and then re-sampled to 200 ppi (79 ppcm), to prog
of dimension 120x160 pixels.

le, the cellular partitioning of the finger pattern comprises dividing the entire portion of the
grid of cells of dimension 5x5 pixels. The cellular representation grid thus contains 24x32 @

depths for 6, 1 and-6 as 4, 3 and 3, respectively, implies there are 2'%x2°x2° = 1024 possib
lets (and corresponding cell structures) in the quantized set. The actual finger pattern cell

cell requires: 10 bits of data storage, reduced from 200 bits per cell (recall that in this exan
bf a grid~of 5x5 pixels, each pixel represented by 1 byte = 8 bits, thus giving 5x5x8 = 200
The resulting data will comprise the majority of the finger pattern spectral data record.

table represents an example finger pattern spectral data record created using an input image of

mage

uce a

finger
ells.

le co-
vill be
ned in
ple a
Dits of

Since there are 24x32 cells in this example, the finger pattern is represented by 24x32x10 bits = 7680 bits,
thus requiring 960 bytes of storage.

Choosing a value of 2 for the cell quality group granularity indicates that a cell quality group comprises 2x2
cells. For the example stated here with 24x32 cells, and a quality granularity of 2, 192 quality scores will be
required. With a quality score bit-depth of 4, this implies 96 bytes of quality information will be included in the

record.

This data record thus occupies a total of 1102 bytes. The values for the example record are provided in Table
A.2 (all values, except the format identifier and version number, are given in decimal form).
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