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Abstract

This is the revised version of INCITS 377-2004 “Finger Patteaia Interchange
Format” standard. This standard specifies an interch&mgeat for the exchange of
pattern-based fingerprint recognition data. It describesdhgersion of a raw fingerprint
image to a cropped and down-sampled finger pattern followedthby cellular
representation of the finger pattern image to creatdiiger-pattern interchange data.

The main points of difference between this revised e@arand the original standard are
the inclusion of two new fields in the Record Header parthe Finger Pattern Data
Record. These new fields are called Capture Equipment liZoop (see Section 6.2.4.2)
and Capture Equipment ID (see Section 6.2.4.3). The resisedard also describes a
method to store (optional) Core and Delta informatiorthe Extended Data field of
Finger Pattern Data record (see Section 6.3.2.2). The atlumeges were done to
improve the standard’s usability from a commercial poirnview and also to harmonize
it with INCITS 378-2004 “Finger Minutia Format for data Intemnbe” standard.



Introduction

In the interest of implementing interoperable persbimahetric recognition systems, this
revised version of ANSI/INCITS 377-2004 standard establislizgaainterchange format
for pattern-based fingerprint recognition algorithms.

Pattern-based algorithms process "global" sections arhddiric images, in contrast to
feature-based algorithms, which extract particular featurePattern-based algorithms
have been shown to work well with the demanding, but ceroialy-driven, fingerprint
sensor formats such as small-area and swipe sensorBue to cost and size
considerations, these small-area and swipe fingerprinsose are desirable for
deployment in portable devices such as laptops and PDA's.

Implementation of INCITS 377-2004 had revealed that thedatdnis not in sufficient
harmony with other relevant national and internatiostandards currently under
development. It had also become clear that harmonizihgreements (e.g. the inclusion
of core and delta information) could further lead tcasurable improvements in inter-
vendor and inter-system interoperability of verificat&ystems that use it. As a result, an
amendment project for INCITS 377 was initiated within INSIM1.3 Task Group.
Later during this project, the M1.3 Task Group came to \mlithat the intended
interpretive and technical changes would be more easilyrporated as a revision to
INCITS 377 rather than a separate amendment projeeaslfurther agreed that the body
of work which has been done towards an amendment will tbenbbasis of the proposed
revision. The main objective of the revision projecttasrevise certain parts of the
standard in order to lead to improved consistency witbrostandards as well as better
interoperability.

As a standard biometric data format the data record figgean this standard will be
embedded in a CBEFF-compliant structure in the CBEFF BinmData Block (BDB).

The CBEFF Format Owner assigned by the Internatiommah&tric Industry Association
(IBIA) to INCITS Technical Committee M1 will be used. §hs the sixteen-bit value
0x001B (hexadecimal 1B or 27 decimal).

There are two different CBEFF Format Type codes asdigo the data record specified
in this standard. They will be included in the CBEFF Headée sixteen-bit value
0x0301 is used for records with no extended data area anettgensbit value 0x0302 is
used for records that contain an extended data area.



1 Scope

This revised ANSI/INCITS Standard specifies an interchdageat for the exchange of
pattern-based fingerprint recognition data.

2 Conformance

A biometric system or algorithm conforms to this standaidsatisfies the mandatory
requirements for the generation of the finger patteliirdfermation as defined in section
5 and the generation of the data record as described innséct

3 Normative References

The following standards contain provisions that, throudgreace in this text, constitute
provisions of this standard.

ANSI/INCITS 358-2002 - Information technology - BioAPI Sgagition

ANSI/NIST-ITL 1-2000, Standard Data Format for the Intargie of Fingerprint,
Facial, & Scar mark & Tattoo (SMT) Information

NISTIR 6529-A-2003 - Common Biometric Exchange Framework Bo(@BEFF)

4 Terms and Definitions

4.1 Biometric

A measurable, physical characteristic or personal beta#i@it used to recognize the
identity of an individual.

4.2 Biometric Algorithm

A sequence of instructions used by a biometric system to ggdemetric information.
A biometric algorithm will have a finite number of ste@sd is typically used by the
biometric system to compute whether a biometric saapiea reference template match.

4.3 Biometric Data

Information extracted from a biometric sample and usédereito build a reference
template (template data) or to compare against a previcusiited reference template
(comparison data)

4.4 Biometric Sample

Raw data representing a biometric characteristic ofead-user as captured by a
biometric system (for example the image of a fingetprin

4.5 Biometric System

An automated system capable of:
capturing a biometric sample from an end user;
extracting biometric data from that sample;



comparing the biometric data with that contained in anaare reference templates;
deciding how well they match; and
indicating whether or not an identification or veritioa of identity has been achieved.

4.6 Bit-Depth
The number of bits used to represent a data record pa&ramet

4.7 Capture
The method of taking a biometric sample from the end user

4.8 Caell
Sub-portion of Finger Pattern (see 4.17).

4.9 Cell Structure
Structure used to represent the information contentsllof ce

4.10 Cell Quality Group
The Group of Cells to which the Finger Quality paramestars.

4.11 Comparison

The process of comparing a biometric sample with a preyistsied reference template
or templates.

4.12 Crop
Remove the outer regions of an image.

4.13 Dimension
Number of pixels in an acquired biometric sample imateex- or y-direction.

4.14 Down-sample

Reduce the resolution of an image by re-sampling the imageis reduces the number
of pixels accordingly.

4.15 Encryption

The act of converting plaintext into cyphertext throudfe use of an encryption
algorithm.

4.16 Enrollment

The process of collecting biometric samples from arnviddal and the subsequent
preparation and storage of biometric reference templates.

4.17 Finger Pattern
Sub-portion and/or down-sampled version of a raw fingerpriage (see 4.22).



4.18 Finger Pattern Interchange Data

Data derived from the Finger Pattern and stored for subsequatcthing with a
candidate fingerprint.

4.19 Maximal Spatial Frequency

The maximal spatial frequency is the (spatial) frequextayhich exactly two samples of
an image span a complete period of a (co)sinusoidérpat This is therefore the
maximal spatial frequency that can be supported by a sampbogution, and is known
as the Nyquist frequency.

4.20 Packed Data Format

Data are stored in a compacted bit form with no recepadustors or field tags - fields are
separated by bit count only.

4.21 Pad

Embed an image in a larger array (usually filled with esydo produce a resulting image
of greater dimension.

4.22 Raw Fingerprint Image

Biometric sample as captured by a fingerprint sensor. ralhsmage will usually retain
the full resolution and spatial extent permitted by #mwsser.

4.23 Biometric Reference Template
Processed Biometric Data stored as representative afser’s biometric sample.

4.24 Resolution

The number of picture elements (pixels) per unit length sgampled fingerprint image.
Pixels per cm (ppcm) will be used in this standard asitiits of resolution. Note that 1
dot per cm (ppcm) 2.54 pixels per inch (ppi).

4.25 Template Size

The amount of computer (or storage medium) memory takeryuphe biometric
reference template.



5 Finger Pattern Interchange Data

5.1 Overview

This ANSI/INCITS standard for finger pattern interchangedsbased on:
1) conversion of the raw fingerprint image to a cropped andnesampled finger
pattern, followed by;
2) cellular representation of the finger pattern image reate the finger pattern
interchange data.

5.2 Step 1) Reduction in resolution

Pattern based fingerprint algorithms require less imagelugon than is traditionally
provided by sensors. Therefore, the first step in datact®n typically involves a re-
sampling of the data to a lower resolution. If theadae re-sampled, this shall be to a
resolution of no less than 78.8 ppcm (200 ppi). The origtheraw fingerprint image
and the re-sampled data is located at the upper leftrcdfoe an image, ‘X’ represents
the horizontal coordinate; is measured from the origig increases from left to right.
Similarly, ‘y’ represents the vertical coordinate;asared from the origin; and increases
as we move from top to bottom

5.3 Step 2) Cellular Representation
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Figure 1. Diagram to illustrate Cellular Representation of Fingsitd?n.

Cellular representation of the finger pattern data caaprdividing the central, or other,
portion of the finger pattern into a grid of cells. &%ch cell the finger pattern shall be
represented by one of a number of different cell strust@® specified below.



5.3.1 Cell Structure

Each of the candidate cell structures for representiadotcal finger pattern data at each
cell is defined by a two-dimensional cosinusoidal patteee figures 2 and 3). The origin
of cell coordinates is the lower, left pixel. Eaclitpen is defined by three parameters; the
ridge angleq, the ridge wavelength,, and the phase offset, as illustrated in figure 2
b).

Sample

/ Cell o

/d /

Figure 2. Cellular Representation of Finger Pattern.
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The range of each of these parameters is given below:

g: O to 180 degrees (where 0 degrees is defined as paralel yp or vertical, axis, and
a positive increase @f corresponds to a clockwise rotation)

| . is encoded to represent the spatial frequency rangdN@quist Frequency as shown
in Table 1.

d: O to 360 degrees (where O degrees corresponds to a ridgecbwioglent with the
origin of a cell)

Table 1. m-bit representation lbf

VALUE (m-bits) | Spatial frequency Il
0...000 0 infinity
1...110 (2™-2) /(2" Nyquist 1/f
1...111 (2™-1)/(2") Nyquist 1/f




Figure 3 below demonstrates an example of a finger pattdr a) and the resulting cell
structure that is chosen to represent it b). Bothihef images in this figure were
enhanced for illustrative purposes.

N oS

a) b)

Figure 3. a) Example of the local finger pattern
information in a cell, and b) the resulting cell
structure chosen for representation.

In this manner, each of the finger pattern cells is spmed by one of the possible
permutations of cell structure. The resulting dataeaithprise the majority of the public
portion of the Finger Pattern Data Record.

5.4 Quality

For each group of cells defined above, a quality parameteides an indication of the
quality of the information in that group of cells, witlgher numbers indicating better
quality. A quality granularity parameter will specifyetmumber of cells in a Cell
Quality Group: for example a value of 1 indicates a grouppises 1x1 cells; and a
value of 2 indicates that a group comprises 2x2 cells. v&he of the quality parameter
shall be scaled between 0 a1 where N is the number of bits used to specify the
quality parameter. A value of O shall represent thee$h possible quality and the value
2V-1 shall represent the highest possible quality. Theengnaalues in this field will be
set in accordance with the general guidelines contaimedSection 2.1.46 of
ANSI/INCITS 358-2002, "The BioAPI Specification”. Sometfars that contribute to
the quality of the finger pattern cell information are gsagple resolution, gray scale
linearity, spatial distortions, and location of thager core within the raw fingerprint
image.

5.5 Confidentiality of Biometric Data

Note that it is recommended that biometric data protetéiomiques in ANSI/X9 X9.84
or ISO/IEC 15408:1999 are used to safeguard the biometric data ddékmein for
confidentiality, integrity and availability, if required.



6 Finger Pattern Data Record

6.1 Introduction

The finger pattern record format is used to provide interbgiyabetween pattern-based
fingerprint recognition systems. The record format aimist both public and extended
(proprietary) finger pattern interchange data. Withetkeeption of the Format Identifier
and the Version number for the standard, which areteuthinated ASCII character
strings, all data is represented in binary format. Tlaeeeno record separators or field
tags; fields are parsed by byte count.

The biometric data record specified in this standard shak#rbeedded in a CBEFF-
compliant structure in the CBEFF Biometric Data Blo&DB). The CBEFF Format
Owner assigned by the International Biometric Indugtsgociation (IBIA) to INCITS

Technical Committee M1 shall be used. This is the sixb#ernvalue 0x001B

(hexadecimal 1B or 27 decimal).

One of the two following CBEFF Format Type values shwl used in the CBEFF
Header. The sixteen-bit value 0x0301 shall be used fordsasith no extended data
area and the sixteen-bit value 0x0302 shall be used ford®that contain an extended
data area.

The organization of the record is as follows:

A fixed-length (36 bytes) Record Header containing informaaioout the overall record,
including the number of Finger Patterns represented andvémaliorecord length in
bytes;

A single Finger Pattern Record for each finger, consisiing

Fixed length header (6 bytes) containing information abweitdiata for a single
finger

Finger pattern interchange data block (the block of ceh datfollowed by a
block of quality data).

Extended data block - containing vendor-specific data.



Finger Pattern Data Record

Finger Pattern 1

Record { {  Finger Pattern : Extended

Headeré/ i Interchange Data i Data
Finger Pattern
Record Header

Figure 4. Diagram of Finger Pattern Data Record

All multi-byte quantities are represented in Big-Endiannfat; that is, the more

significant bytes of any multi-byte quantity are storetbaer addresses in memory than
(and are transmitted before) less significant bytes.nineric values are fixed-length

integer quantities, and are unsigned quantities.

6.2 Record Header

There shall be one and only one record header for tgerfipattern record, to hold
information describing the identity and characteristicdevice that generated the data.

6.2.1 Format Identifier

The Finger Pattern Record shall begin with the three ASkdracters "FPR" followed
by a zero byte as a NULL string terminator.

6.2.2 Version Number

The version number for the version of this standard usewmbmstructing the pattern
record shall be placed in four bytes. This version numsheail consist of three ASCII
numerals followed by a zero byte as a NULL string teator. The first and second
character will represent the major revision numbertaedhird character will represent
the minor revision number. Upon approval of this speatibo, the version number
shall be " 10" (an ASCII space followed by an ASCII 'H an ASCII '0").

6.2.3 Length of Record
The length of the entire record shall be recorded in ligtes.



6.2.4 Equipment Identification and Compliance

6.2.4.1 CBEFF Product Identifier (PID)

The ‘owner’ of the encoding equipment (or transformapglication) shall be uniquely
identified by the two most significant bytes of the CBEFroduct ID Qwner). A value
of zero shall not be used.

The finger pattern recognition biometric algorithm versball be uniquely identified as
the least significant two bytes of the CBEFF Product(T¥pe). When not reported, a
value of all zeros shall be used. The Type value ofBEFF Product ID is established
by the vendor. The value can be obtained from the MBéh site if it is posted or directly
from the vendor.

The CBEFF Product ID is specified in the augmented versicCBEFF (NISTIR 6529-
A). PID codes will be assigned by the InternationabrBetric Industry Association

(www.ibia.org.

Refer to the CBEFF standard for the definition of CBHFormat Owner and Format
Type, the CBEFF Product Identifier and information on hHowobtain a CBEFF PID
from IBIA.

Note: The header of the BIR specified in ANSI/INCITS 358-2002, thaPBio
specification does not specify the CBEFF PID field. Therefar@ddition to including
the CBEFF PID in the CBEFF header, it needs to be included ifinger pattern data
record format.

6.2.4.2 Capture Equipment Compliance

Four bits are reserved to indicate compliance ofitfeege capture equipment used to
originally acquire the image from which the finger patteras extracted. The most
significant bit, if set to a 1, shall indicate that g#gipment was certified to comply with
Appendix F (IAFIS Image Quality Specification, January 29, 1999JIS-RS-0010, the
Federal Bureau of Investigation’s Electronic FingerprirgriBmission Specification. The
other three bits are reserved for future compliance italisa

6.2.4.3 Capture Equipment ID

The capture equipment ID shall be recorded in twelve Bitgalue of all zeros will be
acceptable and will indicate that the capture equipmens [nreported. The value of
this field is determined by the vendor. Applications develpegy obtain the values for
these codes from the vendor.

6.2.5 Number of Finger Patterns in Record
The total number of finger patterns in the record dfeltontained in 1 byte.



6.2.6 Size of Finger Pattern in x-direction
The size of the finger pattern (in pixels) in the pediion shall be contained in 1 byte.

6.2.7 Size of Finger Pattern in y-direction
The size of the finger pattern (in pixels) in the gedtion shall be contained in 1 byte.

6.2.8 Resolution of Finger Pattern in x-direction

The resolution (in ppcm) of the finger pattern(s) in thergadion shall be record in 2
bytes. The stored valued shall be ROUND(ppcm).

6.2.9 Resolution of Finger Pattern in y-direction

The resolution (in ppcm) of the finger pattern(s) in thergadion shall be record in 2
bytes. The stored valued shall be ROUND(ppcm).

6.2.10 Number of Cells in x-direction
The number of finger pattern cells in the x-directibalsbe recorded in 1 byte.

6.2.11 Number of Cells in y-direction
The number of finger pattern cells in the y-directibalkbe recorded in 1 byte.

6.2.12 Number of Pixels in Cells in x-direction
The number of pixels in the x-direction of each séHll be recorded in 1 byte.

6.2.13 Number of Pixels in Cells in y-direction
The number of pixels in the y-direction of each sélll be recorded in 1 byte.

6.2.14 Cellular x-offset

The number of pixels in the x-direction of the fingett@an before the first cell shall be
recorded in 1 byte.

6.2.15 Cellular y-offset

The number of pixels in the y-direction of the fingett@an before the first cell shall be
recorded in 1 byte.

6.2.16 Bit-depth of Cell Structure Angle
The bit-depth used to represent the Cell Structure Anglé It recorded in 1 byte.

6.2.17 Bit-depth of Cell Structure Wavelength
The bit-depth used to represent the Cell Structure Wavelshgthbe recorded in 1 byte.

6.2.18 Bit-depth of Cell Structure Phase Offset

The bit-depth used to represent the Cell Structure Phdset@hall be recorded in 1
byte.
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6.2.19 Bit-depth of Cell Structure Quality
The bit-depth used to represent the Cell Structure Quélkitl Ise recorded in 1 byte.

6.2.20 Cell Quality Granularity

The granularity of the cell quality shall be recordedlirbyte. The granularity is
calculated as SQRT(Number of Cells in Cell Quality @xpo

6.2.21 Reserved Bytes

Two bytes are reserved for future revision of this spetibn. For Version 1.0 of this
standard, these byte values must be set to O.

6.3 Single Finger Pattern Record Format

6.3.1 Finger Pattern Record Header

A finger header shall start each section of finger gataviding information for that
finger. There shall be one finger header for each fingetaowd in the finger pattern
record. The finger header will occupy a total of sixelsyas described below.

6.3.1.1 Finger Location

The finger location shall be recorded in one byte. The <dalethis byte shall be as
defined in Table 5 of ANSI/NIST-ITL 1-2000, "Data Format fine Interchange of
Fingerprint Information”. That table is reproduced here @ aplfor convenience. Only
codes 0 through 10 shall be used; the "plain" codes arele@mée for this standard.

Table 2 - Finger Location Codes

Finger location Code
Unknown finger 0
Right thumb 1
Right index finger 2
Right middle finger 3
Right ring finger 4
Right little finger 5
Left thumb 6
Left index finger 7
Left middle finger 8
Left ring finger 9
Left little finger 10
Plain right thumb 11
Plain left thumb 12
Plain right four 13
Plain left four fingers| 14
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6.3.1.2 Impression type

The impression type of the finger image(s) shall bendg=d in this one byte field as
described in Table 3 below. Non-live entries refer to imaganned from cards or other
media. The codes used here are compatible with thoséiomeh in Table 4 of
ANSI/NIST-ITL 1-200, "Data Format for the Interchange fioigerprint Information”,
with the addition of the "swipe" type. The swipe tygentifies templates derived from
the image streams generated by sliding the finger lin@arlyss a small sensor surface.
Only codes 0 through 3, 8, and 9 shall be used; the "lated€'s are not relevant for this
standard.

Table 3 - Finger impression type

Description Code
Live-scan plain | O
Live-scan rolled | 1
Nonlive-scan 2
plain

Nonlive-scan 3
rolled

Latent impression 4
Latent tracing 5
Latent photo 6
Latent lift 7
Swipe 8
3-D Live-Scan 9
Reserved 10

6.3.1.3 Number of Views in Finger Pattern

Some systems may have more than one finger recoridaaime finger. Each of these
records represents a different view of the finger. i@l number of views within each
Finger Pattern Record shall be recorded in 1 byte.

6.3.1.4 Finger Pattern Quality
The quality of the overall finger pattern shall be betw@and 100 and recorded in one
byte. This quality number is an overall expression ofjnglity of the finger pattern. A
value of 0 shall represent the lowest possible qualitytlaadalue 100 shall represent the
higher possible quality. The numeric values in this fieildllve set in accordance with the
general guidelines contained in Section 2.1.46 of ANSI/M8C858-2002, "The BioAPI
Specification”.

6.3.1.5 Length of Data Block

The total length of the finger data block (including theeealed data) shall be contained
in 2 bytes.
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6.3.2 Finger Pattern Data
6.3.2.1 Finger Pattern Interchange Data

6.3.2.1.1 View Number

Preceding the Finger Pattern Cell Data is the ViawmNer, which is a number starting
from O that sequentially identifies each of the views dinger contained in this finger
pattern record. The view number shall be recordecbiytel.

6.3.2.1.2 Finger Pattern Cell Data

For each cell, the parametefg,/,a) shall be quantized and bit-packed in that order.
Then, the data for all the cells comprising theyénpattern shall be bit-packed together
with the data corresponding to the upper left stdred first, followed by the cell to the

right of this first cell, and so on until the datssociated with first row of cells and then
subsequent rows of cells are all stored.

6.3.2.1.3 Cell Quality Data

The Cell Quality Data shall follow the Finger Patt€ell Data and shall be stored in an
identical manner, starting with the upper left \ealu

6.3.2.2 Finger Pattern Extended Data

This section of the Record is reserved for any petgry data used by the System
Vendor. The CBEFF Product ID (see section 6.2hd)l e used to uniquely identifying
the System Vendor or owner of the encoding equipriext generated the extended data
and finger patter recognition algorithm versionttganerated the extended data. Only
one extended data block per finger pattern datardeshall be present.

The extended data area may contain core and ddtiemation. In this case, it shall
follow the format provided in this section

6.3.2.2.1 Core and Delta Information Field

Only locations of core and delta that fall insithe bounds of the finger pattern cell data
shall be included. Core and delta points are deteanby the overall pattern of ridges in
the fingerprint. There may be zero or more conatgand zero or more delta points for
any fingerprint.

If there are ridge endings enclosed by the innetmexsirving ridgeline, the ending next
to the maximal curvature of the recurving ridgelaedines the core position. If the core
is a u-turn of a ridgeline not enclosing ridge endi the valley end gives the core
position. For a delta we find three points of dgamces placed between the two ridges at
the location where they start spreading apart. gdsation of the delta is defined by the
mean of these three points. A divergence is spngaajpart of two lines which have been
running parallel or nearly parallel.

The following fields are available to store theecand delta information:
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6.3.2.2.2 Number of cores

The number of core points represented shall berdedaon the least significant 4 bits of
the first byte in the core and delta data bloclalid/values are from 0 to 15. The most
significant 4 bits of this byte are reserved. Thésdts shall be set to zero.

6.3.2.2.3 Core ‘X’ and 'y’ coordinates

The X’ coordinate of the first core shall be recordethanlower 14 bits of the two-byte
field formed by the ' and 3 bytes of the “core and delta data block”. The most
significant 2 bits of this two-byte field are reged bits and shall have the value 0. The
‘y’ coordinate of the first core shall be recordethanleast significant 14 bits of the two-
byte field that follows those bytes used for stgrithe ‘X’ coordinate. The most
significant 2 bits of this two-byte field are reged bits too and shall have the value 0.
The above process is repeated so that the ‘X’ ghdoordinates of all the cores are
stored one after another. (Storing the ‘X’ and ¢gordinates of each core requires 4

bytes.)

Note: The coordinate shall be expressed in pixeteearesolution indicated in the record
header and it shall be defined with respect tootiigin of the upper left cell of the finger
pattern.

6.3.2.2.4 Number of deltas

The number of delta points represented shall berded in the least significant four bits
of the next available byte in the “core and deltdadblock”. Valid values are from O to
15. The most significant 4 bits of this byte argereed. These 4 bits shall be set to zero.

6.3.2.2.5 Delta‘x’ and 'y’ coordinate

The X’ coordinate of the first delta shall be recordethalower fourteen bits of the next
available two bytes. The most significant 2 bitsttus two-byte field are reserved bits
and shall have the value 0. After that, the 'y’ bioates of the first delta are stored in the
lower 14 bits of the next available two bytes. Agahe most significant 2 bits of this
two-byte field are reserved. These bits shall hdneevalue 0. This process is repeated
until the ‘x” and 'y’ coordinates of all deltas astored sequentially.

The delta coordinate shall be expressed in pixetbearesolution indicated in the record

header and they shall be defined with respect eootigin of the upper left cell of the
finger pattern.
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6.4 Summary of Finger Pattern Spectral Data Record

A summary of finger pattern spectral data recomgiven in the table below.

Table 4. Summary of Finger Pattern Data Record

Record Header

Field Size Valid values Reference
Format Identifier 4 bytes 0x46505200 6.2.1
('F 'P 'R 0x0)
Version Number 4 bytes 6.2.2
Length of Record 4 bytes 6.2.3
CBEFF Product 4 bytes 6.2.4.1
Identifier (PID)
Capture Equipment | 4 bits 6.2.4.2
Compliance
Capture Equipment | 12bits Vendor specified 6.2.4.3
ID
Number of Finger | 1 byte 1-255 6.2.5
Patterns in Record
Size of finger pattern 1 byte 1-255 6.2.6
in X-direction
(pixels)
Size of finger pattern 1 byte 1-255 6.2.7
in y-direction
(pixels)
Resolution of finger | 2 bytes 1-788 6.2.8
pattern in x-direction
ROUND(ppcm)
Resolution of finger | 2 bytes 1-788 6.2.9
pattern in y-direction
ROUND(ppcm)
Number of Cells in | 1 byte 1-(size of finger 6.2.10
x-direction pattern in x-
direction)
Number of Cells in | 1 byte 1-(size of finger | 6.2.11
y-direction pattern in y-
direction)
Number of Pixels in | 1 byte 1-(size of finger 6.2.12
Cells in x-direction pattern in x-
direction)
Number of Pixels in | 1 byte 1-(size of finger 6.2.13
Cells in y-direction pattern in y-
direction)
Cellular x-offset 1 byte 0 - (size of finger 6.2.14
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pattern in x-

direction)
Cellular y-offset 1 byte 0 - (size of finger | 6.2.15

pattern in y-

direction)
Bit-depth of Cell 1 byte 1-8 6.2.16
Structure Angle
Bit-depth of Cell 1 byte 1-8 6.2.17
Structure
Wavelength
Bit-depth of Cell 1 byte 1-8 6.2.18
Structure Phase
Offset
Bit-depth of Cell 1 byte 1-8 6.2.19
Structure Quality
Cell Quality 1 byte 1-8 6.2.20
Granularity
Reserved Bytes 2 bytes 6.2.21

Finger Pattern Record Header
Field Size Valid Values Reference
Finger Location 1 byte 0-10 Table 2
Impression Type 1 byte 0-3, 8,9 Table 3
Number of Views in | 1 byte 1-255 6.3.1.3
Finger Pattern
Record
Fingerprint Pattern | 1 byte 0-100 6.3.1.4
Quality
Length of data block 2 bytes 6.3.1.5
(in bytes) including
extended data
Finger Pattern Data

Field Size Valid Values Reference
View Number 1 byte 6.3.2.1.1
Finger Pattern Cell 6.3.2.1.2
Data
Cell Quality Data 6.3.2.1.3
Finger Pattern 6.3.2.2

Extended Data
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Annex A (informative) - Finger Pattern Data Record Example
This informative annex provides an example of fmgg@ttern interchange data.

A.l Reduction in Resolution

An example of a re-sampled image is shown belowigare 5, where an original
128x128 image, sampled at 98.5 ppcm (250 ppi)rss ¢ropped to 120x120 pixels and

then re-sampled to 78.8 ppcm (200 ppi), to prodaceimage of dimensions 96x96
pixels.

a) b)

Figure 5. a) original 128x128 image sampled at 98.5 ppcm (£5) b) resulting
image after cropping image in a) to 120x120 pixelsd re-sampling image at
78.8 ppcm (200 ppi), to produce a 96x96 pixel dism@med array.
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A.2  Cellular Representation

S Finger
( (O samee pattern

Figure 6. Diagram to illustrate Cellular Representatior-iger Pattern.

In this example, the cellular representation offthger pattern data comprises dividing
the central portion (at an offset of 13 pixels e tx-direction and 8 pixels in the y-
direction) of the finger pattern into a grid of lsebf dimension 5x5 pixels. Therefore,
the cellular representation grid contains 14x1ésc&thich represents an image area of
70x80 pixels, or 8.9x10.1 mm. At each cell thegér pattern will be represented by one
of 1024 different cell structures, as describedWwel

A.3  Cell Structure

Each of the candidate cell structures for reprasgnhe local finger pattern data at each
cell is defined by a two-dimensional cosinusoidatgrn (see figures 7).

Sample

/ Cell o

q

fd‘(r

Figure 7. Cellular Representation of Finger Pattern.

/11

The range and resolution of each of these parasietethis example is given below:
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g: Oto 180 degrees (16 equal increments - imtsdof information).

| . 0to 7/8 of the Maximal Spatial Frequency (8r@ments - i.e. 3 bits of information).
Therefore, for this 78.8 ppcm (200 ppi) examplspatial frequency of 0 to 3.4 line pairs
per mm is represented).

d: Oto 315 degrees (8 equal increments - i.ats3olb information).

In this example, each of the finger pattern callsepresented by the most similar of the
1024 (16x8x8) permutations of cell structure. rBf@re, each cell structure requires 10
bits of data storage (reduced from 5x5x8 bits = @@ per cell).

In this manner, each of the finger pattern cellsapresented by one of the 1024
permutations of cell structure. The resulting datacomprise the majority of the public

portion of the Finger Pattern Data Record. Irs takample, the finger pattern is
represented by 14x16x10 bits (14 cells by 16 d®ll40 bits), which requires 280 bytes
of storage.

A.4  Quality

A value of 2 indicates that a group comprises 2allsc For the example stated here
with 14x16 cells, and a quality granularity of Z22cells), 56 quality parameter values
will be required, at a bit-depth of 4, thus addd®&bytes to the interchange data.

A.5 Data Record

For the example stated here, the data record ceasptie following values and occupies
a total of 351 bytes:

Table 5. Finger Pattern Data Record
Record Header

Field Size Value

Format Identifier 4 bytes 0x46505200
('F 'P 'R 0x0)

Version Number 4 bytes

Length of Record 4 bytes 351

CBEFF PID Field 4 bytes

Capture Equipment | 4 bits

Compliance

Capture Equipment | 12 bits

ID

Number of Finger | 1 byte 1

Patterns in Record

Size of finger pattern 1 byte 70

in x-direction(pixels)

Size of finger pattern 1 byte 80

in y-direction(pixels)

Image Resolution of| 2 bytes 79

finger pattern in x-

direction
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ROUND(ppcm)

Image Resolution of| 2 bytes 79
finger pattern in y-

direction

ROUND(ppmm)

Number of Cells in | 1 byte 14
x-direction

Number of Cells in | 1 byte 16
y-direction

Number of Pixels in | 1 byte 5
Cells in x-direction

Number of Pixels in | 1 byte 5
Cells in y-direction

Cellular x-offset 1 byte 13
Cellular y-offset 1 byte 8
Bit-depth of Cell 1 byte 4
Structure Angle

Bit-depth of Cell 1 byte 3
Structure

Wavelength

Bit-depth of Cell 1 byte 3
Structure Phase

Offset

Bit-depth of Cell 1 byte 4
Structure Quality

Cell Quality 1 byte 2
Granularity

Reserved Bytes 2 byte

Finger Pattern Record Header

Field Size Value
Finger Location 1 byte 2
Finger Impression 1 byte 0
View Number 1 byte 0
Fingerprint Pattern | 1 byte 80
Quality
Length of data block 2 bytes 309
(in bytes) including
private data

Finger Pattern Data
Field Size
View Number 1 byte 0
Finger Pattern Cell | 308 bytes
Data
Finger Pattern 0 bytes

Extended Data
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