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Foreword

ISO (the

International Organization for Standardization) and IEC (the International Electrotechnical

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

Face images, also commonly referred to as displayed portraits, have been used for many decades

2005(E)

to verify

identity of persons. In recent years, digital face images are used in many applications including human
examination as well as computer automated face recognition. Although photographic formats have been

standardized in some cases such as passport and driver license, it is also demanded to define a
data format of digital face images to allow interoperability among vendors.

This-documentis-intended-to-provide-aface-imaae-format-forface-recognition-applications—teguiring
Nl o = g 9 SPPHeet < 9

standard

xchange

of face image data. The typical applications are:

o Human examination of facial images with sufficient resolution to allow a human examiner to
small features such as moles and scars that might be used to verify identity;

o/ Human verification of identify by comparison of persons against facial images;
o Computer automated face identification (one-to-many searching);

o Computer automated face verification (one-to-one matching).

—

0 enable many applications on variety of devices, including devices:that have the limited resources
or data storage, and to improve face recognition accuracy, this decument specifies not only a data fo
Iso scene constraints (lighting, pose, expression, etc.), photagraphic properties (positioning, came
tc.), digital image attributes (image resolution, image size, ete?).

D QO =

(n

everal image types are introduced to define categories that satisfy requirements of some applicatig
bquirement is specified for each image type.

=

—

he record format specified in this document. is>designed to be embedded in a CBEFF-compliant
pecified in the multi-part Standard ISO/IEC -19785. The embedment in the CBEFF structure is des
BO/IEC 19794-1:2006.

ro~all?))

ascertain

required
rmat, but
ra focus,

ns. Each

structure
cribed in
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INTERNATIONAL STANDARD

ISO/IEC 19794-5:2005(E)

Information technology — Biometric data interchange formats — Face image
data

1 Scope

This document specifies

o/ A record format for storing, recording, and transmitting the information from one or more-facigl images
within a CBEFF data structure,

o| Scene constraints of the facial images,

o| Photographic properties of the facial images,

o[ Digital image attributes of the facial images.

Hach requirement is specified for the following Face Image Types, respéctively.

o Basic: This is the fundamental Face Image Type that spegifies a record format including header and
image data. All Face Image Types adhere to the properties of this type. No mandatory scene,
photographic and digital requirements are specified for thig’image type.

o Frontal: A Basic Face Image Type that adheres to“additional requirements appropriate for frgntal face
recognition and/or human examination. Two types of Frontal Face Image Types are defined in this
document, Full Frontal and Token Frontal (or simply Token).

o Full Frontal: A Face Image Type that-specifies frontal images with sufficient resolution for human
examination as well as reliable computép face recognition. This type of Face Image Type includgs the full
head with all hair in most cases, aswell as neck and shoulders. This image type is suitable for pgrmanent
storage of the face information, and-it is applicable to portraits for passport, driver license, and “nug shot”
images.

o Token Frontal: A Facedmage Type that specifies frontal images with a specific geometric size| and eye
positioning based on the“width and height of the image. This image type is suitable for mininfizing the
storage requirements, for computer face recognition tasks such as verification while still offering vendor
independence and-titman verification (versus human examination which requires more detail) capabilities.

Tlable 1 shows-the relationships between Face Image Types using the notion of inheritance. For pxample,

Hrontal inherjts{properties from Basic, which means that all normative Clauses that apply to Basic aJso apply

tg Frontal.

Table 1 — Inheritance of Face Image Types
Face Image Type Inherits rrom Normative Clauses InTformative Clauses
Basic None 1,2,3,4,5,6 Al
Frontal Basic 7 A2
Full Frontal Frontal 8 A3
Token Frontal 9 A4
© ISO/IEC 2005 — Al rights reserved 1
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Figure 1 gives a general overview of the scene, photographic, digitization, and format requirements for the
face image types specified in this document. The Basic Face Image Type has no scene, photographic, or

digital requirements.

Requirements

Lighting

Q

L3
hge and Subject

(v

Y
ol

Camera Attributes

Image Scanning

Scene Photographic Digital Format
/] /!
Positioning Digital Specifications

Record Format and
Organization

Clauseq: Clauses: Clauses! Clauses:
Basic Face None | Basic Face None | Basic'Face None | Basic Face 5
6.2
6.3
6.4
Frontal Face 7.2 | Frontal Face 7.3 | Frontal Face 7.4 | Frontal Face 7.5
Full Froptal Face 8.2 | Full Frontal Face 8.3 | Full Frontal Face 8.4 | Full Frontal Face 8.5
Token Face 9.2 | Token Face 9.3
Figure 1 — Types ©fjimaging requirements specified in this document.
2 Commpliance
Conformjty with this document requires compliance with the record format specification defined in Clauses |5

and the Basic Face Image Type defined in Clause 6. In addition, this document defines additional Face Imag
omplian€e with the Full Frontal Face Image Type requires compliance with Clauses 5, 6, 7, and 8.
ty with,the Token Frontal Image Type requires additional compliance with Clause 5, 6, 7, and 9.

Types. @
Conform

e

3 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

e |SO/IEC 19785 Information technology -- Common Biometric Exchange Formats Framework — Multi-part

Standard

e |SO/IEC 19794-1:2006 Information technology — Biometric data interchange formats — Part 1:

Framework
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e |SO/IEC 10918-1, Information technology — Digital compression and coding of continuous-tone still
images: Requirements and guidelines

e |SO/IEC 15444-1, Information technology — JPEG 2000 image coding system: Core coding system
e C-Cube Microsystems, JPEG File Interchange Format (JFIF), Version 1.02

e PIMA 7667:2001, Photography — Electronic Still Picture Imaging — Extended sRGB Color Encoding — e-
sRGB

o/ ICC.1:2001-12, File Format for Color Profiles
o ISO/IEC 14496-2:2004, Information technology - Coding of audio-visual objects - Part 2; Visual (MPEG4)
o] ISO/IEC 15948:2004, Information technology — Computer graphics and image,processing —|Portable

Network Graphics (PNG): Functional specification

4 Terms and definitions

-

or the purposes of this document, the terms and definitions given in ISG/IEC 19794-1:2006 and the [following

apply.

41

chin

Tlhe central forward portion of the lower jaw.

42

colour image

CGontinuous tone image that has more than one ¢hannel, each of which is coded with one or multiple Qits.
43

colour space

A way of representing colours of pixelsiin an image. For instance, RGB, YUV and greyscale are typigally used
i

this document.

.4

mmon biometric exchange formats framework, CBEFF
ata format specifically for exchanging biometric data that provides for the encompassing of any piometric
type into a standard.fermat.

.5
ntinuous tohe image
age whese'channels have more than one bit per pixel.

TOp of the head, or (it obscured by hair or neadwear), where the top of the head/skull would be it it could be
seen.

4.7
dots per inch, DPI, dpi
Measurement of scanner and printer resolution.

4.8

facial image
Electronic image-based representation of the portrait of a person.

© ISO/IEC 2005 — All rights reserved 3
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49

Face Image Type
A category of facial images that satisfy specific requirements.

4.10
FAP

Facial Animation Parameter.

4.11
fish eye

A type of

4.12

greyscal
Continug
monochr

4.13
human ¢
Process
identity O

4.14
human v
Process
the respd

4.15

identific
Process
searchin

4.16
2D imag
Two-dim

given ligiting environment.

417
JPEG
Image cd

NOTE: T
4.18

JPEG20
Image cd

distortion where central objects of the image erroneously appear closer than those at the edge.

e image
us tone image that has only one luminance channel coded e.g. with 8 bit; also reféfred to as ja
pme or black and white image.

xamination
of careful human comparison of a face image with a person or another face”image to ascertain thie
f the respective person by a detailed examination of facial features and.structures.

erification
pof human comparison of a face image with a person or anothér face image to ascertain the identity ¢f
ctive person in a short time period; one-to-one (1:1) matching.

Ation
of searching through a list of face images to match against an input image(s); one-to-many (1:N
).

~

e
bnsional representation that encodes the luminance and/or colour texture of a capture subject in

[}

mpression standard specified as ISO/IEC 10918.

he JPEG baseline’Standard was published as ISO/IEC 10918-1:1994 and ITU-T Rec. T.81.

DO
mpression standard specified as ISO/IEC 15444,

NOTE: T

he”JPEG2000 baseline standard was published as ISO/IEC 15444-1:2000 and ITU-T Rec. T.800.

4.19

feature point
Reference point(s) in a face image as used by face recognition algorithms, commonly referred to as a
landmark.

EXAMPLE: Position of the eyes.

4.20
pixel
Picture e

4

lement; element on a two-dimensional array that comprises an image.
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4.21

portrait

Photograph of a person which includes the full head, with all hair in most cases, as well as neck and top of
shoulders.

4.22
red-eye
The red glow from subject’s eye caused by light from flash reflecting from blood vessels behind the retina.

4.23
rification
rocess of ascertaining that two images or image inputs represent the same person; one-to=gne (1:1)

D point cloud representing a capture subject, where each surface pointis.encoded with a triplet, repfesenting
tihe x, y and z value of the point in 3D respectively.

.26
D vertex representation
epresentation using 3D vertices and triangles between these‘points for coding of a 3D surface.

.27
nthropometric landmark
ndmark point on the face used for identification and classification of humans.

.28
nthropometric landmark code
wo-part code that defines an anthropometric landmark uniquely.

.29
rtesian coordinate system
D orthogonal coordinate system.

.30

lindrical coordinatesystem
hree-dimensional-polar coordinate system describing a point by the three components radius, aziqmuth and
ight.

.31

rangeimage
umerical matrix that encodes a surface point in 3D space, where the position encodes the |[first two
ordinates and the value at that position encodes the third coordinate.

4.32
PNG format
Lossless image compression standard specified in ISO/IEC 15948.

4.33

texture

Two-dimensional representation of the luminance and/or colour of a capture subject in a given lighting
environment

© ISO/IEC 2005 — All rights reserved 5
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4.34

texture projection matrix
3x4 matrix to transform a 3D surface coordinate from a metric Cartesian coordinate system to a 2D texture
image coordinate, where the transformation makes use of the 3D homogenous coordinates of the 3D point as
well as the 2D homogenous coordinates of the 2D point.

NOTE: See reference [11] for details.

5 TheFacelmage Record Format

5.1 Ove

The Fac
biometrig
image af

Fview

b Image Record Format specified in this document is a format to store face image data within
data record. Each record shall pertain to a single subject and shall contain at least,6ne or more 2
d zero or more geometric representations (range images, 3D point maps, 3D vertex,representations

of a hu

addition fo the 2D image. This record is embedded in the biometric data block in a CBEEE compliant structure

an face. Depending on the Face Image Type, a 3D representation of a face may be included i

The recard structure is depicted in Figure 2 and Figure 3. Adherence to this format reguires compliance to th
standards referred to above. In particular, the header and the entire data structure will be CBEFF compatiblé
2D imagé¢ data will be encoded using either JPEG or JPEG2000. The 3D Informyation block and 3D Data blog

are man

atory for the 3D Types.

xS DO S>UD
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CBEFF Facial Record Facial CBEFF
Header Header Record Data| Signature
Facial )
Record Format Identifier | Version Number [Length of Record Numtl)ne;\ragggamal
Header
4 4 4 2
Facial Facial Image
Record Data Information Information Image Data
20 8x 12 Variable 92 ariablp
i Facial Number of :
f FaCIaI. Record Data| Landmark Gender Eye Colour | Hair Colour Pr'\c:lpelr(ty Expressi ‘){ose Angle Eose ?r_lgle
Information Length Points as /\&5 ncertainty
4 2 1 1 1 3 '\qg\ 3 3

O
o o

O
Image Face Image | Image Data IrQe
. Width Height ur Source Type | Device Type ualit
Information Type Type 9 @ce yp ype[  Quality
1 1 2 2 \\‘ 1 1 2 2
et | image | | et | oo 2
pein (OXB0, | i 8 JPEG2000
Dx81, 0x82} Block \"Q
4 Variable @
Else Image JPEG or A\
Data JPEG2000 \Q
Variable &

C)\\ Must be Can be
. specified unspecified

O

ecord Format. The length value of each field in bytes is shown below|the field.
ate fields or blocks that shall be specified, light grey boxes that the fields are
nspecified value is acceptable, and dark grey boxes indicate optional figlds. The
ata Block element is mandatory if the Face Image Type as described in Clayise 5.7.1

x80, 0x81, 0x82). For all other Face Image Types there must not be a Length ¢f Image
Data Blo ement.

Higure 2 — Face Im
Tlhe white boxes i
mandatory, bu
Uength of Im
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Length of 3D Goordinate | Texture Scale. Offsetx, £ £ Reserved . nEs || £oED 3D 2D Texture
” p::gmi System | Projection | ScaleY] | Offsety, i for Future wf"‘:“ SDTDe‘;‘"e - ;::%‘:al Tz‘r’:;‘;";l Acquisition | Acquisition Te"f;"e Rap Tg’“:c’fn':“':p
o Type Matrix ScaleZ | Offsef Type Data Use P P i ; Time Time ype P
4 1 48 2 2 1 1 1 1 1 2 2 2 2 1 1

Range
Image Bit
Depth

Range
Image

1 Variable Variable Variable
3DPoint | 3DPoint | 3D Point
Map WidtH | Map Height Map
2 2 Variable Variable Variable

Vertex Triangle

Triangle
Count Face Count Normal Flag| Vertex Data Data -

Verte

Vertex
~ oo _

Vertex Vertex X Vertex Y Vertex Z
o h - " -

Triang

Triangle | Triangle | Triangle

¢ Data Index 1 Index2 | Index3

Figure 3
in bytes
light gre
boxes in

When re
Image T
Image I

Header @and one or more Facjal Record Data. With the exception of the Format Identifier and the Versio

Number,

no record separators or field-tags; fields are parsed by byte count.

2 2 2

Must be Can be
Specified unspecified

— 3D Information Block and the three possible 3D Data Blocks. The length value of each fiel
is shown below the field. The white‘boxes indicate fields or blocks that shall be specifieg
y boxes that the fields are mandatory, but an unspecified value is acceptable, and dark grely
dicate optional fields.

[oN

erring to elements of the record format, field denotes the elementary unit of information such as Fac
ype and Image Data Type;block denotes the group of fields such as Facial Information Block g
formation Block, and record” denotes the biometric reference which consists of the Facial Recor

[P

which are null-terminated ASCII character strings, all data is represented in binary format. There af

The org

e A fix
the

nization of thelrecord format is as follows:

d-length~(14 byte) Facial Record Header containing information about the overall record, including
umber of facial images represented and the overall record length in bytes;

0 A fixed length (20 byte) Facial Information Block describing discernible characteristics of the

subject such as gender.

o Multiple (including none) fixed length (8 byte) Landmark Point Blocks describing 2D or 3D

Landmark Points on a face.

o0 Afixed length (12 byte) Image Information Block describing digital properties of the image such as

Face Image Type and dimensions such as width and height.

0 Image Data consisting of a JPEG or JPEG2000 encoded data block.
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o For Face Image Types containing 3D information a 3D Information Block (92 byte) describing
properties of this data.

o For Face Image Types containing 3D information the 3D Data Block describing the 3D shape of
the face.

Multiple images/3D-representations of the same biometric data subject can be described in a single CBEFF
record. This is accomplished by including multiple Facial Record Data Blocks after the Facial Record Header
Block and before the CBEFF signature block. Facial Record Data Blocks containing 2D data can be stored
trci:gether with Facial Record Data Blocks also containing 3D data. The structure of this embedding is illustrated
im Figure 4.

. . Facial Record
Facial Record Facial Record | Facial Record Data 3 CBEEF
CBEFF Header Data 1 Data 2 .
Header ) (Full Frontal Signature

(Full Frontal) |(Token Frontal) Range)

Figure 4 — Embedding multiple images/3D representations\in'the same record.

N

.2 Data Conventions

52.1 Byte ordering

<

Vithin the record format and all well-defined data blocks therein, all multi-byte quantities are storgd in big-
ndian format. That is, the more significant bytes of any multi-byte quantity are stored at lower addfesses in
emory than less significant bytes. For example, the value 1025 (2 to the 10" power plus one) yould be
ored as first byte = 00000100 and second byte =.00000001.

D

.2.2 Numeric values

Il numeric values are fixed-length unsigned integer quantities, unless otherwise specified.

.2.3 Conversion to integer

he conversion of a numeric:value to integer is given by rounding down if the fractional portion is lesq than 0.5
nd rounding up if the fractional value is greater than or equal to 0.5.

.2.4 Unspecifigdfield value

he field value. of zero (0x00) shall be used to denote that the creator of the record did not make the
termination of the information encoded in the field. The only exception is the value of zero assigned to
JPEG jnsthe Image Data Type field in Clause 5.7.2.

.25 Unknown field value

A field value labelled by the identifier Unknown shall be used to denote that the information encoded by the
field cannot be determined by examination of the face image.

5.3 The CBEFF Header

The biometric data record represented using the face record format shall be embedded in the biometric data
block (BDB) of the CBEFF patron format compliant with ISO/IEC 19785-1:2004. The CBEFF patron format
requests to specify both CBEFF_BDB_format_owner and CBEFF_BDB_format_type as mandatory elements
in the CBEFF Header. The CBEFF_BDB_format_owner shall be specified by the CBEFF biometric
organization identifier issued by the CBEFF registration authority to ISO/IEC JTC1/SC37. This value is the

© ISO/IEC 2005 — All rights reserved 9
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sixteen bit value 0x0101. The CBEFF_BDB_format_type shall be specified by the CBEFF BDB format type
identifier assigned by ISO/IEC JTC1/SC37 to this face record format. This value is the sixteen bit value
0x0008. Complete CBEFF header information required for coding is given in ISO/IEC 19794-1:2006.

5.4 The

Facial Record Header

The Facial Record Header block consists of four fields; Format Identifier, Version Number, Length of Record,
Number of Facial Images as shown in Table 2.

=

=

(2]

Table 2 — Facial Record Header
Field Size Valid values Notes
Format | dentifier 4 bytes 0x46414300 (‘F' ‘A’ ‘C’ 0x0) Indicates face image,data
Version Number 4 bytes 0x30313000 (‘0’* 1" '0’ 0x0) “010” in ASCH
Length df Record 4 bytes 57 < Length of Record < 2%- 1 Include$ Facial Record
Headérand Facial Record
Data: The minimum length
0f 57 includes the smallest
JPEG image.
Number|of Facial Images / 3D | 2 bytes 1 < Number < 65535
represerjtations
5.4.1 Hormat Identifier
The (4 byte) Format Identifier shall consist of three ASClt,characters “FAC” followed by a zero byte as a NUL
string terminator to identify the record format as the face record format.
5.4.2 Mersion Number
The (4 byte) Version Number field shall eonsist of three ASCIl numerals followed by a zero byte as a NUL
string tefqminator. The first and second.characters represent the major version number and the third charactg
represenits the minor revision number.
The Vergion Number shall be 0x30313000; “010” — Version 1 revision 0.
The Vergion Number in serhé implementations may also be 0x30323000, that is, “020”, however, this setting
deprecatged.
5.4.3 Length of\Record
The (4 byte) ‘Length of Record field shall be the combined length in bytes for the record. This is the entir
Iength oflthe’record inr*luding the Eacial Record Header and Eacial Record Data

5.4.4 Number of Facial Images

The (2 byte) Number of Facial Images field shall be the number of facial images included in the record.

5.5The

Facial Information Block

The (20 byte) Facial Information Block is intended to describe discrete properties of the individual discernible
from the image; one is included for each facial image included in the record. The structure of this block is
shown in Figure 2. Zero or more Feature Point Blocks, one Image Information Block, and one Image Data
Block follow this block.

10
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The (4 byte) Facial Record Data Length field denotes the sum of the lengths of the Facial Information Block,
the Feature Point Block(s), the Image Information Block, and the Image Data Block. The minimum value of the

Facial Record Data Length is 32 bytes plus the size of the Image Data Block (in bytes).

5.5.2 Number of Feature Points

The (2 byte) Number of Feature Points field shall be the number of Feature Point Blocks that follow the Facial

Information Block. The Feature Point Block is defined in Clause 5.6

55.3 Gender

—

55.4 Eye Colour

>

Table 3 — Gender codes

Description Value
Unspecified 0x00
Male 0x01
Female 0x02
Unknown OXFF

Table 4 — Eye Colour codes

he (1 byte) Gender field shall represent the gender of the subject according to Table 3.

he (1 byte) Eye Colour field shall represent.the colour of irises of the eyes according to Table 4. If
ave different colours, then the colour of theright eye has to be encoded.

Description Value
Unspecified 0x00
Black 0x01
Blue 0x02
Brown 0x03
Gray 0x04
Green O0x05
Multi-Coloured 0x06
Pink 0x07
Reserved 0x08 — OxFE
Other or Unknown (e.g. cannot be determined from | OxFF

image, monochrome image)

© ISO/IEC 2005 — All rights reserved
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5.5.5 Hair Colour

The (1 byte) Hair Colour field shall represent the colour of the hair according to the Table 5.

Table 5 — Hair Colour codes

5.5.6 Property Mask

The (3 byte) Property Mask is a bit mask of 3 bytes-and each bit of the mask position listed in Table 6 shall bj
set to 1 if the corresponding property is presenty:and set to 0 if absent. The mask position starts from 0 at th
lowest bit. The lowest bit set to 0 shall indicaté-that properties are not specified (and all bits shall be zero); th
lowest bit set to 1 shall indicate that all listed properties have been considered and that a zero value of an

Description Value
Unspecified 0x00
Bald 0x01
Black 0x02
Blonde 0x03
Brown 0x04
Gray 0x05
White 0x06
Red 0x07
Reserved 0x08 — OxFE
Unknown or Other OXFE

property jit indicates an absence of that\property. All reserved bits shall be zero.

Table 6 — Property flags

< @ @D D

Dedcription Mask Position Description Mask Position
Properties are specified 0 Mouth open 6
Glagses 1 Left eye patch 7
Moustache 2 Right eye patch 8
Beard 3 Darkgtasses{medicat) 9
Teeth visible 4 Feature distorting medical 10
condition (which could impact
feature point detection)
Blink (either or both eyes closed) | 5 Reserved 11-23

A Blink flag set to “1” shall indicate non-compliance with the Frontal, Full Frontal, and Token Image Types.

12
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5.5.7 Expression
The (2 byte) Expression field shall represent the expression of the face according to Table 7.

Table 7 — Expression codes

Description High Byte Low Byte
Unspecified 0x00 0x00
Neutral (non-smiling) with both eyes open and mouth | 0x00 Ox0T
closed)

A smile where the inside of the mouth and/or teeth is not | 0x00 0x02

exposed (closed jaw).

A smile where the inside of the mouth and/or teeth is | 0x00 0x03

exposed.

Raised eyebrows 0x00 0x04

Eyes looking away from the camera 0x00 0x05

Squinting 0x00 0x06

Frowning 0x00 0x07

Reserved 0x00 0x08 — OxFF
0x01 — Ox7F 0x00 — OxFF

Vendor Specific 0x80 — OxFF 0x00 — OxFF

55.8 Pose Angle

Pitch (P)

z Pose (Y,P,R)

Figure 5 — The definition of pose angles is with respect to the frontal view of the subject.
The (3 multi-byte) Pose Angle field (By, Bp, Br) shall represent the estimate or measure pose of the subject in

the image. Each byte in the field respectively represents pose angles of yaw, pitch and roll in that order. The
pose angle is given by Tait-Bryan angles.
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e Yaw

angle: rotation about the vertical (y) axis.

e Pitch angle: rotation about the horizontal side-to-side (x) horizontal axis.

e Roll angle: rotation about the horizontal back to front (z) axis.

The angles are defined relative to the frontal view of the subject, which has angles (0, 0, 0) as shown in Figure
5. The examples are shown in Figure 6. As order of the successive rotation around the different axes does
matter, the encoded rotation angle shall correspond to an order of execution starting from the frontal view.
This order shall be given by Roll (about the front axis), then Pitch (about the horizontal axis) and finally Yaw

(about th

e vertical axis). The (first executed) Roll transformation will therefore always be in the image (x, y)

plane. F

transfornpation order will therefore be Yaw, Pitch, and then Roll.

NOTE: T

For exan
0), (+45,
encoding
(158, 1, !

5.5.8.1

The yaw|
have a \

rotation @around the y-axis). The encoded value, By, shall be stored in 1 byte with values 0 to 180 compute

from a rg

o [f18
o [f-18

The max|

5.5.8.7

om the point of view of executing a transformation from the observed view to a frontal view,(the

he encoded angle is from the frontal view to the observed view.

y

Figure 6 — Examples of pose-angles.

hple, for the facial images in Figure 6 the pose angles(Y, P, R) of sub-figures a-g are given by (0,
0, 0), (-45, 0, 0), (0, -45, 0), (0, +45, 0), (0, 0, -45), and (O, O, +45), respectively. The pose ang|
s, (By, Bp, Bgr) as defined in Clauses 5.5.8.1-5;5:8.3 are subsequently given by (1, 1, 1), (23, 1, 1
), (1, 158, 1), (1, 23, 1), (1, 1, 158), and (1, 1,\23), respectively.

D

Pose angle — Yaw

angle Y is the rotation in degrees-about the y-axis (vertical axis) shown in Figure 5. Frontal face
aw angle of 0 degrees. Positive angles represent faces looking to their left (a counter-clockwis

(%)

[eRN0))

al-valued yaw angle estimate, -180 < Y < 180, as follows:

D =Y = 0 then By =¥{2+1. The remainder is discarded.
0 <Y< 0 then By'$7181+Y/2. The remainder is discarded.

mum value, of By is 180. If the pose angle is not specified, the value of By shall be 0.

Pase angle — Pitch

The pitck

angle P Is the rotation In degrees about the X-axis (horizontal axis) shown In Figure 5. Frontal Taces

have a pitch angle of O degrees. Positive angles represent faces looking down (a counter-clockwise rotation
around the x-axis). The encoded value, Bp, shall be stored in 1 byte with values 0 to 180 computed from a
real-valued pitch angle estimate, -180 < P < 180, as follows:

e [f180 =P =0 then Bp=P/2+1. The remainder is discarded.
e 1f-180 < P< 0 then Bp = 181+P/2. The remainder is discarded.

The maximum value of Bpis 180. If the pitch angle is not specified, the value of Br shall be 0.

14
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The roll angle R is the rotation in degrees about the z-axis (the horizontal axis from front to back) shown in

Figure 5. Frontal faces have a roll angle of O degrees. Positive angles represent faces tilted toward t
shoulder (counter-clockwise rotation around the z-axis). The encoded value, Bg, shall be stored in 1
values 0 to 180 computed from a real-valued roll angle estimate, -180 < R < 180, as follows:

e [f180 =R 20 then Bg=R/2+1. The remainder is discarded.

e [f-180 < R< 0 then Bgr = 181+R/2. The remainder is discarded.

heir right
byte with

he maximum value of Bris 180. If the roll angle is not specified, the value of Bg shall be 0.
.5.9 Pose Angle Uncertainty
he (3 multi-byte) Pose Angle Uncertainty (Uy, Up, UR) represents the expected degree of uncertainty of the
se angles yaw, pitch, and roll. Each byte in the field respectively represents thé-uncertainty of yaw, pitch
nd roll in that order. The uncertainty is allowed to represent experimental uncertainty specified|by each
ndor. The encoding of Pose Angle Uncertainty is given by three bytes (Uy/ Ug, Ugr) where each Hyte Uy in
the field (k = Y, P, R) represents 1 degree of uncertainty with minimum and.maximum values of 1|and 181
here Uy, = (uncertainty + 1). The more uncertain, the value of the uncertainty U, shall become larder. If the
ncertainty is not specified, then the values of Uy, Up and Ug shall be sei-t0 zero (0).
.6 The Landmark Point Block
he optional (8 byte) Landmark Point Block specifies the type, code and position of a Landmark Pdint in the
facial image. The number of Landmark Point Blocks shalkbe specified in the Number of Landmark Pgints field
df the Facial Information Block. The structure of thistblock is shown in Table 8. Landmark Points can be
specified as MPEG-4 feature points as given by Anhex C of ISO/IEC 14496-2 or anthropometric landmarks in
tyvo or three dimensions. The description of the-anthropometric landmarks and their relation with the set of
MPEGA4 feature points is discussed in Clause 5.5 of this document. The horizontal and vertical pogitions of
Uandmark Points are either texture image-coordinates or in the Cartesian coordinate system (se¢ Clause
5.9.2.1).
Table 8 — The Landmark Point Block
Field Size Value Notes
Landmark Point Type L byte See Clause 5.6.1 Denotes the type of the Landmark Point.
Landmark Point Code?)| 1 byte See Clause 5.6.2 Denotes the Landmark Point, e.g. the left pye.
X coordinate, 2 bytes See Clause 5.6.1, Table 9 Denotes the coordinate of the landmark pgint.
For Landmark Point Types 0x01 and 0x07 this
Y coordinate coordinate denotes the relevant pixel coumt from
upper left pixel starting at 0.
For Landmark Point Type 0x03 the value ¢odes
the coordinate of a pninf n3n
Z coordinate 2 bytes See Clause 5.6.1, Table 9 Denotes the Z-coordi nate of the landmark point.
For Landmark Point Type 0x01 and Type 0x02
this field is ignored.
For Landmark Point Type 0x03 the value codes
the Z coordinate of a point in 3D.

© ISO/IEC 2005 — All rights reserved
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561 L

andmark Point Type

The (1 byte) Landmark Point Type field represents the type of the Landmark Point stored in the Landmark
Point Block. This field shall be set to 0x01 to denote that the landmark point is an MPEG4 feature point as

given by

Annex C of ISO/IEC 14496-2 and is represented by the 2D image coordinates. The field shall be set

to 0x02 to denote that the landmark point is an anthropometric 2D landmark and is represented by the 2D
image coordinates. Finally, the field shall be set to 0x03 to denote that the landmark point is an anthropometric
3D landmark and is represented by its 3D coordinates. All other field values are reserved for future definition
of landmark point types.

Table 9 — Landmark Point Type

Descripti

bn Value Comment

MPEG4 R

eature 0x01 The Horizontal and Vertical position of the landmark point are measured«in pixels
with values from 0 to Width-1 and Height-1, respectively. The Z coetdinate field is
ignored.

Anthroporetric 0x02 The landmark point is considered as an anthropometric landniark point in the 2-D

2D landm

image and its coordinates are measured in pixels with-values from 0 to Width-1
Ark and Height-1, respectively. The Z coordinate field is ighered.

Anthroporetric 0x03 X coordinate, Y coordinate and Z coordinate aré.interpreted as 2 byte values with

3D landm

fixed precision of 0.02 mm ranging from $655.34 mm to 655.34 mm. The
ark landmark point is considered as a 3D point'in the Cartesian Coordinate System.

Example: The value of 10001 corrésponds to -655.34mm + 10001 x 0.02mm = -
455.32mm.

Reserved

0x04-0xFF | Reserved for future use.

56.2 L

The (1 b
Block. Fq
C of ISO
in Clause
landmarlk

this block.

563 M

The norn
C of ISO
minor (B

andmark Point Code

yte) Landmark Point Code field shall)specify the Landmark Point that is stored in the Landmark Point
r the Landmark Point type 0x01 the codes of the Landmark Points in Clause 5.6.3, taken from Anngx
IEC 14496-2 and defined asSMPEG4 feature points, or the additional eye and nostril landmark poin{s
5.6.4 shall be stored in this-block. If the Landmark Point type is 0x02 or 0x03, i.e. anthropometric 2D
or anthropometric 3D landmark, the codes of the Landmark Points defined in 5.6.5 shall be stored in

PEG4 Feature\Points
native Figare 7 denotes the Landmark Point Codes associated with feature points as given by Anne

IEC 14496-2. Each Landmark Point Code is represented by a notation A.B using a major (A) and
value. The encoding of the Landmark Point Code is given by the (1 byte) value of A*16 + B.

SIS

16
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3.10

Teeth 94 915 95

86 8.9 8.10

o Tongue

* Feature points affected by FAPs
o Other feature points

Figure 7 — The MPEG4 Feature Point Codes defined in ISO/IEC 14496-2.

HachiLandmark Point Code in Figure 8 is given by major value A and minor value B. For example, [the code
¢rthe left corner of the left eye is given by major value 3 and minor value 7.

—h

5.6.4 Eye and nostril Landmark Points

The eye centre Landmark Points 12.1 (left) and 12.2 (right) are defined to be the horizontal and vertical
midpoints of the eye corners (3.7, 3.11) and (3.8, 3.12) respectively. The left nostril centre Landmark Point
12.3 is defined to be the midpoint of the nose Landmark Points (9.1, 9.15) in the horizontal direction and
(9.3, 9.15) in the vertical direction. Similarly, the right nostril centre Landmark Point 12.4 is defined to be the
midpoint of the nose Landmark Points (9.2, 9.15) in the horizontal direction and (9.3, 9.15) in the vertical
direction. Both the eye centre and nostril centre Landmark Points are shown in Figure 8 and values given in
Table 10.
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3.12

9.2 9.1

ittt 4

9.15 |

Nostrils

Figurp 8 — The eye and nostril centre landmark points are defined by midpoints of MPEG4 feature
points.

Table 10 — Eye and nostril centfe Landmark Point codes

Centr¢ Landmark Point Midpoint of Landmark Points Landmark Point code
Left eye 3.7,3.11 12.1
Right ¢ye 3.8,3.12 12.2
Left ngstril Horizontal Vertical 12.3
9.1,9.15 9.3,9.15
Right mostril Horizontal Vertical 124
9.2,9.15 9.3,9.15

5.6.5 A]nthropometric Landmarks

Anthropometric landmarks extend the MPEG4 feature model with new points that are used in forensics and
anthropology for person identification via two facial images or image and skull over a long time. They also
allow specification of points that are in use by criminal experts and anthropologists. Figure 9 and Table 11
show the definition of the anthropometric landmarks. The set of points represents the craniofacial landmark
points of the head and face. The latter are used in forensics for “Face to face” and “Skull to face” identification.
Some of these points have MPEG 4 counterparts, others not. Definitions for these points are presented in the
Table 11.
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Table 11 — Definitions of the anthropométric landmarks

Figure 9: Anthropometric landmarks with (red) and without (bfae) MPEG4 counterparts)

point D | 29Nt | mpEg4 | ANthropometric How to poir
Code point name
v 1.1 11.4 vertex The highest point of head when the head is orientged in
Frankfurt Horizon. Refer to Annex C for the definition df the
Frankfurt Horizon.
g 1.2 glabella The most prominent middle point between the eyebrows],
op 1.3 opisthocranion Situated in the occipital region of the head is most distant
from the glabella.
eu 1.5, eurion The most prominent lateral point on each side of the skiull in
1.6 the area of the parietal and temporal bones.
ft 1.7, frontotemporale The point on each side of the forehead, laterally from the
1.8 elevation of the linea temporalis.
tr 1.9 111 trichion The point on the hairline in the midline of the forehead.
zy 2.1, zygion The most lateral point of each of the zygomatic.
2.2
go 2.3, 2.15, gonion The most lateral point on the mandibural angle close to the
2.4 2.16 bony gonion.
sl 2.5 sublabiale Determines the lower border of the lower lip or the upper
border of the chin.
pg 2.6 2.10 pogonion The most anterior midpoint of the chin, located on the skin
surface in the front of the identical bony landmark of the
mandible.
an 2.7 2.1 menton The lowest median landmark on the lower border of the

© ISO/IEC 2005 — All rights reserved
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(or gnathion)

mandible.

cdl 2.9, condylion laterale The most lateral point on the surface of the condyle of the
2.10 mandible.
en g; 2;1 endocanthion The point at the inner commissure of the eye fissure.
ex 3.3, 3.7, exocanthion . . .
e 215 (ar ectocanthion) The point at the outer commissure of the eye fissure.
p 3.5, 3.5, center point of pupil | Is determined when the head is in the rest position and the
3.6 3.6 eye is looking straight forward.
or 3.7, 3.9, orbitale The lowest point on the lower margin of each orbit:
3.8 3.10
ps 3.9, 3.1, palpebrale superius | The highest point in the midportion of(the free margin of
3.10 3.2 each upper eyelid.
pi 3.11, | 3.3, palpebrale inferius The lowest point in the midportiomof the free margin of each
3.12 3.4 lower eyelid.
08 j; orbitale superius The highest point on/the lower border of the eyebrow.
SCi 4.3, 4.3, superciliare The highest poit on the upper border in the midportion of
4.4 4.4 each eyebrow:
n 5.1 nasion The @point in the middle of both the nasal root and
nasofrontal suture.
se 5.2 sellion Is the deepest landmark located on the bottom of the
(or subnasion) nasofrontal angle.
al >3, 9.1, alare The most lateral point on each alar contour.
5.4 9.2
prn 5.6 9.3 pronasale The most protruded point of the apex nasi.
sn 5.7 9.15 subnasale The midpoint of the angle at the columella base where the
lower border of the nasal septum and the surface of the
upper lip meet.
sbal 5.9, subalare The point at the lower limit of each alar base, where the alar
5.10 base disappears into the skin of the upper lip.
ac 511, 9.1, alar curvature L .
512 92 (or alar crest) point The most lateral point in the curved base line of each ala.
mf 212 ZS maxillofrontale The base of the nasal root medially from each endocanthion.
cph 6.1, 8.9, christa philtri The point on each elevated margin of the philtrum just above
6.2 8.10 landmark the vermilion line.
Is 6.3 8.1 labiale (or labrale) The midpoint of the upper vermillion line.

superius

20
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li 6.4 8.2 labiale (or labrale) The midpoint of the lower vermillion line.
inferius

ch 6.5, 8.3, cheilion The point located at each labial commissure.
6.6 8.4

sto 6.7 stomion The imaginary point at the crossing of the vertical facial

midline and the horizontal labial fissure between gently
closed lips, with teeth shut in the natural position.

sa 71, 10.1, superaurale The highest point of the free margin of the auricle.
7.2 10.2

sba 73, 10.5, subaurale The lowest point of the free margin of the earlobe.
7.4 10.6

pra 7.5, 10.9, preaurale The most anterior point on the ear, llocated just in front gf the
7.6 10.10 helix attachment to the head.

pa 7.7, postaurale . . .
78 The most postrerior point‘on’/the free margin of the ear.

obs 79, 103, otobasion superious The point of attachment of the helix in the temporal regian.
7.10 10.4

obi ;1; otobasion infrious The paintyof attachment of the ear lobe to the cheek.

po 7.13, porion (soft) The highest point of the upper margin of the cutaneous
7.14 auditory meatus.

t 8.1, tragion The notch on the upper margin of the tragus.

8.2

D <

5.6.6 Anthrgpometric 3D landmark

Tlhe Anthropometric Landmark €ode has the format: A.B. A specifies the global landmark of the face|to which
tihis landmark belongs such as fiose, mouth, etc. B specifies the particular point. In case a landmark point has
tvo symmetrical entities (left“and right) the right entity always has a greater and even minor codle value.
Hence, all landmark points. from the left part of the face have odd minor codes, and from the right pajt — even
nminor codes. Both Acand B are in the range from 1 to 15. Hence, the code A*16+B is written to the 1 byte
Landmark Point Cade field.

he error of an anthropometric 3D landmark point location should be no greater than 3 mm. The ppint shall
ithstand from the nearest point on the surface no further than 3 mm. The point on the surface is a Yertex, or
peint on an edge, or a point on a face of the surface.

5.6.7 Z Coordinate

This field is not used if the Landmark Point Type is equal to the MPEG4 feature or the anthropometric 2D
landmark. In case the Landmark Point Type is an anthropometric 3D landmark this field along with the
horizontal and vertical positions denotes the coordinates of the landmark point in the 3D Cartesian coordinate
system. The metric coordinates of 3D landmarks shall be obtained by multiplying the X, Y, and Z coordinates

by a fixed scale of 0.02 mm.

NOTE: The Landmark Point Type field codes the type of the landmark point and determines the interpretation

of the Z coordinate.

© ISO/IEC 2005 — All rights reserved

21


https://standardsiso.com/api/?name=7b3a156814261550cb83074a3f508b03

ISO/IEC 19794-5:2005(E)

5.7 The Image Information Block
The (12 byte) Image Information Block is intended to describe digital properties of the facial image; one is

included for each facial image included in the record. The structure of this block is shown in Figure 2. One
Image Data Block shall follow this block.

5.7.1 Face Image Type

The Face Image Type field shall represent the type of the facial image stored in the Image Information Block

NOTE: All Frontal Image Types are either Full Frontal, Token Frontal, or one of the respective 3D Full Frontal
or 3D Token Frontal Image Types. Therefore a separate Frontal value is not required.

Table 12 — Face Image Type codes

Description Value

Basic 0x00

Full Frontal 0x01

Token Frontal 0x02
Reserved 0x03 — Ox7F
Basic 3D 0x80

Full Frontal 3D 0x81

Token Frontal 3D 0x82
Reserved 0x83 - OxFF

The Bas|c Face Image Type is definedyinClause 6. The Frontal, Frontal/Full and Frontal/Token Face Imag
Types aie defined in Clauses 7, 8, and*9 respectively. Face Image Types use the notion of inheritance. Fg
example| the Frontal Face Image Type inherits all of the requirements of the Basic Face Image Type - th
Frontal Hace Image Type obeys,all normative requirements of the Basic Face Image Type. The inheritanc
structure| of currently defineddmage types is shown in Figure 10. Relations are indicated by an arrow from th
child to the parents. If a 2D-récord that is compliant to the Basic, Full Frontal or Token Frontal requirement$
respectiely, contains 3D data, this is indicated by the highest bit of the Face Image Type set to one, resultin
in the Face Image Type codes 0x80 to 0x82. The 3D image types are defined in Clauses 10, 11, and 1
respectiely.

[CECECEEN

N Q

Basic

Frontal

!#\

Full Frontal Token Frontal

Figure 10 — 2D Face Image Types and their inheritance map. Normative requirements for the Basic,
Frontal, Full Frontal and Token Frontal Face Images Types are given in Clauses 6, 7, and 8,
respectively.
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5.7.2 Image Data Type

The (1 byte) Image Data Type field denotes the encoding type of the Image Data Block. Either JPEG (ISO/IEC
10918-1 and ITU-T Rec. T.81) or JPEG2000 (ISO/IEC 15444-1) shall be specified.

NOTE: The value Unspecified cannot be encoded.

Table 13 — Image Data Type codes

Description Value
JPEG 0x00
JPEG2000 0x01
Reserved 0x02 — OxFF

5.7.3 Width

Tlhe (2-byte) Width field shall specify the number of pixels in the horizontaldirection.

57.4 Height

—

he (2-byte) Height field shall specify the number of pixels in thewertical direction.

H5.7.5 Image Colour Space

—

he (1 byte) Image Colour Space field indicates the colour space used in the encoded Image Data Block
iccording to the values in Table 14. The values:of 128-255 are vendor specific. Application developers may
btain the values for these codes from the vendor.

(@)

Table 14 — Colour Space codes

Colour Space | Value

Unspecified 0x00
24 bit RGB 0x01
YUuv422 0x02

8 bit greyscale | 0x03

Other 0x04

Reserved 0x05 — Ox7F

Vendor Specific | 0x80 — OxFF

5.7.6 Source Type
The (1 byte) Source Type field denotes the classification of the source of the captured image and is given in

Table 15. The values of 128 - 255 are vendor specific. Application developers may obtain the values for these
codes from the vendor.
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Table 15 - Source Type codes

Description Value

Unspecified 0x00

Static photograph from an unknown source 0x01

Static photograph from a digital still-image camera 0x02

Static photograph from a scanner 0x03

Single video frame from an unknown source 0x04

Single video frame from an analogue video camera 0x05

Single video frame from a digital video camera 0x06

Unknown 0x07

Reserved 0x08 — OX{R

Vendor Specific 0x80. = 0xFF
5.7.7 Device Type
The (2 byte) Device Type field denotes the vendor specific capture’device type ID. A value of all zero’s will b
acceptafjle and will indicate that the capture device type ID is@nspecified. Application developers may obtai
the valugs for these codes from the vendor.
5.7.8 Quality
The (2 byte) Quality field shall be reserved for future definition to represent a quality of the facial image. Th
field shall be set to the value 0 indicating unspecified.
5.8 THe Image Data Block
5.8.1 [ata structure
The d(vac; able byte) Image-Data Block shall be the image data encoded by either the JPEG or JPEG200
standardp.

Table 16 — Image Data structure

>

[

Field

Size Value Notes

Image

Data \ariable See Table 13 inClause 5. 7.2 Either JIPEG or JPEG2000

5.9 The 3D Information Block

The 3D Information Block consists of the following fields and sub blocks: The Length of 3D Data
Representation, the Coordinate System Type, the Texture Projection Matrix, Scale, Offset, the 3D
Representation Type, the 3D Supplemental Data, the 3D Source Type, the 3D Device Type, the 3D to 2D
Image Temporal Synchronicity, the 3D to 2D Texture Temporal Synchronicity, the 3D Acquisition Time, the 2D
Texture Acquisition Time, the Texture Map Type and finally the Texture Map Spectrum.

24
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5.9.1 Length of 3D Data Representation

This (4 byte) field codes the length of the 3D Information and 3D Data Block including the optional fields and
blocks, if they are present.

5.9.2 Coordinate System Type

Originally, 3D data is acquired in a device dependent coordinate system. Based on the knowledge about
several device parameters the 3D data can be transformed into metric coordinates with two disadvantages:

o] The regular structure of the device dependent data gets lost (e.g. leading to varying distances|between
data points)

o To obtain a regular structure in metric coordinates, one has to interpolate. The, ofiginal data is not
preserved. This may be sufficient for many applications, but this document is intended to be abl¢ to store
the original data, too.

—

hus this document features several ways to store 3D data in different repreSentations. All representations
upport a Cartesian coordinate system. The range data representation additionally supports a qylindrical
pordinate system.

Q u

=

OTE: The coordinate system may be further restricted for different Face Image Types (see Clauses|10 to 12,
nd Annex A.7).

QD

he transformation to metric coordinates is described by apptepriate scaling factors and implicit rules (e.g. as
sed in the 3D anthropometric landmark type) defined in €lause 5.9.2.1 to 5.9.2.2. The (1 byte) Cpordinate
ystem Type field specifies the coordinate system of the ‘8D data by using the following values.

n o -

Table 17 — The Coordinate System Type

Description Value

Cartesian Coordinate System 0x00

CylindricahCoordinate System | 0x01

Reserved 0x02 — OxFF

Tlhe different coordinate systems are defined as follows:

59.2.1  Cartesian coordinate system

In the Cartesian coordinate system the point of origin of the sensor data typically is used as the poin{ of origin
the €oordinate system. The transformation from Cartesian coordinates to metric Cartesian coordinates is
rived‘as follows:

X = x*ScaleX + OffsetX;
Y = y*ScaleY + OffsetY;
Z = z*ScaleZ + OffsetZ.

NOTE: For certain Image Types the origin of the Cartesian coordinate system shall be the nose, i.e. the Prn
landmark as defined in Table 11.

NOTE: For certain Image Types the pose of the head is restricted. The frontal pose is defined by the
Frankfurt Horizon FH (see Annex C) as the XZ plane and the vertical symmetry plane as the YZ plane with the
Z axis oriented in the direction of the face sight.
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NOTE: A strong relation between anthropometric landmarks and the coordinate system is still established by
the anatomical alignment requirements of the corresponding 2D image and the alignment between the 3D
range data and the corresponding 2D image after applying the Texture Projection Matrix.

59.2.2

i
A
‘. —
= X
— "FH
= == —
?r‘
Z (-
| -
| -
I.//

Figure 11 — A sample of a Cartesian coordinate(system

Cylindrical coordinate system

A point i the cylindrical coordinate system is given by («,h,r); ™ The angle & and the h -axis are defined in
a way that they form a clockwise coordinate system. The transformation from cylindrical coordinates to metric
Cartesian coordinates is derived as follows:

X=r*
Y=h*
Z=r*

ScaleX,
ScaleX I
the phys
respectiv
cylindricd

For certain Image Types the origin of the cylindrical coordinate system shall be the nose, i.e. the pin

(pronasa

NOTE: A

ScaleZ *sin(a * ScaleX ) + OffsetX ;
bcaleY + OffsetY ;
bcaleZ * cos(a * ScaleX) + OffsetZ;

ScaleY, Scalez, OffsetX, OffsetY and OffsetZ are the necessary constants for the transformation.
as the physical unit of rad (degree radian). ScaleY, ScalezZ, OffsetX, OffsetY and OffsetZ are given in
cal unit millimeter. Note; that large values of ScaleX, ScaleY or ScaleZ indicate a low resolution in the
e dimension. Typically, the point of origin of the sensor data is used as the point of origin of the
|| coordinate system:

le) landmark as defined in Table 11.

strong relation between anthropometric landmarks and the coordinate system is still established by

the anat

brhical alignment requirements of the corresponding 2D image and the alignment between the 3P

data and

4 'H FaY = £4 [ 4 x " =V 4 T
TS LUITESPUTNTUNTTY U TITIaytT AItET apppty ity uic TTAWUTT FTUJCLUUTIT IVIAUlTX.

The transformation from cylindrical coordinates to Cartesian coordinates is done by applying the
transformation denoted in Clause 5.9.2.2 and then inverting the transformation given in 5.9.2.1.

26
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Figure 12 — Sample of a Cylindrical coordinate system. FH is the Frankfurt.Horizon (Annex

59.3 Texture Projection Matrix

he Texture Projection Matrix P (3x4 float, 48 bytes) is required to map.the 3D data onto the 2D texty
f the Image Data Block. The matrix shall be stored row by row starting from the left top. One can

.
o

point in 3D space [X,Y,Z]" on the texture image of the Infage Data Block by multiplying the
Hrojection Matrix P with the so called homogeneous 3D coordinates of the 3D point [11].

I, y,w]" =P*[X,Y,Z1]"
omogeneous 3D coordinates are a vector of foukvalues [X,Y, Z,l]T . Here X, Y, Z are the coordin
oint in the metric Cartesian coordinate system. The multiplication results in [X, y,W]T , the s

pordinates of the texture image in théTimage Data Block by dividing the first two coordinates g
lomogeneous coordinates by the respective 3rd auxiliary coordinate w. Hence [x:w, y:w] are the

mage pixel coordinates of the texture image related to the given 3D point [X,Y, Z]T .

S5 J0 OO0 I

=

OTE: The obtained coordinates are floating point values. In this document there are no rules abou
lecessary rounding or interpolation to the integer pixel coordinates has to be done.

-

stem to map _the)3D data onto the texture. If there is overlapping, the texture is mapped to the first

s:E/case the cylindrical coordinate system is used one shall transform to the metric Cartesian ¢
the line of sight (closest to the observer).

Tlhe nexttwo blocks store all necessary data to compute metric depth values from the 3D data.

Q).

re image
project a

Texture

ates of a

o called

omogeneous 2D coordinates with the auxiliary coordinate w. One obtains the resulting 2D image pixel

f the 2D
resulting

how the

bordinate
3D point

594 ScaleX, ScaleY, ScaleZ, OffsetX, OffsetY, OffsetZ

As outlined in Clause 5.9.2.1 and 5.9.2.2 ScaleX, ScaleY, ScaleZ, OffsetX, OffsetY and OffsetZ are n

eeded to

transform digital coordinates to metric coordinates. This applies to all three 3D representations. The values

are given in millimeters. In the case of Cartesian coordinates ScaleX also has the unit millimeter, in
of a cylindrical coordinate system ScaleX has the physical unit of rad (degree radian). Each
represented by a mandatory four byte float value.

the case
factor is

NOTE: Large values of ScaleX, ScaleY or ScaleZ indicate a low resolution in the respective dimension.

NOTE: Boundary values of ScaleX, ScaleY and ScaleZ may be strongly restricted for different Face Image

Types (see Clauses 10 to 12, and Annex A.7).
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NOTE: ScaleX and ScaleY in a range image represent sampling intervals while the ones in a 3D point map do
gquantization of the 3D space. Also, ScaleZ in either of these representations denotes quantization.

5.9.5 3D Representation Type

The (1 byte) 3D Representation Type shall be used to indicate the representation type that codes the 3D data.

Table 18 — 3D Representation Type

Description Value
Range Image 0x00

3D Point Map 0x01
Vertex Data 0x02
Reserved for future definition 0x03-0xFF

5.9.6 3P Supplemental Data

The (1 byte) 3D Supplemental Data mask is a bit mask of one byte and each bit of the mask position listed i
Table 19 shall be set to 1 if the corresponding 3D information is present.@nd set to 0 if absent. So, a bit mas
of all zeros will indicate, that none of the options are present. The mask position starts from 0 at the lowes
significat bit. The mask indicates if an Error Map/Vertex Error and/or a Texture Map is attached to the data.

- XN D

Table 19 — 3D Supplemgental Data

Description Mask Position
Error Map or Vertex Error_present 0

Texture Map present 1

Reserved for future definition 2-7

5.9.7 3P Source Type

In analogy to the Source Fype field in the 2D Image Information Block, where the source of the 2D data ca
be coded, the (1 byte) 3B, Source Type field should be used to indicate the type of the source that was used f
acquire the 3D datas-Additionally, the most significant bit (MSB) indicates if the scanning technology is activ
or passiye for each source type.

d O S

Table 20 — The 3D Source Type

Description Value (passive technology) Value (active technology)
Unspecified 0x00 0x00
stereoscopic scanner 0x81 0x01
moving (monochromatic) laser line Not available 0x02
structured light Not available 0x03
colour coded light Not available 0x04
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ToF (Time of Flight) Not available 0x05
Shape from Shading 0x86 0x06
Reserved 0x87-0xFF 0x07 — 0x80
5.9.8 3D Device Type
= oyte , aT= d denotes-the vendor specific capture device type zeros will
acceptable and will indicate that the 3D Device Type ID is unspecified. Application developersimay obtain

he mandatory (2 byte) 3D to 2D Image Temporal Synchronicity shall be used to indi¢cate the temporg
tween the 3D data and the 2D image of the Image Data Block. It does not.reference to the op
age Texture of the 3D Data Block. The value indicates the temporal difference’ between the start
and the start of the 3D acquisition process in milliseconds. The field allowsthé coding of positive a
egative differences. Here, a negative time difference denotes that the 3D)acquisition started befor
acquisition. The time difference in milliseconds is coded in the two's complement system. So, a
Ox8001 codes the maximum negative temporal difference of —32767,ms and the value Ox7FFF corres
the maximum positive temporal difference of +32767 ms. A valug,of 0x8000 is acceptable and indig
the 3D Temporal Synchronicity is unspecified.

Table 21 — The 3D to 2D Image Jemporal Synchronicity

1l relation
ional 2D
bf the 2D
s well as
e the 2D
value of
ponds to
ates that

Description Value

'emporal difference between the start of the 2D and-the 3D acquisition process in | 0x0000 — Ox7FFF
milliseconds in two's complement coding. 0x8001 — OXFFFF

nspecified 0x8000

59.10 3D to 2D Texture Temporal Synchronicity

he mandatory (2 byte) 3D;t0 2D Texture Temporal Synchronicity shall be used to indicate the
he value indicates the temporal difference between the start of the 2D Texture Map acquisition and
f the 3D acquisition.process in milliseconds.

OTE: It doesmot'refer to the synchronicity between the acquisition of the 2D image in the Image D
nd the 3D data.

he field-allows the coding of positive as well as negative differences. Here a negative time differencs
at the~3D acquisition started before the 2D acquisition. The time difference in milliseconds is cod
tyve's, ‘complement system. So, a value of 0x8001 codes the maximum negative temporal diffe

o d 9= o 4= -

temporal

blation between the 3D-data and the 2D textural data of the optional 2D Texture Map of the 3D D4ta Block.

the start

hta Block

denotes
ed in the
rence of

67 ms. A

value of 0x8000 is acceptable and indicates that the 3D to 2D Texture Temporal Synchronicity is unspecified.

Table 22 — The 3D to 2D Texture Temporal Synchronicity

Description Value

Temporal difference between the start of the optional 2D Texture Map and the 3D | 0x0000 — Ox7FFF
acquisition process in milliseconds in two's complement coding. 0x8001 — OXFFFF

Unspecified 0x8000
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5.9.11 3D Acquisition Time

Different 3D scanning techniques strongly vary in their acquisition time and this time may directly influence the
quality of the data (if the subject moves during acquisition). Therefore, the (2 byte) 3D Acquisition Time field is
used to code the time span between the start of the 3D acquisition process and the end of the 3D acquisition

process in milliseconds. A value of OXFFFF is acceptable and indicates that the field is not specified.

Table 23 — The 3D Acquisition Time

Description Value
Duration |of the 3D acquisition process in milliseconds. 0x0000 — OXFFFE
Unspecifled OxFFFF

5.9.12 [2D Texture Acquisition Time

The optipnal 2D texture map of the 3D record may or may not be simultaneously acguired with the 3D data.
Thereforg, the (2 byte) 2D Texture Acquisition Time field is used to code the time.span between the start ¢f
the 2D Rcquisition process and the end of the 2D acquisition process ofithe optional texture map in

millisecopds. A value of OXFFFF is acceptable and indicates that the field is not'specified.

NOTE: this is not the time needed to acquire the 2D image of the image data block.

Table 24 — The 2D Texture Acquisition’Time

Description Value
Duration |of the 2D acquisition process in milliseconds. 0x0000 — OXFFFE
Unspecifled OXFFFF

5.9.13 Texture Map Type

The (1 byte) Texture Map Type field denotes the encoding type of the Texture Map Block. If the 3
Supplemeental Data field specifies thatithere is a texture map in the record, either JPEG (ISO/IEC 10918-1 an
ITU-T rec. T.81) or JPEG 2000 (ISO/IEC 15444-1) or PNG (ISO/IEC 15948:2004) shall be specified. Fd
JPEG, the data shall be formatted\in accordance with the JPEG File Interchange Format, Version 1.02 (JFIF
If the 30| Supplemental Data-field specifies that there is no texture map in the record the Texture Map Typ|

shall be Unspecified.

Table 25 — The Texture Map Type codes

}

= QU

oD -

Description Value
Unspecifled 0x00
JPEG 0x01
JPEG2000 0x02

PNG 0x03
Reserved 0x04-0xFF
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The (1 byte) Texture Map Spectrum field denotes the kind of spectrum that has been used for acquiring the
texture map specified in Clause 5.10.8. Whereas the 2D face image always uses the spectrum of the visible
light, this can be different for the acquisition of the texture map. If the 3D Data Supplemental Data field

specifies that there is a texture map in the record, the Texture Map Spectrum field shall not be unsp

ecified. If

the 3D Supplemental Data field specifies that there is no texture map in the record, the Texture Map Spectrum

field shall be unspecified.

ol fa¥al s T + A o 4 <l
AUTT ZU = TTIT TTALUTT VIidpP OSJTLLTUTIT CTUUTOS

Description Value
nspecified 0x00
isible (380nm- 780nm) 0x0L
ery-near infrared (photographic) (780nm-1000nm) 0x02
Short wave infrared (1000nm-1400nm) 0x03
Dther 0x04
Reserved 0x05-0xFF

(@]

.10 The 3D Data Block

—

he 3D Data Block contains the representation of the 3D data. There are three alternatives to store
hnge image, 3D point map, and vertex data. @ptionally, additional information can be stored in th
lask and in the Texture Map.

= =

ange Images are well suited for the coding of the depth values of a specific view of an object proje
lane or a cylinder. By definition, only~one depth value per pixel can be coded, which restricts the ¢
f the coded surface. Nevertheless, for facial images, esp. frontal facial images, this typically is a v
pproximation. Range images wmay be less suited for coding of depth information showing stron
urthermore, depth information in range images is typically more processed (smoothed, re-
mterpolated, etc.) than data in-the 3D point map.

oo O T 1

he 3D Point Map is@nost suited for exchange and storage of raw, unprocessed 3D sensor data. St
ata may result in {arger sizes of the representation.

o

ertex Data codes 3D points based on a non-regular sampling interval, typically resulting in a spars
ue to the“variable sampling of the vertex points the vertex data representation on the one hand
psult inwvery compact representations or in a very exact representation when using many vertices.

= 0O <

—

3D Data:
e Image

tted on a
bmplexity
ery good
0 poses.
sampled,

bring raw

b coding.
side can

he~3D Representation Type field (see Clause 5.9.5) is used to define the format of the

3D data

=

ryen oot I [ o +la. + ] 2l
CPTCSTITIatiuiT tTat Tias vTTirustuTiTurc actuarTfcLury,

5.10.1 Range Image Bit Depth

The (1 byte) Range Image Bit Depth field denotes the bit depth of the range image. This field is given for the

sake of easier record parsing, as the bit depth can also be derived from the PNG record header.

Table 27 — The Range Image Bit Depth codes

Description Value
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8 bit 0x00
16 bit 0x01
Reserved 0x02-0xFF

5.10.2 Range Image

The Ran

stored in
grey sca
the Rang
be defin
compres
Width. T
OxFFFF

5.10.3 3

These tw
2 byte vd

5.104 3

The 3D
consists
channel
(X,Y,2) 1
given in
neighbot

5.10.5 V

The vari
Block, th
a list of v

the (2 b
values ¢

If the No
byte) No

The IocTon of each vertex is represented by its X coordinate, Y coordinate, and Z coordinate as specified |

The optipnal (1 byte) Vertex Error field codes additional information on the vertex as described in Table 29 |

Clause 5
field sha

ae lmaage is a renresentation of the ranae data in a two dimensional form The Ranae lmaae shall
- ~J Ll ~J ~ ~J

the PNG format (ISO/IEC 15948:2004). PNG provides lossless compression for both 8 and 16-Hi
e image data. The bit rate of the PNG code is written in the PNG header, but shall also be given i
e Image Bit Depth field (see Clause 5.10.1). Hence whether the 8 or 16 bit depth coding is used shg
bd from the PNG record header. The length of the map is variable, as it depends on the lossleds
sion algorithm. The uncompressed data has the dimension Range Image Height x-Range Image
hese dimensions are encoded in the PNG header. Pixel of value OxFF for 8 bit PNG coding and
or 16 bit PNG coding shall indicate non-valid range data.

=35 ~

D Point Map Width and Height

o fields define the width and height of the 3D Point Map where the 3D-data is stored. Both fields ane
lues ranging from 0 to 65535.

D Point Map

Point Map allows storing of raw 3D scanner data. Thesorganization of this block is as follows. |t
of a three channel lossless compressed image in the PNG format with 16 bits per channel. The firgt
represents the X, the second the Y, andythe third the Z values. A pixel value of
t (OXFFFF, OxFFFF, OxFFFF) shall be used to indicate a non-valid 3D point. The coordinates are
an arbitrary Cartesian coordinate system. Cgnnhectivity is not explicitly encoded. For valid point
ring pixel positions represent neighbouring pesitions on the face surface.

(%)

ertex Data

hble length Vertex Data Block contains the Vertex Coordinates Block, the optional Vertex Normal
b optional Vertex Errors Block;.and the optional Vertex Textures Block. Each of these blocks contain
ertex descriptions. The number of the vertex descriptions is given by the (2 byte) Vertex Count field.

n n

=]

te) Vertex X Coordinate, Vertex Y Coordinate and Vertex Z Coordinate fields, respectively. Th
de the location with.a’fixed precision as specified in Clause 10.3.2.

[¢)

'mal Flag is eqtia) to 0x01 the corresponding normal vector to each vertex shall be specified in the (2
mal X, NormalY and Normal Z Coordinate fields, respectively.

>

.10.7 . [fthe existence of an Error Map is specified in the 3D Supplemental Data field, the Vertex Errg
| bedpresent for each vertex.

=

The opti

nal'Vertex Texture X and Vertex Texture Y fields represent th rr nding X and Y pixel ition

in the Texture Map with (0,0) denoting the upper left corner. If the existence of a Texture Map is specified in

the3D S
The num

upplemental Data field, Vertex Texture X and Vertex Texture Y shall be present for each vertex.
ber of triangles is specified in the (4 byte) Triangle Face Count field.

The 3D Vertex Data representation optionally allows for the specification of additional normals to the vertexes.

This can

be indicated by the (1 byte) Normal Flag field.
Table 28 — The Normal Flag codes

Description Value
Normal information not used in Vertex Data 0x00
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Normal information used in Vertex Data 0x01

Reserved 0x02-0xFF

5.10.6 Triangle Data

The variable length Vertex Triangle Data contains a list of triangle descriptions. The number of the triangle
descriptions is given by the Triangle Face Count field (see Clause 5.10.5). Each triangle is specified by the
three (7 hytp) indices of the vertices in the vertex data list fnrming the tri:—mglp The order of the vertex indices

shall be counter clock wise to indicate the external face of the triangle.
5.10.7 Error Map

he optional Error Map can be used to further give information on how the 3D data has’been pfocessed
efore it was stored in the 3D representation. The Error Map shall be coded in the PNGformat using an 8bit
er pixel greyscale image. The length of the map is variable, as it depends on the lossless compression
Igorithm. The uncompressed data has the dimension Range Image Height x Range-image Width in|the case
is associated with a Range Image or 3D Point Map Width x 3D Point Map Height in case it is associpated with
3D Point Map.

O =0T o -

-

ixel values tin the range of 0 to 200 are reserved for future use.-Values of t = 201 and abové code a
pecific potential or corrected defect of the 3D data or the corresponding Texture Image.

(7))

(n

ee Clause 5.10.5 of how the pixel values are used in for the 3D vertex representation.

Table 29 — ThéEfror Map

Description Value
Reserved for future use 0...200
Depth value is interpolated, interpolation type is.not specified 201
Depth value is interpolated, linear interpolation has been used 202
Depth value is interpolated, bi-cubi¢'interpolation has been used 203

Value of optional Texture Image potentially wrong (texture noisy, overexposure, etc.) 204

Value of optional JFextdre Image has been corrected by post processing (image | 205
hbrocessing)

Reserved for, future use 206...255

H.10.8 Texture Map

The optional Texture Map should only be used to store textural face data that is acquired by a scanning device
during the 3D acquisition process, and therefore may have geometry other than the 2D facial record data
stored in the Image Data Block of the same record. It is not a substitute for the mandatory 2D image of the
Image Data Block. Conformance requires that the 2D images of the image data block of any 3D image type
have to be conformant with the relevant specifications as specified in Clauses 5 to Clause 9. See Clause 10,
11 and 12 for more details.

The Texture Map has the format specified in the Texture Map Type field. It can be coded in 8 bit or 16 bit

greyscale or 24 bit colour image. The length of the map is variable as it depends on the compression
algorithm. The uncompressed data has the dimension Range Image Height x Range Image Width in the case
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it is associated with a Range Image or 3D Point Map Width x 3D Point Map Height in case it is associated with
a 3D Point Map, and variable dimensions when associated with a 3D Vertex Representation.

6 The Basic Face Image Type

6.1 Inheritance requirements for the Basic Face Image Type

The Basi

¢ Face Image Type is the base class of all Face Image Types. All Face Image Types obey normative

requirem

6.2 Ima

One of t
10918-1
1 Code S

6.3 Ima

Both en
compres

6.4 Forr

6.41 H

The Forr

6.42 H

The Blod

6.4.3

I

The Fac
shall be

7 The

7.1 1nhe

The Frorj

ents of this Clause (6). The inheritance map for Image Types is shown in Figure 10.

je data encoding requirements for the Basic Face Image Type

o possible encodings is to be used for all image types: The JPEG Sequential baseline (ISO/IEC
mode of operation and encoded in the JFIF file format (the JPEG file format) or the-JPEG-2000 Part
tream Format (ISO/IEC 15444-1) and encoded in the JP2 file format (the JPEG2000-file format).

je data compression requirements for the Basic Face Image Type

>

oding methods allow for compression of image data. There are mo/normative requirements o
sion for the Basic Face Image Type. Compression is discussed further in informative Annex A.1.

hat requirements for the Basic Face Image Type

acial Header

nat Identifier, Version Number, Length of Record, and Number of Faces fields shall be specified.

acial Information

k Length and Number of Feature Points'fields shall be specified.

hage Information

e Image Type field shall be(specified with value 0x00. The Image Data Type, Width, and Height field
Epecified.

[

Frontal Face,image Type

ritance<€equirements for the Frontal Face Image Type

talk£ace Image Type is a subclass of the Basic Face Image Type and therefore obeys all normativi
ehts of Clause 6.

]

requirem

NOTE: The Frontal Face Image Type is not a valid Face Image Type but helps to describe common
specifications of the Full Frontal Image Type and the Token Image Type. Therefore, all Frontal Type Images

are eithe

34

r Full Frontal or Token Frontal. (Refer 5.7.1)
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7.2 Scene requirements for the Frontal Image Type

7.2.1 Purpose

This Clause specifies scene constraints for the capture of frontal images, of either Image Type Full Frontal or

Token. This Clause should be read in conjunction with the Informative Annex A.2 Best Practices fo
Images.

7.2.2 Pose

Hose is known to strongly affect performance of automated face recognition systems. Thusthe

face recognition systems. Therefore, the rotation of the head shall be less than £8° frany frontal in
5.5.8). Figure 13 shows an example of £8° rotation in roll.

Figure 13 — Sample images with +8° (left) and -8° (right) rotation in roll.

NOTE: The best practice recommendation as outlined in Clause A.2.2 is that the rotation of the hea
be less than +5° from frontal in roll.

that call for this format to be used.

7.2.3 Expression

m

xpression is known to strongly affect the performance of automated face recognition syste
bcommended to classify the expression as one of the following.

=

o[ Neutral (non-smiling) with both eyes open normally (i.e. not wide-open), and mouth closed.
o] A smile where’the inside of the mouth and/or teeth is not exposed (closed jaw).
o/ A smile.where the inside of the mouth and/or teeth is exposed.

o| ~Raised eyebrows.

r Frontal

full-face

flontal pose shall be used. Rotation of the head shall be less than +5° from frontal in pitch and-yaw (ref. 5.5.8).
Hose variations that lead to an in-plane rotation of the head can be more easily compensated’by alitomated

roll (ref.

d should

Tlhis constraint refers to the pose of the subject associated with the face image format data for all applications

ms. It is

e Eyes looking away from the camera.
e Squinting.

e Frowning.

See the Informative Annex A.2.2 for best practices on this topic based upon this classification scheme.
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7.2.4 Assistance in positioning the face

In no cases will any other face be captured in the frontal image. See the Informative Annex A.2 for best
practices on this topic.

725 S

houlders

Shoulders shall be square on to the camera. Portrait style photographs where the subject is looking over one

shoulder

are not acceptable.

726 B

Specificd
for best

727 S

Lighting
point of v

728 S

The regi
shall be
headdres
features

729 S

There sH
clearly vi

7.2.10 H

Care shg
caused
multiple
acceptal]
requirem

7.2.11 H

If the pe
shall be
that tint

ackgrounds

tion of background is not normative for the creation of frontal images. See the Informative,Annex A
ractices on this topic.

ubject and scene lighting

Shall be equally distributed on the face. There shall be no significant direction/of the light from th
iew of the photographer, as further described in Clauses 7.2.8 and 7.2.9

hadows over the face

bn of the face, from the crown (as defined in Clause 4.6) to the-base of the chin, and from ear to ea|
clearly visible and free of shadows. Special care shall be“taken in cases when veils, scarves (
ses cannot be removed for religious reasons to ensure-these coverings do not obscure any faci
and do not generate shadow. In all other cases head coverings shall be absent.

hadows in eye sockets

all be no dark shadows in the eye sockets du€ to the brow. The iris and pupil of the eyes shall b
Sible.

ot spots

Il be taken to avoid hot spots (hright areas of light shining on the face). These artefacts are typical
vhen one, high intensity, focused light source is used for illumination. Instead, diffused lightin
palanced sources or othér;lighting methods shall be used. A single bare point light source is n

le for imaging. Insteady the illumination should be accomplished using other methods that meg
ents specified in this.€lause.

ye glasses

son normally wears glasses then they should wear glasses when their photograph is taken. Glasse

Clear glass and transparent such that the eye pupils and irises are clearly visible. If glasses are wor
automatically under illumination, they should be photographed without tint by tuning the dire

[]

=

D

y

t
ot
S

n
Ct

illuminati

pbn”or background lighting. Only in abnormal cases where the tint cannot be reduced should th

e

glasses be removed. In cases where tinted glasses are worn, the specification of dark glasses in the header
structure is recommended. Permanently tinted glasses or sunglasses are acceptable only for medical reasons
(and shall otherwise be removed). In cases where tinted glasses or sunglasses are worn, the specification of
dark glasses in the header structure is recommended. Care shall be taken that the glasses frames do not
obscure the eyes. There shall be no lighting artefacts or flash reflections on glasses. This can typically be
achieved by increasing the angle between the lighting, subject and camera to 45° (degrees) or more.

7.2.12 Eye patches

The wearing of eye patches is allowed only for medical reasons. In these cases, the specification of the patch,
in the header structure is recommended.

36
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7.3 Photographic Requirements for the Frontal Image Type

7.3.1 Purpose

This Clause specifies photographic constraints for the capture of frontal face images, of either type Full Frontal
or Token. Rather than impose a particular hardware and lighting capture system, this Clause specifies the
type of output from these systems that is allowed. This Clause applies to film as well as digital photography,
and it should be read in conjunction with the Informative Annex A.2 Best Practices for Frontal Images.

/32— NO OVer or under exposure

Hor each patch of skin on the person’s face, the gradations in textures shall be clearly visible! IfT"thjs sense,
tihere will be no saturation (over- or underexposure) on the face.

~J

.3.3 Focus and depth of field

he subject’s captured image shall always be in focus from nose to ears and chin to'crown. Although|this may
bsult in the background behind the subject being out of focus, this is not a prablem. In a typical phojographic
tuation, for optimum quality of the captured face, the f-stop of the lens should’be set at two (or morg) f-stops
elow the maximum aperture opening when possible to obtain enough‘depth of field. All images will have
ufficient depth of focus to maintain greater than 2 mm resolution on\the subject’s facial features gt time of
apture.

Q W oo 0 = —

~J

.3.4 Unnatural colour

—

nnaturally coloured lighting, yellow, red, etc. is not allowed. Care shall be taken to correct the whitg balance
f image capture devices. The lighting shall producera face image with natural looking flesh tones when
ewed in typical examination environments. Red-eyes are not acceptable.

<. O

~J

.3.5 Colour or greyscale enhancement

process that overexposes or under-develops a colour or greyscale image for purposes of beauty
nhancement or artistic pleasure is .nov allowed. The full spectrum shall be represented on the fage image
here appropriate. Teeth and whites of eyes shall be clearly light or white (when appropriate) and dayk hair or
atures (when appropriate) shall be clearly dark.

_—<s O >

.3.6 Radial distortion of the camera lens
he fish eye (ref. 4.14)that is associated with unusually large noses in the image is not allowed. While some

istortion is almost-always present during portrait photography, that distortion should not be notigeable by
uman examination. See informative annex A.2 for further discussion.

.4 Digital requirements for the Frontal Image Type

his"€lause discusses normative aspects of the digital properties of frontal images including Full Frpntal and
oken.

7.4.1 Geometry

7.4.1.1 Pixel aspect ratio
Digital cameras and scanners used to capture facial images shall produce images with a pixel aspect ratio of

1:1. That is, the number of pixels per inch in the vertical dimension shall equal the number of pixels per inch in
the horizontal direction.
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7.4.1.2 Origin at upper left

The origin of coordinates shall be at the upper left given by coordinate (0,0) with positive entries from left to
right (first dimension) and top to bottom (second dimension).

7.4.2 Colour profile

7.4.2.1 Greyscale density

The dynau 8
unigue vplues) in the facial region of the image. The facial region is defined as the region from crown te-chin
and fron] the left ear to the right ear. This recommendation may require camera, video digitizer, or.scanner
settings o be changed on an individual basis when the skin tone is excessively lighter or darker-than the
average [preset) population.

7.4.2.4 Colour saturation

The colour saturation of a 24-bit colour image should be such that after conversion to‘\greyscale, there are |7
bits of in{ensity variation in the facial region of the image.

7.4.2.3 Colour space
Frontal images shall be represented as one of the following

e The R4-bit RGB colour space where for every pixel, eight (8) bits will be used to represent each of the Red,
Gregn, and Blue components.

e An 8tbit monochrome colour space where for every pixel; (8) bits will be used to represent the luminance
component.

e The [YUV422 colour space where twice as many bits are dedicated to luminance as to each of the twp
coloyir components. YUV422 images typically contain two 8-bit Y samples along with one 8-bit sample ¢f
each of U and V in every four bytes.

To achieyje device-independence, the RGB values from the camera or scanner should be converted to valugs
in a defined standard RGB space, such'as sRGB, using the device’s colour profile and colour management
processing. Information regarding-device profiling and colour management can be downloaded from the
Internatignal Color Consortium URL: www.color.org.

7.4.3 Mideo interlacing

Interlacef video frames are not allowed for the Frontal Image Type. All interlacing must be absent (not simp
removed| but absent).

<

7.5 Format‘téquirements for the Frontal Image Type

7.5.1 Inheritance requirements

The format requirements for the Basic Face Image Type shall be specified, as given in Clause 6.4. In addition
the following requirements shall be specified.

7.5.2 Image Information

Frontal Images are either Full Frontal or Token Frontal images and the Face Image Type field shall be set
accordingly (ref. 8.5.2, 9.3.2).
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8 The Full Frontal Image Type

8.1 Inheritance requirements for the Full Frontal Face Image Type

ISO/IEC 19794-5:2005(E)

The Full Frontal Face Image Type is a subclass of the Frontal Image Type and therefore obeys all normative
requirements of Clause 6 and Clause 7.

8.2 Scene requirements for the Full Frontal Face Image Type

1

=

0

he Full Frontal Face Image Type is a subclass of the Frontal Image Type and therefore obeys all_ normative
pquirements of Clause 6 and Clause 7.

.3 Photographic requirements for the Full Frontal Face Image Type

.3.1

Introduction

A

0=(0,0)

v

Figure 14 — Geometric characteristics of the Full Frontal Face image. This figure is a derivative of

AAMVA document DL/ID-2000.

This Clause describes the minimum relative dimensions of the full image with respect to the face. The
requirements of this Clause can be met by images taken in both portrait and landscape mode, and Figure 14
shows a portrait image and head outline to display dimensions A, B, BB, CC, and DD which are referenced in
Clauses below. In addition to the requirements below, the face from chin to crown as defined in 8.3.5 and with
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the full width as defined in 8.3.4, shall be visible in the image. Clause A.3.2 discusses additional constraints on
image and head dimensions for sizes appropriate specifically to travel documents.

NOTE: For digital images the normative requirements related to the minimum inter-eye distance as defined in

Clause 8.4.1 impose further requirements on the minimum head size. See Annex A.3.1.1 for more information
regarding the connection between photo resolution and the photographic requirements of this Clause.

8.3.2 Horizontally centred face

The app oximate haorizontal miripninfr: of the mouth-and of the hrirlgn of the nose define the imnginnr\]/ line A
(usually the symmetry axis of the face). Furthermore, the imaginary line BB is defined as the line throughith
centres ¢f the left and the right eye. The intersection of AA and BB defines the point M as the centre~0Dth

face. Thg X-coordinate M, of M shall be between 45% and 55% of the image width.

@ @D

8.3.3 Mertical position of the face

[o8

The Y-cqordinate M y of M shall be between 30% and 50% of the image height. A single,exception is allowe

for children under the age of 11 years, in which case the higher limit shall be modifiedto 60% (i.e. the centr
point of the head is allowed to be lower in the image for children under the agé of 11). The origin O of th
coordinafe system is defined to be in the upper left corner of the image.

D D

8.3.4 Width of head

=

The width of a head is defined as the distance between the two imaginary lines parallel to the line AA; eac
imaginary line is drawn between the upper and lower lobes of¢each ear and shall be positioned where th
external par connects the head. The head width is shown as length CC in Figure 14. To ensure that the enti
face is vigible in the image the head width CC shall be between 50% and 75% of the image width (A).

D D

8.3.5 Lgngth of head

The length of a head is defined as the distance between the base of the chin and the crown measured on th
imaginary line AA. This is shown as length.DD"Iin Figure 14. The crown is defined as the top of the head
ignoring pny hair. In order to assure that thé entire face is visible in the image, the minimum image height sh3l
be specified by requiring that the crown-to-chin portion (DD) of the Full Frontal image pose shall be betwee
60% and 90% of the vertical length ofithe image (B). A single exception is allowed for children under the ag
of 11 yedrs, in which case the lower'limit shall be modified to 50%.

O S =0

8.3.6 Summary of photographic requirements
Table 30|summarizes the photographic requirements for full frontal images specified in Clauses 8.3.1 — 8.3.5.

Tabte30 — Summary of photographic requirements for Full Frontal Images

Glause\( | Definition Requirements

3T Generat Tequirerment Head entirety visitte i the mage
8.3.2 Horizontal Position of Face 045A< M, <055A
8.3.3 Vertical Position of Face 03B< M , <058

8.3.3 Vertical Position of Face (Children under the age of 11) (p3B< M , <068

8.34 Width of Head 05A<CC<075A
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8.3.5 Length of Head 06B<DD<09B

8.3.5 Length of Head (Children under the age of 11) 05B<DD<09B

Figure 15 shows a typical example of a passport image. The outer rectangle visualizes the maximum
dimensions of the head based on the requirements in Clause 8.3.4 and 8.3.5. Furthermore, the inner rectangle

shows the minimum width and height dimensions of the head based on the image dimensions.

Figure 15 — Sample image with the respective minimal and‘maximal head dimensions based
image width and height.

0

.4 Digital requirements for the Full Frontal Facedmage Type

(0]

4.1 Resolution

or an image for optimal human examination and permanent storage, the resolution of the full images

(N Y T

ee the Informative Annex Clause A.3.1.1 for best practices on this topic.

o0

.5 Format requirements for the’Full Frontal Image Type

85.1 Inheritance requirements

Tlhe format requirements.for the Basic Face Image Type shall be specified, as given in Clause 6.4. Ir
tihe following requirements (Clause 8.5.2) shall be specified.

85.2 Imageinformation

Tlhe Facelmage Type field shall be specified with value 0x01.

g— The Tokem Face image Type

9.1 Inheritance requirements for Token Face Image Type

on the

shall be

t least 180 pixels of resolution for the width) of the head, or roughly 90 pixels from eye centre to eye centre.

addition

The Token Face Image Type is a subclass of the Frontal Image Type and therefore obeys all normative

requirements of Clause 6 and Clause 7.
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9.2 Digital requirements for the Token Face Image Type

9.2.1 Introduction

The Token Face Image is used to store the extracted face information from any other image source. The
Token Face Image inherits properties from the Frontal Face Image Format. It can be generated at any
resolution using only the pixel positions of the centre of the eyes relative to the upper left corner of the full
image. The purpose of the Token Face Image is to standardize the position of the eyes in an image and define
the minimal amount of image area around the eyes. Using a Token Face Image representation may help to

reduce the-amount-of-data-stored-forfacial-images-while—tretaining-the-formation-needed-forautomated-fag
= E E g g at E

recogniti

9.22 H

To creat
12.1 and

e Tou
e Tou

e Tou

9.23 T

A Token
Table 31

NOTE: G

bn applications.

ye positions

b a Token Face Image, the eye socket centres, or simply eye positions, defined as(Feature Point
12.2, shall be determined. For the determination of eye positions, it is possible:

e computer inspection,
5e human visual inspection, or
5e computer and human visual inspection.

pken image geometric format

Image is a colour or greyscale image with image dimensions and eye position coordinates given b

lause 5.2.3 specifies conversion of values to integer.

Table 31 — Geometric charagteristics of the Token Image Type

Feature or Parameter Value

Image Width w

Image Height W/0.75

Y coordinate of Eyes 0.6 *W

X coordinate 0 First (right) Eye 0.375*W

X coordinate of Second (left) Eye (0.625*W) -1
Width from eye to eye (inclusive) 0.25 *W

<

An example is shown in Figure 16.
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W/0.75 320

v [ v . C)
-0.375% W+ 1240255 W » —— 91 —»{«SE0 —»f
0.625%W ——»| - 15 |

S

Figure 16 — The Token Face Image Type geometric format (léft) and a sample minimum width
Token Face Image formatimage (right).

[Co]

.2.4  Minimum width Token image

he minimum required image width is 240 pixels, This corresponds to an image height of 320 pi
pordinate of eyes of 144, X coordinate of the fitst eye of 90 and X coordinate of second eye of
istance from eye to eye (inclusive) in this case’is therefore 60 pixels. This example is shown in H

Q9 0 —

(o]

.2.5 Padding

—

he normative practice shall be_to fill any undefined set of pixels with any colour. See the A.4.3
practices on this matter.

9.3 Format requirenients for the Token Face Image Type

9.3.1 Inheritance-requirements

—

he format-requirements for the Basic Face Image Type shall be specified, as given in Clause 6.4. Ir]
tihe following requirements shall be specified.

9.3:2 " Image Information

W=240)

els,ayY
149. The
gure 16.

oordinates are relative to the top left cornerof the image (0,0) and all measurements are in units of pixels.

for best

addition

The Face Image Type field in the Image Information structure shall be specified with value 0x02.

10. The Basic 3D Image Type

10.1 Inheritance Requirements for the Basic 3D Image Type

The Basic 3D Image Type is the base class of all 3D Face Image Types. All 3D Face Image Types obey
normative requirements of Clause 10. Furthermore, the Basic 3D Image Type inherits all the requirements of
the Basic Face Image Type. All mandatory (non-optional) fields of the 3D Information Block shall be defined.
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NOTE: Some of the mandatory fields may still remain unspecified if the appropriate value is set. Please see
the specification of the individual fields for details.

10.2 The Basic 3D Image Type using the 3D Point Map representation

10.2.1 Coordinate System Type

The Coordinate System Type for the Basic 3D Image Type using the 3D Point Map representation shall be
0x00, i.e. a Cartesian coordinate system shall be used.

10.2.2 ScaleX, ScaleY and ScaleZ

Basic 30 Images using the 3D Point Map representation shall use a fixed scaling and offset values. Thie
following|values shall be used:

ScaleX 5 ScaleY = ScaleZ = 0.02 mm,; OffsetX = OffsetY = OffsetZ = -655.34mm
10.3 The Basic 3D Image Type using the 3D Vertex representation
10.3.1 doordinate System Type

The Coofdinate System Type for the Basic 3D Image Type using the 3D Vertex representation shall be 0x0
i.e. a Cartesian coordinate system shall be used.

10.3.2 ScaleX, ScaleY and ScaleZ

Basic 30 Images using the 3D Vertex representation shall use‘@ fixed scaling and offset values. The following
values shall be used:

ScaleX {4 ScaleY = ScaleZ = 0.02 mm; OffsetX = OffsetY = OffsetZ = -655.34mm

11 Theq Full Frontal 3D Image Type

The Full Frontal with 3D Image Type shall fulfil the following requirements.

11.1 Inlperitance requirements

=]

The Full]Frontal with 3D Image Type inherits the requirements of the Basic 3D Image Type as specified i
Clause 10.1. Furthermore“itinherits all requirements of the Full Frontal Image Type.

11.2 Cqordinate.System Type

system ghall be used. Furthermore, the origin of the coordinate system shall be the nose, i.e. the prn landma
as definddin Table 11

The Coordinate~System Type for the Full Frontal 3D Image Type shall be 0x00, i.e. a Cartesian coordina:r
k

11.3 Pose of the 3D representation

The rotation of the head in the 3D representation shall be less than £5° from frontal in pitch and yaw (see
Clause 5.5.6 and 5.5.7). Pose variations that lead to an in-plane rotation of the head can be more easily
compensated by automated face recognition systems. Therefore, the rotation of the head shall be less than
+8° from frontal in roll (ref. Clause 5.5.8). This constraint refers to the pose of the subject associated with the
face image format data for all applications that call for this format to be used.
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The calibration accuracy of the acquisition device shall be so high, that the mean shift between the texture of
the 2D Full Frontal Image and the 3D data after projection with the texture projection matrix is less than 1mm.

NOTE: This may not represent accuracy obtained during normal usage due to subject/device movement. The
3D to 2D Image Temporal Synchronicity (see Clause 5.9.9) will be indicative of the observed effect.

11.5 Requirements on Full Frontal 3D Image Types using the Range Image Representation

1

T

[«

J

=

w =z

0n o = —

mage Type in a Cartesian coordinate system.

1.5.1 ScaleX, ScaleY and ScaleZ

he resolution of the stored depth data strongly depends on ScaleZ. To preserve quality adgraXimun
calez .. =1mm shall be defined for the Full Frontal 3D Image Type.

or the same reason a maximum value of ScaleX = ScaleY,  =1mm shall be defined for the Full F

OTE: In any case, ScaleX and ScaleY denote a sampling rate, not the physical measurement ra
eNSor.

1.5.2 Face Coverage

he 3D data shall cover the minimal rectangular dimensions [-1.75 w, 1.75 w] x [-1.75 w, 2.55
bgion™) in the Cartesian coordinate system with the landtmark point prn as origin, where w is the
etween the feature points 12.1 and 12.2 (centre of the eyes) as defined in Clause 5.6.4. Figure 17
ample 2D image with the highlighted outer region.

¥4

Figure 17 — Sample 2D image of the minimal Face Coverage (outer region).

1.5.3 Non=yalid points in 3D data Image

t maximum 50% of the pixels of the Range Image in the region defined in 11.5 shall have a ze

value of

rontal 3D

te of the

V] ("outer
distance
shows a

ro value,
w, 1.8 w]

dicating a non-valid depth value. Furthermore, in the inner region defined as [-1.5 w, 1.5 w] x [-1.8

Kels shall

have a zero value, indicating an invalid depth value. Here, w is the distance between the feature points 12.1
and 12.2 (centre of the eyes) as defined in Clause 5.6.4. Figure 18 shows a sample 2D image with the

h

ighlighted inner region.
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11.6 Reg

116.1

The resd

enable the interchange of high resolution 3D data the minimum dimensions for Eull‘Frontal 3D Image Type

using the

Figure 18 — Sample 2D image of the inner region.

guirements on Full Frontal 3D Image Types using the 3D Point Map Representation
3D Point Map Width and Height

lution of the 3D Point Map is directly dependent on the width and height of the 3D Point Map. Tjo

(%)

3D Point Map representation shall be

3DPoin
3DPoin

11.6.2

For biom
covered
Map a n
-1.75 w §
distance

11.7 R¢
11.71

For biom
covered
Represe
-1.8w=<
distance
be at lea
80% in th

MapWidth,_.. =140 Pixels and
MapHeight, .. =170 Pixels.

Face Coverage

]

etric purposes it is eminently important that the, outer region, as defined in Clause 11.5, shall b
by sufficient measurement points. Therefore, fora Full Frontal 3D Image Type using the 3D Poi
hinimum of 70% of the points shall have X“and Y coordinates with -1.75 w < X < 1.75 w an
LY < 2.55 w in the Cartesian coordinate system with the landmark point prn as origin, where w is th
between the feature points 12.1 and 1242 (centre of the eyes) as defined in Clause 5.6.4.

—

guirements on Full Frontal 3D4mage Types using the 3D Vertex Representation
Face Coverage

etric purposes it is eminently important that the inner region, as defined in Clause 11.5, shall

by sufficient measurément points. Therefore, for a Full Frontal 3D Image Type using the Vertgx
ntation a minimubm)of 1000 points shall have X and Y coordinates with -1.5 w < X < 1.5 w an
Y < 1.8 w in the Cartesian coordinate system with the Landmark Point Prn as origin, where w is th
between the,feature points 12.1 and 12.2 (centre of the eyes) as defined in Clause 5.6.4. There sh3ll
S5t one vettex point projected on the plane of the inner region per square centimetre with coverage ¢f
e inngfrregion.

12 The Token Frontal 3D Image Type

12.1 General

The Token Frontal 3D Image Type shall fulfil the following requirements.

12.2 Inheritance requirements

The Token Frontal 3D Image Type inherits all requirements of the Basic Image Type, the requirements of the
Full Frontal Image Type as defined in Clauses 11.2 to 11.6. Furthermore, it inherits all requirements of the
Token Frontal Image Type.

46
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12.3 Requirements on Token Frontal 3D Image Types using the Range Image Representation

The Token Frontal 3D Image Type using the Range Image Representation inherits all requirements of the Full
Frontal 3D Image Type using the Range Image Representation as defined in Clause 11.7.

12.4 Requirements on Token Frontal 3D Image Types using the 3D Point Map Representation

The Token Frontal 3D Image Type using the 3D Point Map Representation inherits all requirements of the Full
Frontal 3D Image Type using the 3D Point Map Representation as defined in Clause 11.8.

2.5 Requirements on Token Frontal 3D Image Types using the Vertex Representatiof

he Token Frontal 3D Image Type using the using the Vertex Representation inherits all requirements of the
ull Frontal 3D Image Type using the using the Vertex Representation as defined in Clause’11.9.

-
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Annex A

(informative)

Best practices

2005(E)

.1 Best practices for Basic Face Images

.1.1 Purpose

his Clause discusses specifications acknowledged to be important to the fulfilment of ‘the stated pu
record creation and yet too stringent or ill-defined to appear in the normative Clauses of this doc
ould be read in conjunction with Clause 6.

.1.2 Feature Point determination

he Feature Point Block defined in Clause 5.6 can be added to theweecord format of any Basic Fa
ype or subtype to describe the position of feature points (landmarks) used by face recognition algg
ssible, feature points should be determined on images before-eompression is applied.

eature points should be included in the record format if:\they have been accurately determined

roviding the option that that these parameters do not have'to be re-determined when the image is p
for face recognition tasks. Typically, a computer algorithm will either accurately determine the positi
feature point or completely fail and provide either clearly erroneous or no landmark information. The

ethod for accurate determination is the use of computer-automated feature point determination fol
human verification and potential override of the:¢emputer determined feature points.

A.2 Best practices for Frontalimages

A.2.1 Purpose

Tlhis Clause discusses specifications acknowledged to be important to the fulfilment of the stated pu
ontal image capture_and ‘creation yet too stringent or ill-defined to appear in the normative Clause
cument. It should-beread in conjunction with Clause 7.

—h

.2.2 Pose

he full-face’ frontal pose should be used. Rotation of the head should be less than £5° from fronta
irectidn;roll, pitch and yaw (ref. 5.5.8).

poses of
ument. It

te Image
rithms. If

thereby
rocessed
bn of the
refore, a
owed by

poses of
bs of this

in every

aaY | — -
£.0 CEAPICSSIUN

The expression should be neutral (non-smiling) with both eyes open normally (i.e. not wide-open), and mouth
closed. Every effort should be made to have supplied images comply with this specification. A smile with
closed jaw is not recommended. Examples of unacceptable expressions are closed eyes, hair covering eyes,
and rim of glasses covering part of the eye. Examples of non-recommended expressions are a smile where

the inside of the mouth and/or teeth is exposed (jaw open), raised eyebrows, eyes looking away
camera, squinting, and frowning.

A.2.4 Assistance in positioning the face

Hands, arms etc. of an assisting person used to support the positioning should not be visible.
© ISO/IEC 2005 — All rights reserved
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A.2.5 Background

The discussion of background is important for computer face recognition because the first step in the
computer face recognition process is the segmentation of the face from the background for the purpose of
registration (landmark determination). In this context, certain common problems should to be avoided if
possible.

A.25.1 Background segmentation

—

Th b Ao loahas a—th. ™ al -tk [N Leararaal bharlad 1 haadlantifiol] hawt—th. Bt i o
e Ou udly JTLWWLTTT e Ticau Aarnu it vALRYyTuuniu offuuiu vt LitAdlly TUTTIUITAVIT dyuUuLl Uic TIinme oUvjec

(very large volume hair excepted).

A.25.2 Background shadows

There shiould be no shadows visible on the background behind the face image.

A.2.53 Background uniformity

The background should be plain, and shall contain no texture containing lines en curves that could caus
computef face finding algorithms to become confused. Therefore the background-should be a uniform colot
or a single colour pattern with gradual changes from light to dark luminosity in.a‘single direction.

= O

A.254 Background examples

A typical background to enhance machine-assisted face recognition performance is 18% grey with a plai
smooth gurface. Plain light coloured backgrounds such as light blue are also acceptable. A white backgroun
i able provided there is sufficient distinction between.the-face/hair area and the background.

[@N=]

A.2.6 Fpcus and depth of field

—

at two (or more) f-stops below the maximum aperture opening when possible to obtain enough depth of fiel
Greater than one millimetre resolution will bexconsidered accomplished if the individual millimetre markings
rulers plgced on the subject’s nose and ear-facing the camera can be seen simultaneously in a captured test
image. Iffthe camera lacks auto focus.all. subject positions will need to be maintained in a defined area for gl
image cdptures.

In a typidal photographic situation, for optimum quality of the captured face, the f-stop of the lens should be SI

A.2.7 No unnatural colour
Greyscale photographsessheuld be produced from common incandescent light sources. Colour photographs
should use colour-balahcing techniques such as using high colour-temperature flash with standard film qr

tungstentbalancedfilm-with incandescent lighting.

A.2.8 Colourcalibration

Colour catibratio

A.2.9 Radial distortion of the camera lens

The purpose of this requirement is to make consistent radial distortion due to focal length. For a typical photo
capture system with a subject 1.5 to 2.5 meters from the camera, the focal length of the camera lens should
be that of a medium telephoto lens. For 35 mm photography this means that the focal length should be
between 90 mm and 130 mm. For other negative formats/sensors the recommended focal length is 2 to 3
times the diagonal of the negative/sensor.
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A.3 Best practices for Full Frontal Images
A.3.1 Digital attributes of Full Frontal Images

A3.11 Photo resolution

2005(E)

For an image for optimal human examination and permanent storage, the preferred minimum resolution of the

full image is at least 240 pixels of resolution for the width of the head, and correspondingly roughly 1

20 pixels

from eye centre to eye centre. This corresponds to a minimum full image width of 420 pixels and an image

ight of 525 pixels.

or a photograph with head width 20 mm (roughly 0.78 inches), the recommended scanner resoluti
ts per centimetre (roughly 300 dots per inch). For a photograph with head width 13 mm (roughly 0.5
tihe recommended scanner resolution is 189 dots per centimetre (roughly 480 dots per inch). For a ph
ith head height (from chin to crown) of 25mm (roughly 1 inch), this in turn correspands to a head
erage of roughly 20 mm (roughly 0.8 inches) using a typical head geometric ratio 64 to 5. This cor

td a required scanner resolution of 117 dots per centimetre (roughly 300 dots per.inch). Therefore wh
anning supplied paper photograph portraits of conforming dimensions using,’a-scanner, the colouf
resolution should typically be set to 300 dpi.

n the other hand, if photographs are scanned at 120 pixels per centimetre (300 ppi) the requirem

ixels minimum inter-eye distance corresponds to an inter-eye distance of approximately 8 mm. In
the best practice requirement of 120 pixels minimum inter-eye diStance corresponds to an inter-eye
af approximately 10 mm for photographs scanned at 120 pixels‘péer centimetre (300 ppi).

>

.3.2 Best practices for use of Full Frontal Imagesron Travel Documents

A.3.2.1 Width to height ratio of the image

or a Full Frontal Image, the (Image Width: Image Height) aspect ratio should be between 1:1.25 an
his allows for ratio of 1:1.25 specified by, NIST best practices for mug shots, 1:1.28 used in many
mages, and 1:1.33 used in many driversllicense images.

S < 7

A.3.2.2 Head size relative to.the image size

-

or a Full Frontal Image the (Image Width: Head Width) ratio (A:CC) should be between 7:5 and 2
atisfies requirements from _numerous driver’s license and international passport agencies. For cas
e subject has a lot(of) ‘hair, this constraint is more important than including the entire hairlin
hotograph. For teens”and adults, the crown to chin portion of the full-face frontal pose should occup
% of the vertical’length of the image as this satisfies requirements from numerous driver’'s licg
international passport agencies. For children, typically defined as persons under the birth age of 11
aller head-size of 50% of the image area is acceptable if required to maintain photographic qual
age such as to avoid distortion such as fish eye (ref. 4.11) or blurring.

(7))

.3.2:3 Summary of best practice photographic recommendations

bn is 120
inches),
otograph
width on
esponds
En colour
scanner

ent of 90
analogy,
distance

d 1:1.34.
passport

1 as this
s where
e in the
y 70% to
ense and
years, a
ity of the

For convenience, Table A.1 summarizes the geometric and pose constraints in Clauses A.2.2 and
A.3.2.2.

Table A.1: Summary best practices for Full Frontal Images on Travel Documents

A.3.2.1-

Clause Definition Recommendation

A2.2 Pose +5° from frontal in roll, pitch and yaw

A3.21 Width to Height Ratio of Image 1.25<B/A<1.34

© ISO/IEC 2005 — All rights reserved
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A3.2.2 Width of Head 14CC<A<2cCC
A3.2.2 Length of Head 0.7B<DD<0.8B
A3.2.2 Length of Head (Children under the age of 11) |0.5B<DD<0.8B
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A.3.2.4 Sample images and sample photograph taking guidelines for travel documents

Photograph quality

The photographs must be:

B no more than &-months old

L . V m close up of your head QQ<O
too close too far away. and top of your shaulders
so that your fﬁ&(akes up
70-80% of the photograph
min shar@cus and clear
m of quality with no ink
ks or creases

N
S

blurred ink marked/creased - Q
The photographs must:

m show you locking directly
at the camera

m show your skin tones
naturally

s . m have appropriate brightness

looking away:
] EVEY and contrast

® be printed on high quality
paper,and at high resolution

Photographs taken with a

digital camera must be high

quality colour and printed

on photo-quality paper.

.'.'$ E

washed out colour pixelated

Figure A.1 — Best practices for the purpose of travel document creation.
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Style and lighting

The photographs must:
m be colour neutral

= show your eyes open and
clearly visible—no hair

flash 1

shadows behind head  shadows across face

across your eyes

m show you facing square
on to the camera, not
locking over one sho
(portrait style) or & US
and showing @edges
of your farfﬁgkarly

m beta n@th a plain
Iig%-@ oured background

@taken with uniform
\§\ ighting and not show

shadows or flash
reflections on your
face and no red eye

%
¥

o)
Q
s

Figure A.1 — Best practices for the purpose of travel document creation.
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Glasses and head covers

If you wear glasses:

B the photograph must
show your eyes clearly
with no flash reflection

dark tintad lenses  flash reflection on lenses off the glasses, and no

tinted lenses (if possibl%

avoid heavy frames

wear lighter framﬁﬁl’

glasses if yoy\ e them)
B make 5ure&at the

fram%gb not cover

N
frames too heavy frames covering eyes aﬂ@art of your eyes.

géad coverings:

Q<< B are not permitted except
P i
for religious reasons, but

your facial features from
bottom of chin to top of
forehead and both edges
of your face must be
clearly shown.

Expression and frame

Your photographs must:

= show you alone (no chair
backs,toys or other people
visible), looking at the

expression and your
mouth closed.

. :-i _@ X
shows another person  mouth open and toy
too close to face

Figure A.1 — Best practices for the purpose of travel document creation.

© ISO/IEC 2005 — All rights reserved

55


https://standardsiso.com/api/?name=7b3a156814261550cb83074a3f508b03

ISO/IEC 19794-5:2005(E)

A.3.3 Full Frontal Image compression

A.3.3.1 Compression —no region of interest

Face recognition performance results for the compression of Full Frontal Images are shown in Figures A.2 and
13 below, from faces obtained from Passports Australia within the Australian Department of Foreign Affairs
and Tradel. Here, 1000 matching pairs (original and renewals) of real passport images were considered.

These |mages were orlgrnally scanned at 300 dpl and have standard passport photo srze geometnc
characteri ; *
The average size of the onglnal uncompressed |mages was approxrmately 669 KB. The images used in these
tests wefe compressed to an average size of 71 KB using JPEG, then decompressed and recompress
using JAEG and JPEG2000 for the matching tests. This initial compression of the images could, potentially
cause JREG artefacts to be present in the images used in the tests, but given the relatively low,compression
ratio of 40:1 used; this initial compression has shown to have had a negligible impact on the @utcome of the
data as if pertains to matching performance.

The facq registration and face recognition technologies used for this analysis were Facelt version 5.0, fro
Identix Jorporation, and ZN-FaceRecServer version 1.1, from ZN Vision TechnologieS/AG. The images wet
computef aligned (eye positions were determined by computer). A set of full-face,images was compresse
and mat¢hed against a set of uncompressed full images. The correct match probability rank one statistic wg
studied gs a function of compression level. The rank one statistic denotes the number of times the top matg
was the [correct match in a one-to-many search attempt (where a correct ‘match is always possible). It is
function pf the size of the database, and this statistic is commonly usedin the context of facial one-to-man
identification.

<O SoSn oo

Compression of\Fdll Images

| | | | | ! !
0% ¥F#¢M‘~
| | | | | ! 3
| | | | | ! Y
[ I I I ! ‘
5% | L |
o R 1 |
g L A 1
T obo%d{ AN |
5} [ I ! ! !
T [ | ! ! ! !
s e |
BoBs% | Ll AN ‘
N
= L —e—)Full JPG Color
IS
S $0% — —m— Full JPG Grayscale
el X Full J2K Color
Ful-32K-Grayscate
70% ‘
100.00 10.00 100

Average File Size (KB)
Figure A.2 — Identix, compression of Full Frontal Images versus face recognition performance.

1 Provided by Terry Hartmann, Passports Australia, September 2002.
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Compression of Full Images

I |
A -
10036 = =it =t
o AN,
| | | | | | | 'N" ‘
el 1L M’\
| | | | | | | |
@ L 1 1 1
% IENE B — |
(8] | | | | | | |
g | I I I I I e |
s —&—full JPG color
©  85%
Tés - ——full JPGgray |_________ o ______ \ | _
S
Z 80% 1 full J2k color
I full 32k gray | B
75% -
| \ \ \ \ \ \
| | | | | | |
| | | | | | |
| | | | | | |
70% | | | | | | | ;
100.00 10.00 1.00
Average File Size (KB)
Figure A.3 — ZN Vision Technologies, compression.of Full Frontal Images versus face recoghition
performance

Im Figures A.2 and A.3, the "Normalized Match Rate" denotes the correct matches at each compress|on factor
(fach file size level), divided by the correct matches at zero compression, and then multiplied by 100(to obtain
a percentage. That is, the value of 100% implies that the compression had no effect on the matching| ability of
tihe technology. A value of 50% means that:only 50% of the correct matches in the 1000 one-to-mary search
attempts were maintained at that compression level. The "Average File Size" denotes the compressed file size.
he key factor of interest in this analysis is how much a facial image can be compressed before matching
performance degrades significantly (by more than 1-2%) over the results achieved with no compression.

he graph in Figures A.2 and A:3 show that the performance degrades quickly below a compressed file size of
OKB, and that JPEG2000.performs relatively better than JPEG in this analysis.

A.3.3.2 Recommendations for maximum compression and file sizes for JPEG and JPEG20(0

Hor the purpose-of making recommendations, a significant degradation has been defined as greater than 2%,
ence these\represent the minimum file sizes and compression rations to achieve no more than 2%
egradation”/ when compressing images compared with the results achieved with no (or very |minimal)
mpression Results have been rounded to the nearest 1K. In conclusion for use of these two technologies
than 11

A.3.4 Full Frontal Image compression using region of interest

A.3.4.1 Discussion

A Full Frontal or Token Frontal image can be compressed further in situations where the alignment of the eyes
is known precisely, either by use of a well-studied eye location algorithm, or by human verification of eye
positions. JPEG2000 can be used to implement region of interest (ROI) compression, as it is a technique
specified in the 1ISO JPEG2000 standard and well defined for JPEG2000 software libraries. JPEG2000 ROI
encoding can be used to achieve smaller file sizes. The Inner Region of a facial image used for matching can
be compressed to a low ratio, while the Outer Region of the image is compressed to a higher ratio. The
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resulting

image is smaller in size, but those parts of the image used for matching retain high quality while the

remainder of the image maintains their usefulness for visual inspection. A standard compliant JPEG2000

decoder

with ROI support will decode an ROI image regardless of the location of ROI regions. The use of

region of interest compression for situations where computer alignment is performed without human
verification is not recommended.

A3.4.2

Inner and outer regions, Full Image

Additional compression can be achieved by defining inner and outer regions that are based on the face area.

Example]
including
of 60:1 u
200:1 ca
For a col
(230.4 K
KB)/200
resulting

In Figure
Region. ]

For example, when derived from a 300 dpi Full Frontal image, an inner region can be defined as
the entire face from crown to chin and ear to ear. Analysis above indicates that a compression ratio
5ing JPEG2000 preserves matching performance. If a 50:1 ratio is used for the Inner Region'and
h be used on the Outer Region with an acceptable level of degradation for visual inspectiorypurposes.
pur, 300 dpi, 35x45mm JPEG2000 image (413x531 pixels, 658 KB uncompressed), with\a 240x320
B) Inner Region as defined in Figure A.4, a 200:1 ratio in the Outer Region leads to & (658-230.4
= 2.14 KB data size and a 50:1 ratio in the Inner Region to a data size of (230.4 KB)/50 = 4.61 KB,
in a total file size of 2.14 + 4.61 = 6.75 KB. The file size reduction is about ~40%.

=

A.4, the image on the left represents the uncompressed image, and shows'the bounds of the Inng
'he image on the right is compressed using JPEG2000 ROI as describéed above.

Figure A.4 — Example uncompressed (left) and compressed (right) using region of interest shown left.

A.4 Best practices for Token Images

A.4.1 Token image sizes

As discussed in Clause 9, the Width variable of the Token image defines the geometry of the face using eye

position |

andmarks. The minimum width is 240 pixels, which corresponds to an inter-eye distance of 60 pixels

inclusive. There is no maximum.

58
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Interpolation required in the affine transformation used to create a Token image can have the effect of
introducing artefacts that can harm the face recognition process. For example, if one company chose to use
70 pixels from eye to eye while another chose 60, there might be unnecessary problems. Therefore, in order
to improve the interoperability of Token images, it is recommended that the width be specified in units of 240.
Examples are given in Table A.2.

Table A.2 — The recommended width variables for use with Token Images

Width Distance from Eye to Eye (Inclusive)
240 60

480 120

720 180

A.4.2 Creation of a Token Image

Higure A.5 depicts an example of the steps that can be involved in the transfermation of an image to|a Token
Hace Image. In the creation of a 240-pixel wide Token Face Image,-the original image (a) is rptated to
horizontally align the eyes (b). The image is then uniformly scaled so, that'there are exactly 60 pixels|between
tihe centres of the eyes (c). Lastly the image is translated and cropped- (d) such that the first eye coofdinate is
(89,144) i.e. 89 pixels over and 144 pixels down from the upper I€ft corner of the image (0,0). The bldck pixels
which are padding the borders can be any colour with the best practices being to extend the colourf used on
the border of the original image to the edges of the final Token{Face Image (e).

(a) (b) (©) (d) (e)

Figure A.5 — Affine transformation and cropping

A.4.3 Bestypractices for digital attributes of Token Images

Tlhe dse of a computer algorithm with additional human visual inspection of the computer- generated results is
e recommended method for determmatlon of eye posmons If paddmg in the corners of the images is
NECE ) ' and per
column for additional columns of the transformed ongmal image. Linear |nterpolat|on between the
corresponding valid horizontal and vertical pixels should be done. For regions, which cannot be filled in by the
interpolation method, the original boundary values should be applied. The normative practice is to fill the area
with any colour. A bi-linear or other advanced interpolation and sampling method is recommended in the
scaling and rotation stages of the affine transformation.
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A.4.4 Token Image compression

A.44.1 Compression —no region of interest

Face recognition performance results for the compression of Token Images are shown in Figures A.6 and A.7
below, from faces obtained from Passports Australia within the Australian Department of Foreign Affairs and
Trade?2. Here, 1000 matching pairs (original and renewals) of real passport images were considered. See
Clause A.2.4 for a detailed description of the compression experiments. The same experiment for Full Frontal
Images discussed in Clause A.2.4 was repeated for Token Images. The results for Identix and ZN Vision

. la H | AL LA 7
Technol gres—are-Snowimr i rgureS Ao ant——~.7-.

Compression of Token Images

| | | | | | | | |
1p0% e : : o
o o— ¢ b i
F——d— -k - - — 4 - - —— - - — = — — o m—mm— - - — |- —- =
| | | | | | | | |
o | | | | | | | | |
;SA) | | | | | | | | |
| | | | | | | | |
o o | | Lo
© | | | | | | | | |
o D0% - | | | | | | | | |
= | | | | | | | | |
[E) | | | | | | | | |
"a | | | | | | | | |
= o | | R
T OBy 0 | R
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| |
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Figure A.6 — Identix,compression Token images versus face recognition performance.

2 provided by Terry Hartmann, Passports Australia, September 2002.
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Compression of Token Images
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Figure A.7 — ZN Vision Technologies, compression of Token Images versus face recognitjon
performance.

—

he graphs in Figures A.6 and A.7 show that.the performance degrades quickly below a compressed file size
f 8KB, and that JPEG2000 performs relatively better than JPEG in this analysis.

(@]

A.4.4.2 Recommendations for-maximum compression and file sizes for JPEG and JPEG20(0
oken Images

—

or the purpose of making recommendations, a significant degradation has been defined as greater than 2%,
ence these represent the minimum file sizes and compression ratios to achieve no more than 2%
egradation when compressing images compared with the results achieved with no (or very |minimal)
pmpression. Results?have been rounded to the nearest 1K. In conclusion, for use of these technologies for
utomatic face identification (1:N searching), the compressed Token Image file size should be no lower than 9
B on averagepwith JPEG or JPEG2000.

20 0 QO O T

I

4.5 Token Image compression using region of interest

A.45.1 Discussion

A Full Frontal or Token Frontal image can be compressed further in situations where the alignment of the eyes
is known precisely, either by use of a well-studied eye location algorithm, or by human verification of eye
positions. JPEG2000 can be used to implement region of interest (ROI) compression, as it is a technique
specified in the ISO JPEG2000 standard and well defined for JPEG2000 software libraries. JPEG2000 ROI
encoding can be used to achieve smaller file sizes. The inner region of a facial image used for matching can
be compressed to a low ratio, while the outer region of the image is compressed to a higher ratio. The
resulting image is smaller in size, but those parts of the image used for matching retain high quality while the
remainder of the image maintains their usefulness for visual inspection. A standard compliant JPEG2000
decoder with ROI support will decode an ROI image regardless of the location of ROI regions. The use of
region of interest compression for situations where computer alignment is performed without human
verification is not recommended.
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A.4.6 Inner and outer regions for the Token Image for the purpose of compression

We define an Inner Region, when derived from a 240 width Token Image, as a rectangular area within and
including the pixel positions (24, 24), (215, 24), (24, 263), and (215, 263) as shown Figure A.8. This is a region
of 192 x 240 pixels in size. Figure A.8 shows the dimensions of the inner region when width w = 240. The
generalized coordinates for the Inner Region are (0.1*w, 0.1*w), (0.9*w-1, 0.1*w), (0.1*w, 1.1*w-1), and
(0.9*w-1, 1.1*w-1). The Outer Region is the entire full image region excluding the Inner Region, and is of area
240x320-192x240=30720 pixels, or (75-45) x 3 KB = 90 KB of size in bytes for 3 bytes per pixel.

[« 240

=i 4

A
T 0.0 OUTER REGION 1

215, 24)|
N

24,29)

INNER REGIO

Figure A.8 — Suggestediregion of interest for Token Images

—

Compregsion versus performance results for Token Images with region of interest as defined above are n
provided|here.

A.5 Exjperimental study‘on the enrolment of full frontal images for travel documents
This Infgrmative Annex~describes a study, the results from which provide justification for the tolerance

regarding inter-eye distance, relative horizontal position of the face, relative vertical position of the face, heal
to image|width ratio_and head to image height ratio.

[oRN7))

A.5.1 Spftware and data used for the analysis

The ard maotara and talaranecnc tiend n thic otiidhvy aanekn Aithaar tha cteint tnlAaramne~ne Ao
p eSO toiC T CC S USCO——triSs—Stoty vwwCTre—CritC—thiC—Sthitt—toicanct oS

document and ICAO recommendations, or the relaxed tolerances as suggested by ICAO for the real-world
application of passport image enrolment.

doamandad hy thic
A=) OCC—oy S

The data used for this study was derived from a large scale sampling of e-passport photographs. The data
were contributed by the governments of four high volume e-passport Issuing States. All images used in this
study were already accepted for the issuance of an e-passport in the respective countries. The focus of the
analysis performed was largely on whether typical passport photos meet the key specifications set out in this
document; in particular those with respect to pose, pixel resolution between the eye centres, relative horizontal
position of the face, relative vertical position of the face, head to image width ratio and head to image height
ratio.
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Table A.3 — Real-world image datasets used for the analysis

Dataset Country # of images Pixel size (width x height) Format
0 1000 413 x 531 JPEG
A 1988 384 x 480 JPEG
B 1911 449 x 599 JPEG
C 2229 416 x 536 JPEG

A.5.2 Experimental results

A.5.2.1 Inter-eye distance

-

12,0%

Tlhe data derived from these passport images are subsequently compared with each athef and|with the
tolerances specified in this document.

his document specifies a minimum of 90 pixels between eye centres forfull frontal images (ref Clause 8.4.1).
igure A.9 shows the distribution of the inter-eye centres for the four sample data sets.

10,0% -

8,0% -

L 6,0% -
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——H(Eye Dist O
—&—H(Eye Dist A

H(Eye Dist B|
—&—H(Eye Dist C|
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Figure A.9: Normalized distribution of the eye distance in the e-passport images of four Issuing
States; the required limit is depicted

The requirement of 90 pixels between the eyes was met in almost all of the cases. The average distance

between the eyes was found to be at 123.4 pixels.
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A5.2.2

Relative horizontal position of the face

This document specifies that the x coordinate M, of the centre of the face M shall be between 45% and 55%

of the im

age width (see Clause 8.3.2). Figure A.10 shows the distribution of the horizontal position of the face

(M X/A) for the four sample data sets.

30,0%

— H(relativeHorizontalPosition 0)
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0,4 0,42 0,44 0,46 0,48 0,5 0,52 0,54 0,56 0,58 0,6 0,62 0,64 0,66 0,68 0,7
relativeHgrizontalPosition
Figlire A.10: Normalized distribution of\the relative horizontal head position in the e-passpoft
images of four Issuing States., 'The required limits are depicted.
The avefage horizontal head position of the 7,128 images is at approximately 49% of the image width. The
specifications have been met by 95.4%.0f all passport photos of this study.
A.5.2.3 [Relative vertical position of the face
This document specifies, that the y-coordinate M y of the centre of the face M shall be between 30% and
50% of the image heightB (ref. Clause 8.3.3) with less strict requirements for children under the age of 11.
Figure A[11 shows-the distribution of 1— M /B for the four sample data sets.
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Figure A.11: Distribution of the relative vertical head position 1-M / B in the e-passpor
of four Issuing Statesithe limits specified are depicted

he average vertical head position (vertical eye position, i.e. the position of a horizontal line thr
entres of the eyes) of the 7,128 images (1-M, / B) is at approximately 0.56 or 56% of the imag
his corresponds to a y-coordinate of M (M y) of 44% of the image height. The original data sho

jagram of the study recorded the distriution of (1- M, / B) instead of directly recording M v

.5.2.4 Head Image Width Ratio

n order to assure that thé entire face is visible in the image the head width CC shall be between

5% of the image width™(see Clause 8.3.4). Figure A.12 shows the distribution of the head width
idth ratio for the fout-sample data sets.

images

bugh the
e height.

vn in the

0% and
to image
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igure A.12: Distribution of the head to image width ratio’in the e-passport images of four
Issuing States; the required\limits are depicted.

The average head to image width ratio of the 7,128 images is-found at 0.62. Most of the images of all four
distributipns meet the requirements.

A.5.2.5|Head Image Height Ratio

In order {o assure that the entire face is visible in‘the image it is specified that the crown to chin portion (DD) of
the Full Frontal Image shall be between 60% and 90% of the vertical length of the image (B) (see Claus
8.3.5). Figure A.13 shows the distribution of'the head height to image height ratio for the four sample data sefs.

n O
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Figure A.13: Distribution of the head to image height ratio in the e-passport images of
Issuing States.

—

he average head to image width ratio of the 7,128images is found at 0.73. A total of 98.2% of the
ithin the specified tolerances.

<

A.5.3 Error Discussion

Tlhe analysis of this study is solely based on the measurements done by automated image quality a
spftware (QA-SW). No comparison/with the so-called ground truth, i.e. the true (manually measure
for the parameters under consideration, was performed for all the images. However, this was do
rlier stage for one country's<passport images, where the quality assessment software being used w
td be reasonably accurate-and able to produce reliable statistics for larger datasets such as those
bove.

dditional studies.-.comparing the quality assessment software used for this study with otheg
sessment software packages on a large number of passport images showed approximately the
viations:

QA-S\W.eye distance: +5%
QA=SW relative horizontal position: +1%
QA-SW relative vertical position: +1%

four

data fits

ssurance
1) values
ne at an
as found
reported

r quality
following

QA-Q\I\I head imngn width ratio: +19%4

e QA-SW head image height ratio:  +1%.

l.e., except for the eye distance, which is reported slightly larger than might be expected to be true, the other

parameters may be expected to be correct within an error margin of 1%.

A.5.4 Summary

The study presented in this annex concentrates on geometrical parameters of the face in the ph

otograph

which are important for biometric matching applications. The findings of the study are based on the statistical
evaluation of automated image analysis by quality assessment software. Even if individual decisions of the
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software may have been incorrect, the conclusions based on the aggregation of approximately 7,200 images
are certainly valid.

Table A.4 — Summary of the compliance of the sample to the specified requirements.

Criteria Min Max Images compliant
Eyes Distance, min [pixel] 90.00 99.9%
Relative Harizaontal Position 045 Q55 Q8 4%
Relative Vertical Position 0.50 0.70 94.0%
Head to Image Width Ratio 0.50 0.75 98.4%
Head to Image Height Ratio 0.60 0.90 98.2%
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Figlire A.14: Percentage of compliant passport photos in the test set of 7,128 images of foyr
ISsuing States using the tolerances as put forward in Clause 8.3.
In summiary, the-analysis given above shows that with current technology the thresholds can be achieved in
real worlfl applications. Table A.4 and Figure A.14 illustrate a summary of these findings. Since the data used
for this s ||r|\]/ were collected-from four mnjnr e-passport iQQIIihg countries across the world, the results can

regarded as representative within the scope of this analysis.

A.6 Study on the effects of inter-eye distance and roll on biometric comparison
performance

A.6.1 Inter-eye distance

The distance between the eyes (i.e., the resolution of the photo) is considered to be one of the most important
criteria for successfully applying facial recognition. In order to quantify the effect of pixels between the eyes on
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facial recognition performance, images of varying resolution were investigated using a state-of-the-art facial
matching algorithm. Figure A.15 shows an increasing verification rate with increasing eye distance. These
results also hold for investigations of the identification performance (rank statistics).

Impact of Inter-eye Distance on Performance
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Figure A.15: Normalized verifieation rate vs. inter-eye distance at FAR=0.1%

A.6.2 Pose

utomated face recognition systems allow for effective compensation of the roll angle of a facial image.
igure A.16 shows the facial recegnition performance impact due to in-plane (roll axis) rotation of the |mages.

>

or the test 994 gallery images and 736 probe images from the "Feret Color" dataset have been used. In a
Fst step, all images (probe and gallery) have been rotated, so that they show zero roll angles. Then tests
ave been carried qut)where all probes have been rotated by +5° and all gallery images by -5°, then vice
ersa. This has been repeated for 10°, -10°, 15° and -15°, respectively. So, the delta in roll angle of probe and
allery is 0°, 10%,/20° and 30°. Figure A.17 shows some sample data with demonstrating the effgct of the
btation. The.verification rate at 0.1% FAR and zero degree has been used to determine the loss due to in-
lane rotation, i.e. all other verification rates have been normalized to the verification rate at 0.1% FAR of the
ero degree evaluation.

NT SQ < o =" T

NQOFE: This setup is the worst case scenario as all images in the £10° tests show more than the maximum
toterance of £8°-So, the impact on the performance by a distribution of Totation angtes withim the Thaximum
tolerances will be significantly less.

Obviously, almost no measurable performance loss can be found up to +8°. These results also hold for
investigations of the identification performance (measured by rankl statistics). Typically, vendors of
automated facial recognition software are able to configure the allowed tolerances for in-plane rotation. The
software used for these tests has been configured to allow for 10° roll for a single image, i.e. a maximum of
20° difference in the roll angles. This is the reason for the decrease for the +15° tests.
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Impact of In-Plane Rotation on Accuracy
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Figure

verification rate at FAR = 0.1%

°,-5° +10° ,-10°, +15°, -15° (from left to right).

A.7 Bgst Practices fo@cg Full Frontal 3D Image Type

Besides
requirements.

X

A.7.1 Blest R?gtlces for the 2D part of the Full Frontal 3D Image Type

The bestlp

ctices for the Full Frontal Image Type should he fulfilled

A.16: Impact of in-plane (roll) rotation on automated fxﬂl recognition performance: relative
oII angle

A.17: Sample images to vis%ﬁz’e the in-plane rotation as used in the analysis. The face has a
roll angle of

the requiren@@ of Clause 11 it is best practice for a Full Frontal 3D Image to fulfil the following

A.7.2 Compatibility considerations

For application areas where interoperability is most important, it is best practice to store the 2D part of the Full
Frontal 3D Image as a Full Frontal Image in the same face record. This allows the mentioned implementations
to safely read the Full Frontal Image record and therefore interoperability is improved.

A.7.3Pose of the 3D representation

The rotation of the head should be less than +/- 5° from frontal in roll (ref. Clause 5.5.8).
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A.7.4 3D to 2D Image Temporal Synchronicity
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The 3D to 2D Image Temporal Synchronicity field should be specified and should not be filled with OXFFFF

(unspecified).

A.7.5 3D Acquisition Time

The 3D Acquisition Time field should be specified, i.e. the field should not be filled with OXFFFF (unspecified).

.7.6Best Practices for Full Frontal 3D ITmage Types using the Range Image Represen

A.7.6.1 ScaleX, ScaleY and ScaleZ

Tlhe resolution of the stored depth data strongly depends on ScaleZ. To preserve quality\a maximun]
$caleZ, ., =0.8mm should be defined for the Full Frontal Range Image Type,[For the same

maximum value of ScaleX, =ScaleY, =0.8mm should be defined for the Full Frontal 3D Image Type
range image representation in a Cartesian coordinate system.

A.7.6.2Non-valid points in Range Image

t maximum 20% of the pixel of the Range Image in the region defined in 11.5 should have a z€
Idicating a non-valid depth value. Furthermore, in the inner region defined as [-1.5 w, 1,5 w] x [-1.8

the Cartesian coordinate system with the landmark prn as<rigin at maximum 10% of the pixel shg
zero value, indicating a non valid depth value. Here, w is.the distance between the feature points
2.2 (centre of the eyes) as defined in Clause 5.6.4.

= =

2 Q

>

.7.7Best Practices for the Full Frontal 3D Image Types using the 3D Point Map
epresentation

o

A.7.7.1 3D Point Map Width and Height

A
dimensions of the 3D Point Map should be
3DPointMapWidth,,, =175Pixels and 3DPointMapHeight ;, = 213 Pixels.

h >3

.7.7.2 Face coverage

f the points should have X and Y coordinates with -1.75 w < X < 1.75w and -1.75w < Y < 2,55
artesian coordinate system with landmark prn as origin, where w is the distance between the featu
2.1 and 12,2 (centre of the eyes) as defined in Clause 5.6.4.

P OO >

I>

./~-8Best Practices for Full Frontal 3D Image Types using the 3D Vertex Representati

s a best practice requirement for 3D,lmage Types using the 3D Point Map representation the minimal

ation

value of
eason a

using the

ro value,
w, 1.8 w]
uld have
12.1 and

s a best practice.requirement for 3D Image Types using the 3D Point Map representation a minimuin of 90%

w in the
re points

A.7.8.1 Face coverage

As a best practice requirement for 3D Image Types using the Vertex representation a minimum of 1500 points
should have X and Y coordinates with -1.5w <X <1.5wand -1.8w <Y < 1.8 w in the Cartesian coordinate

system with landmark prn as origin, where w is the distance between the feature points 12.1 and 12.

2 (centre

of the eyes) as defined in Clause 5.6.4. There should be at least one vertex point projected on the plane of the

inner region per square centimetre with coverage of 90% in the inner region.
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st Practices for Token Frontal 3D Images

the requirements of Clause 12 it is best practice for a Frontal 3D Image associated with a Token

Frontal Image to fulfil the following requirements.

A8.1 B

The best

est Practices for the 2D part of the Token Frontal 3D Image

practices for the Token Frontal Image Type should be fulfilled.

A8.2 C

For appl
Token F
impleme

A.8.3P¢

The rotation of the head should be less than +/- 5° from frontal in roll (ref. Clause 5.5.8).

A8.4 3

The 3D fo 2D Image Temporal Synchronicity field should be specified and should not be filled with OXFFFF

(unspeci

A.85 3

The 3D 4

A.8.6Be¢
Repres

The best]

A.8.7B¢g
Repres

The best]

A.8.8Be¢

The best]

A.9 Su

ompatibility considerations

cation areas where interoperability is most important, it is best practice to store the 2D part-of th
fontal 3D Image as a Token Frontal Image in the same face record. This allows the{mentione
htations to safely read the Token Frontal Image record and therefore interoperability is improved.

[oNN¢)

se of the 3D representation

D to 2D Image Temporal Synchronicity

ied).
D Acquisition Time
\cquisition Time field should be specified, i.e. the field should not be filled with OXFFFF (unspecified).

st Practices for Token Frontal 3D Image Types using the Range Image
bntation

practices as outlined in Clause A.5.6.should be fulfilled.

st Practices for Token Frontal 3D Image Types using the 3D Point Map Image
bntation

practices as outlined in Clause A.5.7 should be fulfilled.

st Practices for-Token Frontal 3D Image Types using the Vertex Representation

practices-as outlined in Clause A.5.8 should be fulfilled.

nmmary of mandatory and best practices for the 3D Image Types

Table A.5 — Normative coordinate system and pose requirements for the Basic 3D Image Type.

Range 3D 3D Point Map 3D Vertex
Cartesian coordinate system Supported Supported Supported
Cylindrical coordinate system Supported Not supported Not supported
Scale and offset values used for Supported Not supported, fixed Not supported, fixed scaling
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and offset

Restrictions on pose (yaw, pitch, roll)

None

None

None

Table A.6 — Normative coordinate system and pose requirements for the Full Frontal 3D Image Type.

Range 3D

3D Point Map

3D Vertex

Cartesian coordinate system

Nose at origin.

Nose at origin.

Nose at origin.

dylindrical coordinate system

Not supported

Not supported

Not supported

Ycale and offset values used for
cpordinate transformation

Supported

Not supported, fixed scaling

and offset

Not supportéd, fixed scaling
and offsqt

Hestrictions on pose (yaw, pitch, roll)
n degrees

(+5°, +5°, +8°)

(+5°, +5°, +8°)

(£5°, +5°, #8°)

Table A.7 — Normative coordinate system and pose requirements for the Token Frontal 3D Image

pordinate transformation

(@]

and offset

Type.
Range 3D 3D Paint Map 3D Vertek
Jartesian coordinate system Nose at origin. Nose at origin. Nose at origin.
dylindrical coordinate system Not Supported Not supported Not supported
Ycale and offset values used for Supported Not supported, fixed scaling | Not supported, fixed scaling

and offsqt

Hestrictions on pose (yaw, pitch, roll)
n degrees

(£52, ¥5°, +8°)

(£5°, +5°, +8°)

(£5°, +5°, #8°)

Table A.8 — Best practice coordinate system and pose requirements for the Full Frontal 3D |mage

pordinate*transformation

(@]

and offset

Type.
Range 3D 3D Point Map 3D Vertek
Jartesian coordinate System Nose at origin. Nose at origin. Nose at origin.
Qylindrical coordinate system Not supported Not Supported Not supported
Scale and “offset values wused for Supported Not supported, fixed scaling | Not supported, fixed scaling

and offsqt

Pyl

estrictions on pose (yaw, pitch, roll)

(#5°, +5°, +5°)

(#5°, +5°, +5°)

(#5°, +5°, 45°)

aegrees

Table A.9 — Best practice coordinate system and pose requirements for the Token Frontal 3D Image

Type.

Range 3D

3D Point Map

3D Vertex

Cartesian coordinate system

Nose at origin.

Nose at origin.

Nose at origin.

Cylindrical coordinate system

Not Supported

Not Supported

Not supported
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Scale and offset values used for
coordinate transformation

Supported

Not supported, fixed scaling
and offset

Not supported, fixed scaling
and offset

Restrictions on pose (yaw, pitch, roll)
in degrees

(#5°, +5°, +5°)

(#5°, +5°, +5°)

(#5°, +5°, +5°)
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Annex B

(informative)

Conditions for Taking Photographs for Face Image Data

3.1 Scope

he purpose of this annex is to provide expert guidance (i.e., best practices) for the photography |of faces,
pecially when the resulting images are to be used for purposes of identification, either by automated face
recognition systems or by human viewers. This guidance is intended for owners and operators of phdtography
udios, photo stores and other organizations producing or requiring either conventignal printed phdtographs
gr digital images of faces that may be used in applications for passports, visas, or other identification
documents and when those images are required to conform to the frontal imade types. This guidange is also
imtended for the designers and operators of photo booths, if those booths arefequired to provide facg images
conforming to the specifications of this document. This annex may also he appropriate source mpterial to
application developers or application profile standard developers.

here are many factors that affect face recognition system performance, including the individual's appearance,
ch as his or her facial characteristics, hair style, and accessoties, and the acquisition conditions| such as
the camera’s field-of-view, focus, depth-of-field, background,/and lighting. The acquisition conditions have,
potentially, a greater influence on face recognition accuracy than the individual's appearance and, gf course,
are controllable by the preparer of the face images.

his annex provides recommendations for acquiring two-dimensional (2D) face images directly] with an
analogue, digital, or video camera, as well as foriimage data acquired through traditional photo pripting and
digital scanning. The acquisition of three-dimensional (3D) images is out of the scope of this annex.

.2 Photography recommenpdations

.2.1 General

his Clause provides recommendations for photographing (acquiring) face images in a portrait studio, photo
ore, photo booth, registration office, or other facility. Guidance concerning the positioning of the supject and
camera is providedyas well as several examples of alternative lighting arrangements. The intemt of this
guidance is to .ensure that the subject's face is properly positioned and uniformly illuminated, thereby
producing images‘that are compliant with the requirements of this document and are without shadoyvs or hot
pots on the face or excessive glare in eyeglasses.

PTTOTO oCto—0 PT1OT0 O V1o o100 O O Cl ottty

a by 8 a - af—aralogue or
digital camera, multiple adjustable light sources, a suitable background or backdrop cloth, and subject
positioning apparatus designed to obtain high quality portraits. This Clause provides expert guidance for the
owners and operators of such facilities when they must produce photographs compliant with the requirements
of this document.

B.2.2.1 Recommended positioning and distance between camera and subject
The following recommendations concern the positioning of the subject and the camera.

The camera-to-subject distance should be within the range of 1.2 to 2.5 m. Arranging the lighting without
creating shadows will likely be difficult if the camera is placed any closer to the subject.
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Proper focus and depth-of-field will be assured by pre-focusing the lens at the distance of the subject’'s eyes
and by selecting an appropriate aperture (F-stop) to ensure a depth-of-field of at least 10cm, or approximately
the distance from a subject’s nose to ears. The depth-of-field of a lens is dependent upon its focal length, its
effective aperture, and the focus distance. Point sources which are closer or farther than the distance at which
a lens is well focused will be blurred, with the extent of the blur described by a “circle of confusion.” If the
maximum diameter of the circle of confusion is limited by, for example, the spacing between adjacent pixels in
a CCD image sensor, the front and rear distances from the plane of optimum focus that produce acceptably
focused images can be determined. The sum of these front and rear distances is the depth-of-field (Dpgg).

D‘BUF;D'M—_‘_—DTEHI
_ Chs(s—1)
Mot 2 oF (s— f)
_ Chs(s-f)
A f2_cE(s- f)
where :

Dot = the front focal distance, the distance from the plane of focus

to the plane closest to the lens that is still in acceptable~"focus,
D, = the rear focal distance, the distance from the plane‘ of
focus to the plane farthest from the lens that/is\still in acceptable focus,
¢ = the diameter of the circle of confusion,
s = the distance from the lens to the object planeé (subject' s face), and
F = fla is the F - stop, the lens focal length&¥ divided by the effective lens

aperture a

Figure B|1 illustrates these dimensions.

. ¢ : S N
Object: : 7 :Image
Plane: A iPlane

Drear Dfront

Figure B.1 — Dimensions for depth-of-field calculations

The optimum height of the camera is at the subject’s eye-level. Height adjustment can be done by either using
a height-adjustable stool or adjusting the tripod’s height.

The subject should be instructed to look directly at the camera and to keep his or her head erect and
shoulders square to the camera. The rotation of the head should conform to the requirements of 7.2.2.
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less than +/- 5°

Camera I _Q\
":/m,’\

Ar )
r/ l |
f |

= = _—

Side view

Figure B.2 — Preferred distance and alignment of camera’and subject

.2.2.2 Example of exposure metering at various spots on a subject

igure B.3 illustrates exposure value (EV) measurement at four spots on a subject’s face, namely the left and
ght cheeks, forehead, and chin. The measurements may bemade by placing an incident light mefer at the
osition of a subject’s face and pointing the meter towards.thé camera. The four readings should bg within 1
V of one another. If they are not within 1 EV, the lightsshould be repositioned more symmetrically about the

Libject-to-camera line.

W Mmoo = T M

7o

Figure B.3 — Positions of incident light meter for exposure value measurement

B\ -isthe valuegiven-toany combination—of shutter speed-and-aperture {f-stop)-that resultsinthe same
exposure. By definition, an EV value of O corresponds to a shutter speed of 1 second and an aperture of F1.0,
for a film speed or equivalent image sensor sensitivity of ISO 100. EV is defined by the following equation:

2
EV = Logz(FTJ= 2Log, (F)—Log,(T),

where F is the f-stop setting and T is the exposure time. A change of 1 EV corresponds to a one f-stop
aperture increase or decrease or a halving or doubling of the exposure time.
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B.2.2.3 Example configurations for a photo studio or store

Described below are three examples of lighting and subject and camera positioning that are applicable to
photographic studio businesses, as well as for some photofinishers that might offer identification photographs,
in addition to their main business of material sales and film developing and printing. Example 1 is a single-light
arrangement in which the placement of a panel of reflective material is used to provide more balanced lighting.
Example 2 is a two-light arrangement with a lower reflective panel providing illumination to the region under a
subject’s chin. Example 3 is the same as Example 2, but with a third light behind the subject to eliminate
shadows on the background material. Several recommendations for camera and subject positioning are also
provided below.

B.2.2.3. Example 1: Proper lighting arrangement with a single light

In this afrrangement, illustrated in Figure B.4, a single light and multiple reflector panels are employed fo
illuminate the subject’s face uniformly. The light, shown with a lamp reflector, should be placed approximate
35 degrees above the line between the camera and the subject and be directed toward the subject’s face at
horizontgl angle of less than 45 degrees from the line. A reflector panel should be placed\on the subject
opposite|side to prevent shadows on the face. As an option, an additional reflector may be.placed below an
in front of the subject’s face to illuminate the area around the chin.

O I

Lamp i Lamp Light [
reflector reflector
Side reflector o N Less than 45° o
panel ~(<3 Canmera N ~r<_5
o } =3
: Fxad o :
Camera a8 Plane &
3 . g
Plane < reflector — ]
- reflector e
Tripod Side reflector
| panel
8 L
—1.2 - 2.5m—Pp
Side view Top view

Figure B.4 — Lighting arrangement for a photo studio with a single front light

B.2.2.3.1 Example 2:\Proper lighting with dual lights

In the spcond example illustrated in Figure B.5, two lights are employed. The lights, shown with lam
reflectorg, should.be placed approximately 35 degrees above the line between the camera lens and th
subject. Both lights should be placed within 45 degrees of the line between the camera lens and the subjec
Such an|arfangement softens the edge of shadows and makes the lighting on the subject more even. Th
optional plane reflector in front of the subject supplies additional light around and below the subject’s chin

D DO
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Main light Lamp Main light
Front light reflector

Lamp less than 45°
reflectors

. [350 )
Camera 1 e RCtrT T

Plane %

Tripod reflector

Bl
rIare

reflector <
B

T

\_J—ﬁ V;/ /
pupoibyoeq Aai9
(@]
QD
3
@
é o
1
1
1
A
/)
puhoiboeq Asi9

\ X\ 1 Lamp

reflector Front light -

1.2 - 2.5m—Pp

Side view Top view

Figure B.5 — Lighting arrangement for a photo studio with dual front lights

.2.2.3.3 Example 3: Proper lighting with dual lights and)background lighting

he use of a background light added to the arrangement:shown previously in Example 2 should eliminate
hadows visible on the background behind the face. As illustrated in Figure B.6, the background light should
e aimed at the background and be placed directly behind and below the subject.

o w - m

Main light Lamp
Front light M reflector

Main light

Lamp
reflector

o o
N g 3
e -~ 9] BN 8—
3 ) &
Camera I Ot & ~ - 2
Plane \ é = 3
) reflector I 3 Back- )
Tripod A = d a
\ reflector ~ 9roun
1( | light
Y- [F= Back- L i
i ground Lamp Front light
12-2.5m light reflector
Side view Top view

Figure B.6 — Lighting arrangement for a photo studio with dual front lights and a background light

B.2.3 Recommendations for photo booths

A photo booth is typically a coin-operated, self-portrait photography unit, mostly used for taking ID pictures
and equipped with such tools as a camera, lighting, stool, plain background, printing device and monitoring
screen, and sometimes including an audio self-guidance application. Optimizing photographic technology
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enabled its space-saving size, which has contributed to its widespread use around the world. Following are
some guidelines for the design and operation of such photo booths. Front, side, and top views of the
arrangements described in the guidelines are provided. Also provided in this Clause are suggestions for
camera and subject positioning and a description of methods to provide feedback to the subject concerning
his or her pose and expression.

B.2.3.1 Proper lighting

Position multiple lights behind a diffuser panel and symmetrically above the camera. This will provide even
lighting on the subject’s face and eliminate most glare and shadow problems. Place a background light low
and midway between the background and the subject. The placement of the front lights 35 degrees aboverth
line between the camera and the subject's head prevents direct reflection of the flash from a subject’s glasses.
The insige walls should be white, except directly behind the subject. The white walls serve as reflectors an
ensure that lighting on the face is uniform horizontally and vertically. The interior lights of the booth-should
left on dyring operation. This will usually eliminate red-eye problems associated with photography.in dim light.
To elimirjate unwanted shadows around the chin caused by lights above the subject, direct or indirect lightin
from belpw and in front of the subject should be used. To ensure that the booth is free from the effects ¢f
external [ight, an opaque curtain should be employed.
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B.2.3.2 Example configuration for a photo booth

Room light
White inner
L1
walls
Lamp reflectors [ | ] |
Lights
Face positioning frame
T
( Vo Background
Adjustable height _ 1L light behind
Al )
stool L subject
v /
L) j
Front view palel
White inner
walls Room light %
<
o
Lamp reflector |’ About 2
35° Fy
Lights | \A g
EI_: ) 2
Camera [ NCE-- 7o - —Rk
Face positioning =T / ’/“/ \
frame ,/ o
/ P e R Background
"V ) \__ light
i Rl Revolvi
. . Light \ v evolving
Side view 7 stool
—— 0.7-1m —P
—l Less than
. o ®
Light [l 45 s
L <
H o
i o
Camera I}ﬂ] ---i L
H Q
; g
Light = | 5
Top view —
Lamp Background
reflector light

Figure B.7 — Recommended placements of subject, camera, and lights in a photo booth
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B.2.3.3

Camera-subject positioning

Proper positioning of the subject and control of the subject’s pose can be improved through feedback provided
to the subject via a mirror or a live-video monitor. A display device should be installed in the booth to provide a

live imag
left-right

e of the subject on the wall he or she faces. The device could be a one-way (half-silvered) mirror or a
reversed live-video monitor. The display should contain a frame which the subject can use to ensure

that his/her entire head is fully visible, that his/her eyes are at the correct height, and that his/her face is

centered

in the camera’s field-of-view. Such a frame is illustrated in the following diagram. A height-adjustable

chair or stool should be provided to allow the subject to face the camera and adjust his eyes to the proper
height. The camera-to-subject distance should generally be within 0.7-1.0 m.

Copfirming position Confirming position Confirming position
frame example 1: frame example 2: frame example 3:
Outer indicator lines Inner indicator lines Inner indicator frame
Centre line
I Centre line
Eye Eye Framg for. Lj\
. . face\size i
o el poSsition position L
. . anhd o
line line s e \
position .7 [ | |
Mirror or video Mirror or video Mirror or video
image image image
Figure B.8 — Use of a display“frame for head positioning
B.2.3.4 | Adjustment of size, expression, etc.lby monitor-GUI

An imags
a storag
acceptal

The size
identify t
image ag

Alternati
be used
position

determin

b preview should be provided to allowa subject to recapture the image before it's printed or written to
b medium, in case a subject might deem his/her pose or expression unacceptable. lllustrations ¢f
le poses and expressions sheuld be provided inside the booth.

of the head in the image.should be adjustable before printing or storage by allowing the subject to
ne positions of his/her'crown and chin in a preview image. The system would then scale and crop the
cordingly. An illustration of such a preview image is provided in Figure B.9.

ely, face detection software that automatically sizes and centers the head within the field-of-view can
to ensure_proper head positioning. Given that such software sometimes does not determine the face
Correctlyy a preview image should be provided with provision for manual override of the automatical
ed position.

<
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