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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnica
Commission) form the specialized system for worldwide standardization. National bodies that are membérs-g
ISO or IEC participate in the development of International Standards through technical committee
established by the respective organization to deal with particular fields of technical activity. 1S@)and IE(
technical committees collaborate in fields of mutual interest. Other international organizations, governments
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field-of informatio
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

= 0 — ==

International Standards are drafted in accordance with the rules given in the ISO/IEC Djréctives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft Internationa
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication a
an International Standard requires approval by at least 75 % of the national bedies casting a vote.

—

Attention is drawn to the possibility that some of the elements of this,document may be the subject of paten
rights. ISO and IEC shall not be held responsible for identifying any ot‘@ll such patent rights.

Amendment 2 to ISO/IEC 19794-5:2005 was prepared by.“Joint Technical Committee ISO/IEC JTC 1,
Information technology, Subcommittee SC 37, Biometrics.

This amendment is intended to establish a data interchange format for storing three-dimensional (3D) human
face images. To achieve this, several new image_ types are introduced that are a combination of 2D facid|
images and associated 3D shape information.

o

This amendment describes the necessary changes to the data interchange format regarding the capability t
hold 3D information and the additional requirements for 3D data.
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Information technology — Biometric data interchange
formats —

Part 5:
Face image data

AMENDMENT 2: Three-dimensional face image data interchange
format

Page 3
Add the following reference to Clause 3:

ISO/IEC 15948:2004, Information technology — Computer graphics and image processing — Portabl
Network Graphics (PNG): Functional specification

D

Page 5
Replace 4.16 with the following:

4.16

2D image
two-dimensional representation that encodes the luminance and/or colour texture of a capture subject in a
given lighting environment

Page 5
Add the following definitionsto 'Clause 4:

4.24
3D image
representation that.encodes a surface in a 3D space

4.25

3D point-map
3D point eloud representing a capture subject, where each surface point is encoded with a triplet, representing
the X;»y*and z values of the point in 3D

4.26
3D vertex representation
representation using 3D vertices and triangles between these points for coding of a 3D surface

4.27
anthropometric landmark
landmark point on the face used for identification and classification of humans

4.28

anthropometric landmark code
two-part code that defines an anthropometric landmark uniquely

© ISO/IEC 2009 - All rights reserved 1
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4.29
Cartesian coordinate system
3D orthogonal coordinate system

4.30
cylindrical coordinate system
three-dimensional polar coordinate system describing a point by the three components radius, azimuth and

.31

ange image

umerical matrix that encodes a surface point in 3D space, where the position encodes the first two
oordinates and the value at that position encodes the third coordinate

.32
NG format
Ipssless image compression standard specified in ISO/IEC 15948

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

.34

exture 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 3@ homogenous coordinates of the 3D point as
well as the 2D homogenous coordinates of the 2D point

INOTE  See bibliography item [13] for details.
Page 5

Replace clause 5.1 with the following:

5.1 Overview

The face record format specified in this document is a format to store face image data within a biometric data
flecord. Each record shall pertain to a single subject and shall contain at least one or more 2D image and zero
or more geometric representations (range images, 3D point maps, 3D vertex representations) of a human
flace. Depending on the face_image type, a 3D representation of a face may be included in addition to the 2D
image. This record is embedded in the biometric data block in a CBEFF compliant structure. The record
structure is depicted in\Eigure 2 and Figure 3.

Adherence to this\fermat requires compliance to the standards referred to above. In particular, the header and
the entire data’structure will be CBEFF compatible, 2D image data will be encoded using either JPEG or
JPEG2000.

2 © ISO/IEC 2009 — All rights reserved


https://standardsiso.com/api/?name=63de07350cdf5be21bfb6fc6217e4733

ISO/IEC 19794-5:2005/Amd.2:2009(E)

CBEFF |Facial Record Facial CBEFF
Header Header Record Data| Signature
Facial _
Record Format Identifier | Version Number | Length of Record Numlla:'ra;Z:aCIal
Header
4 4 4 2
Facial Facial Y Image P D 3D v
Record Data Information Landmark Information | ' 29¢ ata Information ata
Points Av.a
20 8x 12 Variable 92 Variable
i Facial Number of
Faclal_ Recoari;z:)ata L:rr::slr:;:( Gender Eye Colour | Hair Colour Property Expression | Pose Angle D Ar!gle
Information Length Points Mask Uncertainty
4 2 1 1 1 3 2 3 3
Landmark La.n dmark La.ndmark X coordinate|Y coordinate |Z coordinate
Point Point Type | Point Code \\4
1 1 2 2 2"
Ima e Image
In formg tion Fac:;:;age Ima-?;plzata Width Height g::)cuer Source Type | Device Type| Quality
1 1 2 2 1 1 2 2
Length of JPEG
Image Data |maBg|e Data JPEGZ(;)()rO
ock
2 Variable
Must be Can be Onti I
Specified unspecified ptiona
Figure 2 — The Face Image Record format. The length value of each field in bytes is shown below th
field. The white boxés indicate fields or blocks that shall be specified, light grey boxes that the fieldj
are mandatory, but.an unspecified value is acceptable, and dark grey boxes indicate optional fields.
Note, that the 3D Information block and 3D Data block are mandatory for the 3D Types.
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Length of 3D| coordinate | Texture ScaleX, OffsetX 3D k) Reserved iy iz 3D 2D Te
3 'y ‘exture
ropracaaiati|  System | Projection | ScaleY, | OffsetY, |Representation|Suppiemental| for Future 3DTS°':°9 3DTDE‘;"=° T::‘“p%'n o | Tetre | acquisition | Acquisition Tuxl;lw Map T;xtu‘: Map
on Type Matrix Scalez OffsetZ Type Data Use yp yp ) o) Time Time ype pectrum
2 1 48 12 12 1 1 1 1 1 2 2 2 2 1 1

Range
Image Bit
Depth

Range
Image

1 Variable Variable Variable

3D Point 3D Point 3D Point
Map Width | Map Height Map

2 2 Variable Variable Variable

Vertex Triangle
Count Face Count

Triangle

Normal Flag| Vertex Data Data

2 4 1 Variable Variable Variable

Vertex

Vertex Data Coordinates

Vertex Vertex X Vertex Y Vertex Z
o : " " "

Triangle | Triangle | Triangle

Triangle Data Index 1 Index 2 Index 3

2 2 2

Must be Can be
Specified unspecified

Figure 3 — The 3D Information block and the three‘possible 3D Data blocks specified in this standard.
The length value of each field in bytes is shown below the field. The white boxes indicate fields or
locks that shall be specified, light grey boxes that the fields are mandatory, but an unspecified value
iis acceptable, and dark grey boxes indicate optional fields.

Vhen referring to elements of the record format, field' denotes the elementary unit of information such as
fFace Image Type and Image Data Type, “block” denotes the group of fields such as Facial Information block
or Image Information block, and “record” denotes the biometric reference which consists of the Facial Record
Header and one or more Facial\Record Data.

Vith the exception of the Format Identifier and the Version Number for the standard, which are null-terminated
ASCII character strings;-alldata is represented in binary format.

There are no record.separators or field tags; fields are parsed by byte count.
The organization of the record format is as follows:

o <Axfixed-length (14 byte) Facial Record Header containing information about the overall record,
including the number of facial images represented and the overall record length in bytes.

— e A racral Record Data bfock foreactt faciatimage T s data consists of

o Afixed length (20 byte) Facial Information block describing discernable 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.

4 © ISO/IEC 2009 — Al rights reserved
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o A fixed length (12 byte) Image Information block describing digital properties of the image
such as Face Image Type and dimensions such as width and height.

o Image Data consisting of a JPEG or JPEG2000 encoded data block.

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 shap:s

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 Heade|
block and before the CBEFF Signature block. Facial Record Data blocks containing 2D .data can be store
together with Facial Record Data blocks also containing 3D data. The structure of this embedding is illustrate

in Figure Amd.2-1.

D

CBEFF Header

Facial Record
Header

Facial Record
Data 1
(Full Frontal)

Facial Record
Data 2
(Token Frontal)

Facial'Record
Data 3 CBEFF
(Full Frontal Signature
Range)

Figure Amd.2-1 — Embedding multiple images / 3D representations in the same record.

Page 8, 5.4

Replace Table 2 with the following:

Table 2 — The Facial Record Header

Field Size Valid values Notes

Format Identifier 4 bytes 0x46414300 (‘F’ ‘A’ ‘C’ 0x0) Indicates face image
data

Version Number 4 bytes 0x30323000 (‘0’’ 2’0’ 0x0) “020” in ASCII

Length of Recerd 4 bytes 48 < Length of Record < 2°%- 1 Includes Facial
Record Header and
Facial Record Data

Number of Facial Images / | 2 bytes 1 < Number < 65535

3D\ representations

© ISO/IEC 2009 - All rights reserved


https://standardsiso.com/api/?name=63de07350cdf5be21bfb6fc6217e4733

ISO/IEC 19794-5:2005/Amd.2:2009(E)

Page 8

Replace clause 5.4.2 with the following:

5.4.2 Version Number
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string terminator.

The first and second characters represent the major version number and the third character represents the
minor revision number.

The Version Number of ISO/IEC 19794-5 shall be 0x30323000; “020” — Version 2 revision 0.
fPage 15

Replace 5.6 with the following:

5.6 The Landmark Point block

The optional (8 byte) Landmark Point block specifies the type, code and position of a Landmark Point in the
fiacial image. The number of Landmark Point blocks shall be specified in the.Ndmber of Landmark Points field
of the Facial Information block. The structure of this block is shown in Table 8.

Landmark Points can be specified as MPEG-4 Feature Points as given by Annex C of ISO/IEC 14496-2:2004
or Anthropometric Landmarks in two or three dimensions. The description of the Anthropometric Landmarks
and their relation with the set of MPEG4 Feature Points is discdssed in clause 5.6.5.

6 © ISO/IEC 2009 — All rights reserved
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The horizontal and vertical position of Landmark Points are either texture image coordinates or in the

Cartesian Coordinate system (see clause 5.9.2.1).

Table 8 — The Landmark Point block

Field

Size

Value

Notes

Landamark Foint T'ype

Tbyte

See clause 2.b.1

Denotes the type of the
Landmark Point.

Landmark Point Code

1 byte

See clause 5.6.2

Denotes the Laridmark
Point, e.g. the left’eye.

X coordinate,

Y coordinate

2 bytes

See clause 5.6.1,

Table Amd.2-1

Denotes\ the coordinate
of the-landmark point.

Forv Landmark Point
TFypes 0x01 and 0x02
this coordinate denotes
the relevant pixel count
from upper left pixel
starting at 0.

For Landmark Point
Type 0x03 the value
codes the coordinate of
a point in 3D.

Z coordinate

2 bytes

See clause 5.6.1,

Table Amd.2-1

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.

5.6.1 Landmark Point Type

The {(lobyte) Landmark Point Type field represents the type of the Landmark Point stored in the Landmar
Raéint'block. This field shall be set to 0x01 to denote that landmark point is an MPEG4 Feature Point as give
by Annex C of ISO/IEC 14496-2:2004 and is represented by the 2D image coordinates. The field shall be sg
to 0x02 to denote that the landmark point is an Anthropometric 2D landmark and is represented by the 2L
image coordinates. Finally, the field shall be set to 0x03 to denote that the landmark point is a

A~ ar———

Anthropometric 3D landmark and is represented by it's 3D coordinates. All other field values are reserved for

future definition of Landmark Point types.

© ISO/IEC 2009 - All rights reserved


https://standardsiso.com/api/?name=63de07350cdf5be21bfb6fc6217e4733

ISO/IEC 19794-5:2005/Amd.2:2009(E)

Table Amd.2-1 — The Landmark Point Type

Description Value Comment

MPEG4 Feature 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 coordinate

Tield IS Ignored.

Anthropometric 0x02 The landmark point is considered as a anthropometric (19
landmark point in the 2-D image and its coordinates are q/
2D landmark measured in pixels with values from 0 to Width-1 an6
Height-1, respectively. The Z coordinate field is igncg\ )
2\
Anthropometric 0x03 X coordinate, Y coordinate and Z coordi " are
interpreted as 2 byte values with fixed preci of 0.02
3D landmark mm ranging from -655.34 mm to 655. mm. The

landmark point is considered as a b?)‘ boint in the

AD
N

Cartesian Coordinate System.

Reserved 0x04-0xFF |Reserve future use.

5.6.2 Landmark Point Code . ®$
\

The (1 byte) Landmark Point Code field s@ specify the Landmark Point that is stored in the Landmark Point
block. C\)Jt

N\
fFor the Landmark Point Type quﬁ}e codes of the Landmark Points in clause 5.6.3, taken from Annex C of
ISO/IEC 14496-2:2004 and defined as MPEG4 Feature Points, or the additional eye and nostril Landmark
Points in clause 5.6.4 shall red in this block.

If the Landmark Point g}ls 0x02 or 0x03, i.e. Anthropometric 2D landmark or Anthropometric 3D landmark,
e codes of the Lan k Points defined in 5.6.5 shall be stored in this block.

6.3 MPE%@C% Point
.0. ature Points

he norl Figure 6 denotes the Landmark Point codes associated with Feature Points as given by Annex
% C 14496-2:2004. Each Landmark Point code is represented by a notation A.B using a major (A)
inor (B) value. The encoding of the Landmark Point code is given by the (1 byte) value of A*16 + B.

of |
n
7o)
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3.10 39
Right eye Lefteye
9.8
1R 9.11
9.9 9.2
Teeth

o Tongue

* Feature points affected by FAPs
o Other feature points

Figure 6 — The MPEG4 Feature Point codes defined In ISO/IEC 144906-2.

Each Landmark Point code in Figure 7 is given by major value A and minor value B. For example, the code
for the left corner of the left eye is given by major value 3 and minor value 7.

© ISO/IEC 2009 - All rights reserved 9
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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 7 and values given in
Table 9.

.12

9.2

9.1

. iiiiaiaiele:

9.15 |

Nostrils

Figure 7 — The eye and nostril centre Landmark Points are defined by midpoints of MPEG4 Feature
Points.

Table 9 — Eye and nostril centre Landmark Point codes

Centre Landmark-Point Midpoint of Landmark | Landmark Point code
Points

Left Eye 3.7,3.11 121

Right-Eye 3.8, 3.12 12.2
9.1,9.15 9.3,9.15

Right Nostril Horizontal Vertical 12.4
9.2,9.15 9.3,9.15

10 © ISO/IEC 2009 — All rights reserved
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5.6.5 Anthropometric 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 Amd.2-2 and Table Amd.2-2 show the definition of the Anthropometric Landmarks. The set of points

reprosents-the-cranicfacial-landmark—points-of-the-head-and-face—The-latterare-used-inforensicsfor—Face-to

face” and “Skull to face” identification. Some of these points have MPEG 4 counterparts, others not.

£

) E,f'_"_

(iszy pioor (
; rn
al\ p

sbal Sn
cohe 2 a.coh

A

4o

an

Figure Amd.2-2: Anthropometric Landmarks with (red) and without (blue) MPEG4 counterparts.

Definitions for these points are presented in the Table Amd.2-2.

Table Amd.2-2 — Definitions of the Anthropometric Landmarks

PointID Point MPEG4 An_thropometrlc How to point
Code point name

\ 1.1 114 vertex The highest point of head when the head
is oriented in Frankfurt Horizon. Refer to
Annex C for the definition of the Frankfurt
Horizon.

g 1.2 glabella The most prominent middle point
between the eyebrows

© ISO/IEC 2009 — Al rights reserved 1
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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 skull in the area of the parietal
1.6 and temporal bones
ft 1.7 frontotemporale The point on each side of the forehead,
laterally from the elevation of the linea
1.8 temporalis
tr 1.9 111 trichion The point on the hairline in the midline ef
the forehead
2y 2.1 zygion The most lateral point of each of the
29 zygomatic
90 23 215 gonion The most lateral paeint'on the mandibural
24 216 angle close to the bony gonion
sl 2.5 sublabiale Determines,the lower border of the lower
lip or the-upper border of the chin
pPg 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
gn 2.7 2.1 menton (or. The lowest median landmark on the
gnathion) lower border of the mandible
cdl 2.9 congjfion laterale The most lateral point on the surface of
the condyle of the mandible
2.10
en 3.1 3.1 endocanthion The point at the inner commissure of the
39 3.8 eye fissure
ex 3.3 3.7 exocanthion (or . .
ectocanthion) l’hee f;i)scgz';eat the outer commissure of the
34 3.12 y
p 3.5 3.5 center point of pupil | Is determined when the head is in the
rest position and the eye is looking
3.6 3.6 straight forward
or 3.7 3.9 orbitale The lowest pninf on the lower mnrgin of
38 3.10 each orbit
ps 3.9 31 palpebrale superius The highest point in the midportion of the
3.10 39 free margin of each upper eyelid

12
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https://standardsiso.com/api/?name=63de07350cdf5be21bfb6fc6217e4733

ISO/IEC 19794-5:2005/Amd.2:2009(E)

P! 3.1 33 palpebrale inferius The lowest point in the midportion of the
312 34 free margin of each lower eyelid
s 4.1 orbitale superius The highest point on the lower border of
45 the eyebrow
scl 4.3 43 superciliare The highest point on the upper borderin
44 44 the midportion of each eyebrow
n 5.1 nasion The point in the middle of beth:the nasal
root and nasofrontal suturé
se 5.2 sellion (or Is the deepest landmark located on the
subnasion) bottom of the nasoffontal angle
al 53 9.1 alare The most (Jateral point on each alar
54 92 contour
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 base disappears
5.10 into the skin of the upper lip
ac 5.1 9.1 alar curvature (or s
alar crest) point ;Ii'::(;?ce)ztcfgel;al point in the curved base
5.12 9:2
mf 513 9.6 maxillofrontale The base of the nasal root medially from
512 97 each endocanthion
cph o1 8.9 lc;hnrtljsrtnaafpltrl The point on each elevated margin of the
6.2 8.10 philtrum just above the vermilion line
Is 6.3 8.1 Iablalg (or labrale) The midpoint of the upper vermillion line
superius
l 6.4 8.2 labiale (or labrale) The midpaoint of the lower vermillion line
INTerius '
ch 6.5 8.3 cheilion The point located at each labial
6.6 8.4 commissure

© ISO/IEC 2009 - All rights reserved
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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 nighest point of the free margin of
72 102 the auricle
sba 3 105 subaurale The lowest point of the free margin of the
74 10.6 ear lobe
pra 7.5 10.9 preaurale The most anterior point on-the ear,
located just in front of()the helix
7.6 10.10 attachment to the head
pa 7.7 postaurale . .
The most postrerior, ‘point on the free
78 margin of the ear
obs 79 10.3 otoba§|on The point_of attachment of the helix in
superious the temporal region
7.10 10.4
obi (A otobasion infrious The point of attachment of the ear lobe to
712 the cheek
PO 713 porion (soft) The highest point of the upper margin of
the cutaneous auditory meatus
7.14
t 8.1 tragion The notch on the upper margin of the
8.2 tragus
The Anthropometric Landmark Code has the format: A.B. A specifies the global landmark of the face to which
this landmark belongs such as nose, mouth, etc. B specifies the particular point. In case a landmark point has
two symmetrical entities (left and right) the right entity always has a greater and even minor code value.
lHence, all landmatk,points from the left part of the face have odd minor codes, and from the right part — even
minor codes. Both A and B are in the range from 1 to 15. Hence, the code A*16 + B is written to the 1 byte
Landmark Point Code field.
$.6.6 _Anthropometric 3D landmark
The’error of an Anthropometric 3D landmark point location should be no greater than 3 mm. The point shall

withstand from the nearest point on the surface no further than 3 mm. The point on the surface is a vertex, or
a point 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 MPEG4 Feature or Anthropometric 2D landmark.
In case the Landmark Point Type equals Anthropometric 3D landmark this field along with the horizontal and

14 © ISO/IEC 2009 — Al rights reserved


https://standardsiso.com/api/?name=63de07350cdf5be21bfb6fc6217e4733

ISO/IEC 19794-5:2005/Amd.2:2009(E)

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, that the Landmark Point Type field codes the type of the landmark point and
determines the interpretation of the Z coordinate.

Page 19

Replace o./.1T with the tollowing:

5.7.1 Face Image Type

The Face Image Type field shall represent the type of the facial image stored in the Image Information bloc
and, if applicable, the 3D Data block according to Table 10. Note that all Frontal Image Types.are either Full
Frontal, Token Frontal, or one of the respective 3D Full Frontal or Token Frontal Image [Types. Therefore a
separate Frontal Value is not required.

Table 10 — 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 Basic Face Image-Type is defined in clause 6. The Frontal, Frontal/Full and Frontal/Token Face Imag
Types are defined-in_clauses 7, 8, and 9 respectively. Face Image Types use the notion of inheritance. Fo
example, the Frontal Face Image Type inherits all of the requirements of the Basic Face Image Type - thg
Frontal Face Amage type obeys all normative requirements of the Basic Face Image Type. The inheritanc
structure of ‘eurrently defined image types is shown in Figure 8. Relations are indicated by an arrow from thg
child to theparents.

OO0

If a 2D<record that is compliant to the Basic, Full Frontal or Token Frontal requirements, respectively, contain
3D data, this is indicated by the highest bit of the Face Image Type set to one, resulting in the Face Imags
Type codes 0x80 to 0x82.

The 3D Image types are defined in clauses 10, 11, and 12 respectively.

O
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Basic

Frontal

A

Full Frontal Token Frontal

Figure 8 — 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.

fPage 22

Add the following new subclauses after 5.8

5.9 The 3D Information Block

'he 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,
Dffset, 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.

5.9.1 Length of 3D Data Representation

[his (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

Driginally, 3D data“is“acquired in a device dependent coordinate system. Based on the knowledge about
gseveral deviceparameters the 3D data can be transformed in metric world coordinates with two
disadvantages;

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

e to aobtain a rpgnlar structure in world coordinates one has to in’rprpnla’rp The nriginal data is not

preserved. This may be sufficient for many applications, but this standard is intended to be able to
store the original data, too.

Thus the standard features several ways to store 3D data in different representations. All representations
support a Cartesian coordinate system. The Range data representation additionally supports a Cylindrical
Coordinate system. Note that the coordinate system may be further restricted for different Face Image Types
(see clauses 10 to 12, and Annex A.7).
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The transformation to metric world coordinates is described by appropriate scaling factors and implicit rules
(e.g. as used in the 3D anthropometric landmark type) defined in this standard (see clause 5.9.2.1 t0 5.9.2.2),

The (1 byte) Coordinate System Type field specifies the coordinate system of the 3D data by using the
following values.

TableAmd-2-3="The Coordinate System Type

Description Value
Cartesian Coordinate System 0x00
Cylindrical Coordinate System 0x01
Reserved 0x02 — OxFF

The different coordinate systems are defined as follows:

5.9.2.1 Cartesian Coordinate System

In the Cartesian Coordinate system the point of origin of the sens¢ridata typically is used as the point of origi
of the coordinate system.

—J

The transformation from cartesian coordinates to metric cartesian coordinates is derived as follows:

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

For certain Image Types the origin efcthe Cartesian Coordinate System shall be the nose, i.e. the Prn
landmark as defined in Table Amd.2-2:

NOTE  For certain Image Typesthe pose of the head is restricted. The frontal pose is defined by the Frankfurt Horizo
FH (see Annex C) as the XZ plane and the vertical symmetry plane as the YZ plane with the Z axis oriented in th
direction of the face sight.

=

N

Furthermore note, that a strong relation between anthropometric landmarks and the coordinate system is sti
established by

e the. anatomical alignment requirements of the corresponding 2D image and
e the-alignment between the 3D range data and the corresponding 2D image after applying the Texturd
Projection Matrix.

D
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><

Figure Amd.2-3 — A sample of a Cartesiah Coordinate System

5.9.2.2 The Cylindrical Coordinate System

A point in the Cylindrical Coordinate System is\given by (&, /,7). The angle « and the / -axis are defined
ih a way that they form a clockwise coordinate system.

The transformation from cylindrical coordinates to metric cartesian coordinates is derived as follows:

X =r* ScaleZ * sin(a * ScaleX") + OffsetX ;
' = h* ScaleY + OffsetY;
/ =r*ScaleZ * cos(ari*ScaleX) + OffsetZ;

BcaleX, ScaleY,-ScaleZ, OffsetX, OffsetY and OffsetZ are the necessary constants for the transformation.
BcaleX has the)physical unit of rad (degree radian). ScaleY, ScaleZ, OffsetX, OffsetY and OffsetZ are given in
he physicalwnit mm (millimetre). Note, that large values of ScaleX, ScaleY or ScaleZ indicate a low resolution
h the respective dimension.

—= ct cn

Typically, the point of origin of the sensor data is used as the point of origin of the Cylindrical Coordinate
Pystem.

For certain Image Types the origin of the Cylindrical Coordinate System shall be the nose, i.e. the Prn
landmark as defined in Table Amd.2-2.

Furthermore note, that a strong relation between anthropometric landmarks and the coordinate system is still
established by

e the anatomical alignment requirements of the corresponding 2D image and
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e the alignment between the 3D data and the corresponding 2D image after applying the Texture
Projection Matrix.

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.

!

Figure Amd.2-4 — A sample of a.Cylindrical Coordinate System. FH is the Frankfurt Horizon as defined
in Annex C.

5.9.3 Texture Projection‘Matrix

D

The Texture Projection*Matrix P (3x4 float, 48 bytes) is required to map the 3D data onto the 2D texture imag
of the Image Data(block. The matrix shall be stored row by row starting from the left top.

One can projéet a point in 3D space [X,Y,Z]" on the texture image of the Image Data block by multiplying
the Textdre-Projection Matrix P with the so called homogeneous 3D coordinates of the 3D point [2].

[eyiw]” = P*[X,Y,Z.1]

Homogeneous 3D coordinates are a vector of four values[.X,Y,Z,1]" . Here X, Y, Z are the coordinates of
point in the metric cartesian coordinate system. The multiplication results in [x, y, W]T the so calleg

homogeneous 2D coordinates with the auxiliary coordinate w. One obtains the resulting 2D image pixel
coordinates of the texture image in the Image Data block by dividing the first two coordinates of the 2D
homogeneous coordinates by the respective 3rd auxiliary coordinate w. Hence [x:w, y:w] are the resulting
image pixel coordinates of the texture image related to the given 3D point [X,Y,Z]" . Note, that the obtained
coordinates are floating point values. In this standard there are no rules about how the necessary rounding or
interpolation to the integer pixel coordinates has to be done.
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In case the Cylindrical Coordinate System is used one shall transform to the metric Cartesian coordinate
system to map the 3D data onto the texture. If there is overlapping, the texture is mapped to the first 3D point
in the line of sight (closest to the observer).

The next two blocks store all necessary data to compute metric depth values from the 3D data.

s outlined in clause 5.9.2.1 and 5.9.2.2 ScaleX, ScaleY, ScaleZ, OffsetX, OffsetY and OffsetZ are needed to

ansform digital coordinates to metric coordinates. This applies to all three 3D representations defined in this

art of ISO/IEC 19794. The values are given in the physical unit mm (millimetre). In the case of Cartesian
g¢oordinates ScaleX also has the physical unit mm, in the case of a cylindrical coordinate system ScaleX-has
the physical unit of rad (degree radian). Each factor is represented by a mandatory four byte float value.

INote that large values of ScaleX, ScaleY or ScaleZ indicate a low resolution in the respective dimension.

INote that 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).

Furthermore note, that ScaleX and ScaleY in a range image represent sampling intervals while the ones in a

3D point map do quantization of the 3D space. Also, ScaleZ in either of these representations denotes
quantization.

$.9.5 3D Representation Type

The (1 byte) 3D Representation Type shall be used to indicate thé, representation type that codes the 3D data.
Table Amd.2-4 — 3D Representation Type

Description Value
Range Image 0x00

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

5.9.6 3D Supplemental Data

The (1 byte) 3D Supplémental Data mask is a bit mask of one byte and each bit of the mask position listed in
Table Amd.2-5 shall'be set to 1 if the corresponding 3D information is present and set to 0 if absent. So, a bit
mask of all zeros*will indicate, that none of the options are present. The mask position starts from 0 at the
Ipwest significant.bit. The Mask indicates if an Error Map/Vertex Error and/or a Texture map is attached to the
data.

Table Amd.2-5 — 3D Supplemental Data

Description Mask Position

Error Map or Vertex Error present | 0

Texture Map present 1

Reserved for future definition 2-7
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5.9.7 3D Source Type

In analogy to the “Source Type” field in the 2D Image Information block, where the source of the 2D data can
be coded, the (1 byte) 3D Source Type field should be used to indicate the type of the source that was used to
acquire the 3D data. Additionally, the most significant bit (MSB) indicates if the scanning technology is active or
passive for each source type.

Table Amd.2-6 — 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

ToF (Time of Flight) Not available 0x05

Shape from Shading 0x86 0x06

Reserved 0x87-0xFF 0x07 — 0x80

5.9.8 3D Device Type

The (2 byte) 3D Device Type field denotes the vendor specific capture device type ID. A value of all zeros will
be acceptable and will indicate that the 3B\Device Type ID is unspecified. Application developers may obtain
the values for these codes from the vendor.

5.9.9 3D to 2D Image Temporal Synchronicity

The mandatory (2 byte) 3D to 2D Image Temporal Synchronicity shall be used to indicate the temporz
relation between the 3D data and the 2D image of the image data block. It does not reference to the optiong
2D Image Texture.of the 3D data block. The value indicates the temporal difference between the start of th
2D and the startof the 3D acquisition process in milliseconds (ms). The field allows the coding of positive a
well as negative differences. Here, a negative time difference denotes that the 3D acquisition started befor
the 2D _acquisition. The time difference in milliseconds (ms) is coded in the two's complement system. So,
value “of~0x8001 codes the maximum negative temporal difference of —-32767 ms and the value Ox7FFk
corresponds to the maximum positive temporal difference of +32767 ms. A value of 0x8000 is acceptable an
indicates that the 3D Temporal Synchronicity is unspecified.

LI~ "2 ” N ¥ £ ~ ey

==

Table Amd.2-7 — The 3D to 2D Image Temporal Synchronicity

Description Vatue

Temporal difference between the start of the 2D | 0x0000 — Ox7FFF
and the 3D acquisition process in milliseconds (ms)
in two's complement coding. 0x8001 — OxFFFF

Unspecified 0x8000
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5.9.10 3D to 2D Texture Temporal Synchronicity

The mandatory (2 byte) 3D to 2D Texture Temporal Synchronicity shall be used to indicate the temporal
relation between the 3D data and the 2D textural data of the optional 2D texture map of the 3D data block.
The value indicates the temporal difference between the start of the 2D Texture Map acquisition and the start
of the 3D acquisition process in milliseconds (ms). NOTE It does not refer to the synchronicity between the

he field allows the coding of positive as well as negative differences. Here a negative time difference denotes
that the 3D acquisition started before the 2D acquisition. The time difference in milliseconds (ms) is coded in
the two's complement system. So, a value of 0x8001 codes the maximum negative temporal differenceof.
132767 ms and the value 0x7FFF corresponds to the maximum positive temporal difference of +32767 ms. A
alue of 0x8000 is acceptable and indicates that the 3D to 2D Texture Temporal Synchronicity is unspegified.

Table Amd.2-8 — The 3D to 2D Texture Temporal Synchronicity

Description Value

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

Unspecified 0x8000

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
sed to code the time span between the start of the 3D acquisition process and the end of the 3D acquisition

;I:rocess in ms (milliseconds). A value of OXFFFF is\acceptable and indicates that the field is not specified.

Table.Amd.2-9 — The 3D Acquisition Time

Description Value

Duration of the 3D _acquisition process in|0x0000 — OxFFFE
milliseconds (ms)

Unspecified OxFFFF

5.9.12 2D Texture Acquisition Time

The optional 2D texture map of the 3D record may or may not be simultaneously acquired with the 3D data.

Therefore, the (2 byte) 2D Texture Acquisition Time field is used to code the time span between the start of
the 2D acquisition process and the end of the 2D acquisition process of the optional texture map in ms
(milliseconds). 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.
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Table Amd.2-10 — The 2D Texture Acquisition Time

Description Value

Duration of the 2D acquisition process in|0x0000 — OxFFFE
milliseconds (ms)

Unspecified 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 3D
Supplemental Data field specifies that there is a Texture Map in the record, either JPEG (ISO/IEC 10918-
and ITU-T rec. T.81) or JPEG 2000 (ISO/IEC 15444-1) or PNG (ISO/IEC 15948:2004) shall be specified. Fo
JPEG, the data shall be formatted in accordance with the JPEG File Interchange Format, Version 1.02 (JFIF).

=

174

If the 3D Supplemental Data field specifies that there is no Texture Map in*the record the Texture Map Typé
shall be “Unspecified”.

Table Amd.2-11 — The Texture Map T'ype codes

Description Value
Unspecified 0x00
JPEG 0x01
JPEG2000 0x02

PNG 0x03
Reserved 0x04-0xFF

5.9.14 Texture Map Spectrum

The (1 byte) Texture Map Spectrum field denotes the kind of spectrum that has been used for acquiring th
Texture Map specified in clause 5.10.8. Whereas the 2D Face Image always uses the spectrum of the visibl
light, this can’be different for the acquisition of the Texture Map. If the 3D Data Supplemental Data fiel
specifies.that there is a Texture Map in the record, the Texture Map Spectrum field shall not be unspecified.

o=

If the;3D Supplemental Data field specifies that there is no Texture Map in the record, the Texture Map
Spectrum field shall be unspecified.
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Table Amd.2-12 — The Texture Map Spectrum codes

Description Value
Unspecified 0x00
Visible (380nm- 780nm) 0x01

\Very-near infrared (photographic) (780nm-1000nm) | 0x02

Short wave infrared (1000nm-1400nm) 0x03
Other 0x04
Reserved 0x05-0xFF

5.10 The 3D Data Block
The 3D Data block contains the representation of the 3D data. There are three alternatives to store 3D Data: a
Range Image, a 3D Point Map, or using Vertex data. Optionally, additional<information can be stored in the
Image Mask and in the Texture Map.

Range images are well suited for the coding of the depth values of a.spécific view of an object projected on a
plane or a cylinder. By definition, only one depth value per pixel can)be coded, which restricts the complexity
of the coded surface. Nevertheless, for facial images, esp. frontal facial images, this typically is a very good
approximation. Range images may be less suited for codingvof depth information showing strong poses.
Furthermore, depth information in range images is typically more processed (smoothed, re-sampled,
interpolated, etc.) than data in the 3D Point Map.

The 3D Point Map is most suited for exchange and+storage of raw, unprocessed 3D sensor data. Storing raw
data may result in larger sizes of the representation.

ertex data codes 3D points based on a nen-regular sampling interval, typically resulting in a sparse coding.
Due to the variable sampling of the vertex points the vertex data representation on the one hand side can
fesult in very compact representations ©rin a very exact representation when using many vertices.

The 3D Representation Type field (see clause 5.9.5) is used to define the format of the 3D data representation
that has been used in the actualrecord.

$.10.1 Range Image Bit Depth

he (1 byte) Range-lmage Bit Depth field denotes the Bit Depth of the Range Image. This field is given for the
g$ake of easier récord parsing, as the bit depth can also be derived from the PNG record header.

Table Amd.2-13 — The Range Image Bit Depth codes

Description Value
8ot %06

16 bit 0x01
Reserved 0x02-0xFF
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5.10.2 Range Image

The Range Image is a representation of the range data in a two dimensional form. The Range Image shall be
stored in the PNG format (ISO/IEC 15948:2004). PNG provides lossless compression for both 8 and 16-bit
grey scale image data. The bit rate of the PNG code is written in the PNG header, but shall also be given in
the Range Image Bit Depth field (see clause 5.10.1). Hence whether the 8 or 16 bit depth coding is used shall
be defined from the PNG record header.

The length of the map is variable, as it depends on the lossless compression algorithm. The uncompressed
data has the dimension Range Image Height x Range Image Width. These dimensions are encoded jin th
PNG header.

D

Pixel of value OxFF for 8 bit PNG coding and OxFFFF for 16 bit PNG coding shall indicate_non-valid rangg
data.

D

5.10.3 3D Point Map Width and Height

These two fields define the width and height of the 3D Point Map where the 3D.data is stored. Both fields are
2 byte values ranging from 0 to 65535.

D

5.10.4 3D Point Map

The 3D Point Map allows storing of raw 3D scanner data. The organization of this block is as follows. It
consists of a three channel lossless compressed image in the PNG format with 16 bits per channel. The firs
channel represents the X, the second the Y, and the third the Z values. A pixel value of (X,Y,Z) = (OxFFFR,
O0xFFFF , OxFFFF) shall be used to indicate a non-valid 3D peint.

—

The coordinates are given in an arbitrary cartesian coordinate system. Connectivity is not explicitly encoded.
For valid points neighbouring pixel positions represent neighbouring positions on the face surface.

5.10.5 Vertex Data

The variable length Vertex Data block (¢ontains the Vertex Coordinates block, the optional Vertex Normal$
block, the optional Vertex Errors block;*and the optional Vertex Textures block. Each of these blocks contain &
list of vertex descriptions. The number of the vertex descriptions is given by the (2 byte) Vertex Count field.

=

The location of each vertex is_represented by its X coordinate, Y coordinate, and Z coordinate as specified i
the (2 byte) Vertex X Coordinate, Vertex Y Coordinate and Vertex Z Coordinate fields, respectively. Th
values code the location with“a fixed precision as specified in clause 10.3.2.

D

™

If the Normal Flag is.€qual to 0x01 the corresponding normal vector to each vertex shall be specified in the (]
byte) Normal X, Normal Y and Normal Z Coordinate fields, respectively.

The optional (1~byte) Vertex Error field codes additional information on the vertex as described in Tabl
Amd.2-15 in clause 5.10.7 of this standard. If the existence of an Error Map is specified in the 3D Supplementz
Data field,.the Vertex Error field shall be present for each vertex.

1%

The optional Vertex Texture X and Vertex Texture Y fields represent the corresponding X and Y pixel positiof
in the,Texture Map with (0,0) denoting the upper left corner. If the existence of a Texture Map is specified i
the 3D Supplemental Data field, Vertex Texture X and Vertex Texture Y shall be present for each vertex.

=

The number 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.

Thics ecan-he-indicatad-byv-the- (1 bvia)y Naormal Elaa fiald
HHS-Ga-P e HHeteate eyt yte ) NeH o+ agHee-
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Table Amd.2-14 — The Normal Flag codes

Description Value
Normal information not used in Vertex Data 0x00
Normal information used in Vertex Data 0x01
Reserved 0x02-0xFF

$.10.6 Triangle Data

The variable length Vertex Triangle Data contains a list of triangle descriptions. The number of,the triangle
lescriptions is given by the Triangle Face Count field (see clause 5.10.5). Each triangle is specified by the
hree (2 byte) indices of the vertices in the vertex data list forming the triangle. The order of the vertex indices
hall be counter clock wise to indicate the external face of the triangle.

Hct o

5.10.7 Error Map

The optional Error Map can be used to further give information on how the(3D data has been processed
efore it was stored in the 3D representation. The Error Map shall be codedirthe PNG format 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
it is associated with a Range Image or 3D Point Map Width x 3D Point Map Height in case it is associated with
3D Point Map.

Pixel values tin the range of 0 to 200 are reserved for future use. Values of ¢ =201 and above code a
$pecific potential or corrected defect of the 3D data or thg cerresponding Texture Image.

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

Table Amd.2-15 — The Error Map

Description Value

Reserved for future use 0...200

Depth value is interpolated, interpolation type isn't | 201
specified

Depth value is interpolated, linear interpolation has | 202
been used

Depth value is™interpolated, bicubic interpolation | 203
has been used

\Value of\optional Texture Image potentially wrong | 204

(texture noisy, overexposure, etc.)

Value of optional Texture Image has been 205

corrected by post processing (image processing)

Reserved for future use 206...255
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5.10.8 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 standard 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. To be conformant with this part of ISO/IEC 19794-5 the 2D images of the image data
block of any 3D image type have to be conformant with the relevant specifications of the standard 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 6r;16 b
greyscale or 24 bit colour image. The length of the map is variable as it depends on the compressio
algorithm. The uncompressed data has the dimension Range Image Height x Range Image Width\in the cas
it is associated with a Range Image or 3D Point Map Width x 3D Point Map Height in case it is associated wit
a 3D Point Map, and variable dimensions when associated with a 3D vertex representation:

= D=

Page 31

Add the following new clauses after Clause 9:

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\lmage Types. All 3D Face Image Types obe
normative requirements of this clause (10).

Furthermore, the Basic 3D Image Type inherits all thé4equirements of the Basic Face Image type.
All mandatory (non-optional) fields of the 3D_Information block shall be defined. Note that some of th

mandatory fields may still remain unspecifiedqfthe appropriate value is set. Please see the specification of th¢
individual fields for details.

O

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

10.2.1 Coordinate System Type

D

The Coordinate System Type for the Basic 3D Image Type using the 3D Point Map representation shall b
0x00, i.e. a Cartesian_ €oordinate System shall be used.

10.2.2 ScaleX,ScaleY and ScaleZ

D

Basic 3D dmages using the 3D Point Map representation shall use a fixed scaling and offset values. Th¢
following.values shall be used:

ScaleX = 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 Coordinate System Type

The Coordinate System Type for the Basic 3D Image Type using the 3D Vertex representation shall be 0x00,
i.e. a Cartesian Coordinate System shall be used.
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10.3.2 ScaleX, ScaleY and ScaleZ

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

ScaleX = ScaleY = ScaleZ = 0.02 mm

DffsetX = OffsetY = OffsetZ = -655.34mm

11 The Full Frontal 3D Image Type

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

11.1 Inheritance requirements

'he Full Frontal with 3D Image Type inherits the requirements of the Basic 3D Image\\Iype as specified in
¢lause 10.1. Furthermore, it inherits all requirements of the Full Frontal Image Type.

11.2 Coordinate System Type

[he Coordinate System Type for the Full Frontal 3D Image Type shall be,0x00, i.e. a Cartesian Coordinate
$ystem shall be used. Furthermore, the origin of the coordinate system shall be the nose, i.e. the Prn
lendmark as defined in Table Amd.2-2.

11.3 Pose of the 3D representation

The rotation of the head in the 3D representation shall be less than +/- 5 degrees 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
¢ompensated by automated face recognition systemsTherefore, the rotation of the head shall be less than

1/- 8 degrees 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 applicatiens that call for this format to be used.

11.4 Calibration Texture Projection*Ac¢curacy

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 1 mm.

INOTE  This may not represént)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

11.5.1 ScaleX; ScaleY and ScaleZ

The resolution of the stored depth data strongly depends on ScaleZ. To preserve quality a maximum value of
ScaleZ . =1mm shall be defined for the Full Frontal 3D Image Type.

For the same reason a maximum value of ScaleX . = ScaleY , =lmm shall be defined for the Full
Frontal 3D Image Type in a Cartesian coordinate system.

Note, that in any case, ScaleX and ScaleY denote a sampling rate, not the physical measurement rate of the
SEensor.
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