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Foreword

ISO (the International Organlzatlon for Standardlzatlon) and IEC (the Internat|onal Electrotechnical

ISO or IEC participate in the development of International Standards through technical com

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, governnmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field jof 'information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

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

The main task of the joint technical committee is to prepare International Standards. Draft International
Standards adopted by the joint technical committee are circulated to national bedies for voting. Publicatipn as
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 patent
rights. ISO and IEC shall not be held responsible for identifying any,er all such patent rights.

Amendment 2 to ISO/IEC 19794-5:2005 was prepared by \Joint Technical Committee ISO/IEC J[TC 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 [facial
images and associated 3D shape information.

This amendment describes the necessary changes to the data interchange format regarding the capabiity to

hold 3D information and the additional requirements for 3D data.

© ISO/IEC 2009 - All rights reserved
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Information technology — Biometric data interchange
formats —

Part 5:
Face image data

AMENDMENT 2: Three-dimensional face image data interechange
format

Page 3
Add the following reference to Clause 3:

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

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 subjec]
given lighting environment

Page 5

Add the following definitions to*Clause 4:
4.24

3D image

representation that.encodes a surface in a 3D space

4.25
3D point-map

rtable

tin a

3D point,eloud representing a capture subject, where each surface point is encoded with a triplet, represgnting

the %~y and z values of the pointin 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
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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

heigh

t

4.31

range image

nume
coorg

4.32
PNG
lossld

4.33

textu
two-d
envir

4.34

textu
3x4 1
imag
well g

NOTH
Page|

Repla

5.1

The f
recor
orm
face.
imag

rical matrix that encodes a surface point in 3D space, where the position encodes the first|fwo
inates and the value at that position encodes the third coordinate

format
ss image compression standard specified in ISO/IEC 15948

re
imensional representation of the luminance and/or colour of a capture’\subject in a given lighting
bnment

re projection matrix

hatrix to transform a 3D surface coordinate from a metric Cartesian Coordinate System to a 2D texture
b coordinate, where the transformation makes use of the 3D homogenous coordinates of the 3D point as
s the 2D homogenous coordinates of the 2D point

See bibliography item [13] for details.
5

ce clause 5.1 with the following:

Overview

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

struc{ure is depicted in Figure 2 and Figure 3.

Adhe|
the e
JPE(Q

rence to this format requires compliance to the standards referred to above. In particular, the header and
ntire data “structure will be CBEFF compatible, 2D image data will be encoded using either JPEG or
2000;

© ISO/IEC 2009 — All rights reserved
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CBEFF [Facial Record Facial CBEFF
Header Header Record Data| Signature
Facial .
Record Format Identifier | Version Number | Length of Record Numlla:'ragzzaual
Header
4 4 4 2
i 2D/3D )
Facial Facial Image 3D
, Landmark ge Image Data . D Data
Record Data Information s Information Information
Points <O
20 8x 12 Variable 92 Variable
Facial Facial Number of
. Record Data| Landmark Gender Eye Colour | Hair Colour Pﬁ::: Yy Expression | Pose Angle lpj:i:r:ar:g:e
Information Length Points Y
4 2 1 1 1 3 2 3
Landmark La.n Ll La.ndmark X coordinate|Y coordinate |Z coordinate
Point Point Type | Point Code
C
1 1 2 2 2
Image Image
9 . Face Image | Image Data Width Height Colour Source Type | Device Type| Quality
Information Type Type Space
1 1 2 2 1 1 2 2
Length of
JPEG or
Image Data Image Data | 1PEG2000
ock
2 Variable
Must be Can be Optional
Specified unspecified P

Figure 2 — The Face Image Record format. The length value of each field in bytes is shown below the
field. The white boxes.indicate fields or blocks that shall be specified, light grey boxes that the fields
are mandatory, but an unspecified value is acceptable, and dark grey boxes indicate optional flelds.
Note, that the 3D Information block and 3D Data block are mandatory for the 3D Types.

© ISO/IEC 2009 - All rights reserved 3
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Length of 3D| coordinate | Texture ScaleX, OffsetX 3D k) Reserved iy iz 3D 2D Te
3 'y ‘exture
roprs ati|  System | Projection | ScaleY, | Offsety, [Representation|Supplemental| for Future | SPSource | 3D Device | _image | Texture ") acquisition | Acquisition [Tl Map|Texture Map
pre Type Matrix ScaleZ OffsetZ Type Data Use yp yp poral po Time Time ype pectrum
4 T 18 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 Triangle

Count Face Count | T F1ag | VEMEX DT 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

Figur
The
block
is ac

Wher
Face
or Im
Head

With

2 2 2

Must be Can be
Specified unspecified

e 3 — The 3D Information block and the three,possible 3D Data blocks specified in this standard.
ength value of each field in bytes is shown below the field. The white boxes indicate fields or
(s that shall be specified, light grey boxes that the fields are mandatory, but an unspecified value
ceptable, and dark grey boxes indicate optional fields.

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

he exception of the Format Identifier and the Version Number for the standard, which are null-terminated

ASCI| character strings(all*data is represented in binary format.

Therg

The @

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

A fixed-length (14 byte) Facial Record Header containing information about the overall record,

includina-the numbaer of facial imaaes renresented-and-the-overall record lenath in hvigs
HGHeHg-tHhe-RthRbeo-Hacia-HhR4ag Fop+ Hea—-ahe+A S+ Fe—+eRgtR—H-Dyes-

A Facial Record Data block for each facial image. This 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.

© ISO/IEC 2009 — All 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.

shape

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 FacialRecord Header
block and before the CBEFF Signature block. Facial Record Data blocks containing 2D_datda can be dtored
together with Facial Record Data blocks also containing 3D data. The structure of this embedding is illusfrated

in Figure Amd.2-1.

CBEFF Header

Facial Record
Header

Facial Record
Data 1
(Full Frontal)

Facial Record
Data 2
(Token Frontal)

Facial Record
Data 3
(Full Frontal
Range)

CBEFF
Signature

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 imagge
data

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

Length of Record 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
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Page

8

Replace clause 5.4.2 with the following:

5.4.2

The (
string

Version Number

4 byte) Version Number field shall consist of three ASCIl numerals followed by a zero byte as a NULL
terminator.

The i|
mino

The
Page|

Repla

5.6

The ¢
facial
of the

Land
or An
and t

irst and second characters represent the major version number and the third character represents the
revision number.

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

ce 5.6 with the following:

The Landmark Point block

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

mark Points can be specified as MPEG-4 Feature Points as given by Annex C of ISO/IEC 14496-2:2004
thropometric Landmarks in two or three dimensions. The deseription of the Anthropometric Landmarks
neir relation with the set of MPEG4 Feature Points is discussed in clause 5.6.5.

© 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

Landmark Point Type 1 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 Landmlark
Point, e.g. the'left eye.

X coordinate, 2 bytes See clause 5.6.1, Denotes. the coordinate
of the.Jandmark point
Y coordinate Table Amd.2-1
For~ Landmark Point
Types 0x01 and 0x02
this coordinate dendtes
the relevant pixel cqunt
from upper left pjxel
starting at 0.

For Landmark Ppint
Type 0x03 the vdlue
codes the coordinatg of
a point in 3D.

Z coordinate 2 bytes See clause 5.6.1, Denotes the Z-cooyrdi-
nate of the Ilandmark
Table Amd.2-1 point.

For Landmark Point
Type 0x01 and Type
0x02 this field | is
ignored.

For Landmark Ppint
Type 0x03 the vdlue
codes the Z coordinate
of a point in 3D.

5.6.1 Landmark Point Type

The(1-byte) Landmark Point Type field represents the type of the Landmark Point stored in the Landmark
Paoint'block. This field shall be set to 0x01 to denote that landmark point is an MPEG4 Feature Point as |given
by’ Annex C of ISO/IEC 14496-2:2004 and is represented by the 2D image coordinates. The field shall he set

toOx02todenotethat thetandrmark pointis—am Anthropormetric 2Dtandrmark—ard-isTepresented 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 it's 3D coordinates. All other field values are reserved for
future definition of Landmark Point types.

© ISO/IEC 2009 - All rights reserved 7
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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
field is ignored.
Anthropometric 0x02 The landmark point is considered as a anthropometric o)
landmark point in the 2-D image and its coordinates are Q
2D lapdmark measured in pixels with values from 0 to Width-1 anti/b
Height-1, respectively. The Z coordinate field is |gnore9
Anthropometric 0x03 X coordinate, Y coordinate and Z coordi m% are
interpreted as 2 byte values with fixed preci of 0.02
3D lapdmark mm ranging from -655.34 mm to 65 mm. The
landmark point is considered as a (31/ point in the
Cartesian Coordinate System. <O
b‘/
9
Resefved 0x04-0xFF future use.
"
N
. %
5.6.2 Landmark Point Code \‘S\
The (1 byte) Landmark Point Code field sl&@ﬁpecify the Landmark Point that is stored in the Landmark Point
block
For the Landmark Point Type 0x0 e codes of the Landmark Points in clause 5.6.3, taken from Annex C of
ISO/IEC 14496-2:2004 and d T\b as MPEG4 Feature Points, or the additional eye and nostril Landmark
Points in clause 5.6.4 shall be stored in this block.
If the|[Landmark Point T is 0x02 or 0x03, i.e. Anthropometric 2D landmark or Anthropometric 3D landmark,
the codes of the L&c@prk Points defined in 5.6.5 shall be stored in this block.
5.6.3 MPEG@ezture Points
The normative Figure 6 denotes the Landmark Point codes associated with Feature Points as given by Annex
C of C 14496-2:2004. Each Landmark Point code is represented by a notation A.B usmg a major (A)
and TTIrmol \D} VaIUU I IIU Tl IL,UUIIIH UI lI 1< |_a||un|a|r\ I_Ullll bUUU Ib HIVUII Uy llls \ I uylc; leuﬁ UI I"\ IU Bl D
8 © ISO/IEC 2009 — All rights reserved
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3.10 3:9
Right eye Lefteye
9.8
919 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 14496-2.

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
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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

TableQ

9.15 |

Fi

Nostrils

Points.

Table 9 — Eye and nostril centre Landmark Point codes

3.7

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

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

Lgft Eye 3.7,3.11 12.1

Right Eye 38 312 122

Left Nostril Horizontal Vertical 12.3
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 — Al 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
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.

£

) 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

Point1D 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,
:atcla”y fIUIII thc C:CVGt;UII Uf thc :;IIUG
1.8 temporalis
tr 1.9 111 trichion The point on the hairline in the midline.of
the forehead
2y 2.1 zygion The most lateral point of each of the
29 zygomatic
90 23 215 gonion The most lateral point 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 (ar. The lowest median landmark on the
gnathion) lower border of the mandible
cdl 2.9 congylion 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 38 eye fissure
ex 3.3 3.7 exocanthion (or . .
ectocanthion) l’hee f;i)scgz';eat the outer commissure of the
3.4 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 point on the lower margin 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

© ISO/IEC 2009 — All rights reserved
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P! 3.1 33 palpebrale inferius The lowest point in the midportion of the
312 34 free margin of each lower eyelid
0s 4.1 orbitale superius . .
The highest point on the lower border of
49 the eyebrow
> o o SHPETEATE The highest point on the upper border,ip
44 44 the midportion of each eyebrow
n 5.1 nasion The point in the middle of boththe nasal
root and nasofrontal suture
se 5.2 sellion (or Is the deepest landmark located on the
subnasion) bottom of the nasdfrontal angle
al 53 91 alare The most- lateral point on each algr
54 92 contour
prn 5.6 9.3 pronasale The_most protruded point of the apek
nasi
sn 5.7 9.15 subnasale The midpoint of the angle at the
columella base where the lower border gf
the nasal septum and the surface of the
upper lip meet
sbal 5.9 subalare The point at the lower limit of each algdr
base, where the alar base disappearp
5.10 into the skin of the upper lip
ac 5.1 9.1 alar curvature (or s
; The most lateral point in the curved basg
alar crest) point line of each ala P
5.12 9.2
mf 513 9.6 maxillofrontale The base of the nasal root medially from
514 97 each endocanthion
cph 6.1 8.9 christa philtri The point on each elevated margin of the
landmark hiltrum just above the vermilion line
6.2 8.10 P J
Is 6.3 8.1 Iablalg (or labrale) The midpoint of the upper vermillion line
superius
. 6.4 8.2 !abla_le (or labrale) The midpoint of the lower vermillion line
inferius
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 71 101 superaurale The highest point of the free margin of
220 192 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 ofythe 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
pbs 79 10.3 otoba§|on The point of attachment of the helix in
superious the temporal region
7.10 10.4 e
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 gymmetrical entities (left and right) the right entity always has a greater and even minor code value.
Hencp, all landmark 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 Peint/Code field.
5.6.6( ~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
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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 5.7.1 with the following:

5.7.1 Face Image Type

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

block

and, if applicable, the 3D Data block according to Table 10. Note that all Frontal Image Types lare eithgr 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.Jype is defined in clause 6. The Frontal, Frontal/Full and Frontal/Token Face |
Types are defined in clauses 7, 8, and 9 respectively. Face Image Types use the notion of inheritance
example, the Frontal Face Image Type inherits all of the requirements of the Basic Face Image Type
Frontal Face fmage type obeys all normative requirements of the Basic Face Image Type. The inheri
structure oftcurrently defined image types is shown in Figure 8. Relations are indicated by an arrow fro

child to the parents.

mage

For
- the
tance
m the

If a 2D-record that is compliant to the Basic, Full Frontal or Token Frontal requirements, respectively, contains

3Ddata, this is indicated by the highest bit of the Face Image Type set to one, resulting in the Face |

Type codes 0x80 to 0x82.

mage

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

© ISO/IEC 2009 - All rights reserved
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5.9.1

This
block|

5.9.2

Full Frontal Token Frontal

ure 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.

22

he following new subclauses after 5.8

The 3D Information Block

D Information block consists of the following fields and, sub blocks:

L ength of 3D Data Representation, the Coordinate System Type, the Texture Projection Matrix, Scale,
t, the 3D Representation Type, the 3D Supplemental Data, the 3D Source Type, the 3D Device Type, the

2D Image Temporal Synchronicity, the 3D to 2D-Texture Temporal Synchronicity, the 3D Acquisition
the 2D-Texture Acquisition Time, the Texture Map Type and finally the Texture Map Spectrum.

Length of 3D Data Representation

4 byte) field codes the length,of the 3D Information and 3D Data block including the optional fields and
s, if they are present.

Coordinate System Type

Origi:lxally, 3D datavis acquired in a device dependent coordinate system. Based on the knowledge about

seve
disad

al devicesparameters the 3D data can be transformed in metric world coordinates with two
vantages:

the-regular structure of the device dependent data gets lost (e.g. leading to varying distances between

data points)

Thus

to obtain a regular structure in world coordinates, one has to interpolate. The original 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.

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).

16
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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.

Table Amd.2-3 — The Coordinate System Type

Deseription Valdue
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 sensordata typically is used as the point of
of the coordinate system.

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.

origin

For certain Image Types the origin ofithe Cartesian Coordinate System shall be the nose, i.e. thé¢ Prn

landmark as defined in Table Amd.2:2.

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

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

e thetwnatomical alignment requirements of the corresponding 2D image and
e the.alignment between the 3D range data and the corresponding 2D image after applying the Te
Projection Matrix.

prizon
in the

s still

xture
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><

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

5.9.212 The Cylindrical Coordinate System

A poipt in the Cylindrical Coordinate System is given by (&, /,7). The angle ¢ and the / -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*ScaleZ *sin(a * ScaleX°) + OffsetX ;

Y = h*ScaleY + OffsetYs

Z =r*ScaleZ * cos(& % ScaleX ) + OffsetZ;

ScalgX, ScaleY ,ScaleZ, OffsetX, OffsetY and OffsetZ are the necessary constants for the transformation.
ScalgX has the-physical unit of rad (degree radian). ScaleY, ScaleZ, OffsetX, OffsetY and OffsetZ are given in

the physical.unit mm (millimetre). Note, that large values of ScaleX, ScaleY or ScaleZ indicate a low resolution
in the respective dimension.

Typicaity, the point of origin_ of the Sensor data 1S UsSed as the point of origin-of the Cylindricar Coordinate
System.

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

18 © ISO/IEC 2009 — All rights reserved
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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

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

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

Doyswl” =P*[X,Y,Z1]

HOMOgENeoUs 3D CoOTANates are & Vector of four vatues XS 15 25— Here XY Z are the coordinates of a
point in the metric cartesian coordinate system. The multiplication results in [x,y,w]T the so called
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.

5.9.4

ScaleX, ScaleY, ScaleZ, OffsetX, OffsetY, OffsetZ

As ol
trans

tiimedimclause 5921 and 5:9-2:2-Scate X, Stale Y- ScateZ, OffsetX; OffsetYand-OffsetZ are neededto
orm digital coordinates to metric coordinates. This applies to all three 3D representations defined in this

part ¢of ISO/IEC 19794. The values are given in the physical unit mm (millimetre). In the case of CarteSian

coord
the p

Note

Note
Type

Furth
3D p
quan

5.9.5

The (

5.9.6

The (
Tablg
mask
loweg
data.

inates ScaleX also has the physical unit mm, in the case of a cylindrical coordinate system ScaleX'has
nysical unit of rad (degree radian). Each factor is represented by a mandatory four byte float value.

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

that boundary values of ScaleX, ScaleY and ScaleZ may be strongly restricted for different Face Image
5 (see clauses 10 to 12, and Annex A.7).

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

pint map do quantization of the 3D space. Also, ScaleZ in either of these representations denotes
ization.
3D Representation Type
1 byte) 3D Representation Type shall be used to indicate the 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

3D Supplemental Data

1 byte) 3D Supplemental Data mask is a bit mask of one byte and each bit of the mask position listed in
Amd.2-5 shall be’set to 1 if the corresponding 3D information is present and set to 0 if absent. So, a bit
of all zeros"will indicate, that none of the options are present. The mask position starts from 0 at the
t significant.bit. The Mask indicates if an Error Map/Vertex Error and/or a Texture map is attached to the

20

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 zerd

be acceptable and will indicate that the 3D’Device Type ID is unspecified. Application developers may ¢
the values for these codes from the vendor.

5.9.9 3D to 2D Image Temporal Synchronicity

s will
btain

The mandatory (2 byte) 3D to 2D Image Temporal Synchronicity shall be used to indicate the temporal
relation between the.3D data and the 2D image of the image data block. It does not reference to the optional
2D Image Textdre of the 3D data block. The value indicates the temporal difference between the start pf the
2D and the start of the 3D acquisition process in milliseconds (ms). The field allows the coding of positive as
well as negative differences. Here, a negative time difference denotes that the 3D acquisition started Qefore
the 2D _acquisition. The time difference in milliseconds (ms) is coded in the two's complement system. [So, a
value 'ofl 0x8001 codes the maximum negative temporal difference of —-32767 ms and the value OX7FFF
corresponds to the maximum positive temporal difference of +32767 ms. A value of 0x8000 is acceptablg and
indicates that the 3D Temporal Synchronicity is unspecified.

Table Amd.2-7 — The 3D to 2D Image Temporal Synchronicity
Description Value
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
© ISO/IEC 2009 — Al rights reserved 21
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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
acquisition of the 2D image in the image data block and the 3D data.

The 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 difference.'of
-32767 ms and the value 0x7FFF corresponds to the maximum positive temporal difference of +32767 ms:-A
valuej of 0x8000 is acceptable and indicates that the 3D to 2D Texture Temporal Synchronicity is unspecified.

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

Desg¢ription Value

Temporal difference between the start of the|0x0000 — Ox7FFF
optignal 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

Diffefent 3D scanning techniques strongly vary in their agquisition 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
procgss 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

Desgription Value

Durgtion of the 3D acquisition process in|0x0000 — OxFFFE
milligeconds (ms)

Unspecified OxFFFF

5.9.12.5¢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 10918-1

and ITU-T rec. T.81) or JPEG 2000 (ISO/IEC 15444-1) or PNG (ISO/IEC 15948:2004) shall be specified. For
JPEG, the data shall be formatted in accordance with the JPEG File Interchange-Foermat, Version 1.02 (JFIF).
If the 3D Supplemental Data field specifies that there is no Texture Map,inxthe record the Texture Map|Type
shall be “Unspecified”.

Table Amd.2-11 — The Texture Map Fype 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 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 Datd field

specifiesthat'there is a Texture Map in the record, the Texture Map Spectrum field shall not be unspecifi¢d.

If then3D Supplemental Data field specifies that there is no Texture Map in the record, the Texture
Spectrum field shall be unspecified.

Map
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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

Shont wave infrared (1000nm-1400nm) 0x03

Othgr 0x04

Resgrved 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(specific view of an object projected on a
plang or a cylinder. By definition, only one depth value per pixel cambe coded, which restricts the complexity
of the coded surface. Nevertheless, for facial images, esp. frontal facial images, this typically is a very good
apprgximation. Range images may be less suited for coding-of depth information showing strong poses.
Furthermore, depth information in range images is typically more processed (smoothed, re-sampled,

interp

The 3
data

Verte
Due
result

The J
that h

5.10.

The (|
sake

olated, etc.) than data in the 3D Point Map.

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

X data codes 3D points based on a nenregular sampling interval, typically resulting in a sparse coding.
o the variable sampling of the vertéx points the vertex data representation on the one hand side can
in very compact representations ©r in a very exact representation when using many vertices.

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

I Range Image Bit'Depth

1 byte) Range\lmage Bit Depth field denotes the Bit Depth of the Range Image. This field is given for the
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

Des wipﬁnn Value
8 bit 0x00
16 bit 0x01
Reserved 0x02-0OxFF
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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 sh
stored in the PNG format (ISO/IEC 15948:2004). PNG provides lossless compression for both 8 and

all be
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
be defined from the PNG record header.

shall

The lenath of the map is variable as it denends on the lossless compression alaorithm. The uncomor
J Lud 7 Ll Lud J Lud

data has the dimension Range Image Height x Range Image Width. These dimensions are encoded
PNG header.

Pixel of value OxFF for 8 bit PNG coding and OxFFFF for 16 bit PNG coding shall indicate~non-valid
data.

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 field
2 byte values ranging from 0 to 65535.

5.10.4 3D Point Map

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

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

5.10.5 Vertex Data

The variable length Vertex Data block*contains the Vertex Coordinates block, the optional Vertex No
block, the optional Vertex Errors block;*and the optional Vertex Textures block. Each of these blocks con
list of vertex descriptions. The number of the vertex descriptions is given by the (2 byte) Vertex Count fiel

ssed
n the

fange

S are

ws. It
e first
FFFF,

bded.

rmals

tain a
d.

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

the (2 byte) Vertex X Coordinate, Vertex Y Coordinate and Vertex Z Coordinate fields, respectively]
values code the location with a fixed precision as specified in clause 10.3.2.

If the Normal Flag is equal to 0x01 the corresponding normal vector to each vertex shall be specified in
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

The
he (2

Table

Amd.2-15 in clause 5.10.7 of this standard. If the existence of an Error Map is specified in the 3D Supplenpental

Data field.the*Vertex Error field shall be present for each vertex.
The optional Vertex Texture X and Vertex Texture Y fields represent the corresponding X and Y pixel pd

sition

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

the 3D Supplemental Data field, Vertex Texture X and Vertex Texture Y shall be present for each vertex.

JThe 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.

This can be indicated by the (1 byte) Normal Flag field.
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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

5.10.6 Triangle Data

The vyariable length Vertex Triangle Data contains a list of triangle descriptions. The number of the‘triangle
descijiptions is given by the Triangle Face Count field (see clause 5.10.5). Each triangle is specified by the
three((2 byte) indices of the vertices in the vertex data list forming the triangle. The order of the\vertex indices
shall pe counter clock wise to indicate the external face of the triangle.

5.10.Y Error Map

The o¢ptional Error Map can be used to further give information on how the(3D data has been processed
beforg it was stored in the 3D representation. The Error Map shall be coded in the PNG format using an 8bit
per fdixel greyscale image. 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 in the case
it is apsociated with a Range Image or 3D Point Map Width x 3D Point Map Height in case it is associated with
a 3D |Point Map.

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

See ¢lause 5.10.5 of how the pixel values are used in.for the 3D vertex representation.

Table Amd.2-15 — The Error Map

Desgription Value

ResTrved for future use 0...200

Depih value is interpolated, interpolation type isn't | 201
spedified

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

Depth value is)interpolated, bicubic interpolation | 203
has peen used

Valug of eptional Texture Image potentially wrong | 204

(texture noisy, overexposure, €eic.)

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

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

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.dlmage Types. All 3D Face Image Types
normative requirements of this clause (10).

Furthermore, the Basic 3D Image Type inherits all thé/requirements of the Basic Face Image type.
All mandatory (non-optional) fields of the 3D, Information block shall be defined. Note that some ¢

mandatory fields may still remain unspecified.ifithe appropriate value is set. Please see the specification
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 sh
0x00, i.e. a Cartesian Coordinate System shall be used.

10.2.2 ScaleX,(ScaleY and ScaleZ

Basic 3D 4mages using the 3D Point Map representation shall use a fixed scaling and offset values|

following«alues shall be used:

ScaleX = ScaleY = ScaleZ = 0.02 mm
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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
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:

Scale

X = ScaleY = ScaleZ = 0.02 mm

OffsetX = OffsetY = OffsetZ = -655.34mm
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11.5.

The n

[he Full Frontal 3D Image Type

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

Inheritance requirements

Full Frontal with 3D Image Type inherits the requirements of the Basic 3D Image!Type as specified in
e 10.1. Furthermore, it inherits all requirements of the Full Frontal Image Type.

Coordinate System Type
Coordinate System Type for the Full Frontal 3D Image Type shall bé 0x00, i.e. a Cartesian Coordinate

m shall be used. Furthermore, the origin of the coordinate system shall be the nose, i.e. the Prn
park as defined in Table Amd.2-2.

Pose of the 3D representation

ptation of the head in the 3D representation shall be-less than +/- 5 degrees from frontal in pitch and yaw
Clause 5.5.6 and 5.5.7). Pose variations that lead.t6-an in-plane rotation of the head can be more easily
ensated by automated face recognition systems; Therefore, the rotation of the head shall be less than

degrees from frontal in roll (ref. clause 5.5.8)-This constraint refers to the pose of the subject associated
he Face Image format data for all applications that call for this format to be used.

Calibration Texture Projection A¢curacy

alibration accuracy of the acquisition device shall be so high, that the mean shift between the texture of
D Full Frontal Image and the @D data after projection with the texture projection matrix is less than 1 mm.

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

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

I ScaleX, ScaleY and ScaleZ

esolution of the stored depth data strongly depends on ScaleZ. To preserve quality a maximum value of

Z

Scal

1 1 L (- £ 4l el = PO .Y N | =
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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
sensor.
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