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Foreword

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

A |
VOTI\T

[he procedures used to develop this document and those intended for its further maintenajnce are
lescribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
the different types of document should be noted. This document was drafted in aceordance With the

experts/refdocs).

ist of patent declarations received (see patents.iec.ch).

constitute an endorsement.

so/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

['his document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information tec
bubcommittee SC 37, Biometrics.

A list of all parts in the [SO/IEC 39794 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards

editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives or www.iec.ch/mlembers

Attention is drawn to the possibility that some of the elements of this document may be the|subject
bf patent rights. ISO and IEC shall not be held responsible for identifying any or all such| patent
rights. Details of any patent rights identified during the development\0f'the document will b¢ in the
ntroduction and/or on the ISO list of patent declarations received (sée www.iso.org/patents) orjthe IEC

Any trade name used in this document is information given/for-the convenience of users and does not

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherencg to the
World Trade Organization (WTO) principles in theTechnical Barriers to Trade (TBT) see www.|so.org/

nology,

body. A

romplete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national

tcommittees.

[he purchase of this. ISO/IEC document carries a copyright licence for the purchaser to use

the schemast

SO/IEC

copyright in the schemas in the annexes to this document for the purpose of developing, implenpenting,
nstalling and using software based on those schemas, subject to ISO/IEC licensing conditions s¢t out in
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Introduction

Most countries around the world use biometric recognition systems for law enforcement and border
control. Many of these systems are not limited to face recognition purposes. To be consistent in such
deployments and processes, technical documents, guidelines and best practice recommendations
are being developed by different groups. However, these documents are primarily focused on travel
documents and related border control systems and the technical and operational issues to be considered
when planning and deploying them. Gait recognition is the biometric mode used as a secondary mode
in addities NP T

mode b

There i§ little guidance covering the gait imaging for cross-border interoperability or law enforcemen{
servicep. There is a need for guidance for the use of high-quality digital cameras and video surveillancsg
devices| to record gait image sequence data. This document is not restricted to full body/gait imagsg
sequenge data. For example, it can be possible to extract only head movement data for necognition. Gaif
recognition in this document therefore also covers recognition based on different body parts, e.g. head
or limb

To enabjle applications on a wide variety of devices, including devices that have’limited data storage
and to improve biometric recognition accuracy, this document addresses not only data format, but alsd
scene cpnstraints (lighting, pose, expression, etc.), photographic properti€s/positioning, camera focus
etc.), arld digital image attributes (image resolution, image size, etc.).

A specific biometric profile for cross-border interoperability is required for gait video and still images
Gait imfage sequence data standardization is required to achieve the threshold quality gait imagsg
databage records required for automated gait biometric verification and identification. At the moment|
border [guards record gait video using local practices for, gait biometric enrolment, verification and
identififation.

In order to fully understand the requirements implied*in this document it is recommended that the uset
becomq acquainted with the following documents: ISO/IEC 39794-16, specifying full body image filg
formatg; ISO 22311, giving information on a cefnmon output file format that can be extracted from the
video-sprveillance contents collection systems to perform necessary processing; the ISO/IEC 30137
series, giving information on the use pf\bifometrics in video surveillance systems; and EN 62676[Z
defining video surveillance systems for use in security applications.

This dgcument is intended to provide advice on the use of body image data for gait and upper body
movemepnt recognition applications requiring exchange of gait image sequence data and upper body
movemegnt data. Typical applications are:

— autpmated body biometric verification and identification (one-to-one as well as one-to-many
corpparison),

— support for/huiman biometric verification by comparison of persons based on video and still gaif
images, and

— sugpertfor human examination of video and still gait images with sufficient resolution to allow 3

man evaminer tonerform hiometric verification
ur —o-perorm-biometHec Ve HeaHoh-

The structure of the data format is compatible with ISO/IEC 39794-5 and ISO/IEC 39794-16.

This document specifies application-specific profiles including scene constraints, imaging properties
and digital image attributes, like image spatial and temporal sampling rates, image size, etc. These
modality and application profile specifics are contained in Figures 6 and 7 respectively. Data creation
and exchange is described in ISO/IEC 39794-16. The body image data blocks used in encoding gait
image sequence data are of type BodylmageDataBlockType, which is defined in ISO/IEC 39794-16. This
document makes normative reference to other ISO/IEC International Standards.

vi © ISO/IEC 2021 - All rights reserved
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Information technology — Extensible biometric data
interchange formats —

Part 17:

Scope

h) support for human examination of high-resolution video and still images;

) automated gait image sequence verification and identification.

[his document ensures that image sequences are suitable for human identification and
Perification generated by video surveillance and other simdlar systems.

['he following topics are not in scope of this document:
ISO/IEC 39794-5 and ISO/IEC 39794-16 respectively.

(PAD) and morphing prevention.

P Normative references

[he following documents aré referred to in the text in such a way that some or all of their

indated references, the'latest edition of the referenced document (including any amendments)
mages: Requirements and guidelines

mages: JREG File Interchange Format (JFIF) — Part 5:

SO/IEC 14496-1, Information technology — Coding of audio-visual objects — Part 1: Systems

b) support for human biometric verification and identification based'on"video and still images

[his document specifies examples of application-specific requirements, recommeéndations ahd best
bractices in data acquisition applicable to gait image sequence data. Its typical-applications inclfide:

human

— Definitions for facial and/or full body image related biometric profiles, which are fully covered in

— Security aspects like digital image seqliénce electronic signature, Presentation Attack D¢tection

content

constitutes requirements. of this document. For dated references, only the edition cited applliies. For

hpplies.

SO/IEC 10918-1,«Information technology — Digital compression and coding of continuous-t¢ne still

SO/IEC 10918-5, Information technology — Digital compression and coding of continuous-t¢ne still

ISO/IEC 15444-1, Information technology — JPEG 2000 image coding system — Part 1: Core coding system

ISO/IEC 15948, Information technology — Computer graphics and image processing — Portable Network

Graphics (PNG): Functional specification
[SO/IEC 2382-37, Information technology — Vocabulary — Part 37: Biometrics

ISO/IEC 39794-1, Information technology — Extensible biometric data interchange formats —
Framework

© ISO/IEC 2021 - All rights reserved
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ISO/IEC 39794-5, Information technology — Extensible biometric data interchange formats — Part 5:
Face image data

ISO/IEC 39794-16, Information technology — Extensible biometric data interchange formats — Part 16:
Full body image data

XML Schema Part 0: Primer Second Edition, W3C Recommendation, October 2004, https://www.w3
.org/TR/xmlschema-0/

XML Schema Part 1: Structures Second Edition, W3C Recommendation, 28 October 2004, http:// www
w3.org/TR/xmlschema-1/

XML Schema Part 2: Datatypes Second Edition, W3C Recommendation, 28 October 2004, http://www
w3.org/TR/xmlschema-2/

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 39794~-1,1SO/1IEC 39794-16
and ISQ/IEC 2382-37 and the following apply.

ISO and [EC maintain terminological databases for use in standardization,at.the following addresses:

— IS Online browsing platform: available at https://www.iso.org/obp

— IE(Electropedia: available at https://www.electropedia.org/

31
3D model

DEPRECATED: 3D image
three-dimensional biometric capture subject body representation that encodes a surface or a volumetrig
shape in a 3D space

Note 1 tp entry: a 3D model can be a heavily processed biometric subject body 3D shape.

3.2
biometfric profile
conforrhing subsets or combinations of base standards used to effect specific biometric functions

Note 1 tfo entry: Biometric profiles'define specific values or conditions from the range of options described ir
the releyant base standards, with.the aim of supporting the interchange of data between applications and thg
interopdrability of systems.

[SOURJE: ISO/IEC 24718<1:2008, 3.9]

3.3
full bodly recognition
automajted recognition of individuals based on their morphology

Note 1 tp éntry: This can include any or all of the head, torso and limbs.

3.4
gait recognition
automated recognition of individuals based on their manner of walking

3.5

human identification

process of searching through a list of biometric capture subject images to match against an input
image(s)

Note 1 to entry: Also known as one-to-many (1: N) searching.

2 © ISO/IEC 2021 - All rights reserved
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3.6
vignetting
reduction of image brightness or saturation toward the periphery compared to the image centre

4 Abbreviated terms

AVC advanced video coding

BAP bodyaminmatiomrparanreter

BDB biometric data block

BER basic encoding rules

CCTV closed-circuit television

CEN European Committee for Standardization

CIE International Commission on Illumination (Commission
Internationale de I'Eclairage)

CNN convolutional neural network

DCI Digital Cinema Initiatives consortium

DCNN deep convolutional neural network

DER distinguished encoding rules

DL deep learning

EXIF exchangeable image file‘format

FAP face animation parameter

FFM face features motion

FOV field of View

LEI gaityenergy image

HM gesture hand motion

HD high definition or horizontal deviation angle

HDR high dynamic range

HMD head movements dynamic body

HMS head movements static body

ICS implementation conformance statement

INTERPOL International Criminal Police Organization

ISO International Organization for Standardization

JFIF JPEG file interchange format

JPEG image compression standard specified as ISO/IEC 10918

© ISO/IEC 2021 - All rights reserved 3
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JPEG2000 image compression standard specified as ISO/IEC 15444

JTC Joint Technical Committee

MP4 ISO/IEC 14496-14 digital multimedia file format used to
store video and audio

MPEG Moving Picture Experts Group

MPEG- ISOHECH4962-ridescompressionformat

MTF modulation transfer function

MTF20 highest spatial frequency where the MTF is 20 % or
above

NTSC National Television System Committee analogue televi-

sion colour system

PAD presentation attack detection

PNG portable network graphics format

RGB red green blue colour representation

SD standard-definition television

SFR spatial frequency response

THz terahertz

UBM2D upper body movement in 2D

UHD ultra-high definition

USAF US Air Force

VGA video graphics array image format having width 640
pixels and height'480 pixels

XML extensible' markup language

XSD XML(sehema definition

5 Copformance

A BDB qonferims to this document if it satisfies all relevant normative requirements related to:

— Itsldata structnre. data wvalues and the rpln‘rinnchipq between its data elements given in

ISO/IEC 39794-16.

— The relationship between its data values and the input biometric data from which the BDB was
generated as specified in ISO/IEC 39794-16.

— The application profile-specific conformance specifications given in Clause 8.

A system that produces BDBs is conformant to this document if all BDBs that it outputs conform to this
document (as defined above) as claimed in the ICS associated with that system. A system does not need
to be capable of producing BDBs that cover all possible aspects of this document, but only those that are
claimed to be supported by the system in the ICS.

4 © ISO/IEC 2021 - All rights reserved
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A system that uses BDBs is conformant to this document if it can read, and use for the purpose intended
by that system, all BDBs that conform to this document (as defined above) as claimed in the ICS
associated with that system. A system does not need to be capable of using BDBs that cover all possible
aspects of this document, but only those that are claimed to be supported by the system in an ICS.

Conformity with this document also requires conformance with the record format specification defined
in ISO/IEC 39794-16.

Mndalil‘y cpprifir' information

b.1 Purpose

[his clause contains modality specific information, where a biometric modality is ‘an infofmation
Category of a human trait. In general, there are various traits present in humans, which can be [used as
piometric modalities. There are three human trait categories: the physiological,;~the behavioyral and
fhe combination type of physiological and behavioural modalities. Gait and gpper body movenjent are
behavioural modalities.

[his clause also describes the requirements and best practice recommeridations to be applied|for gait
hnd upper body movement image sequence capturing in the application case of enrolment of bipmetric
reference data for feature databases. Conditions for capturing are'diScussed in more detail in Aphnex A.

b.2 Practices

[he reliable extraction of characteristic features from image sequences and their recognition are
mportant issues in gait and upper body movement.recognition. The basic body movement Video or
h sequence of still images forms the basis for further analysis processing steps. Gait and uppgr body
movement are considered in this document to be the coordinated, cyclic combination of moyements
that result in human locomotion.

For certain criteria, there may be twodifferent levels: a minimum requirement and a best practice
recommendation. The wording is shewn in Table 1. The requirement gives the minimum acdeptable
Palues or value ranges in order toxeach conformance. The best practice recommendation gives§ values
fhat result in better overall performance or quality, and users are encouraged to adopt best practice
alues whenever possible.

Fable 1 — Summary of wording for minimum requirements and best practice recommenglations

Provision Wording
Requirement ... shall ...
Best Practice ... should ...

.3 _Data models for gait recognition

b.3/1 General

Gait recognition system can be classified depending on the sensors used in three groups, namely;
motion imaging (vision)-based, wearable sensor-based and spatial (floor) sensor-based. The motion
imaging (vision) can be divided into two groups, namely: appearance-based methods and model-based
methods. The appearance-based method can be also subdivided into two types; state space methods and
spatiotemporal methods(2l. As stated in the Scope, this document is restricted to the motion imaging-
based gait recognition, which may use the whole available electro-magnetic spectrum available, not
only the visible bandwidth. The scope of this document is marked with bold text and continuous box
outline in Figure 1.

© ISO/IEC 2021 - All rights reserved 5
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Gait regognition

| Spatial i Motion | Wearable |
|_semsors | | [1maging | | semsors |
[ ]
Apperiance Model based
based methods methods

]
Spatio-temporal
methods

State space
methods

Figure 1 — Classification of gait recognition systems.

6.3.2 |Model-based methods

Model-based approaches build a human body gait model and the-eXtracted features of gait sequences
are fitted to that model. These methods are not sensitive to th@individual’s appearance and clothing
but havle high computational cost. It is hoped that the use of\machine learning will enhance both thg
creatiof of models and the least error model selection.

Model-based feature extraction is used to extract htiman joints (vertex positions). A vision-based
system [for human motion analysis consists of three niain phases: detection, tracking and perception. Iy
the last|phase, a high-level description is producedbased on the features extracted during the previous;
phases [from the temporal video stream. Marker;based solutions rely primarily on markers or sensors
attachefd at key locations of the human body.

Gait impge sequence enrolment and identification using visual surveillance require the deployment of
an automated marker less vision system to extract the joints’ trajectories. Automated extraction of thg
joints’ positions is a difficult taskfas'non-rigid human motion encompasses a wide range of possible
motion| transformations due te\its highly flexible structure and to self-occlusion. Clothing type
segmerftation errors and different viewpoints pose a challenge for accurate joint localization. For 3
model-lhased approach, a shape model is a priori established to match real images to this predefined
model, ind thereby extractthe corresponding features once the best match is obtained[19l,

6.3.3 |Appearancé-based methods

Appearpnce-based methods or model-free gait recognition methods work directly on the gaif
sequentes T hey do not use a model for the human body to rebuild human walking steps. These methods
have theCadvantage of low computational cost in comparison with model-based approaches, but the
disadvantages are sensitivity to changes in clothing and appearance. Applying an averaged silnouette
of a biometric subject during a gait cycle or using information obtained from a submillimetre image
enhances the silhouette image accuracy.

The decision to omit the state space from the scope of this document is based on the present status of
non-conformance regarding the use of state space results. Various linear combinations of a system's
state variables can be used to span its state space and different reconstruction methods can yield
different solutions1l, rendering their comparison a challenge. There should be consensus on how to
reconstruct the state space for gait dynamics in order to standardize state space methods.

6 © ISO/IEC 2021 - All rights reserved
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6.4 Data flow of gait recognition

Figure 2 illustrates the components and data flow between the components in a biometric gait image

sequence processing system.

Feature
extraction

Data
capture

Enrolment

Gait feature Enrolment

database database
Reference
Data Feature :
. Comparison
capture extraction
Probe
Identification

Figure 2 — Components of a gait image sequenceé biometric system.

Comparison methods may use conventional feature-based\template sets or deep convolution
hetwork (DCNN) feature vectors. After the feature vectors are generated using gait signatu
DCNN processing then the comparison is based on one 8fthe many basic machine learning classi
hlgorithms e.g. Bayesian classifier or Euclidean classifier. See A.2, Deep Convolution Neural N
[DCNN) presentations.

6.5 Body tree concept for gait

Verification and identification. Instead of using representations as isolated entities a more or
vay is to utilize the body tree structure.

features, full body gait and head movement. The results should be fused at various levels of fusi
s comparison score letel, feature level and decision level. Submillimetre imaging should be
hddress the problem ©fjclothing variation effect on gait matching.

Figure 3 illustrdates the possibilities offered by full body images and videos, which provide
belection of biometric features for various gait-related processes.

neural
res and
fication
etwork

fait imaging systems utilize 2D recordings or 3D models for human examination and for automatted gait

banized

For example, multimodal biofmetric human verification or identification may use face features, full body

n, such
used to

a wide
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Key

pitdh around the side-to-side x axis

yaw around the vertical y axis

rollfaround the front-to-back z axis
pose
appearance
gaif]

S W N R x» < "

strycture
Figure 3 — Full-body features for various processes

Standayd poses, element structuressand data formats help the parsing of the body tree data into body
partrepresentations and landnmrarks. Parsing can be achieved using methods utilizing algorithms which
procesd the human body as an,assembly of parts. Segmentation can be used as a pre-processing step.

Both sfatic full body and~dynamic gait cues of body biometrics may be independently used fof
recognition. Fusion of static and dynamic body biometrics for gait recognition can give better results
if the dombination ‘strategy is carefully balanced and the score-summation-based rule is used, fo
examplp[14],

6.6 Cpmeraimage sequence requirements

The original camera 1mage sequence is saved whenever possible without any additional cropping,
rotation or other image processing. The full body pose shall be between 60 % and 95 % of the vertical
length of the image during enrolment. The whole-body height and width shall be visible. For video
recordings, both portrait and landscape camera orientation are acceptable.

The set of photographs shall include at least one recording of the subject in a standard walking pose:
(frontal full profile, left full profile, right full profile, back full profile). Additionally, a submillimetre
wavelength recording may be included.

Gait recognition, upper body movement recognition and full body recognition can be paired to form a
multi-mode biometric process in order to improve the performance of a biometric system. If the person's

8 © ISO/IEC 2021 - All rights reserved
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facial area is not visible or the number of pixels in a video surveillance or other security camera still
image is too low, then body silhouette can be used for identification or verification purposes.

Meeting the requirements set for any camera system requires measurements to be taken and analysed.
Image sequence acquisition measurements are described in Annex C.

6.7 Gaitrecognition recordings

6.7.1 General

A gait recognition silhouette is the image of a person represented as a solid shape of a singlg colour,
1sually black. The edges of a silhouette match the outline of the subject. Gait recognition'walk-through
yideo recording is recommended to improve the performance of both gait recognition-and fyll body
bhotometric recognition.

b.7.2  Gait and upper body movement image encoding

[here are several image encodings which shall be used instead of non;standard formats e.g. bitmaps
lefined in an ad-hoc way or ambiguous formats e.g. TIFF:

h) The JPEG image sequence in Sequential baseline (in accordance with ISO/IEC 10918-1) hode of
operation and encoded in the JFIF file format (in accordanceiwith ISO/IEC 10918-5);

) The]PEG-2000 image sequence in Part-1 Code Stream Format (in accordance with ISO/IEC 13444-1),
lossy or lossless, and encoded in the P2 file format (the’]PEG2000 file format);

) The PNG image sequence in Portable Network Graphics format (in accordance with ISO/IEC [15948),
lossless, and encoded according to the Portablé’Network Graphics (PNG) Functional specifi¢ation;

1) The MPEG-4 video in AVC/H.264, in accordance with ISO/IEC 14496-10 defined format;
£)  The MP-4 video in accordance with ISO/IEC 14496-14 defined format; and

ait Recognition Landmark Points should be determined on images before compression is applied.
L.andmark Points should be included in the record format if they have been accurately determined,
rhereby providing the option that'these parameters do not have to be re-determined when th¢ image
s processed for body recoghnition tasks. The Landmark Points should be determined by computer-
hutomated detection mechanisms followed by human validation when necessitated by the legal
Fequirements. At the menient, there are no single recommendations for the gait recognition landmark
points.

b.7.3  Gait annd upper body camera image resolutions

[he most-fréquently used frame rate in digital video recording is 25 frames per second. Pixe] aspect
ratio is“mermally 1:1. However, in several video standards the pixel is defined as non-squdre. For
example, a pixel aspect ratio of 0,90 is used for NTSC to display a frame size of 720 pixels x 48] pixels
[DV ) or 720 pixels x 486 pixels (D1) for 720 pixels x 540 pixels displayed in 4:3 format. Most digjtal still

maca camarac ara hlatn racard vidan Souhnilliyatera (THZ) camarac and coqamnare havua ]imifnj lma e
mdge camerasare-able torecordvideo-Submillimetre {THz)} cameras-and-scanners-have limite g

sizes in pixels due to the terahertz wavelength resolution constraints. THz frames are typically DV size.

Image orientation is generally not a problem as JPEG EXIF metadata show the camera orientation.
MPEG-4 AVC/H.264 (ISO/IEC 14496-10) implementations for video coding allow frame extraction for
biometric sample comparison processing to take place. MPEG-4 Part 14 or MP4 is a digital multimedia
format most commonly used to store video and audio. MPEG-4 Part 14 (formally ISO/IEC 14496-14) is a
standard specified as a part of MPEG-4, in accordance with ISO/IEC 14496-1 and ISO/IEC 14496-2. MP4
is the related file format.

Table 2 shows the most common digital video formats and respective resolution, aspect ratio and pixel
size information. Figure 4 shows the VGA, HD and 4K frames placed on a single 8K frame.
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Table 2 — Comparison of digital video recording formats

Video format name Resolution (pixel) Display aspectratio |pixels

VGA resolution 640 x 480 1.33:1 (4:3) 307 200

HD 720 p 1280 x 720 1.78:1 (16:9) 921 600

HD 1080 p 1920 x 1080 1.78:1 (16:9) 2073600

DCI 2K 2048 x 1080 1.90:1 (19:10) 2211840

UHD 4K (UHD-1) 3840 x 2160 1,78:1 (16:9) 8294400

DCI 4K 4096 x 2160 1,90:1 (19:10) 8847 360 N
UHD 8K (UHD-2) 7680 x 4320 1,78:1 (16:9) 33177600 b

68 G

6.8.1

Gait re
order t
the nun
silhoue

High re
In auto]

4K 3840 x 2160

xO
Figure 4 — Com{\@‘l‘mn of digital video frame sizes

ait modality O®
General OO
ognition and f ody recognition can be paired to form a multi-mode biometric process ir

\ber of pixelsiin a video surveillance or other security camera still image is too low, then body

b improve @rfcrmance of a biometric system. If the person's facial area is not visible ot
[te can@ ed for identification or verification purposes.

5ol ﬁ'ﬂ level-50 and 4K still images are suitable even for facial biometric recognition processes
processing, it can be necessary for the parsing of the body tree to occur first, which ir

3 H 1 4] . b £ 111 | b Jd £ H 1 A N q.1 1 dela s 41 £ H
praCthL HIVUIVES LT UTlTlLul Ul dIT DUUY Pdi LS diIU TUTHIHITES 4 DUUY L1 TT ITTUUCT. I UIIS Td5T LT 1dlid

and upper torso is used to get the facial image. Some face recognition programs include this feature.

For example, in order to compare two video frames, including one reference video stream of a person

seen in

various full body poses and one CCTV video probe showing only the upper torso and head, it

would be the right decision to apply head movement analysis on both video streams.

6.8.2

Gait silhouette

A gait recognition silhouette is the image of a person represented as a solid shape of a single colour,

usually

10

black. The edges of a silhouette match the outline of the subject. Gait recognition walk-through
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video recording is recommended to improve the performance of both gait recognition and full body
photometric recognition.

To ensure that the gait sequence captures the body movement in detail, it is recommended that the
sequence be captured at the rate of 30 frames per second. This is a typical frame rate used in gait
research databases such as the CMU MoBo databasell2] and USF HumanlID gait databasellel,

In order to capture all the details of a gait signature, a minimum of one full gait cycle, i.e. two full steps,
shall be captured. Figure 5 illustrates the silhouettes of the phases of one full gait cycle showing from

eftto righ'r stance phncpc (1, 3 and ';) and between those, Q\/\/ing phqcpc (7 and 4)

Key

[ stance phase
P swing stage
B stance phase
l  swing stage
b stance phase

Figure 5 — Illustration of the phases of a full gait cycle

Various automated methods have been dev€loped for biometric gait recognition. Some methpds use
'he image data as an input while others only use silhouettes. Also, automated methods can usg either
hligned images or non-aligned images. The capture process should allow for any method to be @ised for
hutomated recognition, therefore the,gait sequence should be captured with a stationary camerfa.

[he side view is the most discriminativellZ] view of a gait sequence. The subject should be cgptured
ht least using side-view. The'subject should be instructed to walk on a straight line perpendi¢ular to
he camera line of sight a6 illustrated in Figure 6. When a tread mill is used for walking it is epsier to
maintain a stationary view of the person in the middle of the frame. As an option, make a similar video
recording showing friontal and back (dorsal) views in addition to the side (lateral) view.

Figure 6 — Top view of the camera and the person’s walking path
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By combining appearance and motion in a spatiotemporal way it is possible to achieve better results
than using a single modality in the most difficult scenarios, where there is variation in both appearance
and dynamics[12], [14],

Walk-through video analysis is less time-consuming if illumination and background variations
are minimized. There are methods to reduce the effects of illumination variations and dynamic
backgrounds[!3] in video surveillance video material. Background subtraction is a challenging task,
especially in complex dynamic scenes that can contain a moving background, vegetation, rippling water,
etc. It is recommended to make studio quality recordings for enrolment so that it is not necessary to

L1 RN : s Ll 1.1
pre-prgeesstiesavea viaeo roractrtocorrect tneSe provrems:

6.8.3 |Surveillance systems

In videg surveillance systems, multiple camera operation is essential for multiple capture zenes. This
may indlude ‘layers’ of cameras along the path a target subject is expected to take to allowfor multiplg
detectipn opportunities (e.g. as the target subject walks along a corridor towards the ¢ameras). This is
useful ot only if there are issues with frame rate and dropped frames, but also to track a target subject
if an alqgrt is triggered, especially if there is significant detection latency.

Multiplg cameras are also used for any single video surveillance capture zong'that is too wide for one
cameralto provide sufficient resolution of the face for the required performance levels, and to try ang
comper]sate for target subjects that may be facing different directions when traversing a particulat
camerals field of view or depth of field. Such target subjects may be(deliberately trying to avoid thg
camerak or they may simply be unaware of their presence.

Gait angplysis is deployed for people identification in multi-camera surveillance scenarios. View-poin
independent rectification is used to calculate side view cootdinates for multi-camera video frames, fof
example. Low frame-rate (1-5 fps) video recordings made with still image cameras or video surveillancsg
system$ are compatible with normalized gait silhouettesequences.

Typical|recording time for enrolment is in the order of 6 seconds. Identification rate improvemen
after 5 fps approaches that of the higher frame rate videos[18l. Low frame-rate high resolution level-5(
and 4K|video storage size is much smaller thanfull frame rate video for the same recording time thus;
making the low frame rate more economic for data base storage.

SD resdlution (640 x 480 px) or higher can be used for gait sequence enrolment recording. Low frame
rate galt sequence can be construeted by down sampling the 30 fps enrolment database sequence af
a specified interval. This way, it(is)possible to use low frame-rate video data from video surveillancg
cameralas a probe, without using’temporal reconstruction.

6.9 Upper body movement modality

6.9.1 |[General

Biometrics idéntification using upper body dynamics concentrates on the head area and face features
motion|as.$hown in Figure 7. Typical dynamic face features are blinking, eye movements and gazing
Head movements are either static, while the person is not walking, or dynamic when walking, as 2
result of gait. Movement of hands can also be disordered or dynamic free movement or more controlled
gestures.
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Figure 7 — Upper body movement: key areas andlandmarks

.9.2 Face Features Motion (FFM)

n a human face we can identify many unique objects such@s €yes, nose, lips. The combinatioh of the
sizes of these objects and the distance between them is the)base of face recognition. The dyngmics of
'hese objects between themselves is unique. FMMs are typically blinking of the eyes, eye moyement,
baze changes and movements of the person's lips. In.some cases, for example when the person talks or
tmiles, FFM could be the movement of scars and skin features such as wrinkles and other markg on the
skin.

.9.3 Head movement recognition
Head movement recognition is divided into two separate parts:

— Typical micro head movemerits of the person. A typical micro head movement can be [noticed
in all body poses, when standing still, moving or sitting. Each person has unique neck amd head
movements, i.e. head peses that are based on the movement of the neck in the pitch, roll gnd yaw
axes of the head.

— Head and body movement is a result of the gait, when the person is walking. The body mové¢s when
the person is. their moving legs, and as the head is attached to the rest of the body, it moves along
with the bedy/Each person has unique head movements which are based on their unique gaif. These
movements-can be categorized through the location changes of the head in up-down and l¢ft-right
directiomnin the overall frame of the video.

6.9.4\~Head Movements Static Body (HMS)

"Qf‘]’\ pnrcnn hﬂc ]]nlnllﬂ m]r‘rn nﬂf‘l( :\nﬂ ]’\nar‘ mnvnmnnfc or hﬂﬂr‘ pncpc fhﬂf can hp ‘Iﬂlllﬂh]p When a

person is not walklng or when the body is not otherwise moving. HMS poses are based on the movement
of the neck in the pitch, roll and yaw axes of the head and the natural reflex of the muscles. Dynamic DL
and optical flow are used to obtain the uniqueness of the micro head motion relative to the static body
in the HMS scenario. The first step needs to be the identification of an accurate head pose.

6.9.5 Head Movements Dynamic Body (HMD)

Each person has unique head movements created as a result of the specific gait from the movement of
the walking body. Dynamic DL and optical flow are used to obtain the uniqueness of the head motion
when the person is walking. One of the challenges in identifying the dynamic body head movement
(HMD) is the need to dynamically subtract the static body head movements (HMS), which are typical to
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the person, from the total head movement when a person is walking and be left with the clean HMD as
result of gait. This clean HMD can also be used to identify the person.

The extracted HMS itself is an additional identifying factor.

HMS and HMD can usually be well separated as they are usually in very different mechanical frequency
ranges and at very different amplitudes.

6.9.6 Hands movement

Each pdrson has a unique way of moving their hands, especially when walking and also when standing
still. Dyjnamic DL and optical flow are used to obtain the uniqueness of the movement of the hands<Iy
many cpses this hand movement can also be used as gesture hand motions (GHM) to identify.specifid
gestures.

7 Profile-specific information
7.1 Purpose

7.1.1 |[General

This clause contains an overview of the gait and upper body movement recording profiles. For ar
explandtion of the data elements see ISO/IEC 39794-16. Data conventions follow the definitions given in
ISO/IE( 39794-16.

7.1.2 |Gaitrepresentations

Each gdit image sequence data block shall pertain to aisihgle biometric subject and shall contain one o1
more 2P image sequences of a human body and/orhuman-body related information. Thus, each BDH
can corftain zero or more geometric representations (range image, point maps, vertex representations
neural hetwork representations).

Samplep can contain post-processed data.as video recording devices have pattern recognition, humar
classifi¢ation, and other processing features embedded in the camera software. In such cases, the MPEG
4 samples may contain Face Animatien'Parameters (FAPs) and/or Body Animation Parameters (BAPs)
When frther processing is done(using neural network in the camera software, the end result after the
procesding can be a neural netwaork feature vector representation. In that case the Gait Neural NetworK
Featurq Vector Representation Profile shall be used. For these cases, all necessary data elements arsg
described in ISO/IEC 39794-16.

Using donvolutional1leural network-based approaches it is possible to extract and aggregate usefu
informdtion from gait silhouette sequence images instead of representing the gait process by averaging
silhouefte imagést2el. The available biometric sample format is used to decide which profile shall bg
applied

7.1.3 |Seene requirements

The specification of a certain background is not normative for the creation of gait image sequences.
A consideration of the background is important for computer-based gait recognition because the first
step in the computer gait recognition process is the segmentation of the body from the background.

Lighting should be equally distributed on the body to allow precise silhouette processing. There should
be no significant direction of the light from the point of view of the camera. A silhouette is the image
of a scene representing as a solid shape of a single biometric subject, usually in black, with its edges
matching the outline of the subject.
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7.2 2D gait image sequence profile

7.2.1 General

The Gait2D profile is used in cases where the camera produces sequential images. It can be necessary
to process the data in order to obtain necessary body animation points or to compress data into face
or body landmark point format. When only face or body animation parameters are needed, then the
post-processed gait video and/or still images contain a set of landmark point coordinates or similar
information for the reconstruction of facial or bodily movement.

[he ISO/IEC 39794-17 (this document) BDB follows the ISO/IEC 39794-16 BDB record format defilnitions.

.2.2 Gaitimage sequence representation profile requirements

Rather than impose a particular hardware and lighting capture system, this sub¢lause specifies the
lesired output image or image sequence properties. The requirements and re¢omimendations gpply to
ligital images when camera system output is in image format.

Neural network processed video and/or sequence of still images is représented either in reconsftructed
yideo and/or sequence of still images or in a neural network feature\vector format. If the sample is
represented in one of the above-mentioned image formats, thencthe requirements of this subclause
thall be applied.

Modality specific information presented in Clause 6 applies-tg this profile.

V.2.3 Post-acquisition processing

Basic recording is usually post-processed by remdving the background and silhouetting the fyll body
mage on each video frame. This can be achieved-by the camera firmware using conventional npethods
br neural networks. Local processing using-neural networks is always possible using local [feature
Vector or tensor formats. However, gait image sequence output data for information interchange using
ASN.1 or XML shall follow the format spégifications given in ISO/IEC 39794-16.

While classical methods typically.derive gait signatures from sequences of binary silhouettes, it is
bossible to use convolutional neural networks (CNN) for learning high-level descriptors frdqm low-
evel motion features, i.e. optical flow components. Some experimental results indicate thdt using
spatiotemporal cuboids of @ptical flow as input data for CNN allows state-of-the-art resultls to be
bbtained on the gait task with an image resolution eight times lower than low resolution VGA [frames,
.e. 80x60 pixels[22]. Phe.two-stream architecture for video classification[22] is shown in Figure B.

convl conv2 conv3 conv4 conv5s fullé full7 ||softmax
Single vided frarhe 7x7x96 ||5x5x256[|3x3x512||3x3x512]|3x3x512]| 4096 2048
spatial stéeant CNN —| stride 2 || stride 2 || stride 1 || stride 1 || stride1 || dropout dropout
norm. norm. pool 2x2
pool 2x2 || pool 2x2 \ Class

score

convl conv2 conv3 conv4 conv5 full6 full7 softmax / usion
\ . 7x7x96 ||5x5x256[|3x3x512||3x3x512]|3x3x512]| 4096 2048

Mliltl fram]e (1pt1cal Eg‘z —| stride 2 || stride 2 || stride 1 || stride 1 || stridel || dropout || dropout

tempotrarStreattonay Torm. TIOTTL, pool 2x2

pool 2x2 || pool 2x2

Figure 8 — Two-stream architecture for video classification[25],

Gait based human identification via similarity learning by deep convolutional neural networks (CNNs)
using a OU-ISIR dataset has resulted in recognition rates of over 90 %[23l. QU-ISIR is currently one of
the largest datasets available in the literature for gait recognition, with 4 007 subjects. On this dataset,
the average accuracy of the used method under identical view conditions is above 98 %, and the one for
cross-view scenarios is above 91 %. The method described also has promising results on the University
of South Florida (USF) gait dataset, containing gait sequences imaged in a real outdoor scene.
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In order to use biometric feature vectors for recognition it is important to use the same CNN
architecture for references and probes. For example, if the architecture used in creating the reference
vectors in the data base is based on a certain set of convolution layers and fully connected layers then
the probe vector shall be created the same way. Without standardized architectures, the use of CNN for
gait recognition is limited to local databases, all of which are using the same architecture.

7.2.4 Neural network training and testing

Some databases that are widely used are University of South Florida (USF) Gait Dataset, Chinese
Acadenjy of Sciences (CASTA] Gait Dataset, Osaka University (OU]J and the Institute of Scientific and
Industrjial Research (ISIR) joint OU-ISIR Gait Database, and Southampton University (SOTON) (Gati
Datasef. These datasets can be used for neural network training and testing. With a group of labelled
multi-vlew human walking videos, it is possible to train neural networks to recognize discrimihative
gait patiterns used to identify subjects. Neural networks are able to automatically learn to recognize the
most discriminative changes of gait features to predict similarity given a pair of them.

The CASIA Gait dataset has four class datasets: Dataset A, Dataset B (multi-view dataset), Dataset (
(infrargd dataset), and Dataset D (foot pressure measurement dataset). CASIA, Dataset A (formef
NLPR (fait Database) was created on December 10th 2001, including 20 pefsons. Each person has
12 imape sequences, 4 sequences for each of the three directions, i.e. parallel, 45° and 90° to the
image plane. Dataset B is a large multi-view gait database, which was créated in January 2005. There
are 124 subjects, and the gait data was captured from 11 views. Threéwvariations, namely view angle
clothing and carrying condition changes, are separately considered. Besides the video files, thg
dataset{ provides human silhouettes extracted from video files. Dataset C was collected by an infrared
(thermal) camera in July-August 2005. It contains 153 subjects’and takes into account four walking
conditipns: normal walking, slow walking, fast walking, and-nermal walking with a bag. The infrareg
videos ere all captured at night. Dataset D was collected synchronously by camera and foot scan if
July-August 2009. It contains 88 subjects and takes inte@ccount real surveillance scenes and wide agg
distribytion. In Figure 9 the CASIA dataset GEI silhouette example row of images is showing a subjecf
walking from different viewing angles. The gait energy image representation is formed by averaging
the sizg-normalized and centre aligned silhouettes of a gait cycle.

1PRR222RR0Y

Figure 9 — CASIA GEI dataset image example

The OUFISIR.Gait Database contains a dataset consisting of 10 307 subjects (5 114 males and 5 193
femaleq of4rarious ages, ranging from 2 to 87 years) from 14 view angles, ranging from 0°-90° and 180°
270°. Gaitimages of 1280 x 980 pixels at 25 fps are captured by seven network cameras (Cam1-7) placed
at intervals of 15° azimuth angles along a quarter of a circle whose centre coincides with the centre of
the walking course. Its radius is approximately 8 m and height is approximately 5 m. The entire OU-ISIR
Gait dataset is divided into two disjoint subsets, i.e. training and testing set, that both have almost the
same size.

The University of Southampton 3D gait dataset uses eight synchronized cameras to capture gait and
additional cameras to capture images from the face looking towards the subject at the end of the
tunnel and one ear with a camera at one side of the tunnel, as an individual walks through the multi-
biometric tunnel. Whilst a subject is inside the tunnel their gait is recorded by eight cameras, allowing
the reconstruction of 3D volumetric data. The gait cameras all have a resolution of 640 x 480 pixel
and capture at a rate of 30 frames per second. they are connected together over a network employing
synchronization units to ensure accurate timing between cameras. Video is also captured of the

16 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=f416daf90ae7d0f8f66f200ff0f28893

ISO/IEC 39794-17:2021(E)

subject’s face and upper body using a high resolution 1600 x 1200 pixel camera, enabli

ng face

recognition. A 1600 x 1200 pixel snapshot is taken of the subject’s side of the head, which can be used

for ear biometrics.

For exact timing of the events, Capture date/time block abstract values should indicate the d

ate and

time when the capture of the representation was completed in UTC (see the ISO 8601 series) to a

precision of up to one millisecond.

7.3 UBM 2D upper body movement profile

[he Upper Body Movement (UBM2D) representations contain the 2D Representation Data;
Capture Device Technology and the 2D Image Information. The 2D Representation Data, the 2D
Device Technology and the 2D Image Information elements are described in 2D Gait RepreSental

Upper body movement subclasses are

— face features motion (FFM)

— head movements static body (HMS)

— head movements dynamic body (HMD)

— gesture hand motion (GHM)

B Encoding

B.1 Tagged binary encoding
SO/IEC 39794-16:2021, A.1 specifies an ASN.1 schema in which the abstract data eleme

SO/IEC 8824-1, ISO/IEC 39794-1, ISO/IEG-39794-5, ISO/IEC 39794-16, or by this document.

[he tagged binary encoding of full\body image and gait image sequence data shall be obta

'ype BodylmageDataBlock defined in the given ASN.1 module. The DER encoding of each data ob
three parts: tag octets that identify the data object, length octets that give the number of sub
Ualue octets, and the value-gctets.

According to ISO/IEC8824-1, each ASN.1 module begins with a module name that identifies the
for human beings. ASN.1 type names are in upper camel-case notation derived from subclau

end of the name) Names of components of a structured type are in lower camel-case notation
inique within the scope of this structured type.

[he ASN:}modules defined in ISO/IEC 39794-16 allow the extension of definitions in a backw

A CNL1 PR | H £I1ICAO/IDC 20704 146 clhall s

the 2D
Capture
[tion.

nts are

ronstrained by ASN.1 types defined withiir* one of the following standards: the ASN.1 standard

ned by

hpplying the ASN.1 Distinguished Eficoding Rules (DER) defined within ISO/IEC 8825-1 to a valye of the

ject has
bequent

module
be titles

n the abstract data'elements clause. If a name starts with a number, then this component is pyt to the

and are

hrd and

forward compatible way as specified in ISO/IEC 8824-1. The new edition of ISO/IEC 39794{16 may
specify new additional data elements and values and deprecate the use of previously defined gptional

11 data
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elements and values specified in the previous edition.

The ASN.1 module can be retrieved from https://standards.iso.org/iso-iec/39794/-16/ed-1/en/.

Encoding examples are contained in Annex B.

8.2 XML encoding

An XML document encoding body data shall obey the XSD given in ISO/IEC 39794-16:2021, A.2.
Annex B.2 examples use XSD schemas, in which the abstract data elements are constrained by XML
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types defined within one of the following standards: W3C Recommendations, XML Schema Parts 1 and
2,1SO/IEC 39794-1, ISO/IEC 39794-5, ISO/IEC 39794-16, or this document.

Binary data shall only be encoded as base 64 and stored as a text string in an xs:element, which itself
has the underlying type of ‘xs:base64Binary’.

Example <xs:element name="data" type="xs:base64Binary"/>

For avoidance of doubt, other methods of encoding binary data such as xs:hexBinary or proprietary
extensions which support binary data encoding (i.e. XOP) are not permitted.

The XML data type “base64Binary” is not supported in SPARQL (SPARQL Protocol and RDF Quer
Language). Recommendation ITU-T X.694 and identical ISO/IEC 8825-5 define rules for mapping
an XSD[Schema (a schema conforming to the W3C XML Schema specification) to an ASN.1 schema i
order tg use ASN.1 encoding rules such as the Basic Encoding Rules (BER), the Distinguished\Encoding
Rules (PER), the Packed Encoding Rules (PER) or the XML Encoding Rules (XER) for the: transfer of
informdtion defined by the XSD Schema.

The XSID module can be retrieved from https://standards.iso.org/iso-iec/39794 /46 /ed-1/en/.

Encodipg examples are contained in Annex B.

9 Registered BDB format identifiers

The registrations are listed in ISO/IEC 39794-16 to identify the)full body image data interchangsg
formatg referenced in this document.

For details, see ISO/IEC 39794-16.
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Annex A
(informative)

Conditions for capturing

A.1 Recommendations for Gait Recording Systems

A.1.1 Architecture

[he aspects that can be considered by the definition of full body photographysystem architecture
lescribed in ISO/IEC 39794-16 also apply to gait recording. These are:

— biometric capture sub-process, carried out by a video capture unit,
— image formatting sub-process, carried out by a video application pregram,

— visualization of process and results, both for operator and the-subject of biometric authentication
process,

— integrity of video system,

— denial of service (system is supposed to be used only: by authorized operator), what can be done, for
example, with biometric verification of operator,

— connection to other systems (databases, et¢)'with the focus on protocols and the integrity|of such
connection.

Dnly the first two aspects are included within the scope of this document. The other aspects are ¢overed
by the documents in the Bibliography,and are not considered in detail in this document.

A.1.2 Usability and accessibility

Accessible systems shouldthe' designed to be equitable in use for subjects who have permapnent or
femporary physical or psychological inabilities. They should be simple to use and with a wide tdlerance
bf operation. For subjects’that cannot use the biometric system, alternative systems are necesspry and
thould be provided:

eneral guidance-on these aspects is given in ISO/IEC TR 24714-1. Pictogram recommendationg can be
found in the4SO7/IEC 24779 series.

A.1.3 Practical applications

\1,3.1 General

In practice, full body images and walk-through videos are taken from crime suspects and saved to
databases. The biometric capture process may involve a single biometric capture device (camera) or
several devices. Biometric features are extracted from high resolution samples. High resolution images
and 4K videos carry enough information for various biometric processes. Biometric reference is formed
as the stored biometric samples are attributed to a biometric data subject and used as the object of
biometric comparison.

A.1.3.2 Body vs. gait

Gait image sequences represent behavioural walking features, which are easier to extract from a low-
resolution recording than full body biometric recognition features in a single frame. A good quality full
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body image is capable of showing even facial features for face recognition purposes. At the moment,
video surveillance systems rarely produce sharp facial images. Good quality full body images are easier
to extract from HD video frames.

Body images appear in video surveillance videos more often than clear face images. Faces and body
images are added to the watch lists from observation of behaviours in the video material. In order
to increase the international interoperability of the biometric samples, it was necessary to create a
standard describing the biometric sample formats for full body images and video recordings. It is good
to note that v1deo is always created by taklng stlll 1mages in certaln 1ntervals deflned by the frame rate.

Depending on the cultural requirements, persons are photographed wearing clothing ornear naked
According to INTERPOL guidelines!22], photographic and video recording of bodies at'a disaster sitq
and within a mortuary is important both for evidence and because it can help to establish the cause of
an incident. Gait image sequences do not necessarily require high quality recording.

State-of-the-art biometric recognition algorithms can be used to select images efpeople with almost na
useful identifying information in the face. In these cases, recognition of the'face alone is by chance, but
recognition of the person based on larger part of the body is accurate, aecerding to the research work
carried|out at the University of Texas in Dallas[3%]. The assumption ipthe automatic face recognition
commupity has been that all important identity information is in théface. These results should point us
toward|new ways to improve automatic recognition.

SD vidgo frame comparison with high quality reference images gives better results than comparing
two SD|level images. At the moment, 4K DSLRs capable of taking high resolution still images and 4K
video ale available at a reasonable price. Video surveillatice systems are set to evolve from HD to 4K in
the neaf future and therefore the resolution level of still images should be high. A passport quality face
image if obtained by cropping the 4K full body frontal image of a person.

Data fofmats for biometrics in video surveillange systems (ISO/IEC 30137-3) and high efficiency coding
(ISO/IEC 23008-12) are standardized for data-format integration work.

See ISOY/IEC 39794-16 for gait video imaging technical requirements, which are the same as full body
photography requirements for enrolment.

A.1.3.3| Recognition methods

In silhofuette-based recognifion, camera data are post-processed to obtain the sequence needed and td
disentajngle the identity<tinrelated factors which alter gait appearances. These factors can be grouped
into:

— biometric subject-related ones, such as walking speed, dressing and carrying conditions;

— deyice<related ones such as different frame rates and imaging resolutions; and
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In silhouette cases, the data is saved as a post-processed gait video recording containing a set of images
as described in this document.

Model based recognition body model representations shall use only those data types which are
specified in this document. It is strongly recommended to convert any other manufacturer-specific
data to conform with one of the standard data types given in this document.

Upper body movement recognition is post-processed using the methods described in this document.
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A.1.4 Submillimetre imaging

Terahertz (THz) radiation known as submillimetre radiation consists of electromagnetic waves within
the ITU-designated band of frequencies from 0,3 to 3 terahertz (300-3000 GHz). Wavelengths of
radiation in the terahertz band correspondingly range from 1 mm to 0,1 mm and this wavelength also
sets the theoretical resolution limit for the images. Terahertz radiation is located in the terahertz gap
between microwaves and infrared light waves in the electromagnetic spectrum.

Imagers in this document are divided in two main categories: active and passive systems. The active
magers-are-based-enaradareconfigurationwith-syntheticoropticalHimaging schemes; whereaspassive
bnes operate as cameras. The main challenge in all these systems is to achieve a large field jof view
[FOV) with satisfactory spatial resolution and fast image acquisition. In Figure A.1, a stbmillimetre

mage shows suspicious material hidden under subject's clothing in the middle.

Figure A.1 — Submillimetre image of three subjects

[he THz beam can traverse non-metallic materials [ike clothing fabrics, paper and cardboard, plastic
and ceramics. It cannot penetrate liquid water or metal. The imaging area depth is typically less than
10 m. At a distance of 5 m it is possible to take a submillimetre picture of 2 m height using a passive
system.

This document focuses on passive submillimetre/THz imaging system requirements that are shaped
and driven by the imaging phenomenology. While many passive submillimetre imaging systems have
been constructed throughout the world that can produce high-quality, reasonable-contrast and low-
noise imagery given adequate frame times of seconds to minutes, few passive systems are capable of
producing useful imagery at real-time video rates. The following paragraphs provide a short description
of the critical receiver sensitivity levels required to provide useful, real-time video rate passive imagery
in the scenarios explored. The measurements were taken at the U.S. Army Research Laboratory(21l,
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Measurements have revealed that clothing is adequately transparent at frequencies up to approximately
300 GHz (based on a 3-dB criterion). Microphotographs reveal roughness on the scale comparable to a
THz wavelength, particularly in the coarse filamentary pattern of nylon and the interlaced weave of
rayon and silk. As these sample types were found to be the most transparent, it is surmized that any
surface scattering must be fairly weak.

Due to the general requirements to detect and identify concealed weapons carried by people at safe
standoff distances using imaging equipment with reasonably small aperture sizes, it is assumed that
imaging systems designed for this scenario would most likely operate in the submillimetre/THz regime,
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An imaging system shall meet resolution requirements to allow for enough spatial cycles on a subject
at a degired standoff distance to enable an observer to adequately perform the task of either detecting
or identifying a concealed weapon or other target against typical background materials. In addition
such a dystem shall be capable of capturing image frames with enough signal-to-noise ratips’to produce
good irhagery at video frame rates. Figure A.2 illustrates how combining visual and-submillimetrg
wavelength images helps to detect, locate and identify a concealed weapon under the ‘clothing of the
first anfl second person from the right.

Figure A.2 — Combined visual and submillimetre wavelength image of four subjects

22 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=f416daf90ae7d0f8f66f200ff0f28893

ISO/IEC 39794-17:2021(E)

A.2 Recommendations for full body video recording

Guidance concerning the positioning of the subject and camera is provided, as well as examples
of lighting arrangements. The intention of this guidance is to ensure that the subject’s full body is
properly positioned and uniformly illuminated, thereby producing images that are conformant with
this document and are without shadows or hot spots on any part of the body.

Distortion that is noticeable by human examination is forbidden. In particular, fish eye effects caused by
wide angle lenses combined with too close camera placement shall not be present. Figure A.3 illustrates
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hind subject height.

A combined photo and video studio is typically a professionally operated facility, equipped| with a
ligital camera, multiple adjustable light sources, a suitable background or backdrop,cleth, and|subject
bositioning apparatus designed to obtain high quality full body imaging.

Vertical orientation of the camera is recommended for full body images and videos for three regsons:
— Vertical orientation allows the use of available pixels in an economical way.
— Vertical camera orientation is used for full body images.

— Video frame rotation is easily handled in the post-processing.

[he use of a treadmill for small recording studio setup is rfecommended to achieve good quality gait
recognition video recordings or gait image sequences.

Key

[ 50 mm lefis focal length
1 4 mdistance

Figure A.3 — Positions of subject and camera

When planning the studio, take into consideration safety and security rules. The studio should be a
place where everyone is and feels safe. Although it is impossible to completely eliminate the risk of
violence and other events such as fire, it ought to be possible to reduce these risks to a minimum by
implementing a proper set of procedures.

There is no certainty about which instances trigger sudden violent or aggressive behaviour in particular
individuals. Architectural decisions are important from the safety point of view. For example, the
subject shall always be located in a place that enables the operator to evacuate the studio room through
a door behind themselves. This arrangement is particularly important in prisons, police stations and
similar facilities.
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A.3 Gait recording — technical recommendations

A.3.1 General

In practice, it is easier to arrange good working conditions for enrolment in a studio or office than in
other environments. Poor enrolment and surveillance conditions result in the creation of low-quality
biometric references and probes. Surveillance is easiest to arrange when it is possible to attend to the
planning of the surveillance environment, for example, when a new airportis planned or an existing one
is refurbished or expanded. Proper construction of the walkway is vital for gait recognition matching
quality[although several methods are available to mitigate environmental error factorsl22l 122 1251

Among|the factors affecting the gait, variation due to viewpoint change is considered as one-of) thg
greatesft challenges. Several methods are in use to tackle the problems caused by cross:view ang
cross-walking conditions with different pre-processing approaches and convolutional neural hetwork
archite¢tures. Limiting the cross-view and cross-walking conditions gives better recognition conditions
regardless of the processing methods. Viewing angle differences under 20° between the reference and
probe aEe recommended[23],

A.3.2 Error factor limitation

To get the best possible gait identification results it is necessary to limit kmown error factors. To reach
this godl for vision-based gait recognition it is necessary to disentangle the identity-unrelated factors
which glter gait appearances. Stabilization of these factors and optimization of the factors of the whole
gait redognition system both affect the recognition quality of thedwvhole system. For example, adapting
to the walking speed is a stabilization method and limiting the walking speed to the optimum detectior
range of the system is an optimization method.

The knpwn factors can be grouped into three separate factor groups, namely subject-related, device
relatedfand environment-related.

Subjectirelated factors are:

— walking speed;

— clothing; and

— item carrying.

Device-related variable factors(are:
— frame rates; and

— image resolutions:
Enviropment-related factors are:

— illumination conditions; and

— camera viewpoints.

Among these factors, the change of viewpoints is a meaningful factor. Cross-view variance is one of the
key problems in video-related tasks. The performance of the gait recognition system drops drastically
when the viewpoint changes if the system ignores cross-view variations.

A possible approach to gait-based human identification is via similarity learning by deep convolutional
neural networks (CNNs). This can be achieved with labelled multi-view human walking videos to train
deep networks to recognize the most discriminative changes of gait patterns which suggest the change
of human identity[23]. Another approach for cross-view action recognition is the use of ‘virtual views’
that connect the action descriptors extracted from one or several probe view(s) to those extracted from
a reference viewl2Zl, A variation of this is the use of ‘virtual paths’ where each point on the virtual path
is a virtual view which is obtained by a linear transformation of the action descriptor(28],
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A.3.3 Walkway construction

Whether for enrolment or surveillance, environmental factors are critical to the quality of a gait video

recording site. The following design rules should be followed:
— Straight walking path on the walkway for the subjects.
— No bumps and imperfections on the floor.

— No distractions on the walkway like message boards, signs or personnel.

— No textures, posters or additional objects on the floor or on the walls.
— Neutral grey matte materials on the floor and walls.

— Even lighting on the subject path. Outside lighting blocked with a roof if over 200 lux (a lux
to one lumen per m2).

— Uniform lighting level should be approximately 500 lux or more, depending on the entry 4
environmental lighting.

— Controlled colour temperature so that the camera’s white balanceyalgorithm is able to adaf
light.

['he recording shall be colour neutral and correctly exposed. It is'important that the boundary b
'he whole body and the background should be clearly identifiable about the entire subject. Therg
be no shadows visible on the background behind the body image. The background should be pl
thould contain no texture containing lines or curves:that could cause computer pattern recq
hlgorithms to become confused. Therefore, the background should be a uniform colour.

n enrolment studios, either the camera follows\the subject or a treadmill is in use with a sta
camera. Treadmill speed should be set for normal walking speed of 5 km/h or lower for peoj
valking difficulties. Treadmills can pose.a'yeal balance challenge for an unaccustomed user.
Feason, an assistant is sometimes required to ensure the subject's safety.

[he normal self-selected gait speed(of a healthy subject aged 10-79 years is 1,3-1,5 m/s (4,7-5,4
People over 80 years may have slower natural gait speed in the order of 1 m/s (less than 4 km
Jelocity for long walkways can'be higher than for short walkways[19],

Follow the studio setup guidelines set in ISO/IEC 39794-16:2021, Annex C.

A.3.4 Camera arrangements

A.3.4.1 General camera arrangements

Enrolmentyand surveillance differ from each other in many respects. One important one is the
View angle. In reference recording during enrolment, the basic view angle is lateral, i.e. side
s possible to achieve surveillance camera installation in a controlled environment using th
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A.3.4.2

A.3.4.2

The arfangement of the @r’as along the walkway should be able to capture the movement of the
I(

subject

in the frontal (front plane, as in the dual camera setup. A sagittal plane is an anatomical plang

which ¢
and per
portion

A3.4.2

N
Figure A.4 — Froft and side camera views
‘\\0

Enrolment camera arra&em nts

1 General C)O

mainly in the s lateral or side view) plane, as in the single camera setup, and optionally

ivides the into right and left parts. A frontal plane is parallel to the long axis of the body
pend o the sagittal plane. A frontal plane separates the body into front and back (dorsal]
S.

icu@
S

2é§mgle-view enrolment

The single camera setup in enrolment resembles that used in taking the frontal facial images. The

subject

is walking from right to left in front of the camera. If a treadmill is in use, then the subject is

walking in front of the camera, which is recording the side view of the walking subject.

A.3.4.2.3 Dual-view enrolment

The dual camera setup utilizes two cameras recording at the same time when the subject is walking.
The subject is walking from right to left in front of the first camera and towards the second camera. If
a treadmill is in use, then the subject is walking in front of the first camera, which is recording the side

view of

26

the walking subject, while the second camera is recording in front of the subject.
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When only one camera is in use the subject is walking first from right to left in front of the camera. The
second recording is taken when the subject is walking towards the camera. The order of the recordings
is not significant.

A.3.4.2.4 Multi-view enrolment

The multi-camera setup utilizes several cameras recording at the same time when the subject is
walking. When only one camera is in use the subject walks multiple times along a path that is rotated in
45° angles in front of the camera, starting from the side view camera 1 in Figure A.5.

5
B

/|\

4(-\

3=

ol

Figure A.5 — Multiple camera views

A.3.5 Studio lighting and layout

Lighting of the'walkway or treadmill is achieved using several light sources. The main directiop of the
ight is fronythe camera towards the subject. To minimize shadows on the background in long wqlkways
tis advisable to use separate lights to illuminate the background.

Gaitrécognition walk-through video recordings can require more horizontal space than in Figlire A.6,
Which gives minimum recommended measurements for the gait recording studio when using large
surface light sources.
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A.3.6

The sui
at a tim
illumin

the subject and round. Optimal corridor construct allows a full gait cycle to be recorded for al

subject

Corrido

<4 Y

N
W

Figure A.6 — Minimum recommended measurements for the gait recording studio

Walk-through gait rgcbrding corridor lighting and layout

veillance walk-thx@gh corridor for gait recording shall be constructed so that only one persor
e can walk by amera. Background and foreground illumination may use strip lights, largs
hted light p or indirect lighting to maintain even lighting and good contrast betweer

5 walki rough the surveillance corridor.

r d&%ﬁ shall be sufficiently flexible to meet changing needs and hardware. Subject safety and

uninter

r@ted flow in the walk-through corridor should be considered with the location and position of

any seating located near the corridor.

When the corridor is linked to an ABC gate then it is possible to automatically connect the subject’s
identification data with the imaging and recognition results of the corridor.

Figure A.7 illustrates the minimum recommended measurements and camera placements for the gait

surveill

28

ance corridor when using large surface light sources.
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Figure A.7 — Minimum corridor measurements and camera placements
Camera placements should be tested in.advance using a mock up model. Short camera to subject d

[e.g. 2 m) and the use of uncorrectéd-a wide-angle lens can lower the gait recognition efficiency.

Jsing both gait recognition and face recognition it is possible to build a walk-through access
bystem based on multimodal*biometric verification. Facial video recording requires a second
facing the object if sagittal-gait recognition is in usel29],

A submillimetre regording device can require modifications to the corridor design shown in Fig

21(E)

istance

control
camera

ure A.7.
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B.1 Binary encoding examples

B.1.1

The gai

in A.1. Data is encoded in DER. DER is a subset of BER providing for exactly one way to/encode an ASN.]

value. I
and en
represeg

All ASN
describ

B.1.2

This data example structure for a gait still image sequence isscompatible with the ISO/IEC 39794-14

Annex B
(informative)

Encoding examples

General

L image sequence data blocks used in these encoding examples are defined in the-ASN.1 modulg

ER is intended for situations when a unique encoding is required, such as;ih cryptography
sures that a data structure that needs to be digitally signed produceS a unique serialized
ntation.

.1 schema elements are harmonized with the XML schema elements:-Schema dependencies arg
ed in more detail in B.2.

Binary encoding example using mandatory data fields

data stfucture and data content. Its value is formally described below using ASN.1 notation.
valuel |BodyImageDataBlock ::= {
versjonBlock {
gerperation 3,
yedr 2019
}y
reprgsentationBlocks {
{
fepresentationId 1
}
}
}
Figure B.1 shows the mandatony etements and the DER hexadecimal view at the bottom.
PDU Name/Identifier Value Typereference Built-in Type Default Value Constraints Offset Length
N Bodyl nagelataBlock BodylmageData... SEQUENCE 0 13 70 il 2o
v @ vesionBlock VersionBlock SEQUENCE 2 9 AQO7 8001 0381 ...
¥| generation 3 VersionGenerati... INTEGER (3..65535) 4 3 200103
¥| year 2019 VersionYear INTEGER (2019..9999) T 4 810207 E3
v @& representationBlocks 1 Representation... SEQUEMNCE OF 1 7 A1 0530 0380 01...
v @Y RepresentationBlock 1 Representation... SEQUENCE 13 5 3003800101
. representationld 1 INTEGER (0..MAX) 15 3 200101
Oé imageRepresentati... ImageRepresent... CHOICE
[Jé% captureDateTimeBl... CaptureDateTi... SEQUENCE
% qualityBlocks QualityBlocks  SEQUENCE OF
A% ‘padDataBlock PADDataBlock  SEQUENCE
[J& sessionld INTEGER (0.MAX)
| derrvedFrom TNTEGER 0-MAX]
[é% captureDeviceBlock CaptureDeviceB... SEQUENCE
[J & bodyPartNumber INTEGER (0. MAX)
[Jé% poseAngleBlock PoseAngleBlock  SEQUENCE
% landmarkBlocks LandmarkBlocks SEQUEMNCE OF
[Jé% extensionBlock ExtensionBlock  SEQUENCE
% extensionBlock ExtensionBlock  SEQUENCE
Oy
00000000 70 10 A0 07 80 01 03 81 02 07 E3 Al 05 30 03 80 Po--v--ovonn-- [
00000010 01 01 --

Figure B.1 — ASN.1 mandatory elements for a gait image sequence

An example encoding can be retrieved from https://standards.iso.org/iso-iec/39794/-16/ed-1/en/
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B.1.3 Binary encoding example using JPEG image sequence elements

The second example contains several optional elements and an empty imageRepresentation2DBlock.

Second example values are formally described below using ASN.1 value notation.

valuel BodyImageDataBlock ::= {
versionBlock {
generation 3,
year 2019

renr ntaticonBlock {

representationId 1,
imageRepresentationBlock representation : imageRepresentation2DBlock :
representationData2D '00'H,
imageInformation2DBlock {
imageDataFormat code : Jjpeg,
imageKind2D code : gait2D
}
b
captureDateTimeBlock {
year 2020,
month 7,
day 24,
hour 15,
minute 47,
second 56,
millisecond 389

representationId 2,
imageRepresentationBlock representatienl/: imageRepresentation2DBlock : {
representationData2D '00'H,
imageInformation2DBlock
imageDataFormat code : Jjpeg;,
imageKind2D code : gait2D
}
by
captureDateTimeBlock {
year 2020,
month 7,
day 24,
hour 15,
minute 47,
second 56,
millisecond-790

}

Figure B2)illustrates this sample ASN.1 JPEG image sequence elements and the DER encodi
bxample~for some of the most common entry fields showing typical placeholder test value

bxatmple.

ng data
S as an
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PDU Name/ldentifier Value Typereference Built-in fype  Default Value  Constraints Offset Length DER Encoding
v S 0 11
v % versionBlock VersionBlock SEQUENCE 2 9 /A007 8001 0381 ...
@ generation 3 VersionGenerati... INTEGER (3.65535) 4 3 800103
@ year 2019 VersionYear INTEGER (2019..9999) 7 4 810207 E3
v & representationBlocks 2 Representatior SEQUENCE OF " 104 A16630 3180 01...

v & RepresentationBlock 1 Representation... SEQUENCE 13 51 3031800101 Al...
@ representationld 1 INTEGER (0..MAX) 15 3 800101
v I imageRepresentationBlock p i I CHOICE 182 A113 AOT1 AOOF...
v & representation i p ion2DBlock p CHOICE 20 19 AO11AO0F 8001...
v &% imageRepresentation2DBlock ImageRepresent... SEQUENCE 22 17 AOOF 8001 00A2...
@ representationData2D '00'H OCTETSTRING 24 3 8001 00
[Jé% captureDevice2DBlock CaptureDevice2... SEQUENCE
v [ imagelnformation2DBlock Imagelnformati... SEQUENCE 27 12 A2 0AAQ 0380 0...
v &% imageDataFormat code ImageDataFor... CHOICE 29 3 A0 0380 0101
@ code jpeg ImageDataFor... ENUMERATED 31 3 800101
v K& imageKind2D code ImageKind2D CHOICE 34 5 A103 8001 05
@ code gait2D ImageKind2DC... ENUMERATED % 3 800105
TIo% posti L SEQUENCE
[J#% lossyFansformationAttempts LossyTransform... CHOICE
O ‘ cameraToSubjectDistance CameraToSubje... INTEGER (0..50000)
O sensorDiagonal SensorDiagonal  INTEGER (0..2000)
0@ lensFocalLength LensFocallength INTEGER (0..2000)
O imageSizeBlock ImageSizeBlock  SEQUENCE
O& samplingRateBlock SamplingRateBl... SEQUENCE y,
O #% imageColourSpace ImageColourSp... CHOICE
[Jé% referenceColourMappingBlock ReferenceColou... SEQUENCE N
[0 ® jpegExif OCTET STRING
% forensicFindingsBlock ForensicFinding... SEQUENCE N
[Jé% extensionBlock ExtensionBlock  SEQUENCE
(&% extensionBlock ExtensionBlock ~ SEQUENCE AD
v A captureDateTimeBlock CaptureDateTi.. SEQUENCE 39 25 A21780 0207 E4...
@ year 2020 Year INTEGER 0.9999) 41 4 /8D 0207 E4
(@ month 7 Month INTEGER (1.12) 45 3 810107
B @ day 24 Day INTEGER (1.31) 48 ~3 ~ g0118
M@ hour 15 Hour INTEGER (0.23) s1 3 83010F
M ® minute a7 Minute INTEGER 059 {3 8401 2F
M@ second 56 Second INTEGER (0.59) s/ 3 850138
@ millisecond 389 Millisecond INTEGER 0.9\ 0 4 86020185
O qualityBlocks QualityBlocks  SEQUENCE OF
O & padDataBlock PADDataBlock ~ SEQUENCE 7\
O ® sessionld INTEGER 0. MAX)
0@ derivedFrom INTEGER ¢ OMax
O& captureDeviceBlock CaptureDeviceB... SEQUENCE
0@ bodyPartNumber INTEGER () oman
&% poseAngleBlock PoseAngleBlock  SEQUENCE
&% landmarkBlocks LandmarkBlocks SEQUENCE OF,\Y
D‘ extensionBlock ExtensionBlock  SEQUENCE
v @ RepresentationBlock 2 Representation... SEQUENCE ) /' 64 51 30318001 02A1 ...
@ representationld 2 INTEGER (0.MAX) 66 3 800102
v I imageRepresentationBlock p i Rep CHOIGE 6 21 A11340 11A00...
v @b representation i ion2DBlock ImageRep CHOIOE 7 19 AD11A00F800...
v &% imageRepresentation2DBlock ImageRepresent.. \SEQUENCE 73 17 AOOFS00100A..
@ representationData2D '00'H OCTET STRING 75 3 800100
[O&% captureDevice2DBlock CaptureDevide2'. SEQUENCE
v [ imageinformation2DBlock Imagelnfarmai... SEQUENCE 78 12 A20A A003 8001...
v & imageDataFormat code ImageDataFor... CHOICE 8 5 AA003 8001 01
@ code Jpeg ImageDataFor... ENUMERATED 82 3 800101
v A imageKind2D code _ImageKind2D  CHOICE 8 5 A10380 0105
code qait2D ImageKind2DC... ENUMERATED 87 3 800105
¥ postAcquisitionProcessingBlock A\ PostAcquisition... SEQUENCE
O lossyFansformationAttempts LossyTransform... CHOICE
O cameraToSubjectDistance N\ CameraToSubje... INTEGER (0..50000)
O sensorDiagonal SensorDiagonal  INTEGER (0..2000)
D. lensFocallLength Y| N LensFocallength INTEGER (0..2000)
[ imageSizeBlock ImageSizeBlock  SEQUENCE
Oé% samplingRateBlock RO SamplingRateBl.. SEQUENCE
&% imageColourSpace ImageColourSp... CHOICE
[CJé% referenceColourMappingBlock | )~ ReferenceColou... SEQUENCE
O ® jpegkxif . OCTETSTRING
[J#% forensicFindingsBlock ¢, - ForensicFinding... SEQUENCE
Cé% extensionBlock ExtensionBlock  SEQUENCE
O&% extensionBlock PN ExtensionBlock  SEQUENCE
v Mé& captureDateTimeBlock CaptureDateTi.. SEQUENCE 90 25 A217 8002 O7EA ...
@ year r~ 7 2020 Year INTEGER (0..9999) 92 4 8002 07E4
@ month 7 Month INTEGER (1.12) % 3 810107
M@ day ~ . 24 Day INTEGER (1.31) 9 3 820118
M@ hour 15 Hour INTEGER (0.23) 02 3 8301 OF
A@® minste (0 a7 Minute INTEGER (0.59) 05 3 84012F
M ® second 56 Second INTEGER 0.59) 08 3 850138
@ millisecond.. N 790 Millisecond INTEGER (0.999) m 4 860203 16
O qualityBlocks QualityBlocks  SEQUENCE OF
O é% padDataBlock PADDataBlock  SEQUENCE
O® seséionld INTEGER (0..MAX)
O ®_ defifedFiom INTEGER (0.MAX)
O captureDeviceBlock CaptureDeviceB... SEQUENCE
rtNumber INTEGER (0.MAX)
[N é% poseAngleBlock PoseAngleBlock  SEQUENCE
=[Z& landmarkBlocks LandmarkBlocks SEQUENCE OF
[J &% extensionBlock ExtensionBlock  SEQUENCE
£ [@& extensionBlock ExtensionBlock ~ SEQUENCE
B v O
00000000 70 71 AO 07 80 01 03 81 02 07 E3 Al €6 30 31 80
40000070 01 01 20 12 a0 21 20 0F 20 01 00 22 02 D0 03 80

00000020 01 01 Al 03 80 01 05 A2 17 80 02 07 E4 81 01 07
00000030 82 01 18 83 01 OF 84 01 2F 85 01 38 86 02 01 85
00000040 30 31 80 01 02 Al 13 A0 11 A0 OF 80 01 00 A2 OA
00000050 A0 03 80 01 01 Al 03 80 01 05 A2 17 80 02 07 E4
00000060 81 01 07 82 01 18 83 01 OF 84 01 2F 85 01 38 86
00000070 02 03 1€ - -]

Figure B.2 — ASN.1 JPEG image sequence elements and the DER encoding data

An example encoding can be retrieved from https://standards.iso.org/iso-iec/39794/-17/ed-1/en/

32 © ISO/IEC 2021 - All rights reserved


https://standards.iso.org/iso-iec/39794/-17/ed-1/en/
https://standardsiso.com/api/?name=f416daf90ae7d0f8f66f200ff0f28893

ISO/IEC 39794-17:2021(E)

B.1.4 Binary encoding example using MPEG-4

MPEG-4 is one of the most common video formats available in digital cameras. The following example
shows the minimum recommended data content for a gait MPEG 4 ASN.1 file.

valuel BodyImageDataBlock ::= {
versionBlock {
generation 3,
year 2019

renr ntaticonBlock {

representationId 1,
imageRepresentationBlock representation : imageRepresentation2DBlock :
representationData2D '00'H,
captureDevice2DBlock {
captureDeviceTechnology code : videoFrameFromDigitalVideoCameréa
3y
imageInformation2DBlock
imageDataFormat code : mpeg4,
imageKind2D code : gait2D
}
by
captureDateTimeBlock {
year 2020,
month 8,
day 18,
hour 12,
minute 51,
second 18,
millisecond 778

}

Figure B.3 illustrates this example ASN.1 MREG-4 video image sequence elements and the DER encoding
lata example for some of the most common entry fields showing typical placeholder test valugs as an
bxample.
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PDU Name/Identifier Value Typereference ilt-in Type  Default Value Constraints  Offset Length DER En:
v odyln ck odylmageDataBleck SEQUENCE 0 N I .
v @ versionBlock VersionBlock SEQUENCE 2 9 ADD7 80010381 ...
. generation 3 VersionGeneration INTEGER (3..65535) 4 3 800103
@ year 2019 VersionYear INTEGER (2019..9999) 7 4 810207 E3
v @ representationBlocks 1 RepresentationBlocks SEQUENCE OF n 60 A13A3038800...
v & RepresentationBlock 1 RepresentationBlock SEQUENCE 13 58 3038800101 Al...
@ representationld 1 INTEGER (0.MAX) 15 3 800101
v A% imageRepresentationBlock representation ImageRepresentationBlock CHOICE 18 28 AT1A AD18 AD1...
v @ representation imageRepresentation2DBlock ImageRepresentationBaseBlock CHOICE 20 26 A018 AD16 8001...
v &% imageRepresentation2DBlock ImageRepresentation?DBlock  SEQUENCE 2 2 AO16 8001 00AL...
representationData2D ‘00'H OCTET STRING 24 3 8001 00
v A% captureDevice2DBlock CaptureDevice2DBlock SEQUENCE 27 7 A105A103800...
[Jé% captureWavelengthRangeBlock CaptureWavelengthRangeBlock SEQUENCE
v M captureDeviceTechnology code CaptureDeviceTechnologyld CHOICE 29 5 A10380 0106
@ code videoFrameFromDigitalVideoCamera CaptureDeviceTechnologyCode ENUMERATED 3 3 800106
ﬂ* onBlock L onBlock SEQUENCE.
v A& imagelnformation2DBlock Imagelnformation2DBlock SEQUENCE 34 12 AZ0A A003 8001...
v &% imageDataFormat code ImageDataFormat CHOICE 36 5 A003 800108 '\,
@ code mpegd ImageDataFormatCode ENUMERATED 38 3 800108
v A imageKind2D code ImageKind2D CHOICE 4 5 A103800105"
@ code gait2D ImageKind2DCode ENUMERATED 43 3 800105
O& postAcquisitionProcessingBlock PostAcquisitionProcessingBlock SEQUENCE ANA* V
O& lossyTransformationAttempts LossyTransformationAttempts  CHOICE
O@ cameraToSubjectDistance CameraloSubjectDistance INTEGER (0..50000) ™\
O® sensorDiagonal SensorDiagonal INTEGER (0..2000)
O@ lensFocallLength LensFocallength INTEGER (0..2000) ol
O é% imageSizeBlock ImageSizeBlock SEQUENCE
O& samplingRateBlock SamplingRateBlock SEQUENCE ~\
[ #% imageColourSpace ImageColourSpace CHOICE
O referenceColourMappingBlock ReferenceColourMappingBlock SEQUENCE \Xe i
O @& jpegkxif OCTET STRING
O forensicFindingsBlock ForensicFindingsBlock SEQUENCE 2\)
[ é% extensionBlock ExtensionBlock SEQUENCE
[J#% extensionBlock ExtensionBlock SEQUENCE \VV
v E‘ captureDateTimeBlock CaptureDateTimeBlock SEQUENCE 46 25 A217 8002 O7E4 ...
year 2020 Year INTEGER N\ (09999 48 4 8002 07E4
M & month 8 Month INTEGER (1.12) 52 3 810108
M@ day 18 Day INTEGER , N\ (1.31) 55 3 820112
M @& hour 12 Hour INTEGER 0.23) 58 3 83010C
M @® minute 51 Minute INTEGER( ) * (0..59) 61 3 840133
4@ second 18 Second INTEGER (0..59) 64 3 850112
@ millisecond 78 Millisecond _INTEGER (0.999) 6 4 860203 0A
O&% qualityBlocks QualityBlocks SEQUENCE OF
&% padDataBlock PADDataBlock ) SeQuence
[0 & sessionld INTEGER (0..MAX)
O @& derivedFrom N\ INTEGER 0..MAX)
[J#% captureDeviceBlock CaptureDeviceBlogk SEQUENCE
[0 @ bodyPartNumber NY INTEGER (0..MAX)
[J#% poseAngleBlock PoseAngleBlogk SEQUENCE
% landmarkBlocks LandmarkBfoeks” SEQUENCE OF
[Jé% extensionBlock ExtensionBlock SEQUENCE
&% extensionBlock ExtensionBlock SEQUENCE
)

00000000 [0 45 AO 07 30 Ol 03 81 02 07 E3 Al 3A 30 38 80
00000010 Pl 01 Al 1A AO 18 AO 16 80 O1 OO0 Al 05 Al 03 80 _
00000020 Pl 06 A2 OA AO 03 80 01 08 Al 03 80 01 05 A2 17
00000030 0 02 07 E4 81 01 08 82 01 12 83 01 OC 84 01 33
00000040 S 01 12 86 02 03 OA

Figure B.3 — Example of the hierarchical display of theMPEG-4 ASN.1

An exaiple encoding can be retrieved from https://standards.iso.org/iso-iec/39794/-17/ed-1/en/

B.2 XML encoding examples

B.2.1 |General

The bodly image data blocks used in these encoding examples are of type BodylmageDataBlock defined
in ISO/JEC 39794-16. All ASN.1 schema elements are harmonized with the XML schema elements
This dqcument defines the profiles used for gait image sequence data. All elements are defined if
ISO/IE - ' - ' - ' ]
application testing using single images.

Figure B.4 illustrates how gait profiles in this document and XSD dependencies are based on the
ISO/IEC 39794-16 XSD element definitions and related to ISO/IEC 39794-5 and ISO/IEC 39794-1 XSD
element definitions.
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iso-iec-39794-17 profiles ——iso-iec-39794-16-ed-1-v1.xsd

.

iso-iec-39794-5-ed-1-v1.xsd

/

iso-iec-39794-1-ed-1-v1.xsd

Figure B.4 — Gait profiles and XSD dependencies based on ISO/IEC 39794-16 XSD

Figure B.5 underlines how XSD modular structure is based on the main elements\ defined in the
SO/IEC 39794-16 XSD and available for the biometric modality and application profiles defined in this
Hocument.

Egeneratitm ‘E'wpmsenlalionld

-I imageRepresentatior|Block

versionBlock [

—l captureDateTimeBlo¢k
[}

] "
walityBlocks
any ##targetfNamespace \'} _:. quamy
7,

-~

\

e il o e e e e
0 L= pADDataBlock |

1=

- sessionld |
o)
( BodylmageDataBlockType E]—@a— e )
I= I
L

_________________ -
—: captureDeviceBlock EI
L

________________ -

—I representatidnBlocks E]—@—:'—i representationBlock [T:'_@_

1.=

1
- landmarkPoints

o e o o

N

—f any ##targetNamesphce |
Nemnnsnsssssnssod ,---’/
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Figure B.5 — XSD modular structure is defined in ISO/IEC 39794-16 XSD

t is recommended to process any Motion JPEG gait image sequence into a set of separate JPEG|images
br_to. convert the sequence into a single MPEG-4 file. Motion JPEG (M-JPEG or MJPEG, .MJPG or|.MJPEG
[ileextension) is a video compression format in which each video frame or interlaced field of g digital
video sequence is compressed separately as a JPEG image and stored in a single file.

The full examples containing the image data encoding can be retrieved from https://standards.iso.org/
iso-iec/39794/-16/ed-1/en/ and for image sequence data encoding from https://standards.iso.org/iso
-iec/39794/-17/ed-1/en/.

B.2.2 XML encoding example using mandatory data fields

This data example structure for a gait still image sequence is compatible with the ISO/IEC 39794-16
data structure and data content. Its value is formally described below using XML notation:
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<?xml version="1.0" encoding="utf-8"7?>
<!-- 39794-16 mandatory sample -->
<bim:bodyImageData xmlns:cmn="https://standards.iso.org/iso-iec/39794/-1"
xmlns: fac="https://standards.iso.org/iso-iec/39794/-5" xmlns:bim="https://standards.iso.
org/iso-iec/39794/-16">
<bim:versionBlock>
<cmn:generation>3</cmn:generation>
<cmn:year>2019</cmn:year>
</bim:versionBlock>
<bim:representationBlocks>
<bim:representationBlock>
DImMT TEepTreseEnta IO IO <7/ DImMT TeEpIesSeEntat IO
/bim:representationBlock>
</Bim:representationBlocks>
</bim:BodyImageData>

This data example structure for a gait still image sequence is compatible with the ISO/IEC“39794-16
data stfucture and data content. In Figure B.6, the mandatory XML elements are highlighted.

bodylmageData  BodylmageDataBlockType A
@ 'ﬁ] €9 versionBlock cmn:VersionBlockType A
g 2 [« "E]| €» generation VersionGenerationType
:?T % § _E €> year VersionYearType (::
o ? | £ | €> extensionBlock [0.1]  ExtensionBlockTypelc¥
;E €9 representationBlocks  RepresentationBlocksType &“\T
% : %["g OV representationBlock [1.*] Afﬁlﬁ&nytationslocﬂype A l
-g .E X 'EI <> repraentatioRkl\} xs:unsignedint
§ ﬁ .-g é €% imageRepresentationBlock [0..1) ImageRepresentationBlockType ¥
g- g § €% captureDateTimeBlock (0.1] cmn:CaptureDateTimeBlockType ¥
% g. €9 ‘qualityBlocks [0.1] cmn:QualityBlocksType ¥
g, @ | | <> padDataBlock [0.1] cmnPADDataBlockType ¥
ﬁ % :§ €9 sessionld [0.1] xs:unsignedint
( €? derivedFrom [0.1] xsunsignedint
%\% €% captureDeviceBlock [0.1] fci:CaptureDeviceBlockType ¥
9 €% bodyPartNumber [0.1] xsunsignedint
Q €% poseAngleBlock [0.1] fci:PoseAngleBlockType ¥
'?\; €» landmarkBlocks [0.1] LandmarkBlocksType ¥
€9 extensionBlock [0.1] ExtensionBlockType ¥
€2 [any] (0.1] ##0ther
. J

Figure B.6 — XML mandatory sequence structure
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B.2.3 XML encoding example using JPEG gait sequence elements

This data example structure for a still image sequence is compatible with the ISO/IEC 39794-16 data
structure and data content. Its value is formally described below using XML notation.:

<?xml version="1.0" encoding="utf-8"?>

<!-- 39794-17 JPEG sample —-->

<bim:bodyImageData xmlns:cmn="https://standards.iso.org/iso-iec/39794/-1"

xmlns: fac="https://standards.iso.org/iso-iec/39794/-5" xmlns:bim="https://standards.iso.
org/iso-iec/39794/-16">

lodime: rsionBlock

<cmn:generation>3</cmn:generation>
<cmn:year>2019</cmn:year>
</bim:versionBlock>
<bim:representationBlocks>
<bim:representationBlock>
<pbim:representationId>1</bim:representationId>
<bim:imageRepresentationBlock>
<bim:representation>
<bim:imageRepresentation2DBlock>
<!-- Gait image sequence image #1 -->
<bim:representationData2D>AA==</bim:representationData2b>
<bim:imageInformation2DBlock>
<bim:imageDataFormat>
<bim:code>
<bim:jpeg>1</bim:jpeg>
</bim:code>
</bim:imageDataFormat>
<bim:imageKind2D>
<bim:code>
<bim:gait2D>5</bim:gait2D>
</bim:code>
</bim:imageKind2D>
</bim:imageInformation2DBlock>
</bim:imageRepresentation2DBlockX*
</bim:representation>
</bim:imageRepresentationBlock>
<bim:captureDateTimeBlock>
<cmn:year>2020</cmn:years
<cmn:month>7</cmn:monthx
<cmn:day>24</cmn:day¥
<cmn:hour>15</cmn:hour>
<cmn:minute>47</gcmn:minute>
<cmn:second>56</€mn: second>
<cmn:millisegond>389</cmn:millisecond>
</bim:capturebateTimeBlock>
</bim:representationBlock>
<bim:representdationBlock>
<bim:representationId>2</bim:representationId>
<bim:imageRepresentationBlock>
<hdim: representation>
Kbim:imageRepresentation2DBlock>
<!-- Gait image sequence image #2 -->
<bim:representationData2D>AA==</bim:representationDatal2D>
<bim:imageInformation2DBlock>
<bim:imageDataFormat>
<bim:code>
<bim:jpeg>1</bim:jpeg>
</bim:code>
</bim:imageDataFormat>
<bim:imageKind2D>
<bim:code>
<bim:gait2D>5</bim:gait2D>
</bim:code>
</bim:imageKind2D>
</bim:imageInformation2DBlock>
</bim:imageRepresentation2DBlock>
</bim:representation>
</bim:imageRepresentationBlock>
<bim:captureDateTimeBlock>
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<cmn:year>2020</cmn:year>
<cmn:month>7</cmn:month>
<cmn:day>24</cmn:day>
<cmn:hour>15</cmn:hour>
<cmn:minute>47</cmn:minute>
<cmn:second>56</cmn:second>
<cmn:millisecond>790</cmn:millisecond>
</bim:captureDateTimeBlock>
</bim:representationBlock>
</bim:representationBlocks>
</bim:bodyImageData>
NOTE IT'JFEG 1S not used as a delaull value Ior the application or image data rormat 1S not detected aite
decodinf then Image Data Format is included in the 2D Image Information block.

The strjcture of the ISO/IEC 39794-16 XSD element hierarchical structure is perhaps easiest,to see by
looking| at the most frequently used elements for a sequence of two still images. A minimum full body
image sequence BDB contains the data shown in Figure B.7.
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* bodylmageData

<> versionBlock

A

< §? cmn:generation
f? cmnyear

xsunsignedByte

xs:unsignedShort

<> representationBlocks

=
i
»

ISO/IEC 39794-17:2021(E)

<> representationld
<% imageRepresentationBlock

xsiunsignedByte

%¢|Bl| <> imageRepresentation2DBlock ~ ~ r<\ ’
E <> representahonDalaZDAQk!nng ]

v

<> captureDateTimeBlock A ‘bkb ‘
< g> cmnyear xsusigrEdShort
f?> cmn:month C}\msignedsyte
g cmnday s\\ xsunsignedByte
g amn: Q) xsunsignedByte
g ) xsunsignedByte
g @ xsunsignedByte
ﬁ}@mmﬂlisemnd xsunsignedShort

e ' '
C[H| <> representaig‘ogﬁi 1.9 ~
< &\r:prsentaﬁon]d xsunsignedByte

<% imageRepresentationBlock

A

< <> imageRepresentation2DBlock A

<2 representationData2D

xsstring ]

<> captureDateTimeBlock

A

g? cmnyear
§? cmn:month
§> cmnday
§? cmn:hour
g2 cmnminute
f?> cmnsecond

xs:unsignedShort
xsunsignedByte
xsunsignedByte
xssunsignedByte
xsunsignedByte
xsunsignedByte

ignedShort

Figure B.7 — XML JPEG gait image sequence repeating structure

Note that the sessionld is not used if the representationld contains both the session identification and
the representation identification information.
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B.2.4 XML encoding example using MPEG-4

MPEG-4 is one of the most common video formats available in digital cameras. The following example
shows the minimum recommended data content for a gait MPEG-4 XML file.

<?xml version="1.0" encoding="utf-8"?>
<!-- 39794-16 typical with image sample -->
<bim:bodyImageData xmlns:cmn="https://standards.iso.org/iso-iec/39794/-1"
xmlns: fac="https://standards.iso.org/iso-iec/39794/-5" xmlns:bim="https://standards.iso.
org/iso-iec/39794/-16">
<bim:yexrsiconBlock
<cmn:generation>3</cmn:generation>
<cmn:year>2019</cmn:year>
</bif:versionBlock>
<bimjrepresentationBlocks>
<bim:representationBlock>
bim:representationId>1</bim:representationId>
bim:imageRepresentationBlock>
<bim:representation>
<bim:imageRepresentation2DBlock>
<!--Gait mpeg4 video data in base64Binary sample value is 00H~—>
<bim:representationData2D>AA==</bim:representationData2D>
<bim:captureDevice2DBlock>
<bim:captureDeviceTechnology>
<bim:code>

<bim:¢{ideoFrameFromDigitalVideoCamera>6</bim:videoFrameFromDigitalVideoCamera>
</bim:code>
</bim:captureDeviceTechnology>
</bim:captureDevice2DBlock>
<bim:imageInformation2DBlock>
<bim:imageDataFormat>
<bim:code>
<bim:mpegd>8</bim:mpegd>
</bim:code>
</bim:imageDataFormat>
<bim:imageKind2D>
<bim:code>
<bim:gait2D>5</bim:gaitlD>
</bim:code>
</bim:imageKind2D>
</bim:imageInformation2bBlock>
</bim:imageRepresentation2DBlock>
</bim:representation>
/bim:imageRepresentatiohBlock>
bim:captureDateTimeBlock>
<cmn:year>2020</cmn: year>
<cmn:month>8</&mA :month>
<cmn:day>18s/Cmn : day>
<cmn:hour>42¢/cmn:hour>
<cmn:mingfe>51</cmn:minute>
<cmn:s€eond>18</cmn: second>
<cmnemi¥lisecond>778</cmn:millisecond>
/bimteaptureDateTimeBlock>
</BimTxepresentationBlock>
</binf:fepresentationBlocks>
</bim:bodyImageData>

In Figure B.8, MPEG-4 gait image sequence XML elements are highlighted.
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b
@ £ versionBlock cmn:VersionBlockType
g 49 representationBlocks  RepresentationBlocksType &
g representationBlock [1.]  RepresentationBlockType A ]_
= &4 €9 representationld xsunsignedint
gj é’ €9 imageRepresentationBlock [0.1]  ImageRepresentationBlockType &
%—rl 8 @ ImageRepresentationBaseBlockType A ]_
* g 3 imageRepresentation2DBlock imageRepresentation2DBiockType = |
? % g -151 €9 representationData2D xsibase64Binary '\
:%.' E i;;ﬂ €9 captureDevice2DBlock [0.1] CaptureDevice2DBiockType & | L
i g g @ || ¢ captureWavelengthRangeBlock [0.1]  CaptureWavelengtRapgeBlockTipe ¥
& % £ |8 | ¢ captureDeviceTechnology [0.1] TechnologyldT{pe ¥
;; % F [ <> extensionBlock 1.1 7 ExtensionBiockiipe ¥
° % € imagelnformation2DBlock [0.1]  Imagelnformation20k 2 [
% ‘_i': m €% imageDataFormat ()50 ImageDataFormafType ¥
é 2 | €% imageKind2D [0.1] C) ImageKind2Type ¥
% €% postAcquisitionProcessin 1 PostAcquisitionProcessingBlockType ¥
3 £ lossyTransformationA [0.1) facLossyTransformationAttempt{Type
§" 4% cameraToSubj e [0.1] facCameraToSubjectDistanceType
g 4% sensorDiagopalN0-1] fac:SensorDiagonaf Type
% <> lens%ngtﬁ [0.1] faclensFocallengtType
ﬁ <> @mm [0.1) facimageSizeBlockType
()\\sa plingRateBlock [0.1) SamplingRateBlockType ¥
mageColourSpace [0.1] facimageColourSpacgType
€9 referenceColourMappingBlock [0.1]  facReferenceColourMappingBlocType
4% jpegExif (0.1) xs! nary
€9 forensicFindingsBlock [0.1] ForensicFindingsBlocType ¥
4% extensionBlock [0.1) ExtensionBlocType ¥
€9 extensionBlock [0.1] ExtensionBlockType ¥ [
4% shapeRepresentation3DBlock  facShapeRepresentation3DBlockType [
e
<> %u‘e[fauenmeslodc [0.11 cmn:CaptureDateTimeBlockType
(@ ityBlocks [0.1) emn:QualityBlocksType
4% padDataBlock [0.1) «cmn:PADDataBlockType
%9 sessionld [0.1] xsunsignedint
4% derivedFrom [0.1] xsunsignedint
4% captureDeviceBlock [0-1) facCaptureDeviceBlockType
€9 bodyPartNumber [0.1] xsunsignedint
€9 poseAngleBlock [0.1] fac:PoseAngleBlockType
49 landmarkBlocks [0.1) LandmarkBlocksType ¥
A €% extensionBlock [0.1] ExtensionBlockType ¥
~ N 2
'O €% extensionBlock [0.1] ExtensionBlockType ¥ I—
]
Figure B.8 — XML MPEG-4 gait image sequence structure
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son, the video transmission path can look different from the one shown in Figure C.1.
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Figure C.1 — Video image measurement access points.

Video image measurements can be taken at several access points. Access point (1) shown in Figure C.1
should be used for measurements covered in this document.
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In video surveillance applications, the probe images coming from the video cameras rarely meet all
of the criteria set for the reference images. However, by controlling the image quality factors where
possible, probe image quality is optimized. Image quality factors are affected by the video camera
sensor and lens. These quality factors include resolution, noise (total, fixed pattern, and dynamic),
dynamic range, exposure uniformity (vignetting) and colour quality. Lens distortion is the deformation
of the image due to straight lines in the test target rendered as curved lines in the image from the
camera. Lens distortion correction post-processing lowers the resolution of the image.

The measurements described in ISO/IEC 30137-1 are suitable for installation adjustment, calibration
Aottt e e PO P oSt s to e e A e e et v o suryetHareesystermsAdmg stment
formant

n biometrics is performed to set the camera and illumination so that images taken are eoh

vith the relevant specifications, for example.

[he gait image sequence enrolment studio camera performance measurements idescribed|in this
locument have been designed to be performed at moderate cost with moderately skilled operatgrs. The
fests do not require expensive or highly specialized equipment. They generallyiinvolve photographing
standard targets under controlled lighting conditions and then analysing the resulting images on a
fomputer.

ait image sequences are processed to show either the subject’s outlines’or body landmark pgints. In
bractice, low resolution video frames contain enough information. for the processing. However, good
breyscale and colour fidelity help in the processing e.g. to remove baekground or find landmark points. If
ipper body movement recognition is in use, then it is advised tofollow ISO/IEC 39794-16 measyrement
requirements.

(.2 Biometric capturing environment checking

.2.1 General

[he biometric capturing environment should be as stable as possible regarding the lighting and
packground. Basic checks for the camerashould be performed before taking any video or a s¢quence
pf still images for the measurements ‘described in this document. Camera lens and protectiye front
vindow cleaning should be carried-out as a preparation for the measurements. Clean the pr{tective

lvindow on both sides. Clean thecamera lens only if it is necessary, i.e. fingerprints on the lens gr heavy
Just on the lens surface. Lens cleaning paper tissues are a safe and inexpensive option for clearing the
Camera lens.

C.2.2 Lighting checking

bubject and Scené\lighting: Lighting shall be equally distributed on the subject. There shall be no
bignificant direction of the light from the point of view of the photographer.

[he light falling onto (i.e. illuminating) and spreading over the subject is measured on several spots
bn the subject’s body using a lux meter. The minimum illuminance value should be higher than 50 % of
'he maximum measured value. The measurements should be repeated on various spots on the walking
path:

Hot spots and specular reflections: Hot spots (i.e. bright regions that result from light shining directly
on subject) shall be absent. A single bare “point” light source like a camera mounted light is not
acceptable for imaging. Instead, the illumination should be accomplished using other methods that meet
the requirements specified in this subclause. Lighting artefacts can typically be avoided by increasing
the angle between the lighting, subject and camera to 45°.

No unnatural colour: Colour photographs should use colour-balancing techniques such as continuous
spectrum daylight illuminant. In demanding application imaging, fidelity[ll is determined by calculating
and comparing the image CIE L*a*b*[2] Chroma tone values with the colour chart tone values as
described in ISO/IEC 39794-16.

© ISO/IEC 2021 - All rights reserved 43


https://standardsiso.com/api/?name=f416daf90ae7d0f8f66f200ff0f28893

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Abbreviated terms
	5 Conformance
	6 Modality specific information
	6.1 Purpose
	6.2 Practices
	6.3 Data models for gait recognition
	6.3.1 General
	6.3.2 Model-based methods
	6.3.3 Appearance-based methods
	6.4 Data flow of gait recognition
	6.5 Body tree concept for gait
	6.6 Camera image sequence requirements
	6.7 Gait recognition recordings
	6.7.1 General
	6.7.2 Gait and upper body movement image encoding
	6.7.3 Gait and upper body camera image resolutions
	6.8 Gait modality
	6.8.1 General
	6.8.2 Gait silhouette
	6.8.3 Surveillance systems
	6.9 Upper body movement modality
	6.9.1 General
	6.9.2 Face Features Motion (FFM)
	6.9.3 Head movement recognition
	6.9.4 Head Movements Static Body (HMS)
	6.9.5 Head Movements Dynamic Body (HMD)
	6.9.6 Hands movement
	7 Profile-specific information
	7.1 Purpose
	7.1.1 General
	7.1.2 Gait representations
	7.1.3 Scene requirements
	7.2 2D gait image sequence profile
	7.2.1 General
	7.2.2 Gait image sequence representation profile requirements
	7.2.3 Post-acquisition processing
	7.2.4 Neural network training and testing
	7.3 UBM 2D upper body movement profile
	8 Encoding
	8.1 Tagged binary encoding
	8.2 XML encoding
	9 Registered BDB format identifiers
	Annex A (informative)  Conditions for capturing
	Annex B (informative)  Encoding examples
	Annex C (informative)  Image sequence acquisition measurements
	Bibliography

