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Foreword

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

ISO/IEC 15938 (all parts), also known as "Multimedia content description interface", provides a
standardized set of technologies for describing multimedia content. It addresses a broad spectrum of
multimedia applications and requirements by providing a metadata system for describing the features
of multimedia content.

The following are specified in this ISO/IEC 15938 (all parts):

Description schemes (DS) describe entities or relationships pertaining to multimedia content.

Des(_‘ripfinn schemes Cpnr‘ify the structure and semantics oftheir anpnnnhfc’ which may be. description

schemes, descriptors or datatypes.

Desg¢riptors (D) describe features, attributes or groups of attributes of multimedia content.
Datatypes are the basic reusable datatypes employed by description schemes and descriptprs.

Des¢ription definition language (DDL) defines description schemes, déeseriptors and dptatypes by
specdifying their syntax, and allows their extension.

Systems tools support delivery of descriptions, multiplexing of descriptions with multimedia content,
syndhronization, file format, etc.

The [SO/IEC 15938 series is subdivided into 15 published parts-with further parts in develgpment:

— Part 1: Systems: specifies the tools for preparing descriptions for efficient transport and storage,
Compressing descriptions, and allowing synchronization between content and descriptjions.

— Part 2: Description definition language; specifies the language for defining the deries set of
escription tools (DSs, Ds and datatypes) and for defining new description tools.

— Part 3: Visual: specifies the description‘tools pertaining to visual content.
— Part 4: Audio: specifies the description tools pertaining to audio content.

— Part 5: Multimedia description schemes: specifies the generic description tools pertaining to
multimedia including audiofand visual content.

— Part 6: Reference software: provides a software implementation of the series.

— Part 7: Conformance testing: specifies the guidelines and procedures for testing conformance of
mplementationsof the series.

— Part 8: Extraction and use of MPEG-7 descriptions: provides guidelines and examples of the
extraction’and use of descriptions.

— Part9: Profiles and levels: provides guidelines and standard profiles.

— Part 10: Schema definition: specifies the schema using description definition language.
— Part 11: MPEG-7 profile schemas: listing of profile schemas using description definition language.
— Part 12: Query format: contains the tools of the MPEG query format (MPQF).

— Part 13: Compact descriptors for visual search: specifies an image description tool for visual
search applications.

— Part 14: Reference software, conformance and usage guidelines for compact descriptors for
visual search: provides the reference software and guidelines, specifies the conformance testing.

— Part 15: Compact descriptors for video analysis (this document): specifies a video description
tool designed to enable efficient and interoperable video analysis applications, allowing visual
content matching in videos.

© ISO/IEC 2019 - All rights reserved v
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The structu

re of this document is as follows:

CDVA descriptor.

Clause 6 specifies the extraction and encoding process for a CDVA descriptor.

Clause 5 specifies the binary representation syntax and descriptor component semantics for a

Annex A specifies recommended values for the parameters of the encoding process of Clause 6.

Annex B specifies parameters and a neural network model of the deep feature extraction process.

The International Organization for Standardization (ISO) and International Electrotechnical

Commission (IEC) draw attention to the fact that it is claimed that compliance with this document|may
involve the pise of a patent.

ISO and IE( take no position concerning the evidence, validity and scope of this patent 'fight.| The
holder of tHis patent right has assured ISO and IEC that he/she is willing to negotiatelicences under
reasonable Aind non-discriminatory terms and conditions with applicants throughoutthe world. If] this
respect, thelstatement of the holder of this patent right is registered with ISO and. IEC. Information|may
be obtained from:

Joanneum Research Forschungagesellshaft mbH

Leonhardstfasse 59

8010 Graz, pustria

Attention ig drawn to the possibility that some of the elemerts)of this document may be the subjdct of
patent rightfs other than those identified above. ISO and IEC shall not be held responsible for identifying
any or all sych patent rights.
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Information technology — Multimedia content description
interface —

Part 15:
Compact descriptors for video analysis

1

This
cont
obje

hcope

document addresses descriptor technology for search and retrieval applications, i.¢
bnt matching in video. Visual content matching includes matching of views of larg
Cts and scenes, with robustness to partial occlusions as well as change§’in’ vantage pc¢

b, for visual
b and small
int, camera

parameters and lighting conditions. The objects of interest comprise planar or non-plagar, rigid or

part
faces
Such
and

(e.g.
Com

This
1SO/

2

The
refer
docy

ISO/
Com

ally rigid, textured or partially textured objects, but exclude the‘identification of
. The databases can be large, for example broadcast archives er\videos available on f
applications thus require video descriptors that enable matehing with smaller desc
shorter runtimes as compared to application enabled by'‘single-frame (still image)
CVDS, ISO/IEC 15938-13) in the video domain.

pact descriptors for video analysis for search and retrieval applications:

enable design of interoperable object instance séarch applications;

minimize the size of video descriptors;

ensure high matching performances of ‘ebjects (in terms of accuracy and complexity);
bnable efficient implementation of those functionalities on professional or embedded s}

document provides a complementary tool to the suite of existing standard
[EC 15938-13.

Normative references

following referénced documents are indispensable for the application of this documen
ences, only.the edition cited applies. For undated references, the latest edition of thg
ment (including any amendments) applies.

[EC 15938-13:2015, Information technology — Multimedia content description interface
bact descriptors for visual search

people and
he internet.
riptor sizes
descriptors

ystems.

s, such as

t. For dated
referenced

— Part 13:

Neural Network Exchange Format, The Khronos Group, Version 1.0, Revision 3, 2018-06-13.

RFC

3986, Uniform Resource Identifier (URI): Generic Syntax, Jan. 2005.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

© ISO/IEC 2019 - All rights reserved
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3.1

image descriptor
descriptor extracted from a single key frame (3.6) sampled from the input video (3.8), which contains
global descriptor (3.2), local feature descriptor (3.3) and deep feature descriptor (3.4)

Note 1 to ent

3.2

ry: Image descriptors are encoded as described in Clause 6.

global descriptor
aggregation of local feature descriptors into a compact representation of the image (3.5)

Note 1 to en

ard The aggrclgah'nn isas describedin subclause 6.1 2

3.3

local featuy
descriptor
detection s
transforma

Note 1 to ent]

3.4
deep featu
feature des

Note 1 to ent]

3.5
image

input key frgme (3.6) to the image descriptor (3.1) encoder

Note 1 to ent

3.6
key frame

frame extracted from the input video segment (3.7) by the frame difference process of colour histog

Note 1 to ent]

3.7
input videg
time range

3.8
input videg
image sequ
CDVA extra

‘e descriptor

pf a local region, extracted around an interest point (a point in an image, (3\5) sho
ability under local and global perturbations in the image domain, including perspe
ions, changes in image scale, and illumination variations)

ry: The extraction is as described in subclause 6.1.3.
‘e descriptor
riptor extracted from a layer of a trained convolutional néural network

ry: The extraction is as described in subclause 6.1.4.

ry: The image is as described in Clause 6.

ry: The extraction is as desctibed in subclause 6.2.

segment
temporal segment) of a video and from which a descriptor is extracted

bnce to-be processed by the system containing a number of input video segment(s) (3.
Ction.process

ving
Ctive

ram

/) to

Note 1 to ent

39

ry: Input video 1s as described 1n Clause 6.

segment descriptor
descriptor extracted from the sampled key frames (3.6) of an input video segment (3.7)

Note 1 to entry: Segment descriptors are encoded as described in Clause 6. They are contructed from the image
descriptors (3.1) of the sampled key frames of the input video segment.

3.10

representative frame
frame of an input video segment (3.7) for which an uncompressed descriptor is represented and which is
used as the basis for differential encoding
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pixel
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indexable element on an integer grid of the original image or the converted image, comprising spatial
coordinates, a luminance value and (optional) chrominance values

4 Abbreviated terms, operators, mnemonics, functions and symbols

4.1 General

The mathematical symbols used in this document are similar to those used in the C programming

langlage. However, integer divisions with truncation and rounding are specifically defined
and founting loops generally begin with zero.

4.2 | Abbreviated terms

ABALC
CDVA
CDV}
CNN
MPEG-7
NIP
NN

NNEF

PCA
RGB
ROI

SCFY
URI

XOR

adaptive binary arithmetic coding

compact descriptors for visual analysis as defined by this document
compact descriptors for visual search as defined\by ISO/IEC 15938-13
convolutional neural network

ISO/IEC 15938 (all parts)

nested invariance pooling

neural network

neural network exchangeformat as defined by the Khronos specificatioy
in Clause 2

principal compofient analysis

red-green-blue colour space

region of interest

sealable compressed fisher vector

uniform resource identifier as defined by RFC 3986

binary exclusive OR operation

Numbering

| referenced

4.3 | ‘Arithmetic operators

addition

subtraction (as a binary operator) or negation (as a unary operator)
increment, i.e. x++ is equivalent to x = x+1

decrement, i.e. x-- is equivalent to x = x-1

multiplication

multiplication

© ISO/IEC 2019 - All rights reserved
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/!

%
ceil

sqrt

4.4

power

integer division with truncation of the result towards zero

For example, 7/4 and -7/-4 are truncated to 1, and -7/4 and 7/-4 are truncated to -1

integer division with rounding to the nearest integer; half-integer values are round-
ed away from zero unless otherwise specified

For example, 3//2 is rounded to 2, and -3//2 is rounded to -2.

indicates division in mathematical equations where no rounding is intended

modulus operator, defined only for positive numbers
minimum integer number greater than or equal to the given floating pointnumper

square root

Logidal operators

logical OR
logical AND
logical NOT

bit-wise difference (XOR) operator

Relational operators

greater than

greater than or equal to
greater than or equalto
less than

less than pryjequal to
less than or equal to
équal to

not equal to

Bitwise operators

OR
AND

Interval specification

inclusive range fromatob

© ISO/IEC 2019 - All rights reserved
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4.8 Mnemonics

The following mnemonics are defined to describe the different data types used in the coded bitstream.

bslbf bit string, left bit first, where “left” is the order in which bits are written in this
document
Bit strings are generally written as a string of 1s and 0s within single quote marks,
e.g. 1000 0007’ Blanks within a bit string are for ease of reading and have no sig-
nificance. For convenience, large strings are occasionally written in hexadecimal, in
which case conversion to a binary in the conventional manner will yield the value of
the bitstring-Thus; theteftmosttrexadecmmatdigit s firstamdimreactrhexadecimal
digit the most significant of the four digits is first.

uimgbf unsigned integer, most significant bit first

viclbf variable length code, left bit first, where “left” refers to themrder in whi¢h the VLC
codes are written in this document
The byte order of multibyte words is most significantbyte first.

4.9 | Functions

arg:]:axi() maximum value in argument list

argnin;() minimum value in argument list

8g distance function for global descriptors

) distance function for local descriptors

zi<bf(i) summation of f(i) withi*taking integer values from a up to, but not inclufling b

iqa

LO nprm 1(a!=0)

LO(x,y)=|x=y|,= > .0(x;—Yy;),where 6 (a)=
( ) ” ”O 21 ( 1 1) ( ) O(CIZO)
L1 nprm - -
i Ll(X'Y)—||X—Y||1—2,-|Xi‘yi|

L2 nprm 2
LZ(X.Y)=||X—)’||2 =5qrt(zi(xi -yi) )

Eucljdean distance 2
D(X'J’):Sqrt(zi(xi - i) )

hist(€) histogram of image I for colour channel C

4.10 Symbols

B

selection priority of local feature

number of channels of feature map (dimension of descriptor extracted from CNN)
deep feature descriptor for frame k
binarized deep feature descriptor for frame k

feature vector of local descriptor

© ISO/IEC 2019 - All rights reserved 5
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G set of global descriptors
Gy, global descriptor of frame k
Yk result of pooling operation for feature map for frame k
h feature map height
I RGB image of frame k
k key frame index
m feature map index
ny mber of key frames in a video segment
N :[mber of local descriptors of frame k
1
n. mber of rotation transformations
ng :[mber of scale transformations
p representative frame of video segment
P, Dy D; Slatistical moment for pooling operation
P, sfale invariance pooling
p. rptation invariance pooling
P, translation invariance pooling
q guantization function
Lk set of local descriptors of frame:k
L list of local feature descriptors of a video segment
[k it local descriptor of frame k
1
0, threshold for lpcaldescriptor distance
w feature mapwidth
X hlorizontal image coordinate
y vertical image coordinate

5 CDVA bitstream syntax
5.1 CDVA descriptor

5.1.1 Binary representation syntax

CDVADescriptor { Number of bits Mnemonics
CDVAHeader >80 vlclbf

for (i=0; i<NrSegments; i++) {

6 © ISO/IEC 2019 - All rights reserved
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CDVADescriptor { Number of bits Mnemonics
SegmentHeader 136 bslbf
GlobalDescriptor 240 viclbf
if (LocalFeatureDescriptorPresent) {

LocalDescriptor 21 viclbf
LocalDescriptorLocations =1 viclbf
}

if (DeepFeatureDescriptorPresent) {

DeoaanEaaturaDacerintar >1 ule bf
L= preatresesSeHpeoet Ve

5.1.2 Descriptor component semantics
CDVAHeader

A bjtstream header as defined in subclause 5.2. It also centains information whether the
corrgsponding descriptior components are present, i.e. it defines LocalFeatureDescriptorPresent and
DeepFeatureDescriptorPresent.

NrSegments
Numpber of the segments in the input video.
SegmentHeader

Header for each segment as defined in subclause 5.3. The segment header contains the size ¢f the rest of
the Jegment description. The segments heéader contains size fields.

GlohalDescriptor

As dgfined in subclause 5.4.
LocglDescriptor

As dgfined in subclause 5:5.
LocglDescriptorLocations
As defined in-subclause 5.5.3.

DeepFeatureDescriptor

As defined in subclanse 5 6

5.2 CDVA header

5.2.1 Binary representation syntax

CDVAHeader { Number of bits Mnemonics
VersionlD 4 bslbf
ExtractionParams {

skip 4 uimsbf
kfTh 8 uimsbf
segTh 8 uimsbf

© ISO/IEC 2019 - All rights reserved 7
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CDVAHeader { Number of bits Mnemonics
verTh 8 uimsbf
minLocalDiff 8 uimsbf
CDVSModelD 3 uimsbf
Reserved5Bits 5

}
LocalFeatureDescriptorPresent 1 bslbf
DeepFeatureDescriptorPresent 1 bslbf
[sDefay NN 1 bslbf
IsDeepFeatureDescriptorBinarized 1 bslbf
Reservpd4Bits 4
if (DeepFeatureDescriptorPresent AND IsDefaultNN>0) {
NNUri >=8 viclbf
NNFormat bslbf
D¢epFvDim 16 uimsbf
}
OriginglPictureWidth 16 uimsbf
OriginglPictureHeight 16 uimsbf
if (LocglFeatureDescriptorPresent) {
HistogramMapSizeX 16 uimsbf
HistogramMapSizeY 16 uimsbf
}

}

5.2.2 Deqcriptor component semantics

The header fis included once for each file orstream, at the beginning of the CDVA descriptor bitstreapm.

VersionID

The version
Extraction

Extraction

skipNum

Params

kfTh

number of the CDVA descriptor (1 for the version specified in this document).

parameters_ihclude all free parameters for extraction that are not predefined to en
interoperaljility. Thisgetincludes the parameters for all descriptors supported by CDVA.

Number of frames to be skipped after a sampled frame.

Threshold (colour histogram) for selecting key frames. [0.00;2.55], represented as

segTh

verTh

minLocalD

CDVSModelD

unsigned integer kfTh*100.

Threshold (colour histogram) for segment candidates. [0.0;2.55], represented as

unsigned integer segTh*100.

Threshold (SCFV) for verifying segment candidates [0;255]

iff  The minimum local difference (in terms of elements) between local descriptors to be

encoded. [0;255]

Reserved5Bits To be skipped by the parser.

© ISO/IEC 2019 - All rights reserved
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Indication of whether local feature descriptors are present for each of the segments. If
LocalFeatureDescriptorPresent is set to 1, local feature descriptors are present for each segment, if
LocalFeatureDescriptorPresent is set to 0, no local feature descriptors are present.

DeepFeatureDescriptorPresent

Indication of whether deep feature descriptors are present for each of the segments. If
DeepFeatureDescriptorPresent is set to 1, deep feature descriptors are present for each segment, if
DeepFeatureDescriptorPresent is set to 0, no deep feature descriptors are present.

IsDdfaultNN

Indi

IsDe

IsDe

IsDe

Indig
1) o

Resd
Tob
NNU

Iden
be u

ation of whether custom NN identification is present as follows:

faultNN == 0 The neural network specified in Annex B.

faultNN == 1 Another neural network, e.g., a variant of Annex B withdifferent quantiz
layers, or alternative network. In this case, the three components NNUri,
and DeepFvDim are provided.

epFeatureDescriptorBinarized

ation of whether deep feature descriptors are binarized (IsDeepFeatureDescriptorBin:
not (IsDeepFeatureDescriptorBinarized set to 0).

rved4Bits
e skipped by the parser.
ri

fifier (URI) of the trained neural network used for deep feature descriptor extractio
sed for quantized versions of the\default network, as well as for any other network

htion of
NNFormat

irized set to

. This is to
The URI is

provlided as a 0 terminated string with 8 bit characters. The URI serves as an identifier for thie particular

netiork instance, and it is recommended to provide the network definition at this location
of the network definition shalleonform to the format specified in NNFormat.

NNF
The

NNF
NNF

othe]

prmat

format used forrepresenting the neural network referenced by NNUTri.
prmat == LS. NNEF

prmat ==-0 ... custom format

r valites reserved for future use

The format

DeepFvDim

Dimension of deep feature vector, i.e. size of the binarized feature vector resulting from the neural
network evaluation (512 for the neural network defined in Annex B).

OriginalPictureWidth

Inpu

t frame width in pixels.

OriginalPictureHeight

Inpu

t frame height in pixels.

© ISO/IEC 2019 - All rights reserved
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LocalFeatureDescriptorPresent

This descriptor component specifies whether a relevance bit for each compressed local feature
descriptor is present in the bitstream. If LocalFeatureDescriptorPresent is equal to 1 then the relevance
bits are present in the bitstream, and if LocalFeatureDescriptorPresent is equal to 0 then the relevance
bits are not present in the bitstream. More details are provided in subclause 5.5.

HistogramMapSizeX

Spatial resolution of the histogram for coordinate coding (see subclause 5.5.3).

HistogramMapSizeY

Spatial resoflution of the histogram for coordinate coding (see subclause 5.5.3).
5.3 Segment header

5.3.1 General

The segmenjt header is included once per segment, preceding the encoded descriptors of the segrent.
At least one|segment shall be present in the bitstream.

5.3.2 Binary representation syntax

SegmentHeader { Number of bits Mnemonigs
IsValidptartTime 1 bslbf
IsValidEndTime 1 bslbf
IsBufferSizeValid 1 bslbf
Reservpd5Bits 5
StartTime 24 uimsbf
EndTirlle 24 uimsbf
GloballescSize 24 uimsbf
LocalDpscSize 24 uimsbf
DeepFdatureDescSize 24 uimsbf
NrFranmes 8 uimsbf

}

5.3.3 Deqcriptor component semantics

IsValidStantTime

This descrigtdrcomponent specifies whether the start time is valid in the bit stream. If [sValidStartTime
isequal to 1 e iek i e e valid
in the bitstream.

IsValidEndTime

This descriptor component specifies whether the end time is valid in the bit stream. If IsValidEndTime
is equal to 1 then the end time is valid. If IsValidEndTime is equal to O then the end time is not valid in
the bitstream.

IsBufferSizeValid

This descriptor component specifies whether the buffer size is valid in the bit stream. If IsBufferSizeValid
is equal to 1 then the buffer sizes are valid. If IsBufferSizeValid is equal to 0 then the buffer size is not
valid in the bitstream.

10 © ISO/IEC 2019 - All rights reserved
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Reserved5Bits

To be skipped by the parser.

StartTime

Segment start time in the input video in milliseconds.
EndTime

Segment end time in the input video in milliseconds.

GlohaiDescSize

Encdded size in bytes of the global descriptor buffer, including the descriptor of the, representative
frane and the difference descriptors.

Loc3alDescSize

Encdded size in bytes of the local descriptor buffer, including the descripter.of the representative frame
and the difference descriptors. Set to 0, if the local descriptor is not included.

DeepFeatureDescSize

Encdded size in bytes of the deep feature descriptor buffer. Setto-0, if the deep feature descfiptor is not
inclyded.

NrFrames

Numpber of key frames of the segment retained for.encoding [1;255].
5.4 | Global descriptor

5.4.1 Binary representation syntax

GlohalDescriptor { Number of bits Mnemonics
GlobalHasBitSelection 1 bslpf
GlobalHasVariance 1 bslbf
Reserved6Bits 6
GlobalRefDescSize 16 uimsbf
EncodedRefDescriptor 8*GlobalRefDescSize |vic]bf
RpwGlobalDiffDescSize 24 uimsbf
EncodedDiffDescriptor 8*(GlobalDiffDesc-  |vic]bf

Size - GlobalRef-
DescSize)
}

5.4.2 Descriptor component semantics

GlobalHasBitSelection

This descriptor component specifies whether the bit selection is present in the bit stream. If
GlobalHasBitSelection is equal to 1 then it uses bit selection. If GlobalHasBitSelection is eqaual to 0 then
the bit selection is not present in the bitstream.

© ISO/IEC 2019 - All rights reserved 11
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GlobalHasVariance

This descriptor component specifies whether the variance is present in the bit stream. If
GlobalHasVariance is equal to 1 then it includes variance. If GlobalHasVariance is equal to 0 then the
variance is not present in the bitstream.

Reserved6Bits

To be skipped by the parser.

RawGlobalRefDescSize

The uncompressed size (in bytes) of the binarized global descriptor of the representative frame.o
segment, refuired for the termination of ABAC decoding.

EncodedRdfDescriptor

The ABAC [encoded block formed from the sequence of the binarized global desScriptor of
representatfive frame of the segment. Bit stuffing is used to fill the block to the nextbyte boundary
bits having the value 0.

RawGlobalPpiffDescSize

The uncom
global desci
termination

EncodedDi

The ABACe
the segmen
the next by

ressed size (in bytes) of the block formed from the sequende of binarized differences g
iptors of the segment for the frames other than the repreSéntative frame, required fo
of ABAC decoding.

ffDescriptor

hcoded block formed from the sequence of binarized differences of the global descripta
F for the frames other than the representative’ frame. Bit stuffing is used to fill the blo
e boundary with bits having the value 0,

f the

the
with

f the
I the

rs of
rk to

5.5 Local descriptor
5.5.1 General
The local dgscriptor is optional.
5.5.2 Lodal feature descriptor
5.5.2.1 Binary representation syntax
LocalDescrjptor { Number of bits Mnemonigs
HasRelevinceBits 1 bslbf
ReservedlBits 7
for (i=0; i<NrFrames; i++) {
NrLocalDesc[i] 16 uimsbf
}
TotalNrLocalDesc 16 uimsbf
for (i=0; i<TotalNrLocalDesc; i++) {
if (ixNrLocalDesc[0]) {
Constantl 1 bslbf
AbsFeatureldx 14 bslbf
}
else {

12
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LocalDescriptor { Number of bits Mnemonics
if (FeatureSkipped[i]) {
Constantl 1 bslbf
AbsFeatureldx 14 bslbf
}
else
Constant0 1 bslbf
}
}
}
RawLocalDescSize 24 uimsbf
EncodedDescriptor 8*LocalDescSize viclbf
}
The ABAC encoded block is formed from the sequence of binarized local descriptors of the|segment. In
partjcular, the following syntax elements defined in ISO/IEC 15938-13:2015 subclause 4.1 gre included
for epch descriptor:
Enc¢dedDescriptor { Number of bits Mnenjonics
for(k=0; k<NumberOfLocalDescriptors; k++) {
for(n=0; n<(4*NumberOfElementGroups); n++) {
LocalDescriptorElements[Kk][n] 1-2 viclbf
}
}
if{HasRelevanceBits) {
for(k=0; k<NumberOfLocalDescriptors;k++)
RelevanceBits[k] 1 bslbf
}
}
}
Bit stuffing is used to fill-the block to the next byte boundary with bits having the value 0.
5.5.2.2 Descriptor component semantics
The [number and order of frames shall be consistent between the specification of the[ number of
descriptors;the descriptor index and the location histograms.
HasRelevanceBits

This descriptor component specifies whether relevance bits are present in the bit stream. If
HasRelevanceBits is equal to 1, then relevance bits are present (relevance information of local

desc

riptors as defined by CDVS).

Reserved7Bits

To be skipped by the parser.

NrFrames

Number of key frames in the input video.

© ISO/IEC 2019 - All rights reserved
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NrLocalDesc[i]
Number of local descriptors in frame i, starting with the representative frame.

TotalNrLocalDesc

Total number of independently encoded local descriptors in the input video, ny < 2 ?_"Onlk [1] , Where np

is the value of TotalNrLocalDesc, n/[i] is the value of NrLocalDesc[i], and n, is the number of key frames
of the segment.

Constantl
Bit set to 1 o indicate that absolute feature index will follow.
AbsFeatureldx

Absolute logal feature index.

FeatureSKkipped]i]

The conditipn is true if the ith local feature is skipped because it is too sitnildr to an already encpded
one, and falge otherwise.

Constant0

Bit set to O [to indicate that the feature index will be incremented by 1. This is the case if no featlures
have been skipped at this position, and the feature list is encdded incrementally.

RawLocalDescSize

The uncomjpressed size (in bytes) of the block formed{rom the sequence of binarized local descriptors
of the segment, required for the termination of ABAE decoding.

5.5.3 Loaal descriptor locations

5.5.3.1 General

The local dgscriptor block contains the encoded coordinates of the local feature locations in each df the
frames of tHe segment.

5.5.3.2 Binary representation syntax

LocalDescrjptorLogcations { Number of bits Mnemonigs

HistogtamBufferSize 24 uimsbf

for (i=(;igNtFrames; i++) {
CoordHisto[i] 8*FrameHistogramBufferSize[i] bslbf

}

Encoded coordinate histogram for frame i as defined by CDVS. FrameHistogramBufferSize[i] is
the size of the encoded histogram buffer for frame i. The following syntax elements defined in
ISO/IEC 15938-13:2015, subclause 4.1 are included for each frame:

HistogramCount (arithmetically coded block) =1 vlclbf
HistogramMap (arithmetically coded block) >1 viclbf
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5.5.3.3 Descriptor component semantics
HistogramBufferSize

Size of the encoded histogram buffer in bytes.
NrFrames

Number of key frames in the input video.

5.6 Deep feature descriptor

5.6.1 Binary representation syntax

DeepFeatureDescriptor { Number of bits Mnemonics
DeepRefDescSize 16 uimsbf
EncodedRefDescriptor 8*DeepRefDescSize viclbf
RawDeepDiffDescSize 24 uimsbf
EncodedDiffDescriptor 8*(DeepFeatureDesc- viclbf

Size - DeepRefDescSize)

}

5.6.2 Descriptor component semantics
RawDeepRefDescSize

The pncompressed size (in bytes) of the binarizedydeep feature descriptor of the represenfative frame
of tl-:r segment, required for the termination of ABAC decoding.

EncgdedRefDescriptor

The [ABAC encoded block formed from*the sequence of the binarized deep feature descrjiptor of the
representative frame of the segment.Bit stuffing is used to fill the block to the next byte boundary with
bits having the value 0.

RawDeepDiffDescSize

The jincompressed size{in bytes) of the block formed from the sequence of binarized differfences of the
deeq feature descriptors of the segment for the frames other than the representative franpe, required
for the termination of ABAC decoding.

Enc¢dedDiffDescriptor

The |ABACyencoded block formed from the sequence of binarized differences of the deep feature
descriptors of the segment for the frames other than the representative frame. Bit stuffing i used to fill
the blocktotheextbyte boundary with bitsraving the vatue -

6 CDVA descriptor
6.1 Components

6.1.1 General
The unit described by a CDVA descriptor is a temporal video segment, for example a shot.

A segment descriptor shall contain at least an image descriptor for one key frame of the segment
(i-e., the representative frame). Depending on the visual heterogeneity of the content, additional key
frames may be described as well.
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A segment descriptor shall always include a global descriptor, and it may optionally include a local
feature descriptor and/or a deep feature descriptor.

Global, local and deep feature descriptors may use lossless or lossy encoding along the timeline (i.e., for

predictive ¢

oding between the descriptors of key frames of one segment).

6.1.2 Global descriptor

6.1.2.1 Global descriptors of key frames

The global

escriptor consists of a scalable compressed Fisher vector (SCFV) for each key frame

f the

segment as

It shall be e
modes may

At least one
6.1.2.2 T¢

6.1.2.2.1

From the se

representat

p=argminj Ziég (Gi ,Gj)

For the oth

differences
the same s
descriptor

distance to

[GP,GS

Sk=
at

The numbe

defined by CDVS.

ktracted in accordance with ISO/IEC 15938-13:2015, subclause 5.6. Different CDV$ extr:
be used; however, the mode shall be the same for all descriptors in one bitstréam.

SCVF descriptor per segment shall be included in the bitstream.
emporal encoding of global descriptors

General

t of binarized global descriptors G :{Gl ye .,Gnk }, their'pairwise distances §,(G;G;) an

ive frame p are determined, e.g. as the medoid ofthe binarized global descriptors.

er key frames of the segment, G; =G ,\®G;,i=1,...n,i#p is determined, i.e., the bit

ze, but with a lower numberof bits set. The descriptors are output starting with
bf the representative frame, followed by difference descriptors in order of descen
Lhe previously encoded désetiptors, i.e.

ye e

LGy, },where

k-1

\rg max; 6g (Gi,Gp ),k:O

gmax; o, (G,- G,y ),k>0

ictor

1 the

M

wise

of the binarized global descriptors\are calculated. The rationale is to obtain descriptdrs of

the
ding

(2)

(3)

[ “of’key frames to be encoded is limited to 255 per segment. If the limit is reached

the

remaining d

escriptors in the sorted list are discarded.

Adaptive binary arithmetic coding (ABAC) is applied to this output sequence, resulting in the encoded
global descriptor block. The ABAC encoding and decoding procedure used in CDVA is defined in the
following subclauses.

6.1.2.2.2 ABAC encoding

The probability model is initialized by resetting the counters hist, = hist; = 0. The encoding parameters
are initialized as: min = 0, max = 216 -1, mid = 215 - 1.

A sequence of binary symbols v[1], ..., v[n,] is encoded as specified by the following pseudocode. The
function output () writes one bit to the output data stream.

16
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e3count = 0;

for (k=1;kSny;k++) {
update the model
mid = low + (high - low) (hist, / (histy + hist;));
adapt the range boundaries and increase the counter

if (v==0) {

ISO/IEC 15938-15:2019(E)

[[low = mid;

hist, = hist, + 1;

else {
id = high;

histl = histl + 1;

check/adjustment of boundaries and reading the next symba}
whiile (1 == 1) {
i f ((high & (216 - 1)) == (low & (216 — 1)) {
msb = ((high & (216-1) >> 15;

d = ((215 - 1) * msb) + msb;
low = low - d;
high = high - d;

output (msb) ;

for (i=0;i<e3count;i++) output (!msb);

e3countS= 0;

}

blse if ((high <= 3% (214 — 1)) and (low (214 — 1))y ¢
d = 214;

low = low - d;
high = high - d;
e3count = e3count +1;

}

else break;

© ISO/IEC 2019 - All rights reserved
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high

low

((high << 0x1) & (2% -1)) | 0x1;

((low << 0x1) & (216 -1)) | 0x1;

6.1.2.2.3 ABAC decoding

The decoding procedure requires the target number of decoded symbol n

sym

as input parameter

(determine fremthesize-speeifieationsinthe-segmentheader-ofthe respective-encoded-elementsh The
probability model is initialized by resetting the counters hist, = hist; = 0. The encoding parameteyp are
initialized as: min = 0, max = 216 -1, mid = 215 - 1.
An output sequence of bits outval[1], ..., outval[n,,,, ] is decoded as specified by the following pseudogode.
The functioh readbit () reads one bit from the input data stream.
v =20
for (k=1;kfng,,;k++) {
update the model
mid = loy + (high - low) (histy / (hist, + hist;));
obtain thg output value outval is obtained as
if (low = v <= mid) outval = 0;
else outyal = 1;
if (outvial==0) {
high =|mid;
hist, F hist, + 1;
}
else {
low = pid + 1;
hist, F hist; +4;
}
bit = 0;
while (1 == 1) {
if (high <= (2% - 1)) {}
else if (low > (215 - 1)) {
high -= ((2%° - 1) + 1);
low -= ((215 - 1) + 1);
v -= 215;
}
else if (high <= 3*(21% - 1)) and (low > (214 - 1))){
18 © ISO/IEC 2019 - All rights reserved
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}

else break;

6.1.3

6.1.3
A sef

They
mod

6.1.3

For ¢

bein

tern

bit = readbit () ;

high = ((high << 0x1) & (216 -1)) | 0x1;

low = ((low << Oxl) & (2! -1)) | 0x0;

v = ((v << 0x1) & (21¢ -1)) | bit;
Local descriptor

.1 Local feature descriptors of-kéy frames
of local feature descriptors foreach key frame of the segment as defined by CDVS.

shall be extracted in aecordance with ISO/IEC 15938-13:2015, subclause 5.5. Any CD\

.2 Temporal-encoding of local feature descriptors

ach key frame k, a set of local descriptors L is obtained, with each of its elements I,-k 3

b a tuple of feature location (x,)), selection priority  and feature descriptor f. Ilk is a

e may be used; however, the mode shall be the same for all descriptors in one bitstreanj.

5:2019(E)

/'S extractor

{x.v.B,f}

vector with

hry €elements, and

& (17.19)=

P _ 19
1P -1 HO

(4)

is the zero-norm distance function that determines the number of different elements between the two
vectors.

Starting from the representative frame, a list L of descriptors in the segment is collected:

© ISO/IEC 2019 - All rights reserved
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—| P p 50 S0
L=1f 0 dP 1305 s (5)

I n=
where n; is the number of local feature descriptors in key frame i.

The list is then filtered to remove descriptors that are similar to already encoded descriptors.

v [L't_l,lt]ﬁ,(It,lp)>9,,VIpeL't_1, ©

’/

atharunca
i t_l’ ULUIICI VVIO O

where

L', isthe current filtered sequence;

0, 1isaldistance threshold;

I, isthe tth element of L.

If I, is not added to the sequence, a reference to the index p which niihimizes §,(,,1,) is kept. The list
of features [and the references are used to build the local descriptoi” index. This index is needg¢d to
reconstruct] the sequence of descriptors per frame, in order to estdblish the correspondence to encpded
local featur¢ locations.

A parametdrization of 6, = 0 corresponds to lossless compression. Higher values of 6, result in Jossy
compressioh of local feature descriptors.

Adaptive bihary arithmetic coding (ABAC, see subelause 6.1.2.2) is applied to the sequence L', resuflting
in the encoded local descriptor block.

The index of local descriptors per segment istimited to 14 bits. Encoders shall thus truncate the list L,
to ensure tlat the number of descriptors*per segment does not exceed 214 and discard the addit]onal
descriptors

6.1.3.3 Encoding of local feature locations

Encoding of local feature locations shall be done independently for each key frame of a segment, in
accordance[with ISO/IEG 15938-13:2015, subclause 5.8. The local feature locations block containg the
sequence of encoded eoordinate histograms for the key frames of the segment, in the same order as
used to encpde the global and local descriptors.

6.1.4 Degp feature descriptor

6.1.4.1 Deep feature descriptors of key frames

Figure 1 shows the extraction pipeline of compact deep invariant global descriptors with nested
invariance pooling (NIP). n, is the variation of rotated image angles, and a video key frame k is rotated
(n, - 1) times. By forwarding each rotated image through a pre-trained deep CNN, the convolutional
feature maps output by the intermediate layer (e.g., convolutional layer) are represented by a cube
w x h x ¢, where w and h denote width and height of each feature map respectively, and c is the number
of channels in the feature maps. Subsequently, a set of ROIs are extracted from the cube using an
overlapping sliding window, with window size w' < w and h' < h. The window size is adjusted to
incorporate ROIs with different scales (e.g., 5 x 5, 10 x 10). The number of scales is denoted as n,. Finally,

a 5-D data structure y,(P,P,P,m) € RW XPXnsxnrX¢ o derived, which encodes translations P,
(i.e., spatial locations w' x h"), scales P, and rotations P, of input key frame k.
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Video keyframe

Pool5 feature maps
Dim:n.*w*h*c

ROI sampling

Dime:n *pn ¥ yy'* hr*k o
HHR A W A—C€

5:2019(E)

Stagel. Square-root pooling

for translation invariance
E3

Dim:n,.*n,*c |
Nestied Stage2. Average pooling Y
invafiance for scale invariance |
pooljng Dim:n,*c
L J
Stage3. Max pooling - < 1
for rotation invariance =
Dim: ¢
Figure 1 — Nested invariance pooling on feature.maps from pool5 layer of VGG-16 petwork
(=)
NIP pims to aggregate the 5-D data into a,eompact deep invariant global descriptor. In particular, it
first|performs pooling over translations (w' % h’), then scales (ny) and finally rotations (n,)|in a nested
way,[ resulting in a c-dimensional global,descriptor. Formally, feature map m, p, -norm pooling over
tranglations P, is given by
1
e (PePem)=| —— S (1, Pem) | (7)
N r W,Xh, ]:1 N r
where the pooling openation has a parameter p, defining the statistical moments, e.g., p,|= 1 is first-
ordey (i.e., average pooling), p, — +oo on the other extreme is infinite order (i.e., max pooling), and p, = 2
is second ordef-(i.e., square-root pooling). Formula (7) leads to a 3D vector y,(P,P,m) g R"s*"r*¢,
Analogously,\p;-norm pooling over scale transformations P, and the subsequent p, -norm pooling over
rotafion transformations P, are
1
1 n . ps |P
nlrem)={ S8 [
N
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1
1 n , P
Am _| = r , Pr r 8
¢ [nrzfﬂk(f m) ] ®)
The corresponding deep feature descriptor is obtained by concatenating y, (m) for all feature maps.
A ={ai}osm<e 9)

The resulting descriptors are binarized. A one-bit scalar quantizer q used to binarize the NIP descriptor,

SO that Si i}cu 1 Ctl iCVG} PCI fUl IIIdIICT VvV ith 1uu\,h }CDD lllCllLUl_y fUUtlJl illt aud I uutiluc LUDt cd be
achieved. The goal is to encode the NIP descriptor Aj € R¢ as the binary NIP descriptor Dg&{0}1}°.
Each element of A} is projected into 1 if q(Ak ) >7 ,otherwise 0, with 7 being a threshold. The quantizer
q is supposg¢d to minimize the quantization error:

2

|Aw D] (10)
Expanding the above formulation results in:

2 2 !

Ak —DL|" =|Ak|” +c—2A, Dy (11)
Thus, minimizing Formula (11) can be solved by maximizing Ak'Dk . The NIP descriptor is translatgd in
feature spape by subtracting the mean value NIP descriptor determined on a data set (specifi¢d in
Annex B), i.¢. Z;ZIA,“- ~0. To maximize Ak'Dk, the binarized code is set to D;; = 1 whenever A |>0;
otherwise D, ; =0.Accordingly, the quantizeng(g) is defined as:

1 ifAy; >0;
a(Awi ) . (12)
0 otherwise.
Therefore, for a NIP descripter,»the results are obtained by performing element-wise binarization
operation i} Formula (12).
6.1.4.2 Temporal encoding of deep feature descriptors
The deep fepture descriptor of the representative frame p (determined as specified in subclause 6.1.2.2)
is included §sds. For the other key frames of the segment, I/): :Dp ®D;,i=1,...n,i# p is determ|ned,

i.e., the bit-wise differences of the binarized global descriptors are calculated. The rationale is to obtain
descriptors of the same size, but with a lower number of bits set. The descriptors are output in the
order determined for the global descriptors (as specified in subclause 6.1.2.2), applying the same limit
of encoding at most 255 key frames per segment.

Adaptive binary arithmetic coding (ABAC, see subclause 6.1.2.2) is applied to this output sequence,
resulting in the encoded deep features descriptor block.

22 © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=2605cdbaaaaf0784aa4cfa14b2ddd83f

ISO/IEC 15938-15:2019(E)

6.2 Encoding procedure

6.2.1 General

I Compute diff(histeyrent,
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frame subsampling

video frame

Extract
CDVS local Extract
descriptor xrac Store color Skip

SCFV :
. histogram frame:
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descriptor
for segment

Extract NIP
descriptor

temporaw‘gﬁpling (key frames)
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segment descriptor encoding

diff(SCVEurreng
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frame of encodinz order
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. segment
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temporal segmentation

Determine Collect and
SCFV descr. filter local
differences descriptors

Encode global Encode local

descriptors descriptors

Serialise
header

Serialise
descriptor
blocks

appendte
descriptor
bitstream

NOTE Dashed lines indicate optional steps in the process.
Figure 2 — CDVA extraction process

Figure 2 illustrates the extraction of a compact descriptor of a video segment in a series of processing
steps, when a video frame is given in input to the system. The process is repeated for all frames in the
input video segment. The resulting descriptors are grouped by segments. Segments are represented
with their first key frame being identified as segment boundary. All following frames until the next
segment boundary or the end of the file belong to the same segment. The output descriptor is updated
by appending the output of the CDVA segment descriptor extraction into a single CDVA descriptor.
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This process contains both normative steps (impacting interoperability of descriptors) and informative
steps. Those are specified in subclauses 6.2.2 and 6.2.3, respectively.

1) Frame subsampling: perform temporal frame subsampling (typically by a factor of 2-10).
2) Decode frame: decode a frame present in the video.

3) Compute colour histogram: a histogram in RGB colour space is computed, using 32 bins for
each plane.

4) Check the difference between current and previous colour histograms: if the difference is
greater than a given threshold (kfTh), the frame is selected as key frame and further processed. If
not, the frame is dropped.

5) Frame drop module: if, according to step 4, the current frame is similar to the previously-encpded
one, thg current frame is dropped.

6) Store dolour histogram: the colour histogram is stored in memory, to be used as “preyious
histogram” in the next iteration.

7) Extract SCFV descriptor: extract the SCFV descriptors from individual frames, using
ISO/IE(Q 15938-13.

8) Extract CDVS local descriptor: extract the CDVS local descripters.from individual frames, ysing
ISO/IE(Q 15938-13.

9) Extract deep feature descriptor: extract the deep feature descriptor using a trained ngural
network, and binarizes the resulting descriptor.

10) Check the difference of colour histograms between current frame and segment start: if the
difference is greater than a given threshold (segTh), the frame is selected as candidate of a segment
boundalry (first frame of a new segment).

11) Compuge global SCFV similarity between current descriptor and descriptor of first frame of
segment: if the similarity is below a given\threshold (verTh), the frame is confirmed to be a segment
boundajry.

12) Store cplour histogram and SCFV-descriptor: for frames identified as segment boundaries, §tore
the desgriptors for comparisons.with the subsequent frames.

13) Store descriptors for segment: store all extracted descriptors for the current segment toggther
with thpir time index.

14) Determpine representative frame: select a representative frame for the segment, selected ap the
frame with the médoid SCFV descriptor. This frame is used as the reference for encoding the global
and local deseriptor of the segment.

15) Determinéencoding order: the encoding order is determined from the SCFV descriptors of the key
frame%ﬂwmmm—mmm sing

distance to any of the frames encoded so far.

16) Determine global descriptor differences: for each key frame other than the representative frame,
determine a difference descriptor as XOR between its SCFV descriptor and the SCFV descriptor of
the representative frame.

17) Encode global descriptor: encode the block formed from the SCFV descriptor of the representative
frame and the difference descriptors using adaptive binary arithmetic coding.

18) Collect and filter local descriptors: collect and order the local descriptors used in the segment,
starting from the local descriptors of the representative frame, and continuing to the temporally
adjacent key frame (alternating in forward and backward direction). The descriptors are filtered
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as follows: if a local descriptor does not differ in more than minLocalDiff elements from one already
collected, it is discarded and replaced by a reference to the already encoded descriptor.

19)

Encode local descriptors: generate a map of descriptor indices between the original per frame

indices and the filtered list of descriptors. If descriptors have been replaced by references, the map
has multiple pointers to the same index. The set of local descriptors remaining after filtering is
encoded using adaptive binary arithmetic coding.

20)

Determine deep feature descriptor differences: for each key frame other than the representative

frame, determine a difference descriptor as XOR between its deep feature descriptor and the deep
feature descriptor of the representative frame.

21)

22)

23)
6.2.2

6.2.2

As s]

6.2.2

As s

6.2.2

The
incrg
this
reso

yed

hori

Encode deep feature descriptor: encode the block formed from the deep feature desg
representative frame and the difference descriptors using adaptive binary arithmetic c

Write header: write a header structure, containing the start and end time of th
barameters needed for decoding, the number of frames, local descriptors and the sizes ¢
containing the different types of descriptors.

Write descriptor blocks: write the encoded global, local and deep feature descriptor i
Normative steps

.1 Extract SCFV descriptor

pecified in the CDVS specification and implementedin the CDVS reference software.

.2 Extract CDVS local descriptor

pecified in the CDVS specification and implémented in the CDVS reference software.

.3 Extract deep feature descriptor

original image is a luminancé)raster image containing values in the interval [0,
basing values correspond to.ncreasing luminance. The exact mapping of luminance vz
nterval is beyond the scope’of this document. The original image shall be spatially res

ution of 640 x 480 pixels to obtain a converted image J(x,y), in which xe{0,K

O,K,Y—l} are_the “horizontal and vertical pixel coordinates respectively, X and

rontal and yértical image dimensions respectively, and with coordinates located at

cor

The fefault-deep feature descriptor is extracted with the VGG16 network, using the output
layef. The/input resolution of 640 x 480 determines dimensions of w = 20, h = 15 for fe

C =

r of the irhage. For this resampling operation, a Lanczos filter with a = 3 should be use|

riptor of the
oding.

b segments,
f the blocks

locks.

P55] where
lues within
ampled to a

,X-1} and
Y the pixel

the top left
d.

of the pool5
hture mabps.

12.denotes 512 channels and n. = 20 denotes 20 regions. In practice, the input image i

5 rotated by

90, 180, 270 degrees (n, = 4).

NIP descriptors are further improved by post-processing techniques such as PCA whitening. In
particular, NIP is firstly L2 normalized, followed by PCA projection and whitening with a pre-trained
PCA matrix. The whitened vectors are L2 normalized and compared with cosine similarity.

Other neural networks may be used for the deep feature descriptor. In this case, the metadata
identifying the neural network shall be provided in the CDVA header.

During NIP descriptor extraction procedures, a series of regions needs to be sampled. Regions are
sampled from three different scales. Under different scales, the stride and region sizes are different.
The following is the configuration used in the NIP implementation. The input image size is 640 x 480.
Then after feedforward operations in VGG16 model, 512 feature maps of size 20 x 15 are obtained. In
total, there are 20 regions, and the top-left points of the regions are listed in Table 1.
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Table 1 — Parameters of regions sampled at different scales.

Scale | Region Number of Top-left point coordinates
size sampled
regions
15x15 |2 {(0,0),0,5)}
10x10 |6 {(0,0), (0,5), (0,10), (5,0), (5,5), (5,10) }
7x7 12 {(0,0), (0,4), (0,8), (0,13), (4,0), (4,4), (4,8), (4,13), (8,0), (8,4), (8,8),(8,13) }

6.2.2.4 Determine encoding order

As specified

6.2.25 D

As specified

6.2.2.6 Encode global descriptor

As specified

6.2.2.7 Collect and filter local descriptors

As specified

6.2.2.8 Encode local descriptors

As specified

6.2.29 D

As specified

6.2.2.10 Encode deep feature descriptor

As specified

6.2.2.11 S¢

The serializ
or more end

the buffer for thesglobal descriptor. When indicated in the segment header, the buffers for local an

deep featur

in subclause 6.1.2.2.

etermine global descriptor differences

in subclause 6.1.2.2.

in subclause 6.1.2.2.

in subclause 6.1.3.2.

in subclause 6.1.3.2.

btermine deep feature descriptor differences

in subclause 6.1.4.2.

in subclause 6.1.4.2.

brialization

ed representation consists of one instance of the header for the bitstream, followed by
oded segment descriptors. A segment descriptor consists of at least a segment headef

e descriptors may be included.

[ one
and
d/or

The format

oI the serialized structure shall conform to the bitstream syntax speciiied 1n Llause 5.

6.2.3 Informative steps

6.2.3.1 Sampling

Temporal subsampling may be performed to reduce the computational effort. Frames of the input
sequence are skipped after sampling a frame, as specified by parameter. The subsampling factor is thus
given as (skipNum + 1).
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