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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO member bodies). The work of preparing International Standards is normally carried out through ISO technical committees. Each member body interested in a subject for which a technical committee has been established has the right to be represented on that committee. International organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 15938‑15 was prepared by Technical Committee ISO/TC JTC1, Information Technology, Subcommittee SC , .

This second/third/... edition cancels and replaces the first/second/... edition (), [clause(s) / subclause(s) / table(s) / figure(s) / annex(es)] of which [has / have] been technically revised.

ISO/IEC 15938 consists of the following parts, under the general title Information Technology — Multimedia Description Interface:

· Part 15: Compact Descriptors for Video Analysis

· Part [n]:

· Part [n+1]:

Introduction

The current media and entertainment domain is characterised by increasing volumes of content, large number of delivery channels and an ever-growing need for the relevant content to be accessed on demand or published quickly. This is very difficult without appropriate tools to manage content items, including search for object instances in video, categorisation of scenes and content grouping. Thus, the ability to generate and exchange compact and standardized descriptors in an interoperable and efficient way is considered a key enabler in this domain.

An example application is scalable instance search to find a specific object instance in a very large video database (e.g. like a broadcaster might have). The industry needs video descriptors that enable performing this task with smaller descriptor size and shorter runtimes as compared to using CDVS (ISO/IEC 15938-13) in video domain. Rigid objects (e.g., textured buildings) are of highest relevance, however object instances with more challenging properties (deformable, reflective and inherently varying spatial views) are also of interest.

Information Technology — Multimedia Content Description Interface — Part 15: Compact Descriptors for Video Analysis
1 Scope

This standard addresses descriptor technology for search and retrieval applications, i.e. for visual content matching in video. Visual content matching includes matching of views of large and small objects and scenes, that is robust to partial occlusions as well as changes in vantage point, camera parameters, and lighting conditions. The objects of interest comprise planar or non-planar, rigid or partially rigid, textured or partially textured objects, but exclude the identification of people and faces. The databases can be large, for example broadcast archives or videos available on the internet. The industry thus needs video descriptors that enable performing this task with smaller descriptor sizes and shorter runtimes as compared to application enabled by single-frame (still image) descriptors (e.g. CVDS, ISO/IEC 15938-13) in the video domain.
There are a number of component technologies that are useful for visual search, including format of visual descriptors, descriptor extraction process, as well as indexing, and matching algorithms. The bitstream syntax of descriptors as well as parts of the extraction process and its parameters are defined to ensure interoperability.

A standard for compact descriptors for video analysis for search and retrieval applications:

· enables design of interoperable object instance search applications 

· minimizes the size of video descriptors 

· ensures high matching performances of objects (in terms of accuracy and complexity)

· enables efficient implementation of those functionalities on professional or embedded systems

This standard provides a complementary tool to the suite of existing MPEG standards, such as MPEG-7 Compact Descriptors for Visual Search (ISO/IEC 15938-13). 

2 Terms and definitions

relevant video segments

video segments that contain view(s) of object(s) or the scene present that match the query content
identified video segments

list of all video segments returned in response to a query request. This includes video material ID, and start/end frame for the segment.
image 
descriptor

descriptor extracted from one image

segment descriptor

descriptor extracted from the sampled key frames of a video segment
input video segment
a time range of a video from which a segment descriptor shall be extracted
interest point

point in an image showing detection stability under local and global perturbations in the image domain, including perspective transformations, changes in image scale, and illumination variations

local feature descriptor

descriptor of a local region, extracted around an interest point
global descriptor

aggregation of local feature descriptors into a compact representation of the image

compressed local feature descriptor

compressed representation of a local feature descriptor

interest point coordinate

horizontal and vertical pixel coordinates indicating the position of an interest point in the image resolution used for descriptor extraction, rounded to the nearest integer

representative frame
a frame of a video segment for which an uncompressed descriptor is represented, and which is used as the basis for differential encoding
temporal localisation information

description of temporal location of relevant segments in a video
3 Symbols and abbreviations
3.1 Symbols
[image: image1.png]






zero-norm distance (L0 norm)
3.2 Abbreviations

CDVA


Compact Descriptors for Visual Analysis

CDVS


Compact Descriptors for Visual Search

MPEG


Moving Picture Experts Group

MPEG-7


ISO/IEC 15938

4 Overview of components

The unit of the CDVA descriptor is a video segment, for example, a shot
.

A segment descriptor contains at least an image descriptor for one key frame of the segment (i.e., the reference frame). Depending on the visual heterogeneity of the content, additional key frames may be described as well.

A segment descriptor must always include a global descriptor, and it may optionally include a local feature descriptor.

Global and local feature descriptors may use lossless or lossy encoding along the timeline.
4.1 Global descriptor
4.1.1 Global descriptors of key frames

A scalable compressed Fisher vector (SCFV) for each key frame of the segment as defined by CDVS

Extracted as specified in ISO/IEC 15938-13 clause 5.6.
At least one SCVF descriptor per segment must be included in the bitstream.

4.1.2 Temporal encoding of global descriptors

From the set of (binarised) global descriptors G={G1,…,GK}, the pairwise distances δg(Gi,Gj) are determined, and the representative frame is selected as the medoid of the descriptors
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For the other key frames of the segment, [image: image3.png]G =G6-®G,i=1,..K,i +



 is determined, 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 starting with the descriptor of the representative frame, followed by difference descriptors in order of descending distance to the previously encoded descriptors, i.e. 
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Adaptive binary arithmetic coding (ABAC) [1] is applied to this output sequence, resulting in the encoded global descriptor block.
In order to meet a maximum size limit of the descriptor per segment, the descriptors of some key frames may be discarded.
4.2 Local descriptor

4.2.1 Local feature descriptors of key frames

A set of local feature descriptors for each key frame of the segment as defined by CDVS.
The extraction is performed as described in ISO/IEC 15938-13 clause 5.5, using mode 0
.
4.2.2 Temporal encoding of local feature descriptors

For each key frame k, we obtain a set of local descriptors Lk, with each of its elements [image: image6.png]If ={x.y.mf}



 being a tuple of feature location (x,y), selection priority π and feature descriptor f. [image: image7.png]


 is a vector with ternary elements, and 
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is the zero-norm distance function that determines the number of different elements between the two vectors. 
Starting from the reference frame, a list L of descriptors in the segment is collected:
[image: image9.png]L= g ]
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where Ki 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:
[image: image10.png]o L 111,800 0,) > 8,Y1, € L',y
t— 7 .
L', ., otherwise



,

where L't is the current filtered sequence, and L'0=[]. lt is the tth element of L. If lt is not added to the sequence, a reference to the index p which minimizes δl(lt,lp) is kept. The list of features and the references are used to build the local descriptor index. This index is needed to reconstruct the sequence of descriptors per frame, in order to establish the correspondence to encoded local feature locations.
A parameterization of θl=0 corresponds to lossless compression, higher values of θl will result in lossy compression of local feature descriptors.

Adaptive binary arithmetic coding (ABAC) [1] is applied to the sequence L', resulting in the encoded local descriptor block.

In order to meet a maximum size limit of the descriptor per segment, the descriptors of some key frames may be discarded.

4.2.3 Encoding of local feature locations

Encoding of local feature locations is done independently for each key frame of a segment, as defined in ISO/IEC 15938-13 clause 5.8. The local feature locations block contains the sequence of encoded coordinate histograms for the key frames of the segment, in the same order as used to encode the global and local descriptors.
5 CDVA bitstream syntax

5.1 Header
The header is included once for each file or stream, at the beginning of the CDVA descriptor bistream.
	Element
	Description
	Size (bits)

	Version
	
	4

	Extraction parameters
	
	

	skip
	Number of frames to be skipped before and after a sampled frame.
	4

	th
	Threshold (color histogram) for selecting key frames. [0;3]
	8

	seg_th
	Threshold (color histogram) for segment candidates. [0;3]
	8

	ver_th
	Threshold (SCFV) for verifying segment candidates [0;255]
	8

	min_local_diff
	The minimum local difference (in terms of elements) between local descriptors to be encoded. [0;127]
	7

	Original picture width
	pixels
	16

	Original picture height
	pixels
	16

	Histogram map size X
	Spatial resolution of the histogram for coordinate coding (see clause 5.4.2)
	16

	Histogram map size Y
	Spatial resolution of the histogram for coordinate coding (see clause 5.4.2)
	16

	
	
	


Extraction parameters include all free parameters for extraction that are not predefined to ensure interoperability. This set includes the parameters for all descriptors supported by CDVA.

Note: Listing extraction parameters replaces identifying the descriptor mode

5.2 Segment header
The segment header is included once per segment, preceding the encoded descriptors of the segment. At least one segment must be present in the bitstream.
	Element
	Description
	Size (bits)

	Flags
	
	4

	Parity
	
	4

	Start time
	ms
	24

	End time
	ms
	24

	Global descriptor buffer size
	Encoded size in bytes
	24

	Local descriptor buffer size
	Encoded size in bytes. Set to 0, if the local descriptor is not included.
	24

	Number of frames encoded in segment
	Number of key frames of the segment retained for encoding
	8

	
	
	


5.3 Global descriptor
	Element
	Description
	Size (bits)

	Descriptor flags
	0 Global has bit selection

1 Global has variance
	8

	Uncompressed global descriptor block size
	to facilitate decoding, of the block compressed using ABAC
	24

	Encoded global descriptor block
	
	8 x size in bytes as specified in segment header


5.4 Local descriptors
The local descriptor is optional.
5.4.1 Local feature descriptor
	Element
	Description
	Size (bits)

	CDVS Descriptor mode

	Identifier of the CDVS mode used for extracting the local descriptors [0,6]
	4

	Descriptor flags
	0 relevance bits present (relevance information of local descriptors as defined by CDVS)
	4

	Number of local descriptors per frame
	Starting with the reference frame
	nFrames * 16

	Local descriptor index
	Mapping between the local feature in aggregated list L' and the local feature index in the original frame, encoded as
· bit set to 1, followed by absolute feature index (13 bits), for first feature of a frame, or if features were skipped

· bit set to 0 to increment feature index
	2*total nr. Local descriptors*8

	Uncompressed local descriptor block size
	to facilitate decoding, of the block compressed using ABAC
	24

	Encoded local descriptor block
	
	8 x size in bytes as specified in segment header


The order of frames must be consistent between the specification of the number of descriptors, the descriptor index, and the location histograms. 

5.4.2 Local descriptor locations
The local descriptor block contains the encoded coordinates of the local feature locations in each of the frames of the segment.
	Element
	Description
	Size (bits)

	Histogram buffer size
	Bytes
	24

	Sequence of encoded coordinate histograms as defined in CDVS
	
	8 x size in bytes as specified 


6 CDVA encoding

6.1 Overview of encoding procedure
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Figure 1: CDVA extraction process.
Figure 1 illustrates how the CXM produces 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 Extraction into a single CDVA descriptor.

1. Frame subsampling: Performs temporal frame subsampling (typically by a factor of 2-10).

2. Decode frame: Decode a frame present in the video.

3. Compute color histogram: a histogram of the R,G,B planes is computed, using 32 bins for each plane.

4. Check the difference between current and previous color histograms: if the difference is greater than a given threshold (th), the frame is selected as keyframe 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 encoded one, the current frame is dropped.

6. Store color histogram: the color histogram is stored in memory, to be used as “previous histogram” in the next iteration.
7. Extract SCFV descriptor: Extracts the CDVS descriptors from individual frames, using mode 0 of the CDVS standard (ISO/IEC 15938-13).
8. Extract CDVS local descriptor: Extracts the CDVS local descriptors from individual frames, using mode 0 of the CDVS standard (ISO/IEC 15938-13).
9. Check the difference of color histograms between current frame and segment start: If the difference is greater than a given threshold (seg_th), the frame is selected as candidate of a segment boundary (first frame of a new segment). 

10. Compute global SCFV similarity between current descriptor and descriptor of first frame of segment: If the similarity is below a given threshold (ver_th), the frame is confirmed to be a segment boundary.

11. Store color histogram and SCFV descriptor: For frames identified as segment boundaries, store the descriptors for comparisons with the subsequent frames.

12. Store descriptors for segment: Store all extracted descriptors for the current segment together with their time index.

13. Determine representative frame: Select a representative frame for the segment, selected as the frame with the medoid SCFV descriptor. This frame is used as the reference for encoding the global and local descriptor of the segment. 

14. Determine encoding order: The encoding order is determined from the SCFV descriptors of the key frames in the segment. The first is the representative frame, followed by frames with decreasing distance to any of the frames encoded so far.

15. Determine global descriptor differences: For each key frame other then the representative frame, determine a difference descriptor as XOR between its SCFV descriptor and the SCFV descriptor of the reference frame.

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

17. 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 frames (alternating in forward and backward direction). The descriptors are filter as follows: if a local descriptors does not differ in more than min_local_diff elements from one already collected, it is discarded, and replaced by a reference to the already encoded descriptor.

18. Encode local descriptors: Generate a map of descriptor indices between the original per frame indices and the filtered list of descriptors. In case descriptors have been replaced by references, the map will have multiple pointers to the same index. The set of local descriptors remaining after filtering is encoded using adaptive binary arithmetic coding.

19. Write header: Write a header structure, containing the start and end time of the segments, parameters needed for decoding, the number of frames, local descriptors and the sizes of the blocks containing the different types of descriptors.

20. Write descriptor blocks: Write the encoded global and local and feature descriptor blocks.

6.2 Normative steps

· Extract SCFV descriptor
· Extract CDVS local descriptor
· Determine encoding order

· Determine global descriptor differences

· Encode global descriptor

· Collect and filter local descriptors

· Encode local descriptors

· Serialisation

6.3 Informative steps
· Sampling

· Temporal segmentation

· Verification of segmentation using SCFV 
· Determine representative frame
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8 Annexes

Definition of parameters for the extraction process
Some as electronic attachments only?

8.1 Proposed parameterization (informative)

No fixed working points, informative section with proposed parameter ranges

	Parameter
	Process
	Description
	Default

	skip_before
	Extraction
	Number of frames skipped before a sampled frame
	4

	skip_after
	Extraction
	Number of frames skipped after a sampled frame
	4

	th
	Extraction
	Threshold (color histogram) for selecting key frames
	0.7

	seg_th
	Extraction
	Threshold (color histogram) for segment candidates
	1.98

	ver_th
	Extraction
	Threshold (CDVS global) for verifying segment candidates
	18

	min_local_diff
	Extraction
	The minimum local difference (in terms of elements) between local descriptors to be encoded.
	30


�Consider calling it picture descriptor, however, CDVS uses the term image descriptor


�Consider not mentioning shot


�Consider allowing different CDVS descriptor modes in CDVA


�Consider allowing different CDVS descriptor modes in CDVA
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