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1 [bookmark: _Toc317895121][bookmark: __RefHeading___Toc352_437157285][bookmark: _Toc447039905]Introduction
CDVA defines video descriptors for search and retrieval applications, specifically 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 view 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 [1].

There are two base modes of operation of the visual search: Pairwise matching and Retrieval. Pairwise matching automatically determines if two video segments depict the same object or scene. Retrieval performs search of videos in a large database, returning a subset that depict the same objects or scenes contained in the query video or image.

The CDVA Experimental Model (CXM) implements the operations necessary to solve these two tasks. This document describes the general architecture and component modules contained in the CDVA experimental model.


2 [bookmark: _Toc317895122][bookmark: __RefHeading___Toc354_437157285][bookmark: _Toc447039906]CXM Architecture
The software implementation is based on the CDVS reference software TM14.2 with additional modules implementing CXM specific functions. 
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[bookmark: _Ref313026625]Figure 1. The CDVA descriptor extractor.

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. CDVS Extractor: Extracts the CDVS descriptors from individual frames, using mode 0 of the CDVS standard [6].
8. 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). 
9. Compute global CDVS 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.
10. Store color histogram and CDVS descriptor: For frames identified as segment boundaries, store the descriptors for comparisons with the subsequent frames.
11. Encode Frame Descriptor: data structures extracted from the current frame by the CDVS Extractor are encoded in binary format.
12. Mux: the video frame timestamp, the descriptor size, the segment start information and the binary CDVS descriptor are concatenated and appended to the current CDVA descriptor.
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Figure 2. The CDVA pairwise matching.

Figure 2 illustrates the CDVA pairwise matching operation.

1. Decode: Decode all CDVS descriptors stored in the Query CDVA Descriptor (Q) and in the Reference CDVA Descriptor (R).
2. Get next pair Qi Rj: for all pairs of Query and Reference CDVS descriptors, execute the following steps.
3. Match Global descriptor: perform a CDVS match operation using the Global Descriptor of descriptors Qi and Rj
4. Match local descriptors: if the match score is greater than th1, perform a CDVS match operation using the local descriptors.
5. [bookmark: __DdeLink__5082_260653121]Determine score: determine the current score as a combination of the local and global score.
6. Set time of Qi: if the current score is greater than th2, store the time of the segment to which Qi belongs. When all Qi Rj combinations have been matched, find the maximum interval, and merge adjacent intervals..
7. Update score: (default strategy: max) set the total score as the maximum of all current scores; (alternative strategy: average) set the total score as the average of all current scores.
5 [bookmark: _Toc317895126][bookmark: __RefHeading___Toc360_437157285][bookmark: _Toc447039909]Retrieval
[image: Macintosh HD:Users:boberm:Desktop:Screen shot 2016-02-24 at 00.49.43.png]

Figure 3. The CDVA retrieval pipeline.

Figure 3 illustrates the CDVA retrieval operation. This figure assumes that a database index has been built and is in place. 

1. Decode: decode all CDVS descriptors stored in the Query CDVA descriptor.
2. Get next: for all CDVS descriptors in the Query CDVA descriptor, execute the following steps.
3. Query in the GD Index: perform a CDVS retrieval operation using query Qi on the Global descriptor database index.
4. Sort: sort the results by descending score.
5. Local descriptor matching: perform CDVS local descriptor matching on the top 500 results.
6. Rerank: rerank by local score.
7. Merge results: merge results removing duplicates. 
8. Return the top 50 videos.
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The section describes the parameters in CXM. Note that additional parameters are in CDVS TM14.2, which is used by CXM.

Table 1: Parameters used in CXM.

	Parameter
	Process
	Description
	Default (16/64/256)

	skip_before
	Extraction
	Number of frames skipped before a sampled frame
	4 / 3 / 2

	skip_after
	Extraction
	Number of frames skipped after a sampled frame
	4 / 3 / 2

	th
	Extraction
	Threshold (color histogram) for selecting key frames
	0.7 / 0.6 / 0.5

	seg_th
	Extraction
	Threshold (color histogram) for segment candidates
	1.98

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

	max_retrieved
	Retrieval
	Maximum number of segments to retrieve
	50



7 Implementation details
The software modules to extract, match, make the database index and retrieve matching images from the database index are implemented in C++. 

The CXM code and the software documentation are attached to this document. The code is documented by means of doxygen (http://www.doxygen.org/).

[bookmark: _Toc317895129][bookmark: __RefHeading___Toc364_437157285]The following table summarizes the modules that compound the CXM software. 

	CDVA EF
	The CDVA Evaluation framework code

	CDVS Library
	The CDVS Library (TM14.2)

	OpenCV Library
	The Open Source Computer Vision library (2.4)



Table 2. Modules that compound the CXM.
	
8 [bookmark: _Toc447039912]Results
The experiments were performed by building and executing the CXM source code on a 64-bit Linux server running Ubuntu 16.04 with opencv 2.4.9.1 and libavcodec-ffmpeg56. Please note that using older versions of the above libraries may produce incorrect results.
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                            Descriptor lengths (Bps):        16K        64K       256K 
                               Query average lengths:    2827.82    3446.83    4472.66 
                                   Query max lengths:  179431.43  199536.06  248415.42 
                           Reference average lengths:    3704.29    4542.58    5953.66 
                               Reference max lengths:  179431.43  199536.06  248415.42 
 
 
                            Retrieval performance at:        16K        64K       256K 
                              Mean average precision:      0.721      0.727      0.730 
                                         r-Precision:      0.712      0.718      0.722 
 
                    Pairwise matching performance at:        16K       64K      256K  16K_256K
        True positive rate at 1% false positive rate:      0.836     0.843     0.846     0.838
        Mean Jaccard index for temporal localisation:      0.662     0.662     0.650     0.652

9 [bookmark: _Toc447039913]Complexity
Complexity measurements are reported in the following tables. The measured operations are: extraction of the “TimingExtract.txt” list, matching of the “TimingMatchingPairs.txt” list, and matching of the “TimingNonMatchingPairs.txt” list of the CDVA Dataset. Retrieval measurements were taken using the “TimingRetrieval.txt” list.
Processing times
All reported times are normalized using the reference platform CPU characteristics (Intel Core I7-5930K), assuming that the CPU is operating at a base frequency of 3.5 GHz, in single thread execution, at an average rate of one instruction per cycle, without GPU acceleration. The cells marked yellow are values that are compared against the corresponding CDVA thresholds.
	CXM 1.0 (rev. 40)
	Extract
	Matching pairs
	Non MatchingPairs
	Retrieval

	Number of items (files, pairs)
	3318
	127
	1270
	281

	Total video duration (s)
	98,916.70
	
	
	

	Instructions
	268,943,923,589,130
	499,938,963,792
	2,531,695,851,691
	76,199,807,807,485

	Reference CPU GHz
	3.50
	3.50
	3.50
	3.50

	Normalized processing time (s)
	76,841
	143
	723
	21,771

	Processing time/video duration (s)
	0.78
	
	
	

	Processing time/item (s)
	23.16
	1.12
	0.57
	77.48

	CDVA EF limit (s)
	10.00
	1.00
	1.00
	60.00

	CDVA EF limit fulfilled
	yes
	yes
	yes
	no



Table 1: processing times

The Evaluation Framework document states that the following limits for average time numbers on the reference platform must be met:
1. extraction time: must not exceed 10 seconds per second of decoded video content.
2. pairwise matching time: must not exceed 1 second per pair.
3. retrieval time: must not exceed 60 seconds per query.

The conditions are partially met. In particular, condition 2 and 3 are not fully met. 
Peak memory usage
The peak memory usage was detected using the run-memory-test.pl script of the CXM, based on the Linux “time” tool. 

	Operation
	Maximum resident set size (kbytes)

	cdva extract
	347,092

	cdva match (matching pair)
	54,248

	cdva match (non-matching pair)
	36,728

	cdva retrieve
	14,111,112


Table 2: peak memory usage
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