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ABSTRACT

Satellite television, the Web and the increasing deployment of digi-
tal video and audio have changed the ways in which media content
is used. Media content is increasingly being reused (rebroadcast
and re-purposed). The web also allows for content to be down-
loaded by users (a prime example is MP3). This digitization of
media along with the changes in the distribution mechanisms gives
rise to a new problem termed media tracking. Media tracking is the
problem of keeping track of when and where a particular known
piece of media has been used. Examples include, tracking when
(at what time) and where (which channel) a particular TV com-
mercial was aired. Analogously, on the web, when (date and time)
and where (URL) was a particular piece of content available. This
paper presents a novel feature based indexing scheme, which can
be used as the search or detection engine in the media tracking pro-
cess. The technique presented here performs the same function for
temporal media streams as Internet search engines do in the text
domain.

1. INTRODUCTION

The increase in the number of channels through which media is
delivered causes media to be repurposed in a variety of contexts.
Tracking reuse of media is a critical problem in several different
applications. In production environments like TV news, a video
segment can be included in multiple reports, the copyrights of each
segment has to be verified before airing. In the advertising indus-
try, media tracking is used to verify the airing of commercials as
per the advertiser’s request. Information derived from cataloging
commercials of competitors is a used in determining advertising
strategies of corporations. Locating web sites which host unli-
censed content is an important task for enforcing copyrights on
the web.

Tracking the usage of media in different contexts requires the
use of some form of content-based search or detection. This paper
presents a feature based indexing scheme, that performs similarity
measurement between a set of known reference media segments
and a target media stream in real time. The approach presented
here is different from existing approaches, in that it uses an index
table as opposed to sequential searching. The use of an index table
makes it possible to search through a live video stream in real time.
A system for solving the media tracking problem requires a target-
media receiver, a target media decoder and a similarity search en-
gine. In the case of searching for target-media (MPEG’s or MP3’s)
on the web, the target media-reciever would be a web crawling
robot which locates and downloads the target-media. In the case

of commercial recognition, the target media reciever would be a
TV reciever. The target-media also needs to be converted to a for-
mat which can be used by the feature based search engine, this
functionality is served by the media-decoder (digitizer for NTSC
signals, MPEG decoder for web content). The feature based search
engine measures the similarity and provide temporal alignment be-
tween a set of N known, reference media segments, and the target
media stream. The system discussed in this paper is implemented
for detecting commercials in live TV feeds. This paper reports the
results of using two features to measure image similarity, image
color and image gradient.

2. PREVIOUS WORK

There have been several papers and patents which address the prob-
lem of video similarity matching. Mohan [7] looks at matching
video sequences based on action similarity. This technique is very
useful from the perspective of video database annotation using a
set of exemplar sequences, however it does not have direct ap-
plicability to the media tracking applications. Ellis [2] describes
a method of recognizing broadcast segments, this technique has
been developed for performing commercial recognition in an inte-
grated hardware system. This system has a lookup table scheme
for performing comparisons on larger database of commercials.
There are several other approaches to video sequence matching [1]
which have treated video as a sequence of codes and apply string-
matching algorithms. Lienhart et al. [6] describe a system for
performing both feature based detection and recognition of com-
mercials. They use the color coherence vector to characterize key
frames in the reference segment. Sanchez et al. [5] discuss the use
of the principal components of the color histograms of keyframes
for commercial recognition. They also report results on a database
of 20 commercials using a sequential matching approach. Vailaya
et al. [11] have presented a similarity matching technique, which
yields a combination image content and image motion similarity.
They also propose to use sequential matching to search through a
database of videos.

All the techniques discussed above present different feature
extraction schemes for video similarity measurement and use se-
quential matching against all the video clips in the database. Squire
et al [10] have proposed the use of inverted file techniques for fea-
ture based image retrieval, their representation is geared towards
image data collections. This paper discusses a feature based in-
dexing approach which explicitly represents and exploits time and
is hence suited for dealing with temporal media streams like video
and audio. The search technique proposed in this paper is the core



engine to solve the media tracking problem.

3. SYSTEM DESCRIPTION

A block diagram of the indexing and search system is shown in
Figure 1. The similarity search process involves two phases, the
offline indexing process and the real time search or detection pro-
cess. The indexing process extracts feature based codes from the
given reference segments and generates an index table. The search
phase uses this index table to measure similarity against a target
media stream. The target media stream may be either an ana-
log (NTSC/PAL) signal or a digital MPEGI file. The problem of
matching against the MPEGI1 (or any other digital video format)
target media stream is considerably simpler and yields much bet-
ter results than matching against a digitized analog stream. The
increased complexity of matching against an analog stream is due
to picture quality differences introduced by the frame grabber and
due to the varying frame rates at which the video can be processed
(the load on the machine due to the recognition process reduces
the rate at which frames can be digitized). The results reported in
this paper are based on tests performed against an analog NTSC
target stream.
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Figure 1: The indexing and search system

4. INDEXING PROCESS

The indexing process takes a set of IV reference segments, V. =
(v1,v2,- - -,vn) and generates an index table I. The indexing pro-
cess has the following steps.

1. For each reference segment v;,% € (1--- N)

2. Extract keyframes K; = {k;;}

3. For each keyframe k;; in K.

4 Extract keyframe features (color or gradient)

5. Quantize and generate codes — Cp = (D, E).

6 Use Cp to populate I with v;

7. End For

We describe the above steps: Step 2: The keyframe selection tech-
nique can be based on any scene change detection algorithm [3].
From the perspective of matching, the keyframe selection must
provide an oversampled set of the scene changes. The oversam-
pling will allow for changes that may occur in the keyframing pro-
cess during the search phase. In practice, when working with a live
TV stream on most desktop machines, the frame rates at which the

searching can be done will be of the order of 10 fps. In such cases,
using a regular sampling of frames from the reference segment
proves to be more reliable than using just scene changes. Frame
sampling also accommodates for changes in content within a sin-
gle camera shot.

Step 4 (color) : Color based indexing [9] has been used exten-
sively for image retrieval. Color histogram based principal com-
ponent analysis has also been used for commercial recognition
[5]. The keyframe obtained in Step 2 are transformed from RGB
space to HSV space, divided into a number of windows and the
HSV distribution in the window is approximated by the mean val-
ues. The experiments reported in this paper, have used HSV codes
with (4,0,0) to (12,0,0) bit allocations. A (4,0,0) bit allocation for
HSV means that the hue is quantized into 16 levels (four bits).
Hence, for each window in a keyframe, the average hue is com-
puted, quantized and encoded.

OR Step 4 (edges): This feature, computes the gradient of
each of the keyframes. The magnitude of the gradient is thresh-
olded to select points with strong gradient. The thresholded gradi-
ent image is divided in a set of windows. For each window, a set of
spatial moments is computed using the edge points. These are the
first order (mean) and possibly higher-order moments. The value
of the spatial moments are quantized into C = (c1,¢2,- -, ¢g)
feature codes.

Step 5 The measurements extracted from the image in Step 4
(either color or gradient) are used to generate index code. The
keyframes have been divided into windows, which corresponds
to quantizing the frame into a number of domain codes D. The
quantization step produces a code pair Cp, = (D, E) for each
keyframe. D provides a spatial index into the keyframe and E is
the corresponding quantized feature codes. D = (d1,d2,- - -, duy)
E = (e1,e1,---,€w) where w is the number of spatial regions in
the keyframe. e; € C where C = (c1,c2, -, cs) where z is the
total number of codes generated by the quantization process.

Step 6: The codes generated from each reference segment v;
is used to populate the index table. This index table is similar in
spirit to the inverted file techniques used in Information Retrieval.
[8]. Squire et al. [10] have used a similar idea for image retrieval.
The index table is a function of the following form

I(D,E,t) = hi,ha,---,h, (D

where the h; is are pointers to video segments in V, indexed by
the code pair (D, E) at time offset ¢ within the respective segments.

Once the index table is populated by all the reference seg-
ments, it is a searchable representation of the reference segments.
The search process, uses the index table. The size of the index ta-
ble is O(Kmaz X w X z), where Kooy is the maximum number
of keyframes, w is the number of spatial regions and & the number
of levels of feature quantization.

5. SEARCH PROCESS

Here the target media stream is matched against the set of reference
streams using index table I. The output of the search process is a
set as:

TbyTEa(R17R2'“R9) (2)
R; = (to;, te;,vi) where v; € V (3)

(Ty, Te) are the time offsets to beginning and ending of a segment
of the target media. The result triples, (R1,: -, Ry) correspond



to the top g (arranged in descending order of similarity scores) ref-
erence subsegments which match the selected segment (75, Tt ) of
the target video stream. (¢, te, ) are time offsets to the beginning
and ending of a subsegment of video segment v;.

The search process involves the following steps
At each time offset ¢ of the target media stream,

1. If scene change at ¢, extract keyframe

ncode C 5, )

time offsets
Index into  using to vote for (vs, t;)
ind the best matching segment and offset
Add winning segment and offset to history table
roup hits in history table
utput results if any
. hift the active time window,
1 . epeat teps1- till end of target media.

The keyframe extraction and code generation steps ( teps 1- )
during search above are exactly the same the corresponding steps
during indexing ( teps - ). The rest of the search steps are dis-
cussed below.

The active time window, de nes the temporal
interval of the index which is searched for every key frame. If we
assume that the reference segments will not be scrambled when
they appear in the test stream, then can be set to the initial
part of the index. nce, hits on a reference segments are recog-
ni ed, can be moved to suceeding parts of the index. In the
experiments reported in this paper, is set to include the entire
temporal extent of the index, i.e. every target stream keyframe is
compared against every keyframe from all reference segments.

ere, the codes generated from the target stream
at time ¢ are used to index into ( xpression 1). This generates
asetof hits ( , , ). The hits are generated at all offsets
within the active time window, ach position in corre-
sponds to a keyframe in each reference segment v;. Thus the hits
are used to accumulates votes for reference segment, time offset
pairs (vi,t;). This scheme, provides the ability to provide sub-
segment matches.

The votes accumulated in tep are used to select the
best matching reference segment and the offset into the segment
(vi,t ). This is implemented by scanning through the set

of votes and selecting the maximum value.
The winner  is added to a history table, which is a
xed length buffer. The history table is used to group consecutive
hits on a particular reference segment. hanges in the video signal
uality and digiti ation will cause false hits to occur. owever, the
possibility that the false hits will be correctly ordered in time is
small. The history table provides the mechanism to lter out any
false hits and to generate the time locali ed results of expression

If there are coherent hits in the history table, the ac-
tive time window may be advanced. If the hits are not coherent,
indicating that the current portion of the target media stream is not
part of any reference segment, the history table is kept at its initial
position, which is the beginning of the index table.

The search algorithm involves the following computational costs.
et  be the code matching cost ( tep ), ; the costof voting

( tep oting), the cost of nding the winner ( tep ) and
e the cost of ltering and segmenting the history table. Then

the index based search time 7' and the se uential search time T .
are as presented below

T (4 ) (e) )
T. ; )
;  number of keyframe from v; ()

The time to search using the index (  uation ) is much smaller
compared to se uential search ( uation ). oth algorithms are
linear in the number of reference segments ( ( )), however, the
index based search picks the maximum (top  hits) from an array
of votes, as compared to the se uential search which
would perform feature based matching against | ; refer-
ence codes. Thus searching on large collections using a se uential
search would be impractical for real-time processing, which is a
re uirement for video applications.

The techni ues presented above were applied for tracking T com-
mercials. The commercials were taken from various T programs
in the area. The reference segments (used to generate the in-
dex table) were encoded into lat1l. b sec with image
si e of ( )using the ptibase ovie maker encoder. The
commercials varied in length from 1 to  seconds. The target
data was generated by compiling a uery tape ( ) of commer-
cials mixed in with different types of programming. The tracking
tests were carried out be by playing the tape (on a player)
and using a frame-grabber ( sprey 1 ) to digiti e frames from
the T  signal. These frames were used to generate the code
pairs which were used to search through the index table. The test
database consisted of commercials. The performance is mea-
sured in terms of precision and recall gures. The ground truth
was determined by manually segmenting target tape. The results
of performing experiments with both the color and gradient fea-
tures are reported.

The color based index table for the reference commercials was
generated using several spatial and feature code parameters. An
index table was generated at each parameter setting. The experi-
ment used the same parameters to compute the index of the target
stream. recision and recall gures were computed for the vari-
ous parameter setting. The recall gures varied from ( x
spatial windows, four levels of hue)to 1 ( x windows, ten
levels of hue). The precision gures in the experiments ranged
between and .

The reason for the low precision and recall are the variations
in the image color between the encoder which generated
the reference segments and the frame grabber which generated the
target stream. anche et al have addressed the problem of
color variations due to ac uisition device by applying color cor-
rection to the video signal. They compare the effectiveness of var-
ious color constancy algorithms with reference to the keyframe
recognition task. The results indicate that workable results (for
keyframe recognition) were obtained by using a test pattern to cal-
ibrate the ac uisition devices.






