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Abstract 

Recently, there has been a gl-owing interest in the USC of mosaic images to rcprcscnf the infwnatio~~ contained in 
video sequences. This paper systematically investigates ho\\ to go beyond thinking of the mosaic simply ax ;I \,isualization 
device. but rather as a basis for an @cic~nr and umplctv representation of video scqucnccs. We describe two different 
types of mosaics called the stufic and the &nc/rxi~ mosaics that are suitable for diflcrcnt needs and scenarios. Thcsc two 

types of mosaics are unified and generalized in a mosaic representation called the /o~ywr.nl /~wwmkl. To handle sequences 
containing large variations in image resolution, we develop a n2fr/ti~eso/Llrit,rl 777ostric~. We discuss a series of increasingly 
complex alignment transformations (ranging from 2D to 3D and layers) for making the mosaics. We describe techniques 
for the basic elements of the mosaic construction process, namely sequence ~L/~;\w~KW~, scqucncc i~tc!lrx~io/~ into a mosaic 
image. and ~KC~‘LK~/ r777d~~,sis to represent information not captured by the mosaic image. WC dcscribc several powerful 
video applications of mosaic representations including ~.icko c~m7prcssior7, 7 it/co ~~77/11777~~~~7~7~~777. ~~77/7~777~~cv/ c.i.s77r7/i_lrtic~rr. and 

other applications in IG/U inck.\-i77(q, srorc~h. and 777trr7;/~7{/“rio77. 

Kqvvords- Video representation: Mosaic images; Motion analysis: Image rcsistration: Video databasch: \‘~dcc~ 

compression; Video enhancement: Video visualization; Video indwng: \:idco manipulation 

I. Introduction 

Video is a very rich source of information. Its two 
basic advantages over still images are the ability to 
obtain a continuously varying set of views of a scene. 
and the ability to capture the temporal (or ‘dynamic’) 
evolution of phenomena. 

A number of applications that involve processing 

the entire information within video sequences have 
recently emerged. These include digital libraries, 
interactive video analysis and softcopy exploitation 

environments. low-bitratc video transmission, and 
interactive video editing and manipulation systems. 

These applications require ekient representations of 
large video streams, and efficient methods of access- 
ing and analyzing the information contained in the 
video data. 

There has been a growing interest in the use of 
a panoramic ‘mosaic’ image as an efficient way to 
represent a collection of frames (e.g., see Fig. I ) 
[ 17.2 I. 22, 161. Since successive images within a 
video sequence usually overlap by a large amount, the 
mosaic image provides a significant reduction in the 
total amount of data needed to represent the scent. 
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Fig. 1. Static mosaic image of a table-tennis game sequence. (a)-(c) Three out of a 300 frame sequence obtained by a camera panning 

across the scene; (d) the static mosaic image constructed using a temporal median; (e) the static mosaic image constructed using a temporal 

average. 

Although the idea of the mosaic and even some of 
its applications have been recognized, there has not 
been a systematic approach to the characterization of 
what the mosaic is, or even an attempt to develop any 
type of standard terminology or taxonomy. In prac- 
tice, a single type of mosaic, such as a static mosaic 
image obtained from all the frames of a contiguous 
sequence, is suitable for only a limited class of appli- 
cations. Different applications such as video database 
storage and retrieval and real-time transmission and 
processing require different types of mosaics. 

Also, while mosaics have been recognized as effi- 
cient ways of providing ‘snapshot’ views of scenes, 
the issue of how to develop a complete representation 

of scenes based on mosaics has not been adequately 
treated. Specifically, we refer to the question of how 
to represent the details not captured by the mosaics, 
so that the sequence can be fully recovered from the 
mosaic representation. 

The purpose of this paper is to develop a taxonomy 
of mosaics by carefully considering the various issues 
that arise in developing mosaic representations. Once 
this taxonomy is available, it can be readily seen how 
the various types of mosaics can be used for different 
applications. The paper includes examples of several 
applications of mosaics, including video compression, 
video visualization, video enhancement, and other ap- 
plications. 
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The remainder of the paper is organized as follows. 

Section 2 presents various types of mosaic represen- 
tations, and discusses their efficiency and complete- 
ness in terms of sequence representation. Section 3 
describes the techniques that we use to align the im- 
ages, construct the mosaics, and detect the significant 

‘residuals’ not captured in the mosaics from the input 
video stream. Section 4 outlines a number of powerful 
video applications of the mosaic representations with 

examples and experimental results. Finally Section 5 
discusses the salient issues for future research on this 
topic. 

2. The mosaic representation 

A mosaic image is constructed from all frames in a 

scene sequence, giving a panoramic view of the scene. 
Although the idea of a mosaic image is simple and 
clear, a closer look at the definition reveals a number 
of subtle variations. For instance, since the different 
images that comprise a mosaic spatially overlap with 
each other, but are taken at different time instances, 

there is a choice regarding how the different grey val- 
ues available for the same pixel are combined. Sim- 
ilarly, the variations in the pixel resolution between 
images leads to the issue of choosing the resolution 
of the mosaic image. Finally, there are also choices 
regarding the geometric transformation model used 
for aligning the images to each other. The different 

choices in these various issues is typically a result of 
the type of application for which the mosaic is in- 
tended. 

In this section we describe different ‘types’ of 
mosaics that arise out of the types of considerations 
outlined above. 

2. I. Static mosaic 

The static mosaic is the common mosaic represen- 
tation [ 17,22,2 1, 16, 141, although it is usually not re- 
ferred to by this name. It has been previously referred 

to as mosaic or as ‘salient still’ (e.g., see Figs. 1 and 2). 
It will be shown (in Section 4) how the static mosaic 
can also be extended to represent temporal subsam- 
ples of key events in the sequence to produce a static 
‘event’ mosaic (or ‘synopsis’ mosaic). 

The input video sequence is usually segmented into 

contiguous scene subsequences (e.g., see [23]), and 
a static mosaic image is constructed for each scene 
subsequence to provide a snapshot view of the sub- 
sequence. This is done in batch mode, by aligning 
all frames of that subsequence to a fixed coordinate 

system (which can be either user-defined or chosen 
automatically according to some other criteria). The 
aligned images are then integrated using different types 

of temporal filters into a mosaic image, and the signif- 
icant residuals are computed for each frame of relative 
to the mosaic image. The details of the mosaic con- 

struction process are described in Section 3. Note that 
after integration, the moving objects either disappear 
or leave ‘ghost-like’ traces in the panoramic mosaic 
image. 

Examples of static mosaic images are shown 
in Figs. 1 and 2. In Fig. 1 a static mosaic im- 
age of a table-tennis game sequence is constructed, 
once using a temporal median, and once using 
a temporal average. In this sequence, the player 
and the crowd move with respect to the back- 

ground, while the camera pans to the right. The 
constructed mosaic image displays a sharp back- 
ground, with blurry crowd, and a ghost-like player. 
Fig. 2 shows a static mosaic image of a base- 
ball game sequence produced using a temporal 
median. In this sequence two players run across 
the field (from right to left), while the camera 
pans to the left and zooms in on the players. The 
constructed mosaic image in this case displays 

a sharp image of the background with no trace 
of the two players. In both examples, a 2D mo- 
tion model was sufficient to align the images (see 
Section 3). 

The static mosaic image exploits long term tempo- 
ral redundancies (over the entire scene subsequence) 
and large sputiul correlations (over large portions of 
the image frames), and is therefore an efficient scene 
representation. For examples, in Figs. 1 and 2, the 
entire video sequence can be represented by the mo- 
saic image of the background scene with the appropri- 
ate transformations that relate each frame to the mo- 

saic image. The only information in the sequence not 
captured by the mosaic image and needing additional 
representation are the changes in the scene with re- 
spect to the background (e.g., moving players). These 
residuals can either be represented independently for 
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b) 

e) 

Fig. 2. Static mosaic image of a baseball game sequence. (a)-(f) S’ LX out of a 90 frame sequence obtained by a camera panning from 

right to left and zooming in on the runners. (g) The static mosaic image constructed using a temporal median. The black regions are scene 

parts that were never imaged by the camera (since the camera zoomed-in on the scene). 
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each frame, or can frequently be represented more ef- 
ficiently as another layer using yet another mosaic [l] 
(see Section 2.5). 

The issue of representing residuals which are not 
captured by the mosaic image has frequently been 
overlooked by handling sequences with no scene ac- 
tivity [2 1, 16. 141. The mosaic image, along with the 
frame alignment transformations, and with the residu- 
als together constitute a conydrtr and &icirnt repre- 

sentation, from which the video sequence can beJtl& 
reconstructed. These issues have been addressed to a 
limited extent with respect to video compression in 
[I], although that work does not consider how to as- 
sign a significance measure to the residuals or how to 
handle non-rigid layers. 

The static mosaic, being an efficient scene repre- 
sentation, is ideal for video storuge and retrieval, es- 

pecially for rupid browsing in large digital libraries 

and to obtain efficient access to individual frames of 
interest. It can also be used to increase the efficiency 
of content-based indexing into a video sequence, to 
reduce the tedium associated with video manipulation 

and analysis. Last but not least, it can be used for en- 
hanced visualization in the form of panoramic views, 
as well as a tool for enhancing the contents of the im- 
ages. These applications are described in greater detail 
in Section 4. 

Since the stutic mosaic is constructed in hutch 

mode, it cannot completely depict the dynamic as- 
pects of the video sequence. This requires a dynumic 

mosaic, which is a srquerfcr of evolving mosaic im- 
ages, where the content of each new mosaic image is 
updated with the most current information from the 
most recent frame. The sequence of dynamic mosaics 
can be visualized either with a stationary background 
(e.g., by completely removing any camera induced 
motion), or in a manner such that each new mosaic 
image frame is aligned to the corresponding input 
video image frame. In the former case, the coordinate 

system of the mosaic is fixed (see Fig. 3), whereas 
in the latter case the mosaic is viewed within a mov- 
ing coordinate system (see Fig. 4). In some cases 
a third alternative may be more appropriate, wherein 
a portion of the camera motion (e.g.. high frequency 

jitter) is removed or a preferred camera trajectory is 
synthesized. 

When a jxed coordinate system is chosen for the 
dynamic mosaic, each new image frame is warped to- 
wards the current dynamic mosaic image, and the in- 
formation within its field of view is updated accord- 
ing to the update criterion (e.g., most recent, average, 

weighted average, etc. (see Section 3.2)). When the 
coordinate system of the mosaic is chosen to be (/J)- 

namicall~~ updated to match that of the input sequence, 
the current dynamic mosaic image is warped towards 
each new frame, and then the information within the 
current field of view is updated according to the up- 
date criterion. When a virtuul coordinute sy.s/em is 
chosen (either predetermined by the user, or computed 
according to some criterion), both the dynamic mosaic 

and the current frame are warped towards that coordi- 
nate system. Note that the definition of the coordinate 
system and the warping mechanism will vary accord- 
ing to the world and motion model (see Section 3). 

Figs. 3 and 4 show examples of the evolution of 
some dynamic mosaics. Fig. 3 shows an evolving dy- 

namic mosaic image of a table-tennis game, where the 
player and the crowd move with respect to the back- 
ground, while the camera pans to the right. In this 

example we chose to construct the mosaic in a ,~~.YcJc/ 
coordinate system (that of the first frame). Note that 
in the dynamic mosaic the crowd and the player do 

not blur out (as opposed to the static mosaic shown in 
Fig. 1 ), and are constantly being updated. 

Fig. 4 shows an evolving dynamic mosaic image 
of a baseball game sequence, where two players run 
across the field (from right to left), while the camera 

pans to the left and zooms in on the players. In this ex- 
ample we chose to construct the mosaic in a dynumic 

coordinate system that matches that of the input video 
(i.e., changes with each new frame). Note that in the 

dynamic mosaic the players do not disappear (as op- 
posed to the static mosaic in Fig. 2), but are constantly 
being updated. 

The umplete dynamic mosaic representation of 
the video sequence consists of the ,$r.st dynamic mo- 
saic, and the incrementul alignment parameters and 

the incremental residuals that represent the changes. 
Note that the difference in mosaic content between the 
static and dynamic mosaics implies a difference in the 
residuals that are not represented by the mosaic. In 
the dynamic case, since the content of the mosaic is 
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