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Abstract

We present a feasibility study on using video visualization to aid snooker sliirtg. By involving the coaches
and players in the loop of intelligent reasoning, our approach addeesise dif culties of automated semantic
reasoning, while bene ting from mature video processing techniquds.Wark was conducted in conjunction
with a snooker club and a sports scientist. In particular, we utilized the praicipsign of the VideoPerpetuoGram
(VPG) to convey spatiotemporal information to the viewers through stati@hstion, removing the burden

of repeated video viewing. We extended the VPG design to accommodatethéor depicting multiple video

streams and respective temporal attribute elds, including silhouette ertruspatial attributes, and non-spatial

attributes. Our results and evaluation have shown that video visualizatiorpoavide snooker coaching with

visually quanti able and comparable summary records, and is thus & effsctive means for assessing skill
levels and monitoring progress objectively and consistently.

Categories and Subject Descriptogaccording to ACM CCS) 1.3.3 [Computer Graphics]: Picture/lmage
Generation—Display algorithms 1.3.m [Computer Graphics]: MiscellaseseVideo visualization

1. Introduction by applying video visualization to snooker skill training. In
particular, we utilized the principal design of th&leoPer-
petuoGram(VPG) [BBS 08], which provides a focus + con-
text visualization of a video stream. We extended the design
of the VPG to accommodate the need for depicting multi-
ple attribute elds, including silhouette extrusion of objects,

Cue sports encompass a family of skill-based games where
a player uses a wooden cue to strike billiard balls on a table.
Snooker is one such sport, which has been popular in many
English-speaking countries since the 19th century, and in re-
cent years its popularity grew rapidly in Asia. The game of spatial time series (e.g., the center of a snooker ball), and
snooker has bene ted greatly from the arrival of color tele- non-spatial time series (e.g., ball size). This work was con-
vision in the early 1970s, and affordable video technology ducted in conjunction with a’snooker club, which is led by

in the .19805. Today, .videos.are used extensively in snooker a former world champion and offers coaching to both pro-

coachmg_. In comparison with most other sports, however, fessional and amateur players. It is a feasibility study to de-
snooker is yet to bene t from modern technology-based per- termine whether video visualization can be deployed in a

formance analysis and coaching. snooker club to aid snooker training, and if so, what further

In snooker skill training, all snooker coaches encounter investment in equipment, research and development is nec-
the dif culty of analyzing the progress of a player quanti- €ssary for realizing a technology usable in everyday train-
tatively and making an Objective Comparison between play_ |ng Our results and eVaantiOn haVe ShOWed that Coaches can
ers. Although videos provide an effective means of recording derive quanti able and comparable information from static
raw da’[a’ Watching videos is ’[ime_consuming and making a video visualizations, and for the demonstration VideOS, the
Comparativejudgment by juxtaposing videos is genera”y in- Visualiz.ation i-S considered to be a-COSt'eﬁectiVe m.ean-s for
effective. An average snooker shot takes about 2-3 seconds,assessing skill levels and monitoring progress objectively
while a cue strikes in the blink of an eye. High-speed Iming and consistently. The study also indicates that a substantial
is often necessary, but watching such slow motion videos in development effort (at the scale of 10 person-years) is likely
everyday training is agonizingly laborious. required to provide coaches with a suite of visual designs

In this work, we address the above-mentioned dif culties
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(a) cue and ball interaction (b) ball trajectory

(c) alignrnand delivery (d) grip and wrist motion

() six example framegs & 0;62,124; 186,248 310) from another video, “pink-pot-c2”, for testing spirnélance skill.

Figure 1: Example frames extracted six typical snooker skill

training videos. (@mesent different actions that are inter-

esting to snooker coaches. (e-f) represent two video sequencemghdifferent spin avoidance actions (both available as

supplementary materials).

for a variety of cue actions, ball interactions and postures to
measure different skills.

2. Application Background

In this section, we rst describe the speci ¢ needs of snooker
skill training, which provide the motivation for this work. We
then describe the objectives of this work, and the equipment
used in capturing the videos.

2.1. Snooker Skill Training

A good snooker player possesses a wide range of skills.
While a beginner needs to master basic skills such as main-
taining correct stance and grip, forming a bridge with the

hand (a V-shaped channel), aligning the cue, and deliver-
ing a strike Eve9], a professional needs to possess neces-
sary mental qualities such as motivation, commitment, con-
centration, con dence, and decision making under pressure
[Cli81, WL02]. This application work focuses on a set of

Videos can help maintain a good training record, captur-
ing problems and improvements in aspects that are not easily
observable during training. Figuieshows four different as-
pects in (a)-(d) that coaches would examine closely. Figure
1 also shows key frames extracted from two video sequences
in (e-f) capturing different spin avoidance actions. While
watching videos is intuitive and effective in many cases, it is
time-consuming, and dif cult to make objective comparison.
Snooker coaches are longing for modern technologies that
can help coaching and training. In comparison with many
sports, such as tennis and soccer, the deployment of mod-
ern technology in snooker for skill training and performance
analysis is rare. In addition to scienti ¢ and technical chal-
lenges, the technology developed for snooker training must
also address the challenges of keeping the costs and resource
requirements low.

2.2. Application Stakeholders and Data Capturing

Most snooker training clubs in the UK are organized around

skills at the intermediate level. Players at such a level have one or two coaches. As in most sports, coaches and profes-
already acquired basic skills as well as a reasonable feel of sional players are highly motivated and have a great urge to
the interaction between different entities (i.e., body, sight, learn and use new technology. However, they have very lim-
cue, ball, table, etc.). ited prior exposure to advanced visualization. This is very
different from many other visualization applications that
mainly involve users in the scienti ¢ and medical commu-
nities. It thereby presents an extra challenge to this work.

For players at the intermediate level, snooker coaches are
interested in the following skillsGri96]: speed of delivery,
application of power, stun, screw, side, cue alignment, spin
delivery, and spin avoidance. For the feasibility study, we  This work is conducted in conjunction with a snooker club
focused on spin avoidance: the ability to strike the cue ball that provides training to both professional and amateur play-
without applying unintentional spin. ers. A few of the professional players trained in the club are
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ranked among the top 20 players in the Of cial 2000 World 3. Related Work
Snooker Rankings. The club considered investing in a suite
of ceiling-mounted and computer-controlled video capture

and replay equipment, but was uncertain whether perfor-
mance analysis based on watching videos is scalable from
training a few professional players to many amateur players.

Video-based analysis is commonly used in modern sports
to aid performance analysis and improvement. In practice,
most such analysis is carried out by repeated video view-
ing and qualitative discussions in front of a television. Many
attempts have been made to use automated computer vision
techniques. The current advances in this area are represented
by a special issue iComputer Vision and Image Under-
standing[MP09. These attempts generally fall into the fol-
lowing categories:

We thus initiated this work as a feasibility study to help
the club answer the following questions:

1. Can video visualization complement video watching in
performance analysis and progress monitoring?

2.

Can coaches recognize visual signatures in video visual-

ization, and will they be willing to learn such skills?

3. What are the estimated costs and resource requirements

to make video visualization a usable technology in a
snooker club?

4. Does video visualization have the potential to help in-
crease the use of a costly suite of ceiling-mounted
and computer-controlled video capturing and replaying
equipment, thus justifying the investment?

Because the proposed ceiling-mounted video capturing
equipment was not available to this feasibility study, we
made temporary provision to use portable and relatively low-
cost equipment to capture video data. Two Iming session
were held. The rst session allowed us to nalize the equip-
ment requirements. All videos used in the work were Imed
in the second session. In this feasibility study, we used two
Casio Ex-FH20 cameras, which support high-speed Iming

Tracking— Techniques in this category provide the basis
for high-level analytical tasks by establishing the motion
trajectories of interesting objects or players. For example,
Renet al. reported a technique for tracking a soccer ball
from multiple xed camera viewsROJX09. Kristan et

al. presented an algorithm for tracking multiple players in
several indoor sports applicationsHPK09. In general,
there is a large volume of literature on tracking techniques
and their applications in sport&€99, Gav99g. Advances

in this aspect include sophisticated algorithms for han-
dling motion-blurred imagesJG09, and graph-based as-
sociation of tracked object¥[CKO08].

Indexing and retrieval— Techniques in this category al-
low videos of sport events to be temporally segmented, in-
dexed with known information (e.g., event hierarchy, sen-
sor parameters, land marks, etc.), and stored in a multi-
media database for future contents-based retrieval or fur-

ther video processing. For example, Pingalal. reported
such a system for tennis gamdé¥]JCO02. Assfalget al.
presented a system that segments a sports video into shots
of studio interviews, statistical graphics, audience, play-
ing elds and close-up views of players. They worked
with videos of 10 different sports, with varying accuracy,
e.g., 38% (javelin), 57% (diving), 69% (tennis), 80% (soc-
cer), and 88% (track). The technology in this aspectis rel-
atively mature, though human involvement in correcting
erroneous classi cation is necessary in practice.

Event Classi cation — Techniques in this category
are intended to generate semantic description of events
in videos using automated reasoning. For example,
D'Orazio et al. developed a vision system for classifying
doubtful goal scoring situations in soccer matches using
cameras located along the goal lifeL[S 09]. Perseet

al. presented a method for detecting three phases, namely
offensive, defensive and time-out phases, in a basketball
game, achieving 92% accurac{aVP09. In general,

the successes in this area are limited by both restricted
Iming conditions and simplicity of semantic classes.

at up to 1000 fps. After the trial run, we decided to use
420 fps at 224 168 resolution. This setting would allow
us to capture the high speed actions, such as ball spin and
cue vibration, which naked eye cannot easily observe. Al-
though the resolution is less desirable for both video pro-
cessing and visualization, it provides a worst-case scenario
to test the technology. As a snooker hall is usually not well-
lit and high speed Iming demands good lighting, we pro-
vided four 500 W halogen oodlights mounted on two tele-
scopic masts. Without computer-controlled camera synchro-
nization, we used a 20 Hz strobe light to help synchronize
videos in the processing stage.

For the feasibility study, we focused on a particular cue
action namelyspin avoidanceWe used four videos (“pink-
pot-b1”, “pink-pot-b2”, “pink-pot-c1”, and “pink-pot-c2”)
to assess the technical feasibility and provide the evaluation
with a practical case study. The videos show two different
shots, b and c, each captured from the side (1) and the front
(2). Some key frames of the front view videos are shown
in Figure1(e-f). It is not feasible for human or machine vi-
sion to quantify spinning from normal snooker cue ball. In
comparison with other spatial transformation (e.g., transla-
tion and scaling), spinning is also more dif cult to visual- mental practice and rehears8K94], which is not the topic
ize [CBH 06]. We made use of a training cue ball, with its  of this paper. In this work, “visualization” is considered a
two halves colored in black and white respectively. Some of computational process for extracting meaningful informa-
our visualizations were purposely designed to depict spins tion from sporting data, and conveying it visually to the
using this property. users. One of the common uses of visualization in sports is

The term “visualization” in sports commonly refers to
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ball detection
and tracking

( video capture H

H ball classification erature extraction)

Figure 2: The basic steps of the video processing pipeline.

to depict the motion trajectories of moving objects and play-
ers. Pingaliet al. presented a system for tennis with visual
designs for viewing trajectory lines, coverage maps, land-
ing points, 2D charts and virtual 3D replay. They demon-
strated that visualization can provide insights into perfor-
mance, style, and strategy in spof&JJCO0]1 Such visual
designs are now commonly seen in sports broadcasts. Grau
et al. presented a system for reconstructing soccer matches
from multiple cameras, and allowing replay from arbitrary
viewpoints where moving objects are approximated by bill-
boards, visual hulls or view-dependent geomeBiK 07].
Denmanet al. presented a tool for summarizing ball trajec-
tories overlaid on a video frame. They also used 2D graphs
to illustrate ball position and speeBRK03].

Video visualization is a growing subject. Daniel and
Chen DCO3 proposed to apply volume rendering tech-
niques to visualize information in video data. Botcledral.
demonstrated the feasibility of visualizing video streams in
real-time with GPU-based multi- eld renderin@ CWEO0§.
Chenet al. conducted a user study, con rming that novice
users can learn to recognize visual signatures in video vi-
sualization CBH 06]. Dony et al. [DMRO05], Assaet al.
[ACCO05, and Caspkt al. [CAMGO06] presented techniques
for extracting important objects from different key frames,
and reconstructing a storyboard by combine different tem-
poral objects into a single still image. Several researchers
studied the techniques for viewing multiple video streams
with their spatial context. For example, Waeg al. used
3D environment models to contextualize spatially-related
videos WKCBO07], and conducted a user study to evaluate
different design options//KCBO07]. Romeroet al. made an
attempt to visualize video captured from an overhead cam-
era RSSA0§. Botchenet al.[BBS 08] presented a focus +
context design of video visualization, combining key frames,
spatial and non-spatial attributes into a static visualization.
They created a visual representation of a continuous video
stream, called/ideoPerpetuoGrariVPG), in a manner sim-
ilar to an electrocardiogram (ECG) or a seismograph. We
have adopted this visual design in this work.

Overall, in comparison to the literature in video process-
ing, the body of work in video visualization is limited. To our
knowledge, there has not been any application case study on
sports video visualization.

4. From Videos to Spatiotemporal Attributes

This work adopted the same principal pipeline GBH 06,

BBS 08], supporting video visualization with a video pro-
cessing stage. This section discusses the processing require-
ments and brie y outlines the video processing stage, while
Section5 addresses video visualization.

One objective of this feasibility study is to assess if
coaches can recognize visual signatur€8Hl 06] from
video visualization. This requires the processing stage to ex-
tract different temporal information. For example, for the
two above-mentioned shots and their video sequences (like
those in Figured(e-f)), this includes:

a the silhouette of a ball,

b the different color segments of a ball,

¢ the center of a ball, or of each segment,

d the color separation line on the black-white cue ball.

There are many solutions in the computer vision litera-
ture for such problems. In this work, we make use of mature
and fast video processing techniques to extract the desired
features, but avoid complex techniques such object classi -
cation and tracking and learning-based pattern recognition.
For example, we may apply Iters to extract a pixel map of
silhouettes of all balls, and then forward such a pixel map
directly to the visualization pipeline without making explic-
itly recognition as if there is any ball in the pixel map or how
many. In this way, the potential errors for automatic machine
recognition are avoided, and usually visualization artifacts
caused by minor ltering errors are easily tolerated by the
human vision system.

We designed a video processing pipeline (see Fi@yre
based on thegeneralized symmetry transforfRWY95]
to estimate the centers and radii of the balls and to seg-
ment them. The remainder of the pipeline is based on basic
techniques provided by OpenCWBKO08]: we use a linear
Kalman lter to track the balls, and classify them accord-
ing to pixel colors in their area. We then further segment
the black-white cue ball in the same way. Finally, we extract
several other features for the black and white segments, e.g.,
the number of pixels, the separation line, and the segment
centers. Further details on the video processing pipeline are
provided in the supplementary material of this paper.
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pink-pot-b2 pink-pot-c2

(a) trajectories of ball centers

(b) trajectories of color segments

b b
3 Ej
L1 Kl

(c) object silhouette volume

(d) the separation edge on the black-white cue ball

Figure 3: Visualizing four different types of spatial at-

tributes.

(a) pink-pot-b2 (b) pink-pot-c2

Figure 4: Visualizing non-spatial attributes. The radius of
the yellow tube-like object shows the temporally varying ra-
tio of white pixels on the black-white cue ball.

5. Multi-Strand VideoPerpetuoGram (VPG)

The visualization component is based on the VideoPerpetuo-
Gram (VPG) framework originally designed for the inte-
gration of spatial and temporal aspects in video visualiza-
tion [BBS 08]. We follow the focus + context design of

C 2010 The Author(s)
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VPG, with a few technical modi cations to accommodate
the needs of this application. The technical contributions
to visualization are the extensions of the VPG to com-
bine different attributes in the same visualization (multi-
attributes extension), and the possibility to have several tem-
porally synchronized visualization images displayed simul-
taneously (multi-strand extension). As shown by Botcaen
al. [BBS 0g], the rendering of the VideoPerpetuoGram is
real-time and the modi cations made in this paper maintain
interactive frame rates. In this section, we outline the general
considerations for the visual design, then consider the visu-
alization of individual spatiotemporal attributes extracted in
the video processing stage (see Sec#prand nally dis-
cuss the combination of different attributes in the same visu-
alization, and the multi-strand VPG.

5.1. General Design Principles

The targeted audience of this feasibility study includes
snooker coaches and players. We assume that these users
are not familiar with advanced visualization systems. Based
on this, the following design principles were de ned, and
later improved according to the feedback from the applica-
tion partners.

Color Mapping. Color mapping should enable visualiza-
tion to match the colors on snooker table as close as possible.
The trajectory of a snooker ball should ideally be depicted
using the original ball color. When there is a con ict, such
as with the background, a uniquely identi able color should
be used within the visualization.

Providing Context. Following the VPG design, the con-
text (i.e., key frames of a video) should be present in every
visualization. One or just a few key frames are often ade-
guate as the scene is relatively static.

Minimizing Navigation. Since the primary advantage of
video visualization is to save time, we should not replace
the time for watching video with the time for interaction and
navigation. Hence, users are given a few xed camera posi-
tions from which visualizations are generated. Similarly, or-
thographic projection is employed to avoid misleading per-
spective foreshortening.

Visualization Literacy. We believe that visualization lit-
eracy can be improved. We should prepare coaches and play-
ers with simple visualization designs, and gradually intro-
duce more complex designs.

5.2. Visual Mapping of Spatial Attributes

Attributesare pieces of information extracted from a video
during the video processing stage. As shown in Section
such information is obtained frame by frame. Hence, all at-
tributes are temporal. Some attributes, such as the center of
a ball or the line separating a black-white cue ball, are inher-
ently spatial, and can be placed in 3D space with the time as
the third dimension. We term thespatial attributes
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Displaying spatial attributes in 3D is relative intuitive. As
shown in Figure3(a), the center of a ball can be displayed
in conjunction with a few key frames. Similarly, we can also
display the centers of three colored segments pink, black and
white as in Figure3(b). These time series of positions are vi-
sualized by rendering thick lines implemented as geometric
tubes and indicating the trajectories of the balls.

Note that for video “pink-pot-c2”, which did not manage
to avoid spin, the patterns in (b) are more observable than in
(a). This is because that the centers of the black and white
segments of the cue ball revolve around each other during

the spin. Nevertheless, the tubes in (a) are suitable to show

the trajectories of the balls.

The object silhouette can be displayed as a volumetric ob-
ject passing through the key frames, as in Fig8(®. The
transfer function used is similar to Ebest al. [EMRY02],
where the RGB values in the video are preserved, and al-
pha is derived from image analysis results. While the ob-
ject silhouette volumes are inappropriate to show the degree
of spin, they can provide the trajectories of balls preserving
original radii and colors.

The separating edge of the black-white ball is depicted
with a ribbon. A spinning black-white ball results in a twist-
ing or broken ribbon, providing a visually intuitive way to
compare cue actions for spin avoidance. For example, as
shown in Figure3(d), a poor shot will causes twisted or bro-
ken ribbons, while a good shot will not.

5.3. Visual Mapping of Non-Spatial Attributes

Certain temporal attributes extracted by the video processing
do not have any inherent spatial location, yet still form a time
series. We term thesson-spatial attributesFor example,

the numbers of black and white pixels in the two videos in
Figuresl(e-f) give a good indication of whether the black-
white cue ball is spinning.

In principle, non-spatial attributes can be displayed ade-
quately using a 2D plot. However, this contradicts the prin-
ciple of providing context (e.g., video frames), whenever one
can. We thus designed a context + focus visualization for the
ratio of white pixels on the black-white cue ball (Figute
We de ne this ratio asgymis ;‘i‘)“(’ehl';'f Dl Siats 1N the vi-
sualization, this ratio is mapped to the radius of a tube that
extends out from the corresponding ball position in the key
frame. We were curious about how potential users would re-
act to such visualization (see Secti@n

Note that some attributes and their visual mappings pro-
vide insights into similar properties. For example, both tra-
jectories of ball centers (Figur&a)) and object silhouette
volume (Figure3(c)) show ball trajectories. The spin of a
shot is conveyed by different visual patterns: trajectories of
segment centers (FiguBb)), the ribbon showing the sep-
aration edge on the black-white cue ball (Fig3(d)), and

the non-spatial ratio visualization (Figudg Therefore, itis

not mandatory to show all visual patterns, but the user may
bene t from several, independent visualizations in the case
of borderline shots.

5.4. Multi-Attributes VPG

Multiple attributes can be combined within a single VPG,
as demonstrated in Figuke In addition to the key frame(s),
each visualization shows the object silhouette, and the cen-
ters of the black and white segments. A special case of the
VPG can be created by looking along the temporal axis to-
wards the initial key frame; implicitly registering data within
the static scene (FiguBga)). This special-case layout is sim-
ilar to many visual representations of trajectories in videos.
While this visual design has the advantage of being intuitive,
it suffers several drawbacks. It lacks of temporal reference
for information, such as speed. It also has limited degrees
of freedom for the orientation of tracking geometries. For
example, the trajectories of color segments in Fig8(®

can go up and down as well as sideways. It is not easy to
depict an up and down motion with the visual design in Fig-
ure5(a). The VPG supports arbitrary, uniform scales of the
time axis. Of course, the trajectories in Figb(b) are space-
time trajectories while the ones in Figus&) are their pro-
jection along the time axis. The latter is more familiar to
most of novice users. Nevertheless, for the spin avoidance
videos, the coaches are not interested in the actual path of
the balls, but the juddering or deformation of the tracking
geometries. Furthermore, interpretation of space-time trajec-
tories can be learned (as demonstrated in a large controlled
user study CBH 0€], see also discussion in Sectién

Allowing the simultaneous display of volume data and
surface geometry is a further extension to the VPG. The dis-
play of surface and volume data together is achieved by rst
rendering the opaque surface geometry (with depth write and
depth test enabled), then rendering the slices through the vol-
ume (with blending and depth test enabled, but depth write
disabled).

5.5. Multi-Strand VPG

A major extension of the VPG is to enable simultaneous dis-
play of several, temporally synchronized visualization im-
ages. Multiple time-series visualizations, which we term
multi-strand are shown side-by-side, to visualize a collec-
tion of spatial and non-spatial attributes (Figuege At-
tributes with similar spatial context may also be separated
to prevent visual overload of the user, and occlusion of the
VPG. For example, the separating edge should normally be
in a different strand from that for the ball centers, as they
frequently occlude each other.

The multi-strand VPG is motivated by the navigation cost
analysis by Ware\War04. He discusses various methods for
navigating through information spaces and their time costs:
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pink-pot-c2

(a) front view

(b) side view

Figure 5: A VPG that combines object silhouette volume and
trajectories of color segments.

in the ideal visualization, all information is available on a

. Hoferlin et al. / Video Visualization for Snooker SkilEiming

limited to basic graph plotting, such as in spreadsheet.
Hence, an evaluation through open discussions allows us to
engage the potential users not only to provide the feedback,
but also to learn and appreciate merits of visualization.

We prepared 6 sets of questions, and organized the discus-
sions using PowerPoint slides that also showed some exam-
ple videos and visualization results. In addition, we prepared
two sets of paper copies of sample visualization results on
forms on which a coach could write further comments for
a trainee. None of the participants saw any visualization re-
sults prior to the meeting. The discussions, which took about
an hour, are summarized in a table in the Appendix (included
in the supplementary materials).

During the meeting, we introduced video visualization
gradually, by rst showing a 2D example, such as a stock
market graph, and then showing a video visualization that
uses a similar visual metaphor. This was very effective in
helping the participants to understand the results of video
visualization. In general, the coaches who took part in the
meeting liked the visualizations in Figur8ga-b), 4, 5(a),
and6. They had some dif culties with translucent volumes
as in Figure5(b). This may be partly because those volu-

single high-resolution screen, because a single saccadic eyeMetric effects are inherently more dif cult to appreciate and

movement will change from one space to another in about
150ms Meanwhile, the cognitive effort for alternative nav-
igation methods, such as a hypertext link, takes at least 2
Therefore, we have chosen a side-by-side visualization with
several attributes of up to two shots.

6. Results and Evaluation

In this feasibility study, we designed and rendered a variety
of VPG visualizations. These included:

Spatial attributes with key frames as context (Figures
3(a-d)).

Non-spatial attributeswith key frame context (Figur4).
Combined object silhouette volume and trajectories of
color segmentswith key frames as context (FiguB.
Multi-strand VPG(Figure6).

Itis not generally feasible to organize a user study involv-

partly because that we did not have effective 2D stimuli to
introduce this concept. The visualization results in Figure
3(d) were not available to the meeting.

A few visualizations similar to Figuréwere shown in the
meeting. We used Minard's map as an introduction, which
enthused the participants and stimulated much discussions.
Figure4 is an improved version of what were shown in the
meeting.

Participants were convinced that video visualization of-
fers an effective means for communication, comparison, and
archiving. They also appreciated our observation that the au-
tomatic video analysis is not as readily usable as video visu-
alization. Some participants were relieved that the technol-
ogy is not ready to replace the coaches, while some remained
hopeful for a fully automatic technology.

In terms of the four questions listed in Secti@r?, we
summarize our observations based on the discussions in

ing a large number of snooker coaches because there are onlythe validation meeting, further engagement with the partici-
about 20-30 registered snooker coaches in the UK, spreadingpants, and the authors' experience throughout this feasibility

in different parts of the country. We organized a validation
meeting with ve potential users to evaluate the visual re-
sults of the feasibility study. The ve participants included
two full-time snooker coache€; andC,, one of whom is a
former world champion, one sports scientStwho is also

a cricket coach, one intermediate-level amateur player
and one basic level amateur play&s, who has a full length
snooker table at home.

CoachC,, who is a co-author of this paper, manages a
snooker club and trains intermediate and basic level players.
The participants' knowledge about visualization is largely

C 2010 The Author(s)
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study:

1 Snooker coaches are longing for a technology that re-
duces time spent watching videos, and aid their analysis
and monitoring tasks. The coaches who took part in the
evaluation were not concerned with the fact that visual-
ization needs human interpretation, and liked the idea that
they are not replaced by unreliable machine intelligence.
However, for visualization to be usable, the functionality
delivered in types of this feasibility study has to be scaled
up to some 10-20 cuing actions.

2 Coaches can learn to recognize visual signatures. In par-
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pink-pot-b2 - pink-pot-b1

d i &
0.0000s 0.1476s 02952s 04429 05905 0.7405s

pink-pot-c2 pink-pot-c1

Figure 6: A multi-strand VideoPerpetuoGram comparing the two shots “pink-potiid &ink-pot-c”, each captured from the side (1) and the front (2). Tioat view
video sequences are the same as shown in Figu@n the upper and lower left side, the front views of the shots are visudliz&ey frames, pink ball centers, and
the separation lines on the black-white cue balls represented by ribbbessidie views are displayed on the right side. The attributes shown heieriframes, object
silhouettes, and ball centers. The function plots on the left side show the fatioite pixels of the black-white cue ball. The four curves correspond téothedifferent
video sequences. Their colors match with the colors of the bounding lsox¢aining the video names. We decided to use a 2D plot to display theatalsttributes
since the spatial context can be provided by temporal alignment, haaizgpatial alignment, and reference lines to the associated strands of Yfd@opot-b2” and
“pink-pot-c2”. A detailed comparison is only required between paralielus, which limits the cognitive effort. Additionally, some features can be viedahzll VPGs,
such as the trajectory of the pink ball. This may help the user to transfer thenafimn even to orthogonal views, while information is not needed to be a@ahpetween
them.

¢ 2010 The Author(s)
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ticular, we were surprised by how quickly they trans-

ferred their learning of Minard's map to the visualiza-

tion of non-spatial attributes (Figu#d. Learning stimuli

(e.g., simpler examples) and metaphors might play an im-

portant role in learning visual signatures.

Visualization can be used in many aspects of snooker skill

training. In addition, the participants identi ed a number

of potential uses of such visualization, including (i) in-
dividual training records in the form of a collection of
reports similar to the sample paper copies, (ii) a collec-
tion of visualization results from professionals as bench-

marks, (iii) introduction of standard skill tests, and (iv)

visual records of snooker equipment testing.

It is common for ordinary people to overestimate what

can be accomplished by machine intelligence. The ini-

tial expectation of the snooker coaches was that computer
vision techniques are readily available to analyze cap-
tured video automatically, for example, by categorizing
and recognizing various types of shots, and subtle dif-
ference in cuing actions and poses. In this study, we ob-
served that for automatic video analysis to deliver reliable

results, it requires more sophisticated environment (e.g.,

lighting and ball textures), accurate calibration, and high

resolution and high speed cameras. The costs and incon-
venience of setting up the environment for each training
test will likely outweigh the bene ts from time reduction

in viewing the videos. This feasibility study made a con-

vincing case for using video visualization as the primary

technology for supporting snooker training.

5 The snooker club has since made its investment to install
ceiling-mounted cameras, and is actively seeking nan-
cial sponsors for developing video visualization technol-
ogy through a consortium of several companies and uni-
versities.

For video visualization, once a visual design is nalized
and implemented, it can generally be transferred to other
shots. However, this is usually not true for video process-
ing. The area coverage of a shot, the number of balls, light-
ing, etc. could force some modi cation to a video process-
ing pipeline. If more automatic classi cation and recogni-

opment (e.g., training data capturing, video processing, su-
pervised learning, classi cation and results presentation).

7. Conclusions

In this paper, we have reported a feasibility training on the
application of video visualization in snooker. The study has
found that the use of automatic video analysis techniques in
practice has been hindered by several factors, such as vary-
ing accuracy, poor portability from one sport to another, and
semantic bottleneck in supervised machine learning. Exist-
ing commercial systems are limited largely to motion track-
ing and video editing and annotation. Viewing videos is still
the main operational mode after a video is processed by such
as system.

To make a convincing case for using video visualization
to reduce the burden of viewing videos, we developed a pro-
totype system in conjunction with a snooker club. We have
adapted and extended the concept of VideoPerpetuoGram
(VPG) to accommodate various attributes generated at the
video processing stage. To extract these attributes even un-
der different camera views, we adopted reliable and well-
known computer vision techniques. We have introduced a
multi-attributes extension as well as a multi-strand VPG.
Both can be utilized in other applications whenever several
attributes should be visualized in one or more VPGs simulta-
neously. We have learned that video visualization is a more
“transferable” technology than automated machine vision,
so it would cost less to develop in a short to medium term.
We have learned that video visualization has to cover a rea-
sonable number of common tasks in snooker training before
it becomes cost-effective to deploy. It was a huge reward to
nd out that novice users can learn to comprehend and ap-
preciate video visualization, and to recognize visual signa-
tures. Although they showed preference for more intuitive
visualization as a means to communicate with the players,
they enjoyed the collaboration, and determined to continue
their investment in new technologies.

This feasibility study opens up many new opportunities
for further research. We are in particular interested studying

tion techniques were used, the semantics of each shot havethe correlation between different snooker videos. We also

to be hard-coded into vision algorithms. Hence, for deliver-
ing video visualization system, with 10 times of the func-
tionality delivered in this feasibility study, and taking into
account the development cost for this feasibility study, we
estimate about 10 person-years that are necessary for realiz
ing a usable technology in the form of an industrial product.

hope to identify new applications of video visualization, and
advance the video visualization technology to serve such ap-
plications.
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