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Introduction

Background:
• A few years ago the IntelliMedia WorkBench was 

established at CPK to explore Multi Modal User Interaction:
• Software and hardware modules - Speech Recognition 

and -Synthesis, Camera(s), Microphone Array, PCs, etc.

The modules are built around 
a black board architecture, 
which allows for great 
flexibility when adding 
new devices, e.g. a 3D 
tracking system
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Introduction - Background

Initial Application: A Campus Information System
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The Pool Trainer

The Pool trainer was developed using the Modules available 
from the IntelliMedia Workbench:

Animated Graphical Output on wall screen:
Spoken in- and output

Visual in- and output:
• Ball positions captured 

by a camera placed 
above the table

• Target and ball positions 
shown on table with 
laser 
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The Game of Pool

Pool is a game that requires a combination of strategic 
thinking as well as physical skills. Without one, the other 
is not to much use.

Basically, the most important requirement for any pool 
player is the ability to shoot the target balls into the pocket,
while ensuring a good position of the cue ball for the next 
shot.
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Target Pool

The automatic Pool Trainer is based on the widely used 
Target Pool system, developed by the professional pool 
player Kim Davenport in the early 1990’s. 
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Target Pool (Kim Davenport)

The basic idea of Target Pool is simple: To present the trainee with 
a number of exercises, and record and evaluate his or hers 
performance after each shot. Based on the performance a new 
exercise is chosen, or the previous is repeated.

In addition to this, a golf-like handicap is 
introduced, allowing users at different levels 
to compete. It can also be used to track a 
particular users’ progress over time.

A shot is evaluated simply by placing a 
“target” on the pool table and assigning 
points depending how close the cue ball 
comes to the center

1
2

3
5
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Target Pool

Example of a typical Target Pool exercise:
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The automatic Pool Trainer

The automatic Pool Trainer is basically a computerised 
system implementing the Target Pool training scheme.

The main functions are:
•Automatic instructions for each exercise using a wall-
mounted display, speech output and a laser beam drawing 
directly on the table surface

• Accepts spoken commands from the user via a wireless 
microphone headset (supplemented by mouse/keyboard)

• Feedback, in the form of a score and playback of users shot
• Suggestion of suitable exercises
• Bookkeeping and user profile
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The automatic Pool Trainer

The computer Vision subsystem
The main functions of the image analysis subsystem are:

? Calibration and detection of  the positions of the empty 
pool table, i.e. the rails, diamonds and pockets.

? Detection of still balls placed on the pool table.

? Detection of the ball movements during a shot.

? Detection of when the cue ball is hit.

? Recording of the shot
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The computer Vision subsystem

All image analysis is carried out on binary difference images. 
This greatly reduces the time and space requirements for the 
image processing
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Image Processing

Detection of still 
and moving balls 
benefits from the 
distinctive 
patterns created 
by the CCD chip 
line scan effect.

Close-lying 
balls are 
detected by 
removing edge 
pixels
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The Speech Sub-system

• The recognition process is controlled by a set of small state-
dependent rule grammars

Speech recognition is presently carried out by the IBM 
ViaVoice recogniser. Previously, Entropics GraphVite/HAPI 
recognition engine have been used. The main features are:

• The active vocabulary is kept quite small (about 100 words) 
and consists mainly of command-and-control words and 
technical terms from pool

• A mixed-initiative dialogue model has been implemented

• So far, the success of the speech recognition has been limited, 
however, the ability to address the system hands-free and 
independent of the users position is considered important
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The Speech Sub System

A number of speech recognition engines have been used a in 
the development of the system.

SR is presently carried out by the IBM ViaVoice recogniser. 
Previously, Entropics GraphVite/HAPI recognition engine 
have been used.

We are currently extending the interface (JSAPI) to include 
the public domain hvite recognition engine from 
Cambridge University. This will in turn allow us to support 
a large number of languages through the COST 249 Task 
Force reference recogniser initiative.
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The Speech Sub-system

The CPK Natural language Processing Suite is presently 
being integrated into the trainer.
• Apart from enabling an APSG-based language model, the 

suite supports a number of popular SR grammar formats, 
such as htk and jsgf.

Synthetic speech output is used to achieve the high degree of 
flexibility needed in the spoken output
• IBMs ViaVoice and the Infovox speech synthesisers have 

been used, but any SAPI compliant synthesiser is supported
• Speech output is synchronized with graphics and text output 

to form an integrated output to the user
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The Laser Sub-system

A laser is placed above the 
pool table and is used to:

Mark the positions where the 
user must place the balls

Draw the target

Draw the optimal paths of       
the cue- and target balls
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The Display Sub-system

The display contains five main 
areas:
• An overview image/drawing 

of the pool table
• An image of the cue ball 

indicating where to hit it
• A text field
• A field for speech 

recognition feedback
• An animated agent  
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The Display Sub-system

The table overview area is used show the layout, etc. of the 
balls and to display an animated playback of the users’ 
shot:
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The Display Sub-system

The animated agent “Q” is used to:
• Attempting to personalise the UI
• Focus the users attention by moving lips and 

“looking” towards the display area being 
addressed (e.g. the table layout)

• As a kind of evaluation feedback (looking sad, 
happy, etc.

The text area is used to summarise verbal 
instructions

The “cue ball” image shows where to hit the cue 
ball in order to put the required spin on the ball
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User Tests

The system has been evaluated in a usability test with nine 
participants, including novice and experienced pool 
players, and two pool instructors.

? Most favoured the basic idea of pre-defined exercises

? All found that the evaluation/feedback in the form of a score 
were good, but they were in disagreement of whether further 
evaluation was necessary

? The quality of the voice was too poor.

? All found the combination of the audio and visual modalities 
favourable, and none were confused about the combined 
display and pool table interaction
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Users Tests

All users were 
asked to fill out 
a questionnaire 
after performing 
the test

Usability Aspects of Interacting with
the Interface agent

The language was suitable
The Dialogue was satisfactory
The possibility to interrupt the agent was satisfactory
The on-screen visualization of the Agent was nice

Strongly Agree       Agree           Neutral          Disagree  Strongly Disagree
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Users Tests

Response to the statement:
“A fully developed system would be useful as a pool training tool”

Strongly agree  Agree        Neutral      Disagree Strongly disagree
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Users Tests

However, the participating pool instructors pointed out a 
number of issues not addressed by the system, e.g:

Stance
Bridges
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Discussion

Overall, the Pool Trainer has been successful. However, 
some improvements are needed:

? The speech modules did not work sufficiently well and need 
further improvements

? The image analysis subsystem, although performing fast and 
accurate needs to be made more robust against changes in e.g. 
the lighting conditions, if the system were to be placed in a 
non-controlled environment

? If a detailed feedback of the user errors is needed, it will 
require knowledge about the direction and speed of the balls
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Discussion

• Spoken communication in combination with visual in- and 
output (multi modal user interaction)

• The use of animated interface agents
• Computer vision techniques
• Computer-mediated learning techniques

The Pool Trainer is well-suited for further research into 
various cross-disciplinary areas. Some are:
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Contact Tom Brøndsted at: tb@cpk.auc.dk, or look up the following:

The CPK Natural Language Processing Suite:
http://cpk.auc.dk/~tb/nlpsuite/index.html

Other Ressources at http://cpk.auc.dk/~tb/speech/index.html :

• HTK 3.0 (with direct audio mode) ported to Windows9X/2000
• SLANG v. 1.1 Beta for Sun Solaris, Windows9X/2000 and (soon) Linux
• Using (Danish) SpeechDat2-models with HTK 3.0/Slang 1.1 in direct audio mode
• Multilingual speech recognition
• JHVite: a JSAPI compliant interface to HVite (HTK 3.0) new aug 2001


