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TERSONALIZED VIDEO AID

Technical Field
This invention relates to a method and means for

providing an expert knowledge base in a video teaching aid
which in one aspect may be used as an audio visual teaching
aid and in particular as an audio visual teaching aid for
teaching of movements and technigues, such as used in sports
for the game of golf. The present invention, however, is
applicable to other movements, sports pastimes or
techniques.

In a further aspect the present invention relates
to a method and means fox providing an expert visual or
audio visual assessment of a particular proposal relating to
geographical locations. One such application is to generate
a visual display of a particular tract of land for a golf
course layout made up from a number of pre stored hole
designs or computer generated hole designs which have taken
into account all aspects of the final layouts design on the
overall development, with the inclusian of audio or audio
visual data pertaining to structural methods for success.

The present invention has further application in
providing an assessment on a ‘particular object by for
example comparing properties of that object with those of a
preferred object or objects.

Background Art
As golf has become an increasingly popular pastime

over the years, many players wishing to improve their own
personal techniques, have pursued professional assistance.
often players, be they professionals or amatéurs, may wish
to emulate successful movements of top players or coaches
who are exposed in the mass-media. At the present time,
these players have a number of choices available to them in
attempting to try to emulate such movements, which may
include general practice, private coaching, viewing current
audio visual instruction tapes, recording their own personal
movements and analyzing same, or studying photographs/slides

etc. of their swing in action. ,
In all the above cases, the onus is placed upon
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the individual or coach, to perceive those areas of movement
that differ between the current technigue of the player and
that of the preferred technique they are trying to achieve.
Even for a specialized person working in their own chosen
sport or profession, such differences in movement can be so
minute or hard to detect, with say a person3s weight shift
or pressure in their grip or arms, that they can go
undetected and so handicap that persons potential rate of
improvement. The reason for this particularly in the above
instructional visual teaching cases is that the JViewer
watches information flowing to him in one direction only
regarding the current or preferred technique and thus the
viewer cannot perceive all aspects of the movement because
of no corresponding physical forces or certain performance
data to. relate specifically with because such visual
presentations do not show their current technique along with
the preferred technique with the addition of bio mechanical
information. Also in the use of current general prerecorded
instructional audio visual presentations they direct their
information towards a mass audience as a whole without any
allowance for a persons particular technique or requirement
of problem solving. ,

In other situations where conceptual instfuctional
advice is required, the quality of advice can vary, for
example when a person is considering whether or how to best
construct a particular tract of land he owns or |is
considering acquiring, say for the development or
remodelling of a golf course, normally expensive preliminary
surveying, design and feasibility works are carried out, to
which he is reliant on all aspects of the development being
expertly covered, to which this is not always the case.
Similarly, if alternative ventures in particular areas are
proposed, no audio visual means are presently available
which provides a customized or personalized completely
regenerated, expertly compiled computer analysis in the
visual or audio visual form of potential works, described

within.
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Summarv of the Invention

aspect an

The present invention aims to provide in one
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expertly analyzed instructional aid employing visual or
audio/visual techniques which allows for a flow of information
in both directions between say selected coaches and pupils so
as to help that pupiil/viewer 1improve his or her personal
movements and techniques more quickly and without as much
guesswork on his or her part..

The present invention also provides a method and means

for teaching or instructing such movements or techniques in

.precise ways, that enables a person/mechanism to more clearly

emulate another movement. Whilst the present invention is
particutlarly suited 1in one application to sports coaching it
may also be applied to other areas where an emulation of a
precise movement/procedure is rtrequired, as will become more
apparent from the following operating description. The present

-invention may additionally be applied to providing expertly

compiled opinion in the form of a visual or audio/visual
overview of a particular geographical Jlocation altered in
accordance with selected criteria. ‘ '

' With the above, and other objects in view, the present

invention provides in a first preferred aspect, a method for

providing an 1instructional aid for assisting a person to
emulate a preferred movement including the steps of capturing
and storing visual image signals representative of a particular

movement, comparing said captured 1image signals with stored

image signals representative of a selected preferred movement,
and regenerating further visual image signals based on said
image signals of said particular movement adjusted to emulate
said stored image signals of said selected movement.

In a second aspect, the present invention provides
apparatus for providing an instructional aid for assisting a
person personally to emulateée a preferred movement or technique,
said apparatus including means for capturing visual image
signals of a particular movement or technique, means for

_storing said captured visual image signals, means for storing

visual image signals of a plurality of preferred movements or
techniques, means for comparing said captured visual image
signals with the stored image signals of a selected said
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pre?erred movement or technique; and means for regenerating
further visual image signals of said particular movement or
technigue adjusted in accordance with said selected preferred
movement or <technigue to assist a person to emu?ape said
selected preferred movement or technique. The term “image
signals” as used herein includes signals representative of such
images such as digital information which can be converted in
to visual images.

Preferably the visual images of the particular movement
are captured and stored in digital form using known video
recording techniques such as with a video camera which produces
a video cassette containing the 1images of said particular
movement. Alternatively other means may be. provided for
capturing and storing the visual images as described further
below. - ‘
. The visual images of the preferred movaements are
preferably stored in digital form in a database of a computer
so that a selected preferred movement can be readily accessed.
The computer is most preferably 1oca;ed at a remote location
so as to be accessible from a number of different 1o¢ations.

Preferably means are provided to transmit the captured
images 1in digital form for receipt by the computer. The
transmitting means preferably transmits the images over the
normal telephone network, however, other communications links
may be employed.

The comparison in the computer can be carried out
using either software technigues or hardware techniques and
various sampling procedures. The computer is also preferably
software or hardware programmed to take into account the size
of the player and other physical characteristics such as length
of arm so that a compensation factor may be included whereby
the movements such as swings of the player and the
preprogrammed stored movements or swing in the computer can be
truly compared. This comparison can take place at different
times or positions in say a swing to produce signals
representative of the difference between the swing. This
comparison signal may comprise a measurement of distance,
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angle, speed of swing or other parameters. Such signals may
then be employed in regenerating the new visual image which
approximates the captured image altered to emulate the
preferred image.

Whilst the invention described within has
particular applications to audio visual teachings in sport,
so as to help and assist a person emulate a particular
movement or technigue, it may also be applied to many. other
situations and fields where an emulation or overview of a
precise movement or technique is required. Thus, the
invention may be applied to various applications in the arts
fields, for example the teaching of dance steps, the
computing field where preciée movements of a person using a
keyboard, mouse or the like are required to be studied to
help an end-user progress in learning software, or within
the medical field where precise movements are required to be
studied, an expert advice given such as with human body
movements. '
.~ Additionally the present ihveption may be applied

to fields where expert audio visual systems appraisals and

-emulations of a development structure may be required such

as in the property field for precise calculations and
designs of future development proposals, or whereAexpert
audio visual systeﬁs appraisal of a particular object/s is
required by comparison with a preferred or ideal or
object/s.

The present invention thus provides in a further
aspect a method of providing an instructional aid relating

to a development proposal comprising the steps of capturing

and storing visual image and location data signals of a

proposed development location, analyzing said captured
signals against the signals of a selected or preferred known
development or means for forming a new design development
and regenerating further visual image/data signals based on
said signals of said proposed development adjusted in
accordance with said preferred development or said newly
formed design development so as to provide a recommendation
for said preferred development proposal.
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In a further aspect the present invention provides
apparatus for providing an instructional aid based on a
visual image of a particular movement or location, said
apparatus including means for visually scanning said
movement or location and for producing visual image signals
representative of said movement or lccation, means for
storing said visual image signals, means for transmitting
said visual image signals to a remote location, means for
comparing said transmitted visual image signals with
corresponding signals of a selected prestored image or
images, means for regenerating further image signals
comprising said image signals of said particulax movement or
location adjusted in accordance with said prestored signals
of said image or images, and means for retransmitting said
regenerated image signals and converting said image signals
into a format which enables viewing thereof. '

In yet a further aspect, the present invention

‘provides apparatus for providing a personalised

instructional aid in a development presentation based upon

a visual image signal of a particular location, said

‘apparatus including means for visually scanning said

location and for producing image and informational data
signals representative of said location, means for storing
said visual/data signals, means for transmitting said
visual/data signals to a remote location, means for
comparing said visual/data signals with the signals of a
selected prestored location and the structural procedure
relating thereto visual/data signals, means for regenerating
further visual data/signals based on said signals of said
particular location adjusted in accordance with said
prestored procedure signals to assist in said development,
means for adding dialogue and information data to said
regenerated signals and means for transmitting said
regenerated image/data signals and converting said signals
into a format which enables viewing thereof.

In another aspect, the present invention provides
apparatus for providing a personalised andio visual aid
based upon optical photometric characteristics of a selected
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object, said apparatus including means for visually
scanning, sensing and capturing visual/data signals
representative of said object, means for storing said
visual/data signals, means for transmitting said visual/data
signals to a remote location, means for comparing said
captured visual/data signals with prestored image signals of

.a selected object/s, means for regenerating further visual

data/signals comprising said signals of said captured object
adjusted in = accordance with said prestored preferred
object/s signals, means for transmitting said regeneréted
image/data signals and converting said image signals into a
format which enables viewing thereof. '

Preferably the characteristics of the object are
sensed using imaging and non-imaging sensor systems.
Preferably also means are provided for adding dialogue or
informational data to the regenerated format.

'In yet a further aspect the present invention
provides a method for prowiding'a personalized audio visual
teaching aid fer aésisting a person to emulate, or consider
advice on a preferred activify or subject of interest, said
method including the steps of capturing and storing visual
image, audio and/or data signals representative -of a
particular activity or subject of interest, comparing said
captured signals with stored image, and audio and/or data
signals representative of a selected preferred activity or
subject of interest, and generqting audio wvisual image
signals based on said captured signals analysed against the
signals of said selected preferred activity or subject of
interest.

In yet a further aspect the present invention
provides apparatus for providing an audio visual teaching
aid for assisting a person personally to emulate or consider
advice on a preferred activity or subject of interest, said
apparatus including means for capturing visual image, and
audio and/or data signals of a particular activity or
subject of interest, means for storing said captured

signals, means for storing signals of a plurality of

* preferred activities or subjects of interest, means for
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comparing said captured signals with said stored signals of
a selected preferred activity or subject of interest, and
computer means for regenerating further audio visual and
data signals of said particular activity or subject of
interest adjusted in accordance with said selected preferred
activity or subject of interest whereby to assist a person
to emulate or consider said selected preferred activity or
subject of interest.

Brief Description of the Drawings

‘ Reference will now be made to the accompanying
drawings which illustrate a preferred embodiment of the
invention and wherein:- -

Fig. 1 illustrates in block diagram the
instructional aid according to the present invention
applied to the game of golf; and

Fig. 2 is a flow chart showing the procedure

involved in the invention.

Detailed Description of the Preferred Embodiment

Fig. 1 illustrates the apparatus for use in the
present invention described below in reference to emulation
of a golf swing but useable in any situation where emulation
of personalised audio visual interactive advice relating to
a particular movement is required. The apparatus 10
includes a visual image capturing device 11 which is adapted
to capture movement of the person undertaking a golf swing
for subsequent analysis and correction as described below
with reference to Fig. 1 and the flow chart of Fig.2.

To capture the initial detailed visual images
relating to physical characteristics including movement
techniques, employed during the golf swing various scanning
or electronic collecting procedures are used. For this
purpcse the image capturing device 11 preferably
incorporates or comprises a portable electronic camera such
as a video camera 12 or the like having an associated
recording or signal storage means 13 as is known in the art
to form and store signals representative of the
characteristics of movement etc. being viewed.

Where recording of movements takes place, bio-
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mechanical information/data may be <transmitted to the
recording or storage means 13 by an electronic means, hard
wiring or other communication means, either at the same
time, as the captured visual signals relating to scanned
images of the person being viewed or at a different time.
Tn the embodiment illustrated, bio-mechanical information
may be captured using a weight sensing pad or pads 13' which
will sense weight transference during the swing.
The means used to collect and transmit such
bio-mechanical information/data, is at all times non

restrictive in its overall performance, so as to allow the

‘ pupil being analyzed to achieve normal free flowing movement

without restriction. One such means may take the form of
mechanical device/s affixed, or attached, to the person or
golf club moved by the person so as to show data such as
pressures transferred through the arms or hands, proper

releasing techniques, velocities achieved etc.

4'Alternatively or additionally, sensing devices maybe

positioned alongside, below or above the person whose image
is being captured. ~ Such sensing devices as above may

comprise weight or load sensitive pads, monitors electronic

. 1ight beaming device or the like. Bio-mechanical, signals

may also be obtained by various scanning, editing and
digital techniques, used within a remote computer database
as described further below, once the signal has been
received by the remote database, to determine also the many
characteristics of the person being studied.

The image capturing device 11 is preferably of
portable construction, and of high recording quality, so as
to scan, receive and store images and information/ data, in
broadcast quality. These visual or information signals are
converted by sensors or the like, into electrical charge
patterns etc, which are read out or scanned to produce,
digital electronic signals representative thereof, from

electrical or light signals,
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- produced by an electronic pick up tube, charge-coupied device

(CCD), cor the like means within the camera framework, or by the
information signalling devices referred to above.

For initially capturing the necessary signals for
analysis, more than one image capturing device 11 may be used,
so as to channel information regarding various visual details,
information/data or the 1like, to one recording or storage
medium. In this regard various switching techniques may also
be used to switch between selected image capturing devices 11,

The signal storage or recording means may take the form
of Magnetic Tape/Disk, Laser Based or Optical Video Disk,
Magneto-Optic Disk, Magnetic-Laser-Optical Disk or other
storage medium. Alternatively digitised signals representative
of the scanned images or'bio mechanical and information data
may be also transferred or stored onto a computer memory chip
or the 1ike, held within the camera framework.

The apparatus 10 also includes an audio/visual signal
transceiver 14 adapted to receive and transmit audio/visual
signals and other information signals in the manner described
below. ) _

The image cépturing device 11 referred to above 1in one-
form s a unit discrete from the audio/visual signal
transceiver 14 and adapted to be connected thereto or the two
maybe one and the same, so that the image capturing device 11
also incorporates a unit for transmission and reception of
signals to and from remote databases.

The audio/visual signal transceiver 14 may take the
form of a portable signal unit or a personal computer (PC),
which can convert, compress or suitably accept, a down loading
of captured signals, stored within the storage means 13 of the
portable camera unit and then reform, record or store such
signals in a suitable digital state for later transmission over
a communications network 15. The communication network 15 may
comprise the general switched telephone network, satellite
links, television quality cable 1inks or the l1ike over which
the signals representative of the persons movement together
with bio-mechanical information where stored are directed as
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electrical or light signals to a remote computer 16 for storage
in a computer database 17 for later analysis against selected
preferred signals also stored in a database cf the computer or
a further computer. As is conventional a modem .cr other
similar signal conversion device may be associated with the
computer 16 to receive the transmitter signals and convert
those signals into a suitable form for reading by the computer
16. The modem or other similar signal conversion device May
also be employed for transmission of signals from the computer
16 as described fufther below.

Initial capturing of audio, visual and data signal
information, may also be undertaken using the audio visual
signal transceiver 14 (if not a personal compuﬁer) to which
a video camera 12 may be directly connected so as to enable )
signals captured by the camera 12 to be recorded directly onto
suitable storage medium held within the transceiver 14. The
transceiver 14 is then able to transmit these captured signals
to remote locations, | when directly connected to the
communications network described above. Thus a single unit

may perform all functions of recording, transmitting and

receiving audio, visual and data signal information. The
transceiver 14 for this purpose may include dual signal storage
facilities, to achieve the above functions, however the
transceiver 14 may also be constructed so as to enable all
functions of recording and playback in each mode within a
single signal storage device.

This transceiver 14 is software and hardware
programmed and may offer some of the following features:
1) The senders details for later personalizing effects to
the final video presentation i.e. name and spoken language and
means for selecting the person with whom the golf swing of the
person is to be compared;
2) The transmitting parties/agents details for account
keeping burposes and security for the system i.e. digitised
security code; ’
3) Circuitry for increased transmission speed;
4) Circuitry and displays for showing details regarding
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signalling times to reach database and regeneration times
cnce retransmitted back to pupil/agent remote location, for
account keeping purposes; '

5)- Circuitry and displays for showing format of
transmitted or requested signals in i.e. PAL, NTSC ox SECAM
etc;

6). Circuitry for Time, Date, Auto Dial - Redial,
Stop, Start, Receive, Send and possibly an Advertising
channel etc; and

7). Circuitry.and displays for showing to whom the
regenerated signals belong and to enable the retransmitted
regenerated signal to be added to the already prerecorded
signal,‘described below, if desired.

As stated above, the computer 16 is arranged
normally at a remote location from the audio/visual
transceiver 14 and includes a database 17 which stores
selected prerecorded video signals in digital form which in
the case of golf swings may include a selection of swings
showing the movement of different golf. professionals which
are required to be emulated. As the éomputer 16 and image
capturing device 11 are not physically ‘affixed or attached
together, the computer 16 and database 17 may be of a
sufficient size and capacity to enable the desired functions
to be achieved at one and the same location.

The computer 16 may be at many remote locations
and holds within its database the following prerecorded
information in digital form, which provide a basis for
forming the regenerated audio visual signals.

1). A digitised audio visual library of selected
coaches, advisers professional or mechanisms (such as a golf
simulation machine) movements, techniques, steps, objects or
procedures, that have been previouéiy analysed, recorded and
reformed into suitable digitised signals, for later analysis
and regeneration in the database against the remote signals
received. . '

2). A digitised bio mechanical library of selected
coaches or mechanisms movements measured individually or as
a group, for later display with the regenerated audio/visual
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signals.
The computer 16 incorporates a means for receiving

and editing the transmitted visual data or bio-mechanical
and information data signals, relating to the movement of
the golfer and arranges same in such a way as to be able to
match the received visual data signals with the previously
established and selected database signals of their preferred
applications and generates a new video signal to enable the
viewer to see personally, in regenerated form, those
differences that exist in (a) a teaching mode, between the
two movements, that of the pupil and the selected
érofessional or coach and (b) in an analysis mode, those
ideas that might be possible for their preferred swings (or
applications in development fields where the method and
apparatus of the invention is used in this application.)
For this purpose, the computer is software and/or hardware
programmed to compare the respective swings of the person
being analyzed and the selected preferred swing with
adjustments made such as for size of pérsoﬁ, speed of swihg
and other parameters to allow a correct comparison. The
differences between the swings are measured by sampling or
other techniques and this difference added or subtracted
from a persons recorded swing and new visual images
generated on this basis which emulates the preferred
movements.

The computer 16 may also include a means for
adding dialogue to the regenerated audio visual signal
recordings, so that thé viewer can receive personalized
instruction or advice from afar, similar to having private
instruction or personal consultation.

The computer 16 may further include a means for
converting received signals, if needed, in one broadcasting
mode, into those of another countries i.e. PAL-NTSC-SECAM
etc. To accomplish this within the computer, a Standards
Converter or the like may be used, using Optical Scan or
Digital Standards features or the like.

' The computer 16 may additionally include a means

for determining costing on each and every received and



10

15

20

25

30

35

regenerated signal that passes through the system, based

123 o

upon the following information:-

(a)

Signal transmission time to and from the

computer.
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(b) The amount of analysis ahd regeneration time
required, for each and every presentation, such
as with the showing of audio visual faults, bio
mechanical/characterizeddata graphs, dialogue and
broadcasting changes etc.

The computer 16 is software and hardware programmed,
to accept digitised signals transmitted to it, from remote
locations, associated with the audio visual transceiver 14, so
as to personally relate in the final regeneration and editing
phases to the viewer, this being performed by, using various
digital editing techniques and procedures as described below.

The audio visua1 presentation generated by the computer
16 can take the form of sp]it—écreening (generating new visual
images of the preferred technique displayed along side the

present technique), superimposing (where the preferred
technigue is superimposed over the present technique) or other
display. Graphics and charts etc, for bio-mechanical/

information displays, so that the viewer can clearly see those
changes that are required or need to be performed, to develop
or pursue the preferred movement, procedure or proposal are
also displayed. These superimposing effects or the like, may
take the form of stick figures, detailed drawings etc, to
normal human or visual appearances, so &as to show the viewer
any . variances betwsen his stroke and the preferred stroke. For
ease of editing the subject material within this computer
database, a time code or the like, maybe also burnt into the
original recorded signal, so as to make final editing much more
efficient within the remote database. This procedure may also
be linked with an edit controller or the like, within the
computer 18, which 1locks the two signals e1ectronica119
together during edits.

To personalize the regenerated signal, dialogue is also
added when required, so that the selected instructor or adviser
may relate to the viewer/pupil more personally, than with other
audio visual presentations. Paft of this personalizing effect

is initially accomplished in the original transmission phase,

by the name, spoken language, broadcasting mode or 1location
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statistics etc of the final viewer being captured, within
this database, to which an addition of dialogue can also ke
added when required, in the regeneration signal phase,
showing those changes they need to perform or consider, to

5 obtain the preferred movement, thus totally personalizing
the new regenerated signal to the viewer.

For this purpose such dialogue, may be initially
captured from selected instructors and advisers and stored
in the data base and may only take the form of a brief

10 statement, so as to make the viewer fully aware of those
changes that are required, or need their consideration, to .
perfect the movement, procedure or‘devélopment etc. In a
further aspect where a range of model swings are being
.analysed, the computer may also form the dialogue from

15 previously learned words or phrases. ,

The means for adding such dialogue may take the
form of a voice energy monitor, speech synthesiser or
software programmed computer which can analyse incoming
information from the viewer pupil and scan its memory bank

20 of stored or learned words or phrases to find suitable
terms, to bring attention to these problem areas or matters
needing their attention.

Dialogue.may also be added relating to
recommendations for the viewers consideration in regards to,

25 suitability of equipment being used to perform the desired
movements and techniques.

To increase acceptance as a true teaching aid,

e scientific data, which in many applications could only be
'g‘ assumed before, such as with personalized coaching, may be
. 30 presented to a viewer, when needed, in the form of graphs,
charts, or the like, set either above, below, alongside or
within the total regenerated video signal recording. This
information is gathered from their received signals, being
matched to, their preferred established signals contained

35 within the database 17 so that the person/pupil can clearly
see, those bio mechanical differences that exist between,
their current procedures/techniques and that of their

selected coaches/professionals procedures/techniques.
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Once the new audio visual signal is regenerated
the signal is then retransmitted back by the computer 16 and
via a modem or the like and the communications network 15 to
the remote senders/agents transceiver 1l4. This procedure
maybe performed, from within the computer 16 itself, using
various digital, compression and sampling techniques, or it
can be again sent back by a further audio/visual transceiver
associated with the computer 16.

On receipt at the remote pupils/agents receiving.
location, the regenerated signal may be in a form suitable
for direct saving on suitable saleable storage means such as
video tape, disk, chip or the like which enables home
viewing such as by a video cassette or disk player or the
signal could be shown directly through a monitor 18. If not
in a suitable form for direct saving when it arrives at
agents/pupils receiving location, the signal may be reformed
for storage as above on storage means which permits home

viewing by the use of either the receiving audio visual

transceiver, or by other suitable conventional means,

offering various slowing down or speeding up signal
prodedures. If desired the regenerated audio/visual signal
méy be storéd on the original storage means eg. video tape
containing the players current movements or techniques or
storad on a new storage means. '

" In the embodiment described and shown, the image
capturing device 11 stores the captured images on a video
cassette 19 of known form in the storage means 13 and the
regenerated images are stored on the same cassette 19 or
alternatively an additional cassette. The regenerated image
in this embodiment is in the form of a stick figure 20 which
is superimposed on the true visual image 21 of the players
swing or movement and which indicates to the player the
angles and positions which he must adopt to emulate the
swing.

To add further to this advanced audioc visual

teaching aids value, as a complete teaching system, compared
to other audio visual presentations, previously recorded

instructional material, of a non-personalized nature, may
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also be added, to the final home storage presentation means

such as a video cassette. Thus this regenerated transmitted

" gignal of the pupil's audio visual presentation and data

pertaining to movements, maybe then simply added to the
prerecorded material already held at the senders/agents
remote location. In this format the single recording may

then show (a) an initial complete recorded procedure of

~instruction, as currently
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presented with audio visual presentations (b) an addition of
their current movements, procedures or images etc, taken before
regeneration and (c) the final regenerated personalized audio
visual changes, that are required, or affect, the desired
changes needed by the viewer.

A typical presentation with a preferred format and
structure in the final video tape or other viewable means could
be as follows
pupil: Mr Rick Baker
selected coach : Mr Bobby Jones
Applications for: Golf
Dialogue in: English
1. Preferred audio visual start/introduction:

"Hi, Rick, I am Bobby Jones, it is my pleasure to have studied
your §d1f swing and these are the points I feel you should be
concentrating on '

2. . Preferred audio visual presentation in progress:
puring the presentation whilst the pupil, Mf Baker is viewin
the subject matter, the viewing monitor js'show ng segments of
the previously recorded swing, taken at the recording facility,
with superimposed preferred mov:aments of Mr Jones against Mr.
Baker's current movem nts and pointing out with the addition
of dialogue, thcse areas that he should be concentrating on,
sc is to improve his current technigue.

Eio mechanical data in the form of graphs or charts etc.

are also added during the presentation, so as that he and his
jocal coach may also quite clearly see scientific data
pertaining to those performed movements. Dialogue may also be
added regarding suitability of equipment being used at this
stage.

3. Towards the conclusion of this audio visuz®
presentation, the coach could conclude by saying:

"Thank you Rick for allowing me to heln you improve your
game, but please continue to work on these points with the
help of your 1local professional, who is also there to assist
you in overcoming these problems. Good golfing,

Bobby Jeones.”
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The above embodiment has been described with
reference to a golf swing movement, however, as previously
stated the invention may be readily applied where other
movements are required to be emulated. Such movement may
comprise movements of persons or movements of objects ox
mechanisms of which emulation is required.

In a further form the invention may be applied to
the property field to enable professional assessments and
presentatibns of designs for future development proposals or
the like. 1In this form visual images and data relating to
signals of a particular area of ground are captured using
remote sensing techniques. For this pdrpose a camera and
remote sensing device may be fixed to the underside of an
aircraft so as to capture and record geometrical or
statistical information of the earth or objects featured
beneath. Geographical data achieved through ﬁsing this
remote sensing as above may be computer coded or digitised
using video cameras, array scanners, laser beam, microwave
or other means. .

Information regarding the geographical area being
scanned is then transmitted as before using a transceiver to
a remote computer containing a database of.prestored expert
information on attributes required of a particular area of
land. Thus where the best standard of golf course is
required to be laid out upon a specific parcel of land the
data base may include a library of selected hole layouts
from different courses. The computer which is software
programmed may then select preferred hole layouts to match
to the area of land of which geographical features has been
scanned and xrecorded. Alternatively, the computer may
itself design the appropriate hole layouts to best fit the
area of land and proposed development. The computer
database may additionally include feasibility study means
for determining and displaying measurements, costings and
other procedures required to achieve the end result. The
computer may further be programmed to take into account
residential housing around the course and the location of
same, so as to maximize view of the course etc.
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As before, dialogue may be added to the
regenerated audio visual presentation as well as statistical
graphs or other information relating to the development
being studied.

The present invention may also be apolled to
enable a particular object to be analysed against prestored
data relating to a currently known object. In this
embodiment and as before an object is scanned so that its
characteristics may be determined. Scanning is ca:ried out
to obtain the optical photometric characteristics of the
object using imaging and non-imaging sensor systems. As
before the data obtained is stored and then transmitted to
a remote location for analysis in a computer with the
corresponding data of a preferred object whose data
information 1is captdred in a data base. After comparison
and adding, where appropriate, suitable dialogue from say an
expert in that field, a regenerated signal is formed and
transmitted back to the sender so that the sender has an
expert audio visual assessment of the -differences between
the reépective objects. A particﬁlar application in this
embodiment is for component parts as used in an assembly.
The data information obtained relating to that part may be
compared to a perfect component part whose data is stored at
the remote location so that the differences may be assessed.
This embodiment may also be employed for detecting for
example faults in a particular component part.

It will be apparent that the latter embodiment may
be applied to any suitable targets of which analysis is
required.

The present invention thus  provides an

interactive method and means for expertly teaching, advising

or instructing procedures, strategies, assessments or
perceptions in audio visual form to enable a viewer/end-user
to more closely emulate calculate or develop techniques or
make decisions suitable to their various applications.
Whilst the above has been given by way of
illustrative embodiment of the. invention, all such

modifications and variations thereto as would be apparent to
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persons skilled in the art are deemed to fall within the
broad scope and ambit of the invention as herein defined by

the appended claims.
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CLAIMS
1. A method for providing an instructional aid for

assisting a person to emulate a preferred movement including
the steps of capturing and storing visual image signals
representative of a particular movement, comparing said
captured image signals with stored image signals
representative of a selected preferred movement, and
regenerating further visual image signals based on said
image signals of said particular movement adjusted to

emulate said stored image signals of said selected movement.

2. A method according to Claim 1 wherein said image
signals of said particular movement are captured and stored

using a video camera.

3. A method according to Claim 1 wherein said visual
image signals of said preferred movements are stored in a
database of a-computer and wherein a selected preferred
movement is accessed from said data base for comparison with

said particular movement.

4. A method according to Claim 3 wherein said image
signals are captured and stored at a first location and
wherein said computer is located at a second location remote
from said first location and wherein means are provided for
transmitting said captured images from said first location

to said computer at said second location.

5. A method according to Claim 4 wherein said
transmitting means comprise independent signal transmitting

means or a personal computer.

6. A method according to Claim 4 wherein said
transmitting means transmits said image signals over a

communication network to said computer.

7. A method according to Claim 4 wherein said

regenerated signals are transmitted from said remote second
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location to said first location.

8. A method according to Claim 7 wherein said
regenerated image signals are stored in image presentation

means which permits viewing thereof by said person.

9. A method according to Claim 8 and wherein dialogue
relating to said regenerated image signals is added for

presentation with said regenerated image signals.

10. A method according to claim 9 wherein said

dialogue is selected from woxds or phrases stored in a

database.

11. A method according to claim 7 wherein bio
mechanical data relating to said regenerated images is

displayed within image presentation means.

12. A method of providing an instructional aid

relating to a development proposal comprising the steps of
capturing and storing visual image and location data signals
of a proposed development location, analyzing said captured
signals against the signals of a selected or preferred known
development or means for forming a new design development
and regenerating further visual image/data signals based on
said signals of said proposed development adjusted in
accordance with said preferred development or said new
design development so as to provide a recommendation for

said preferred development.

13. 2 method according to Claim 12 wherein said visual
image/data signals of said proposed location are captured

and stored using a video camera and remote sensing devices.

14. A method according to Claim 12 wherein said
signals of said selected or preferred known development or
new design development are stored in a database of a

computer.
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15. A method according to Claim 14 wherein said

computer is arranged at a location remote fron said proposed
location and wherein said captured image signals are
transmitted to said remote location for said analysis by

salid computer.

16. A method according to Claim 15 and wherein said

regenerated image/data. signals are transmitted from said
computer to said proposed location and are provided in a
format to enable when transferred or added to home viewing

means for viewing thereof.

17. A method according to Claim 16 and including means
for adding dialogue to said format so as to provide an audio

visual presentation.

18. A method according to Claim 17 wherein said
dlalogue is selected from words or phrases prev10usly stored

in a database.

19. . Apparatus for providing an instructiénal aid for
assist;né a person personally to emulate a preferred
movement or technique; said apparatus including means for

capturing visual image signals of a particular‘movement oxr
technique, means for storing said captured visual image
signals, means for storing visual image signals of a
plurality of preferred movements or techniques, means for
comparing said captured visual image signals with the stored
image signals of a selected said preferred movement or
technique, and means for regenerating further visual image
signals of said particular movement or technique adjusted in
accordance with said selected preferred movement or
technique to assist a person to emulate said selected

preferred movement or technique.

20. Apparatus according to Claim 19 wherein said means
for storing visual image signals of a plurality of preferred

movements or techniques comprises a computer database and
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wherein said comparing and regensrating means comprises a

computer associated with said computer database.

21. Apparatus according to Claim 20 and including

transceiver means for transmitting to said computer said
visual image signals of said particular movement or
technique and for receiving from said computer said

regenerated visual images signals.

22. Apparatus according to Claim 20 and including
means for converting said regenerated image signals into a

format which allows viewing thereof.

23. Apparatus according to Claim 22 and including
means for adding to said format dialogue relating to said

regenerated images.

24. _ Apparatﬁs according to Claim 23 and including
means for scanning and selected stored words or phrases for

addition to said format as said dialogue.

25. Apparatus according to Claim 22 'and including
means for adding to said format bio-mechanical data relating

to said regenerated images.

26. Apparatus for providing an instructicnal aid based
on a visual image of a particular movement or location, said
apparatus including means for visually scanning said
movement or location and for producing visual image signals
representative of said movement or location, means for
storing said visual image signals, means for transmitting
said visual image signals to a remote location, means for
comparing said transmitted visual image signals with
corresponding signals of a selected prestored image or
images, means for regenerating further image signals
comprising said image signals of said particular movement or
location adjusted in accordance with said prestored signals
of said image or images, and means for retransmitting said
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regenerated image signals and converting said image signals

into a format which enables viewing thereof.

27. Apparatus for providing a personalised

instructional aid in a development presentation based upon
a visual image signal of a particular location, said
apparatus including means for visually scanning said
location and for producing image and informational data
signals representative of said location, means for storing
said visual/data signals, means for transmitting said
visual/data signals to a  remote location, means for
comparing. said visual/data signals with the visual/data
signals of a selected prestored location and the procedure
relating to the development thereof, means for regenerating
further visual data/signals based on said signals of said
particular location adjusted in accordance with said
prestored procedure signals to assist in said development,
means for adding dialogue and information data to said
regenerated signals and means for . transmitting said
regenerated image/data signals and converting said signals

into a format which enables viewing thereof.

28. Apparatus for providing a personalised audio

visual aid based upon optical photometric characteristics of
a selected object, said apparatus including means for
visually scanning, sensing and capturing visual/data signals
representative of said object, means for storing said
visual/data signals, means for transmitting said visual/data
signals to a remote location, means for comparing said
visual/ data signals with corresponding prestored signals of
a selected object, means for regenerating further visual
data/signals comprising said signals of said particular
object adjusted in accordance with said prestored preferred
object signals, means for transmitting said regenerated
image/data signals and converting said image signals into a

format which enables viewing thereof.

"@.29. Apparatus according to Claim 28 and including
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means for adding dialogue or informational data to said

regenerated format.

30. Apparatus according to Claim 28 wherein said
object scanning means comprise imaging or non-imaging sensor

systems.

31. A method for providing a personalized audio visual
teaching aid for assisting a person to emulate, or consider
advice on a preferred activity or subject of interest, said
method including the steps of capturing and storing visual
image, audio and/or data signals representative of a
particular activity or subject of interest, comparing said
captured signals with stored image, and audio and/or data
signals representative of a selected preferred activity or

subject of interest, and generating audio visual image
signals based on said captured signals analysed against the
signals of said selected preferred activity or subject of

interest.

32. A method according to Claim 31 wherein said visual
image, audioc and/or data signals relating to.said particular
activity or subject of interest are captured and stored by
using a portable video camera and imaging or non-~imaging

remote sensing devices.

33. A method according to Claim 31 wherein said visual
image, audio and/or data signals of said preferred activity
or subject of interest are captured and stored in a database
of a computer and wherein signals representative of said
selected preferred activity or subject of interest are
accessed from said data base for comparison with said

signals of said particular activity or subject of interest.

34. A method according to Claim 33 wherein said visual
image, and audio and/or data signals of said particular
activity or subject of interest are captured and stored at
a first location and wherein said computer is located at a
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second location remcte from said first location and wherein
means are provided for transmitting said captured visual
image, and audio and/or data  signals from said first

location to said computer at said second location.

35. A method according to Claim 34 wherein said
transmitting means comprises independent signal transmitting

means or a personal computer.

36. A method acéording to Claim 34 or 35 wherein said
transmitting means transmits said visual image, and audio

and/or data signals over communication network means to said

computer.

37. A method according to any one of Claims 34 to 36

wherein said generated signals are transmitted from said

‘remote second location to said first location by

communication network means.

38. A method according to Claim 37 wherein said

generated image and, audio and/or data signals are stored in

-image presentation means, or displayed on a monitor for

permitting viewing thereof by said person.

39. A method according to any one of Claims 31 to 38
wherein dialogue 1is added for presentation with said

' generated audio visual image signals.

40. A method according to Claim 39 wherein said
dialogue is selected from words and phrases stored within a

database.

41. Apparatus for providing an audio visual teaching
aid for assisting a person personally to emulate or consider
advice on a preferred activity or subject of interest, said
apparatus including means for capturing visual image, and
audio and/or data signals of a particular activity or

subject of interest, means for storing said captured
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signals, means for storing signals of a plurality of
preferred activities or subjects of interest, means for
comparing said captured signals with said stored signals of
a selected preferred activity or subject of interest, and
computer means for regenerating further audio visual and
data signals of said particular activity or subject of
interest adjusted in accordance with said selected preferred
activity or subject of interest whereby to assist a person
to emulate or consider said selected preferred activity or

subject of interest.

42. Apparatus according to Claim 41 wherein said means
for storing visual image, audio and/or data signals of said
particular activity or subject of interest captures, stores
and compressés said signals at a first location and wherein
said signals of said preferred activities or subjects of
interest are stored within.a database associated with said
computer means at a second location remote from said first
location, said computer means being adapted to compare and
regenerate said further audio visual signals for

transmission to said first location.

43. Apparatus according to Claim 42 and ihcluding

transceiver means for transmitting said visual image, audio
and/or data signals of said particular activity or subject
of interest over communications networks means to said
computer means and for receiving from said computer means
said regenerated audio visual, and/or data signals adjusted
in accordance with said selected preferred activity or

subject of interest.

44. Apparatus according to Claim 43 wherein said
transceiver means comprises a portable transceiver means or

a personal computer.

45, Apparatus according to any one of Claims 41 to 44

and including means for converting and presenting said

.regenerated visual image, and audio and/or data signals into
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a format which allows viewing thereof through a monitor.

46. Apparatus according to any one of Claims 41 to 45
wherein said computer means adds to said regenerated signals
dialogue relating to said signals, said dialogue being

selected from words or phrasés stored in a database.

47. A method for providing an instructional aid
substantially as hereinfore described with reference to the

accompanying drawings.
48. A method for providing a personalized audio visual
teaching aid substantially as hereinbefore described with

reference to the accompanying drawings.

49. Apparatus for providing an instructional aid

_substantially as hereinbefore described with reference to
"the accompanying drawings.

50. Apparatus for providing an audioc visual teaching
aid substantially as hereinbefore described with reference
to the éccompanying drawings. ; '

DATED this nineteenth day of October 1994

RICHARD JOHN BAKER
By My Patent Attorney

Y —

JOHN R. G. GARDNER
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(54) Title: PERSONALIZED INSTRUCTIONAL AID

(57) Abstract

An instructional 2id (10) for enabling and assisting a person
to emulate a predetermined movement such as a golf swing includ-
ing an image/data capturing device (11) for scanning capturing
and storing the image/data signals of the person’s golf swing or
movement, and a transceiver (14) for transmitting the image/data
signals over a communications network (15) to a remote computer
(17). The computer (16) contains a database (17) which stores in di-
gital form image signals and bio-mechanical data of a number of
preselected swings or movements. The computer (16) analyses the
person’s image/data signals against image/data of a preselected
swing and generates in digital form further visual images/data sig-
nals which can be transformed so as to assist or enable a person to
be able to emulate the preferred swing. The instructional aid may
also be used for analysing or reporting on particular geographical
regions or objects and provides a specialized presentation for de-
velopment of that region or object from information stored in the

computer database.
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PERSONALIZED INSTRUCTIONAL AID

Technical Field

THIS INVENTION relates to a method and means for
providing an expert knowledge base in an instructional aid
which in one aspect may be used as a teaching aid and in

- particular as a teaching aid for teaching of movements and

techniques, such as used in sports for the game of ygolf. The
present invention, however, is applicable to other movements,
sports, pastimes or technigues. -
In a further aspect the present invention relates to

a method and means for providing an expert visual or audio
visual assessment of a particular proposal relating to
geographical locations. One such application is to generate
a visual display of a particular tract of land for a goif
course layout made up from a number of pre stored hole designs.
or computer generated hole designs which have taken into .
account all aspects of the final layouts design on the overall
development, with the inclusion of audio or audio visual data
pertaining to structural methods for success. '

" The present invention has further application in
providing an assessment on a particular object by for examp]é
comparing properties of that object with those of a preferred
object.

Backaround Art

As golf has become an increasingly popular pastime over
the years, many players wishing to improve their own personal
techniques, have pursued professional assistance. Often
players, be they professionals or amateurs, may wish to emulate
successful movements of top players or coaches who are exposed
in the mass-media. At the present time, these players have a
number of choices available to them in attempting to try to
emulate such movements, which may include general practice,
private coaching, viewing current audio visual instruction
tapes, recording their own personal movements and analyzing
same, or studying photographs/slides etc. of their swing in

action.
In all the above cases, the onus is placed upon the
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individual or coach, to perceive those areas of movement that

differ between the current technigue cf the player and that of
e they are trying to achieve. Even for

a specialized person working in their own chosen sport cr

ch differences 1in movement can be sO minute or
a person’s weight shift or pressure

profession, su
hard to detect, with say
in their grip or arms,

handicap that persons potential rate of improveme
for this particularly in the above instructional visual
téaching caées js that the viewer watches information flowing

arding the current or preferred

that they can g0 undetected and soO
nt. The reason

to him in one direction only reg
w cannot perceive all aspects of the

technique and thus the vie
tain

movement because of no corresponding physical forces or cer

performance data to relate specifically with because .such

visual presentations do not show their current technique along

with the preferred technique with the addition of bio

mechanical information. Also in the use of current genera1

prerecorded instructional. audio visual presentations they
direct their information towards a mass audience as a whole
without any'a11owanée'for a persons particular techhique or
requirement of problem solving. ’ _

In other situations where conceptual instructional
advice 1is required, the quality of advice can vary, for
example, when a person js considering whether or how to best
construct a'particu1ar tract of land he owns or is considering
acquiring, say for the development or remodelling of a golf
course, normally expensive preliminary surveying, design and
feasibility works are carried out, to which he is reliant on
all aspects of the development being expertly covered, to which
this is not always the case. similarly, 1if alternative

ventures in particular areas are proposed, no audio visual

means are presently available which provides a customized or
personalized completely regenerated, expertly compiled computer

analysis in the visual or audio visual form of potential works,

described within.

summary of the Invention
The present jnvention aims to provide in one aspect an
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expertly analyzed instructional aid employing visual or
audio/visual techniques which allows for a flow of information
in both directions between say selected coaches and pubils SO
as to help that pupi]/viewer improve his or her personal
movements and technigues more quickly and without as much
guesswork on his or her part.

The present invention also provides a method and means
for teaching or instructing such movements or techniques in
precise ways, that enables a person/mechanism to more clearly
emulate another movement. Whilst the present invention is
particularly suited in one application to sports coaching it
may also be applied to other areas where an emulation of a
precise movement/procedure 1is required, as will become more
apparent from the fo]]owing operating description. The present
invention may additionally be applied to providing expertly
comp11ed. opinion in the form of a visual or audio/visual’
overview of ‘a part16u1ar geographical location altered in
accordance with selected criteria. _

With the above, and other objects in view, the present
invention provides in a first preferred aspect, a method for-
providing an instructional aid for assisting a person to
emulate a preferred movement including the steps of capturing
and storing visual image signals representative of a particular
movement, comparing said captured image signals with stored
image signals representative of a selected preferred movement,’
and regenerating further visual image signals based on said’
image signals of said particular movement adjusted to emulate
said stored image signals of said selected movement.

In a second aspect, the present invention provides
apparatus for providing an instructional aid for assisting a
person personally to emulate a preferred movement or technique,
said apparatus including means for capturing visual image
signals of a particular movement or technique, means for
storing said captured visual image signals, means for storing
visual image signals of a plurality of preferred movements or
techniques, means for comparing said captured visual image
signals with the stored image signals of a selected said
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and means for regenerating
ajd particular movement Cr
d selected preferred
to emulate said
The term “image

preferred movement or technique,

further visual image signals of s
technique adjusted in accordance with sai
movement or technigue to assist a person

selected preferred movement oOr technique.
d herein includes signals representative of such

signals” as use
information which can be converted in

to visual images.

Preférab]y the visual images O
gital form using known video
hich produces

f the particular movement

are captured and stored in di

recording techniques such as with a video cameraw

a video cassette containing the images of said particular

Alternatively other means may be provided for
images as described further

movement.
capturing and storing the visual
below. '

The visual images of the preferred movements are'
form in a database of a computer

preferably stored in digital
t can be readily accessed.

so that a se1ected preferred movemen

The computer.ié most.preferably located at a remote Tocation

o be accessiblie from a number of different Jocations.
preferably means are provided to transmit the captured

images in digital form for receipt by the computer. The
its the images over the

so as t

normal telephone network, however, other communications 1inks

may be employed. ,
The comparison in the computer can be carried out

using either software techniques or hardware techniques and
The computer is also preferably

d to take into account the size

various sampling procedures.

software ‘or hardware programme
of the player and other physical characteristics such as length

of arm so that a compensation factor may be included whereby
the movements such as swings of the
preprogramqed stored movements or swing in the computer can be
This comparison can take place at different
times or positions in say & swing to produce signals

representative of the difference petween the swing. This
omprise a measurement of distance,

player and the

truly compared.

comparison signal may C
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angle, speed of swing or cther parameters. Such signals may
then be employed in regenerating the new visual image which
approximates the captured 1image altered to emulate the
preferred image.

Whilst the invention described within has particular
applications to teachings in sport, so as to help and assist
a person emulate a particular movement or technique, it may
also be applied to many other situations and fields where an
emulation or overview of a precisé movement is required. Thus,
the invention may be applied to various applications in the
arts fields, for example the teaching of dance steps or within
the medical field where precise movements are required to be
studied, an- expert: advice given such as with human body
movements.

Additionally the present invention may be applied to
fields where expert systems appraisals and emulations of a-

.development structure may be required such as in the property

field for precise calculations and designs of future
development proposals or where expert appraisal of a particular
object is required by comparison with a preferred or ideal.
object.‘ ' : o
The present invention thus provides in a further
aspect a method of providing an instructional aid relating to
a development proposal comprising the steps of capturing and
storing visual image and location data signals of a proposed
development location, analyzing said captured signals against
the signals of a selected or preferred known development or
means for forming a new design development and regenerating
further visual image/data signals based on-said signals of said
proposed development adjusted in accordance with said preferred
development or said newly formed design development so as to
provide a recommendation for said preferred development.
In a further aspect the present invention provides

apparatus for providing an instructional aid based on

a visual image of a particular movement or location, said
apparatus including means for visually scanning said movement
or location and for producing visual image signals
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representative of said movement or location, means for storing

said visual image signals, means for transmitting said visual
image signals to a remote location, means for comparing said
transmitted visual image signals with corresponding signals of
a selected prestored image or images, means for regenerating
further image signals comprising said image signals of said
particular movement or Jocation adjusted in accordance with
said prestored signals of said image or images, and means for
retransmitting said regeneréted image signals and converting
said image signals into a format which enables viewing thereof.
In yet a further aspect, the present invention provides

paratus for providing a personalised instructional aid in a
mage signal of

ap

a particular jocation, said apparatus including means for
visually scanning said location and for producing image and
informational data siQna]s'representative of said location,
means for storing said visual/data signals, means for
transmitting said visual/data signals to a remote location,
means for comparing said visual/data signals with the signals
of a selected prestored']ocation and the structural procedure
relating thereto visual/data signals, means for regenerating
further visual data/signals pased on said signals of said
particular location adjusted in accordance with said prestored
procedure signals to assist in said development, means for
adding dialogue and information data to said regenerated

signals and mean
signals and converting said signals into a format which enables

viewing thereof.
In another aspect, the present invention provides

apparatus for providing a personalised instructional aid based
upon optical photometric characteristics of a selected target,
said apparatus including means for visually scanning, sensing
and capturings visual/data signals representative of said
target, means for storing said visual/data signals, means for
transmitting said visual/data signals to a remote location,

means for comparing said visual/ data signals with

corresponding prestored signals of a selected target, means for

s for transmitting said regenerated image/data. -
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regenerating further visual data/signals comprising said
signals of said particular target adjusted in accordance with
said prestored preferred target signals, means for transmitting
said regenerated image/data signals and converting said image
signals into a format which enabies viewing thereof.
pPreferably the characteristics of the target which for
example may be an object are senséd using 1imaging and non-
imaging sensor sysﬁems. Preferably also means are provided for
adding dialogue or informational data to be regenerated format.
rief ripti f - : wi _
Reference will now be made to the accompanying drawings -
which illustrate a preferfed embodiment of the invention and

“wherein:-

Fig. 1 illustrates in block diagram the instructional
aid according to the present invention applied to the game

‘of golf; and
Fig. 2 is a flow chart showing the procedure 1nvolved

in the invention.

- Detailed Description of _the Preferred Embodiment

Fig. 1 i1lustrates the apparatus for use in the present .
invention described below in reference to emulation of a golf.
swing but usable in any situation where emulation of movement
is required. The . apparatus 10 includes a visual image
capturing device 11 which is adapted to capture movement of the
person undertaking a golf swing for subsequent analysis and

'tcorrection as described below with reference to Fig. 1 and the

flow chart of Fig.2.
To capture the initial detailed visual images relating

to physical characteristics including movement techniques,
employed during the golf swing various scanning or electronic
collecting procedures are used. For this purpose the image
capturing device 11 preferably incorporates or comprises a
portable electronic camera such as a video camera 12 or the
1ike having an associated recording or signal storage means 13
as is known in the art to form and store signals representative
of the characteristics of movement etc. being viewed.

where recording of movements tasks place, bio
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may also be transmitted or

mechanical information/ data,
ed within the

collected upon the same storage means 13 contain
k of the portable video camera 12, so as to enhance
information features.

be transmitted to the

framewor
further final specializad tsaching or

such bio-mechanical information/data may
13 by an electronic means, hard

wiring or other communication means, either at the same time,

as the captured visual signals retating to scanned images of
different time. In the

recording or storage means

the person being viewed oOr at a
embodiment i1lustrated, bio-mechanical information ﬁay be

captured using a weight sensing pad or pads 14 which will sense

weight transference during the swing.

The means used to collect and transmit such bio-
is at all times non- restrictive
so as to allovw the pupil being
movement without

mechanical information/data,

in its overall performance,
analyzed to achieve normal free flowing
restriction. One such means may take the form of mechanical

device/s affixed, or attached, to the person or golf club moved

by the person so as to show déta such as pressures transferred

through the arms oOr ‘hands, proper releasing techniques,

velocities achieved etc. Alternétive]y or additionally,

sensing devices maybe positioned alongside, below or above the
person whose image is béing captured. Such sensing devices as
above may comprise weight or joad ‘sensitive pads, monitors
electronic light beaming device or the like. Bio-mechanical,
signals may also be obtained by various scanning, editing and
digital techniques, used within a remote computer database as
described further below, once the signal has been received by
the remote database, to determine also the many characteristics
of the peréon being studied.

The image capturing device 11 is preferably of portable
construction, and of high recording quality, so as to scan,
receive and store images and information/ data, in broadcast
These visual or information signals are converted by
into electrical charge patterns etc, which

quality.
sensors or the like,
are read out or scanned to produce, digital electronic signals

representative thereof, from electrical or 1light signals,
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produced by an electronic pick up tube, charge-coupled device
(cCD), or the 1ike means within the camera framework, or by the
information signalling devices referred to above.

For initially capturing the necessary signals for
analysis, more than one imaée capturing device 11 may be used,
so as to channel information regarding various visual details,
information/data or the 1ike, to one recording or storage
medium. In this regard various switching techniques may also
be used to switch between selected image capturing devices 11.

_ The signal storage or recording means may take the form
of Magnetic Tape/Disk, Laser Based or Optical Video Disk,
Magneto-Optic Disk, Magnetic-Laser-Optical Disk or other
storage medium, Alternatively digitised signals representative

'of.the>scanned'images or bio mechanical and information data

may be also transferred or stored onto a computer memory chip
or the 1like, held within the camera framework. o

_ The apparatus 10 also includes an audio/visual signal
transceiver 14 adapted to receive and transmit audio/visual
signals and other information signals in the manner described

‘below.

The'imaée capturing device 11 referred to above in one
form 4is a unit discrete from the audio/visual signal
transceiver 14 and adapted to be connected thereto or thé two
maybe one and the same, so that the image capturing device 11
also incorporates a unit for transmission and reception .of
signals to and from remote databases.

The audio/visual s{gnal transceiver 14 may take the
form of a portable signal unit or a personal computer (PC),
which can convert, compress or suitably accept, a down loading
of captured signals, stored within the storage means 13 of the
portable camera unit and then reform, record or store such
signals in a suitable digital state for later transmission over
a communications network 15. The communication network 15 may
comprise the general switched telephone network, satellite
links, television quality cable 1links or the 1ike over which
the signals representative of the persons movement together
with bio-mechanical information where stored are directed as
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electrical or light sign
in a computer database 17 for later analysis aga1nst selected

red signals also stored in a database of the computer or
a further computer. As is conventional a modem or other

similar signal conversion device may be associated with the
r signals and convert

prefer

computer 16 to receive the transmitte
those signals into a suitable form for reading by the computer
16. The modem or other similar signal conversion device may

also be emp10yed
16 as descr1bed further below.

Initial capturing of audio, visual and data s1gna1
may also be undertaken using the audio visual
nal computer) to which

information,
signal transceiver i4 (if not a perso
a video camera 12 may be directly connected so as to enab]e

signals captured by the camera 12 to be recorded directly onto

suitable storage medium held within the transceiver 14. The
transceiver 14 is then able to transmit these captured s1gnals
to remote locations, when directly connected to the
communications network described above. Thus a single unit
may perform all funct1ons of record1ng, transmitting and

receiving audio, visual and data signal 1nformat1on.. The

transceiver 14 for this purpose may include dual signal storage
facilities, to achieve the above functions, however the
transceiver 14 may also be constructed so as to enable alil

functions of recording and playback in each mode within a

single signal storage device.

This transceiver 14 is software and hardware
programmed and may offer some of the following features:
1) The senders details for later personalizing effects to
the final video presentation i.e. name and spoken language and
means for selecting the person with whom the golf swing of the

person is to be compared;
2) The transmitting parties/agents details for account

keeping purposes and security for the system j.e. digitised

security code;
3) Circuitry for increased transmission speed;

4) Circuitry and displays for showing details regarding

als to a remote computer 18 for storage

for transmission of signals from the computer
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signalling times to reach database and regeneration times once
retransmitted back to pupil/agent remote location, for account
keeping purposes;

5) Circuitry and displays for showing format of
transmitted or requested signals in i.2. PAL, NTSC or SECAM

etc;

6) Circuitry for Time, Date, Auto Dial - Redial, Stop,
Start, Receive, Send and possibly an Advertising channel etc;
and _

7) ‘ Circuitry and disp]ays for showing to whom the.

regenerated signals belong and to enable the retransmitted
regenerated signal to be added to the already prereborded

signal, described below, if desired.

As stated above, the computer 16 is arranged normally
at a remote location from the audio/visual transceiver 14 and
includes a database 17 which stores selected prerecorded video
signals in digital form which in the case of golf swings may
include a se]edtion of swings showing the movement of different
goif profess1onals which are required to be emulated. As the
computer 16 and image captur1ng device 11 are not phys1ca11y'
affixed or attached together, the. computer 16 and database 17
may be of a sufficient size and capacity to enable the desired
functions to be achieved at one and the same location...

The computer 16 may be at many remote locations and
holds within its database the following brerecorded information
in digital form, which provide a basis for forming the
regenerated audio visual signals.

1) A digitised audio visual library of selected coaches,

advisers professional or mechanisms (such as a golf simulation
machine) movements, techniques, steps or procedures, that have
been previously analysed, recorded and reformed into suitable
digitised signals, for later analysis and regeneration in the
database against the remote signals received.

2) A digitised bio mechanical 1ibrary of selected coaches
or mechanisms movements measured individually or as a group,
for later display with the regenerated audio/visual signals.

The computer 16 1ncorp6rates a means for receiving and
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editing the transmitted visual data or bio-mechanical and

relating to the movement of the

information data signals ,
be able to match

golfer and arranges same in such a way as to
als with the previously established and

the received visual sign
jcations and

selected database signals of their preferred appl
generate a new video signal to enable the viewer to see
in regenerated form, those differences that exist

personally,
the two movements, that of the

in (a) a teaching mode, between
pupil and the se1ectedAprofessiona1 or coach and (b) in an
analysis mode, those ideas that might be possible for their
preferred swings (or applications in development fields where
the method and apparatus of the invention is used in this
application.) For this purpose, the computer 1s 'software'
and/or hardware programmed to compare the respective swjngs of
the person being analyzed and the selected preferred swing
with adjustments made such as for size of person, spéed'of
her parameters to allow a correct comparison.'The
ampling or
d or subtracted from

swing and ot

other techniques and_thfs difference adde

a persons recorded swing and new visual images generated on

~ this basis which emulates the preferred movements.

The computer 16 may also include a means for adding

o the regenerated audio visual signal recordings, so

dialogue t
struction or advice

that the viewer can receive personalized in
from afar, similar to having private jnstruction or personal

consultation.
The computer 16 may further include a means for

if needed, 1in one broadcasting
PAL-NTSC-SECAM etc.

converting received signails,
mode, into those of another countries i.e.
To accomplish this within the computer, a standards Converter

or the 1like may be used, using Optical Scan or Digital

standards features or the Tike.
The computer 16 may additionally include a means for

determining costing on each and every received and regenerated
signal that passes through the system, based upon the following

information:-
(a) Signal transmission time to and from the computer.
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(b) The amount of analysis and regeneration time
" required, for each and every presentation, such
as with the showing of audio visual faults, bio
mechanical/characterizeddata graphs, dialogue anc
broadcasting changes etc.

The computer 16 is software and hardware programmed
to accept digitised signals transmitted to it, from remote
locations, associated with the audio visual transceiver 14, so
as to personally relate in the final regeneration and editing
phases to the_viewer, this being performed by, using various
digital editing techniques and procedures as described below.

The audio visual presentation generated by the computer -
16 can take the form of split-screening (generating new visual
images of the preferred technique displayed along side the.
present technique), superimposing (where the preferred
technique is superimposed over the present technique) or other
display. Graphics and charts etc, for bio-mechanical/
information displays, so that the viewer can clearly see those
changes that are required or need to be performed, to develop -

‘or pursue the preferred movement, procedure or proposal are

also disp]ayed, These superimposing effects or the like, may

take the form of stick figures, detailed drawings etc, to
normal human or visual appearances, so as to. show the viewer
any variances between his stroke and the preferred stroke. For
ease of editing the subject material within this computer
database, a time code or the like, maybe also burnt into the
original recorded signal, so as to make final editing much more

efficient within the remote database. This procedure may also

be linked with an edit controller or the like, Within the
computer 16, which locks the two signals electronically
together during edits.

To personalize the regenerated signal, dialogue is also
added when required, so that the selected instructor or adviser
may relate to the viewer/pupil more personally, than with other
audio visual presentations. Part of this personalizing effect
js initially accomplished in the original transmission phase,
by the name, spoken language, broadcasting mode or location
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s etc of the final viewer being captured, within this

to which an addition of dialogue can also be added
e regeneration signal phase, showing those
consider, to obtain the

statistic
database,
when reguired, in th
changes they need to perform or

preferred movement, thus totally

regenerated signal to the viewer.
- For this purpose such dialogue, may only take the form

tatement, so as to make the viewer fully aware of -
or need their‘consideration,

ment etc.

personalizing the new

of a bfief s
those changes that are required,
to perfect the movement, procedure or develop |

The means for adding such dialogue may take the form

of a voice energy monitor or the like, contained within the

which on analysis scans a memory. bank of learned
o find suitable terms,; to bring attention to
heir attention.

computer,
words or phrases t
these problem areas or matters needing t

Dialogue may also be added relating to recommendations _

for the viewers consideration in regards to, suitability of

equipment being used to perform the desired movements and

techniques.
To increase acceptance as a true teaching aid,

scientific data, which in many applications could only be

assumed before,
presented to a viewer, when needed,
or the like, set either above, below, alongside or

such as with personalized coaching,'may be
in the form of graphs,

charts,
within the total regenerated video signal recording. This
information is gathered from their received signals, being
matched to, their preferred established signals contained
within the database 17 soO that the person/pupil can clearly

see, those bio mechanical differences that exist between, their

current procedures/techniques and that of their selected

coaches/professionals procedures/techniques.

Once the new audio visual signal is regenerated
the signal is then retransmitted back by the computer 16 and
dem or the like and the communications network 15 to
This procedure maybe

via a mo
the remote senders/agents transceiver 14.
performed, from within the computer 16 itself, using various

digital, compression and sampling techniques, oOr it can be
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again sent back by a further audio/visual transceiver
associated with the computer 16.

On receipt at the remote pupils/agents receiving
location, the regenerated signal may already be in suitable
form, for direct saving on suitable storage means such as video
tape, disk or the 1ike which enables home viewing such as by
means for a video cassette player and playback through a
monitor 18. If not in a suitable form for direct saving, the

‘signal may be reformed for storage as above on storage means.

which permits home viewing other than through a computer
monitor by the use of either the receiving audio visual.
transceiver, or by other suitable conventional means offering

various slowing down or speeding up signal procedures If

desired the regenerated audio/visual signal may be stored on o

the original storage means eg. video tape containing the
players current movements or techniques or stored on a new

storage means.
In the embodiment described and shown, the image

capturing device 11 stores the captured images on a video
cassette 19 of known form and the regenerated images are stored
on the same cassette 18 or a1ternative1y an additional
cassette. The regenerated image in this embodiment is in the
form of a stick figure 20 which is superimposed on the true
visual image 21 of the players swing or movement and which
indicates to the player the angles and positions which he must
adopt to emulate the swing. R

To add further to this advanced aud1o visual teaching
aids value, as a complete instructional system, compared to
other audio visual presentations, previously recorded
instructional material, of a non-personalized nature, may also
be added, to the final home storage presentation means such as
a video cassette. Thus this regenerated transmitted signal of
the pupil’s audio visual presentation and data pertaining to
movements, maybe then simply added to the prerecorded material
already held at the senders/agents remote location. 1In this
format the single recording may then show (a) an initial
complete recorded procedure of instruction, as currently
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with audio visual presentations (b) an addition of

presented
k=n before

their current movaments, procedures cr images etc, ta

regeneraticn and (c) the final regesnerated personalized audio

visual changes, that are recquired, or affect, the desired

changes needed by the viewer.
A typical presentat1on with a preferred format and

structure in the final video tape or other viewable means could
be as follows :

Pupil: Mr Rick Baker

Selected coach : Mr Bobby'Jones

Applications for: Golf

D1a1ogue in: English

1. Preferred audio visual start/1ntroduct1on

"Hi, Rick, I am Bobby Jones, it is my pleasure to have studied
your golf swing and these are the points I feel you should be

concentrating on :
2, Preferred audio visual presentat1on in progress:

During the presentation whilst the pup11 Mr Baker is viewir

" the subject matter, the viewing mon1tor is show ng segments of

the previously recorded swing, taken at the record1ng facility,
with superimposed preferred mov :ments of Mr Jones against Mr.

Baker's current movem.nts and pointing out with the addition

of dialogue, thcse areas that he should be concentrating on,

sc is to improve his current techn1que.
Eio mechanical data in the form of graphs or charts etc.
are also added during the presentation, so as that he and his

local coach may also quite clearly see scientific data

pertaining to those performed movements. Dialogue may also be
added regarding suitability of equipment being used at this

stage.
3. Towards the conclusion of this audio visuz!

presentation, the coach could conclude by saying:
“Thank you Rick for allowing me to helo you improve your

game, but please continue to work on these points with the

help of your local professional, who is also there to assist

you in overcoming these problems. Good golfing,

Bobby Jecnes.”
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‘The above embodiment has been described with reference
to a golf swing movement, however, as previously stated the
invention may readily applied where other movements are
required to be emulated. Such movement may comprise movements
of persons or movements of cbjects or mechanisms of which
emulation is required.

In a further form the invention may be applied to
the property field to enable professional assessments and
presentations of designs for future development proposals or
the 1ike. 1In this form visual images and data re]ating to
signals of a particular area of ground are captured. using.
remote sensing techniques. For this purpose a camera and
remote sensing device may be fixed to the underside of an
aircraft so as to capture and record geometrical or statistical
information of the earth or objects featured beneath.
Geographical data achieved through using this remote senéing<.
as above may be computer coded or digitised using video
cameras, array scanners, laser beam, microwave or other means.

_ Information regarding the geographical area being
scanned is then transmitted as before using a transceiver to
a remote computer containing a database of prestored expert
information on attributes required of a particular -area of
land. Thus where the best standard of golf course is required
to be laid out upon a specific parcel of land the data base may
include a 1library of selected hole layouts from different
courses. The computer which is software programmed may then
select preferred hole layouts to match to the area of land of
which geographical features has been scanned and recorded.
Alternatively, the computer may itself design the appropriate
hole 1layouts to best fit the area of land and proposed
development. The computer database may additionally include
feasibility study means for determining and displaying
measurements, costings and other procedures required to achieve
the end result. The computer may further be programmed to take
into account residential housing around the course and the
location of same, so as to maximize view of the course etc.

As before, dialogue may be added to the regenerated
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audio visual presentation as well as statistical graphs or

development being studied.
o be applied to enable a

other information relating to the

The present invention may als
ysed against prestored data

particular object to be anal
In this embodiment and

relating to a currently known object.
as before an object js scanned so that its characteristics may
scanning is carried out to obtain the optical

photometric characteristics of the ob

non-imaging sensor. systems.

stored and then transmitted to a remote location for analysis

in a computer with the corresponding data of a preferred object
After

whose data information is captured in a data base.

comparison and adding, where appropriate, suitable dialogue

from say an expert in that field, a regenerated signal is

formed an

has an expert assessment of the differences between the

respective objects.
embodiment is for component pa
data information octaﬁned relating to that part may be compared
tored at the remote

rts as used in an assembly. The

to a perfect component part whose data is s
so that the differences may be assessed. This
embodiment may also pe employed for detecting for example
faults in a particular component part.

It will be apparént that the latter embodiment may be
applied to any suitab1e‘targets of which analysis is required.

The present invention thus prcvideé a method and méahs
y teaching or instructing procedures, strategies,

for expertl

assessments or perceptions in audio visual form to enable a

viewer to more closely emulate calculate or develop technigues
suitable to their various applications.

whilst the above has been given by way of illustrative
embodiment of the invention, all such modifications and
as would be apparent to persons skilled in
the art are deemed to f£all within the broad scope and ambit of

the invention as herein defined by the appended claims.

ject using imaging and
As before the data obtained is

d transmitted back to the sender sO that the sender

A particular application in this

-~
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CLAIMS

1. A method for providing an instructional aid for
assisting a person to emulate a preferred movement inciuding

‘the steps of capturing and storing visual 1image signals

representative of a particular movement, comparing said
captured image signals vwith stored image signals representative
of a selected preferred movement, and regenerating further
visual image signals based on said image signals of said
particular movement adjusted to emulate said stored image

signals of said selected movement.

2. A method according to Claim 1 wherein said image
signals of said particular movement are captured and stored

using a video camera.

‘3. A method accord1ng to Claim 1 wherein said visual

image signals of said preferred movements are stored -in a
database of a computer and wherein a selected preferred
movement is accessed from said data base for comparison with
said particular movement.

4, A method according to Claim 3 wherein said image

s1gnais are captured and stored at a first location and wherein
said computer is located at a second location remote from said
first location and wherein means are provided for transmitting

 sajd captured images from said first location to said computer

at said second location.

5. A method according to Claim 4 wherein said transmitting
means comprise independent signal transmitting means or a

personal computer.

6. A method according to Claim 4 wherein said transmitting
means transmits said image signals over a communication network

to said computer.
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7. A method according to Claim 4 wherein said regenerated

signals are transmitted from said remote second location to

said first location.

8. . A method according to Claim 7 wherein said regenerated

image signals are stored in image presentation means which

permits viewing thereof by said person.

9. " A method according to Claim 8 and wherein diajogue
relating to said regenerated image signals is provided within

said image presentation means.

10. A method according to claim 7 whereinfbio—mechanica]-

data relating to said regenerated images is displayed within.

image presentation means.

11. A method of providing an instructional aid fe]ating to
a development proposal comprising the steps of capturing and
storing v1sua1 image and location data signals of a proposed
development location, analyzing said captured signals against
the signals of a selected or preferred known development or
means for forming a new design development and regenerating
further visual image/data signals based on said signals of said
proposed deve1opment,ad3usted in accordance with said preferred
development or said newly formed design development so as to
provide a recommendation for said preferred development.

12. A method according to Claim 11 wherein said visual

image/data signals of said proposed Jocation are captured and

stored using a video camera and remote sensing devices.

13. A method according to Claim 10 wherein said signals of
said known developments are stored in a database of a computer.
14, A method according to Claim 11 wherein said computer

js arranged at a location remote from said proposed location

and wherein said captured image signals are transmitted to said
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remote location for analysis by said computer.

15. A method according to Claim 14 and wherein said
regenerated image/data signals are transmitted from said
computer to said proposed location and are provided in a format
to enable when transferred or added to home viewing means

viewing thereof.

16. A method according to Claim 15 and including means
for adding dialogue to said format so as to provide an audio

visual presentation.

17, . Apparatus for providing an instructional aid for
assisting a person personally to emulate a preferred movement
or technique, said apparatus including means for capturing
visual image signals of a particular movement or technique,

means for storing said captured visual image signals, means for
storing visual image signals of a plurality of preferred

movements or techniques, means for comparing said captured.
visual image signals with the stored image signals of -a
selected said preferred movement or technigue, and means for
regenerating further visual image signals of said particular
movement or technique adjusted in accordance with said selected
preferred movement or technique to assist a person to emulate
said selected preferred movement or technique. '

18. Apparatus according to Claim 17 wherein said means for
storing visual image signals of a plurality of preferred
movements or techniques comprises a computer database .and
wherein said comparing and regenerating means comprises a
computer associated with said computer database.

18. Apparatus according to Claim 18 and including
transceiver means for transmitting to said computer said visual
image signals of said particular movement or technique and for
receiving from said computer said regeneratgd visual images

signals.
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20. Apparatus according to Claim 18 and including means for

converting said regenerated image signals into a format which

alljows viewing thereof.

aratus according to claim 20 and including means for

21. App

adding to said format dialogue relating to said regenerated
images.

22. Apparatus according to Claim 20 and including means for

adding to said format bio-mechanical data relating to said

regenerated images.

23,  Apparatus for providing an instructional aid based on

f a particular movement or location, said

a visual image ©O
uding means for»visua11y scanning said movement

or 1location and for ~ producing visual 1image signals
resentative of said movement or location, means for storing

sajd visual image signals, means for transmitting said visual

image signals to a remote location, means for comparing said

transmitted visual image signals with corresponding signals of

a selected prestored image or images, means for regenerating

further image signals comprising said image signals of said
particu1ah movement or location adjusted in accordance with
said prestored signals of said image or images, and means for
retransmitting said regenerated image signals and converting
said image signals into a format which enables viewing thereof.

24. Apparatus for providing a personalised instructional
aid in a development presentation based upon a visual image
signal of a particular location, said apparatus including means
for visually scanning said location and for producing image and
informational data signals representative of said location,
means for storing said visual/data signals, means for
transmitting said visual/data signals to a remote location,
means for comparing said visual/data signals with the signa]é
of a selected prestored location and the structural procedure
relating thereto visual/data signals, means for regenerating
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further visual data/signals based on said signals cf said
particular location adjusted in accordance with said prestored
procedure signals to assist in said desvelopment, means for
adding dialogue and information data to said regenerated
signals and means for transmitting said regenerated image/data
signals and converting said s1gna]s 1nto a format which enables

viewing thereof.

25, Apparatus for providing a personalised instructional
aid based updn optical photometric characteristics of  a
selected target, said‘apparatus including means for visually
scanning, sensing .and capturings visual/data signals
representat1ve of sajd target, means for storing “said
visual/data signals, means for transmitting said v1sua1/data'
81gna1s to a remote location, means for comparing said visual/
data s1gnals with corresponding prestored signals of a selected
target, means for regenerating further visual data/s1gna1s
compr1s1ng said signals of said particular target adjusted in
accordance with said prestored preferred target signals; means
for - transm1tt1ng said regenerated 1image/data sfgna]s and
converting said image signals into a format which enabIes

viewing thereof.

26, Apparatus according to Claim 25 and including means
for adding dialogue or informational data to said regenerated

format,

27. Apparatus according to Claim 25 wherein said target
scanning means comprise imaging or non-imaging sensor systems.
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EyeToy: Kinetic Combat — Review

By Andrew Fletcher on January 3, 2007 - 0 !U
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Last year, I called Sony's fitness title EyeToy: Kinetic a quiet
revolution in game design, and this martial arts based sequel
certainly serves as a further curiosity tweak to the faintly odd notion
of sports games—that is, real sports games—flourishing in future
console generations. On this evidence, that revolution will boil down
to design specifics as much as it will persuasive concepts.

Bravely, EyeToy: Kinetic Combat veers off from the 'all-round' fitness
theme of Kinetic and attempts to teach players the basics of Hung
Gar Kung Fu. Contrary to what other lazy reviewers (and I suppose 1
mean that literally) have said, the fitness aspect is really now a
fringe benefit rather than the focus. Sony's London Studio should be
applauded for testing themselves with such a peculiar and
unprecedented goal as teaching a specific martial art, but sadly
Kinetic Combat is not the inspirational software it could have been.

The core teaching is done through tutorials in which the player must
copy the onscreen trainer's movements, performed on one side of
the screen as a game graphic and on the other as a semi-transparent
shadow over the player's own EyeToy image. The idea is that one
matches up movements to the trainer's ghostly outline, which is
shaped according to the height and body build descriptions players
input at the start of the game. It sounds simple enough, but sadly

~ the game's main flaws can be extrapolated from that one key screen.

First of all, the screen is horribly cluttered. The time and effort the
gamer spends paying attention to the instructor's movements and
comments, trying to fit inside and in time with the shadow, and
checking the five different performance feedbacks (red/green motion
evaluating blocks; red/green/amber rep. blocks; current grade letter;
current performance evaluation; pointless line graph) leaves him or
her even less chance to concentrate on the power and technique that
is supposedly at the core of this martial art. The new instructor
doesn't rescue the presentation either, being painfully dull in both
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appearance and (largely unhelpful) dialogue, which affects the game
more than you'd think.

The restricting decision to judge players on their ability to match the
onscreen trainer's movements in real time (like a kind of unfair,
rhythm-action ‘Simon Says...") seems to misjudge the Kinetic
audience. Whereas the more flexible and forgiving first game praised
players for their achievements, here they are immediately told that
they're falling short of a perfect standard. Yet that evaluation is itself
undermined since the onscreen shadow against which the player is
tested is almost useless to anyone with less than four or five metres
between themselves and the TV. It doesn't help that the standard
Hung Gar stance is particularly low, and dipping to try and fit the
trainer's shadow is uncomfortable and potentially unsafe.

Many will quickly tire of being told that their movements are

" inaccurate just because of their spatial imposition and the software's
inability to compensate. I have a perfectly reasonable room size, yet
Combat remained inflexible in allowing me to fit my onscreen tutor's
shadow. Besides, even though the motion sensing technology is
sound in concept (disregarding its execution), it quickly becomes dull
performing the endless reps that Combat asks without any sense of
freedom or fun. Perhaps that's a personal opinion about the appeal of
martial arts training, but at the end of the day Combat has in no way
endeared it to me. Being tutored on technique by an impossibly
wooden game character is simply more tedious and less game-like
than the high energy exercise of Kinetic.

Best Game Review
Sites

Game Rankings
Metacritic

Zero Punctuation
IGN

GameSpot
GameFAQs
GameTrailers
Kotaku

G4 TV
GamesRadar

lup.com Outside of direct tutorship, however,'there are training games and

sparring fights, which recall the last title's exhausting freeform
workouts and are all the more entertaining for it. Their effectiveness
varies and the games will ask players to perform moves that they
haven't even learnt yet, but they still feel beneficial for only
suggesting moves, and most of all just for being enjoyable.

GameSpy
Joystiq
Giant Bomb

Destructoid

It is crucial that Kinetic games make me want to rearrange my
furniture and work up a sweat, but whereas the original was at pains
to present a workout experience as fun, comfortable and considerate
as possible, Combat can make me feel like I'm hooked up to
performance-testing lab machines.

Kinetic, in a flawed and even haphazard kind of way, taught us that
with the right kind of guidance and encouragement, a pupil can be
helped to learn at their own rate and successfully so. Kinetic Combat
teaches us that dry didacticism and overwhelming, in-your-face
feedback merely stifle the process. If games are going to start
educating us (as the recent Brain Training, TalkMan and Kinetic
games suggest they would like to), then they're going to have to be
more fun, personable and accessible than other methods of learning,
not less so.
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Abstract

A prototype system for implementing a virtual Per-
sonal Aerobics Trainer (PAT) is presenied. Unlike
workout video tapes or TV exercise shows, this system
allows the user to create and personalize an aerobics
session to meet the user’s needs and desires. Various
media iechnology and compuler vision algorithms are
used to cnhance the interaction of a virlual instructor
by cnabling it to waich and talk to the user. Throughout
the paper, we report the system components and discuss
the advantages, problems, and ezxtensions of the design.

1. Introduction

In this paper we discuss the design and implemen-
tation of a prototype virtual Personal Aerobics Trainer
(PAT). The underlying motivation for building such a
system is that many forms of media that pretend to be
interactive are in fact deaf, dumb, and blind. For exam-
ple, most of the aerobics workout videos that one can
buy or rent present an instructor that blindly expels
verbal re-enforcements (e.g. “very good!”) whether
or not a person is doing the moves (or is even in the
room!). There would be a substantial improvement if
the TV just knew whether or not a person was moving
in front of it. A feeling of awareness would then be
associated with the system. And because of the repeti-
tiveness of watching the same exercise videos, this “pro-
grammable” system heightens the interest of the user
by allowing the design of specialized workouts (e.g. ex-
ercising only the upper body).

The system here creates a personalized aerobics ses-
sion for the user and displays the resulting instruction
on a large TV screen. Here the user can select which
moves, their duration, the music, and which instructor
are desired for the workout. Depending on the mood
of the user, the choice of instructor could make a large
difference in the workout. For instance, if the user

Figure 1. Virtual PAT. A virtual Personal Aer-
obics Trainer. Photo credit: Webb Chappell.
Copyright: Webb Chappell 1998. ’

were tired and required strong motivation during the
workout, a brash Army Drill Sargent as the instruc-
tor might be an appropriate choice. Along those lines,
the prototype system here makes available an Army
Drill Sargent character as the instructor. The session
is scripted by the user, and is then automatically gen-
erated and started when the user enters the area in
front of the TV screen (See Figure 1).

In addition to the video demonstrations, the user
periodically receives audio feedback from the virtual
instructor on how he/she is currently doing. We place
a video camera (or multiple cameras) in the room and
use real-time computer vision techniques to recognize
the aerobic movements of the user. Using the output of
the vision system, the virtual instructor then responds
accordingly (e.g “good job!’, if the vision system rec-
ognizes that the user is performing the aerobic move).
This vision technology is different from many other
sensing technologies in that the user need not wear
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Figure 2. Component diagram showing the in-
terconnection of the media, control, and com-
puter vision modules within the PAT system.

any special clothing/devices or be tethered to machines
with bundles of wires. This enables the experience to
be more natural and desirable {2, 9]. We now explain
the design of the system.

2. System design

The PAT system is a modular design of media and
vision components connected to a controller (See Fig-
ure 2). All software! was written in C4+ and run
across SGI R10000 O2 computer systems (though we
believe the components could be placed within a lower-
end hardware setup). For the current system, the out-
put video (a series of movie clips showing the instructor
performing the moves) is sent to a large TV screen, the
feedback is routed through the audio channel, and the
music is stored/played in the form of MIDI music files.

Because the current version of the system uses real
video clips it would be tedious to record all possible
feedbacks during all possible moves. Therefore, the
audio is decoupled from the video (i.e. the lips of the
instructor do not move, as if speaking the lines). The
separating of audio feedback from the visual example
permits the simple combination of various spoken feed-
back phrases and multiple aerobic examples.- It would
be possible to integrate the spoken feedback and the
visually displayed by using a computer graphics model
of the instructor, rather than using movie clips. The
correct combined state of the instructor (e.g. doing
jumping jacks while complementing the user) would be
controlled and rendered at run-time. It might even be

1 All media components were developed using SGI's Digital
Media utilities/libraries.

quite fun to have virtual cartoonish-like characters as
the instructors. Each character could have their own
“attitude” and behavior [1}, which would possibly in-
crease the entertainment value of the systern. But in
the current system, we chose to use stored movie clips
for simplicity. Also, to date we have only recorded one
instructor though the system is designed to have mul-
tiple instructors from which the user can choose.

When personalizing (or creating) the aerobics work-
out session, the user need not worry about specific
timing information of the moves, feedback, or music
to coordinate the different media events or structure
of the session. These components each have underly-
ing temporal information (e.g. movie length, tempo of
music) which is communicated between different mod-
ules. The user need only manipulate a simple script of
the workout session.

We now give a brief explanation of each of the com-
ponents in the system. The components residing on
different machines have a direct communication line
to a main control program using the Parallel Virtual
Machine (PVM) software designed for heterogeneous
network computing.

2.1. Scripting

Since most instructional systems employ some un-
derlying notion of event ordering, we can exploit this
to allow the user to create and structure a personal-
ized session. The system was designed so that each
session is guided from a simple script which controls
the flow of the session (similar to [6]). Included in the
script are the names for the workout moves, the time
allotted for each move, the choice of music (song titles)
for the workout, and the instructor (by name) to run
the session. This allows the user to easily choose their
own tailored workout. Placing the available options
and examples in a GUI would make the script creation
process quite trivial, but for now it is created in a text
editor. The controller loads this script and initiates the
program. The program is immediately available upon
instantiation of the system with a script (it is not gen-
erated or compiled off-line).

2.2. Controller

A simplestate-based controller was developed to run
the workout script and act as a central node connect-
ing the various modules. The controller consists of
seven states: Pause, Startup, Introduction, Workout,
Close, Shutdown, and PreClose. The system begins in
the Pause state, where it resides until a person enters
the space, determined by querying the vision module.
The entering person event triggers Startup state which



Figure 3. Video output of the virtual instructor.

opens the video window and performs some system
preparation. Next is the Introduction state, where the
virtual instructor appears and welcomes the user. After
the brief introduction, the system loops in the Work-
out state (a loop for each move in the session) until all
moves are completed. Feedback comments from the in-
- structor are given here (comment categories are deter-
mined by the recognition results from the vision mod-
ule). Then a Close state gives the final goodbye com-
ments from the instructor, followed by the Shutdown
state where the display is turned off and then system
cleanup is initiated. There is an additional PreClose
state which is entered if the user prematurely leaves
the space (recognized by the vision module). Here, the
instructor realizes the user is no longer present, and
then starts a shutdown (or pause) of the system (the
program will not continue if no one is there to partici-
pate).

2.3. Instruction by example

In the TV display is a window showing the instructor
performing the aerobic moves. Figure 3 shows a few key
frames from some stretches and aerobic exercises. This
is provided so the user can follow along, watching how
to perform the moves, as done with a real instructor.

Currently, a set of movie clips, showing a full view
of the instructor, is used. In each clip (for each move),
the instructor performs a single cycle of the move. This
clip is looped (or swinged) for the duration of the time
devoted for that move. Given the beat track of the mu-
sic, the speed of the current movie clip can be altered to

be in synchronization with the music currently being
played. (It can be quite annoying for the video/user
to be moving out of synchronization with the music if
there is a strong beat.) We now discuss a music format
that can be used to synchronize the example movies
with the music.

2.4, MIDI music and synchronization

Music is used in aerobics primarily to regulate the
speed and consistency of the moves as well as to main-
tain the energy of the exerciser. We currently use MIDI
music files/songs as our source of music: a MIDI file
is a symbolic description of the music similar to the
sheet music or score for a song. By connecting a syn-
thesizer and speakers to a computer (some computers
provide an internal software synthesizer), the song can
be played by sending the MIDI file from the computer
to the synthesizer which then generates the music. One
advantage of using MIDI is that it is easy to alter the
music by simply inserting, deleting, or changing in-
dividual MIDI events. Another important feature of
MIDI is that there is a tempo associated with each
song.

To suit our purposes, we would like to synchronize
our instructor’s movements from the movie clips to the
beat of the music. Using the MIDI format, we can
add a silent beat track — a metronome click — using
the tempo of the song. The beats act as a trigger to
which the instructor movies can be synchronized. The
movie cycle duration is set to be equal to the time
required for a fixed number of beats, and the movie is
looped/swinged after a certain beat count.

The beat track is added as an additional track to
the MIDI file and is set at a non-perceivable volume.
This way, the computer can watch for the beat events
while not actually playing audible notes. We note that
there exists methods for accomplishing the above beat
track synchronization using other musical media forms
(e.g. a CD); such a method is found in [8].

At times, there can be a bit of a jump when looping
the movie clips in synchronization with the beat track
of the music. The actual time measured between beats
in a song and also the response time of the movie ad-
justment can sometimes vary slightly. This causes the
looping to become minutely jagged at the transition
for the next loop. More precise contro} and reading of
the beat track can fix this problem. Another synchro-
nization problem can arise if there is substantial video
buffering (or lag) from the video generator to the dis-
play unit, causing the virtual instructor to appear as
dragging behind the beat. Due to the above problems,
we built two systems where one version synchronizes
the video and music and another version where the two



are unsynchronized (the music was carefully selected in
this case).

The MIDI songs for the workout are all queued up
at the beginning of the session so one song plays im-
mediately after another. At the end of the session, the
music is stopped.

2.5. Feedback on performance

Each time a new aerobic move begins, the feedback
module i1s activated and a brief statement about the
new move is given. For some moves, the comment
may give the name of the movement (e.g. “It’s time
for some jumping jacks”) or for other moves explain
their purpose (e.g. “This move is going to work the
shoulders”). For the feedback to the user the system
contains many positive comments (e.g. “good job!”,
“fantastic!”) and many negative feedback comments
(e.g. “get moving!”, “concentrate!”). Whenever the
controller decides it is time for a feedback comment?,
it randomly picks a comment from the appropriate cat-
egory. This way, one does not always here the same
comment many times in a row or hear the same or-
dering of comments. There is an opportunity here to

_record very expressive comments for the system, which
“increases the entertainment value of the system as well
as its usefulness.

3. Recognizing aerobic movements with

computer vision

In this section, we give a brief explanation of the
methods used for recognizing the movements of the
user. We use real-time computer vision techniques
to “watch” the user and determine if he/she is cur-
rently performing the same move as the instructor. A
background-subtracted image of the room yielding only
a silhouette of the person [4 2, 9] is used as the input
to the vision system.

3.1. Robust silhouette extraction tech-
nique

The silhouetting method used in this system is based
on the optical blocking (or eclipsing) of specialized non-
visible light (e.g. infrared light) rather than the color
differences between the person and background. In our
approach, the person is always able to wear any color

2The system checks every movement cycle to see if the user
is complying. A negative comment is given every cycle until the
user performs the move. If the user is performing the move,
a posttive comment is given approximately every few cycles or
some predetermined wait period (whichever is smaller).

1 | video

pmjector
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SO ISR emitters
screen screen

Figure 4. Conceptual drawing of blocking
(eclipsing) infrared light from the camera to
generate a sithouette of the person.

clothing, and the end effect is the same (unlike the
color-based methods). The method also permits the
display of video graphics behind the user on the back-
ground. Figure 4 shows the environment configuration.
This system is similar in nature to the infrared designs
of [7, 5].

We can see the silhouetting process in Figure 5. Fig-
ure 5(a) shows a standard camera view of someone
standing in front of the back-wall projection screen
with graphics displayed. In Figure 5(b), we see the
same picture but now with infrared light directed

through the back screen using six infrared light (840
.nm) emitters3.

By placing an infrared-pass/visible-
block filter over the video camera lens, a brightly lit
screen (with no graphics visible) and a clean silhouette
of the user is seen, as shown in Figure 5(c). The in-
frared light is not visible to the human visual system
and thus one sees only video projected on the display
screen (as shown in Figure 5(a)). We point the reader
to [4] for further details on the approach. This sil-
houette form is then further processed to recognize the
movements of the user.

3.2. Motion Templates

Recently, we have developed real-time computer vi-
sion methods for recognizing large-scale body move-
ments such as aerobic exercises. That work constructs
temporally-collapsed motion templates of the partic-
ipant’s silhouette, and measures shape properties of
that template to recognize various aerobic exercise (and
other) movements in real-time.

To show an example of such motion templates, Fig-
ure 6 presents templates generated from the infrared
silhouettes for the movements of left-arm-raise (left-
side stretch) and fan-up-both-arms (deep-breathing ex-

3The camera has no infrared-blocking filter and is thus sensi-
tive to infrared light.



Figure 5. Infrared light. (a) The person in front
of a video projection screen. (b) Now with in-
frared light directed through the screen. (c)
The image filtered through a visible-block fil-
ter.

ercise stretch). The motion of the user is encoded in
the varying graylevels within the template.

For recognition of these moves, statistical pattern
recognition techniques are applied to moment-based
feature descriptors of the templates. ‘'The system em-
ploys user training to get a measure of the variation
which arise from different people. This approach easily
extends to multiple camera views of the person; see [3]
for details on the algorithm.

4. Future possibilities

Presently, the system is designed for a single user.
To increase the usefulness of the system, it could be
designed to run with multiple people (as in a class).
We could accomplish this by spreading out the peo-
ple inside the room so the cameras could get an un-
obstructed view of each person. The system could also
periodically switch its focus from one person to the
next (by toggling camera views) to save in processing.
However, better vision techniques that allow occlusions
from multiple people would be desirable. Also having
the system understand and reason about other objects
(e.g. weights, towels) would increase its awareness and
expressiveness of its environment.

To extend the sensing and robustness of the system
as a whole, we could incorporate other types of sensors.

(b)

Figure 6. Example motion templates for in-
frared silhouettes. (a) Motion template for
left-arm-raise (left-side stretch). (b) Motion
template for fan-up-both-arms (deep-breathing
exercise stretch).

For instance, we could run a trigger wire across the
top of an exercise step (used for step aerobics). Then
it would be easy to verify whether the person was in
fact on the step. With this, we can also check the
periodicity of the stepping and verify synchronization
of the user with the instructor. There are also wireless
heart-rate monitors available which can transmit their
data to remote computers. With this accessory, the
user can have his/her heart-rate displayed on the TV
screen while progressing through the workout session.
A program could be written to check this information
and watch for harmful levels of strenuous activity.

The large video screen behind the user, while nec-
essary for the infrared silhouetting procedure, can also
be used to enhance and make the experience more rich
and immersive to the users. For example, we could
add virtual people to the back screen to make the user
feel as if taking part in a group workout. There is also
an opportunity here for putting entertainment on this
screen for benefit of an audience, rather than just the
user. For instance, it may be humorous for an audi-
ence (or those waiting their turn) to watch the virtual
class toying with the user (unbeknownst to the user,
of course). If additional video screens were employed,
then we could place the user entirely within some vir-
tual world.
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Another video window could be shown (adjacent to
the instructor window) which contains a live video feed
of the user as seen from a camera mounted near the TV
screen. This video mirror (with the video stream re-
flected) would serve the purpose of giving a visual aid
to the user involved in the current session. The person
can watch themselves and see how they look while per-
forming the moves. We could also augment the video
with graphics to better aid in responding to the user
(e.g. drawing a straight line down the user’s back to
emphasis to the user to keep his/her back straight).

Lastly, a record of past sessions for an individual
could be kept (e.g. retaining the moves the person per-
formed, and how well he/she executed those moves).
With this past information available, the system could
be designed to respond with more informed comments
like, “Your doing much better today!”. This capability
would move the PAT system into the highly personal-
ized interaction category.

5. Conclusion

In this paper, we described a prototype system for
a virtual Personal Aerobics Trainer (PAT). Users can
select which aerobic moves, which songs, and which
instructor they want for their workout session. The re-
sulting program guides the user through the workout
while watching and commenting on the user’s perfor-
mance.

The system presents various movie clips of the in-
structor, which can be ordered and synchronized with
the music. A computer vision system watches the user
throughout the session, and reports to the virtual in-
structor how the user is doing. With this information,
comments are given by the instructor for pushing or
complementing the user.

This system moves beyond the highly non-
interactive media forms of video tapes and TV shows
by watching and responding to the user. We feel that
many future exercise systems will be more interactive
and less passive, and perhaps one day will be common-
place within the home environment.

6. Acknowledgments

We first would like to especially thank Andy Lipp-
man for playing out the role of the Army Drill Sargent.
His sense of fun made that character come to life. We
would also like to thank those people who provided
their time sweating for us by training up the system.
This work is supported in part by the Digital Life con-
sortium of the MIT Media Laboratory.

References

(1] Blumberg, B. Old tricks, new dogs: ethology and in-
teractive creatures. PhD dissertation, MIT Media Lab,
MIT, 1996. -

[2] A. Bobick, S. Intille, J. Davis, F. Baird, L. Cambell,
Y. Ivanov, C. Pinhanez, A. Schutte, and A. Wilson.
The KIDSRoOM: Action recognition in an interactive
story environment. Presence (to appear).

(3] Davis, J. and A. Bobick. The representation and recog-
nition of human movement using temporal templates.
In Proc. Comp. Vis. and Pattern Rec., pages 928-934,
June 1997.

[4] Davis, J. and A. Bobick. A robust human-silhouette ex-
traction technique for interactive virtual environments.
In IFIP Workshop on Modelling and Motion Capture
Techniques for Virtual Environments, Geneva, Switzer-
land, Nov. 1998. )

[5] Ishii, H., and B. Ullmer. Tangible bits: towards seam-
less interfaces between people, bits and atoms. In
CHI’97, pages 234 — 241, 1997.

[6] C. S. Pinhanez, K. Mase, and A. F. Bobick. Interval
scripts: A design paradigm for story-based interactive
systems. In CHI’97, pages 287-294, Atlanta, Georgia,
Mar. 1997.

[7] Rekimoto, J. and N. Matsushita. Perceptual surfaces:
towards a human and object sensitive interactive dis-
play. In Workshop on Perceptual User Interfaces (PUIL-
97), pages 30 - 32, October 1997. v

[8] Scheirer, E. Tempo and beat analysis of acoustic mu-
sical signals. Acoustic Society of America, 103(1):588-
601, Jan 1998.

[9] Wren, C., Azarbayejani, A., Darrell, T., and A. Pent-
land. Pfinder: Real-time tracking of the human body. In
SPIE Conference on Integration Issues in Large Com-
mercial Media Delivery Systems, 1995.



Virtual PAT: A Virtual Personal Aerobics Trainer - Microsoft Academic Search

Related Keywords 1)

computer vision

Related Paper (5

Kidsroom: Action recognition X . . .
i desires, Variousmedia technology and computer vislon algorithms areused to enhance the interaction of a virtual instructorby

in an interactive story
environment

Tai Chi synthesizer: a
motion synthesis framework
based on key-postures and
motion instructions

Virtual Human
Physiotherapist Framework
for Personalized Training
and Rehabilitation

Motion segmentation and
pose recognition with motion
history gradients

The KidsRoom: An example
application using a deep
perceptual interface

http://academic.research.microsoft.com/Paper/350476.aspx

@l Advanced Search

Academic Publication Virtual PAT: A Virtua! Personal Aerobics Trainer

Virtual PAT: A Virtual Personal Aerobics Trainer (Citations: 38) Edit

Aaron F, Bobick, James W. Davis

A protolype system for implementing a virtual PerscnalAerobics Trainer (PAT) is presented. Unlikeworkout video tapes or TV
i gxercise shows, this systemallows the user to create and personalize an aerobicssession to meet the user’s needs and

enabling it to watch and talk to the user. Throughoutthe paper, we report the systemn components and discussthe

advantages....
Published in 1998.

View or Download

@ ( vismod.www.media.mit.edu )

Citation Context (3
...Related work on VTs can be found in, among others, [18], where a physiotherapist is described with similar functionality
as ours, [13] with an interesting Tai Chi application, and [2], reporting about work on an aerobics trainer...
—— Dennis Reidsma, et al. Challenges for Virtual Humans in Human Computing

...Davis developed a vision-based motion training system, called Virtual PAT (Personal Aerobics - Trainer) using IR light
sources providing manually prerecorded instructive videos and audio feedback {7]...
~—— Doo Young Kwon, et al. Combining body sensors and visual sensors for motion training

...Other related vision-based interfaces include an interactive playspace for children (The KidsRoom) (4, 5], and a reactive
virtual exercise trainer [10]...
—— James W. Davis, etal. A perceptual user interface for recognizing head gesture acknowledgeme...

Reference )
Tempo and beat analysis of acoustic musical signals (Citations: 274)

E. Scheirer
Published in 1998.

A Robust Human-Silhouette Extraction Technigue for Interactive Virtual Environments (Citations: 21)

" James W. Davis, Aaron F. Bobick

Conference: Modelling and Motion Capture Techniques for Virtual Environments - CAPTECH, pp. 12-25, 1998

Pfinder: Real-Time Tracking of the Human Body (Citations: 297)

Alex Pentl, Ali Azarbayejani, Christopher Wren, Trevor Darrell
Conference: Storage and Retrieval for Image and Video Databases - SPIE, 1995

The Representation and Recognition of Human Movement Using Temporal Templates (Citations: 114)

James W. Davis, Aaron F. Bobick
Conference: Computer Vision and Pattern Recognition - CVPR, pp. 928-934, 1997

Tangible bits: towards seamless interfaces between people, bits and atoms (Citations: 1080)

Hiroshi Ishii, Brygg Ullmer
Conference: Computer Human Interaction - CHI, pp. 234-241, 1997

Citation (as)

SENSITIVITY ANALYSIS OF HAND MOVEMENT CLASSIFICATION TECHNIQUE USING
MOTION TEMPLATES

Sanjay Kumar, Dinesh K Kumar, Arun Sharma

Published in 2010.

Desiagn of Experience and Flow in Movement-Based Interaction
Anton Nijholt, Betsy Van Dijk, Dennis Reidsma
Published in 2008.

Share this on i

Page 1 of 2

Contribute to Academic

1/10/2011



Virtual PAT: A Virtual Persongl Aerobics Trainer - Microsoft Academic Search Page 2 of 2

L3

Shadow reaching: a new perspective on interaction for large displays (Citations: 5)
Garth Shoemaker, Anthony Tang, Kellogg S. BoothConference: User Interface Software and Technology - UIST, pp. 53-56,

2007
Microsoft Research Asia | Help | Feedback | Spedific Terms | Follow Us £2010 Microsoft Corporation. All rights reserved. Terms of Use | Trademarks | Privacy Statement

Nonverbal and Bodily Interaction in Ambient Entertainment (Citations: 2)
Anton NIJHOLT, Dennis REIDSMA, Zsofia RUTTKAY, Herwin van WELBERGEN, Pieter BOS
Published in 2007.

Performative surface: double sided interaction
Hugues Bruyére, Thierry Giles
Conference; ACM Multimedia Conference - MM, pp. 493-486, 2007

Share this on | Contribute to Academic

http://academic.research.microsoft.com/Paper/350476.aspx 1/10/2011



b oap A

USING HUMAN BODY GESTURES AS INPUTS FOR GAMING VIA DEPTH ANALYSIS

Yong Wang, Tianli Yu*, Larry Shi* Zhu Li*

Motorola Labs, Motorola Corporation, Schaumburg, IL, 60196, USA

ABSTRACT

Natural ways of input greatly enhance the entertainment expe-
rience for emerging gaming systems represented by the Sony
Playstation 2 EyeToy and the Nintendo Wii Console. In this
paper we present a novel method of using human body ges-
tures depth image as gaming application input. Depth images
have natural advantages over grayscale or color images in
terms of robustness against illumination change, texture com-
plexity, and background interference. Our proposed method
consists of three major components: depth image acquisi-
tion, mean shift based preprocessing, and HMM-based ges-
ture recognition. We validate our method by applying it to a
boxing game scenario to distinguish boxing gestures such as
dodge, jab, hook, and uppercut. The experiment results in-
dicate that our method can efficiently distinguish the subtle
differences among these gestures and yield excellent accu-
racy (up to about 98%). The potential usage of the proposed

method on gaming applications and generic human computer -

interaction is very promising.

Index Terms— Video Gaming, Human Computer Inter-
action, Stereo Image, HMM

1. INTRODUCTION

Natural ways of input, especially body gesture-based input,
not only simplify the interaction between a computer and a
human, but also greatly enhance the entertainment experience
for emerging gaming systems represented by Sony Playsta-
tion 2 EyeToy and Nintendo Wii Console. Gesture recog-
nition based on stereo depth video is still an active area of
research, despite the substantial body of work addressing the
issue of understanding human gestures leveraging computer
vision and pattern recognition techniques [1]. Most research
focuses on recovering the human body pose using depth im-
age [2, 3). These body poses can then be used for action
recognition[4]. Active sensing technologies such as struc-
tured lighting [2] or time-of-flight sensor [5] can also be used
to capture the necessary depth map, with both advantages (ac-
curate depth, less computation) and disadvantages (requires
active illumination).

In this paper we present a novel framework for learning
human body gesture based on its depth image. Depth im-

*: This work was done when these authors were at Motorola Labs.
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ages have natural advantages over grayscale or color images
in terms_of robustness against factors such as illumination
change, texture complexity, and background interference.
Our proposed method consists of three major components:
data acquisition, pre-processing, and gesture recognition.
First, a stereo camera is set up to capture calibrated im-
age pairs from which the depth images are computed in
real-time. Second, we apply mean-shift based clustering on -
depth images to eliminate depth noises, separate the back-
ground/foreground parts, and extract the gestures of interest
represented by feature vectors. Lastly, a Hidden Markov
Model (HMM)-based machine learning system is used to
classify different gestures. We validate our proposed method
by applying it to a boxing game scenario to distinguish box-
ing gestures such as jab, hook, and uppercut. The experiment
delivered excellent results and our method can reliably rec-
ognize these gestures with superior accuracy (about 92% -
overall and up to 98%). The potential usage of the proposed
method on gaming applications and generic human computer

~ interaction is very promising.

The rest of this paper is organized as follows. Section 2
describes the details of the proposed system. The experiment
results are presented in Section 3. Section 4 discusses our
conclusion,

2. LEARNING GESTURE FROM DEPTH MAP

Fig. 1 provides an overall diagram of the proposed system,
which comprises of three steps: acquisition, preprocessing,
and recognition.

2.1. Stereo Input Acquisition

We used a calibrated stereo camera to capture the stereo video
of users performing gestures. Each captured stereo pair was
first corrected for geometric and photometric distortion. The
correspondence problem between the two images was for-
mulated in the Markov Random Field framework with L1
smoothness prior, and optimized globally (over the entire im-
age) using belief propagation [6, 7]. The result is a depth (or
disparity) map that measures how far away each pixel is with
respect to the camera. Thanks to recent algorithmic and hard-
ware advances [8, 7], the depth computation can be finished
in real-time during capturing.
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Fig. 1. Diagram of the proposed system

2.2. Preprocessing of Depth Map

Preprocessing is necessary in order to reduce the level of noise
in the depth map and to extract reliable features for gesture
recognition.

2.2.1. Depth Map Dowﬁsampling

The first preprocessing step is to downsample the obtained
depth map in order to reduce complexity for real-time pro-
cessing. Though more advanced downsampling approaches
can be considered, our experiments indicate that an image

sized down to 32 by 24 pixels suffices to yield satisfactory

performance.

2.2.2. Discontinuity Preserving Smoothing

Depth images from the stereo algorithm usually contain noise
that would considerably influence feature extraction perfor-
mance. Therefore the depth images need to be pre-processed
by discontinuity-preserving smoothing before they are fed
into the down-stream processing modules. The purpose of
this operation is to smooth out the variance in the pixels
having close enough depth levels (statistically these pixels
usually come from a semantically meaningful object, such
as a human body), while keeping as still distinguishable the
pixels having large enough depth difference . Specifically
this can be done through mean shift filtering [9). Le., each
pixel x; = (x{,z¢) at location i in the depth map is as-
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signed to a value that is the convergence point y§ of the
sequence {yi; = (y{;,¥¢;)},7 = 1,2, ..., obtained itera-
tively through (note y; 1 = x;): :

x? —y?. 2 Id—vf‘. 2

Z,’leg( =g )9( =t )
Yij+1 = S 2 (D
Sw (==

where NV is the number of pixels in the depth map, ¢ =
1,2,.., N is the index of the pixel, x{, z¢ are the 2-D co-
ordinates and the depth level of the pixel respectively, hs, hq
are the window width controlling the smoothing intensity, and
¥i,j is the mean value weighted by the kernel function g (z),
which is defined as:

2 -vi;
ha

9(x) = —kg(z) V)
1- 0<z<1
kE(z) = .{0 : :z;:;_

where k;; is the derivative of kg.

2.2.3. Human Body Segmentation

The smoothed depth map is further segmented so that only

_ the objects of interest are kept. In our proposed method these

levels include human body and the hand closest to the camera
(if any). For this purpose a linked list is constructed in depth
descending order, with depth levels close enough merged into
the same entry in the list. The merging criterion is a pre-
defined threshold, usually the window width for depth level
used in the smoothing step. Each entry in the list records
the depth level and the amount of pixels in the entry. There-
fore we have: L = {(dk,px)},k = 0,1,2,...K — 1,d; >
d; when i < j, where K is the number of merged depth lev-
els, di and py are the depth level and the pixel number for the
kt* entrance respectively. A classifier for depth level C (k)
works as follows. A depth level & is considered for the hand
when it is the first depth level in the list and its pixel amount
A (k) is less than certain threshold Tj. Similarly the first
depth level whose area R (k) is larger than certain threshold
Ty is consdiered for the body. All other levels are treated as
background or noise and are therefore ignored. Le.,

hand k=0and A(k) <T}
body R(k)>T,,R(i) < T, wheni <k
ignored others

C (k)=

3
The whole pre-processing procedure is illustrated in Fig.
2,
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Fig. 2. original

Pre-processing of depth images. (a):
input frame; (b): depth map; (c): down-sampled map;
(d): Segmented map (including both discontinuity-preserving
smoothing and human body segmentation)

2.2.4. Body Feature Extraction

The following features are used in our system:
1) Body centroid (2-D):

_ TN x31{zd € Depth level of body}

X SN 1{z2 € Depth level of body} @
2) Hand displacement (2-D):
Xt = x{ - Zﬁ%\’l x21{z2 € Depth level of hand} )
SN _ 1{z8 € Depth level of hand}
3) Relative depth level of hand (1-D):
dy, = z¢ - z§ ©)

where z{ and z¢ are the depth level (grayscale value in
depth map images) of the body and hand respectively.

The full set of the feature vector is therefore represented
as: F = (x{,x3,d"). In order to reduce computational com-
plexity, not all features are used for every gesture. Specifi-
cally, for body gestures with hand motion (e.g., hook), 2 sub-
set of the feature vector Fj, = (x3,d") is adopted; for body
gestures without hand motion (e.g., dodge), Fy, = (x}) is
adopted. This way the dimension of the feature vector can
be reduced to up to 3 from 5, which significantly reduces the
computational cost for both training and testing. Our exper-
iment indicates that this simplification does not significantly
affect the accuracy.

2.3. Body Gesture Recognition

Gaussian Hidden Markov Model (GHMM) is applied on our
system to train the model to recognize body gestures. Par-
ticularly a four-stage GHMM is applied to each body ges-
ture, where stage 1 represents the moment when the gesture
is about to be executed and stage 4 represents the moment
when the gesture is fully executed.

In total there are M such models, each for a specific body
gesture. Every frame captured at time ¢; by the stereo cam-
era is an observation represented as F;. All observations
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in certain stage are considered to obey a Gaussian distribu-
tion and the parameters can be efficiently estimated through
the algorithm of Gaussian Mixture Model (GMM). A video
clip containing a gesture is represented by 2 feature sequence
S = (Fo,F1,F2, ..., Fp1), where L is the number of sam-

~ pling (frames) of the clip. To recognize a gesture G(S)isa

classic evaluation problem of HMM [10}:

G (S) = arg max {P(S|A)},n=0,1,2,.N -1 (7)

where P (x) is the probability of x, and Ar _is the model
for the n*! gesture, obtained through a typical HMM learning
procedure.

3. EXPERIMENT RESULTS

The stereo camera we used is a PointGrey Bumblebee camera
with a 12 cm baseline. The depth image was captured at 10
fps, with a resolution of 512 x 384 and 60 disparitics.

Experimental data was collected in an ordinary meeting
room with a sofa, a coffee table, and several chaits (i.e., regu-
lar furniture in a typical living room). The setup of the room
and one sample frame taken by the stereo camera are shown in
Fig. 3. Eight subjects with different skin colors, clothes (tex-
tures), heights, and weights participated in the experiment.
Table 1 lists the boxing actions used in our experiment. Ex-
cept for defense, each gesture included both left and right side
actions. In total there were (M=)9 gestures. Each subject
repeated each action for 2 to 6 times. Each action was rep-
resented as a feature vector as described in Section 2.3. We
used the mean shift code by Chris Christoudias, et.al. [11]
with by = 32 and hg = 20.

Wall

Lo Canera

Wall Wall
Subpct

Fig. 3. Experiment setup and a sample frame

After the data was collected and the feature space was
constructed, all trials were divided into K=8 subgroups.
Thereafter a leave-one-out cross-validation procedure was
conducted. K-1 subgroups were training sets and the remain-
ing subgroup is the testing set. This procedure was repeated
until each subgroup was used as the testing set. We used the
HMM codes by Kevin Murphy [12]. The results are shown
in Table 2. It is very clear that our proposed system can



Table 1. Boxing actions used in the experiment

Action Name | Description

Defense Cross both fists in front of the head

Dodge Move or shift quickly aside

Dash straight, arm-length punches thrown
from the leading hand

Hook swing the arm, which is bent at an angle
near or at 90 degrees, into the opponent.

Uppercut A swinging blow directed upward, as to
a boxing opponent’s chin.

recognize each body gesture efficiently with high precision.
The overall accuracy is about 92%. Note that although our
subjects vary considerably in skin color, clothes (texture),
weight, and height, our system is still robust enough because
the depth map is insensitive to these changes.

Table 2. Experiment results

Action Name | Test Trials | Recognized | Accuracy
Defense 40 39 97.50%
Left Dodge 32 30 93.75%
Right Dodge 40 38 95.00%
Left Dash 40 35 87.50%
Right Dash 40 36 90.00%
Left Hook 40 35 87.50%
Right Hook 16 15 93.75%
Left Uppercut | 40 34 85.00%
Right Uppercut | 48 47 97.92%
Overall 336 309 91.96%

4. CONCLUSIONS AND FUTURE WORK

" In this paper we present a novel method of using depth im-

age of human body gestures as inputs for gaming applica-
tions. Stereo cameras are adopted to capture stereo image
pairs where depth map is retrieved, content features are ex-
tracted from the depth map, and HMM model is used to train
models recognizing human body gesture. The proposed sys-
tem is validated through gesture data for a boxing game. Ex-
perimental results indicate that our system performs very well
and yields excellent precision. The potential usage of the

proposed method on gaming applications and generic human

computer interaction is very promising.

Future work includes considering more types of gestures
to accommodate general gaming (or computer input) envi-
ronment rather than just those used in a boxing game, and
improving the robustness of the recognition by automatically
segmenting gestures from a long clip containing various ges-
tures.
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