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PERFORMANCE MONITORING APPARATUS

FIELD OF THE INVENTION

This invention relates to monitoring apparatus for monitoring physical or
physiological parameters to determine performance information of a person, and
more particularly, to monitoring apparatus for monitoring physical or physiological

parameters of a person during physical exercises.

BACKGROUND OF THE INVENTION

Physical or physiological parametric performance information, for example,
body cadence information, can provide useful information on the physical
conditions of a person. For example, heart-rate is an important parameter which
provides useful body cadence information on the physical fitness and performance
limit of a person. Heart-rate monitors, for example those with chest strap sensors
or finger touch sensors, are commonly available to assist a user to monitor his/her
heart-rate during physical exercises so that a user can ensure that the exercise
heart-rate is within a desirable range for achieving optimal objectives. As a
specific example, fithess equipment is commonly provided with heart-rate zone
indicators so that a user can choose to exercise in one of a plurality of zones, for
example fat burning, aerobic or cardiovascular exercise. More importantly, heart-
rate monitors provide a useful guide to an exerciser so that the maximum

aliowable safe heart-rate is not exceeded.

Other useful body cadence information include, for example, foot-stroke

span, period or frequency, arm-stroke span, period or frequency, cycling cadence

1
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and/or other parameters, are useful to assist appraising of performance during

physical exercise.

Such physical parametric performance information, or more specificaily,
the body cadence information, is commonly used to evaluate the performance of a
person during physical exercise. For example, an exerciser can set various
performance targets or objectives to be achieved during physical exercises.
Furthermore, an exerciser may like to cover a pre-determined distance within a
pre-determined time by running, jogging or swimming. On the other hand, some
exercisers may like to maintain a particular speed or follow a particular cadence
pattern during physical exercise to meet their specific objectives.  Such
performance can be evaluated through monitoring of various types of body
cadence information. In general, body cadence information is rhythmic and/or

cyclical.

Conventional performance monitoring devices for monitoring physical (e.g.
speed, stroke) or physiological (ECG) parameters and relevant performance
information are typically equipped with a visual information display through which
the relevant physical performance information, including body cadence
information, can be viewed for reference. However, use of such conventional
monitoring devices almost inevitably requires regular, or at least intermittent,
interruption or disruption of a user from the regular exercise pattern or exercise

modulus.

As a convenient example, heart-rate monitors are commonly worn by
sports enthusiasts so that their instantaneous heart rates can be monitored. Such

heart-rate monitors usually come in the form of chest-strap or finger-touch type
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with a wrist-worn visual display (VDU). When the heart-rate information is o be
read from the VDU, an exerciser will have to slow down the pace or even make a
short pause in order to operate the heart rate monitor for display of information.
Such an interruption during sports is often regarded as inconvenient, if not a

nuisance or dangerous, and is desirable.

Therefore, it will be beneficial if cadence monitoring apparatus which
mitigate shortcomings of known performance monitoring apparatus can be

provided.

In this specification, the term cadence information or body cadence
information is broadly used to cover physical cadence of a person, including but
not limited to heart rate, foot-stroke span, period or frequency, arm-stroke span,
period or frequency, cycling cadence and/or other parameters which are rhythmic
or cyclical. In addition, the term “physical or physiological parameter performance
signals” is broadly used to cover signals of a person which are generated during
physical exercise. Such signals include both physical signals of a user, such as
ECG signals, and other performance signals generated by a sensor or a signal
transducer during physical exercise. For example, such performance signals
comprise signals generated by foot-strokes of a user during jogging or running,
arm-strokes generated during running or swimming, cycling cadence and other
sports related performance signals. Such performance signals are typically

cyclical and rhythmic.

Therefore, it is desirable if there can be provided an improved cadence
monitoring apparatus which at least partly mitigates some of the shortcomings of

conventional performance monitoring apparatus of the prior art.
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SUMMARY OF THE INVENTION

According to the present invention, there is provideda1. A monitoring
apparatus for monitoring physical or physiological parameters and determining
performance information of a person, said physical or physiological parameters
including heart rate, pulse rate, swimming stroke, running tempo, cycling cadence,
or the like, the monitoring apparatus comprising a sensor for sensing physical or
physiological parameters as performance information of a person, signal
processing means for converting performance information of a person into body
cadence signals, cadence comparison means for comparing at least one of said
body cadence signals with at least one predetermined reference cadence level,
and control means for delivery of an output a feedback signal to a user in
response to said detected cadence signals, wherein said output feedback signal is
variable and dependent on the outcome of comparison between said detected

cadence signals and said reference cadence level.

According to another aspect of this invention, there is provided a portable
performance monitoring apparatus for monitoring performance conditions of a
user during physical exercise, said apparatus comprising a sensor for detecting
performance related cadence parameters of a person and feedback means for
providing performance feedback to a user, said feedback means being arranged
to provide a physical feedback signal such that a user can adjust his/her
instantaneous physical activities in response to said physical feedback signal such

that a performance target can be reached or maintained.
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The output feedback signal is preferably in the form of physical stimulation,
for example, as audio, music, physical or electrical beats, audio announcement of

the instantaneous parameters or the required trends.

By providing a feedback by means of physical stimulation, a user can be
informed of his/her instantaneous performance without looking at a VDU so that
the user can determine on the subsequent level of activities without significant

disruption or distraction form the normal modulus of exercise.

Advantageously, the apparatus further comprises a feedback signal source
for generating said output feedback signal, wherein the contents and/or rhythm of
said output feedback signals are dependent on the outcome of comparison of said
cadence comparison means. With such an audio feedback scheme, a user is
informed of the user’s current performance status so that the user can determine

on the next desirable cadence without visually referring to a VDU

In a preferred embodiment, at least a stream of audio signals of a pre-
determined rhythm is stored in said feedback signal source, said stream of pre-
stored audio signals being for constituting a stream audio output feedback signals
for delivery to a user. The stream of audio signals can serve as a reference signal

oufput so that a user can react intuitively upon hearing a variation thereof.

Preferably, the rhythm of said audio output feedback signails is varied from
said pre-determined rhythm, departure of said body cadence signals from said
preset or predetermined reference cadence level is represented by the extent of
variation of said rhythm of said audio output feedback signals from said pre-

determined rhythm. Such a feature will enable a user to react intuitively with
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reference to the extent of departure from the reference rhythm in order to adjust

the performance cadence to meet the desired level.

In one embodiment, the rhythm of said audio output feedback signals is
dependent on the outcome of comparison between said detected body cadence

signals and said reference cadence level or said reference cadence levels.

Advantageously, said output feedback signals further comprises audio
information relating to instantaneous body cadence information of a person. With
the audio information, a user can be informed of the instantaneous body cadence

information without reference to a VDU.

in a preferred embodiment, signals stored in said feedback signal source
has a pre-determined rhythm, the rhythm of output feedback signals for delivery to
a user being variable from said pre-determined rhythm such that the extent of
variation of the rhythm of said feedback signals from said pre-determined rhythm
is representative of the extent of departure of said body cadence signals from said

preset or predetermined reference cadence level.

Specifically, although not limiting thereto, said cadence information
comprises heart rate, foot-stroke frequency, hand-stroke frequency, lap time

(swimming), running speed, and like body parametric performance information.

As an example, the instantaneous rhythm of said output feedback signals
is decreased from said pre-determined rhythm to a lower rhythm when said

detected cadence signals is above a threshold cadence level.
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As a further example, said feedback signal source comprise background
audio output signals and cadence information audio output signals, said
background audio output signals being delivered continuously to a user and said

cadence information audio output signals being delivered to a user intermittently.

Preferably, said cadence information audio output signals are delivered to
a user at regular intervals, at pre-determined intervals and/or upon detection of a

variation of the cadence information exceeding a pre-determined range.

For example, said cadence information audio output signals are delivered

when delivery of said background audio output is interrupted.

Advantageously, delivery of background audio output signals and delivery

of cadence information audio output signals share a common audio channel.

As an example, said background audio output comprises rhythmic audio

signals such as songs, music, temporal or rhythmic beats, or the like.

Preferably, rhythm of said background audio output is varied according to
the instantaneous body cadence information. This gives a user an instantaneous

feedback of the user’s instantaneous performance.

Preferably, said feedback signals comprise audio delivery of body cadence

information in numerical values.

Preferably, said sensor is for sensing cadence parameters of a person
arising from physical exercises, said controller comprising processing means for

converting said cadence parameters into performance indicating parameters.
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For example, said performance indicating parameters includes heat rate,

swimming speed, lap time, running speed, blood pressure, or like parameters.

Preferably, said sensor is adapted for sensing at least one of the following
parameters: stroke frequency (including foot-stroke frequency and arm-stroke
frequency), stroke period (including foot-stroke period and arm-stroke period),
pedalling frequency, pedalling speed, running speed. Advantageously, the
performance indicating parameters comprise running speed, swimming speed,

cycling speed, expected time to complete a prescribed range or the like.

Preferably, the sensor is for sensing pedalling frequency of a cyclist and
the feedback signals comprises at least one of the following numerical values-

cycling cadence, cycling speed, remaining time-to-arrive or like information.

Advantageously, said apparatus further comprising an ambient sensor for
sensing at least one of the following ambient parameters: wind speed, wind
direction, temperature, UV level, humidity; wherein said audio output signals
further comprises at least one of the following numerical values- wind speed, wind

direction, temperature, UV level, humidity.

Preferably, the sensor is for sensing step frequency of a runner and the
audio oufput signals comprises at least one of the following numerical values-

running cadence, running speed, remaining time-to-arrive or like information.

Advantageously, said apparatus further comprising storage means for
storing at least one target cadence value or at least on target performance value,
wherein said cadence comparison means comprises means for comparing

detected cadence information against said target cadence value, and said
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controller generates an audio feedback to a user regarding the instantaneous

performance of a user.

Preferably, said audio feedback comprises musical beats indicative of the
rhythm of exercise that a user is required to perform in order to achieve, reach or

maintain said target cadence value or said target performance value.

Preferably, said feedback source comprises a background audio source for
generating background audio signals, said background audio source comprising a

radio receiver, a MP3 player, or other digital audio playback devices.

Preferably said sensor is housed in a first housing and said audio source is
housed in a second housing, said first and second housing being detached from

each other, and said sensor and said control means being wirelessly linked.

Advantageously, said apparatus further —comprising wireless
communication means for transmitting said detected performance related cadence

information wireless.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will be explained in further
detail below by way of examples and with reference to the accompanying

drawings, in which:-

Fig. 1 is a block diagram of a monitoring apparatus of the present

invention,
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Fig. 2 is a flow chart showing an exemplar

Fig. 1,

Fig. 3 shows a perspective view of an output device of the apparatus of

Fig. 1,

Fig. 4 shows a front view of the apparatus of Fig. 3 during use,

Fig. 5 shows a schematic block diagram of a feedback device of the

apparatus of Fig. 1,

Fig. 6 shows an exemplary application of an apparatus of this invention,

Fig. 7 shows another exemplary application of the apparatus of this

invention, and

Fig. 8 shows another preferred embodiment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Schematic arrangements of a monitoring apparatus of the present
invention are shown in Fig. 1. The monitoring apparatus comprises a sensing
device 100 and an output device 200. The sensing device 100 is for monitoring
physical or physiological parameters, especially body cadence parameters, of a
person. Typical physical or physiological parameters include, for example, ECG

pulses, cycling cadence, stroke frequency (hand or foot).

The sensing device 100 comprises a signal transducer 110, signal
processing means 120 and a radio-frequency transmitter 130. The signal

transducer 100 comprises a sensor for detecting physical or physiological

10
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information of a person. The physical information to be detected includes, for
example, ECG pulses, spans, foot-stroke frequency, foot-stroke periods, foot-
stroke spans, arm-stroke frequency, arm-stroke periods, cycling cadence and
other like physical cadence parameters. The sensor can be a motion cadence
sensor or an ECG sensor. Motion cadence sensors or ECG sensors are staple

items which are readily available as module forms or as discrete components.

The signal transducer 110 is for converting the detected physical or
physiological parameters into electrical signals for further processing. Where the
sensor comprises an ECG sensor, the signal transducer 110 typically comprises a
pair of electrodes for making physical and differential electrical contact with the
body of a user, and an ampilifier for amplifying the detected ECG signals. Where
the sensor comprises a motion cadence sensor, the signal transducer 110
typically comprises means for converting physical motion, especially cyclical

motion, into electrical signals.

Electrical signal outputs of the signal transducer are then processed by the
signal processing means 120 for transmission by the radio-frequency transmitter
130 via an antenna 140. The baseband output signals of the transducer are
modulated and/or encoded by the signal processing means 120. The radio
frequency transmitter 130 and the signal processing means 120 together prepare
and transmit the baseband signals at 2.4 GHz according to Bluetooth®, ANT, or

other standards.

The output device 200 comprises an antenna 210 for receiving the radio
signals transmitted by the sensing device 100, a radio frequency receiver 220,

signal processing means 230 and a controller (CPU) 240. The output device 200

11
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comprises a radio frequency receiver 220 for detecting and processing the
wireless signals transmitted by the detector, signal processing means 230 to
convert (for example, to demodulate and decode) the received radio frequency
signals to base-band signals which can be readily processed by the controller
240. The controller comprises a micro-controller, e.g. a micro-processor, which
has been programmed to process the received baseband information and to

generate outputs according to a set of prescribed criteria to be described below.

After the incoming signals which carry the relevant body cadence
information or other information have been processed at the controller 240, the
controller will cause the relevant physical or physiological information to be
displayed on a VDU (video display unit) or to be delivered through audio means,

for example, through a pair of ear phones to a user.

The output device 200 further comprises a storage means 250, for
example, flash RAM, a background audio source 260, such as a MP3 or other
digital audio source, and a databank 270 for providing data necessary for

synthesizing an audio output which carries the desired body cadence information.

Referring to Fig. 2, there is shown a hybrid flow chart and block diagram
illustrating an exemplary operation of the invention. When a stream of data
representing body cadence information 310 arrives at the controller 240, cadence
comparison means of the pre-programmed controller will compare the body
cadence information 310 against at least one pre-determined reference cadence

level 320.

12
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For example, when the body cadence information 310 carries a stream of
ECG pulses, the reference cadence level 310 can be set to represent a maximum
allowable heart rate, a minimum allowable heart rate, a preferred range of heart

rates, or other preferred heart rates.

The output of the cadence comparison means will depend on the outcome
of comparison between the detected body cadence information 310 and the
reference cadence level. For example, if the received body cadence information
310 has exceeded the reference cadence level, for example, the maximum
allowable heart rate, an "above reference” signal 322 will be output. If the
received body cadence information 310 is below the reference cadence level, for
example, the maximum allowable heart rate, a “below” signal 324 will be output.
On the other hand, if the received body cadence information 310 is equal to the
reference cadence level, or within a reference range, an “equal’ signal 326 will be

output.

As another example, the body cadence information 310 can carry motion
cadence information, for example, cycling cadence, stroke frequency, stroke
period etc. In this example, the reference cadence level 310 can be set to
represent a maximum allowable speed, rate, frequency, or period, a minimum
allowable speed, rate, frequency, or period; a preferred range of speed, rate,

frequency, or period; or other preferred speed, rate, frequency, or period.

In such an application, if the received body cadence information 310 has
exceeded the reference cadence level, for example, the maximum allowable
speed, rate, frequency, or period, an “above reference” signal 322 will be output.

If the received body cadence information 310 is below the reference cadence

13
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level, for example, the maximum allowable speed, rate, frequency, or period, a
“below” signal 324 will be output. On the other hand, if the received body cadence
information 310 is equal to the reference cadence level, or within a reference
range of preferred speed, rate, frequency, or period, an “equal” signal 326 will be

output.

The controlier 240 will depend on the outcome of the cadence comparison

means decide on the mode of feedback signal to be delivered to a user.

In a preferred embodiment, the feedback signal is in the form of audio
beats, for example, musical, drum, percussion, or vocal beats. Initially, audio beats
of a pre-determined rhythm is stored or pre-stored in the data memory of the
controller 240. When the incoming body cadence information 310 has a cadence
level above a prescribed reference level, for example, when the heart-rate, the
running speed or the cycling cadence exceed a prescribed maximum, an “above”
signal 322 will be sent to the controller 240. In such a case, the controller will
operate the audio processor 260 to reduce the beat rhythm of the feedback audio
beats. By following the slower beat rhythm, a user will gradually reduce the heart-
rate, speed or cadence to a desired or preferred level. [f the incoming body
cadence information 310 has a level which is above a prescribed reference level,
for example, when the heart-rate, the running speed or the cycling cadence drops
below a prescribed minimum, a “below” signal 324 will be sent to the controller
240. In such a case, the controller will operate the audio processor 260 to
increase the beat rhythm. By following the increased beat rhythm, a user will can

gradually increase the heart-rate, speed or cadence to a desired or preferred

14
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level. Preferably, the rhythm is increased or reduced gradually so that the

transition from above the reference rate to the reference will be a smooth process.

On the other hand, if the incoming body cadence information is equal to or
is within a prescribed range as set by the reference level, the controller will

maintain the beat rhythm so that a user can maintain the appropriate cadence.

In addition or as an alternative, the controller can generate feedback
output in different forms of physical stimulations. For example, by generating
physical or mechanical beats or by generating small electrical pulses to stimulate
a user. The physical stimulations can be standalone, intermittent or cyclical
pulses. Where the physical stimulations are cyclical, the controller can cause the

rhythm to vary in a similar manner as described above.

As a further alternative or a further addition, the feedback signal can be in
the form of audible signals, such as vocal signals carrying numerical or other
information. For example, the feedback signal can be a synthesised voice to
inform the user of his/her instantaneous physical conditions or performance in

numerical forms. For example, the information can be presented as, “speed-15

y R (1

km per hour”, “lap speed-26 seconds”, “stroke frequency- 50 per minute”, “hear-

rate- 126" etc. Alternatively, the audio signal can be for indicating preferred trends,

g ” o

for example, “faster”, “slower”, “maintain”, “stop” or other appropriate information.

As a yet further alternative or a further addition, a background audio
source can be integrally built into the cadence information processor of the
controller 240 so that background audio signals, for example, music or songs, can

be delivered to a user via a pair of ear phones. With such a background audio

15
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source, a user can be entertained with background music song while performing
routine exercise. The performance feedback signal can be delivered by the
controller upon interruption of the background audio broadcast or as by
superimposition onto the background audio broadcast. A MP3 player or other

digital audio players could be built in to provide background audio signals.

In addition to the physical feedback signals, a VDU is also provided on a
preferred embodiment of this invention as shown in Figs. 3 and 4. In this
preferred embodiment, relevant cadence information can be displayed on a
display panel of the output device 420. In addition, an earphone jack 430 is
provided for output of the audio feedback signal. As an example, the heart-rate,
percentage achievement of a user’s heart-rate vis-a-vis the prescribed target heart

rate as stored in the memory bank of the output device, are displayed on the VDU.

An exemplary circuit block diagram of a preferred embodiment of an output
device is shown in Figs. 1 and 5. The output device comprises an antenna 210
which is connected to a wireless receiver 220 for operation at 24 GHz. The
received wireless signal is forwarded to a demodulator and/or a decoder for
conversion to baseband signals which can be readily processed by the controller
240. The controller is further connected to a flash RAM 250, a USB interface 242,
a VDU 280 and audio outputs 260. The USB interface is for interfacing with an
external USB device so that songs, music, beats or like can be downioaded and
stored as an background audio source 260. The flash RAM 250 provides storage
means for storing the background audio source, as well as providing storage for
other data, for example, user specific physical or physiological data or user

preferred performance or reference levels. The VDU 280 is also provided so that

16
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a user can refer to the video display for an update on the instantaneous
information, if the user so wishes. Power for operating the output device is

obtained from a battery via a battery management unit.

in Fig. 6, there is shown a first exemplary application of the monitoring
apparatus of this invention. In this application, the monitoring apparatus is
configured for monitoring the cycling cadence as well as the heart-rate of a user.
In this application, two sensors are provided, namely, a heart-rate sensor 102 in
the form of a chest strap and a cycling cadence transmitter 106 for monitoring the
cycling cadence of a user. In addition, a speed transducer 104 is mounted onto
the front wheel of the bicycle for transmitting speed information to the output
device 220. Thus, three sensors 102, 104, 106 are connected to the output
device and the output device communicates with the sensors by, for example,

time division multiplexed access (TDMA) protocols.

In Fig. 7, there is shown a second exemplary application of the monitoring
apparatus of this invention. [n this application, the cadence monitoring apparatus
is configured for monitoring the running speed and heart-rate of a user. To cater
for this application, a chest-strap type heart-rate monitoring sensor 102 and a foot-
step sensor 108 are provided. Similar to the example of Fig. 6, the sensors
communicate with the output device 220 by wireless communication links, for
example, at 2.4 GHz. Upon receipt of the heart-rate and running speed body
cadence information from the sensors, the output device will provide the user with
audio feedback signals on the instantaneous performance, as shown in the

dialogue boxes of Figs. 6 and 7.

17
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In addition or as an alternative to the dialogue-type feedback, the controlier
may vary the rhythm of the background audio output by increasing the rhythm of
the background music so as to urge a user to speed up, to reduce the rhythm of
the background music or song so as to urge the user to slow down, or to maintain
a constant musical beat to inform a user that the current cadence should be

maintained.

Fig. 8 depicts a further preferred embodiment of the present invention in
which a plurality of sensors are schematically included. The sensor comprises an
ECG heari-rate sensor, bicycle speed/cadence sensor, speed or distant
measuring device, stroke counter for streaming etc. The sensors may be
mounted separately on the body and connected via a wireless link to a wireless
receiver in the output unit 2002 without loss of generality. In this preferred
embodiment, the apparatus is configured as a sports performance monitoring
apparatus comprising a plurality of exercise performance sensors in the sensing
device 1002 and a signal processing unit. The exercise performance sensors
may be one or more of the sensors as shown in the block diagram of Fig. 8.
Specifically, the exercise performance sensors may be one or more of the
following: ECG sensor, swimming sensor comprising arm-stroke counter a‘nd arm-
span sensor, foot-stroke counter and foot-span sensor, cycling cadence sensor for

monitoring exercise related signals.

In addition to sensors for monitoring performance signals, the exercise
performance sensor may also include the following useful sensors such as

compass, global positioning system (GPS) sensor, altimeter, sonic depth gauge,

18
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wind speed meter, wind direction indicator, thermometer, barometer or other

useful sensors.

More particularly, the signal processing means is for processing exercise
performance signals received from the exercise performance sensor to convert
into useful information which can be processed by the controller. More
specifically, the signal processing means comprises means for processing ECG
pulses received from the sensor and transforms the received heart puise signals
into heart-rate information. Likewise, the signal processing means can transform
foot-stroke frequency and foot-span information into running speed information,
and/or can fransform arm-stroke and arm-span information into lap counting or
swimming speed. Similarly, the signal processing means can transform bicycle
cadence information received from the cadence sensor into cycling speed and
other relevant information. To mitigate shortcomings of conventional video display
unit, the signal transformation unit further comprises means for converting the

relevant information into audible signal for delivery to a user.

Thus, in this preferred embodiment, movement actuated performance
signals such as heart pulses, foot-strokes, swimming strokes and/or cycling
cadence are detected by the exercise performance sensors. Exercise
performance signals thus generated are transmitted via wireless links to the signal
processing means and are then forwarded to the user as feedback signals in the
manner described above. Of course, wired connection may be made between the
exercise performance sensor and the signal transformation unit without loss of

generality.
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While the present invention has been explained by reference to the
examples or preferred embodiments described above, it will be appreciated that
the embodiments are examples to assist understanding of the present invention
and are not meant to be restrictive. Variations or modifications which are obvious
or trivial to persons skilled in the art, as well as improvements made thereon,

should be considered as equivalents of the present invention.

Furthermore, while the present invention has been explained by reference
to a portable performance monitoring apparatus, it should be appreciated that the
invention can apply, whether with or without modification, to other performance

monitoring means without loss of generality.
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CLAIMS

A monitoring apparatus for monitoring physical or physiological parameters
and determining performance information of a person, said physical or
physiological parameters including heart rate, pulse rate, swimming stroke,
running tempo, cycling cadence, or the like, the monitoring apparatus

comprising:-

a sensor for sensing physical or physiological parameters as performance

information of a person,

signal processing means for converting performance information of a person

into body cadence signals,

cadence comparison means for comparing at least one of said body
cadence signals with at least one predetermined reference cadence level,

and

control means for delivery of an output a feedback signal to a user in

response o said detected cadence signals,

wherein said output feedback signal is variable and dependent on the
outcome of comparison between said detected cadence signals and said

reference cadence level.

A monitoring apparatus according to Claim 1, further comprising a feedback
signal source for generating said output feedback signal, wherein the
contents and/or rhythm of said output feedback signal is dependent on the

outcome of said cadence comparison means.
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A monitoring apparatus according to Claim 2, wherein at least a stream of
audio signals of a pre-determined rhythm is stored in said feedback signal
source, said stream of pre-stored audio signals being for constituting a

stream audio output feedback signal for delivery to a user.

A monitoring apparatus according to Claim 3, wherein the rhythm of said
audio output feedback signal is varied from said pre-determined rhythm, and
wherein departure of said body cadence signals from said preset or
predetermined reference cadence level is represented by the extent of
variation of said rhythm of said audio output feedback signals from said pre-

determined rhythm.

A monitoring apparatus according to Claim 3, wherein the rhythm of said
audio output feedback signals is dependent on the outcome of comparison
between said detected body cadence signals and said reference cadence

level.

A monitoring apparatus according to Claim 2, wherein said output feedback
signals further comprises audio information relating to instantaneous body

cadence information of a person.

A monitoring apparatus according to Claim 2, wherein signals stored in said
feedback signal source have a pre-determined rhythm, and wherein the
rhythm of output feedback signals for delivery to a user being variable from
said pre-determined rhythm such that the extent of variation of the rhythm of

said feedback signals from said pre-determined rhythm is representative of
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10.

11.

12.

the extent of departure of said body cadence signals from said preset or

predetermined reference cadence level.

A monitoring apparatus according to any of the preceding Claims, wherein
said cadence information comprises heart rate, foot-stroke frequency, hand-
stroke frequency, lap time (swimming), running speed, and like body

parametric performance information.

A monitoring apparatus according to any of the preceding Claims, wherein
the instantaneous rhythm of said output feedback signals is decreased from
said pre-determined rhythm to a lower rhythm when said detected cadence

signals is above a threshold cadence level.

A monitoring apparatus according to any of the preceding Claims, wherein
said feedback signal source comprise background audio output signals and
cadence information audio output signals, said background audio output
signals being delivered continuously to a user and said cadence information

audio output signals being delivered to a user intermittently.

A monitoring apparatus according to Claim 10, wherein said cadence
information audio output signals are delivered to a user at regular intervals,
at pre-determined intervals and/or upon detection of a variation of the

cadence information exceeding a pre-determined range.

A monitoring apparatus according to Claim 10, wherein said cadence
information audio output signals are delivered when delivery of said

background audio output is interrupted.
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13.

14.

15.

16.

17.

18.

19.

A monitoring apparatus according Claim 10, wherein delivery of background
audio output signals and delivery of cadence information audio output

signals share a common audio channel.

A monitoring apparatus according to Claims 10 to 13, wherein said
background audio output comprises rhythmic audio signals including songs,

music, temporal or rhythmic beats, or the like.

A monitoring apparatus according to Claim 14, wherein rhythm of said
background audio output is varied according to the instantaneous body

cadence information.

A monitoring apparatus according to any of the preceding Claims, wherein
said feedback signals comprise audio delivery of body cadence information

in numerical values.

A monitoring apparatus according to any of the preceding Claims, wherein
said sensor is for sensing cadence parameters of a person which arise from
physical exercise, and wherein said controller comprising processing means

converts said cadence parameters into performance indicating parameters.

A monitoring apparatus according to Claim 17, wherein said performance
indicating parameters includes heat rate, swimming speed, lap time, running

speed, blood pressure, or like parameters.

A monitoring apparatus according to any of the preceding Claims, wherein
said sensor is adapted for sensing at least one of the following parameters:

stroke frequency (including foot-stroke frequency and arm-stroke
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21.

22.

23.

24,

frequency), stroke period (including foot-stroke period and arm-stroke

period), pedalling frequency, pedalling speed, running speed.

A monitoring apparatus according to Claim 19, wherein the performance
indicating parameters include running speed, swimming speed, cycling

speed, expected time to complete a prescribed range or the like.

A monitoring apparatus according to any of the preceding Claims, wherein
the sensor is for sensing pedal frequency of a cyclist and the feedback
signals comprises the numeric value at least one of the group including

cycling cadence, cycling speed, remaining time-to-arrive or like.

A monitoring apparatus according to any of the preceding Claims, further
comprising an ambient sensor for sensing at least one of the following
ambient parameters: wind speed, wind direction, temperature, UV level,
humidity; wherein said audio output signals further comprises at least one of
the following numerical values- wind speed, wind direction, temperature, UV

level, humidity.

A monitoring apparatus according to any of the preceding Claims, wherein
the sensor is for sensing step frequency of a runner and the audio output
signals comprises at least one of the following numerical values- running

cadence, running speed, remaining time-to-arrive or like information.

A monitoring apparatus according to any of the preceding Claims, further
comprising storage means for storing at least one target cadence value or at
least on target performance value, wherein said cadence comparison means

comprises means for comparing detected cadence information against said
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25.

26.

27.

28.

target cadence value, and said controller generates an audio feedback to a

user regarding the instantaneous performance of a user.

A monitoring apparatus according to Claim 24, wherein said audio feedback
comprises musical beats indicative of the rhythm of exercise that a user is
required to perform in order to achieve, reach or maintain said target

cadence value or said target performance value.

A monitoring apparatus according to any of the preceding claims, wherein
said feedback source comprises a background audio source for generating
background audio signals, said background audio source comprising a radio

receiver, a MP3 player, or other digital audio playback devices.

A monitoring apparatus according to any of the preceding claims, wherein
said sensor is housed in a first housing and said audio source is housed in a
second housing, said first and second housing being detached from each

other, and said sensor and said control means being wirelessly linked.

A portable performance monitoring apparatus for monitoring performance
conditions of a user during physical exercise, said apparatus comprising a
sensor for detecting performance related cadence parameters of a person
and feedback means for providing performance feedback to a user, said
feedback means being arranged to provide a physical feedback signal such
that a user can adjust his/her instantaneous physical activities in response
to said physical feedback signal such that a performance target can be

reached or maintained.
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30.

31.

A performance monitoring apparatus according to Claim 28, wherein said

physical feedback signal is delivered to a user by audio feedback.

A performance monitoring apparatus according to Claim 29, wherein said
sensor is for sensing heart pulses and the audio feedback information

comprises heart rate information of a user.

An apparatus according to any of the preceding Claims 28-30, further
comprising wireless communication means for transmitting said detected

performance related cadence information wireless.
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