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(54) Remote monitoring

(57) An apparatus and method are provided for mon-
itoring, remotely, information relating to the motion of at
least one moving object. The apparatus comprises:
means for illuminating a retro-reflective data carrier
mounted on each moving object, in particular when the
moving object is located at a predetermined monitoring
position; means for detecting, in optical signals returned
by the retro-reflective data carrier, data representing a
timing signal and data representing an identifier for the

Fig.1.

at least one moving object; timer means responsive to
timing signals detected at the predetermined monitoring
position to trigger a timer associated with a detected iden-
tifier; and an output to provide timing information asso-
ciated with the detected identifier, and hence relating to
the at least one moving object at the predetermined mon-
itoring position. The timing information may be used to
derive relative ordering, relative timing or speeds of mov-
ing objects, for example.
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Description

[0001] This invention relates to remote monitoring of
the motion of an object and in particular, but not exclu-
sively, to a determination of the identity and timing infor-
mation relating to the motion of one or more objects at a
predetermined monitoring position by remote interroga-
tion of data carried by the object.

[0002] It is known to use one or more optical retro-
reflectors attached to a target for the purpose of remotely
tracking the target, for example a container in a freight
depot or a part in a manufacturing process. A laser is
used to illuminate the retro-reflectors and a receiver de-
tects the optical return signals. A number of retro-reflec-
tors may be used to determine the position of the target
and a barcode within the retro-reflector may be read re-
motely and used to identify the target. US patent number
6,017,125 describes several types of optical retro-reflec-
tor and associated optical scanning apparatus for use in
tracking multiple targets in three dimensions.

[0003] From a first aspect, the present invention re-
sides in a monitoring apparatus for determining, remote-
ly, information relating to the motion of at least one of a
plurality of moving objects, comprising:

illuminating means for illuminating a retro-reflective
data carrier mounted on the at least one moving ob-
ject, in particular when the atleast one moving object
is located at a predetermined monitoring position;

detecting means for detecting, in optical signals re-
turned by the retro-reflective data carrier, data rep-
resenting a timing signal and data representing an
identifier for the at least one moving object;

timer means responsive to timing signals detected
at the predetermined monitoring position to trigger a
timer associated with a detected identifier; and

an output to provide timing information associated
with the detected identifier, and hence relating to the
at least one moving object at the predetermined
monitoring position.

[0004] The apparatus according to this first aspect of
the present invention may be used to monitor a number
of different parameters relating to the motion of one or
more different moving objects. A different timer may be
triggered for each distinctly identified object, as deter-
mined from the identifier, to provide timing information
for each object at the predetermined position. This timing
information may be used to derive a number of different
pieces of information about the motion of one moving
object or the relative motion of a number of different mov-
ing objects at that position.

[0005] In a preferred application of the present inven-
tion, the data carrier may be attached to one or more
bicycles moving around a cycle track, e.g. a velodrome,
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during training or racing. Timing information generated
in respect of each distinctly identified bicycle as it moves
past a predetermined position on the track, e.g. the finish
line, may be used in a number of ways. For example,
timing information may be used to calculate average
speeds per lap or portion of a lap, to provide time gaps
between bicycles, in addition to information on the rela-
tive ordering of a number of bicycles at the predetermined
position on the track.

[0006] Other preferred features of the present inven-
tion according to this first aspect may be directed in par-
ticular to achieving a heightened degree of accuracy in
the timing information captured for a moving object at
one or more predetermined monitoring positions. Given
that the identity of the object also needs to be determined
from data carried by the retro-reflective data carrier, each
time the object passes through the monitoring position,
there are advantages in being able to trigger a respective
timer before detecting what, in practice, may be a more
lengthy set of data for the identifier, in particular where
checksum data and other data are included on the retro-
reflective data carrier to improve reliability in detecting
the identifier.

[0007] In one preferred embodiment of the present in-
vention, the retro-reflective data carrieris arranged, when
mounted on the at least one moving object, such that
data representing the timing signal are detectable by the
detecting means separately from data representing the
identifier for the object. This may be achieved for example
by positioning the data in the data carrier such that the
timing signal may be detected an instant before data for
the identifier. This enables a more precise and consistent
trigger to be presented to the timer means. This may be
particularly important if the present invention is also used
for determining finishing positions of competitors in a
sporting event where a more precise measurement is
required of the instant in time that the competitor crosses
the finishing line. The timing signal may be aligned more
precisely to that instant if presented separately and be-
fore other data in the optical return signals from an illu-
minated retro-reflective data carrier.

[0008] In a preferred implementation, the retro-reflec-
tive data carrier comprises a retro-reflective barcode.
Preferably, the illuminating means comprise a laser ar-
ranged to provide a fixed and substantially planar light
field at the predetermined position and, in use, the retro-
reflective data carrier is illuminated as the object passes
through the light field. It is further preferred that the retro-
reflective data carrier is oriented such that data repre-
sented in the returned optical signals are detectable se-
quentially.

[0009] Afixedlightfieldis preferred, ratherthanascan-
ning beam, as this may contribute to greater timing ac-
curacy at the monitoring position. In particular, a sub-
stantially planar light field of the order of 0.5mm wide is
preferred. However, a scanning beam may be used in
the presentinvention where the required timing accuracy
permits, or forexample at a subset of monitoring positions
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where more than one monitoring position is provided.
[0010] In a preferred sports application of the present
invention, the light field may be coincident with the "start"
line or the "finish" line of a sports event. Light fields may
also be generated at one or more other intermediate po-
sitions to enable timing information to be generated for
each participant at each intermediate position to enable
their individual or relative motion to be monitored more
closely.

[0011] Ingeneral,itis preferred that the monitoring ap-
paratus further comprises means for determining the rel-
ative ordering at the predetermined monitoring position
of a plurality of moving objects each having one of the
retro-reflective data carriers mounted thereon and each
having a different identifier. It is further preferred that the
monitoring apparatus comprises means for determining
the relative timing of each of a plurality of moving objects
at the predetermined monitoring position.

[0012] Where monitoring at multiple predetermined
monitoring positions is required, in the monitoring appa-
ratus according to this first aspect of present invention,
the illumination means further comprise means for illu-
minating at a plurality of predetermined monitoring posi-
tions and the timer means are responsive to timing sig-
nals detected at each of the plurality of predetermined
monitoring positions to trigger a timer associated with an
identifier detected at the respective predetermined mon-
itoring position.

[0013] On the basis of timing information generated in
respect of one or more predetermined monitoring posi-
tions, the monitoring apparatus preferably further com-
prises means for determining the speed of the at least
one moving object. If the objectis moving around a closed
loop, the average speed may be determined from the
known loop distance and timing information generated
on each successive passage through a single predeter-
mined monitoring position on the loop. More instantane-
ous speed measurements may be derived by using more
than one monitoring position, ideally closely spaced.
[0014] In the preferred cycling application, the speed
of each cycle may be determined individually over a pre-
determined section of the cycle track. In general, the path
followed by each cyclist operating at speed will be the
shortest path on the inside lane, enabling accurate speed
measurements to be made over a distance of a few me-
tres. Alternatively, average speeds over a full lap of a
velodrome track may be measured. In general, the dis-
tance between the monitoring positions may be set to be
as small or as large as necessary according to the accu-
racy required in measuring the speed, taking account
also of the degree of unpredictability in the path followed
by a moving object between those positions and the likely
variation in its speed.

[0015] If the path followed by a moving object is a
closed loop, the timer means may be triggered at a single
monitoring position to toggle between starting and stop-
ping on each consecutive detection of a timing signal and
a respective identifier.

10

15

20

25

30

35

40

45

50

55

[0016] From a second aspect, the present invention
resides in a method for determining, remotely, informa-
tion relating to the motion of at least one of a plurality of
moving objects, comprising the steps of:

i) illuminating a retro-reflective data carrier mounted
on the at least one moving object when the at least
one moving object is located at a predetermined
monitoring position;

i) detecting, in optical signals returned by the retro-
reflective data carrier, data representing a timing sig-
nal and, separately, data representing an identifier
for the at least one moving object;

iii) triggering a timer on detecting a timing signal as-
sociated with the identifier for the at least one moving
object at the predetermined monitoring position; and

iv) outputting timing information associated with the
identifier, and hence with the at least one moving
object, at the predetermined monitoring position.

[0017] Preferably, the method further comprises, at
step ii), detecting the data sequentially.

[0018] Timing information provided by this method
may be used, preferably, to determine the relative timing
of each of a plurality of moving objects at the predeter-
mined monitoring position.

[0019] Preferably, step i) of the method further com-
prises illuminating at a plurality of predetermined moni-
toring positions and step iii) further comprises triggering
a timer when timing signals associated with a respective
identifier are detected at each of the plurality of prede-
termined monitoring positions.

[0020] Timing information provided by this method
may also be used, preferably, to determine the speed of
the at least one moving object.

[0021] From a third aspect the present invention re-
sides in a retro-reflective data carrier for use with a mon-
itoring apparatus according to the first aspect of the
present invention described above, comprising a optical-
ly retro-reflective barcode having data representing atim-
ing signal and data representing an identifier.

[0022] To increase the reliability in detecting the iden-
tifier, the retro-reflective barcode further comprises data
representing a checksum for the identifier. The barcode
may further comprise a start bit and a stop bit.

[0023] Where a retro-reflective data carrier according
to this third aspect is to be used with a number of different
moving objects, each data carrier carries a different iden-
tifier and preferably the data representing a timing signal
are the same for each data carrier.

[0024] From a fourth aspect, the present invention re-
sides in an apparatus for determining, remotely, informa-
tion relating to the identity and motion of at least one of
a plurality of participants in a sports event, comprising
means for interrogating, at one or more predetermined
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monitoring positions, a retro-reflective barcode mounted
on said at least one participant moving through said one
or more predetermined monitoring positions, wherein
said barcode comprises data for triggering a timer in the
apparatus at said one or more predetermined monitoring
positions and data for identifying said at least one par-
ticipant.

[0025] Preferably, the apparatus further comprises
means for determining the relative ordering of a plurality
of participants in the sports event at the one or more
predetermined monitoring positions. The apparatus may
also preferably comprise means for determining the
speed of at least one of the plurality of participants on
the basis of timing information generated at the one or
more predetermined monitoring positions.

[0026] Whereas preferred embodiments of the present
invention as described below are directed to monitoring
the motion of participants in a sporting event, in particular
cyclists on a closed-loop cycle track, it will be apparent
to people of ordinary skill in the relevant art that preferred
embodiments of the present invention may be applied to
monitoring the motion of any moving object or objects
with respect to one or more monitoring positions.
[0027] The invention will now be described in more de-
tail by reference to an exemplary embodiment which is
illustrated in the accompanying drawings, in which:

Figure 1 is a schematic illustration of a speed mon-
itoring apparatus in accordance with an embodiment
of the invention;

Figure 2 is a schematic diagram of a data carrier of
the embodiment of Figure 1;

Figure 3 illustrates the data carrier of Figure 2 used
on a bicycle;

Figure 4 is a schematic illustration of a part of the
data processing of the embodiment of Figure 1;

Figure 5 is a schematic illustration of a further part
of the data processing of the embodiment of Figure
1; and

Figure 6 is a schematic diagram of the illuminating
and detecting means of the embodiment of Figure 1.

[0028] An embodiment of the present invention is for
use in monitoring one or more cyclists moving along a
predefined course. In particular, the first embodiment en-
ables the speed of a cyclist to be monitored. The course
may, for example, be a velodrome or other track. Figure
1 is anillustration of the monitoring apparatus 100 of the
firstembodiment. A number of predetermined monitoring
portions, known as "gates", are spaced out at predeter-
mined intervals adjacenttoatrack 150. Each gate defines
a position along the length of the track, as is illustrated
in Figure 1 by dashed lines 110. Each gate comprises
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an illumination means and a detector means, referenced
together as 120 in Figure 1, and processing means 130
operable to detect and identify a cyclist moving past the
gate, and to communicate that information to a central
base station (not shown). This information is used in com-
bination with a timer to monitor the time elapsed between
the cyclist passing through each gate such that the speed
of the cyclist, time gaps and ordering of cyclists at each
gate can be determined and recorded for later analysis.
[0029] The illumination means illuminate a data carrier
mounted on the cyclist’s bicycle. The data carrier is a
spatially modulated retro-reflector. For example, the data
carrier may be a bar code comprising a number of retro-
reflective strips representing information bits. Such a da-
ta carrier can be fabricated from a strip of retro-reflective
tape. As the cyclist passes through the gate, a modulated
signal is reflected from the data carrier back to the de-
tector means, which is mounted in close proximity to the
illumination means. Figure 2 illustrates a data carrier 200
that may be used in conjunction with the monitoring ap-
paratus 100 of Figure 1. The information on the data car-
rier comprises a start bit 210, a timing signal 220, an
identification word 230, and a stop bit 240.

[0030] The timing signal 220 triggers the recording of
the time at which the cyclist passes though the gate. This
enables the processing of retrieved data to be stacked,
facilitating the monitoring of a number of cyclists on the
track simultaneously. Moreover, the accuracy of the time
recording is improved since the time recorded will not be
dependent on the amount of time taken for data process-
ing: the time is recorded before passing the identification
word 230 signal to data processing means for further
analysis. The identification word 230 comprises sufficient
information to identify the cyclist passing through the gate
uniquely amongst those being monitored on the track.
Start and stop bits 210 and 240 are present to start and
stop the recording of the information at the gate, and are
useful for the purposes of error reduction.

[0031] The data carrier 200 is carried on a part of the
bicycle that, in normal use of the bicycle, will not be ob-
scured from the side by any part of the cyclist’s body. In
the present embodiment, the data carrier 200 is approx-
imately 70 mm long, and 15 mm tall. It is carried such
that the information recorded on the data carrier 200 is
effectively scanned by the movement of the bicycle
through the (continuous) illumination means. Figure 3 is
a schematic illustration of a typical bicycle 300 compris-
ing frame 350. The data carrier 200 is carried on a portion
of the frame, for example on the crossbar 355 to the fore
of the position at which the cyclist’s knees may cross the
line-of-sight of the illumination means, or on that part of
the frame 357 that links the crank 360 to the rear axle
370. Preferably, the data carrier is mounted at a well-
defined position on the bicycle, and towards the front of
the bicycle.

[0032] The processing means 130 at each gate
records a data stream 400, illustrated schematically in
Figure 4, from the information that the detector means
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receives from the data carrier 200, adding to that infor-
mation a gate identifier code such that uniquely identifies
the gate, and therefore the position of the cyclist on the
track. Data stream 400 thus comprises start bit 410, tim-
ing signal 420, identification word 430, gate identifier 440,
and stop bit 450.

[0033] As is illustrated in Figure 5, the processing
means 130 at each gate receives and decouples the in-
formation recorded in data stream 400. Processing
means 130 also comprises a timer 510 that, triggered by
the timing signal in the data carrier 200, records the time
at which the cyclist passes through the gate. Processing
means 130 then communicates information 520 compris-
ing the time 522 at which the cyclist passed the gate, the
identity of the gate 524, and the identity of the cyclist 526
to a central file store 530 held, for example, on a conven-
tional computer. The information is communicated by any
known wireless method. By recording the times at which
the cyclist passes a number of the gates, the speed of
the cyclist can be calculated and monitored by the con-
ventional file store. Other potentially useful training data,
such as the cyclist’s approximate acceleration over parts
of the track, can also be calculated from the information
recorded on the cyclist from three or more gates.
[0034] The illuminating and detecting means refer-
enced 120 in Figure 1 are illustrated more clearly in Fig-
ure 6. As is shown in Figure 5, illuminating means 610
are positioned closely adjacent detector means 620. The
illuminating means comprise a laser 614, and lens sys-
tem 616. Laser 614 is a semiconductor laser operating
at a wavelength of 635nm and a power of 1 mW or less.
Semiconductor lasers of this type are compact and ro-
bust, and have low drive-power requirements. Laser 614
has a continuous wave output. Its power is selected to
comply with regulations for uncontrolled environments.
Lens system 616 comprises one or more cylindrical lens-
es arranged such that the beam diverges by a few de-
grees vertically, whilst remaining narrow in the horizontal
plane. The beam thus forms an expanding strip of light
through which the cyclist travels on following the track.
In the present embodiment, the beam at the expected
position of the cyclist is approximately 1 m tall, and 0.5
mm wide. As will be appreciated by those skilled in the
art, maintaining a narrow beamwidth in the horizontal
plane enhances the accuracy and precision possible with
a retro-reflective barcode data carrier. The beam must
be sufficiently tall to ensure that the data carrier passes
through the light emitted by the laser. Such an arrange-
ment is preferable to scanning a well-focussed laser
beam through the area of the light beam because a scan-
ning system would introduce an additional uncertainty
into the time measurement. The detecting means may
be any known light sensitive receiver, such as a photo-
detector, operable to record a modulated light signal re-
ceived from the data carrier as it passes. In the present
embodiment, where the data carrier is mounted on a bi-
cycle, it is anticipated that the data carrier will be moving
at approximately 60 km/h.
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[0035] As will be appreciated by those skilled in the
art, the monitoring apparatus of the presentinvention can
be used to monitor both the speed and acceleration of a
single cyclist, or to measure the time intervals that elapse
between successive cyclists passing through any partic-
ular gate. The apparatus is thus expected to find appli-
cation in both training and race situations. Where multiple
cyclists are to be monitored, it may be advantageous to
use a multi-channel detector in order to facilitate the in-
terrogation of the various data carriers passing through
each gate. The above described embodimentis expected
to provide a timing accuracy to within =1 ms.

[0036] In a second embodiment of the invention, the
data carrier 200 illustrated in Figure 2 is modified to in-
clude a checksum digit for error-checking. The checksum
digit is determined by summing the other digits on the
data carrier. In all other respects, the second embodi-
ment functions as described above.

[0037] Having described one particular embodiment
of the invention, it is noted that it is to be clearly under-
stood that this embodiment is in all respects exemplary.
Various equivalents and modifications to the above de-
scribed embodiment will be readily apparent to those
skilled in the art, and are possible without departing from
the scope of the invention, which is defined in the accom-
panying claims. For example, it will be noted that, whilst
in the above it has been described to use the monitoring
apparatus for the monitoring of the motion of one or more
cyclists, there will be many other sports in which the in-
vention may find application, such as other athletic track
sports. Moreover, whilst in the above it has been de-
scribed to use a visible wavelength laser, it will be ap-
preciated that a non-visible wavelength (for example a
near infrared laser) may be advantageous in that less
distraction would be caused to the athletes. Clearly, the
wavelength must be selected to be sufficiently short to
enable accurate reading of the barcode, whilst also being
readily transmissible through the atmosphere. In such
circumstances, the laser power would be kept to a min-
imum (at or less than 1 mW) in order to fulfil safety re-
quirements. It would also be desirable to use a laser hav-
ing a switchable visible wavelength for the purposes of
alignment of the illumination means and the detector.

Claims

1. A monitoring apparatus for determining, remotely,
information relating to the motion of at least one of
a plurality of moving objects, comprising:

illuminating means forilluminating a retro-reflec-
tive data carrier mounted on said at least one
moving object, in particular when said at least
one moving object is located at a predetermined
monitoring position;

detecting means for detecting, in optical signals
returned by said retro-reflective data carrier, da-
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ta representing a timing signal and data repre-
senting an identifier for said at least one moving
object;

timer means responsive to timing signals detect-
ed at said predetermined monitoring position to
trigger a timer associated with a detected iden-
tifier; and

an output to provide timing information associ-
ated with said detected identifier, and hence re-
lating to said at least one moving object at said
predetermined monitoring position.

The monitoring apparatus according to claim 1,
wherein the retro-reflective data carrier is arranged,
when mounted on said at least one moving object,
such that data representing said timing signal are
detectable by said detecting means separately from
data representing said identifier for said at least one
moving object.

The monitoring apparatus according to claim 1 or
claim 2, wherein said retro-reflective data carrier
comprises a retro-reflective barcode.

The monitoring apparatus according to any one of
claims 1, 2 or 3, wherein said illuminating means
comprise a laser arranged to provide a fixed and
substantially planar light field at said predetermined
monitoring position and wherein, in use, said retro-
reflective data carrier is illuminated when said at
least one moving object passes through said light
field.

The monitoring apparatus according to claim 4,
wherein said retro-reflective data carrier is oriented
such that data represented in said returned optical
signals are detectable sequentially.

The monitoring apparatus according to any one of
the preceding claims, further comprising means for
determining the relative ordering at said predeter-
mined monitoring position of a plurality of moving
objects each having one of said retro-reflective data
carriers mounted thereon and each having a different
identifier.

The monitoring apparatus according to any one of
the preceding claims, further comprising means for
determining the relative timing of each of a plurality
of moving objects at said predetermined monitoring
position.

The monitoring apparatus according to any one of
the preceding claims, wherein said illumination
means further comprise means for illuminating at a
plurality of predetermined monitoring positions and
said timer means are responsive to timing signals
detected at each of said plurality of predetermined
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10.

11.

12.

13.

14.

15.

monitoring positions to trigger a timer associated
with an identifier detected at the respective prede-
termined monitoring position.

The monitoring apparatus according to any one of
the preceding claims, further comprising means for
determining the speed of said at least one moving
object on the basis of said timing information.

A method for determining, remotely, information re-
lating to the motion of at least one of a plurality of
moving objects, comprising the steps of:

i) illuminating a retro-reflective data carrier
mounted on said at least one moving object
when said at least one moving object is located
at a predetermined monitoring position;

ii) detecting, in optical signals returned by said
retro-reflective data carrier, data representing a
timing signal and, separately, data representing
an identifier for said at least one moving object;
iii) triggering a timer on detecting a timing signal
associated with the identifier for said at least one
moving object at said predetermined monitoring
position; and

iv) outputting timing information associated with
the identifier, and hence with said at least one
moving object, at said predetermined monitoring
position.

The method according to claim 10, further compris-
ing the step of determining the relative timing of each
of a plurality of moving objects at said predetermined
monitoring position.

The method according claim 10 or claim 11, wherein
step i) further comprises illuminating at a plurality of
predetermined monitoring positions and step iii) fur-
ther comprises triggering a timer when timing signals
associated with a respective identifier are detected
at each of said plurality of predetermined monitoring
positions.

The method according to any one of claims 10 to 12,
further comprising the step of determining the speed
of said at least one moving object on the basis of
said timing information.

A retro-reflective data carrier for use with a monitor-
ing apparatus according to any one of claims 1 to 9,
comprising a optically retro-reflective barcode hav-
ing data representing a timing signal and data rep-
resenting an identifier.

An apparatus for determining, remotely, information
relating to the identity and motion of at least one of
a plurality of participants in a sports event, compris-
ing means for interrogating, optically, at one or more
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predetermined monitoring positions, an optically ret-
ro-reflective barcode mounted on said at least one
participant moving through a light field generated at
said one or more predetermined monitoring posi-
tions, wherein said barcode comprises data for trig-
gering a timer in the apparatus at said one or more
predetermined monitoring positions and data for
identifying said at least one participant.
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