EP 1221 333 A2

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
10.07.2002 Bulletin 2002/28

(21) Application number: 02250148.0

(22) Date of filing: 09.01.2002

(11) EP 1 221 333 A2

EUROPEAN PATENT APPLICATION

(51) Intcl.”. A63B 69/34

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE TR
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 09.01.2001 GB 0100509

(71) Applicants:
* BRUNEL UNIVERSITY
Middlesex, UB8 3PH (GB)
* University College Chichester
Chichester, West Sussex PO19 4PE (GB)

(72) Inventors:
¢ Dixon, Rosemary, Uni. College Chichester
Chichester, West Sussex PO19 4PE (GB)
* Janaway, Lee
Uxbridge, Middlesex UB8 3PH (GB)
¢ Smith, Marcus
Uxbridge, Middlesex UB8 3PH (GB)

(74) Representative: Jehan, Robert et al
Williams, Powell & Associates,
4 St Paul’s Churchyard
London EC4M 8AY (GB)

(54)

(57) An impact measuring target/ergometer in-
cludes a mannequin 20 which has an upper portion 22
representative of a person's head, a narrower portion
24 representative of a person's neck and a lower portion
26 representative of a person's torso. The mannequin
20 is provided with twelve impact zones numbered 1 to
12, which are each oriented at specific angles intended
to replicate the angles of received punches or other hits
from a user from different directions. The mannequin 20
is intended to be fixed to a wall 28 or similar immovable
structure and for this purpose is provided with suitable
securing means. Within the mannequin 20 there is pro-
vided one or more accelerometers 38 intended to obtain
a measure of an impacting force on the mannequin 20.
The signal from the accelerometer(s) can then be proc-
essed to obtain an indication of the force of an impact
and of the direction of impact. The mannequin may rep-
resent any one of more parts of a target intended to be
hit.

Impact measuring target/ergometer for contact sports
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Description

[0001] The present invention relates to a system for
measuring impacting forces, such as those produced in
contact sports.

[0002] Within the world of contact sports (for example
boxing and martial arts), there is a need to be able to
quantify the impacts associated with these activities.
The two main reasons for being able to do so are, first,
as an aid to analysing and rating athletic performance
and, secondly, to investigate safety issues within these
activities and related objects.

[0003] Equipment exists which seeks to provide such
measurements. Such equipment typically falls into one
of two groups, the first being pendulum type "punch
bags" and the second being stationary "pads".

[0004] "Punch bags" fail to offer a quantifiable method
of measuring force since their swinging movement ab-
sorbs some of the impact and they may rely on water
mass transfer or the raising of weights to deduce the
magnitude of the impact. They are also of limited use
when a sequence of impacts is to be measured because
they take too long to return to their starting position. On
the other hand stationary "pads" attempt to record the
energy of the impact, or its force, through a system of
energy transfer of measurement in a uniaxial nature.
Both types of equipment fail to provide apparatus which
can appropriately measure force applicable to a dynam-
ic activity.

[0005] Within sport, such as boxing, there are three
major types of punch which can be delivered to either
the head or torso regions (e.g. straight, hook and upper-
cut), addressed to the left, right or centre of an opponent.
The present invention seeks to provide a system which
can quantify such types of impact.

[0006] The present invention seeks to provide a sys-
tem which can quantify impacts.

[0007] According to an aspect of the present inven-
tion, there is provided a system for obtaining a measure
of an impact as specified in claim 1.

[0008] The transducer means is preferably able to de-
tect one or more of uniaxial, biaxial and triaxial impacts.
Advantageously, the transducer means includes at least
one accelerometer.

[0009] The structure is preferably in the form of a man-
nequin. The mannequin is preferably provided with a
plurality of facets for receiving impacts from different di-
rections.

[0010] There is preferably provided a covering over
the substantially rigid structure for user protection pur-
poses. The covering preferably damps impacts in a
measurable manner. This may be achieved, for exam-
ple, by choice of material for the covering, by the thick-
ness of the covering and so on. The covering preferably
has a recovery time suitably short to allow the monitor-
ing of repeated dynamic human derived impacts on the
structure.

[0011] The covering may be a solid structure or a
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composite structure, the latter preferably having an out-
er surface textural interface covering a rigid shell, pos-
sibly with an internal infrastructure.

[0012] Embodiments of the present invention are de-
scribed below, by way of example only, with reference
to the accompanying drawings, in which:

Figures 1 to 3 are, respectively, right side, front and
left side elevational views of a preferred embodi-
ment of impact receiving mannequin;

Figure 4 is right side elevational view in partial
cross-section of the embodiment of mannequin of
Figures 1 to 3; and

Figure 5 is a front elevational view of the mannequin
of Figures 1 to 4 showing in dotted outline a central
spine and radial spars.

[0013] Referring to Figures 1 to 3, the embodiment of
structure shown is in the form of a mannequin 20 which
has an upper portion 22 representative of a person's
head, a narrower portion 24 representative of a person's
neck and a lower portion 26 representative of a person's
torso. The mannequin 20 is provided with, in this em-
bodiment, twelve impact zones numbered 1 to 12, which
are each oriented at specific angles intended to replicate
the angles of received punches or other hits from a user
from different directions.

[0014] The shape of the mannequin, the number and
orientation of zones can be chosen in dependence upon
the particular application to which the device is intended
to be used, for example the type of impacts to the de-
tected and measured.

[0015] Referring now also to Figure 4, the mannequin
20 is intended to be fixed to a wall 28 or similar immov-
able structure and for this purpose is provided with suit-
able securing means (not shown). These means may
provide for the mannequin 20 to be removable from the
wall for transportation purposes.

[0016] As can be seen in Figure 4, this embodiment
of mannequin 20 is hollow and is formed of a substan-
tially rigid shell 30 having a shape which provides the
contact zones 1 to 12. Overlying the shell 30 is a cover-
ing layer 32 which is intended to dampen impacts to the
shell 30 to reduce the possibility of injury to a person
hitting the mannequin 20. The covering 32 is preferably
of a type and structure which does not immeasurably
affect the measurements of impacts, the specific mate-
rials and characteristics being readily selectable by the
skilled person.

[0017] Within the cavity formed by the shell 30 there
are provided a central spine 34 and one of more radial
spars 36, in this example three spars 36 being shown.
On each spar 36 there is shown provided a transducer,
in this example accelerometers 38. The spars 36 are
dimensioned such that the accelerometers 38 are locat-
ed at substantially the same distance from the zones 1
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to 12 from which they are to take readings. The number
of spars 36 and the number of transducers 38 can be
chosen as desired and it is envisaged that the system
could work solely with the central transducer 38.
[0018] The preferred embodiment, the rigid shell 30
has an internal connecting framework based upon a
central longitudinal spinal plate (for the mounting of ac-
celerometers at the focus of the head, torso, and mid-
way between these two positions) and also for connect-
ing transverse bracing plates in the head and body, and
the interconnecting spars 36 from these plates to the
inner surface of the rigid shell 30.

[0019] Preferably, the longitudinal spine 34 is in the
form of a machined plate because the head and torso
are different depths, and so the focus of the head and
torso are not on a single spinal line in terms of depth
from the front to the back of the mannequin 20. Hence,
Figure 4 shows three possible mounting positions of the
accelerometers 38, on the spars 36 from the inner sur-
face of the rigid shell 30.

[0020] For the best measurements, it is envisaged
that there should be provided one accelerometer 38 in
each of the head and torso sections 22, 26, although the
device could also work satisfactorily with only one ac-
celerometer 38 located in the central position 24. Simi-
larly, it is possible that the mannequin could be provided
as only a head or a body (or an object) with a single
accelerometer.

[0021] The mannequin 20 is mounted on a solid sur-
face, as shown in Figure 4, at a height to suit the user.
The accelerometer(s) 38, fixed within the mannequin
20, detect one or more of the uniaxial, biaxial and triaxial
impacts. The accelerometer(s) 38 used for the preferred
embodiment are of piezoelectric composition and are
robust, reliable, with good repeatability and are also very
stable with respect to drift, temperature and humidity.
The accelerometer(s) 38 detect impacts which are
transmitted to an integral, adjacent or remote electronic
processor (not shown) in the form of electrical signals
in proportion to the magnitude of the impacting force.
These signals are processed and computed by the elec-
tronic hardware to give the operator a measure of the
impact, orimpacts, to be evaluated in real time or stored
for review at a later date. The structure and operation of
the processing system will be evident to the skilled per-
son. In practice the calculation of the impact will be de-
termined by vectorial profiles of the signals from the ac-
celerometer(s).

[0022] The mannequin of the preferred embodiment
has been found to address all the punch variations by
means of the twelve target facets or zones 1-12 at the
mannequin interface and be used as an aid in develop-
ing punch and footwork technical skills. For example,
the target zones 1-12 within the head and torso 22, 26
parts of the mannequin 20 can in one plane accommo-
date hook punches and then in another, as the boxer
moves around the device 20, accommodate straight
punches. The combination of features incumbent in the
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detail design of this mannequin 20, such as a uniform
thickness of impact damping at the interface, twelve tar-
get zones 1-12 and two accelerometers 38 rigidly fixed
to the mannequin's rigid structure at the focus point of
the head and torso regions, ensures that an impact to
any one of the twelve zones 1-12 is detected uniformly
by one of the accelerometers 38.

[0023] The preferred embodiment provides with one
or more of the following features:

1) the ability to measure uniaxial, biaxial and triaxial
forces;

2) arelatively short recovery time between impacts;
3) a visual and/or audio cue to stimulate a response
to a set, variable or learned routine; and

4) a kinaesthetic impact interface to allow an athlete
to commit totally to the impact he/she delivers.

[0024] The preferred apparatus is also intended to
minimise injury to the user such that the user will not be
nervous about performing the dynamic physical contact
activity to his/her full ability.

[0025] The outer cover 32 may be illuminated to pro-
vide a visual cue to localised areas and may also be
connected to an audio system which may provide an au-
dio cue. The accelerometer(s) 38 and illuminated areas
are preferably linked to a computer or a dedicated elec-
tronic selection and display system to provide any
number of interactive or data storage/evaluation fea-
tures. These may include total impact, single axis im-
pact, vectorial resolution (all related to time) including
data storage/evaluation. Similarly, the illuminated and
speaker areas, providing a visual and/or audio cue re-
spectively, may be controlled manually or automatically
to provide a set, variable orlearned response sequence.
[0026] The control system preferably provides a
measurement and scoring system, an example being
disclosed below.

[0027] The integral head and/or torso mannequin 20
of the preferred embodiment is designed to enable an
amateur boxer to throw any single or series of punches,
to the head or lower body region, with either hand. This
is made possible by identifying that for either the head
or torso regions 22, 26 six target zones 1-6, 7-12 are
required in order to facilitate an amateur boxer's reper-
toire of punches. This explains the twelve target zones
1-12 provided in the preferred embodiment.

[0028] The preferred head/torso mannequin is that it
can easily be scaled, then constructed to accommodate
the anthropometric variation in boxers between each
weight category.

[0029] This mannequin 20 with the rigid shell 30 (but
without any accelerometers 38) could also be connect-
ed to a force or load measuring plate device located be-
tween the supporting wall 28 and the Mannequin 20. For
this purpose, any impact on the mannequin would be
transferred to the force or load measuring plate device
to collect impact measurement data. It will be appreci-
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ated that this alternative would measure substantially
unidirectional impacts but can do so at higher accuracy
than prior art devices.

[0030] The movement to accelerometers provides
one example of transducer which can provide a relative-
ly portable, cheaper device to allow the measure of rel-
ative impacts in contact sports.

[0031] When accelerometers 38 are provided which
are able to measure impacts in a plurality of directions,
it is possible to determine the type of impact, such as
the type of strike on the mannequin 20. This can be de-
tected by the signal from the accelerometer(s), for ex-
ample, a clean direct hit on the mannequin will produce
a congruent signal from the accelerometer(s) while a hit
which moves across the mannequin will produce an in-
congruent signal.

[0032] Where just one accelerometer 38 is provided
in the mannequin, this is preferably equidistant from the
zones of the mannequin.

[0033] The shell 30 is shown open at its top. This fa-
cilitates location of and connection to the accelerometer
(s). However, the top of the shell could be closed if de-
sired.

[0034] The angles of the zones 1-12 can be chosen
by experimentation. It is preferred that they are chosen
to optimise the likelihood of getting a correct measure-
ment at the transducer focus point and on the basis of
what is determined to be a reasonable strike by the in-
tended user. In the preferred embodiment described
above, the internal angles between zone 8 and zones 7
and 9 may be 135°+ 5-10°. Similar relationships could
exist for the other zones.

[0035] The disclosures in British patent application
no. 0100509.9, from which this application claims prior-
ity, and in the abstract accompanying this application
are incorporated herein by reference.

Claims

1. A system for obtaining a measure of an impact in-
cluding a substantially rigid structure for receiving
impacts, mounting means for mounting the struc-
ture to a substantially immovable support in a man-
ner to fix the structure in a substantially immovable
manner, and transducer means mounted on or in
the structure so as to generate an output signal rep-
resentative of an impact on the structure.

2. A system according to claim 1, wherein the trans-
ducer means is able to detect one or more of uniax-
ial, biaxial and triaxial impacts.

3. A system according to claim 1 or 2, wherein the
transducer means includes at least one accelerom-

eter.

4. A system according to any preceding claim, where-
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in the structure is in the form of a mannequin.

A system according to any preceding claim, where-
in the structure is provided with a plurality of zones
for receiving impacts from different directions.

A system according to any preceding claim, includ-
ing a covering over the substantially rigid structure
for user protection purposes.

A system according to any preceding claim, where-
in the covering is a solid or composite structure.
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