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(57) ABSTRACT

A measurement system for use in an exercise machine,
which exercise machine comprises a lifting mechanism and
an engaging member for selectively engaging a number of
stacked weights to the lifting mechanism, the measurement
system comprising a pair of cooperating members including
a range meter and a reflector member, wherein one of the
cooperating members is connected to the lifting mechanism
and the other of the cooperating members is connected to the
engaging member, wherein the range meter is directed to
measure a distance to the reflector member to determine a
distance which correlates to the weight of the selectively
engaged weights.

114

102-1

110

102-2




May 30, 2019 Sheet 1 of 4 US 2019/0160335 Al

Patent Application Publication

Internet

Server

s

5

Observer

station

A

120

et
A

¥

e
A
iu

5

Fig. 1



Patent Application Publication

114

111

May 30, 2019 Sheet 2 of 4 US 2019/0160335 Al

114

—
/ 111
2= O\
v 102
{ 1
le)
o 1101~
.\ ]
o) 110 110
o)
o)
o
o)
Fig. 2A Fig. 2B
114
111
L 102-1
o 1101
o
O\\
110
o)
o)
o 110
o \_
- -
\J
= 102-2
Fig. 2D
o)
o]
o
o]
Fig. 2C °




Patent Application Publication = May 30, 2019 Sheet 3 of 4 US 2019/0160335 A1

r———n"

1114 — | 1115 | 11

[y
[y
[y
[y
w
[y

| 302 | 303

1101

3101

310

Fig. 3

401 402

[ 403 || 404
402

O

Fig. 4A ()




Patent Application Publication = May 30, 2019 Sheet 4 of 4 US 2019/0160335 A1

401 I
411
w LT

o
 J

£
[hEY
[EEY

412 || 413

Fig. 4B

\ L 421
=
420
~

Fig. 4C



US 2019/0160335 Al

MEASUREMENT SYSTEM FOR USE IN AN
EXERCISE MACHINE

TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates generally to devices, systems
and methods for measuring, transmitting, recording and
displaying information relating to physical exercise and,
more particularly, to a measurement system for use in an
exercise machine comprising a lifting mechanism for selec-
tively engaging a number of weights.

BACKGROUND

[0002] In recent years, there has been a virtual explosion
in the popularity of exercise and physical fitness. There are
many popular forms of physical exercise including, for
example, running, bicycling, and weight training. The grow-
ing interest in weight training is reflected by the growing
number of gyms found in both public and private settings.
[0003] There are various types of weight training equip-
ment. Typical weight machines, for example, use gravity as
the primary source of resistance. A combination of simple
machines (e.g., pulleys, levers, wheels, inclines, etc.) to
change the mechanical advantage of the overall machine
relative to the weight and convey the resistance to the person
using the machine. Conventional stacked weight machines,
such as those made by Cybex International, Inc. and Nau-
tilus, Inc., typically include a stack of rectangular weight
plates through which a lifting mechanism, e.g. comprising a
vertical lifting bar, passes. The lifting bar includes a plurality
of holes configured to accept an engaging member, such as
a pin. Each of the plates has a corresponding channel that
aligns with one of the holes in the lifting bar when the lifting
bar is in the lowered or at-rest position. To lift a selected
number of the plates, the user operates the engaging mem-
ber, e.g. by inserting a pin through the channel and the
corresponding hole in the lift bar at a selected weight level.
As the user goes through the exercise motion, the lift bar
rises and the engaging member supports all of the plates
stacked above it. The various settings on the weight machine
allow the user to select from several different levels of
resistance over the same range of motion by simply inserting
the pin into the lift bar at a desired weight level.

[0004] Conventional weight pins usually include a cylin-
drical shaft made of stainless steel or other hard metal. In its
simplest form, a weight pin can be made from a single piece
of cylindrical metal rod that is bent slightly at one end to
form a handle for inserting and removing the pin into a
weight stack. Other types of weight pins can include a
plastic or metal handle portion that is attached to the
cylindrical shaft which is inserted into the weight stack. The
shaft can include spring-loaded ball bearings and/or other
locking features to releasably engage the pin with the weight
stack and prevent it from becoming dislodged during use of
the weight machine. Some pins with locking features
include a push button on the handle to facilitate engagement
of the locking feature with the weight stack and/or lifting
bar.

[0005] One important aspect of any type of exercise
program is the ability to track personal performance and
progress. For example, people engaged in endurance or
distance forms of exercise (e.g., running, swimming, bicy-
cling, etc.) often track the distance and/or time associated
with a particular run, swim, ride, etc. Similarly, people using
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cardiovascular exercise machines (e.g., treadmills, stair-
steppers, stationary bicycles, etc.) are often interested in
knowing how long they exercise or how many calories they
burn during a particular session.

[0006] One shortcoming of conventional weight
machines, however, is that they lack a convenient way for
the user to track and record his or her progress on a particular
machine or group of machines during a particular exercise
session or over a given period of time. As a result, people
engaged in weight training programs often rely on memory
to keep track of how many weights they lifted on a particular
occasion, or how many repetitions they performed on a
particular machine. Rather than rely on memory, some
people use notebooks to manually record information about
their workout. Neither of these approaches, however, is
particularly convenient.

[0007] In this context, a system for tracking workout
related information was suggested in WO2015/113162A1.
That system includes a wearable device wirelessly connect-
able to receive workout information related to use of a
workout equipment, including a weight being used in the
workout equipment. Workout information is collected by
means of a weight stack selector device, which may deter-
mine both selected weight information and repetition infor-
mation based on distance measured from a weight stack
selector device to a stationary reference point. This may be
accomplished by means of a transmitter incorporated in the
selector device.

[0008] A problem related to systems for measuring and
tracking workout data is power consumption. In a gym,
exercise machines are typically spread out on the floor
throughout one or more rooms, and access to a mains outlet
is rarely available at each machine. The system is therefore
preferably battery-charged, and moderate power consump-
tion is consequently an overall objective. Furthermore, even
if an exercise machine is intended to be used in a certain
manner, gym users tend to find new ways of exercising using
such machines. The measurement system should be so
devised that minimum user interaction is required, and such
that accidental tampering or inhibition of the measurement
is prevented during foreseeable use of the exercise machine.

SUMMARY

[0009] A measurement system for use in an exercise
machine is proposed, which exercise machine comprises a
lifting mechanism and an engaging member for selectively
engaging a number of weights to the lifting mechanism.

[0010] According to a first aspect, a measurement system
for use in an exercise machine is provided, which exercise
machine comprises a lifting mechanism and an engaging
member for selectively engaging a number of stacked
weights to the lifting mechanism, the measurement system
comprising a pair of cooperating members including a range
meter and a reflector member, wherein one of the cooper-
ating members is connected to the lifting mechanism and the
other of the cooperating members is connected to the
engaging member, wherein the range meter is directed to
measure a distance to the reflector member to determine a
distance which correlates to the weight of the selectively
engaged weights.

[0011] Inone embodiment, the range meter is connected to
the lifting mechanism and the reflector member is connected
to the engaging member.
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[0012] In one embodiment the measurement system com-
prises an operation detection mechanism communicatively
connected to trigger the range meter to make a distance
measurement responsive to detection of operation of the
exercise machine.

[0013] Inone embodiment, the operation detection mecha-
nism comprises a motion sensor connected to sense move-
ment of the lifting mechanism.

[0014] In one embodiment, the motion sensor mechanism
is wirelessly connected to the range meter.

[0015] Inone embodiment, the motion sensor is connected
to a member of the lifting mechanism so as to sense
rotational movement about a non-vertical axis upon opera-
tion of the exercise machine.

[0016] Inone embodiment, the operation detection mecha-
nism comprises a motion sensor connected to the engaging
member, configured to detect movement or placement of the
engaging member with respect to the stack of weights for
detecting operation of the exercise machine.

[0017] Inone embodiment, the operation detection mecha-
nism comprises a proximity sensor connected to the engag-
ing member, configured to detect movement or placement of
the engaging member with respect to the stack of weights for
detecting operation of the exercise machine.

[0018] In one embodiment, the proximity sensor com-
prises a magnetometer for detecting that the engaging mem-
ber is inserted in the weight stack.

[0019] Inone embodiment, the operation detection mecha-
nism is configured to trigger the optical range meter to make
a single distance measurement for an exercise sequence
comprising any number of lifting repetitions without altera-
tion of weight.

[0020] In one embodiment the measurement system fur-
ther comprises an auxiliary reflector member attached to a
fixed position with respect to the gym machine, wherein the
range meter is directed to measure a distance to the auxiliary
reflector member to detect movement of the lifting mecha-
nism.

[0021] Inone embodiment, the measurement system com-
prises a control unit configured to establish exercise data by
calculating a weight setting of the exercise machine based
on the measured distance.

[0022] In one embodiment, the control unit configured to
establish exercise data by calculating a number of repetitions
carried out based on input from the motion sensor.

[0023] In one embodiment the measurement system com-
prises a display device connected to receive exercise data
from the control unit and to present the exercise data to a
user of the exercise machine.

[0024] In one embodiment, the control unit comprises a
communication interface for wireless transmission of exer-
cise data to a receiving node.

[0025] In one embodiment the measurement system com-
prises an auxiliary sensor to detect a position of a movable
auxiliary selector member of the exercise machine, which
auxiliary selector member is configured to engage an addi-
tional amount of weight to the lifting mechanism.

[0026] Inone embodiment, the auxiliary sensor comprises
a proximity sensor connected to sense proximity of detection
element connected to the auxiliary selector member.
[0027] In one embodiment, the auxiliary selector member
comprises a rotatable selector member and the auxiliary
sensor includes a rotation sensor mechanism connected to
detect angular position of the rotatable selector member.
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[0028] In one embodiment, the rotation sensor includes an
accelerometer.
[0029] In one embodiment, the range meter comprises a

time of flight sensor.
[0030] In one embodiment, the range meter comprises an
electromagnetic transmitter and receiver.

[0031] In one embodiment, the range meter comprises a
radar.
[0032] In one embodiment, the range meter comprises an

ultrasound transmitter and receiver.

[0033] In one embodiment, the time of flight sensor com-
prises a light emitter configured to emit a periodic signal, a
light detector, and a measurement circuit configured to
measure distance dependent on an emitted signal and a
reflected signal received by the detector.

[0034] According to a second aspect, a measurement sys-
tem for use in an exercise machine is provided, which
exercise machine comprises a lifting mechanism and a
rotatable selector member for selectively engaging a number
of weights to the lifting mechanism, the measurement sys-
tem comprising a rotation detector connected to the rotatable
selector member, wherein the rotation detector is configured
to determine angular position of the rotatable selector mem-
ber which correlates to the weight of the selectively engaged
weights.

[0035] In one embodiment, the rotation detector includes
an accelerometer configured to sense rotation of the selector
member with respect to the direction of gravity.

[0036] Inone embodiment, the measurement system com-
prises a control unit configured to establish exercise data by
calculating a weight setting of the exercise machine based
on the detected rotation.

[0037] According to a third aspect, a measurement system
for use in an exercise machine is provided, which exercise
machine comprises a lifting mechanism and an engaging
member for selectively engaging a number of stacked
weights to the lifting mechanism, the measurement system
comprising an operation detection mechanism including an
accelerometer connected to a member of the lifting mecha-
nism so as to sense rotational movement about a non-vertical
axis upon operation of the exercise machine.

[0038] Details, function, effects and benefits of various
embodiments are outlined in the detail description and the
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Various embodiments are described below with
reference to the accompanying drawings.

[0040] FIG. 1 is a view of an exemplary exercise machine
implementing an embodiment of the proposed measurement
system,

[0041] FIG. 2 is a view of a part of an exercise machine
having weight plates and a weight pin, with members of a
measurement system according to an embodiment.

[0042] FIG. 2B is a cross-sectional side view of the parts
shown in FIG. 1A.

[0043] FIG. 2C illustrates the parts of FIG. 2A, in opera-
tion of the exercise machine.

[0044] FIG. 2D shows an engaging member in the form of
a pin, according to an embodiment.

[0045] FIG. 3 is a schematic diagram of exemplary cir-
cuitry that may be employed in various embodiments of the
proposed measurement system of the present disclosure.
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[0046] FIGS. 4A-C illustrate various embodiments of
measurement systems applied in alternative weight machine
configurations.

DETAILED DESCRIPTION OF EMBODIMENTS

[0047] Embodiments will now be described with reference
to the drawings, wherein like reference numerals are used to
refer to like elements throughout. To facilitate the discussion
of any particular element, the most significant digit or digits
of any reference number refer to the Figure in which that
element is first introduced. It will be understood that the
figures are not necessarily to scale. Also, features that are
described and/or illustrated with respect to one embodiment
may be used in the same way or in a similar way in one or
more other embodiments and/or in combination with or
instead of the features of the other embodiments.

[0048] Certain details are set forth in the following
description and in FIGS. 1-4 to provide a thorough under-
standing of various embodiments of the present disclosure.
Other details describing well-known structures and systems
often associated with weight training machines, signal pro-
cessing systems, and electronic display devices, however,
are not set forth in the following disclosure to avoid unnec-
essarily obscuring the description of various embodiments.
Many of the details, dimensions, and other features shown in
the figures are merely illustrative of particular embodiments
of the disclosure.

[0049] Accordingly, other embodiments can have other
details, dimensions, and features without departing from the
scope of the present disclosure. In addition, further embodi-
ments of the present disclosure can be practiced without
several of the details described below.

[0050] FIG. 1 is an isometric view of an exercise system
100 configured in accordance with an embodiment of the
present disclosure. The exercise system 100 includes a
conventional stacked weight exercise machine 101 having a
plurality of weights 102 (identified individually as weights
102a-102/), and a measurement system 111 for receiving,
determining and/or recording information related to use of
an exercise machine 101. A lifting mechanism of the exer-
cise machine may include a weight support member 114,
movably suspended from a cable 112 and hanging down-
ward through the weight stack 102. The support member 114
includes a plurality of through-holes positioned adjacent to
corresponding weights 102 when the support member 114 is
in the relaxed or lowered position shown in FIG. 1. The
cable 112 attaches the support member 114 to a movable
exercise bar 108 via a system of pulleys. The amount of
weight to lift in operation of the exercise machine is selec-
tively set by means of an engaging member 110. In various
embodiments, the engaging member includes a weight pin
110, configured to be inserted through a hole or slot in the
desired weight 102. The user 106 pushes the weight pin 110
through the slot until it passes through the adjacent hole in
the support member 114. The user 106 then sits on a seat 104
and grasps a right handle 1094 and a left handle 1095 on the
exercise bar 108. As the user 106 presses the bar 108 forward
it rotates, pulling on the cable 112 and drawing the support
member 114 upwardly. As the support member 114 moves
upwardly, 15 the weight pin 110 moves all of the weights
102 stacked above the weight pin 110 upwardly. Various
types of exercise machines may comprise parallel guide
members 116a and 1165, along which the lifted weights are
configured to slide. When the user 106 relaxes his arms and
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allows his hands to move back toward his chest, the lifted
weights 102 return downwardly to the stack. As will be
readily understood by the skilled reader, the exercise
machine of FIG. 1 is merely an example. Other types of
exercise machines may be configured to be operated by a
standing or lying user, and may be designed such that the
lifting mechanism is operated by a pushing, pulling or
rotating motion carried out by the user.

[0051] Various embodiments of a measurement system for
use in an exercise machine will now be described with
reference to the drawings.

[0052] FIGS. 2A-2D show various views of a part of an
exercise machine, comprising a lifting mechanism 114 and
an engaging member 110 for selectively engaging a number
of stacked weights 102 to the lifting mechanism. FIGS. 2A
and C illustrate perspective views, whereas Fig. B schemati-
cally illustrate a vertical cross-section through the weight
stack 102, the lifting mechanism 114 and the engaging
member 110. In the illustrated embodiment, the lifting
mechanism includes a support member 114 having a rod-
shaped portion, configured to pass vertically through corre-
sponding holes in the weights 102. The support member 114
may furthermore include a top portion, such as a fixed top
weight 102. The measurement system may comprise a pair
of cooperating members including a range meter 111 and a
reflector member 1101. One of the cooperating members is
connected to the lifting mechanism 114 and the other of the
cooperating members is connected to the engaging member
110. The range meter 111 is directed to measure a distance
to the reflector member 1101 to determine a distance which
correlates to the weight of the selectively engaged weights.
In the illustrated embodiments, the range meter 111 is fixed
to the lifting mechanism 114 and the reflector member 1101
is connected to the engaging member 110. The following
description will be directed to this type of embodiment, but
as will be readily understood by the skilled reader, the
opposite arrangement may be employed in various embodi-
ments, i.e. with the range meter connected to the engaging
member 110 and the reflector member being connected to
the lifting mechanism 114.

[0053] FIG. 2D schematically illustrates an engaging
member 110 in the form of a weight pin, having a handle or
knob to which the reflector member 1101 is connected. In
one embodiment, the reflector member 1101 may be a
reflective surface 1101, such as a reflective tape attached
about a perimeter of the handle. In an alternative embodi-
ment, the reflector member may comprise a paint or surface
structure, configured to be diffusively reflective to electro-
magnetic radiation of at least the wavelength range within
which a range meter 111 operates. In other embodiments, a
surface of the handle may comprise dimples or other surface
shapes, so as to provide a suitable reflectivity to ultrasound
emitted by the range meter 111.

[0054] As can be seen in FIGS. 2A-2C, the range meter
111 is preferably connected to the lifting mechanism 114
vertically above the weight stack 102, and directed to carry
out distance measurement downwards towards the engaging
member 110. Different embodiments may include different
types of range meters 111. In various embodiments, the
range meter 111 operates by emitting a signal towards the
reflector member, and detecting a reflection of the emitted
signal. The range meter 111 is preferably configured to carry
out signal processing to determine the distance to the point
of reflection, based on at least the detected received signal.
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[0055] FIG. 3 schematically illustrates a range meter 111
and its cooperating reflector member 1101. In one embodi-
ment, the range meter 111 comprises a time of flight sensor.
The range meter 111 may include an electromagnetic trans-
mitter 1112, configured to emit an electromagnetic signal
wave within angle, e.g. a cone angle, as indicated by the
dashed lines. Upon reflection at reflector member 1101, at
least a portion of the emitted signal is directed back towards
the range meter 111, where it is sensed in a detector 1113.
The detector 1113 is preferably configured with a field of
view corresponding to the emission angle of the transmitter
1112. A control unit 1111 preferably includes a measurement
circuit configured to measure distance to the point of reflec-
tion dependent on the emitted signal and the reflected signal.
In one embodiment, the range meter 111 may be time of
flight sensor, where the emitter 1112 is a light emitter
configured to emit a periodic signal, e.g. a near infrared
(NIR) signal. Such a time of flight sensor may e.g. operate
according to the principles disclosed in US2016/0047904,
providing a method for measuring a distance by measuring
phase of a series of bursts of pulses relative to a periodic
generator signal, the content of this document being incor-
porated herein by reference. In an alternative embodiment,
the range meter 111 comprises a radar. In yet another
embodiment, the range meter may be configured to measure
distance by emitting and detecting ultrasound, as such
comprising an ultrasound transmitter 1112 and an ultrasound
receiver 1113.

[0056] Returning to the embodiments of FIGS. 2A-2C, the
range meter 111 is preferably placed on top of the weight
plates 102, e.g. connected thereto by means of screws, an
adhesive, clamps, magnet or other fastening means. The
range meter 111 may be fastened to the rod portion, to the
uppermost weight, or other part of the lifting mechanism
114. The range meter, e.g. a time of flight sensor 111, is
configured to measure the distance to the pin 110, more
particularly to the reflector member 1101 on the pion 110. A
benefit of using a time of flight sensor is the small packaging
and high precision in available products, such as e.g. the
VL5310 from STMicroelectronics. In addition, by placing
the range meter immediately on top of the weight stack 102,
and measuring the comparatively short distance to the
engaging member 110, the maximum distance will in most
gym machines never exceed 1 meter, or even a maximum
distance of 50 cm. This makes it possible to employ range
meters adapted for measurement of comparatively short
distances, thereby minimising power consumption. Further-
more, since the range meter is placed vertically over the
reflector member 1101, movement of the engaging member
110 to select a different weight setting will still entail
displacement of the reflector member along the line of sight
of the range meter. By fixedly attaching the range meter to
the lifting mechanism, movement of the engaging member
110 will not lead to any change in position or direction of the
emitter and receiver field of view. This means that a more
reliable and less complex system can be obtained, than with
a system employing an active sender or received in the
movable weight pin 110, especially since most weight pins
are freely rotatable.

[0057] In various embodiments, an operation detection
mechanism is communicatively connected to trigger the
range meter 111 to make a distance measurement responsive
to detection of operation of the exercise machine 101. In the
embodiment of FIG. 3, the operation detection mechanism is
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configured as a unit 301. The operation detection mechanism
301 may comprise a motion sensor 302 connected to sense
movement of the lifting mechanism, and a control unit 303
communicatively connected to the range meter 111. In the
embodiment indicated in FIG. 3, the operation detection
mechanism 301 is configured as a separate unit. The control
unit 303 of a separate unit 301 may wire-bound to control
unit 1111. In an alternative embodiment, the physically
separate operation detection mechanism 301 is wirelessly
connected to the range meter 111. In such an embodiment,
the control unit 303 may comprise a radio or optical trans-
mitter, for communication with a receiver 1114 in the range
meter unit 111. In yet another embodiment, the operation
detection mechanism 301 is wirelessly connected to another
node (not shown), which in turn is wirelessly connected to
transmit a trigger signal to the range meter 111. In one
embodiment, the control unit 303 includes a Bluetooth Low
Energy (BLE) transmitter, providing a wireless personal
area network with reduced power consumption compared to
classic BT.

[0058] In an alternative embodiment, a motion sensor
1115 may be integrated with the range meter 111, and the
control unit for the motion sensor 1115 may form part of the
control unit 1111.

[0059] In one embodiment, the motion sensor 302 may be
configured to repeatedly transmit a sensed motion signal to
the range meter 111, wherein the range meter 111 may
determine whether a received motion signal is of such
character, such as magnitude, acceleration or time, that a
distance measurement is triggered. In an alternative embodi-
ment, the control unit 303 may be configured to carry out a
comparison between a motion signal from the motion detec-
tor 302 and a threshold value, and to transmit a trigger signal
to the range meter 111 to make a distance measurement only
when the threshold value is exceeded. Such an embodiment
will entail less transmission, where the operation detection
mechanism is configured as a separate unit 301.

[0060] Inone embodiment, the operation detection mecha-
nism may include an accelerometer 302 (or 1115), and the
control unit 303 (or 1111) may comprise a CPU including a
memory, such as a non-transitory memory, holding com-
puter program code for comparing a motion signal from the
accelerometer 302 to a threshold. The control unit 302 may
further comprise a BLE transmitter and a battery (not
shown).

[0061] In a preferred embodiment, the motion sensor 302
of the operation detection mechanism 301 is connected to a
member of the lifting mechanism configured to make a
non-linear motion upon operation of the exercise machine.
In FIG. 1, this is schematically illustrated by means of the
unit 301 being attached to a lever of the movable exercise
bar 108. When that type of machine is operated, the lever
will rotate about its suspension axis visible just below the
unit 301. Consequently, the operation detection mechanism
301, with its motion detector 302, will be subjected to a
rotational movement. Where the motion detector includes an
accelerometer 302, rotation thereof about a non-vertical
rotation axis will be detected as a variation or change of the
otherwise sensed gravity acceleration. So, rather than having
to rely on the actual acceleration having to de detected, e.g.
for a vertical linear movement, a delta value which is
substantially independent of the actual speed and accelera-
tion of the movement can be detected. This is a clear benefit,
since the actual linear movement of the weight stack upon
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operation of the machine by a user may be very smooth and
consequently carried out with very small linear acceleration.
It may be noted that location of the operation detection
mechanism 301 shown in FIG. 1 is merely exemplary. It may
e.g. be located on other parts of the pivotable exercise bar
108, or connected to the upper or lower wheel for guiding
the cable 112. A unit 301 comprising an accelerometer 302,
a chip 303 with a CPU connected to a BLE, and a battery,
can be provided in a very small package that easily may be
attached to any part of the exercise machine without inhib-
iting proper operation of the gym machine. The unit 301 may
be attached by e.g. screws, a magnet, an adhesive or the like.

[0062] In a preferred embodiment, an operation detection
mechanism 301 comprising an accelerometer attached to the
gym machine to sense rotation about a non-vertical rotation
axis is configured such that a number of weight lifting
repetitions is calculated by the control unit 303. Preferably,
logic is applied which separates different sets of exercise, by
means of time measurement. As an example, if no accelera-
tion change is detected for a predetermined amount of time,
e.g. 5 or 10 seconds, a set of repetitions is deemed to have
ended, whereas repetitions made with shorter interruptions
are deemed to belong to a common set. This logic may e.g.
be applied by control unit 303, or by control unit 1111 after
transmission of accelerometer data to the range meter 110.

[0063] In one embodiment, the motion sensor may be
comprised in the engaging member 110, configured to detect
movement or placement of the engaging member with
respect to the stack of weights 102 for detecting operation of
the exercise machine. The operation detection mechanism
may further include a control unit 1103, e.g. including a
CPU and a BLE transmitter, corresponding to the descrip-
tion of unit 301. Even if movement of the engaging member
may be slow, i.e. with low acceleration, the entering of the
engaging member in the form of a weight pin 110 until it
reaches a mechanical stop at the weight stack 102, will
provide a spike signal in the accelerometer that is easily
detectable. In another variant of the measurement system,
the operation detection mechanism comprises a proximity
sensor 1102 connected to the engaging member 110, con-
figured to detect movement or placement of the engaging
member with respect to the stack of weights 102 for detect-
ing operation of the exercise machine. As an example, the
proximity sensor 1102 may comprise a magnetometer for
detecting that the engaging member 110 is inserted in the
weight stack 102, by generating a signal which is dependent
on the proximity of the magnetic metal weight stack. In
another example, proper attachment of the engaging mem-
ber 110 in the weight stack may cause or change an electric
character as detected by the proximity sensor 1102, e.g. a
shortcut.

[0064] The control unit 1103 may be configured to deter-
mine whether a detected motion or proximity signal repre-
sents actual operation of the weight machine, in this case the
engaging member 110, e.g. by means of a threshold com-
parison, and to signal the range meter 111 to trigger it to
make a distance measurement. In a preferred embodiment,
the operation detection mechanism is configured to trigger
the optical range meter to make a single distance measure-
ment for an exercise sequence comprising any number of
lifting repetitions without alteration of weight. As an
example, when it is detected, by means of sensed motion or
proximity of the engaging member 110, that it has been
moved, the range meter 111 is triggered to make a single
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time of flight measurement. In one embodiment, a prede-
termined delay may be employed between detection of
operation of the engaging member 110, and carrying out the
distance measurement by means of the range meter 111, for
the purpose of minimising the risk of a user’s hand disturb-
ing the line of sight between the range meter 111 and the
reflector 1101. Such a delay may be short, e.g. 2-5 seconds,
or longer. In an alternative embodiment, detection of use of
the exercise machine by an accelerometer devised to sense
rotation about a non-vertical axis, such as unit 301 in FIG.
1, may be used a trigger for executing the range measure-
ment. Normally, when operation of the machine has com-
menced, there is very little risk that the user obstructs the
mentioned line of sight.

[0065] So, in one embodiment of a measurement system,
operation of the engaging member 110 is sensed by a first
motion detector 1102, movement of the weight stack 102 is
sensed by the same motion detector 1102 or by a second
motion detector 302, wherein the range meter 111 is con-
figured to carry out a distance measurement dependent on
detection on movement of the engaging member 110. The
range meter may be triggered by detection of movement of
the engaging member 110 to measure the distance to it.
Logic in the control unit 1111 may cause the range meter 111
to obtain a distance measurement if movement of the
engaging member 110 has been detected since a last distance
measurement. The control unit 1111 may thus comprise a
memory for storing at least a latest detected distance and/or
corresponding weight setting.

[0066] In one embodiment, the distance measurement is
carried out dependent on detection of movement of the
weight stack 102. More particularly, the range meter may be
configured to carry out a new distance measurement at a
point in time triggered by detection of movement of the
weight stack 102, as reported by a motion detector 302, 1102
or 1115. As an alternative, the range meter may be config-
ured to carry out a new distance measurement at a point in
time triggered by detection of operation of the engaging
member 110, as reported by a motion detector or proximity
detector 1102. By means of these measures for triggering a
single distance measurement upon detecting operation of the
engaging member 110, use of the range meter is minimised,
which may be a crucial object so as to minimise power
consumption in a deployed battery-charged measurement
system.

[0067] According to one aspect, a measurement system is
provided for use in an exercise machine, which exercise
machine comprises a lifting mechanism and an engaging
member for selectively engaging a number of stacked
weights to the lifting mechanism. The measurement system
comprises an operation detection mechanism, such as unit
301, including an accelerometer 302, which is connected to
a member of the lifting mechanism so as to sense rotational
movement about a non-vertical axis upon operation of the
exercise machine. Detected movement may e.g. be used to
trigger a distance measurement or other means for deter-
mining weight, such as obtaining a picture of the attached
weights, sensing an NFC tag of the attached weights, or
other. Detected movement may also be used for calculating
and reporting a number of repetitions, the time characteris-
tics of the exercise etc, e.g. by means of a control unit 303
attached to the accelerometer 302, and preferably also
configured to transmit collected and/or calculated data to a
remote received, e.g. as an observer station 120 or a server
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122. In this broader sense, the measurement system may be
used in an exercise machine such as the one in FIG. 1,
configured for lifting a selectable number of stacked
weights, where the engaging member may be a pin. This
type of measurement system may be used also with other
types of machines, though, e.g. having engaging members in
the form of bar-like protrusions, on which free weights may
be suspended.

[0068] Returning to FIG. 3, an alternative embodiment is
indicated having an auxiliary reflector member 3101
attached to a fixed position 310 with respect to the gym
machine, such as to the floor or a lower fixed member of the
machine. Preferably the auxiliary reflector member 3101 is
positioned such that reflection in the reflector member 1101
and in the auxiliary reflector member 3101, are both sensed
in the detector 1113 after a single signal transmission from
the emitter 1112. The range meter 111 may be directed to
measure a distance to the auxiliary reflector member, and to
use variations of the measured distance to detect movement
of' the lifting mechanism, as an alternative or complement to
the use of an accelerometer 302, 1115 or 1102.

[0069] Preferably, the range meter 111 is held in sleep
mode until the motion sensor or sensors detect absolution
motion, i.e. by when movement of the engaging member 110
is sensed by sensed motion or proximity sensor 1102, when
movement of the weight stack is sensed by accelerometer
302 or 1102, or when both criteria are fulfilled as outlined
above. The measured distance to the reflector 1101 on the
engaging member 110 is converted into a weight measure-
ment, e.g. in a server at the gym or in the cloud, or locally
in the range meter control unit 111. Sensed acceleration (or
distance to the auxiliary reflector member 3101) is then used
to count number of repetitions. The operation detection
mechanism may also count the time for each repetition and
the time for when the motion turns and goes back, e.g. by
means of motion detector 302 or 1102, since such data may
also be of value for the user and a personal trainer. Data,
such as weight, repetitions, time etc., as detected and mea-
sured, may be provided to the user on a display 117 attached
to the exercise machine or at a separate observer station 120.
The observer station 120 may communicate the information
received from the weight pin 110 to a server 122 or a
network account held by the user, via the internet 124 or via
a wired connection (not shown), where the data can be
stored on the server 122 for further processing. Alterna-
tively, or in addition, such exercise data may be downloaded
into a device carried by the user, e.g. addressed using data
obtained by communication with the identification tag 130
of the user, e.g. by means of NFC, Bluetooth® connection
or similar.

[0070] The embodiments described above relate to calcu-
lation of lifted weight of a selected number of weights 102
in a stack. In various types of exercise machines, extra
weights may also be added, so as to set a weight value
between two standard weight stack selections. Various solu-
tions for such a measurement system applicable to such a
machine will now be described with reference to FIGS.
4A-C.

[0071] FIG. 4A illustrates a part of a weight-lifting exer-
cise machine, such as the one of FIG. 1 and described
extensively above. In addition, a movable auxiliary selector
member 401 is provided on the exercise machine, for
engaging an additional amount of weight to the lifting
mechanism. For instance, where each weight 102 of the
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stack weighs 10 kg, the auxiliary selector member 401 may
be rotatably set to add 2.5, 5 or 7.5 kg, so as to obtain a finer
setting. An auxiliary sensor 402 may be included to detect a
position of the movable auxiliary selector member 401.

[0072] As seen in the embodiment of FIG. 4A, the auxil-
iary sensor 402 may include a rotation sensor mechanism
connected to detect angular position of the rotatable selector
member. As an example, the auxiliary sensor 402 may
comprise an accelerometer 403 configured to detect change
of sensed gravitation, as also explained with reference to
unit 301.

[0073] In the alternative embodiment of FIG. 4B, the
auxiliary sensor 402 may include a proximity sensor 411
connected to sense proximity of a detection element 410
connected to the auxiliary selector member. The proximity
sensor 411 may e.g. be a magnetometer, wherein the detec-
tion element 410 may be a magnetic member having a
certain polarity. The magnetometer 411 may sense proximity
to the detection member 410 by means of detected magnetic
field strength, and also field direction as dependent on the
direction between the detection element 410 and the mag-
netometer 411 in different angular positions of the auxiliary
selector member 401. This data may be composed to gather
the angular position, and hence the set weight, of the
auxiliary selector member 401.

[0074] FIG. 4C illustrates yet another embodiment, form-
ing part of a weight-lifting exercise machine, such as the one
of FIG. 1. In this case, the movable auxiliary selector
member includes a handle or lever 420, slidable along a path
421 between two or more positions so as to set an additional
amount of weight to the lifting mechanism. An auxiliary
sensor may include a proximity sensor 411 connected to
sense proximity of a detection element included in the
movable handle 420. The proximity sensor 411 may e.g. be
a magnetometer, wherein the detection element 420 may be
a magnetic member in the handle. The magnetometer 411
may sense proximity to the detection member by means of
detected magnetic field strength.

[0075] In anyone of the embodiments of FIGS. 4A-C, the
sensor 402 or 411 preferably also includes a control unit
404/413 comprising a transmitter, such as BLE, for com-
municating with a central unit such as the range meter 111,
observer station 120 or other, in accordance with the pre-
ceding description.

[0076] According to one aspect, a measurement system
e.g. according to the principles of FIG. 4A or B may be
employed in an exercise machine, which exercise machine
comprises a lifting mechanism and a rotatable selector
member for selectively engaging a number of weights to the
lifting mechanism, wherein the range meter solution as
previously discussed is optional. Such a measurement sys-
tem may comprise a rotation detector 402 or 411 connected
to the rotatable selector member 401, wherein the rotation
detector is configured to determine angular position of the
rotatable selector member which correlates to the weight of
the selectively engaged weights.

[0077] An overall benefit of the proposed measurement
system is that it is easy to install, also in an already deployed
gym environment. A system based on e.g. a time of flight
meter is very robust, and particularly where configured to be
awaken from sleep mode by a motion detector, such as an
accelerometer, it drains very little power and devices
required to build the system carry low cost.
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1. A measurement system for use in an exercise machine,
which exercise machine comprises a lifting mechanism and
an engaging member for selectively engaging a number of
stacked weights to the lifting mechanism, the measurement
system comprising a pair of cooperating members including
a range meter and a reflector member, wherein one of the
cooperating members is connected to the lifting mechanism
and the other of the cooperating members is connected to the
engaging member, wherein the range meter is directed to
measure a distance to the reflector member to determine a
distance which correlates to the weight of the selectively
engaged weights.

2. The measurement system according to claim 1, wherein
the range meter is connected to the lifting mechanism and
the reflector member is connected to the engaging member.

3. The measurement system according to claim 1, com-
prising an operation detection mechanism communicatively
connected to trigger the range meter to make a distance
measurement responsive to detection of operation of the
exercise machine.

4. The measurement system of claim 3, wherein the
operation detection mechanism comprises a motion sensor
connected to sense movement of the lifting mechanism.

5. The measurement system of claim 4, wherein the
motion sensor mechanism is wirelessly connected to the
range meter.

6. The measurement system of claim 4, wherein the
motion sensor is connected to a member of the lifting
mechanism so as to sense rotational movement about a
non-vertical axis upon operation of the exercise machine.

7. The measurement system of claim 3, wherein the
operation detection mechanism comprises a motion sensor
connected to the engaging member, configured to detect
movement or placement of the engaging member with
respect to the stack of weights for detecting operation of the
exercise machine.

8. The measurement system of claim 3, wherein the
operation detection mechanism comprises a proximity sen-
sor connected to the engaging member, configured to detect
movement or placement of the engaging member with
respect to the stack of weights for detecting operation of the
exercise machine.

9. The measurement system of claim 8, wherein the
proximity sensor comprises a magnetometer for detecting
that the engaging member is inserted in the weight stack.

10. The measurement system of claim 3, wherein the
operation detection mechanism is configured to trigger the
optical range meter to make a single distance measurement
for an exercise sequence comprising any number of lifting
repetitions without alteration of weight.

11-15. (canceled)
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16. The measurement system of claim 1, comprising an
auxiliary sensor to detect a position of a movable auxiliary
selector member of the exercise machine, which auxiliary
selector member is configured to engage an additional
amount of weight to the lifting mechanism.

17. The measurement system of claim 16, wherein the
auxiliary sensor comprises a proximity sensor connected to
sense proximity of detection element connected to the
auxiliary selector member.

18. The measurement system of claim 16, wherein the
auxiliary selector member comprises a rotatable selector
member and the auxiliary sensor includes a rotation sensor
mechanism connected to detect angular position of the
rotatable selector member.

19. (canceled)

20. The measurement system of claim 1, wherein the
range meter comprises a time of flight sensor.

21-23. (canceled)

24. The measurement system of claim 20, wherein the
time of flight sensor comprises a light emitter configured to
emit a periodic signal, a light detector, and a measurement
circuit configured to measure distance dependent on an
emitted signal and a reflected signal received by the detector.

25. A measurement system for use in an exercise machine,
which exercise machine comprises a lifting mechanism and
a rotatable selector member for selectively engaging a
number of weights to the lifting mechanism, the measure-
ment system comprising a rotation detector connected to the
rotatable selector member, wherein the rotation detector is
configured to determine angular position of the rotatable
selector member which correlates to the weight of the
selectively engaged weights.

26. The measurement system of claim 25, wherein the
rotation detector includes an accelerometer configured to
sense rotation of the selector member with respect to the
direction of gravity.

27. The measurement system of claim 25, comprising a
control unit configured to establish exercise data by calcu-
lating a weight setting of the exercise machine based on the
detected rotation.

28. A measurement system for use in an exercise machine,
which exercise machine comprises a lifting mechanism and
an engaging member for selectively engaging a number of
stacked weights to the lifting mechanism, the measurement
system comprising an operation detection mechanism
including an accelerometer connected to a member of the
lifting mechanism so as to sense rotational movement about
a non-vertical axis upon operation of the exercise machine.

29. The measurement system of claim 28, wherein the
operation detection mechanism comprises a motion sensor
connected to sense movement of the lifting mechanism.
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