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PHYSIOLOGICAL STATUS MONITORING
SYSTEM

FIELD OF THE INVENTION

[0001] The subject invention relates to physiological moni-
toring systems.

BACKGROUND OF THE INVENTION

[0002] Various physiological monitoring systems have
been proposed. Some determine only speed and distance.
Others monitor the heart rate, respiration rate, and the like of
an athlete, soldier, or first responder. Polar U.S.A., offers a
Team® product in which athletes wear a chest strap equipped
with a heart rate monitor and a transmitter which transmits
heart rate data to a wristwatch worn by each athlete and also
to a base station connected to a personal computer monitored
by a coach and/or trainer. It is also known to display a person’s
heart rate and to relate the heart rate to minimums, maxi-
mums, percentages of the maximum, and the like. See, for
example, U.S. Pat. No. 7,076,291 incorporated herein by this
reference. Zones (e.g., maximum, performance, fat burning,
warm up, and the like) are also known, and they are typically
based on percentages of a person’s maximum heart rate. See,
for example, U.S. Pat. No. 5,769,755 incorporated herein by
this reference.

BRIEF SUMMARY OF THE INVENTION

[0003] Coaches and trainers, as discovered by the applicant
hereof, are most desirous of knowing their athletes heart rate
and speed and also the biomechanical load experienced by
each athlete. In a given workout, two athletes may raise their
heart rates to about the same level but one athlete may be
working harder than the other because he is moving faster
and/or is experiencing higher loads.

[0004] Thus, heart rate data alone may not tell the whole
story. The subject invention provides a novel method of pro-
viding coaches and trainers with the data they desire most. A
new physiological monitoring system is provided which is
ergonomniic in design. Such a system allows coaches, trainers,
and athletes to monitor various loads experienced by athletes
in training, practice, and games.

[0005] The subject invention results from the realization, in
part, that, in one example, a better physiological monitoring
system includes a performance module, implemented in soft-
ware, that calculates various loads experienced by an athlete
(e.g., metabolic load, speed load, and biomechanical load)
where each load is a function of a sensed parameter, various
zones, and a weighting factor for each zone in order to arrive
at a total load score which can be compared with a target load
score so a coach or trainer can tailor practices and even
change a practice schedule during a given practice in order to
reach a desired target load for each athlete and/or for the team
as a whole.

[0006] The subject invention features a load score system
comprising a metabolic sensor for a subject configured to
output metabolic data for the subject, a biomechanical load
sensing subsystem for the subject configured to output bio-
mechanical data, and a speed sensor subsystem for the subject
configured to output speed data. One or more databases
include zones and a weighting factor for each zone for meta-
bolic data, biomechanical load data, and speed data. A per-
formance module is responsive to the metabolic data, the
biomechanical load data, and the speed data and the one or
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more data bases and is configured to calculate a metabolic
load score for the subject, calculate a biomechanical load
score for the subject, and calculate a speed load score for the
subject. An output module is configured to display the sub-
ject’s calculated metabolic, biomechanical, and speed load
scores.

[0007] Inoneversion, the biomechanical load sensing sub-
system and the speed sensor subsystem include an acceler-
ometer such as a three axis accelerometer. The biomechanical
load sensing subsystem includes means for processing the
outputs of the three axis accelerometer and the speed sensor
subsystem includes means for processing one output of the
three axis accelerometer.

[0008] In one example, the performance module is config-
ured to detect peaks in the biomechanical load data above a
threshold, detect events based on the peaks, and for each event
determine a zone for an a weighting factor to be applied to
biomechanical load data to output a biomechanical load score
for the subject. The speed sensor subsystem may be config-
ured to identify steps and their frequency to determine speed
data. The performance module is typically configured to
determine a zone for and a weighting factor to be applied to
the speed data to outputa speed load score forthe subject. The
performance module is typically configured to determine a
zone for and a weighting factor to be applied to the metabolic
data to output a metabolic load score for the subject. In one
preferred example, the metabolic sensor is a heart rate sensor.
[0009] Also, the performance module may include a clus-
tering function configure to increase a load score by a prede-
termined factor if a predetermined number of load events
occur within a predetermined time period.

[0010] The system may further include a garment and a
band integrated with the garment including respiration sens-
ing conductors and one or more additional conductors con-
nected to aheard rate sensor. A dock is attached to the garment
and the dock includes a receptacle with a cover secured to the
band. A printed circuit board is associated with the cover and
includes an accelerometer for the biomechanical load sensing
subsystem and the speed sensor subsystem. A first connector
componentis electrically connected to the respiration sensing
conductors and the at least one additional conductor. A hous-
ing is attached to the garment and receives the receptacle
therein. A portable transmitting unit is removeably received
in the dock and includes a second connector component mate-
able with the first connector component. In this way, the load
scores can be transmitted to a base unit.

[0011] The subject invention also features a physiological
monitoring method comprising determining heart rate data of
a person, the person’s speed data, and a biomechanical load
data experienced by the person. A set of zones is established
for metabolic load, speed load, and biomechanical load. Each
zone has an upper threshold, a lower threshold, and a weight-
ing factor. Based on the determined heart rate data, the time
spent in each metabolic load zone is determined which is then
multiplied by the weighting factor for each load zone and by
the time spent in each zone to determine a metabolic load
score. Based on the speed data, the determined speed data is
allocated amongst the various speed zones based on the
thresholds for each zone and the weighting factor for each
zone is applied to determine a speed load score. Based on the
biomechanical load data, the determined biomechanical load
data is allocated amongst the various biomechanical load
zones based on the threshold for each zone and the weighting
factor is applied for each zone to determine a biomechanical
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load score. A total load score is based on the metabolic load
score, the speed load score, and the biomechanical load score.
[0012] One physiological monitoring system in accordance
with the invention features a metabolic sensor configured to
output metabolic data for a subject, a biomechanical load
sensing subsystem for the subject configured to determine a
biomechanical load event, and a speed sensor subsystem for
the subject configured to determine a step event and to calcu-
late speed data based on step events and the time between step
events. One or more databases store zones and a weighting
factor for each zone for metabolic data, biomechanical load,
and speed data. A performance module is responsive to the
metabolic data, biomechanical load, and speed data and the
one or more databases and is configured to calculate a meta-
bolic load score for the subject by determining, for metabolic
data, a zone for the metabolic data and a weighting factor for
the metabolic data and, based on the zone and weighting
factor, to determine a metabolic load score. A speed load
score for the subject is calculated by determining, for speed
data, a zone for the speed data and a weighting factor for the
speed data, and based on the zone and weighting factor, to
determine the speed load score. A biomechanical load score
for the subject is calculated by determining, for biomechani-
cal load event, a zone for the biomechanical load event and a
weighting factor for the biomechanical load event, and based
on said zone and said weighting factor, to determine a bio-
mechanical load score.

[0013] One load scoring system in accordance with the
invention features a first sensor configured to output a first
type of data for a subject and a second sensor configured to
output a second type of data for the subject. One or more
databases store zones and a weighting factor for each zone for
the first and second types of data. A performance module is
responsive to the first and second types of data, the zones, and
the weighting factors and is configured to calculate a first load
score for the first type of data, and calculate a second load
score for the second type of data. An output module is con-
figured to display a subject’s first and second load scores.
[0014] The subject invention, however, in other embodi-
ments, need not achieve all these objectives and the claims
hereof should not be limited to structures or methods capable
of achieving these objectives.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0015] Other objects, features and advantages will occur to
those skilled in the art from the following description of a
preferred embodiment and the accompanying drawings, in
which:

[0016] FIG.1isahighly schematic block diagram showing
the primary components associated with an example of a
physiological monitoring system in accordance with the sub-
ject invention;

[0017] FIG. 2 is a depiction of the display shown in FIG. 1
displaying various data for several athletes during a practice
in accordance with an example of the subject invention;
[0018] FIG. 3 is a depiction of the display shown in FIG. 1
showing various loads scores for the athletes;

[0019] FIG.4isa flow chart depicting how the performance
module shown in FIG. 1 determines a metabolic load score for
a subject in accordance with an example of the invention;
[0020] FIG.5isablock diagram showing the primary com-
ponents associated with an example of the biomechanical
load sensor subsystem shown in FIG. 1;
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[0021] FIG. 6 is a flow chart depicting the primary steps
carried out by the performance module shown in FIG. 1 to
determine a subject’s biomechanical load score in accordance
with an example of the invention;

[0022] FIG. 7is a graph showing how peaks are detected in
order to flag events in accordance with the processing
depicted in FIG. 6,

[0023] FIG. 8isablock diagram showing the primary com-
ponents associated with an example of a speed sensor sub-
system shown in FIG. 1;

[0024] FIG. 9is a flow chart depicting, in one example, the
primary steps associated with a speed sensor subsystem and/
or the performance module shown in FIG. 1 for determining
a subject’s speed load score;

[0025] FIGS. 10A-C are graphs depicting how steps are
identified during the processing depicted in FIG. 9;

[0026] FIG. 11 is a block diagram depicting the primary
components associated with an example of a physiological
monitoring system in accordance with the subject invention;
[0027] FIG. 12 is a schematic front view of an example ofa
physiological monitoring shirt in accordance with the subject
invention;

[0028] FIG. 13 is a schematic front view of the inside ofthe
shirt shown in FIG. 12;

[0029] FIG. 14 is aschematic front top view of one embodi-
ment of a stretchable band integrated into the shirt shown in
FIGS. 12 and 13;

[0030] FIG. 15A is a highly schematic depiction showing
conductors in the stretchable band of FIG. 14 when the band
is in its relaxed state;

[0031] FIG. 15B is a highly schematic view similar to FIG.
15A except that now the distance between the conductors in
the band has changed because the band is in its expanded
state;

[0032] FIG. 16 is a schematic exploded front view showing
the primary components associated with an example of a
docking station attached to the shirt shown in FIGS. 12 and 13
for a portable transmitting unit shown,

[0033] FIG. 17 is a schematic cross-sectional side view of a
portable transmitting unit in accordance with the subject
invention inserted into the docking station on the garment;
and

[0034] FIG. 18 is a schematic cross-sectional top view of
the subassembly shown in FIG. 17.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Aside from the preferred embodiment or embodi-
ments disclosed below, this invention is capable of other
embodiments and of being practiced or being carried out in
various ways. Thus, it is to be understood that the invention is
not limited in its application to the details of construction and
the arrangements of components set forth in the following
description or illustrated in the drawings. If only one embodi-
ment is described herein, the claims hereof are not to be
limited to that embodiment. Moreover, the claims hereof are
not to be read restrictively unless there is clear and convincing
evidence manifesting a certain exclusion, restriction, or dis-
claimer.

[0036] FIG. 1 shows an example of one preferred physi-
ological monitoring system including metabolic load sensor
subsystem 10 typically including a heart rate sensor and/or
respiration rate sensor. Speed sensor subsystem 12 and bio-
mechanical load sensor subsysteni 14 may share the same
accelerometer. In one embodiment, the sensors are worn by
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the athlete and the data from the sensors is transmitted wire-
lessly to a base station and/or personal computer which is
programmed with software associated with metabolic load
sensor subsystem 10, speed sensor subsystem 12, and biome-
chanical load sensor subsystem 14. Each such subsystem may
also include signal processing software and/or hardware as
necessary.

[0037] Performance module 16 may be embodied in soft-
ware running on a base station and/or a personal computer.
Performance module 16 interfaces with one or more data-
bases 18 populated with zone data, weighting factors, and,
typically, calibration and other data. For example, athlete’s
names, ages, maximum heart rates, fastest speeds, maximum
jump heights, and the like may be stored in database 18.
Alternatively, performance module 16 and database 18 may
be embodied in software operating on a controller or proces-
sor which is a component of the physiological sensor system
worn or carried by the athlete. Or, certain calculations per-
formed by performance module 16 may be carried out on the
worn subsystem while other calculations are performed on
the base station.

[0038] Output module 22 configures the athlete’s meta-
bolic, speed, and biomechanical load scores for display/IO
section 24. Various views of the data can be selected via input
module 20. Typically, display/IO and output module 22 are
associated with a base station monitored by a coach.

[0039] FIG. 2 shows an example of a report generated on
display 24, F1G. 1, wherein data for each athlete is displayed
including the player’s name, heart rate, average speed, meta-
bolic load score (ML), speed load score (SL), and biome-
chanical load score (BML) as well as the athlete’s total load
score at any given time in the practice session. FIG. 3 shows
each athlete’s total load score, metabolic load score, speed
load score, and biomechanical load score graphically dis-
played in relation to the other athletes’ scores, an average, and
a goal as set by the coach or trainer.

[0040] Typically, the metabolic zones include five indi-
vidual zones each having a weighting factor as follows:
TABLE 1
METABOLIC LOAD
% MaxHR
Lower Upper Weighting
Zone Threshold Threshold Factor
s 95% 100% 175
4 85% 95% 14
3 75% 85% 875
2 65% 75% 4375
1 50% 65% 175
[0041] These zone, thresholds, and weighting factors are

stored in database 18, FIG. 1.

[0042] Similarly, the speed and biomechanical zones may
be established in database 18 as follows:
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TABLE 2-continued

SPEED LOAD
m/sec
Lower Upper Weighting
Zone Threshold Threshold TFactor
3 5 6 2
2 3 5 1
1 1 3 0
TABLE 3
BIOMECHANICAL LOAD
Gs
Lower Upper Weighting
Zone Threshold Threshold Factor
5 8 — 9
4 5 8 6
3 3 5 3
2 2 3 2
1 1 2 1
[0043] Thezones and weighing factors will vary depending

on a number of factors including the type of sport, the coach’s
settings, and the like.

[0044] Performance module 16 is configured to determine,
based on the data output of metabolic load sensor subsystem
10, the time spent in each metabolic load zone of Table 1 and
multiply the weighting factor for each zone by the time spent
in each zone to determine a metabolic load score. Referring to
Table 2, performance module 16 allocates the determined
speed data amongst the various speed zones of Table 2 based
on the thresholds for each zone and applies a weighting factor
for each zone to determine a speed load score. An event based
technique may also be used.

[0045] Performance module 16 also allocates the deter-
mined biomechanical load data against the various biome-
chanical load zones of Table 3 based on the thresholds for
each zone and applies the weighting factor of Table 3 for each
zone to determine a biomechanical load score. A running total
of each load score is calculated and displayed. A total load
score is also calculated based on the metabolic load score, the
speed load score, and the biomechanical load score. In one
example, the total load score is a summation of all the indi-
vidual load scores. In other examples, the individual load
scores can be weighted before calculating the total score.

[0046] Inoneexample, suppose athlete A’s heart rate moni-
tor (10, FIG. 1) outputs data indicating athlete A, during a
given practice, spends five minutes in zone five, five minutes
in zone four, five minutes in zone three, twenty-five minutes
in zone two, and thirty-minutes in zone one. Applying the
weighting factors for each of these zones, athlete A’s meta-

TABLE 2 bolic load for that practice, as determined by performance
module 16, is 37.1875 calculated thus:
SPEED LOAD
m/sec
Lower Upper Weighting
Zone Threshold Threshold Factor ZONE TIME WEIGHT SCORE
5 8 — 8 5 5 minutes 1.75 8.75
4 6 8 5 4 5 minutes 1.4 7.00
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-continued
ZONE TIME WEIGHT SCORE
3 5 minutes 875 4.375
2 25 minutes 4375 10.9375
1 35 minutes 175 6.125
37.1875
[0047] FIG. 4 depicts how performance module 16, FIG. 1

determines the metabolic load score of a person. Based on
heart rate data from metabolic load sensor subsystem 10, FIG.
1, the zone is determined, step 30. For example, a heart rate
whichis 87% of a person’s maximum heart rate is determined
to be zone 4 based on the data stored in database 18, FIG. 1.
The person’s stored maximum heart rate can be a fixed num-
ber, a heart rate based on age, or a heart rate based on the
person’s actual heart rate either entered manually via input
module 20 or detected automatically via metabolic load sen-
sor subsystem 10 when the person is required to perform
some task which will raise his heart rate in a prescribed way
in order to calculate the maximum heart rate.

[0048] Instep 32, FIG. 2, the time in each zone is calculated
and in step 34, the time spent in each zone is multiplied by the
weighting factor of each zone. Summing these calculations,
step 36, results in a metabolic load score. Performance mod-
ule 16 adds this score to the speed load score and the biome-
chanical load score to determine a total load score.

[0049] Output module 22, FIG. 1 stores and/or displays all
the load scores on display 24, for example, a base station
wirelessly receiving data from the sensors worn by the person
and/or a personal computer or handheld device linked to the
base station. The software discussed herein may reside on a
base station, PDA, or personal computer and/or may be split
amongst the various platforms.

[0050] The software also typically allows for set ups of
team and player data, live monitoring of physiological data
for each player, the ability to download and database data, and
the ability to provide an analysis, reports, and assistance. A
team set up screen allows the coach or trainer to name the
sport adjusted time, weighting of load scores based on the
sport or activity being monitored, and adjust the positions
played by each athlete, and player status. In a team member
screen, rosters can be imported, pictures can be associated
with each team player, and each player’s number, name, date
of birth, weight, height, maximum heart rate, resting heart
rate, academic year or year on the team, maximum speed, and
the like can be entered and edited. Alarms can be included and
can be activated based on a player by player basis. All of the
alarms can be set to sound an alert if a maximum or a mini-
mum quantity is reached. Settable alarms can include provid-
ing an output if one or more goals are not reached or are
projected to be exceeded by a predetermined amount, alarms
for each load score, and the like. Zone alarms and cumulative
alarms are also possible. A planning module allows coaches
to plan practices and drills and the ability to add a session
name, and then define events in the sessions each with vari-
ables in the fields of cumulative targets, conditions, cumula-
tive alarms, zone alarms, and positions. A calibration module
allows coaches to measure maximum heart rate, resting heart
rate, and respiration volume. Step frequency at walking, run-
ning, and sprinting speeds can also be measured and calcu-
lated. For biomechanical load, the calibration module allows
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the coach to measure a maximum force achieved during a
vertical jump and during an acceleration/de-acceleration
event.

[0051] A live monitor screen output allows a coach to start
a session, set up a session, mark an incident, start an event,
and the like. Goals for the players can be set including goals
for metabolic load, speed load, biomechanical load, total
load, time, distance, calories, and the like. Numerous differ-
ent outputs are possible in accordance with the subject inven-
tion including a load view where the coach is able to view the
load score for each player in the categories of total load,
metabolic load, speed load, and biomechanical load. In a zone
view, the current performance of all players in percentage of
maximum heart rate, maximum speed, calories per minute,
respiration rate, and the like can be viewed. A coach is able to
view each of the players statistics for time above the target,
heart rate, time above the target respiration rate, time above
the target speed, total distance, total calories, number of
sprints, the time in a sprint zone, the time in a run zone,
metabolic load, speed load, biomechanical load, total load,
and number of biomechanical events. Team averages for each
parameter, position averages, and the like can also be dis-
played. In a graph mode, a selectable number of players,
positions, or the entire teams can be viewed via graphs relat-
ing to heart rate, speed, calories per minute, respiration rate,
metabolic load, speed load, biomechanical load, and total
load. In the analysis mode, results can be reviewed and com-
pared with previous results, players can be compared with
each other, players workouts can be compared with each
other, and various graphs over time can be established show-
ing a plot of the total load, metabolic load, speed load, and/or
biomechanical load viewed by intervals such as monthly,
every three-months, every six-months, or a custom length of
time. An analysis can also be performed for single events, or
trends over time. The analysis can be linked to a reporting
function for storing reports saved in the analysis segment of
the software.

[0052] The result is a highly versatile system enabling a
coach or trainer to change a practice as necessary and com-
pare real time player performance versus goals established,
view one players performance in view of the rest of the team’s
performance, and to analyze a player in one position on the
team with other players in that same position.

[0053] The system can also be used to monitor an athlete
rehabilitating after an injury. The player’s loads at each prac-
tice or training session can be controlled per a prescribed
schedule, and comparisons can be made to the athlete’s pre-
injury status thus indicating whether he is ready return to play.
[0054] Event based clustering awards are also possible. For
example, suppose that three significant biomechanical load
events happen in a very short time frame. In such case, per-
formance module 16, FIG. 1 can detect such a cluster and
increase the overall score by some predetermined factor such
as 50%. For collisions, as determined by performance module
16 based on the output of biomechanical load sensor sub-
system 14, performance module 16 may detect acollision (for
example, any accelerometer output greater than 10 gs) and
provide an identification of a collision event and also enable
an increased score factor.

[0055] FIG. 5 shows an example of a biomechanical load
sensor subsystem 14 including three axis accelerometer 50.
The outputs of accelerometer 50 are passed through analog
low-pass anti-aliasing filter 52 and converted to digital signals
at 32 Hz A/D converter 54. These digital signals are filtered
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via digital band pass filter 56 (2 Hz-6 Hz) and each filtered
signal is squared as shown as 584-58¢ and added together as
shown at 60. This signal is then input to performance module
16, FIG. 1.

[0056] Software, (typically operating on a microcontroller
or equivalent) then detects any peaks, step 70, FIG. 6. If the
peak is above the thresholds stored in database 184, as shown
at step 72, then a biochemical load event is flagged, step 74,
when the signal crosses the threshold on the down slope. The
load score for that event is then determined, step 76, based on
the zones and weighting factors for each zone (see Table 3
above) using the data stored in database 185. The load score
for each event is then added to the current total biomechanical
load score, step 78, which is reported, step 80 (e.g., via output
module 22, FIG. 1 for display on display 24 as shown in FIG.
3).

[0057] For example, suppose an athlete has a present bio-
mechanical load score of 10 and then he jumps resulting in
signal output at 60, FIG. 5 which looks like that shown in FIG.
7. Peak 82 is detected and it is above the threshold stored in
data base 18a. Peak 82 is flagged as an event. The amplitude
of peak 82 is in zone 3 of Table 3. Applying the weighting
factor (step 76, F1G. 6) results in a biomechanical load score
of 3 for this event and now the athlete’s total biomechanical
load score is 13.

[0058] In one example, speed sensor subsystem 12, FIG. 8
uses the Z axis output of accelerometer 50 which is passed
through analog low-pass anti-aliasing filter 90 and 32 Hz A-D
converter 92. After filtering this digital signal in digital low
pass filter 94, the output is used to identify steps, step 100,
FIG. 9. A rules engine 102 can be used to identify steps as
shown.

[0059] For example, a peak 110, FIG. 10A, which is below
a threshold (e.g., 1G) is not considered to be a step event. A
peak above the threshold as shown at 112 (FIG. 10B) fol-
lowed by a higher peak 114 followed by a drop off 116 greater
than or equal to one-half of peak 114 is characterized as a step
(i.e, peak 112islikely a heel strike and peak 114is likely a toe
strike). Another possible rule is that peaks 118 and 120,
separated by too long a time as shown in FIG. 10C, do not
constitute a step.

[0060] Step frequency calculator 130, FIG. 9 then deter-
mines the time between steps and speed calculator 132 deter-
mines speed. This data may be output for each athlete as
shown in FIG. 2 and the athletes speed may also be averaged
as shown. Distance may also be calculated based on the
elapsed time. Speed calculator 132 may use data stored in
data base 18¢ (e.g., stride length for that athlete, an average
stride length, a maximum speed for the athlete, calibration
data, and the like) since speed is a function of step frequency
and one or more parameters such as stride length. Typically,
steps 100, 130 and 132 are performed in software imple-
mented in speed sensor subsystem 12, FIG. 1.

[0061] Once an athlete’s speed has been determined, per-
formance module 16 calculates the speed load. Again, soft-
ware is typically used. The speed load, step 134, FIG. 9, is
then determined using an event based routine and/or a time
based routine. For time based criteria, a given speed counts
toward aload score when it is above a minimum preset thresh-
old, step 136, stored in database 184. The speed load is
determined, step 138, for example, using Table 2 above
(stored in database 18e). The speed load is then added to the
present load score, step 140, and reported, step 142.
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[0062] For event based speed load determinations, a speed
event is determined, step 144, based on the speed over a given
stored time interval. For that speed event, the speed load is
determined, step 146, using the zones and weighting factors
(see Table 2) stored in database 18f. The present speed load
score is added to the athlete’s total speed load score, step 148,
and reported, step 150. Reported speed load scores for each
athlete are shown in FIG. 2-3.

[0063] Forexample, suppose an athlete has a current speed
load score of 30. Speed load calculator 132, FIG. 9 deter-
mines the athlete is running at nine meters per second and at
step 144 this event last for ten seconds. So, a speed event is
detected. At step 146, the athlete’s speed load score for that
event is determined to be 8 applying the weighting factor of
Table 2 for a speed event in zone 5. The athletes speed load
score is now 38.

[0064] For speed load calculations based on time in zone,
assume a subject spends the following time in each zone:

ZONE TIME WEIGHT/MINUTES SCORE
5 0:45 8 6
4 2:15 5 11.25
3 8:43 2 175
2 16:15 1 16.25
1 27:30 0 0
68.5
[0065] The time in minutes is multiplied by the score

weight for that zone. Then the total for each zone is summed
for speed load score.

[0066] Another possible feature includes clustering,
wherein, for example, an athlete’s load score is increased by
some factor (e.g., 50%) for events which occur within a short
pre-determined period of time. For example, if an athlete
experiences three biomechanical load events in zone three all
within six seconds, then the calculated biomechanical load
score can be automatically increased by 50%.

[0067] A new physiological monitoring system in accor-
dance with the subject invention may include, in one example,
a garment (e.g., a shirt) 230, FIG. 11 including a band 232
associated therewith. The band may include sensing means
and/or may be attached and/or electrically connected to one
or more sensors 234. See U.S. patent application Ser. No.
11/807,449 incorporated herein by this reference. The band
includes conductors which are connected to connector 236a
of dock 239. Dock 239 typically includes accelerometer 248.
Accelerometer 248 is included to provide data indicative of
the users speed and/or the load experienced by the user. Con-
nector 236a may include conductive pads, for example.
[0068] Portable transmitting unit 238, removeably received
in dock 239, includes connector 2364 which mates with con-
nector 236a of dock 239 to receive the signals transmitted by
the conductors in band 232 and the signals from accelerom-
eter 248. Connector 2360 may include pogo pins, for
example, which mate with the conductive pads of connector
236a when portable transmitting unit 238 is located in dock
239. Portable transmitting unit 238 is configured to wirelessly
transmit signals via transmitter 240 and antenna 242 to a base
unit or the like. Performance data can be stored in memory
247 for later transmission. Portable transmitting unit 238 is
typically small, has a low profile, and is removed from the
garment so that the garment can be washed. Portable trans-
mitting unit 238 also typically includes power supply 244
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providing power to transmitter 240 and controlling electron-
ics 246 which receives and processes signals from connector
236b and controls transmitter 240 accordingly. Other signal
processing components such as A/D converters, signal pro-
cessing circuitry, and the like are not shown in FIG. 11.
Controlling electronics 246 may include the subsystems
shown in FIG. 1, for example metabolic load sensor sub-
system 10, speed sensor subsystem 12, biomechanical load
sensor subsystem 14, performance module 16, and the like.
[0069] An easily washable shirt 230, FIG. 12 can be made
of any fabric (e.g., cotton) but typically is made of a “com-
pression” fabric often including Lycra material (e.g., the
POLARTEC® material available from Malden Mills). For
additional comfort, moisture management and the like, shirt
230 may include fabric fibers of variable loft, thickness or
density placed to coincide with preferred body locations
where desired. Sewn or bonded to the inside (or outside) of
this or any conventional shirt is a stretchable circumferential
band the outline of which is shown in FIG. 12 at 232. The
result in one version is a shirt free of any atypical seams or the
like. The band includes an integrated respiration detection
subsystem, sensors, signal transmission conductors for the
sensors, and a connection subsystem. Cover 250, if used, also
typically made of compression or plush material, may be
sewn and/or bonded over the band. The band 232 may include
an integrated respiration detection subsystem, one or more
sensors, and signal transmission conductors for the sensors.
Portable transmitting unit 238 is received in dock 239
attached to shirt 230. This electronics module wirelessly
transmits respiration and other (e.g., ECG) physiological sta-
tus signals to a remote unit where the wearer’s ECG, respira-
tion rate, skin temperature, heart rate, speed, and activity level
or load may be displayed and/or recorded.

[0070] FIG. 13 shows the inside of shirt 230 and again the
outline of the circumferential band canbe seen at 232. FIG. 13
also shows one exposed ECG electrode 250q inside the shirt
for monitoring the wearer’s heart rate. Additional exposed
ECG electrodes may be attached to band 232. See U.S. patent
application Ser. No. 11/807,449. Other sensors may be added
and may be integrated with the band or connected to it.
Examples include thoracic bioimpedance sensors or biome-
chanical sensors, one or more temperature sensors connected
to the signal transmission elements of the band.

[0071] Note the lack of any loose wires inside or outside the
shirt. Other than the electrodes, and/or any sensors or an
optional cover, only shirt material touches the wearer’s skin.
Except for electronics module 238, FIG. 12 and the slight
outline of the band, shirt 230 looks just like a normal shirt.
Shirt 234 is thus comfortable, aesthetically pleasing, quickly
donnable and doffable, and easy to use. It can be worn under
other clothing, it is easily cleaned, it can wick away body
perspiration, and it does not interfere with the activities of or
duties carried out by the wearer. Physiological parameters
measured are more accurate because the portion of the shirt
including the stretchable band can hold sensors in more inti-
mate contact with the wearer’s body. Also, the sensors are
located away from the module so as the module moves with
the movement of the wearer the sensors are not impacted,
resulting in less motion artifact and further increased accu-
racy of measurements.

[0072] Stretchable band 232 is shown alone in FIG. 14.
Integrated with the fabric of band 232 are conductors (typi-
cally insulated wires) in a flexible configuration typically
in-plane nested pairs as shown at 260a-2607. The nested pairs
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may be sinusoidal as shown, or any other suitable configura-
tion such as triangle wave or zig-zag (not shown). One con-
ductor pair260q is shown more clearly in FIGS. 15A-15B and
can be used as a component of a respiration sensing sub-
system. When the band is relaxed because the wearer has
exhaled, the distance between wires 2704 and 270bisd,, FIG.
15A. When the band is stretched because the wearer has
inhaled, the distance between wires 270¢ and 2705 is d,, FIG.
15B. In this way, by configuring band 232, FIG. 14 to be
circumferential about the wearer’s chest and snug thereabout
in the relaxed configuration, when the wearer breathes, any
nested conductor pair in the band can be used as a respiration
detector.

[0073] An electronics module includes a circuit which
detects changes in, for example, capacitance as the adjacent
nested circumferential conductors move away from and
towards each other as stretchable band 232, FIG. 14 expands
and contracts as shown in FIGS. 15A-15B. That change in
impedance (e.g. capacitance) is thus indicative of respiration
rate, indicating frequency of breaths taken by the wearer, as
well as the depth or volume of each breath. In a plot of
impedance and time, peak to peak distance is indicative of
breathing rate or frequency.

[0074] Other conductor pairs can also be used for sensing
respiration but typically atleast a few conductors are reserved
for signal transmission from sensors such as the ECG elec-
trodes to an electronics module and possibly between the
electronics module and these and other sensors or processing
units which may be included on or electrically connected to
the band.

[0075] FIG. 16 shows an example of dock 239 which is
attached to shirt 230, FIG. 12. Dock 239 includes receptacle
280 which includes printed circuit board 284 encapsulated
(potted) in cover 286. Cover 286 is secured (e.g., sewn and/or
glued) to band 232, FIGS. 12-14. Holes 287 can be used to
sew cover 286 to the band. Conductors in the band and/or
conductors connected those conductors extend through board
284 where they may be sealed against water ingress and then
routed to connector 2364. Connector 2364 may include con-
ductive pads 291 or female connectors, or the like. Board 284
may also includes accelerometer 248 (typically a three axis
accelerometer) the output of which is routed via printed cir-
cuit board 284 to connector 236a. Associating accelerometer
248 with dock 239 instead of portable transmitting unit 238
has several advantages. Dock 239 moves in a way more
closely related to the user’s movements. Also, portable trans-
mitting unit 238 can now be made smaller, and it is rendered
less expensive and less complex.

[0076] Dock 239 can be attached at any location on the
garmentand stretchable bands are used to electrically connect
dock 239 to sensors located elsewhere on the garment and/or
to a respiration sensing band as disclosed above. Cover 286
may be sealed (e.g., ultrasonically welded) to board 284.
Fasteners 283 secure cover 286 to housing 288 via bosses
(e.g., boss 285) in cover 286.

[0077] Housing 288 is attached (e.g., sewn and/or glued) to
shirt 230, FIG. 12 and receives the portable transmitting unit
238, FIGS. 16-17 therein. Portable transmitting unit 238
includes connector 2365 which mates with connector 236a of
dock 239 when portable transmitting unit 238 is slid into dock
239. In this way, the portable transmitting unit receives res-
piration, heart rate, and accelerometer data from the shirt and
records the data via memory 247, FIG. 11 and/or transmits it
to a base station for the monitoring of a person wearing the
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shirt (e.g., by a coach, trainer, commander, or the like) via
transmitter 240. The components shown in FIG. 16-17 may
be made of plastic.

[0078] In this preferred example, housing 288 includes
tongue member 290, FIGS. 16-17 and side rails 292a and
292h, FIG. 16 upstanding from tongue member 290 receiving
portable transmitting unit 238, FIGS. 16-17 therebetween.
Rails 292a and 2926, FIG. 16 curve inwardly over tongue
member 290 to retain the portable transmitting unit in place
forming a dovetail-like interlock between the portable trans-
mitting unit and the dock. Portable transmitting unit 238, FIG.
18 also includes a latch mechanism engaging the portable
transmitting unit in housing 288. The latching mechanism
shown in FIG. 18 includes spaced spring loaded fingers 292a
and 292b releasably received in indents 294a and 2945,
respectively, in housing 288. Buttons 296a and 2965, when
pushed, disengage fingers 292a and 2926 from indents 2944
and 2945 to allow portable transmitting unit 238 to be
removed from housing 288.

[0079] When portable transmitting unit 238 is in housing
288, the combination is typically no larger than 4 inches wide,
8 inches long, and 3 inches high. A prototype unit measured 4
inches long, 2 inches wide and 0.6 inches high. As shown in
both FIGS. 16 and 17, housing 288 has a concave conforming
shape and portable transmitting unit 238 is shaped to fit the
shape of the housing. The result is a low profile, small, con-
forming unit which can be used by athletes, soldiers, or even
animals. Padding may be added behind substrate 282 as well
as over housing 288 for additional comfort and safety.
[0080] O-ring seal 298, FIG. 17 about connector 236b
housing 300 of portable transmitting unit 238 helps insure a
watertight connection between portable transmitting unit 238
and cover 286. Connector 2365 typically includes pogo pins
such as pogo pin 302 received in a port of connector 2364 or
otherwise disposed to contact a trace or pad associated with
connector 236a or conductive element 291 as shown.

[0081] FIGS. 17 and 18 also show portable transmitting
unit 238 antenna 242, power supply (e.g., a lithium battery)
244, and main printed circuit board 310 (for controlling elec-
tronics 246 and transmitter 240, FIG. 11). Included may be a
microprocessor for processing signals from the accelerom-
eter, respirator, heart rate sensor, and any other sensors for
transmission by the transmitter of portable transmitting unit
238. Double sided tape 241 may be placed between antenna
242 and printed circuit board 310. Transmitter 240 is also
shown in FIG. 17 as is accelerometer 248. PCB 310 acts as a
ground plane for the antenna and decouples the wearer’s body
from RF energy transmitted via antenna 242 increasing the
transmission range. Battery 244 is behind antenna 242 so no
RF energy is blocked. Preferably, no conductive components
block antenna 242.

[0082] In accordance with one aspect of the subject inven-
tion, a new physiological monitoring system is provided
which, in one specific version, is more ergonomic than prior
systems. Various other embodiments are within the scope of
the subject invention.

[0083] The subject invention features, in one example, a
physiological monitoring system comprising a garment such
as a shirt, a band integrated with the garment including res-
piration sensing conductors and one or more additional con-
ductors, and a heart rate sensor integral with the garment
electrically connected to an additional conductor. A dock is
attached to the garment and includes a receptacle comprising
a printed circuit board including an accelerometer and a first
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connector component electrically connected to said respira-
tion sensing conductors and the additional conductor(s) and a
cover over said printed circuit board. A housing is attached to
the garment and receives the receptacle therein. A portable
transmitting unit is removeably received in the dock and
includes a second connector component mateable with the
first connector component. The portable transmitting unit is
configured to wirelessly transmit respiration, heart rate, and
accelerometer data to a base unit.

[0084] Padding may beincluded behind the receptacle and/
or over the housing for comfort. Preferably, the housing has a
concave shape. Fasteners may secure the receptacle inside the
housing. One preferred housing includes a tongue member
and side rails upstanding therefrom receiving the portable
transmitting unit therebetween. Typically, the rails curve
inwardly over the tongue member. Also, the portable trans-
mitting unit may include a latch mechanism releasably
engaging the portable transmitting unit in the housing. The
latch mechanism may include spaced spring loaded fingers
releasably received in indentations in the housing,

[0085] In one version, the dock with the portable transmit-
ting unit received therein is no larger than 8 inches wide, 4
inches long, and 3 inches high.

[0086] Thesecond connector component may include pogo
pins and then the first connector component includes conduc-
tors for the pogo pins. A seal member may be included about
the first connector component. Typically, the cover is sewn
and/or glued to the band. A typical portable transmitting unit
further includes a printed circuit board, a battery under the
printed circuit board, and an antenna over the printed circuit
board acting as a ground plane for the antenna.

[0087] The subject invention also features a physiological
monitoring system comprising a sensor subsystem worn by a
person including at least a heart rate sensor, a dock associated
with the sensor subsystem including a first connector com-
ponent electrically connected to the heart rate sensor, and a
portable transmitting unit received in the dock including a
transmitter and a connector component removeably mateable
with the dock connector component to route heart rate data to
the transmitter. The preferred sensor subsystem includes a
flexible band integrated with a shirt including at least one
conductor extending between the heart rate sensor and the
dock. The band may include a pair of conductors configured
for sensing respiration.

[0088] One typical physiological monitoring system in
accordance with the subject invention features a sensor sub-
system worn by a person including at least one sensor (e.g., a
heart rate sensor). A dock is associated with the sensor sub-
system and includes a receptacle comprising a printed circuit
board including a dock connector component electrically
connected to the sensor and a cover over the printed circuit
board, and a housing receiving the receptacle therein. A por-
table transmitting unit is received in the dock and includes a
transmitter and a connector component removeably mateable
with the dock connector component to route sensor data to the
transmitter.

[0089] Although specific features of the invention are
shown in some drawings and not in others, this is for conve-
nience only as each feature may be combined with any or all
of the other features in accordance with the invention. The
words “including”, “comprising”, “having”, and “with” as
used herein are to be interpreted broadly and comprehen-
sively and are not limited to any physical interconnection.
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Moreover, any embodiments disclosed in the subject appli-
cation are not to be taken as the only possible embodiments.
[0090] In addition, any amendment presented during the
prosecution of the patent application for this patent is not a
disclaimer of any claim element presented in the application
as filed: those skilled in the art cannot reasonably be expected
to draft a claim that would literally encompass all possible
equivalents, many equivalents will be unforeseeable at the
time of the amendment and are beyond a fair interpretation of
what is to be surrendered (if anything), the rationale under-
lying the amendment may bear no more than a tangential
relation to many equivalents, and/or there are many other
reasons the applicant can not be expected to describe certain
insubstantial substitutes for any claim element amended.
[0091] Other embodiments will occur to those skilled in the
art and are within the following claims.

What is claimed is:

1. A load score system comprising:

ametabolic sensor for a subject configured to output meta-
bolic data for the subject;

a biomechanical load sensing subsystem for the subject
configured to output biomechanical load data;

a speed sensor subsystem for the subject configured to
output speed data;

one or more databases storing zones and a weighting factor
for each zone for metabolic data, biomechanical load
data, and speed data;

a performance module responsive to the metabolic data,
the biomechanical load data, and the speed data and the
one or more data bases and configured to:
calculate a metabolic load score for the subject,
calculate a biomechanical load score for the subject, and
calculate a speed load score for the subject; and

an output module configured to display the subject’s cal-
culated metabolic, biomechanical, and speed load
scores.

2. The system of claim 1 in which the biomechanical load
sensing subsystem and the speed sensor subsystem include an
accelerometer.

3. The system of claim 2 in which the accelerometer is a
three axis accelerometer.

4. The system of claim 3 in which biomechanical load
sensing subsystem includes means for processing the outputs
of the three axis accelerometer.

5. The system of claim 3 in which the speed sensor sub-
system includes means for processing one output of the three
axis accelerometer.

6. The system of claim 1 in which the performance module
is configured to detect peaks in the biomechanical load data
above a threshold, detect events based on the peaks, and for
each event determine a zone for and a weighting factor to be
applied to biomechanical load data to output a biomechanical
load score for the subject.

7. The system of claim 1 in which speed sensor subsystem
is configured to identify steps and their frequency to deter-
mine speed data.

8. The system of claim 7 in which the performance module
1s configured to determine a zone for and a weighting factor to
be applied to the speed data to output a speed load score for
the subject.

9. The system of claim 1 in which the performance module
is configured to determine a zone for and a weighting factor to
be applied to the metabolic data to output a metabolic load
score for the subject.
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10. The system of claim 1 in which the metabolic sensor is
a heart rate sensor.

11. The system of claim 1 in which the performance mod-
ule includes a clustering function configured to increase a
said load score by a predetermined factor if a predetermined
number of load events occur within a predetermined time
period.

12. The system of claim 12 further including:

a garment;

a band integrated with the garment including respiration
sensing conductors and one or more additional conduc-
tors connected to a heart rate sensor;

a dock attached to the garment, the dock including:

a receptacle comprising:

a cover secured to the band,

a printed circuit board associated with the cover and
including an accelerometer for the biomechanical
load sensing subsystem and the speed sensor sub-
system and a first connector component electrically
connected to said respiration sensing conductors
and said at least one additional conductor;,

a housing attached to the garment and receiving the
receptacle therein; and

a portable transmitting unit removeably received in the
dock and including a second connector component
mateable with the first connector component.

13. A physiological monitoring method comprising;

determining heart rate data of a person, the person’s speed
data, and a biomechanical load data experienced by the
person;

establishing a set of zones for metabolic load, speed load,
and biomechanical load, each zone having an upper
threshold, a lower threshold, and a weighting factor;

based on the determined heart rate data, determining the
time spent in each metabolic load zone and multiplying
the weighting factor for each load zone by the time spent
in each zone to determine a metabolic load score;

based on the speed data, allocating the determined speed
data amongst the various speed zones based on the
thresholds for each said zone and applying the weighting
factor for each said zone to determine a speed load score;
and

based on the biomechanical load data, allocating the deter-
mined biomechanical load data amongst the various bio-
mechanical load zones based on the threshold for each
said zone and applying the weighting factor for each said
zone to determine a biomechanical load score.

14. The method of claim 12 further including the step of
determining a total load score based on the metabolic load
score, the speed load score, and the biomechanical load score.

15. A physiological monitoring system comprising:

a metabolic sensor configured to output metabolic data for
a subject;

a biomechanical load sensing subsystem for the subject
configured to determine a biomechanical load event;

a speed sensor subsystem for the subject configured to
determine a step event and to calculate speed data based
on step events and the time between step events;

one or more databases storing zones and a weighting factor
for each zone for metabolic data, biomechanical load,
and speed data; and

a performance module responsive to the metabolic data,
biomechanical load, and speed data and the one or more
databases and configured to:
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calculate a metabolic load score for the subject by deter-
mining, for said metabolic data, a zone for the meta-
bolic data and a weighting factor for the metabolic
data and, based on the zone and weighting factor, to
determine a metabolic load score,

calculate a speed load score for the subject by determin-
ing, for said speed data, a zone for the speed data and
aweighting factor for the speed data, and based on the
zone and weighting factor, to determine the speed
load score, and

calculate a biomechanical load score for the subject by
determining, for a said biomechanical load event, a
zone for said biomechanical load event and a weight-
ing factor for the biomechanical load event, and based
on said zone and said weighting factor, to determine a
biomechanical load score.

16. The system of claim 15 in which the biomechanical
load sensing subsystem and the speed sensor subsystem
include an accelerometer.

17. The system of claim 16 in which the accelerometeris a
three axis accelerometer.

18. The system of claim 17 in which biomechanical load
sensing subsystem includes means for processing the outputs
of the three axis accelerometer.

19. The system of claim 17 in which the speed sensor
subsystem includes means for processing one output of the
three axis accelerometer.

20. The system of claim 15 in which the performance
module is configured to detect peaks in the biomechanical
load data above a threshold, detect biomechanical load events
based on the peaks, and for each biomechanical event, deter-
mine a zone for and a weighting factor to be applied to output
a biomechanical load score for the subject.
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21. The system of claim 15 in which speed sensor sub-
system is configured to identify steps and their frequency to
determine speed data.

22. The system of claim 21 in which the performance
module is configured to determine a zone for and a weighting
factor to be applied to the speed data to output a speed load
score for the subject.

23. The system of claim 15 in which the performance
module is configured to determine a zone for and a weighting
factortobe applied to the metabolic data to output a metabolic
load score for the subject.

24. The system of claim 15 in which the metabolic sensor
is a heart rate sensor.

25. The system of claim 15 in which the performance
module includes a clustering function configured to increase
asaidload score by a predetermined factor if a predetermined
number of load events occur within a predetermined time
period.

26. A load score system comprising:

a first sensor configured to output a first type of data for a

subject;

a second sensor configured to output a second type of data

for the subject;

one or more databases storing zones and a weighting factor

for each zone for the first and second types of data; and

a performance module responsive to the first and second

types of data, the zones, and the weighting factors and

configured to:

calculate a first load score for the first type of data,

calculate a second load score for the second type of data,
and

an output module configured to display a subject’s first and

second load scores.



THMBW(EF) ARSI R G

NIF(2E)E US20120078127A1

HiES US12/924241

¥R E(ZF)A(F) MCDONALD DAVID
MIELCARZ CRAIGD
NIKIFORENKO SERGEY
GAMBETTA#R

BRiF (TR AR MCDONALD DAVID
MIELCARZ CRAIG D.
NIKIFORENKO SERGEY
GAMBETTA VERNON A.

HAREEFARAGE) ERFRLAILELH.

all

FRIRBAA MCDONALD DAVID
MIELCARZ CRAIG D
NIKIFORENKO SERGEY
GAMBETTA VERNON A

KBAAN MCDONALD, DAVID
MIELCARZ, CRAIG D.
NIKIFORENKO, SERGEY
GAMBETTA, VERNON A.

IPCH %S A61B5/02 A61B5/00

patsnap

&=)A 2012-03-29

RiEHR 2010-09-23

CPCH%S A61B5/0015 A61B5/6805 A61B5/11 A61B5/112 A61B5/1135 A61B5/4866 AG61B5/6823 A61B5/6831
A61B5/7225 A61B5/7235 A61B5/7264 A61B2503/10 A61B2560/0431 A61B2560/045 A61B2560/0456

A61B5/0816
H AT 3R US8585606

SNEBEEE Espacenet USPTO

)

AHBLRESERGPERSR | SIMATRRENORERSR | HEE
NAaHZHENRGHEE. ATRHEENEYHZRABBN FRERKE
BENRMEENDEZAHEEE. ATRHENEECREFREEEEN
AHEREHRE. PRSI EEFREKENATRERE  £W0%
AEBENEEREN SN XS RE Fo RN TR
&2, EMHZENRBEAREEZREN—IRSNGEE | FEREE
NEZHENRBAFT TS, EUHESHENENHIZAFTEINRZ
HENZEEATED. AHERERIANITENRS  EVWHFNEE

ARBD .

238 294a

f |

!

P
292a



https://share-analytics.zhihuiya.com/view/1c7c2098-8976-40c9-a435-cd9cac0d5a86
https://worldwide.espacenet.com/patent/search/family/045871338/publication/US2012078127A1?q=US2012078127A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120078127%22.PGNR.&OS=DN/20120078127&RS=DN/20120078127

