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(57) ABSTRACT 

A method and system is invented for continuous monitoring, 
real-time analysis, and automated and personalized training 
of exercise. The system embodies a multi-sensor data acqui 
sition system to measure body sounds, body signs, vital 
signs, motions, and machine settings continuously and auto 
matically. The system is able to capture the body sounds and 
other vital signs, analyze them, and report and display 
summarized results. The signal processing functions utilize 
a unique signal separation and noise removal methodology 
by Which authentic signals can be extracted from interfered 
signals and in noisy environments, even When signals and 
noises have similar frequency components or are statistically 
dependent. 
The method and system Will facilitate continuous monitor 
ing, real-time analysis, and computerized evaluation of level 
of effort, physical stress, and resulting fatigue during physi 
cal activity or exercise. In addition, based on body sound 
data, or in combination With other monitored physiological 
signals, and knowledge of the individual and exercise being 
performed, the system Will evaluate the person’s physical 
performance and then act as an automated coach to guide 
exercise intensity and duration thereby optimizing and indi 
vidualizing the training process. The invention is especially 
targeted, but not limited to, cardiopulmonary monitoring for 
athletes for improving the ef?ciency and safety of exercise, 
rehabilitation programs for out-of-shape individuals, and 
routine exercise of the general population. 
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METHOD AND SYSTEM FOR CONTINUOUS 
MONITORING AND TRAINING OF 

EXERCISE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/783,424 ?led on Mar. 17, 2006. 
The disclosure of the above application is incorporated 
herein by reference. 

FIELD 

[0002] This disclosure relates to methods and systems for 
facilitating continuous monitoring, real-time analysis, and 
computerized evaluation of level of effort, physical stress, 
resulting fatigue, and remaining energy reserves during 
physical activity or exercise and then performing evaluation 
of that person’s physical performance and acting as an 
automated coach to guide exercise intensity and duration 
thereby optimiZing and individualiZing the training process. 
It also makes possible more ef?cient coaching and training 
of groups. 

BACKGROUND 

[0003] The statements in this section merely provide back 
ground information related to the present disclosure and may 
not constitute prior art. 

Continuous Monitoring of Exercise 

[0004] Currently, heart rate is primarily used as an indi 
cator of exercise intensity in many settings and situations by 
individuals performing exercise. These active individuals 
typically use heart rate monitors that are built into either 
Wrist Watch type devices or into cardiac training equipment 
such as treadmills, recumbent bicycles and elliptical trainers, 
among others. HoWever, the utility of conventional exercise 
monitors is limited to simple calculation of the heart rate, 
virtual distance moved, and sometimes calorie expenditure 
rather than objective level of effort, or actual measures of 
fatigue, stress and remaining capacity for activity. 

Body Sounds and Body Signs for Exercise 
Monitors 

[0005] Continuous monitoring of body functions can be of 
essential importance in evaluation of athletes for optimal 
pulmonary and cardiac training and for detection of danger 
ous conditions during physical activity before they become 
critical. Typical body sounds include heart sounds, lung 
sounds, upper airWay respiratory sounds, etc. Other body 
signs such as chest movements contain further physiological 
information. These body sounds and signs contain speci?c 
information that is related to exercise. For example, some 
essential parameters can be derived from body sounds: heart 
rate, heart pumping volume, respiratory rate, inhale/exhale 
durations and volume, among others. Also, chest movements 
can be used to derive respiratory volumes. All these physi 
ological parameters as Well as others can be used jointly to 
measure a person’s levels of effort, stress, fatigue and 
?tness. 
[0006] For instance, it is Well perceived and commonly 
used that the heart rate is useful for assessing activity levels. 
Also, it is knoWn that heart rate variability indicates a 
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person’s effort and mental stress. Combined parameters, 
such as inspiration duration vs. the overall respiratory rate 
can be effectively used to evaluate a person’s level of effort 
and fatigue. Further, signal analysis of the body sounds, such 
as Fourier analysis and statistical analysis, can extract fea 
tures for body activity and exertion. Such features are 
necessary to accurately estimate total calorie expenditure. 

Noise Reduction During Body Sound Acquisition 

[0007] To obtain quantitative and reliable monitoring and 
detection of emergency situations, it is especially important 
that body sound acquisition obtains sounds of high clarity. 
But acoustic environments of gymnasiums and other related 
sports type facilities impose great challenges for body sound 
acquisition. Unlike acoustic labs in Which noise levels can 
be arti?cially controlled and reduced, and body sounds can 
be processed off-line, these environments are very complex 
acoustically due to loud music, clanging of Weights and 
vibrations from strength training machines, conversations, 
audio from televisions, and other real-life aural artifacts. The 
unpredictable and broadband natures of such noises render 
these physical training locations very dif?cult environments 
for sound analysis. 
[0008] The body sound analyZer invention disclosed in 
US. patent application Ser. No. 11/367,807 surmounts the 
problems inherent in body sound acquisition and analysis 
and this device and methods can be applied to clinical 
settings such as might be found in a physical rehabilitation 
center. 

[0009] HoWever, this neW system and method can also be 
used in removing noise from other physiological (such as 
vital signs), and motion signals (such as chest movements), 
and applied to non-clinical settings much akin to rehabili 
tation centers Which are essentially exercise studios. 
Because body sounds and vital signs contain such a rich 
reservoir of vital physiological information, this type of data 
can be useful for monitoring a person’s response to physical 
activity, and can be de?nitive in determining the amount of 
effort being exerted by a person participating in strenuous 
physical exercise. 

Separation of Body Sounds During Exercise 

[0010] Performance of physical tasks places a tax on the 
cardiopulmonary systems of the human body. Changes in 
these physiological systems must be evaluated in order to 
quantify the person’s physical reaction to exercise. Body 
sounds and vital signs, such as heart and lung, interact With 
each other during data acquisition. Exercise introduces even 
more corruption among body sounds and causes difficulty 
for capturing authentic body sounds and vital signs, and 
causing dif?culties in subsequent diagnosis. The body sound 
analyZer invention of US. patent application Ser. No. 
11/367,807, Which the present disclosure builds upon, pro 
vides multiple improvements in the ability to separate the 
overlapping body sounds and remove confounding noise. In 
the present invention, the body sound analyZer invention 
Will be used in its extension to other signals including vital 
signs and motion measurements. This technology is highly 
desirable, speci?cally for the present invention because it 
helps to perform computeriZed cardiopulmonary evaluation 
during exercise, to use the functionality afforded by the 
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previously disclosed body sound analyzer disclosure of Us. 
patent application Ser. No. 11/367,807. 

Pattern Recognition and Evaluation of Exercise 
Physiology 

[0011] Body sounds, vital signs, and motions contain a 
rich reservoir of vital physiological, pathological, and ?tness 
information that is of critical importance for clinical diag 
nosis and sports medicine. Continuous monitoring of body 
sounds, vital signs, and motions therefore could provide a 
non-invasive and inexpensive means for assisting in evalu 
ating accurately and in real-time the impact of physical 
activity in terms of level of effort, physical stress, overall 
fatigue, relation to peak performance, and relative remaining 
energy reserves With respect to maximum available. More 
over it becomes more feasible to have the information 
necessary to encourage an exerciser to greater effort in order 
to meet the levels needed for them to expend suf?cient 
calories to support their Weight loss goals. In addition, it is 
possible that by monitoring heart and lung functions con 
tinuously a number of the sudden deaths that occur during 
exercise might be avoided by use of the exercise monitors 
disclosed in the present application. 

Prior Art in Sports Training 

[0012] Historical improvements by athletes in sports per 
formance are attributable to advances in technique and form, 
but also due to increases in strength, neuromuscular speed, 
and cardiovascular endurance. Recent improvements in 
these areas have been assisted by neW exercise technologies. 
The most modern sports training centers are able to use 
sophisticated physiological monitors identical to the most 
expensive equipment used by physicians. Migration of train 
ing techniques used by professional and elite athletes to the 
general population has increased understanding that aerobic 
and anaerobic exercise can be made more ef?cient by 
training based on heart rate. 

[0013] In order to more accurately measure aerobic capac 
ity, sports doctors measure many physiological variables 
including lung functions. While pulmonary function is mea 
sured for elite athletes it is not currently practical to measure 
for ordinary athletes unless there are some prevailing medi 
cal conditions such as exercise induced asthma. Even When 
there is the possibility of exercise induced respiratory prob 
lems, lung function is still not measured during day-to-day 
training by professional athletes, much less amateurs. 
[0014] Currently, in actual practice, day-to-day training 
falls under three categories of monitoring. (1) The athlete 
uses self observation of their perceived heart effort, and 
breathing effort or hoW “out of breath” they feel to subjec 
tively assess hoW relatively hard they are pushing them 
selves and hoW tired they are; (2) The athlete uses the same 
cues supplemented With objective values from a heart rate 
monitor; and (3) a trainer directly observes the exercise 
being performed and uses both their oWn personal experi 
ence With the individual, and their expert knowledge to 
assess from visual and auditory cues and possibly heart rate 
information, hoW hard the athlete is trying relative to their 
oWn ability and hoW much reserve energy is available for 
continued e?for‘t. 
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Prior Art in Heart Rate Monitors 

[0015] A very large number of products are noW available 
to portably monitor the heart rate. The rationale for their use 
is: (1) in order to reach ?tness goals, exercise must be at the 
right intensity; (2) heart rate is currently the only accurate 
measurement of intensity or exertion level; and (3) portable 
heart rate monitors (HRM) are the easiest and most accurate 
Way to continuously measure heart rate. 

[0016] A heart rate monitor (HRM) is a tool used to help 
set the pace for exercise. If an individual exercises too hard, 
they Will most likely quit the activity before they get the real 
bene?t. By contrast, there are people Who exercise at too 
leisurely a rate and therefore do not realiZe the bene?ts of 
losing Weight or enhancing cardiovascular functions. Either 
too sloW or too fast a Workout prevents the full bene?t of 
exercise to be gained. Currently, HRM devices can be used 
to set pace levels during a Workout. The claim for these 
HRM devices is that a user could knoW that they are getting 
a similar Workout from a treadmill, a Weight circuit or 
jumping rope by measurement of their heart rate alone. The 
companies that sell these devices and their customers 
thereby tend to equate heart rate With Workout intensity. 

[0017] But elite athletes have resting heart rates that Would 
be dangerously loW in a normal person. The extreme high 
levels of heart rate for elite athletes during strenuous exer 
cise Would likeWise indicate dangerous heart rhythms in a 
normal person. While a single example, this illustrates that 
it is not the case that heart rate is a complete measure of 
exercise impact. It is further clear that heart rate alone does 
not indicate e?fort level of the cardiopulmonary system. 
Therefore a truer measure of exertion during exercise must 

combine more information, such as heart and lung functions 
and other body signs. 

Prior Art in Aerobic Training Machine Monitors 

[0018] Aerobic training machines include stationary 
bicycles, recumbent stationary bicycles, spinning bicycles, 
treadmills, elliptical training machines, roWing machines, 
cross country skiing machines, and stair climbing machines, 
among others. Electronics and programmability are impor 
tant additional features on advanced aerobic training 
machines. A built-in heart rate monitor has become the 
standard on many cardio training machines. These built-in 
monitors typically require that the athlete grasp tWo con 
ductive electrodes so that the heart signal can be picked up 
by the electrocardiogram (ECG) circuitry. These internal 
ECG devices are manufactured for example by the company 
Polar USA (WWW.polarusa.com). Polar makes a system that 
can be built into an exercise machine and communicate 
Wirelessly With a Polar chest ECG sensor Worn by the 
athlete. The heart rate results are automatically displayed on 
the display built into the cardio exercise machine. 

[0019] Other than the heart rate, the electronics of cardio 
machines typically does hot have the capability to measure 
other physical or physiological information from the athlete. 
Because of the lack of such infonnation, the display on the 
exercise machine can only include information regarding 
virtual distance traveled, time exercised or information 
re?ecting the machine level of dif?culty settings. 
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Prior Art in Strength Training Machine Monitors 

[0020] Even the most expensive and elaborate strength 
training machines (STM) typically do not have feedback 
displays for physiological measurements from the exercis 
ing athlete as these STMs are usually Weight or resistance 
based and have no inherent need for electronic instrumen 
tation. The exception includes some of the strength 
machines Which use hydraulic resistance mechanisms. 
These types of STMs have an electronic display for their 
resistance settings and sometimes the number of repetitions. 
But even in those cases, the STMs typically do not have built 
in heart rate monitors. This may be because the manufac 
turers expect that the athlete Will be using cardio machines 
for their cardiopulmonary training. 
[0021] This situation seems to hold even though circuit 
training has become popular. The circuit training concept is 
that sWitching quickly betWeen strength machines With no 
pause Will thereby elevate heart rate and give a cardio 
Workout at the same time as the strength training Workout. 

Prior Art in Fitness Training Classes 

[0022] Group ?tness classes are very popular at larger 
health clubs. These classes include gentle stretching as in 
yoga but more frequently are some type of aerobic training 
ranging from kick-boxing to step aerobics, hip-hop dance, 
and spinning or bicycling among others. The class trainer 
frequently instructs the class members to take their pulse 
rate manually. Increasingly, many participants use a personal 
HRM to ease their pulse taking during the exercise class. 
[0023] The goals of such classes are often perceived as 
determining hoW hard the trainees should be Working during 
the Workout. Success is often measured on the basis of 
achieving targeted exertion levels (target zones) de?ned by 
percentages of the maximum heart rate (Max HR). Max HR 
is the highest heart-rate value that can be reached With an 
all-out effort to the point of exhaustion. 
[0024] But basing the Workout on Max HR is problematic. 
This is because the best method for determining Max HR 
remains an object of debate. The rule of thumb used in most 
aerobic classes is to estimate Max HR With the formula “220 
minus your age.” HoWever after research into the reliability 
of this method, exercise physiologists have concluded that 
Max HR cannot reliably be deduced using this simple 
equation. This is due in large part to the fact that Max HR 
is dependent on genetics more than age. In fact, most people 
of similar age do not have the same Max HR. Without 
accurate measurement of Max HR the target zones depen 
dent on this value Will also be inaccurate. Therefore classes 
conducted based on use of HRM cannot really achieve their 
stated objectives. 
[0025] In fact, more accurate methods for estimation of 
Max HR employ maximal and sub-maximal tests to evaluate 
the body’s reactions to real aerobic loads. The most precise 
of these alternatives uses complex maximal oxygen con 
sumption or maximal oxygen uptake (V02 max) equipment 
to pinpoint the body’s biochemical reactions at various 
stages of exertion. While a maximal oxygen uptake test does 
yield an accurate determination of the true Max HR, it 
requires an all-out effort, is very physically demanding, 
requires supervision, and is not advised for those Who are 
not already in relatively excellent shape. 
[0026] All of the above mentioned prior systems are 
therefore de?cient in their ability to serve as a platform for 
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automated training of an athlete based on their individual 
capabilities. Prior systems use means for making their 
assessment of exercise level based on strictly heart rate 
thresholds that are derived from patient populations, but do 
not provide a means to generate individualized true level of 
effort assessments based on information more than heart 
rate. In particular, no prior exercise systems use body 
sounds, vital signs, and motions information to better assess 
personal level of effort. No prior art is able to put con?dence 
values on the assessments of performance they determine. 
LikeWise no prior art has provision for real-time tracking of 
personalized athletic assessment variables. Therefore no 
prior art can accurately perform an energy balance calcula 
tion and accurately determine When enough calories have 
been expended to provide for Weight loss. Moreover, none 
provides means for continuous updating of their underlying 
training or coaching algorithms. LikeWise prior art does not 
provide means to train simultaneously and also individually 
all the members of an exercise class based on objective 
measures of their personal ?tness and activity level. No prior 
art has the means to automatically recognize the fatigue 
level of the athlete based on the motion on a machine or in 
control of movement on an exercise machine, much less use 
this information for coaching. Moreover no prior art has 
means to permit competitions betWeen remote classes to 
serve as a motivational tool to help all the athletes achieve 
their best possible performance and reWard the classes and 
individuals for their oWn efforts With respect to their per 
sonal capacities. 

Objects 

[0027] In vieW of the above state of the art, the present 
invention seeks to realize the folloWing objects and advan 
tages. 
[0028] It is a primary object of the present invention to 
provide a method and system for monitoring multiple sites 
of body sounds, vital signs, and motions automatically and 
continuously, and thereby calculate measures of physiologi 
cal rates and their variability in heart beat, breathing, and 
other physiological rhythms. 
[0029] It is another object of the present invention to 
provide a method and system With means for the cancella 
tion of background noise that has overlapping time and 
frequency components With body sounds, vital signs, and 
motions. 

[0030] It is another object of the present invention to 
provide a method and system With means for separation of 
body sounds, vital signs, and motions on the basis of the 
rhythmic nature of these body sounds, vital signs, and 
motions, such as heart beats and the inhale/exhale cycle in 
lung sounds, With means for time-shared and individualized 
noise cancellation in order to identify the signal transmission 
channels iteratively, in real-time to separate body sounds, 
vital signs, and motions and to remove undesirable noise 
artifacts and to perform channel identi?cation and noise 
cancellation. 

[0031] It is another object of the present invention to 
provide a method and system With means for real-time and 
individualized adaptive pattern extraction display of 
extracted heart rates, breath rates, and other body signals 
along With variability of these quantities so that the indi 
vidual engaging in physical activity can monitor the impact 
of their activity on these quantities. 
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[0032] It is another object of the present invention to 
provide a method and system With means for real-time and 
individualized adaptive pattern extraction of personal 
response to exercise that rates its quality in terms of con? 
dence criteria. 
[0033] It is another object of the present invention to be 
able to estimate maximum cardiopulmonary capability 
including for example Max HR and Max Lung Volume 
Without uncomfortably or even dangerously high levels of 
effort. 

[0034] It is another object of the present invention to 
provide a method and system With means for generating 
personal indices for exercise effort, physical stress, fatigue, 
and ?tness levels. 

[0035] It is another object of the present invention to 
provide a method and system With means for optimiZed 
dynamic recommendations for exercise geared to an indi 
vidual’s personal goals. 
[0036] It is another object of the present invention to 
provide a method and system Which more accurately rates 
the current and accumulated level of effort of an individual 
engaged in exercise or physical activity based upon their 
personal vital signs and actual physical Work being per 
formed. 
[0037] It is another object of the present invention to 
provide a method and system Which can permit a trainer to 
observe a group of members of an exercise class from a 
supervisory system and track hoW each individual in the 
class and hoW the class as a Whole is responding to and 
tolerating the activity. 
[0038] It is another object of the present invention to 
provide a method and system Which can permit multiple 
classes to compare their levels of effort With other classes at 
the same time so that contests can be held to reWard both 
individual members of an exercise class or permit compe 
tition betWeen disparate classes in order to reWard absolute 
performance but also level of effort and group effort all 
While making sure no participant reaches a dangerous level 
for their health. 

[0039] It is another object of the present invention to 
provide a method and system With ability to monitor physi 
cal activity and recogniZe imminent physical cardiovascular 
problems Warn to prevent exercise from reaching dangerous 
levels 

[0040] It is another object of the present invention to 
provide a?irmation for successful restriction of key param 
eters to a normal region, Warning alarms for deviation of key 
parameters from their safe regions, and make remedial 
recommendations for activity based on the automated 
parameter trajectories. 
[0041] It is another object of the present invention to 
provide a method and system Which can manually recogniZe 
or automatically recogniZe a piece of exercise equipment 
and from a stored database remind an individual about hoW 
to adjust the machine to ?t the individual’s body siZe and 
exercise level requirements. 
[0042] It is another object of the present invention to 
provide user interface softWare Which captures automati 
cally or alloWs the operator to enter actual exercise per 
formed including repetitions, force or Weight levels, and 
number of sets among others relevant factors. 

[0043] It is also an object of the present invention to 
provide a means to store the results of the completed daily 
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exercise program and transfer for analysis to conventional 
personal computers in order to support analysis of progress. 
[0044] It is also an object of the invention to alloW the 
exercise machines to communicate With the present inven 
tion to make knoWn the particular machine type and model 
so that the system of the invention remembers that machine 
and can remind the athlete of the preferred position settings 
for that machine and so that the proper ergonomic relations 
are achieved for comfort and safety and to also remember or 
store the optimum Workout repetitions and Weights to rec 
ommend to the user so that the Workout objectives are best 
met be they large number of repetitions With loW Weight for 
maximum Weight loss, or loW number of repetitions and 
maximum Weight or resistance for greatest muscle siZe or 
bulk gain. 
[0045] These and other objects and advantages of the 
present invention Will become more apparent from the 
description and claims Which folloW, or may be learned by 
the practice of the invention. 
[0046] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and speci?c examples, While indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
scope of the invention. 

SUMMARY 

[0047] This application claims the bene?t of Provisional 
Patent Application No. 60/783,424 ?led on Mar. 17, 2006. 
[0048] In order to optimally perform continuous monitor 
ing and training of exercise, a personal exercise monitor and 
trainer (PEMT) system is provided. A Body Sound/Signal 
AnalyZer module (BSA) is incorporated in the present 
PEMT system and methods Which provide objective mea 
surement of the level of effort expended by the user and 
make possible estimation of the remaining energy reserves. 
The BSA is a computerized cardiopulmonary analysis mod 
ule Which can separate overlapping body sounds, vital signs, 
and motions so that they can be utiliZed for real-time 
diagnosis. HoWever it has analysis algorithms can be applied 
to any physiological signals. These processed sensor signals 
are combined Within the present system and methods for 
further analysis With signals from additional physiological 
sensors. Informational parameters are generated from these 
signals, Which include, for example, useful characteristics of 
lung and heart sounds, heart rates, and variability, respira 
tory rate, inhale and exhale duration and strength, magni 
tude, frequency center, frequency band, body oxygenation 
and exhaled gases, etc. Based on these informational param 
eters among others, the folloWing pattern recognition mod 
ule or stage uses a neW methodology of multi-variable 
analysis to accurately estimate, among other variables, the 
effort level and energy reserves remaining for the particular 
individual. 
[0049] Accordingly, a system and methods for physical 
training are provided Which minimiZes the burden of 
memory of machine settings, level of effort determination, 
physical monitoring, and progress record keeping among 
others upon the user and thereby maximiZes the efficiency of 
exercise. The system and methods include a Way to auto 
matically or manually acquire information about Which 
strength training or cardio machine the user is currently 
using to exercise. Advance setup of the system captures the 


































