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(57) ABSTRACT 

The present invention relates to a method for measuring an 
exercise, in which method the electrical Signals caused by 
active muscles are measured with a measuring device and 
response is given from the physical performance with a 
perceivable signal. In the method in accordance with the 
invention by measuring and analyzing EMG activities of 
muscles or EMG activities of muscles and movements of the 
body quantities describing the physical performance and/or 
the result of the physical performance are calculated or 
evaluated. 
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Fig. 5 

  



Patent Application Publication Aug. 11, 2005 Sheet 5 of 5 US 2005/0177059 A1 

b) 
  



US 2005/0177059 A1 

METHOD FOR MEASURING EXERCISE 

0001. The present invention relates to a method for 
measuring exercise by means of measuring the activity of 
muscles of the body, in which method the electrical signals 
caused by the active muscles are measured with a measuring 
device and response from the functioning of muscles and of 
the exercise is given to the user with a perceivable Signal. 
0002. It is generally known that by means of EMG signal 
received from muscles it is possible to measure levels of 
activity of muscles and from those calculate various quan 
tities describing the functioning of muscles and the body. 
EMG signals are usually measured through electrodes 
placed on the Surface of the skin on muscles. Measured 
EMG signals are then typically transmitted either to be 
presented in real-time on a Screen or Signals are Saved in a 
file format for later examination and analysis. Each EMG 
Signal forms a So-called profile, in which the active and 
passive phases of the measured muscle are to be seen as 
variations of amplitude of a Signal. In addition, the fre 
quency spectrum of a signal includes information about the 
functioning of a muscle. Quantities describing the function 
ing of muscles are, among other things: 

0003 muscle loading and variations in it 
0004 distribution of loading on various muscles of 
the body 

0005 a side difference of two symmetrical muscles, 
while loaded simultaneously or cyclically by turns 

0006 activation order of muscles, activation times, 
reaction time etc. 

0007 fatigue of muscles. 
0008. In addition, a great number of other quantities to be 
monitored and Supervised may be calculated from the pat 
tern, amplitude and frequency spectrum of an EMG signal 
and from variations in those. 

0009. It is common to monitor active muscle functioning 
and, at the same time, to give response of the functioning in 
different ways, Such as in Visual numbers, graphics or by 
means of Sound. The response method is placed either in the 
measuring device itself or in a distance from it in a Separate 
display unit. Many times these measuring and displaying 
units are, however, a part of a bigger System, in which case 
training and physical exercise must be performed in a 
Specific space Such as a Sports laboratory or a gym. 
0.010 With present methods, it is possible to gather 
information about training or physical exercise during train 
ing/moving but the problem is how to present the informa 
tion and/or response immediately and the whole time in any 
performing place irrespective of the circumstances and/or 
the place. In addition, in many Sports events real-time 
information about muscles of the body and/or limbs and 
their functioning is needed and with present equipment this 
kind of information may not be gathered. 
0.011 Electrodes in measuring devices are usually round 
Spot like electrodes with about 1 cm diameter. These elec 
trodes are placed and attached usually on a muscle with 
Some Suitable attaching medium Such as glue in the elec 
trode itself, with a separate tape, belt etc. Electrodes are 
placed on the muscle to be measured, thus trying to attain as 
pure as possible EMG signal and, on the other hand, trying 
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to avoid errors and disturbances from adjacent muscles. 
Therefore placing of electrodes must be carried out with 
extreme accuracy to ensure reliability, repeatability and 
comparability of measurements. In addition, electrodes may 
come off or remove from their place due to an exercise or 
perspiration. 

0012 Today so-called pedometers are commonly in use, 
with which it is possible to count Steps during a physical 
performance. Knowing the number of Steps, it is possible to 
count the walking and running rhythm and by means of the 
rhythm to assess the Velocity of proceeding and the distance 
covered. In addition, while cycling it is possible to count, 
among other things, the number of revolutions of cranks in 
time unit, i.e. the cadence and the power output directed to 
pedals by means of Similar equipment. With present pedom 
eters, it is possible to count the number and the rhythm of 
Steps for practical purposes reliably, but measurements of 
the Velocity of proceeding and the distance covered are 
relatively rough estimations. In addition, the equipment in 
question has not the ability to adapt to outer factorS Such as 
variation of the terrain and the weather conditions as well as 
to individual or momentary changes in pacing. 

0013 With present pedometers, it is possible to count the 
number and the rhythm of Steps and on that ground to assess 
the distance covered and the Velocity used. The recognition 
of a pace is carried out by recognizing the mechanical 
movements in a pace by means of a Sensor attached either to 
the body or to a running shoe. Estimation of the distance and 
the time is based either on the calculations carried out by 
means of an approximate pace length or, in more advanced 
models, on analyzing of the changes in the path of a foot 
Seen as a function of Velocity detected in the motion signal. 
The pace length is calibrated individually and it is fed as the 
initial data to the equipment. The weaknesses of these 
methods are the problems related to the measuring accuracy. 
The pace length and the shape of a pace of a runner vary, for 
example, because of the shape of the terrain, the degree of 
hardness of the ground, the amount of outfit, the direction of 
the wind etc. Outer factors. In addition, along with the 
developing of the condition and the running technique the 
pace length may change either to be longer or shorter. In 
addition, by examining mere mechanical motions it is not 
always possible to recognize paces reliably, because the 
Vibration generated in running may cause disturbances 
affecting the calculation of a motion signal. 

0014) To measure distance and velocity also equipment 
based on GPS locating are employed today. This equipment 
is, for the time being, rather expensive and, in addition, the 
power consumption requires a big and heavy accumulator or 
battery. Therefore, they adapt poorly to be used as a part of 
a Small, multi-functional, portable device. GPS requires a 
clear connection from a device to a Satellite and therefore 
measuring is not possible indoors and in the shades of 
terrain, for example, in a forest. Even Short Shades prevent 
continuous measuring and cause therefore errors in results. 
Due to the flying path of satellites, also the intensity of GPS 
Signals varies in different parts of the earth and in different 
times of the day. 

0015 Today there are devices in use, in which a sensor 
placed in close proximity to the rotation path of pedal cranks 
in a bicycle frame counts the number of passings of a magnet 
placed in a pedal crank from which the number of revolu 
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tions of cranks in minute i.e. the cadence may be calculated. 
The problem with these meters is the mounting, which 
requires accuracy in defining the right distance between the 
magnet and the Sensor, as well as the Sensitivity for damages 
in mounting, for example, in mountain biking. In addition, 
employing this kind of cadence measuring in Several 
bicycles requires mounting of a Sensor and a magnet to each 
bicycle. 

0016. By measuring the velocity and the tightness of the 
chain of a bicycle as well as the number of revolutions of 
cranks, it is possible to assess the power directed to the pedal 
cranks and the distribution of power between legs. This kind 
of measuring indicates the power created by the body but no 
conclusion may be drawn from the result on what kind of 
muscle loading the measured power has been created i.e. 
what the efficiency of the physical performance is. For the 
Same reason the use of the measuring of the created power 
does not enable the monitoring of cumulative total loading 
i.e. the amount of work. The use of measuring of power in 
Several bicycles requires mounting of a Sensor and a magnet 
in each bicycle as rapid mounting of Sensoring is not 
possible. 

0.017. The available equipment for measuring of muscle 
loading is mainly meant for research use i.e. measurements 
may be carried out only in carefully Selected times, in 
controlled circumstances and while guided by an experi 
enced user. Apart from a measuring device also a separate 
computer and a programme are in most caseS required, by 
means of which the measuring parameters interesting to the 
user are first defined to the device and, on the other hand, the 
results are available only afterwards analyzing the data 
gathered in the memory of the unit. The devices mentioned 
are not good enough for personal and every day use while 
they should be light, easy-to-use and economical. 

0.018 Present measuring methods of body loading suit 
able for every day use are based on monitoring the heart rate 
and variations in it. When the loading is constant or changes 
in it are slow the heart rate is a good indicator of the loading 
level but in all physical performances, the monitoring of 
heart rate is not enough for estimating the optimal loading. 
During exertion, the heart reacts, in most cases, through 
changes in oxygen need to changes in the whole body, but 
it does not identify those parts of the body, in which the 
changes of loading are happening. In addition, the heart is 
not capable of identifying fast changes of loading, which, 
however, may affect the endurance, fatigue or the generating 
of Substances causing Stiffening, Such as lactate, and there 
fore the performance itself. In addition, at least on low heart 
rate levels apart from physical loading also mental factors 
have influence on the heart rate. Outer factors, Such as rises 
and falls in the terrain, contrary wind etc. and momentary 
changes in the running rhythm may cause unnecessary or 
premature fatigue of muscles of leg, which could be pre 
vented by reacting quickly to the changing load. On the 
other hand, by monitoring only the heart rate the user is not, 
in all situations, capable of facilitating all power recourses 
in his or her body, in which case especially in competition 
may not reach the best possible performance level. 

0019. The training of endurance of muscles requires 
intentional loading of muscles with various power levels 
depending on which Sector of endurance is desired to be 
developed. To raise basic endurance aerobic long-term exer 

Aug. 11, 2005 

tion, carried out with light load, is required. On the other 
hand, So-called lactate exercises are meant to develop tol 
erance of extreme load and maximum loading levels are 
needed. In addition, depending on different Sports various 
medium levels of earlier mentioned loads are needed. 

0020. With present methods, a loading is measured from 
one muscle at a time and thus a person's efficiency is tried 
to be assessed. An EMG measuring of one muscle describes 
the function of that muscle accurate but the results from that 
may not be generalized to describe the total exertion of that 
limb or part of the body in question. Therefore measure 
ments must be carried out from different muscles affecting 
the motion of that limb and by Summarizing the results from 
those the total loading may be assessed. In present equip 
ment this means increasing of the number of measuring 
channels and thus more complicated and unpractical con 
Struction. 

0021. The purpose of the invention is to provide a method 
for measuring an exercise, with which the disadvantages of 
present measurings are eliminated. Especially, the purpose 
of the invention is to provide a method, with which it is 
possible to monitor and to assess an exercise and the 
quantities describing the results from it as well as to receive 
response from an exercise all the time immediately, reliably 
and Simply. Further, the purpose of the invention is to 
provide a method, with which it is possible to get real-time 
information about the functioning of muscles and the level 
of efficiency during an exercise. 
0022. The object of the invention is accomplished by a 
method, the characteristics of which are presented in the 
claims. 

0023. In the method in accordance with the invention 
quantities describing an exercise and/or the result of an 
exercise are calculated or assessed by measuring and ana 
lyzing EMG activities of muscles or EMG activities of 
muscles and movements of the body. By means of a method 
in accordance with the invention, a user receives an imme 
diate response about an exercise, functioning of muscles, 
balance of muscles and changes in balance etc., by means of 
which the user may regulate and improve the efficiency of an 
exercise and prevent weakening of efficiency due to fatigue 
of muscles. 

0024. In accordance with the invention the rhythm of an 
exercise and/or the total number of movements are advan 
tageously measured Such that from one or Several EMG 
Signals measured from one or Several muscles during an 
exercise the number of activating times in it during a desired 
period of time is identified and by means of those the 
number of physical performances carried out in a time unit 
and/or the total number of physical performances are cal 
culated. This means measurements of the rhythm of various 
Sports events, repetitions of movements or the total number 
of movements. Monitoring of the rhythm of an exercise is 
important, for example, for exercising endurance, Velocity 
and Strength characteristics and for developing the economy 
of a performance. By means of the number of movements, 
for example, the duration and the total loading of a perfor 
mance are monitored and, for example, the number of 
repetitions needed in the exercise is Supervised. Endurance 
Sports, Such as running, cycling, skiing and rowing are often 
related with an optimal rhythm area from the proceeding 
Velocity and energy consumption point of View, and follow 
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ing that rhythm area the best result is achieved. Developing 
of the condition of muscles, for example, by means of 
equipment at a gym or learning of a right performance 
technique require performance rhythms, number of repeti 
tions and the total number of movements of very various 
levels depending on goals. 
0.025 In an advantageous application of the invention, 
the rhythm of a physical exercise with alternating rhythm 
Such as running or cycling is measured with one or Several 
measuring devices. In the method in accordance with the 
invention, the activity profiles of EMG signals from muscles 
used in physical exercise are measured. During walking and 
running the pace rhythm and/or the total number of Steps are 
counted from EMG signals during pacing from muscles of 
the front part and/or back part of the thigh and/or muscles 
below the knee i.e. by means of the number of contractions 
of muscles or muscle groups. Contractions in both legs are 
counted, in which case the number of Steps may be identified 
from both legs Separately and in that way Secure the accu 
racy of the calculated rhythm. The equipment in accordance 
with the method may comprise also one or Several motion 
Sensors placed on the body and/or on the limb, in which case 
the accuracy of calculation may be improved even more by 
comparing results from various independent Sources with 
each other. The number of Steps is calculated by Summariz 
ing the number of identified paces in desired time period or 
during the whole exercise. The method in accordance with 
the invention offers a method more accurate and more 
adapting to changes than present pedometers to measure 
proceeding Velocity and covered distance. In addition, the 
method may easily be applied also in other rhythmical 
physical performances requiring the use of legs, Such as 
Skiing, rowing, canoeing and in exercises at a gym. 
0026. In another advantageous application the calculation 
of the rhythm and the number of performances are applied 
in exercises requiring the same rhythm of the limbs. These 
kinds of performances are thrust and jumping exercises with 
both legs together. Another example is Strokes of an oar 
during rowing, which include flexing of arms and Simulta 
neous extending of legs on a sliding bench. In addition, 
calculation of the rhythm and the number of performances at 
a gym may be employed for guiding and monitoring the 
exercise programme. 

0027. In the next application of the invention with one or 
Several measuring devices the proceeding Velocity of walk 
ing and running are measured, which Velocity is calculated 
by measuring the pace length by means of the time of the 
foot being on the ground and by multiplying the pace length 
by pace rhythm. From activity profiles of muscles the basic 
phases of a running pace, Such as the take-off moment, the 
recovery phase as well as the Striking moment and the 
toe-off moment may be identified in Spite of the running 
velocity, style or individual differences. The shape of activ 
ity profiles and the activating moments of muscles vary, for 
example, due to running Velocity and changes in the terrain. 
Especially, the time of the foot being on the ground in 
proportion to the whole pace is reduced while the walking or 
proceeding Velocity increases. While walking one foot 
touches the ground the whole time but while running the 
both feet are in the air at the Same time between paces. The 
time of a foot being on the ground may be identified and 
measured from activating phases of one or Several EMG 
Signals measured from one or Several muscles. Therefore, 
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the time of the foot being on the ground may be measured 
from the Starting damping phase when the foot Strikes the 
ground to the moment of activation of muscles creating the 
take-off. Gluteal muscles and the front muscles of the thigh 
are mainly responsible for the damping and the back 
muscles of the thigh provide the take-off. The recovery time 
is assessed mainly based on the length of the resting time to 
be seen in the activity profile of the back part muscles of the 
thigh. 

0028. In an advantageous application of the invention the 
momentary proceeding Velocity of walking or running is 
assessed by calculating the ratio of one and/or Several 
loading levels during a pace calculated from EMG signal to 
the whole loading during a pace and/or the time of the foot 
being on the ground and/or the time used for a pace. For 
example, while the running Velocity grows the loading of the 
muscles of the front part of the thigh increases more than the 
total loading of muscles of the back part of the thigh, in 
which case the ratio of the loadings is proportional to the 
running Velocity. This ratio may be changed by means of a 
Suitable calibration method to give the running Velocity. 
0029. A calculation method for proceeding velocity is 
based on a formula: the pace rhythm the pace length. The 
pace rhythm is calculated as earlier presented. In running the 
definition of the pace length is based on the fact that the time 
of the foot being on the ground correlates with the pace 
length, that is, kinetic resistances are also seen in it. The time 
of the foot being on the ground is measured, for example, 
from the acceleration and EMG Signals. Such that the Starting 
point is the activation of the front thigh muscle while the 
foot is hitting the ground, found out from So-called Averaged 
EMG (AEMG) and the finishing point is the minimum of 
Vertical acceleration found out from the inertia signal after 
the activation moment and before the next activation of the 
front thigh muscle. This calculation may be carried out on 
both legs Separately during running, in which case the 
accuracy of calculation increases. 
0030 Individual calibration of proceeding velocity is 
carried out Separately for walking and running Velocity. The 
length of a running pace is calibrated by measuring the time 
of duration of the foot being on the ground t and the number 
of StepS used for that distance using two or Several Veloci 
ties. The distance for a run may be, for example, 100 m flat 
country. In running the pace rhythm r is calculated as a 
number of peaks found from inertia and/or EMG profiles in 
a time unit. Based on times of the foot being on the ground 
t measured with different Velocities the pace length function 
1=1 (t) is defined. The running velocity is given by formula: 

0031. In walking the pace rhythm is measured with two 
different velocities and at the same time the time used to the 
both performances, from which the velocity function v =V(r) 
is defined. The walking Velocity is given by formula: 

0032. From inertia signals it is possible to define whether 
walking or running is in question. While Standing Still the 
Vertical acceleration=the gravity of the earth i.e. 1 G. During 
running when the both legs are in the air the centre of gravity 
is part of the time in free fall and then the vertical accel 
eration=0 G. When walking the absolute value of the vertical 
acceleration is always >0. Limit may be defined to this 



US 2005/0177059 A1 

acceleration, which is interpreted as a threshold State of 
walking and running Styles. By identifying the moment of 
free fall or the vertical acceleration being below sufficient 
Small limit it is possible to identify a motion to be running. 
For example, according to the rules of a competition walking 
at least one foot must touch the ground all the time. By 
mounting a device applying the method to the body of a 
competitor, it is possible to continuously control the purity 
of a performance. 

0033) A proceeding style may also be identified by the 
ratio of the pace rhythm to the time of the foot being on the 
ground. When walking the ratio of the time of the foot being 
on the ground to the pace rhythm is clearly Smaller than 
when running. Either Solid limits are given to the ratio or 
they may be calibrated individually. For example, if the ratio 
is Smaller than the comparison value Athen walking is in 
question and if the ratio is bigger than B proceeding is 
running. 

0034 Quantities obtained from one or several EMG 
Signal measured Simultaneously proportional to the proceed 
ing Velocity may be employed as comparison information, 
by means of which the calculation accuracy of Velocity 
calculation is improved. For example, while the running 
Velocity grows the Summarized total activity of leg muscles 
grows, but the growth is not divided evenly among all 
muscles. The importance of the front part of the thigh is 
emphasized, which appears as growth of the total activity 
level of muscles in that part relatively more than what 
happens in the back part of the thigh. This ratio is facilitated 
while calculating the running Velocity. AS the time of the 
foot being on the ground gets shorter while the proceeding 
Velocity grows one gets proportional variables to proceeding 
velocity from, for example, ratio of the activity level of the 
front thigh to the time of the foot being on the ground as well 
as from the ratio of the activity level of the front thigh to the 
time spent to a pace. 

0035. The Summarized total activity of muscles used 
while running grows as the proceeding Velocity grows, but 
the growth of activity is not linear. The amount of the total 
activity depends on how well the work of muscles changes 
in the body into biomechanical motion. When walking the 
total loading is relatively bigger than when running at the 
Same Speed. When Starting running the ratio of the total 
loading to the running Speed first decreases until it reaches 
the level where biomechanical motions and then paces are 
the most economical. Typically, the ratio of loading to 
velocity is at Smallest on the speed area of 10 km/h . . . 20 
km/h. When the speed grows from here further the muscle 
loading Starts to grow relatively faster than the Speed, until 
the situation is reached where the Speed does not grow 
although muscles are loaded to maximum. The value of 
Summarized total activity of muscles is facilitated when the 
proceeding Velocity is assessed. 

0036). In activity profiles, also other characteristics 
changing as functions of Velocity, shape of terrain, wind or 
other outer influences may be found. When proceeding at 
even Velocity the loading of the body as a whole grows when 
going uphill and decreases in downhill but on the muscle 
level, the changes in the loading are divided in another way, 
for example, for holding the balance and due to a Suitable 
Style for the shape of terrain or for going against the wind. 
For example, when running uphill or downhill the mutual 
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loading relation and timing of muscles of the front part and 
of the back part of the thigh change, because muscle Strength 
is needed to driving forward in the rising phase but when 
coming down more muscle Strength is used also for braking. 
When running uphill the activity level of the peroneal 
muscles raises but the activity level of the tibial muscles gets 
lower. Thus the mutual loading relations of muscles are 
facilitated while estimating the proceeding Velocity. 
0037. One or more inertial sensors placed on the body are 
employed to measure movements of body and limbs, which 
Sensors are, for example, acceleration Sensors, angular 
acceleration Sensors, angular Velocity Sensors i.e. gyro 
Scopes or Some other Sensors or methods, with which 
movements of the body and/or limbs may be detected. Using 
information from Signals simultaneously measured from one 
or more inertial Sensors placed on the body the accuracy of 
calculation is improved. For example, the pace rhythm may 
be identified apart from a vertical acceleration Signal also 
from an acceleration signal SidewayS. 
0038 Among inertial sensors, acceleration sensors are 
used as an example. Acceleration Sensors give a signal 
proportional to acceleration of the movement in defined 
direction. In devices, one, two or three directions may be 
facilitated. The most natural place for acceleration Sensors is 
the middle part of the body, however, equivalent information 
may be distinguished in case Sensors are placed on other 
parts of the body. In up/down direction it is possible to 
calculate the number of StepS and the pace rhythm most 
easily. 
0039. In an advantageous application of the method the 
time of durations of a foot being on the ground is measured 
Such that Simultaneously with measuring the EMG signal 
also one or two inertia Signals are measured and from those 
the time on the ground is identified and measured. In another 
application the moment of the foot Striking the ground is 
identified from the activation moment of the front thigh and 
the coming off from the ground of the foot from the 
minimum moment of Vertical acceleration signal. In Side 
ways direction, the rocking Sideways of the body may be 
noticed and the Sensor of proceeding direction tells about 
acceleration variations related to proceeding. 
0040. The accuracy of calculation is improved by using 
the information from Simultaneously measured signals from 
one or more Sensors placed on the body and monitoring the 
shape and changes in terrain as comparison information. For 
example, air pressure Sensor placed on the body gives an air 
preSSure Signal, which varies in accordance with difference 
in altitude of terrain. Fast variations of Shape and the 
Steepness of uphill/downhill angles in terrain are identified 
with an inclination Sensor. By analyzing these Signals it is 
then concluded whether one is moving on even land or uphill 
or downhill and the direction and the magnitude of changes 
is found out, which information is then employed for Speci 
fying the calculation of the proceeding Speed. For example, 
loading variations in EMG Signals caused by the changes in 
terrain may be taken into account as Specifying factors of the 
results. 

0041) Devices applying the method in accordance with 
the invention include the possibility to Specify the measuring 
of the proceeding Speed also with factorS depending on 
individual differences. Individual constant factors related to 
earlier described variables Such as the weight of the runner 
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and the length of the leg are fed as initial data to the 
measuring device. These data correct the results of the 
proceeding Speed based on the database. Calculation of 
proceeding Speed may also be carried out by making an 
individual calibration, which is made by walking and/or 
running a known distance, measuring the time covered and 
feeding this information to a measuring device, which 
calculates an individual variable table for Velocity measure 
mentS. 

0.042 Calculation of proceeding speed may also be car 
ried out with the method in accordance with the invention by 
facilitating an individual pace length. In introduction of the 
device an individual pace length may be defined either in a 
traditional way by measuring the pace length or by doing a 
calibrating run or walk of known distance, from which the 
number of Steps or the time used is calculated. The pace 
length is fed to the measuring device, which facilitates it in 
the future while calculating running Speed and distance. 
0043. The distance covered during walking or running is 
calculated by Summarizing the lengths of measured paces. 
Other methods of measuring are, among others, the product 
of the number of StepS and the average pace length or the 
product of the average Speed and the time covered. 
0044) With calibration, also EMG and acceleration pro 
files proportional to the run are registered. The initial value 
of the pace length may be updated during the run by 
comparing the changes of EMG and acceleration profiles 
with each other. For example, while running on a flat country 
against the wind with the same EMG activities the pace gets 
Shorter or the pace of the same length requires greater EMG 
activities. The change in the pace length may be identified 
from the acceleration profile and correspondingly the extra 
loading used to a normal pace length from EMG profiles. 
When outer changes are noticed to affect the pace length the 
calibrated pace length is changed momentary by means of 
those and Such also the calculations on Speed and distance 
are defined more closely. 
0.045. In the next advantageous application of the inven 
tion while riding a bicycle by means of the method in 
accordance with the invention the number of revolutions of 
cranks in time unit and/or the total number of revolutions of 
cranks may be defined by calculating the number of con 
tractions of muscles from EMG signals from muscles having 
influence on rotating the pedal cranks, for example, muscles 
or muscle groups of the front part of the thigh and/or the 
back part of the thigh and/or muscles or muscle groups under 
the knee per time unit. The calculation of contractions is 
carried out for both legs, in which case the number of 
revolutions may be identified Separately for both legs and 
Such increase the accuracy of the calculated number of 
revolutions of cranks in time unit. While the method in 
accordance with the invention is based on trunks worn by a 
cyclist and on a measuring device attached to those trunks, 
the use of the method is easy and advantageous irrespective 
of the number of bicycles in use. 
0046. In the next application of the invention the loading 
on the body is measured in real-time during an exercise and 
on the base of the measurement the loading level on the 
body, limbs and/or muscles, as well as the distribution of the 
loading on various parts of the body and the cumulatively 
gathered loading and/or the work carried out and their 
corresponding distributions are assessed. The loading on the 
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body is measured in recognized, So-called Averaged EMG 
calculation (AEMG), which is based on the interpretation of 
bi-polar EMG signals measuring the activity of muscles. The 
Signals are rectified and averaged over Suitably chosen time 
period, in which case the quantity describing the current 
loading is obtained. When the averaging is carried out as 
Sliding calculation the measuring results will be available in 
real-time and immediate response may be given to a user. 
The averaging time is chosen depending on typical rhyth 
ming of an exercise and biomechanical factorS Such that the 
results from calculations describe as well as possible the real 
effective loading during changes, among other things, in 
terrain, proceeding Speed or circumstances. In addition, 
other averaging criteria are defined Such that the AEMG 
calculation reacts quickly enough to the meaningful changes 
in muscles, but the measuring result is, however, Stable 
enough to keep in form understandable to a user. Short, 
momentary changes in EMG Signal and possible distur 
bances may not misrepresent the effective value of the 
loading. 
0047. With the method in accordance with the invention 
the momentary loading level of legs is measured by aver 
aging the AEMG levels measured from chosen most impor 
tant muscles or muscle groups of both legs and Summarizing 
those, in which case the momentary loading level describing 
the total loading of legs is obtained. The result of the 
calculation is typically given as numerical value, the unit of 
which is uV. The cumulative total loading from a certain 
time period is the cumulative integrated AEMG Sum i.e. the 
calculatory square area formed by EMG data and time. The 
result is typically given as numerical value, the unit of which 
is uVs. 
0048. In accordance with an advantageous application of 
the invention, the momentary total loading of a performance 
is measured by Summarizing momentary AEMG values 
gathered from all measured muscles and comparing the 
result with the reference value. 

0049. In the next application, the cumulative total loading 
of a performance is measured by Summarizing cumulative 
AEMG values from all measured muscles and comparing 
the result with the reference value. 

0050. The measuring result is given in earlier mentioned 
applications as proportioned to, for example, a reference 
value relating to a perSon, performance or Sports, which 
value makes possible different loading comparisons. Among 
others, so-called Maximum Voluntary Contraction value 
(MVC) is used as a personal reference value, which is 
carried out by doing a muscle-by-muscle maximum loading 
test, which describes the maximum performance capacity of 
the muscle in question. Other reference values may be, for 
example, Some other Standardized test result Such as, for 
example, a run in constant Speed of 400 m lap etc. load test 
related to a Sports event. The basis of a reference value may 
also be the ratio of two changing values, for example, 
momentary muscle loading during a run divided by momen 
tary running Speed. The ratio of loading and Speed functions, 
in that case, as an economy indicator while exercising a leSS 
loading running technique. Both the momentary and the 
cumulative result may also be illustrated in other ways, for 
example, as a graphical or Some other visual view or as a 
Voice response. 
0051 Measuring and comparing of differences between 
functions of Symmetric muscles in various Sides of the body 
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and limbs during different kinds of physical performances is 
one application in accordance with the invention. Quantities 
to be measured are, for example, the Side difference between 
loadings of the limbs located on left and on the right side of 
the body, the ratio of loadings of the upper part and the lower 
part of the body or corresponding distributions measured 
based on Some other division. In this case, the muscles of the 
weaker Side or body part may be developed for improving 
Sport performance, for preventing StreSS injuries or restoring 
normal efficiency after an injury. The result may be pre 
Sented as quantities describing both momentary and cumu 
lative loading ratio and they are given typically as numeric 
%-values. 

0.052 In an application of the invention a momentary 
loading of the left and/or right Side is measured by Summa 
rizing momentary AEMG values measured from all left side 
muscles and/or right Side muscles and by calculating the 
ratio of momentary loadings of left and/or right Side to 
Simultaneous momentary total loading. 
0053. In the second application of the invention the 
cumulative loading of left and/or right side of the body is 
measured by Summarizing the cumulative AEMG values 
measured from all left Side muscles and/or right side 
muscles and by calculating the ratio of loadings of the left 
and the right Side to Simultaneous cumulative total loading. 
0054. In the next application of the invention the momen 
tary loading of the upper part of the body and/or lower part 
of the body is measured by Summarizing the momentary 
AEMG values measured from all muscles of the upper body 
and/or muscles of the lower body and by calculating the ratio 
of momentary loadings of the upper and/or lower part to 
Simultaneous momentary total loading. 
0055. In the next application of the invention the cumu 
lative loading of the upper part of the body and/or lower part 
of the body is measured by Summarizing the cumulative 
AEMG values measured from all muscles of the upper part 
of the body and/or lower part of the body and by calculating 
the ratio of cumulative loadings of the upper part and/or the 
lower part to Simultaneous cumulative total loading. 
0056. In the next advantageous additional application of 
the invention the function of So-called action-reaction 
muscles i.e. agonist/antagonist muscles is measured and the 
relation of their muscle loadings in various situations are 
calculated. Typically, the question is of measuring the load 
ings of muscles of the same limb affecting movements 
directed to opposite direction. The ratio of loadings depends 
on what kind of physical performance is in question. For 
example, in Skiing and in Nordic walking with Sticks greater 
work is done with the extensor of brachium than with the 
biceps, in rowing, on the other hand, the other way round 
etc. In this case, it is possible to develop the co-operation of 
muscles affecting movements of a limb or a joint related to 
Sports event in order to achieve the maximum use of power 
and/or as good as possible performance endurance. For 
example, during running the muscles of the back part of the 
thigh have much greater meaning to the performance endur 
ance than the muscles of the front part, especially when the 
running Speed is increasing. The muscles of the back part of 
the thigh of an inexperienced runner get tired faster than the 
muscles of the front part. By monitoring the loading ratio of 
muscle groups of the front and the back part of the thigh, it 
is possible to estimate the development of the running 
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condition of a perSon. The optimal loading ratio is measured 
similar to the side differences. The result may be presented 
as quantities describing both momentary and cumulative 
loading ratio and they are given typically as numeric %-Val 
CS. 

0057 The method in accordance with the invention may 
be applied both for monitoring the optimal performance 
level during the exercise and during an exercise phase for 
keeping up the appropriate high loading levels. 

0058 While employing the method in accordance with 
the invention disturbances due to physical performance to 
EMG measuring Signals are minimized by employing fil 
tering methods suitable for filtering, with which such fre 
quency bands are dampened and/or eliminated from EMG 
Signal, where movement disturbances or other disturbances 
related typically to the performance and/or measuring 
method distort the EMG signal. The typical EMG frequency 
band of muscles is about 10 HZ-500 Hz, which is generally 
employed in Scientific research or while carrying out diag 
nostic EMG measurements. In research Situations, move 
ment disturbances are prevented, among other things, by 
removing hair and grinding the Surface of the Skin at points 
of electrodes as clean as possible as well as using conductive 
gel between electrodes and the skin. In addition, the attach 
ment of electrodes and leads from those is Secured, for 
example, by taping them on the skin. In this way measuring 
results are Scientific accurate, but the method is not Suitable 
for regular practical measurements, for example, for moni 
toring daily training. The abrasion of electrode Surfaces 
against the skin due to rhythmic movements of legs during 
running generates disturbances on the band typically about 
1 HZ-40 Hz, which distort the amplitude of the EMG signal 
to be measured on the band in question. In other forms of 
physical exercise there are similar disturbance factors, but 
the frequency bands are not necessarily the same. In case a 
device in accordance with the invention, which has Specially 
been meant for monitoring running, includes filtering elimi 
nating disturbances in question, the device gives a Sufficient 
accurate measuring result in terms of the loading of running. 
Although the accuracy of the measuring result does not meet 
the criteria employed in Scientific research the measuring 
results gathered from EMG signals filtered in accordance 
with the method are comparable among themselves and well 
Suitable for monitoring the variation of loading. 

0059) The method and the outfit may be used for various 
purposes. Generally Speaking, the method and the device are 
Suitable for monitoring Sports performances and for improv 
ing efficiency. Typical objects for the method is the use of the 
main muscle groups (the thighs, the calf and the lower leg, 
upper arms, abdomen, back etc.) in various sports events, 
Such as cycling, running, skiing, jumping events, power 
training, weight lifting etc. in which using various levels of 
muscle load the training is in each case directed to desired 
purpose. Basic endurance is developed with low loadings 
whereas Speed and power endurance with great loading 
levels. In addition, devices in accordance with the invention 
may be employed for rehabilitation of side difference of 
muscles due to being injured or for learning the right motion 
path of a limb by means of muscle Strengths of right 
magnitude. 

0060. In various sports events muscles needed in those or 
related to those are stressed by training. By means of the 
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method in accordance with the invention, various muscle 
groupS and/or various functions are monitored depending on 
the Sports event. Next, as examples, various Sports events are 
presented but the method and the outfit in accordance with 
the invention may naturally be applied also in other events. 

0061. In running, also the optimal relation of running 
Speed and muscle loading, the total loading level Suitable for 
changes in the terrain as well as the balance between the left 
and the right leg are tried to be taken care of. Measurements 
are carried out as averaged over regulable time or during 
chosen number of pacing. In addition, the right relation of 
the extensor and the flexor of the knee is monitored in order 
to find a low, efficient running Step of right length. 

0.062. In cycling, evenly controlled number of revolutions 
of cranks in time unit, which is Suitable in terms of gear 
transmission, the balance of the left and the right leg as well 
as the total loading of the thighs are tried to be taken care of. 
Measurements are carried out as averaged over regulable 
time or during chosen number of crank revolutions. In 
addition, the optimal relation of the extensor and the flexor 
muscles of the knee is monitored, the objective being to 
"rotating the pedals, instead of “treadling”, in which case 
more even power transmission is gained from pedals to the 
chain and, on the other hand, the fatigue of muscles of the 
front Side of the thighs is prevented. 

0.063. In cross-country skiing, the method may be utilized 
in optimizing the muscle endurance on distances of various 
lengths and/or in various terrains. In Alpine skiing events, 
correspondingly, by means of the method the maximum 
power Supply needed in extreme situations, but, on the other 
hand, also the right relaxing of muscles during the perfor 
mance for preventing unnecessary fatigue may be devel 
oped. 

0064. In training in gymnastics and at a gym, as well as 
in muscle training the number of physical performances, the 
total loading of muscles of chosen left and right Side, the 
balance between them, as well as the optimal relation of 
chosen extensors and flexors are monitored. In addition, also 
other muscle groups are monitored, Such as abdomen/back 
muscles, with which the posture and the balance are main 
tained. 

0065. In jumping events the total loading in two feet 
take-off, Synchronization, activating and reaction times, the 
balance between legs (thighs, calves etc.) and while taking 
off by one foot the co-operation of muscle pairs affecting the 
extending and flexion of the knee and the lower leg are 
monitored. In throwing events, the relations of work done by 
extensors/flexors of legs and arms and/or muscles of the 
back/abdomen affecting the turning of the body are com 
pared. 

0.066 Various exercises and measurements are related 
with ball games. By measuring muscle loading, the loading 
of physical performances typical to this event and especially 
the changes of the loading during a game may be assessed. 
In football, the difference between muscle activities of kicks 
on the left and the right leg and the measuring of kicking 
technique are important. In addition, by means of the 
method it is possible to compare the efficiency of turns to the 
left and to the right as well as the technique of performance, 
for example, in ice hockey. 
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0067 Next, the invention will be explained in more detail 
with reference to the accompanying drawings, in which, 
0068 FIG. 1 illustrates the outfit with the measuring 
equipment in accordance with the invention viewed from 
ahead and from back, 
0069 FIG. 2 illustrates the measuring module from 
ahead, Side and from back 
0070 FIG. 3 illustrates the placement of electrodes, 
conductors and connectors in trunks, 
0071 FIG. 4 illustrates the attachment and connection of 
the measuring module to the trunks, 
0072 FIG. 5 illustrates the identifying of walking/run 
ning rhythm from EMG and inertia Signals, 
0073 FIG. 6 illustrates the identifying the time of the 
foot being on the ground from EMG and inertia Signals. 
0074 FIG. 1 illustrates the outfit 1, trunks with elec 
trodes 2 placed to desired points as well as the measuring 
module 4 attached to its place. AS electrodes recognized 
textile electrodes Suitable for the purpose are used but also 
other kinds of electrodes may be used in other applications. 
These electrodes have been connected to the measuring 
module attached to the trunks illustrated in the figure. The 
Signals from the electrodes to the device are connected with 
conductive fibres attached to the trunks or by using Some 
other recognized conductor. 
0075. In addition, the system comprises a response 
device, to which the desired data from the module may be 
transmitted either along a wire or wirelessly in a recognized 
way. The response device is not illustrated in the figure. The 
response device may be attached to the body of the user, for 
example, to the wrist or it may be placed on the same outfit, 
it may be on a different outfit or in some device, which the 
user carries with him or her self. The device may also be 
located in the means, in which the user is or with which he 
or She is moving and/or the desired information may be 
transmitted to one or Several other devices at a distance in a 
recognized way wirelessly. 
0076. In the method in accordance with the invention 
muscle activity is measured from electrodes placed on 
muscles to be measured and integrated to an outfit, for 
example, to trunks, from which electrodes a signal is con 
ducted to a measuring module for analyzing by means of a 
Signal processing electronics and a programme. While the 
electrodes and the leads are attached to the outfit there is no 
need for Separate electrodes and leads to be glued on the 
skin. Due to outfits of right Size and their elastic fabric, the 
electrodes Stay during the whole exercise time on their right 
place keeping up a reliable contact between the electrodes 
and the skin. Also a separate wearable Sensor may be 
employed for measuring muscle activity, which Sensor has 
the needed electrodes integrated to it. This kind of Sensor 
may be placed to a measuring point either by attaching the 
Sensor to an outfit covering the point in question or the 
Sensor may be attached on the muscle by means of an elastic 
band, belt etc. Suitable means. A Sensor i.e. an electrode and 
leads refer, in this case, to any method or material, with 
which the electrical Signal from a muscle may be measured 
and lead to a measuring module. 
0077. While wearing the outfit the electrodes are not 
placed exactly on a specific muscle, which is not even 
necessary while wearing an outfit in accordance with the 
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invention, as the main objective is to compare the total work 
of limbs and not the work of an individual muscle. 

0078. There are textile electrodes, a data processing mod 
ule, conductors made of conductive textile and one or more 
response modules advantageously integrated to the outfit. 
Recognized Suitable for the purpose electrodes and conduc 
tors are employed as textile electrodes and textile conduc 
tors. Also other kinds of electrodes may be employed in 
other applications. The electrodes, conductors and connec 
tions are washable and wear-proof. 
0079 There are connections on the outfit, to which the 
module may removably be placed, and in the outfit and in the 
module there are connection parts equivalent to each other. 
There are Standardized connection Surfaces in the outfit and 
in the module, in which case the same module may be 
employed in Several outfits. AS an outfit wears out and the 
parts may be changed to another outfit this enables the use 
of the same modules for a long time, which reduces costs. 
There are one or Several uniform grounding electrode Sur 
faces in the outfit, which are employed as reference Surfaces 
for measuring electrodes. A uniform grounding Surface 
reduces the number of grounding leads needed in the outfit 
and, on the other hand, takes the grounding point as close as 
possible to the muscle/muscle group to be measured. A large 
grounding electrode Surface Secures the good contact also 
while moving. Grounding connection may also act as a 
disturbance protection for leads from measuring electrodes 
while needed. 

0080 A measuring module 4 has been presented in more 
detail in FIG. 2. In the bottom of the module, the counter 
parts 5 of preSS-Studs and the multipole connectorS 6 may be 
Seen. Those are compatible with the connectors in the trunkS. 
The measuring device may, while desired, be taken off, for 
example, for Washing time or while removed to another 
outfit equipped with equivalent connection. 
0.081 FIG. 3 illustrates as an example a way of the 
placement of electrodes, conductors and the measuring 
module in trunkS 1. The measuring Sensory has been inte 
grated to the trunks, which Sensory comprises measuring 
electrodes 2, reference that is grounding electrodes 3, pre 
sented with dashed lines, conductors 7 from electrodes to the 
measuring device as well as the connections for attaching 
the conductors to the measuring module. The electrodes 2 
are placed, in this case, at the thigh on the trunk leg and the 
measuring point, Viewed from the front, Somewhat above the 
knee. The electrodes in the figure are electrodes measuring 
the EMG signal from the muscle group of the front thigh. On 
the backside of the trunks there are also electrodes similarly 
placed for measuring muscle groups of the back thigh and 
gluteals. There are two pairs of electrodes in the front part 
of the trunkS and four pair in the back part. The pairs are 
placed Symmetrically among each other. The electrodes 
have been connected for transmitting the data to the mea 
Suring module by conductorS 7, which have been attached to 
the trunks wavelike for Securing the Sufficient elasticity of 
the outfit. The grounding electrodes, which may be seen on 
the Sides of the trunks, are common to all measuring 
electrodes on the same leg. Electrodes are So-called textile 
electrodes and the conductors are made of conductive textile 
material. 

0082 FIG. 4 illustrates in more detail the connection of 
the trunks and the measuring module in the front part of the 
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trunks. On the waist of the trunks, there is a connection area, 
with press-Stud connections 8 and multipole connectorS 9. 
On the backside of the measuring module 4, there are the 
counter parts 5 for the press-studs presented in FIG. 2, 
through which counter parts the module both Simultaneously 
is attached mechanically to the trunks and the grounding 
electrodes are connected electrically to the module. On the 
Sides of the measuring module, there are the counter parts of 
the multipole connectors, which are needed in connection of 
the measuring electrodes electrically to the measuring mod 
ule. 

0083) In the FIG. 5 the measuring of pace rhythm from 
the thigh muscles of leg and by means of an acceleration 
Sensor placed at the waist on the body are illustrated. The 
upper curve in FIG. 5 a) illustrates so-called raw EMG 
Signal measured from front thigh muscles of the left leg and 
the lower curve the same Signal while rectified and averaged 
(AEMG). In FIG. 5 c) there are equivalent signals from the 
tight muscles of the right leg. The curve of FIG. 5c) is a 
Signal from an acceleration Sensor, which has been measured 
from a measuring module placed on the waist. In both thigh 
muscle Signals pulses caused by the activation of muscles 
during pace and alternating in the rhythm of pacing, may be 
noticed. The pulses may be identified by the programme 
both from raw and AEMG signals. The momentary pace 
rhythm may be obtained, for example, by Summarizing the 
pulses found out from the both legs during Suitably chosen 
Sliding time window. The total number of Steps during a 
certain time period is the total Sum of all pulses. In the 
acceleration signal rises and falls of the body caused by both 
legs are seen. By comparing the results from all three Signal 
Sources, the calculation of pace rhythm and the number of 
StepS will be more accurate than with equivalent methods. 
0084 FIG. 6 illustrates the calculation of the time of the 
foot being on the ground for calculating the proceeding 
Speed. AS an example the time of the foot being on the 
ground is measured from the EMG Signal of the muscle 
group of the left front thigh and by means of the Signals from 
the acceleration Sensor measured from the vertical accelera 
tion placed at the waist in the body. At the point a) there is 
so-called raw EMG signal from the muscle group of the left 
thigh and at the point b) the same signal as rectified and 
averaged (AEMG). At the point c) there is the vertical 
acceleration signal, in which the accelerations noticed in the 
body due to steps of the left and the right foot are seen. When 
a foot Strikes the ground, the front thigh muscles activate to 
receive the forces directed to the body. When the foot comes 
off from the ground in the take-off phase, the Situation is 
Seen as a change in the direction of the acceleration signal. 
The time between the rising edge seen in the AEMG signal 
and the minimum of the acceleration signal following it is 
defined as the time of the left foot being on the ground ten. 
The points of the Signals in question have been chosen 
because they are the easiest to be identified by the pro 
gramme, but the time on the ground may also be calculated 
from other changes Seen in the Signals. The whole pacing 
time of the left foot Ten, is also marked in the figure. 
0085. The structure of the outfit may also vary in different 
applications of the invention. In different Sports events 
different kinds of outfits are used, Such that the Structure, 
shape and the placement of the electrodes depend on the 
Sports and the training event and on the fact what muscle 
groups are desired to be observed and monitored. For 
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example, trousers and a long sleeve blouse are typical 
measuring outfits apart from trunks illustrated in the figures, 
with which it is possible to measure Several Sports events 
and physical exercises Stressing the entire body. 
0.086 The invention is not limited to the presented advan 
tageous application but it can vary within the frames of the 
idea of the invention formed in the claims. 

1. A method for measuring an exercise, in which method 
electrical Signal caused by active muscles are measured with 
a measuring device and response is given from the physical 
performance with a perceivable signal, characterized in that 
quantities describing an exercise and/or the result of an 
exercise are calculated or evaluated by measuring and 
analyzing EMG activities of muscles or EMG activities of 
muscles and movements of the body. 

2. A method in accordance with claim 1 for measuring the 
rhythm and/or the total number of movements of an exer 
cise, characterized in that from one or Several EMG signals 
measured from one or Several muscles during an exercise the 
number of activating times in it during a desired period of 
time is identified and by means of those the number of 
physical performances carried out in a time unit and/or the 
total number of physical performances are calculated. 

3. A method in accordance with claim 2, characterized in 
that the calculation accuracy is improved by measuring 
Simultaneously muscles of Symmetrical limbs and by com 
paring the results among themselves. 

4. A method in accordance with claim 1, characterized in 
that the calculation accuracy is improved by utilizing the 
information gathered from Signals of two or more inertial 
Sensors placed on the body and measured simultaneously as 
a reference information. 

5. A method in accordance with claim 2 for measuring the 
pace rhythm of running and/or the total number of Steps, 
characterized in that the pace rhythm and the total number 
of Steps are calculated from the EMG signals from muscles 
on the front part of the thigh and/or back part of the thigh 
and/or below the knee measured during running. 

6. A method in accordance with claims 2 for measuring 
the number of revolutions of cranks in time unit and/or the 
total number of crank revolutions in cycling, characterized 
in that the number of revolutions in time unit and/or the total 
number of crank revolutions are calculated from EMG 
Signals from muscles on the front part of the thigh and/or on 
the back part of the thigh and/or below the knee during 
cycling. 

7. A method in accordance with claim 1, characterized in 
that the momentary proceeding Speed of walking or running 
is calculated by measuring the length of pace by means of 
the time of the foot being on the ground and by multiplying 
the pace length by the pace rhythm. 

8. A method in accordance with claim 7, characterized in 
that the time of a foot being on the ground during a pace is 
identified and measured during a performance from activat 
ing phases of one or more EMG signals measured from one 
or more muscles. 

9. A method in accordance with claim 7, characterized in 
that Simultaneously with measuring the EMG signal one or 
more inertia signals are measured and from those the time of 
a foot being on the ground during a pace is being identified 
and measured. 

10. A method in accordance with claim 7, characterized in 
that the moment of a foot Striking the ground is identified 
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from the activating moment of the front thigh and the 
moment of a foot coming off the ground from the minimum 
moment of the vertical acceleration Signal. 

11. A method in accordance with claim 7, characterized in 
that the calculation accuracy is improved by using propor 
tional to proceeding Speed quantities from one or more EMG 
Signals measured simultaneously as reference data. 

12. A method in accordance with claims 1, characterized 
in that the momentary proceeding Speed of walking or 
running is assessed by calculating the ratio of one or Several 
loading levels during a pace calculated from EMG signal to 
the total loading of the whole time of a pace and/or the time 
of the foot being on the ground nadir the time spent to a 
pace. 

13. A method in accordance with claim 12, characterized 
in that the time of a foot being on the ground during a pace 
is identified and measured during a performance from acti 
Vating phases of one or more EMG signals measured from 
one or more muscles. 

14. A method in accordance with claim 12, characterized 
in that Simultaneously with measuring the EMG signal one 
or more inertia Signals are measured and from those the time 
of a foot being on the ground during a pace is being 
identified and measured. 

15. A method in accordance with claim 12, characterized 
in that the moment of a foot Striking the ground is identified 
from the activating moment of the front thigh and the 
moment of a foot coming off the ground from the minimum 
moment of the Vertical acceleration Signal. 

16. A method in accordance with claim 12, characterized 
in that the calculation accuracy is improved by using pro 
portional to proceeding Speed quantities from one or more 
EMG signals measured Simultaneously as reference data. 

17. A method in accordance with claim 1, characterized in 
that the calculation accuracy is improved by using the 
information from Signals measured simultaneously from one 
or more Sensors placed on the body and following the shape 
and changes of the terrain as reference data. 

18. A method in accordance with claim 1, characterized in 
that the pace length is measured by means of the time of a 
foot being on the ground and the distance covered during 
walking or running is measured by Summarizing the lengths 
of Separate measured paces. 

19. A method in accordance with claim 1 for measuring a 
loading level during an exercise, characterized in that the 
momentary total loading of the performance is measured by 
Summarizing all momentary AEMG values measured from 
muscles and comparing the result with the reference value. 

20. A method in accordance with claim 1 for measuring a 
loading during an exercise, characterized in that the cumu 
lative total loading of a performance is measured by Sum 
marizing the cumulative AEMG values measured from all 
measured muscles and comparing the result with the refer 
ence value. 

21. A method in accordance with claim 1 for measuring a 
loading during an exercise, characterized in that the momen 
tary loading of the left and/or right side of the body is 
measured by Summarizing the momentary AEMG values 
measured from all left Side muscles and/or right side 
muscles and by calculating the ratio of momentary loadings 
of the left and/or the right Side to the Simultaneous momen 
tary total loading. 

22. A method in accordance with claim 1 for measuring a 
loading during an exercise, characterized in that the cumu 
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lative loading of the left and/or the right side of the body is 
measured by Summarizing the cumulative AEMG values 
measured from all left Side muscles and/or the right side 
muscles and calculating the ratio of the left Side and/or the 
right loadings to the Simultaneous cumulative total loading. 

23. A method in accordance with claim 1 for measuring a 
loading during an exercise, characterized in that the momen 
tary loading of the upper part of the body and/or the lower 
part is measured by Summarizing the momentary AEMG 
values measured from all upper part muscles and/or lower 
part muscles and calculating the ratio of the momentary 
loadings of the upper part and/or the lower part to the 
Simultaneous momentary total loading. 

24. A method in accordance with claim 1 for measuring a 
loading during an exercise, characterized in that the cumu 
lative loading of the upper part of the body and/or the lower 
part is measured by Summarizing the cumulative AEMG 
values measured from all upper part muscles of the body 
and/or lower part of the body and calculating the ratio of the 
cumulative loadings of the upper part and/or the lower part 
to the Simultaneous cumulative total loading. 
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25. A method in accordance with claim 1 for measuring a 
loading level during an exercise, characterized in that the 
momentary optimal loading is measured by calculating the 
ratio of momentary AEMG values from chosen agonist/ 
antagonist muscles and by comparing the result with the 
reference value. 

26. A method in accordance with claim 1 for measuring a 
loading level during an exercise, characterized in that the 
cumulative optimal loading is measured by calculating the 
ratio of the cumulative AEMG values from chosen agonist/ 
antagonist muscles and by comparing the result with the 
reference value. 

27. A method in accordance with claim 1, characterized in 
that the measuring accuracy is improved by filtering from 
the EMG signals such frequency bands, where EMG signals 
contain distortion caused by motion disturbances or by other 
disturbance Sources that are typically related to the physical 
performance and/or the measuring method. 


