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METHOD FOR CALIBRATION OF STEP LENGTH 
AND ARRANGEMENT UTILIZING THE METHOD 

[0001] The invention relates to a method for measuring the 
length of a person’s steps, in Which method the distance 
covered and the number of steps used is measured. The 
invention also relates to a measuring arrangement in Which 
the method is applied and a sound transmitter and a sound 
receiver used in the measuring arrangement. 

[0002] The quantity and quality of exercise practiced by a 
person has a signi?cant effect on the person’s health. For 
example, the probability of heart diseases can be reduced by 
the kind of exercise that stresses the heart in a suitable Way. 
A connection is also knoWn to exist betWeen osteoporosis 
and the practicing of different kinds of sports. The consump 
tion of super?uous energy stored in the body by means of 
physical exercise is an object of increasing interest in Weight 
control. Measuring or calculating the level of stress of the 
exercise is thus an important factor With regard to analyZing 
the health effects. 

[0003] The performance of physical exercise can be 
observed by many kinds of methods and arrangements. One 
Well-knoWn Way is to measure the heart rate during the 
exercise/ stress by a heart rate monitor, the readings of Which 
can be examined either in real time or by means of data 
collected in some data collecting device. By a heart rate 
monitor it can be reliably found out, for example, if the 
exercise is of the kind that strengthens the heart. By the 
information of the heart rate monitor it is also possible to 
calculate an estimation of the amount of energy consumed 
during the exercise. 

[0004] On the other hand, it is knoWn from the patent 
application Fl200l2547 that by measuring the accelerations 
created in the bones of a person during the exercise it is 
possible to anticipate the direction in Which the mass of 
bones Will develop. The accelerations in?uencing the bones 
vary in different kinds of exercise. For example, higher 
acceleration peaks are created in running and jumping than 
in sloW Walking. 

[0005] Weight control is also one of the most central 
factors having an effect on health. If more energy from the 
food eaten is stored in the tissues of a person than is 
consumed daily on an average, it inevitably leads to an 
increase of the Weight. Therefore, there is an obvious need 
for a kind of an easy-to-use calorimeter, Which measures the 
energy consumption of a person continuously and easily. 

[0006] HoWever, utiliZing merely some average measure 
ment information can be problematic. Even in the same kind 
of exercise there can be signi?cant differences betWeen 
different persons. By using only some average information 
describing exercise, gathered from a large mass, it is pos 
sible to arrive at erroneous conclusions for some persons. 

[0007] The amount of energy consumed by a person is 
in?uenced both by the person’s Weight and the form of 
exercise used and its intensity. In Walking or running, energy 
consumption can be forecast on the basis of the speed of the 
person moving. The speed can be determined by the length 
and rate of steps, for example. If the length of steps used by 
the person in Walking, for example, is knoWn, it can be used 
to calculate a forecast of the person’s energy consumption 
during a certain exercise. The length of steps can naturally 
be measured and calculated entirely manually. Then the 
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calculation result obtained only needs to be saved in a data 
collection system for later use. HoWever, the manual system 
is rigid. It requires preliminary preparations With distance 
measurements. The calculation of the length of steps must be 
carried out as a separate procedure, and the calculation result 
obtained must also be separately saved in a data storage 
device. 

[0008] The length of steps can also be determined by using 
optical means. In optical measuring methods it is common 
to use the infrared range. HoWever, the speed of light is so 
high that it sets strict requirements for the measuring equip 
ment used. Even a small timing error in the determination of 
the reception of the light pulse causes a signi?cant error in 
the determination of the place of transmission of the light 
pulse. Due to the strict accuracy requirement for timing, 
optical step length measuring equipment is expensive to 
manufacture. 

[0009] The GPS technology (Global Positioning System) 
can also be utiliZed in measuring the length of steps. The 
accuracy varies depending on the reception equipment and 
the accuracy alloWed by the service provider. HoWever, the 
accuracy achieved in determining the point of reception can 
be some fractions of a meter. GPS positioning equipment is 
rather expensive, and therefore a step measuring system 
implemented by it Would become expensive. 

[0010] The objective of the present invention is to provide 
a method and a device arrangement, by Which the step length 
of a person can be measured Without manual measurements, 
calculations and saving of data by a simple and inexpensive 
device arrangement. 

[0011] The objectives of the invention are achieved by a 
procedure and device arrangement, in Which the distance 
covered by the person is measured by means of timed sound 
pulses received in a ?xed place. The person carries along a 
sound transmitter, Which transmits the timed sound pulses. 
The transit time of the pulse can be calculated from the 
moment of reception of the sound pulses, and the distance of 
the person carrying the transmitter at the moment of recep 
tion of a certain sound pulse can be determined from it. The 
speed at Which the person is moving can also be estimated 
from the reception moments of consecutive pulses. The 
number of steps taken by the person is advantageously 
measured by an acceleration transducer provided in connec 
tion With the sound transmitter. 

[0012] The method according to the invention has the 
advantage that the length of the steps can be determined 
Without manual measurement and calculation operations. 

[0013] In addition, the invention has the advantage that the 
device system utiliZed is simple and inexpensive to manu 
facture. 

[0014] Furthermore, the invention has the advantage that 
the result of the determination of the length of steps is saved 
directly in a device functioning as the receiver of the sound 
pulses, Which device can be a terminal device of a cellular 
netWork. 

[0015] The method according to the invention is charac 
teriZed in that 

[0016] the distance covered is measured by transit time 
measurement of sound frequency pulses, in Which the 
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transit time is measured between the moving person and 
a ?xed point, and in Which before measuring the distance 
covered 

[0017] the measuring time used for measuring the 
length of steps is determined, and 

[0018] the clocks of the transmitting means and receiv 
ing means of the sound pulses are synchronized, 
Whereby the receiving means of the sound pulses knoW 
both the moments of reception of the sound pulses and 
the moment of transmission of each sound pulse, and 
that 

[0019] the number of steps taken during the measurement 
is measured by the acceleration transducer carried along 
by the person. 

[0020] The step length measurement arrangement accord 
ing to the invention is characterized in that 

[0021] the distance covered is arranged to be measured by 
transit time measurement of sound frequency pulses, in 
Which the transit time is arranged to be measured betWeen 
the moving person and a ?xed point, and in Which before 
measuring the distance covered 

[0022] the measuring time to be used has been deter 
mined, and 

[0023] the clocks of the transmitting means and receiv 
ing means of sound pulses have been synchronized, 
Whereby the reception means of sound pulses have 
knowledge of both the moments of reception of the 
sound pulses and the moments of transmission of each 
sound pulse, and in Which measurement arrangement 

[0024] the number of steps taken during the measurement 
of the length of steps is arranged to be calculated from the 
acceleration pulses caused by the steps, measured by the 
acceleration transducer carried along by the person. 

[0025] The sound receiver according to the invention, 
used in the determination of the length of steps, is charac 
terized in that it comprises 

[0026] a user interface for inputting the initial information 
of the step length measurement and for presenting the 
measurement result of the calculated length of steps 

[0027] a sound frequency receiver for receiving and indi 
cating a sound signal of essentially the frequency of 
1000-2000 Hz 

[0028] a central processing unit, a memory and a clock 
function for calculating the transit time of the received 
sound pulse and for performing the distance calculation 
on the basis of the transit time, and 

[0029] a poWer source. 

[0030] The sound transmitter according to the invention, 
used in the determination of the length of steps, is charac 
terized in that it comprises 

[0031] a user interface for starting the measuring of the 
length of steps 

[0032] a sound frequency transmitter for transmitting a 
sound signal having essentially the frequency of 1000 
2000 Hz 
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[0033] a central processing unit, a memory and a clock 
function 

[0034] for transmitting the sound pulse used in the 
measurement at the intervals of a certain delay 

[0035] for detecting the end of the time de?ned for the 
measurement 

[0036] for transmitting the measurement end pulse 

[0037] means for detecting the acceleration peak caused 
by the step and for saving the number of the acceleration 
peaks detected, and 

[0038] a poWer source. 

[0039] Some preferred embodiments of the invention are 
set forth in the dependent claims. 

[0040] The basic idea of the invention is the folloWing: 
The distance covered by the person is measured against 
some ?xed point. In the ?xed point there is advantageously 
a receiver Which receives sound pulses. Hereinafter, this 
receiver Will be called a sound receiver. A sound transmitter 
carried along by a moving person sends steep-edged sound 
pulses preferably in the frequency range of 1000-2000 Hz. 
The person performing the measurement carries the sound 
transmitter advantageously on his/her Waist. When the mea 
surement begins, the clocks of the portable sound transmitter 
and sound receiver are synchronized. The portable sound 
transmitter gives the ?rst sound signal, Which starts the 
clocks of both the portable sound transmitter and the sound 
receiver. The starting sound signal is advantageously given 
by pressing a button in the sound transmitter While the 
person is standing still. After this, the person moves at an 
even speed aWay from the ?xed reception point. All the time, 
the sound transmitter gives a neW sound pulse at even, 
predetermined intervals. The interval of the sound pulses can 
be advantageously about 200 ms. Since the clocks of the 
sound transmitter and receiver are synchronized, it is pos 
sible to calculate by means of the reception moment of the 
sound pulse and the sequence number of the received pulse 
hoW far the sound transmitter carried by the person is at the 
moment of reception of a certain pulse, because the speed of 
sound in the air is knoWn. The sound transmitter carried by 
the person advantageously also comprises at least one accel 
eration transducer. The steps and their exact moments can be 
registered by it during the measurement period. The average 
length of steps is obtained by dividing the distance advanced 
during all the consecutive steps of the measurement period 
by the number of steps. The calculation result obtained is 
preferably saved in the sound receiver. The sound receiver is 
advantageously part of a terminal device of a cellular 
netWork. 

[0041] In the folloWing, the invention Will be described in 
more detail. Reference Will be made to the accompanying 
draWings, in Which 

[0042] FIG. 1 shoWs an example of a measuring arrange 
ment according to the invention for measuring the length of 
steps, 

[0043] FIG. 2 shoWs the effect of Wind on the measuring 
arrangement, 

[0044] FIG. 3 presents, as an exemplary ?oW chart, the 
main steps of the method according to the invention, 
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[0045] FIG. 4a shows the main parts of the sound receiver 
according to the invention by Way of example, and 

[0046] FIG. 4b shoWs the functional main parts comprised 
by the sound transmitter according to the invention by Way 
of example. 

[0047] FIG. 1 shoWs a step length measuring arrangement 
according to the invention by Way of example. Reference 
number 1 denotes a person Who is determining the length of 
his/her steps. The measurement of the length of steps may 
concern either Walking or running. There can naturally be 
different kinds of both forms of exercise, such as sloW 
Walking, normal Walking or fast Walking. By the method 
according to the invention, the measurement of the length of 
steps can preferably be performed separately on each of the 
forms of exercise mentioned. In the example of FIG. 1, the 
person 1 performing the measurement has moved at an even 
speed from point A to point B. The distance betWeen the 
points A and B is denoted by the reference S. When the 
distance S covered by the person is knoWn, the length of 
steps of the form of exercise used can be calculated by 
means of the steps used for the distance covered. 

[0048] In the measuring system according to the inven 
tion, the distance S moved by the person is determined by 
means of sound pulses transmitted at regular intervals. The 
steps taken by the person moving are advantageously 
detected by measuring the accelerations caused by the steps. 
The transmitter 11 of sound pulses according to the inven 
tion comprises means for transmitting sound pulses at cer 
tain time intervals and advantageously at least one accel 
eration transducer. 
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[0050] The person 1 carries, preferably on his/her Waist, a 
sound transmitter 11. The height of the sound transmitter 11 
from the ground surface 2 is denoted by the letter H. In the 
example shoWn by FIG. 1, the sound pulse 120 is arriving at 
the sound receiver 10. Samples are taken from the received 
analogue sound pulse advantageously at the frequency of 
8-16 kHZ. Then the time of arrival of the front edge of the 
sound pulse to be received, such as 120, can be determined 
accurately. 

[0051] Because the sound transmitter 11 and the sound 
receiver 10 are at different heights from the ground surface 
2, the sound must move a longer distance S' than the distance 
S Which is actually covered by the person 1. The direction 
in Which the sound propagates from the sound transmitter 11 
to the sound receiver 10 forms a variable angle a With the 
ground surface 2. The siZe of the angle a determines hoW 
large the measurement deviation (S'-S) from the actual 
distance covered S is. The further the sound receiver 10 is 
from the sound transmitter 11, the smaller the angle a 
becomes. When the distance S of the moving person 
increases, the distance S' covered by the sound approaches 
the actual distance A-B on the ground level, reference S in 
FIG. 1. Table 1 presents a feW examples of hoW the distance 
S of the sound receiver 10 from the sound transmitter 11 and 
the height H of the sound transmitter 11 from the ground 
level in?uence the magnitude of the error/deviation occur 
ring. HoWever, the error can be taken into account in the 
calculation of the distance and corrected by a suitable 
correction function, When required. 

TABLE 1 

Heigth H 1.50 m 

The effect of the height H of the person and 
the covered distance S on the measurement 

1.60m 1.70m 1.80 m 1.90 m 

Distance S (m) abs (m) rel. (%) abs (In) rel. (%) abs (In) rel. (%) abs (m) rel. (%) abs (m) rel. (%) 

1 0.35 35.5 
2 0.19 9.7 
4 0.10 2.5 
5 0.08 1.6 
9 0.04 0.5 

10 0.04 0.4 

0.39 38.6 0.43 42.8 0.47 47.2 0.52 51.6 
0.22 10.9 0.25 12.3 0.27 13.6 0.30 15.1 
0.11 2.8 0.13 3.2 0.14 3.6 0.16 4.0 
0.09 1.8 0.10 2.1 0.12 2.3 0.13 2.6 
0.05 0.6 0.06 0.6 0.06 0.7 0.07 0.8 
0.05 0.5 0.05 0.5 0.06 0.6 0.06 0.6 

[0049] The sound frequency of the sound pulses to be 
transmitted is advantageously in the order of 1000-2000 HZ. 
The pulses 12a, 12b and 120 are transmitted at the rate of a 
feW pulses per second. The pulses 12a, 12b and 120 can be 
transmitted at the intervals of 200 ms, for example. The 
duration of the sound pulse to be transmitted is preferably 
under 100 ms. At such a pulse ratio, the consecutive pulses 
12a, 12b and 120 can be easily separated from each other. 
The sound transmitter 11 according to the invention trans 
mits sound pulses preferably for a predetermined time after 
its starting, after Which the measuring is stopped. The 
operating time can be 10 seconds, for example. When the 10 
seconds have passed since the starting of the measurement, 
the sound transmitter 11 according to the invention sends an 
ending sound signal, after Which the transmission of sound 
pulses ends. 

[0052] Table 1 indicates that if the person advances 10 m 
or more aWay from the sound receiver 10 during the step 
length measurement, the relative error of the measurement is 
only fractions of one per cent. If the person does not advance 
further than 5 m from the sound receiver 10, a suitable 
correction function should be used. The correction function 
must also be utiliZed in a situation Where the location and/or 
speed of the person at the moment of reception of each 
received sound pulse is Wanted to knoW. 

[0053] FIG. 2 shoWs the effect of Wind in the measurement 
arrangement according to the invention. The direction and 
speed of the Wind have an effect on the speed of the 
propagating sound pulses. In FIG. 2, the line segment A-B 
indicates the direction in Which the test person 1 moves. The 
arroW W indicates the prevailing direction and speed of the 
Wind. The direction of the Wind W forms an angle 0t With the 
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movement of the test person 1. Table 2 shows hoW the speed 
and direction of the Wind in?uence the speed of sound 
propagating in the air. 

TABLE 2 

The effect of the speed and direction of the Wind on the speed of sound 

Speed of Wind Speed of Wind Speed of Wind 
Angle [5 0 m/s 10 m/s 20 m/s 

0 3311 341.3 3509 
15 331 1 330.0 3300 
45 331 1 324.7 3175 
75 3311 321.5 3115 
90 331 1 320.5 3106 
115 3311 3215 3115 
135 3311 323 6 315 5 
165 3311 3268 3215 
180 3311 3205 3106 

[0054] According to Table 2, it is clear that the direction 
and speed of the Wind must be taken into account in the 
measurement. At the Wind speed of 10 m/s, Which can be 
considered a hard Wind, the direction of the Wind can have 
an effect of over 6% on the speed of sound detected. So, in 
hard Wind conditions, the direction of the Wind must be 
taken into account during testing. 

[0055] The propagation speed of sound in the air is also 
in?uenced by the prevailing humidity and temperature of air. 
Their effect is presented in Table 3. 

TABLE 3 

Jul. 26, 2007 

the information has been saved in the sound receiver 10, the 
measurement of the length of steps can be started. The saved 
environmental values and the given values are utilized When 
calculating the location of the person 1 at the moment of 
reception of each sound pulse. The program application 
according to the invention performs the calculations 
required in the measurement of the length of steps. When 
required, the calculated results are shoWn on the display of 
the sound receiver 10. The measurement result of the length 
of steps obtained is saved in the memory of the sound 
receiver 10 for later use. 

[0058] FIG. 3 shoWs the main steps of the step length 
measurement according to the invention as an exemplary 
?oW chart. Preparatory measures are performed in step 300. 
These include, among other things, the synchronization of 
the clocks of the sound transmitter 11 and the sound receiver 
10. By means of synchronization, the sound receiver 10 can 
determine When the sound pulse transmitted by the sound 
transmitter 11 is received. In addition, after synchronization 
the sound receiver 10 can determine When the sound pulse 
Was transmitted and Which of the sound pulses belonging to 
the measurement in sequence it is. 

[0059] In step 300, the environmental information having 
an effect on the speed of sound is also fed to the sound 
receiver 10: temperature, Wind direction and speed. The 
height of the person is also fed in order to be able to correct 
the geometrical error in a calculatory manner. 

The effect of the humidity and temperature of air on the speed of sound 

Temperature 
Humidity —300 C. m/s —200 C. m/s —100 C. m/s 00 C. m/s +10O C. m/s +20O C. m/s +30O C. m/s 

0 312.8 319.2 325.4 331.5 337.5 343.4 349.3 
15 i i 325.4 331.5 337.5 343.4 349.4 

30 i i 325.4 331.5 337.5 343.6 349.8 

45 i i 325.4 331.5 337.6 343.9 350.3 

60 i i 325.4 331.5 337.8 344.1 350.7 

75 i i 325.4 331.6 337.9 344.4 351.1 

90 i i 325.4 331.6 338.0 344.6 351.1 

[0056] From Table 3, it is found out that temperature has [0060] In step 310, the step length measurement is started. 
a stronger effect on the speed of sound than air humidity. 
Therefore, the temperature prevailing during the step mea 
surement must also be taken into account in the measure 
ment situation. The effect of humidity on the speed of sound 
is so small that it can be ignored. 

[0057] The folloWing variables must then be taken into 
account in the measurement situation for improving the 
accuracy of the measurement: the prevailing temperature, 
the prevailing direction of the Wind during the measurement, 
the speed of the Wind and the height of the person perform 
ing the measurement. This information can advantageously 
be fed to the sound receiver 10, in Which a suitable program 
application according to the invention has been saved. 
Indoors or in otherWise Windless conditions, the temperature 
and the height of the person are usually suf?cient informa 
tion. The joint effect of the Weather conditions can also be 
calculated programmably, if separate calibration is carried 
out in the conditions prevailing on a knoWn passage. When 

The starting is advantageously performed by pressing the 
start button in the sound transmitter 11. Then the sound 
transmitter 11 starts transmitting sound pulses and the accel 
eration transducer advantageously integrated With it starts 
the acceleration measurements. 

[0061] Alternatively, the starting is carried out by the 
sound receiver 10, in Which case the starting information 
must be Wirelessly transferred to the sound transmitter 11 in 
order to start it. The starting time of each step is recognized 
from the acceleration transducer information. The moment 
of transmission of the ?rst sound pulse is marked in the 
measurement process as the moment 0 s, Which can be 

denoted by to, for example. After the transmission of the 
sound pulse, the operation of the process according to the 
invention is branched into tWo separate devices: a sound 
receiver 10 and a sound transmitter 11. This branching is 
illustrated by a dashed arroW in FIG. 3. 
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[0062] In step 320, a sound pulse is received in the sound 
receiver 10 at the moment t1, Which dilTers from the moment 
of transmission tO of the sound pulse. The di?ference tl-tO 
corresponds to the transit time required by the sound for 
travelling from the sound transmitter 11 to the sound 
receiver 10. In step 321, an estimate of the distance S of the 
person I is calculated on the basis of the given data and the 
measured transit time. When the estimate of the distance S 
is calculated, the given data saved in step 300, Which have 
an effect on the speed of sound and the given data concem 
ing the siZe of the person performing the measurement are 
taken into account during calculation. 

[0063] From the reception moments of tWo consecutive 
sound pulses it is also possible to calculate the velocity V of 
the person 1 betWeen the received sound pulses. 

[0064] In step 322, the calculation results S and V are 
saved in the memory of the sound receiver 10. After saving, 
the sound receiver 10 stays to Wait for the next sound pulse, 
Which can be either the next measurement pulse or a sound 
pulse indicating the end of the step measurement. 

[0065] In the sound transmitter 11, the operation continues 
after the ?rst transmitted sound pulse in the folloWing 
manner. The transmission of the sound pulse is folloWed by 
step 312. In this step 312 the value N of the pulse calculator 
in the sound transmitter 11 is increased by one. After the 
transmission of the ?rst pulse, the value of the pulse calcu 
lator N is thus 1. After the next transmitted sound pulses, the 
value of the pulse calculator N alWays increases by one. 

[0066] A comparison is carried out in step 313, in Which 
it is examined Whether the value of the pulse calculator N 
multiplied by the delay T is smaller than a preset measuring 
time M. The delay T corresponds to the time interval of the 
sound pulses to be transmitted, and it is advantageously 200 
ms. At the beginning of the measurement, the measuring 
time M to be used can be set as desired. It can be 10 seconds, 
for example. If the comparison in step 313 gives the result 
YES, the procedure moves to step 314. Adelay element from 
Which the signal comes out after a certain delay '5 is used in 
step 314. This delayed signal causes the transmission of a 
neW sound pulse at the moment to+'c. After this, the steps 
311, 312, 313 and 314 are repeated so many times that 
?nally the result NO is obtained in step 313. Then the preset 
measuring time M has expired and the step length measure 
ment can be ended. 

[0067] The end of the measurement is indicated by send 
ing an ending sound pulse in step 330. The ending sound 
pulse dilTers from the actual measurement sound pulses in a 
Way Which can be recogniZed by the sound receiver 10. 

[0068] In step 340, the sound receiver 10 receives a sound 
pulse indicating the end of the measurement from the sound 
transmitter 11. After receiving this ending sound pulse, the 
sound receiver 10 preferably saves the latest calculation 
results in its memory: the number and time of the steps, the 
distance S covered during them and the average speed V. 
When the sound transmitter 11 has transmitted an ending 
pulse, it preferably also transmits immediately the number 
of steps measured by it through a separate Wireless link to 
the sound receiver 10. The sound transmitter measures the 
number of steps advantageously by an acceleration trans 
ducer in it. The number N of acceleration maximums 
obtained from the acceleration transducer corresponds to the 
steps taken. 
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[0069] In step 350, the measured length of steps is shoWn 
on the display of the sound receiver 10, When desired. The 
length of steps measured by the method according to the 
invention can be immediately utiliZed in other possible 
exercise-related applications. 

[0070] FIG. 4a shoWs some functional parts comprised by 
the sound receiver 10 according to the invention by Way of 
example. The sound receiver 10 includes a poWer source 44, 
Which is advantageously a battery. The capacity of the poWer 
source 44 is so high that it can guarantee a long time of 
operation to the sound receiver 10. 

[0071] The user can control the sound receiver 10 through 
the user interface 43. By it, the environmental and user 
information needed in the measurement method according to 
the invention, Which have an e?fect on the accuracy of the 
measurement, can be fed to the sound receiver 10. The user 
interface 43 preferably also includes some means suited for 
presenting the length of steps. Such means can be a display 
unit and/or a loudspeaker, for example. 

[0072] The operation of the sound receiver 10 is controlled 
by a processor unit 41. It preferably comprises a central 
processing unit (CPU) and a memory having a ?xed con 
nection With it. The memory belonging to the processor unit 
41 can be implemented by prior art memory units. The 
processor unit 41 also includes a clock function, Which is 
utiliZed in the determination of the reception moment of 
sound pulses. 

[0073] An application program according to the invention, 
utiliZed in the step length measurement, is run in the 
processor unit 41. This program application advantageously 
comprises steps 320-350 of the How chart 3. The program 
application according to the invention has advantageously 
been saved in the memory belonging to the processor unit 
41. The environmental and user information, step 300 in 
FIG. 3, can be saved through the user interface 43 in the 
same memory in a Way that the application program accord 
ing to the invention can utiliZe them. 

[0074] The sound receiver 10 also includes reception 
means 42 for the sound pulses. They comprise a microphone 
unit and signal processing means, Which process the 
received analogue sound signal into a digital signal. The 
analogue signal is converted into a digital signal by an A/D 
converter, the sampling frequency of Which is preferably in 
the order of 8-1 6 kHZ. The received signal samples are taken 
to the processor unit 41, Which makes the decision on the 
reception moment of the sound pulse. The processor unit 41 
also knoWs What the sequence number of each received 
sound pulse is, as counted from the ?rst received sound 
signal. From this information it can draW a conclusion on the 
moment of transmission of the sound pulse received by it. 
The transit time used by the sound pulse is obtained by 
subtracting the moment of transmission of the sound pulse 
from the moment of reception. 

[0075] In an advantageous embodiment of the invention, 
the sound receiver 10 is a terminal of a cellular netWork, into 
Which a program application according to the invention, 
suitable for the step length measurement, has been loaded. 

[0076] FIG. 4b shoWs, by Way of example, the functional 
main parts of the sound transmitter 11 carried along by the 
person performing the measurement. It includes a poWer 
source 49, the capacity of Which enables the transmission of 
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sound pulses With a suf?cient level. The person 1 performing 
the measurement controls the sound transmitter 11 by the 
user interface 47. The user interface 47 preferably comprises 
means for starting the synchronization procedure of the 
clocks of the sound transmitter 11 and receiver 10 and means 
for starting the actual measurement. 

[0077] The transmission of the sound pulses is controlled 
by a processor unit 45, Which comprises a central processing 
unit (CPU), a memory and a clock function. A part of the 
application program according to the invention for deter 
mining the step length, steps 310-313 and step 330 in FIG. 
3, has advantageously been saved in the memory belonging 
to the processor unit 45. These steps of the method according 
to the invention are performed in the processor unit 45 of the 
sound transmitter 11. 

[0078] The sound transmitter 11 also comprises means 46 
for transmitting sound pulses of a predetermined length. 
These means 46 comprise an oscillator, advantageously 
1000-2000 HZ, for generating a sound signal. The frequency 
of the sound signal, the moment of transmission and the 
length of the transmission are speci?ed by an instruction 
given by the processor unit 45. In an advantageous embodi 
ment of the invention, sound pulses are transmitted at 
intervals of 200 ms. The length of the pulses is in the order 
of 100 ms. 

[0079] The sound transmitter 11 preferably comprises at 
least one acceleration transducer 48. The steps N taken 
during the step length measurement can be calculated from 
the measurement information, advantageously the maxi 
mum values of acceleration, of the acceleration transducer 
48. After the measurement, the detected number of steps N 
is advantageously indicated either on a display belonging to 
the user interface 47 of the sound transmitter 11, or the 
number of steps N is transferred by some prior art Wireless 
data transfer link to the sound receiver 10. These means 
required in data transfer are not shoWn in FIGS. 4a and 4b. 
Examples of possible, suitable data transfer methods are an 
IR link or a Bluetooth connection. 

[0080] In a preferred embodiment of the invention, the 
sound transmitter 11 is a terminal of a cellular netWork, into 
Which a program application according to the invention, 
suitable for step length measurement, has been loaded. 

[0081] Some preferred embodiments of the method and 
device arrangement according to the invention have been 
described above. HoWever, the invention is not limited to the 
embodiments described. The inventive idea can be applied 
in such a Way, for example, that the functional roles of the 
transmitter and receiver are changed. Then the person car 
rying out the step length measurement carries the receiver, 
and the transmitter is at a ?xed point. In addition, the 
inventive idea can be applied in numerous Ways Within the 
limits set by the claims. 

1. A method for measuring the length of a person’s (1) 
steps, in Which method the distance covered (S) and the 
number of steps (N) used is measured, Wherein in the 
method 

the distance covered (S) is measured by transit time 
measurement of sound frequency pulses (12a, 12b, 
120), Which are transmitted using a delay (T) betWeen 
the pulses; 
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the transit time of each sound pulse is measured 
betWeen the moving person (1, B) and a ?xed point 
(A); and Where 

before measuring the distance covered 

a measuring time (M) (300) used for measuring the 
length of steps is determined and 

clocks of a transmission means (11) and a reception 
means (10) of the sound pulses are synchroniZed 
before the transmission of a ?rst sound pulse for the 
overall measuring time (M), Whereby the reception 
means (10) of the sound pulses knoW both the 
moments of reception of the sound pulses (12a, 12b, 
12c) and the moment of transmission (300) of each 
sound pulse (12a, 12b, 12c) and that 

number of steps (N) taken during the measurement are 
measured by an acceleration transducer (48) carried 
along by the person. 

2. The method according to claim 1, Wherein the means 
used for transmitting the sound pulses (12a, 12b, 120) is a 
sound receiver (10), Which can receive and indicate a sound 
pulse transmitted in the frequency range used. 

3. The method according to claim 2, Wherein the moving 
person (1) has the sound transmitter (11), Which transmits 
(311-314) sound frequency pulses (12a, 12b, 120), Which are 
received (320-322) by the sound receiver (10) at a ?xed 
point (A). 

4. The method according to claim 3, Wherein the distance 
estimate (S) obtained by the transit time measurement of the 
sound pulse (12a, 12b, 120) is corrected (321) by at least one 
of the folloWing factors having an effect on the transit time 
of the sound pulse (12a, 12b, 120): the height (H) of the 
sound transmitter, (the angle a), the temperature of the air, 
the direction of the Wind (angle 1) or the speed of the Wind. 

5. The method according to claim 3, Wherein after the 
measuring period, the sound transmitter (11) sends an end 
ing pulse (330) of the step length measurement, Which 
ending pulse is received (340) in the sound receiver (10) and 
in Which the ?nal distance (S) of the person (1) from the 
sound receiver (10) is calculated. 

6. The method according to claim 1, Wherein the step 
length is calculated by dividing the measured ?nal distance 
(S) by the number of steps (N) measured by the acceleration 
transducer (48). 

7. The method according to claim 6, Wherein the number 
of steps (N) measured is transferred from the sound trans 
mitter (11) to the sound receiver (10) through a Wireless 
electric link. 

8. A measuring arrangement for measuring the length of 
a person’s (1) steps, Which arrangement comprises means 
for measuring the distance covered (S) and number of steps 
(N) used, Wherein the measuring arrangementithe distance 
covered (S) is arranged to be measured by transit time 
measurement of sound frequency pulses (12a, 12b, 120), 
Which are transmitted using a delay (r) betWeen the pulses; 

the transit time of each sound pulse is arranged to be 
measured betWeen a moving person (1, B) and a ?xed 
point (A) and Where 

before measuring the distance covered 

a measuring time (M) (300) to be used has been 
determined and 
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clocks of a transmission means (11) and a reception 
means (10) of the sound pulses have been synchro 
niZed before the transmission of a ?rst sound pulse 
for the overall measuring time (M), Whereby the 
reception means (10) of the sound pulses have 
knowledge of both the moments of reception of the 
sound pulses (12a, 12b, 12c) and the moments of 
transmission (300) of each sound pulse (12a, 12b, 
12c), and that 

number of steps (N) taken during the measurement of the 
length of steps is arranged to be calculated from 
acceleration pulses caused by the steps, measured by an 
acceleration transducer (48) carried along by the per 
son. 

9. The measuring arrangement according to claim 8, 
Wherein the means for transmitting the sound pulses (12a, 
12b, 12c) comprise a sound transmitter (11), Which is 
arranged to transmit sound pulses essentially in the fre 
quency range of 1000-2000 HZ and that the means for 
receiving the sound pulses comprise a sound receiver (10), 
Which can both receive and indicate a sound pulse trans 
mitted in the frequency range used. 

10. The measuring arrangement according to claim 9, 
Wherein the moving person (1) has the sound transmitter 
(11), Which is arranged to transmit (311-314) sound fre 
quency pulses (12a, 12b, 120), Which are arranged to be 
received (320-322) by the sound receiver (10) at a ?xed 
point (A). 

11. The measuring arrangement according to claim 10, 
Wherein a distance estimate (S) obtained by the transit time 
measurement of the sound pulse (12a, 12b, 120) is arranged 
to be corrected (321) by at least one of the folloWing factors 
having an effect on the transit time of the sound pulse (12a, 
12b, 120): the height (H) of the sound transmitter, (the angle 
a), the temperature of the air, the direction of the Wind (angle 
f3) or the speed of the Wind. 

12. The measuring arrangement according to claim 10, 
Wherein the step length measurement is arranged to be 
stopped by a stopping pulse (330) sent by the sound trans 
mitter (11). 

13. The measuring arrangement according to claim 12, 
Wherein after the reception of the stopping pulse (340), the 
sound receiver (10) is arranged to calculate the ?nal distance 
(S) of the person (1) from the sound receiver (10). 

14. The measuring arrangement according to claim 8, 
Wherein the step length is arranged to be calculated by 
dividing the measured ?nal distance (S) by the number of 
steps (N) measured by the acceleration transducer (48). 

15. The measuring arrangement according to claim 14, 
Wherein the number of steps (N) measured is arranged to be 
transferred from the sound transmitter (11) to the sound 
receiver (10) through a Wireless electric link. 

16. A sound receiver (10), Wherein it comprisesia central 
processing unit (CPU); 

a memory; 

a clock function (41) for calculating the transit time of 
a received sound pulse and for performing the cal 
culation of the distance (S) on the basis of that;ia 
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means for synchroniZing the clock function (41) 
before a ?rst received sound pulse for the overall 
measuring time (M); 

a user interface (43) for inputting the initial information 
of the step length measurement and for presenting 
the measurement result of the calculated length of 
steps; 

a sound frequency receiver (42) for receiving and 
indicating a sound signal of essentially the frequency 
of 1,000-2,000 HZ and 

a poWer source (44). 
17. The sound receiver (10) according to claim 16, 

Wherein the input of the initial information of the step length 
measurement, the determination of the transit time of the 
sound pulse and the determination of the length of steps on 
the basis of that and presenting the measurement result have 
been implemented by a program application saved in the 
sound pulse reception means (10). 

18. The sound receiver (10) according to claim 17, 
Wherein it is part of a terminal of a cellular netWork. 

19. A sound transmitter (11), comprising 

a central processing unit (CPU); 

a memory; 

a clock function (45) 

for transmitting a sound pulse used in the measurement at 
the intervals of a certain delay (r); 

for detecting the end of the time (M) de?ned for the 
measurement; 

for sending a measurement ending pulse; 

a means for synchroniZing the clock function (45) before 
transmitting a ?rst sound pulse for the overall measur 
ing time (M); 

a user interface (47) for starting the step length measure 
ment; 

a sound frequency transmitter (46) for transmitting a 
sound signal of essentially the frequency of 1,000-2, 
000 HZ; 

a means (48) for detecting an acceleration peak caused by 
a step and for saving the number (N) of the acceleration 
peaks detected andia poWer source (44). 

20. The sound transmitter (11) according to claim 19, 
Wherein the delay ('5) used in the transmission of the sound 
pulse, the length (M) of the step length measurement time 
and the determination of the transmission moment of the 
ending pulse have been implemented by a program appli 
cation saved in the sound transmitter (10). 

21. The sound transmitter (11) according to claim 19, 
Wherein it also comprises a means for transferring the 
number (N) of the acceleration peaks by a Wireless data 
transfer link to another device (10). 

22. The sound transmitter (11) according to claim 19, 
Wherein it is part of a terminal of a cellular netWork. 

* * * * * 


