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(57) Abrége/Abstract:
A device for non-contactual measurement of the speed of an object (10) moving over a surface (12) comprises a means (20) for

radiating a signal of fixed frequency at an angle (a) onto the surface (12) in or against the direction of motion, said angle (a)
being variable by the movement of the object (10), and for receiving a Doppler-shifted signal reflected at the surface (12). A
means (24) Is provided for combining a plurality of reflected Doppler-shifted signals, which are receilved in temporal succession,
so as to produce a combined spectrum (50; 60, 62, 64). The device for non- contactual speed measurement additionally
comprises a means (24) for detecting from the combined spectrum the spectral portion having the highest or lowest frequency
and exceeding a predetermined signal power, and a means (30) for deducing the speed from the frequency of the detected

spectral portion.
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A Device and a Method for non-contactual Speed

Measurement on Surfaces

Abstract

A device for non-contactual measurement of the speed of an

object (10) moving over a surface (12) comprises a means (20)

for radiating a signal of fixed frequency at an angle (a)

onto the surface (12) in or against the direction of motion,

said angle (a) being variable by the movement of the object

(10), and for receiving a Doppler-shifted signal reflected at
the surface (12). A means (24) is provided for combining a
plurality of reflected Doppler-shifted signals, which are
recelved 1n temporal succession, so as to produce a combined

spectrum (50; 60, 62, 64). The device for non- contactual

having the highest or lowest frequency and exceeding a
predetermined signal power, and a means (30) for deducing the

speed from the frequency of the detected spectral portion.
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A Device and a Method for non-contactual Speed

Measurement on Surfaces

Description

The present invention relates to a device and a method for
non-contactual measurement of the speed of an object moving
over a surface, and in particular to a device and a method
for non-contactual speed measurement over surfaces by means
of the Doppler principle making wuse of microwave oOr

ultrasonic sensors, 1in particular for joggers or inline

skaters.

Within the last few years, performance diagnostic has become
increasingly common in the field of leisure-time sports.

Instruments which were previously the preserve of top

masses of leilisure-time sportsmen. The heart-rate measuring

In addition to health control there 1s, however, also an

lncreasing need for assessing the respective performance
achieved. In the case of cycling, this is done e.g. by
indicating 1in the bicycle tachometer the speed and the
distance covered. In the case of some other kinds of sport,
€.g. 3Jjogging, inline skating and also downhill skiing or
Cross-country skiling, this information is not provided due to

non-existing measurement methods or measurement methods which

entail major disadvantages.
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All the hitherto known methods for non-contactual speed
measurement 1in the field of leisure Ctime are either very
susceptible to faults and 1naccurate, when the methods in

question are mechanical methods, or they entail restrictions

ultrasonic sensors.

A method of non-contactual speed measurement, in particular

for skiers, 1is disclosed in US 4,757,714. This method makes

helmet. A transmitter is fixed to one ski and Cransmits
ultrasonic or electromagnetic waves in the direction of the
stationary medium over which a skier moves. An element of the

same transmitter or a Separate transducer detects waves

In the prior art it is known LO use two sensors, which are
displaced by 90° relative to one another, so as to compensate
the angular dependency of the Sensors. This kind of
arrangement 1s known as Janus arrangement. The disadvantage
©f this arrangement 1S, on the one hand, that it cannot be

employed in all cases of use, since the two sensors have to




10

15

20

25

30

i R L R el S RURD N L REEE POXPTT RIS BURN T IWRP P R PR I Ter v VT Y e

CA 02333373 2000-11-24

be fixed at an angle of 90° to the direction of motion. This
mode of an arrangement is not possible for joggers, by way of
example. In addition, the use of two Sensors 1s necessary,
which will, on the one hand, entail higher costs and, on the
other hand, fluctuations or drifts, respectively, of the
sound will occur more easily, particularly for a transducer

pointing backwards; such drifts adversely affect the accurate

measurement of high speeds.

In a further known system for non-contactual speed

measurement, which is described in DFE 19501228, a sensor is

surface low. As disclosed in this publication, the influence
of the anqgular dependency relative to the surface can,
however, only be kept low if the lrradiation angle is smaller

than half the aperture angle of the sensor radiating the

by the Federal Bureau for Telecommunications. This means that
1f a sensor has a large aperture angle, this being the kind
of sensor required according to DE 19501228, it will only be
possible to obtain a limited power density and, consequently,
maximum range of the sensor in view of the broad radiation
characteristic. This means, 1n other words, that the maxilmum

possible range can be achieved by a very narrow radiation

characteristic.

For applications in the field of leisure-time sports, e.qg.

Jogging or inline skating, the sensor is normally provided

one meter apbove the ground so that 3 high radiant power
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density is required. The speed measurement system disclosed

in DE 19501228 is, however, often not able to achieve such a
radiant power density in view of the comparatively large
radiation angle and the maximum admissible radiant power. It
follows that the method described in DE 19501228 1S

particularly suitable for ski speed measurement when the

sensor 1s provided in or on the ski, whereas in the case of
other leisure-time sport activities, such as Jogging or
inline skating, where the sensor s arranged at g
comparatively large distance from the ground, this
measurement method will normally not provide any useful
measurement results. A further disadvantage of the
measurement system described in DE 19501228 1S that sensors
having a large radiation angle are normally much more

€xpensive and much less easily available than narrow-cone

SENSOrs.

It 1s the object of the present invention to provide a method
and a device for non-contactual measurement of the speed of
an object moving over a surface, which provide, on the one
hand, measurement results with high precision and, on the
other hand, a high flexibility with regard to the field of

use.

This object is achieved by a device for non-contactual speed
measurement according to claim 1 and by'a method for non-

contactual speed measurement according to claim 15.

The present invention provides a device for non-contactual

which comprises a means for radiating a signal of fixed
frequency at an angle onto the surface 1in or against the

direction of motion, the angle being variable by the movement

TR e g i el B Vb = Yt ] N ok b T R I Myt AR s wAPWERL V) 1RSI i ARG T SR TN | ot RN DRI Sk Lin L | o ahl i 5 17 b b5 e degramay rans



CA 02333373 2000-11-24

of the object, and for receliving a Doppler-shifted signal
reflected at the surface. turthermore, a means is provided
for combining a plurality of reflected Doppler- shifted
signals, which are received in temporal succession, so as to
O produce a combined spectrum. The device for non-contactual
speed measurement additionally comprises g means  for
detecting from the combined Spectrum the spectral portion

having the highest or lowest frequency and exceeding a

15 the surface. When the received signal is down-converted to
the baseband, the spectral portion having the highest
frequency and exceedlng a predetermined signal power 1is
detected independently of the radiation direction of the
sensor. Otherwise, €.9. when the received signal is converted

20 to an intermediate frequency, the spectral portion having the

in the direction of motion, and the spectral portion having

the lowest frequency will be detected when the sensor

radiates against the direction of motion.

25
According to the present invention, a sensor having a narrow
radiation characteristic can be used, which is mounted such
that it either faces the direction of motion or faces away
from the direction of motion. When the surface over which an

30 object moves is lrradiated, a spectral portion of the

Doppler-shifted signal will Ooccur due to the diffuse
reflection of the sensor signal at the surface, this spectral

portion being, however, dependent on the irradiation angle.
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This spectral portion 1is the highest frequency portion
appearing in the Doppler Spectrum, this frequency portion

constituting then a direct measure for the speed. In order to

between the sensor and the surface, averaging over g
plurality of transmitting intervals is carried out according

to the present invention.

A natural change of angle will occur in the case of a

that the sensor is not rigidly mounted at a fixed angle
relative to the surface, is utilized for detecting a signal
component that extends almost parallel to the surface. This

signal component mirrors the actual speed component. This

which results from the use of the Sénsor, leads to a temporal
expansion of the radiation angle without any loss of range
Such a loss of range would occur 1f sensors with broader

radiation angles were used.

For evaluating the combined spectrum, which 1is obtained from
the individual Spectra of the received, reflected, Doppler-

shifted spectra, the spectral portion having the highest
frequency or the "falling edge" of the combined spectrum 1is
ascertained. On the other hand, the spectral portion having

the lowest frequency or the "rising edge" of the Doppler
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direction of motion and when the réceived signal 1is not
converted to the baseband but €.g. o an intermediate
frequency. The respective Spectral portion can be detected by
means of traditional spectral analysis methods or Py a
Fourier transform. Furthermore, the method described 1n DE
19501228 can be used for obtaining the respective spectral

portion from the combined spectrum.

the spectral portion having the highest and the lowest

frequency, respectively, 1is set on the basis of specific

means for radiating and receiving, 1i.e. of the Sensor.
Furthermore, preferred embodiments of the present invention
include a means for correcting the deduced speed so as to
compensate a speed-dependent curve shape of the combined
spectrum. Thils speed-dependent correction is advantageous
insofar as 1inaccuracies caused by the varying falling or
rising edge of the spectrum are compensated for as the speed
increases. This speed-dependent correction can specially be

adapted Lo each type of sensor. Due to the continual motion

and the surface on which this person is moving. Signal level

differences resulting from this varying distance can be
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direction of motion, the angle being variable by the movement
of the object. A Doppler-shifted signal reflected at the
surface 1is received. The above-mentioned steps are repeated
SO as to produce a plurality of reflected Doppler-shifted
signals received in temporal succession. The plurality of

reflected Doppler-shifted signals received in temporal

It follows that the devices and methods éccording to the
present 1invention permit non-contactual speed measurement
over surfaces making use of standard sensors, microwave
SE€nsors or ultrasonic sensors having narrow transmit and
recelve characteristics, the measurement results provided by
the present invention being extremely precise. The present

lnvention additionally permits non-contactual speed

measurement for leisure-time Sports, e.g. jogging or inline

skating, in the case of which Such precise measurement Hhas

In the following, preferred embodiments of the present

Fig. 1 shows schematically the use of a speed measurement

device according to the present 1invention:
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shows a schematic representation for l1llustrating the
natural change of angle between the sensor and the
surface, this natural change of angle resulting from

the use of the speed measurement device;

shows a rough schematic representation of an
embodiment of a speed measurement device according to

Lhe present invention;

shows a diagram which shows the spectra of three

reflected signals received in temporal succession;

shows a diagram which shows the combination of the

spectra shown in Fig. 4;

shows a diagram which shows the resultant combined

spectra at different speeds;

shows a further representation of the spectra shown
in Fig. 6 for 1llustrating the speed-dependent

correction of the speed deduced from the spectra;

shows a diagram which shows the 1/f noise of a

sensor; and

to 11 show combined spectra for different speeds
having the 1/f noise of the sensor superimposed

thereon.

F1g. 1 shows a jogger 10 moving over a surface 12. The jogger

carries, e.g. on a belt or via an arbitrary other fastening,

the

speed measurement device 14 according to the present

1nvention, which, in the representation according to Fig. 1,
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- 10 -

1s arranged such that the sensor thereof radiates in the
direction of motion. Alternatively, it would likewise be
possible to arrange the speed measurement device 14 on the
jogger's back in such a way that the sensor radiates against
the direction of motion. The running movement of the jogger
10 causes a natural movement of the sensor of the speed

measurement device 14 and this, in turn, results in a change

impinges on the surface 12 is schematically shown in Fig. 2
by signals 16a, 16b, 16c and led. Another schematic
representation shows, in circle 18 of Fig. 2, two different
positions of the speed measurement device 14 and,
consequently, of the sensor. When several successive
measurements are carried out one after the other, this will
lead to a temporal expansion of the radiation angle which is
caused by the natural ti1lting movement of the Sensor, as can
be seen from Fig. 2. When the plurality of temporally

SuUccesslive measurements 1is evaluated in common sSoOo as to

spectrum of this plurality of measurements, it will be
possible to achieve a compensation of the dependence of the
sensor signal on the angle between the sensor and the

surface.

Fig. 3 shows a rough schematic block diagram of an embodiment
of the device for non-contactual speed measurement according
to the present invention. A sensor 20 1s connected to a
signal evaluation unit 24 via an amplifier 22. The sensor may
be an ultrasonic sensor operating e.g. in a frequency range
of from 40 kHz to 200 kHz, or a microwave sensor operating

€.g. 1n a range of from 5 GHz to 30 GHz. The amplifier 22 may

ANl AUgidbdb oy A
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- 11 -

be an amplifier with automatic gain control, as indicated by
drrow 26, so as to compensate fluctuations of the distance
between the sensor 20 and the surface. The signal evaluation
unit 24 is coupled to a v-correction unit 28 in which a speed
correction 1is carried out, as will be explained in detail]
hereinbelow making reference to Fig. 6 and 7. Finally, a

processing and display unit 30 is provided.

In the following, the mode of operation of the speed
measurement device according to the present 1nvention will be
eXplained in detail. By means of the sensor 20 a respective
signal is radiated onto the surface and the resultant signal
reflected at the surface is received by the sensor 20 and
supplied via the amplifier 22 to the signal evaluation unit
24. This received signal is preferably down-converted to the
baseband or, alternatively, converted to an lntermediate
frequency. This process is repeated several times according
Lo the present invention, the respective signals received
being stored e.q. 1n the signal evaluation unit 24. Each of
the received Doppler- shifted signals which has Dbeen
reflected at the surface has a Spectrum which depends on the
lrradiation angle between the signal and the surface; as has
been explained above, this irradiation angle changes due to
the movement of e.g. a jogger. In order to illustrate this,

Fi1g. 4 shows three spectra sl, s2 and s3 resulting from three

According to the present invention, the signals received in
temporal succession are used for averagling over several
periods. In the case of Jogging averaging can be carried out
€.g. over several seconds, e.g. over 8 FE'Ts, since the speed
l1s here almost constant over several seconds when a low

acceleration is taken as g basis. In other fields of use
f 4
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- 12 -

averaging can, alternatively, be carried out over a different
period of time, depending on the dCcelerations to bpe

expected.

According to the present 1nvention, the plurality of
temporally successive signals, which are used in common for
measuring the speed, are combined SO as to produce a combined
spectrum. Fig. 5 shows, by way of example, a combined
spectrum 50 which is obtained by adding up the individual
spectra sl, s2 and s3 shown in FF1g. 4. As can Clearly be seen
in Fig. 5, an expansion of the resultant combined spectrum is
caused by summation of the individual Spectra, since, due to
the natural movement of the jogger, the angle of the sensor
does not remain constant with respect to the direction
vertical to the surface. The combined spectrum 50 shown in
Fig. 5 is now used for evaluating the speed. In so doing, the
highest or the lowest frequency portion, which exceeds a
predetermined power or energy level, will be evaluated, as

has been explained hereinbefore.

predetermined signal power. Alternatively, arbitrary known

methods making use of a Spectral analysis or a Fourier
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- 13 -

speed to be detected, a frequency portion occurring in the
combined spectrum being assessed to be a direct measure of
the speed e.g. when a plurality, e.g. four, of successive
values of the spectrum exceed the noise level by e.g. 3 dB.
The speed 1is then deduced in the manner known from the
frequency of this spectral portion, which has been detected
in the signal evaluation unit 24 (F1g. 3), and preferably
displayed on a display unit. The display can be effected e.qg.
remote from the speed measurement device on the user's wrist
or, alternatively, in any other suitable manner, the display

unit being controlled by the device for non-contactual speed

calculate the distance covered. Furthermore, the maximum

- speeds can be stored and the average speed can be calculated

from these stored maximum speeds; these additional parameters
can be displayed on the display unit as required. In
addition, a means for detecting the heart rate can be
provided so that it will be possible to display this

parameter on the display unit as well.

Making reference to Fig. 6 to 11, it will be eXplained in the

compensated according to the present invention. In Fig. ©
three combined spectra 60, 62 and 64 are shown, which are
obtained at increasing speeds v1l, v2 and v3. As can be seen
from Fig. 6, the decline of the respective frequency spectrum

varles as the speed increases.
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The spectra 60 to 64 shown in F'1g. 6 are shown, slightly
reduced 1in size, in Fig. 7 one on top of the other. If a
threshold of e.g. 3 dB above the noise level is assumed for
determining the spectral portion having the highest frequency
and exceeding a specific threshold, a speed- dependent error
will occur due to the decline Characteristic of the
respective frequency spectrum; this error must be corrected.

In this connection, it should be pointed out that the correct

foot of the spectra shown in Fig. 7 is used for deducing the
speed. It follows that a correction has to be carried out
when the speed is being deduced; this correction is effected
in the speed correction unit 28. Due to the steeper decline
of the frequency spectrum, a smaller correction kl will be
necessary for the spectrum 60, whereas the correction factor
for the spectra resulting as the speed increases becomes
greater, as can be seen from the correction factors K2 and k3

in Fig. 7. These correction factors can €.g. be stored in the

out a dynamic calculation of the noise level. FF1g. 8 shows at

80 the 1/f noise of the sensor, which is additively

The resultant spectra for the speeds vl, v2 and v3 with a
superimposed noise portion are shown in Fig. 9, 10 and 11.

Fig. 9 shows the spectrum 90 for the speed vl1, whereas in
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Fig. 11 the spectrum 110 for the speed v3 can be seen.
Reference numeral 92 in Fig. 9 stands for the section of the
nolise spectrum used for calculating the noise level, this
area belng designated by reference numeral 102 in Fig. 10 and

by reference numeral 112 in Fig. 11.

According to preferred embodiments of the present 1nvention,
noise calculation in the frequency range 1is dynamically
correlated with the instantaneous speed SO as Lo take into
account the 1/f noise shown 1in Fig. 8, as will be explained
hereinbelow. In so doing, the last speed determined is always
taken as a reference for calculating the noise for the
instantaneous speed. In this connection, it is assumed that
the speed between two measurement Ccycles does not exceed a
specific value. By means of the device for non-

contactual speed measurement according to the present
invention, the respective speed can be detected periodically
1n successive measurement cycles so as to display this speed
on a display unit, as has been stated above. The part of the
spectrum of a preceding measurement cycle which is now used
for ascertaining the noise 1is the respective part which
starts with a predetermined offset, e.g. 94 in Fig. 9, above
the highest frequency portion detected in this preceding
measurement cycle. It follows that the noise portion for the
neXxt measurement cycle 1is ascertained in the representation

according to Fig. 9 by ascertaining the noise power over the

deduce the speed therefrom.
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If the acceleration between two measurement cycles exceeds g3
specific value, which may e.q. happen when the jogger starts
running, the system will adjust itself to the new value after
a few seconds. Although ultimate precision is not achieved by
> this method during this building-up process, this does not

represent a problem with regard to the use in the field of

lelisure-time sports.

Although the correction of the speed-dependence of the curve
10 shape of the spectra and the taking into account of the noise
level, respectively, are described in Fig. 7 to 11 with
reference to the detection of the spectral portion having the
highest frequency and exceedlng a predetermined signal power,
1t 1s obvious that these principles are also applicable to
15 the detection of the spectral portion having the lowest

frequency and exceeding a predetermined signal power.
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a means (20) for radiating a signal of fixed frequency

at an angle (a) onto the surface (12) in or against the

direction of motion, said angle (&) being variable by

the movement of the object (10), and for receiving a

Doppler-shifted signal reflected at the surface (12)

.
4

a means (24) for combining a plurality of reflected

Doppler-shifted signals,

which are received in temporal
succession,

60, 62, 64);

SO as to produce a combined spectrum (50;

a means (24)

the spectral portion having the

A device according to claim 1 or 2, wherein said

radiating means (20) is provided
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» Sald detecting

means (24) being provided for detecting the spectral

portion having the lowest frequency.

10 5. A device according to claim 2, wherein said radiating

means (20) is provided for radiating the signal onto the

surface against the direction of motion,

means (24)

sald detecting

being provided for detecting the spectral

portion having the highest frequency.

15
6. A device according to one of the claims 1l to 5,
comprising in addition a means for setting the
predetermined signal power on the basis of specific
properties of the means for radiating and receiving.

20

7. A device according to claim 6, wherein the specific
properties include the 1/f noise (80) of the means (20)
for radiating and receiving.

25 8. A device according to one of the claims 1 to 7,
comprising in addition a means (28) for correcting the
deduced speed so as to compensate a speed-dependent
curve shape of the combined spectrum.

30 9.

A device according to one of the claims 1 to 8, wherein

the means for detecting the spectral portion carries out

a Fourier transform.
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the claims 1 to 10, wherein

radiating and receiving is an

12. A device according to one of the

10 including in addition a means for detecting the time and
a means for determining an dverage speed and a distance
covered by the object.

13. A device according to one of the claims 1 to 12,

15 including in addition 3 means for measuring the heart
rate

14. A device according to one of the claims 1 to 13,
including in addition a display means (30) for

20 displaying the deduced and/or measured parameters.

15. A method for non-contactual measurement of the speed of
an object (10) moving over a surface (12), comprising
the following steps:

25
a) radiating a signal of fixed frequency at an angle (o)
onto the surface (12) in or against the direction of
motion, said angle (a) being variable DYy the movement
Of the object (10);
30

b) receiving a Doppler-shifted signal reflected at the

surface (12);
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C) repeating steps a) and b) so as Lo produce g3

plurality of reflected Doppler-shifted signals

received 1in temporal succession:

d) combining the plurality of reflected Doppler—-shifted

signals received 1in temporal succession, so as to

produce a combined spectrum (50; 60, 62, 64);

e) detecting from the combined spectrum the spectral

portion having the highest or lowest frequency and

exceeding a predetermined signal power; and

f) deducing the speed from the frequency of the detected

spectral portion.

A method according to claim 15, wherein the received

signal is converted to the baseband after step b).

A method according to claim 15 or 16, wherein the signal
is radiated onto the surface 1n the direction of motion

and the spectral portion having the highest frequency 1is
detected.

A method according to claim 15, wherein the signal is
radiated onto the surface against the direction of

motion and the spectral portion having the lowest

frequency is detected.

radiated onto the surface against the direction of

motion and the spectral portion having the highest

frequency is detected.
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signal power is used in step (e), said signal power

beind determined taking into account specific properties

of the sensor.

10 22. A method according to claim 21, wherein CLhe specific

properties of the sensor are the 1/f noise (80) of said

SENSOor.

23. A method according to claim 22, wherein steps a) to e)

15 are run through periodically, the combined spectrum

20

25
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