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1

arrangement and a method for measuring the speed of sound

BACKGZROUND OF THE INVENTION

The preeent invention relates to the measurement of the speed
of sound, More specifically, the present invention relates to
a mathad, and an arrangement for measuring the speed of sound
bassed on the travel time of am accustic sigmal through a
predetarmined distance.

Figure 1 shows a prior-art arvangement 100 apnd method for

measuring the speed of gound, as described in US 4,926,395,

L control module 101 generates an output electrical pulse
signal 102. The instance when the event starts, i.e. when the
output eleckrical pulse signal 102 15 generated, is denoted
as ty. The output electrical pulse signal 102 ig sent to a

transmitting transducer 103.

The tranamitting trapeducer 103 converts the output
electrical pulee gignal 102 into an acoustic pulse gignal
104.

Next, the agoustic pulse signal 104 cutput by the
tranemitting transducer 103 travels through a medium 105,

such as air or water, hits a reflector 106 and is reflected.

The reflected acoustic pulse gignal 107 then travels back
towards a receiving transducer 108 which receives the
reflected acoustic pulee signal 107 and converts it into an
electrical pulse signal which will be referred to in the
follewing as recomstructed reflected electrical pulse signal
109,

In this known arrangement the front ends of the transmitting
and receiving traznsducers lis in a plane parallel to the

JP 2004-503764 A 2004.2.5
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z
plane of the reflector 108, since the recveiving transducer
and the tranamitting transducer are embodiad by a single
transducer.

Wext, the reconstructed reflected electrical pulse signal 109
is sent to the control modnle 101,

Based on the instance when the reconstructed reflected
electrical pulse signal 109 is received by the control madule
101, the traveling time of the acoustic pulse signal, i.e.
the time which was necessary for the output and reflected
acoustic pulse signals teo travel through the medium 106 is
determined. The determination of the traveling time will ba
degoribed below.

The speed of sound 110, s, determined and oubput by cthe
control module 10l is given by

o= 2;cd' (1

where

. d is the distance between the transmitting transducer
103 (or the receiving transducer 108! and the reflector
1c5, and

L] tp 1s the traveling time which is the sum of the time

needed for the cutput acoustic pulee signal 104 to
cravel through the distance between the transmitting
transducer 103 and the reflector 106 and the time needed
for the reflected acoustic pulse signal 107 to travel
through the distance between the reflector 106 and th=

receiving transducer 108.

In the following, the determination of the traveling kime tg

according bo the state of the art will be described.

JP 2004-503764 A 2004.2.5
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3
The output eiectrical pulee signal 102 generated by the
control module 101 is btypically a gated sinusoidal signal
that iz of a fipite time duraticn, as shown in Figure 2a.

Due te the inherent characteristice of the tranemitting
transducer 103 and the receiving transducer 108, the
transducers 103 and 104 will, in general, deteriorate the
charactaristics of the gignals in the course of the
respactive signal convarsion processes. This weans for
example that the waveform of the acoustic pulse slgnal 104
doea not exactly correspond to the waveform of the output
electrical pulse signal 102 from which it is generated by the
transmitting transducer 103. Similarly. the waveform of the
reconstructed reflected electrical pulse signal 1908 does not
exactiy aorrespond to the waveform of the reflected acoustic
pulse signal 107 from which the reconstructed reflected
electrical pulss signal 108 is generatad by the receiving
transducer 10&.

Figure 2b shows an example of a reconstructed reflected
electrical pulse signal 109 which is received by the control
module 101 and originates from an input gated sinuasidal
signal as the output electrical pulse signal 102 delivered to
the transmitting transducer 103.

When the control module 101 receives a signal, it will decide
whether the received signal is tha reconstructed reflected

electrical pulse signal 109 or just background noise.

TFor sase of disoussion, the received signal is considered to

be a digital signal.

When the control module 101 receives cme digital sample of
the receivad aignal, it compares the amplitude of the currant
sample cf the digital signal with two thresholds 301, 302,
namely an uppar threshold 301 and = lower thrashold 302 (aee

Figure 3).

JP 2004-503764 A 2004.2.5
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In this context, amplitude is msant te be the voltage level
of the digital signal at the current time instance.

If the absolute value of the amplitude of the current sample
of the digiral signal is larger than the absolute value of
the upper or lower threcholds, the decision is that the
reconabructed reflected electrical pulse signal 109 is
detected, and this current time inetance is then denoted by

ta (see Figure 3).

Otherwise, the decision of the contrel module 101 is that the
reconstructed reflected electrical pulse signal 109 is not
detected, and the control module 10L continues to take the
nest digitel sample and performs the comparison as described
above until the reconstructed reflected electrical pulse
gignal 109 ia detected.

The traveling time kg is then estimated to be an estimated

traveling time £y, which is given by

fg = kg ~ t1, (2}
where
- ty is the time instance when the output electrical pulse

signal 102 starts to be generated by the control module
101, and

- tp is the time instance when the reconstructed refleated
electrical pulse signal 109 is detected by the control
module 101.

This completas the description of how the traveling time tg
is estimated by the calculated time £g.

JP 2004-503764 A 2004.2.5
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5
Howaver, the prior-art method described above particularly
has two problems that cause the estimation of ty by £y to be

inaccurate.

Firstly, the conversion of the outpur electrical pulse signal
102 into its acoustic form (the acoustic pulee signal 104} by
the transmitting transducer 102 is pot instantaneous, mainly
due to physical limitations of transducers. Indeed, there is
a considerable time delay between the instance when the
output electrical pulse signal 102 starts to be generatad by
the contrsol module 101 (i.e., t;) and the instance when the
acoustic pulge signal 104 etarts to travel in the medium 105.
If the delay is of a fixed value for different runs/scenarics
of the spead-of-sound measurewment, one could circumvent chig
problem by replacing t: by t; plus this {fixed value. However,
the delay is not constant for different runs/scenarios of the

speed-of-sound measurement.

Secondly, the detection of the reconsgtructed reflected
electrical pulse signal 109 is alsc not instantaneous.
Tndeed, the contrel module 101 can detect the arrival of the
reconstructed reflected electrical pulse signal 102 only
after a considerable time delay of about a few cycles of the
reconstructed reflected electrical pulse signal 10%, as shown
in Figure 3. If the delay is of a {ixed value, for example
one gycle for different runs/acenarios of the spead-of -sound
measurement, one could circumvent this problem by replacing
ty by b minus this fixed valus. However, aleo this delay is
rnat constant for different runs/scenarios of the speed-of-

sound measurament .

These problems become even woree when using low cost
components, like 8 personal cowputer with a sound card as the
conkrol medule 101, a commercial, rather low-cost loudspeaker
as transmitting tramsducer 103, a plestic cowpact disc case

JP 2004-503764 A 2004.2.5
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1
as the reflector 106, and a commercial, rather low-cost

microphone asz the receiving btransducer 108.

SUMMARY OF THE INVENTICN

Thus, it is = first object of the present invention to
provide an arrangement for measuring the spesd of scund with
improved accuracy particularly even when using low cost
components, especially for educational purpeses like for
experimental speed-of-sound meapurswents in high schools.

T achieve the first obiject, according to a first aspect of
the invention, an arrangement for measuring the speed af
sound comprises an electrical pulse generating means flor
generating an elsctrical pulse signal which will be refarred
to in the Following as output electrical pulse signal. The
electrical pulse generating means is coupled, e.g. via a
caple, to a transmicting transducer for converting the output
electrical pulse signal into an acoustic pulse signal which
will be referred to in the following as output acoustic pulse
signal. The tranemitting transducer may be a commercial,
rather low-cost loudepeaker. Furthermora, a receiving
transducer for converting an acoustic pulse signal inteo an
electrical pulse signal is provided, The receiving transducer
may ke a commercial, rather low-coat micrephone. Both
transducers are coupled with a reflector in such a manner
that the sutput accustic pulse signal generatsd and outpub by
the transmitting transducer is xeflected by the reflectar,
thereby generating a reflected acoustic pulse signal which is
received by the receiving tramsducer. According to this first
acpect of the invention the receiving transducer iz arranged,
relative to the transmitting transducer, in such a manner
that it receives both the cutput acoustic pulse signal and
the reflected acoustic pulge signal and converts them to
respective elactrical pulse signals. The electrical pulse
signal generated from the output acoustic pulse pignal by the

JP 2004-503764 A 2004.2.5
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receiving transducer witl be referred to in the following as
recongtructed output electrical pulse signal, whereas the
electrical pulee signal generated from the reflected acoustic
pulse signal will be referred to ip the following as
reconatructed reflected slectrical pulse signal. Furthermore,
the arrangement according to this aspect of the invention
cemprises a speed determination means for determining the
apeed of sound using the reconstructed output slectrical
pulse signal and also the reconstructed reflected electxical

pulse signal.

The electrical pulse generating means and/or the speed
determination means may bs implemented in a personal cowputer
(PC) . For example, both the electriwal pulse generating
means and the speed determination wmeans may be implemented Ly

a PC comprizing a sound card,

Furthermore, the reflector way be a plastic element, in

particular a compact dize caae.

an advantage of the arrangement accerding to the invention
can be seen in the fact that, even if wvery low-cost
compeonents are used, the accuracy of the speed-of-sound
measurement is improved, since by determining the speed of
sound based on the reconstructed output electrical pulse
gignal the ungertainty in the speed of sound caleulation
caused by the unknown time delay in the conversion process of
rranamitting tranaducer as described above in comjumction
with the state of ar% arrangement is eliminated. Furthermore,
this arrangement is very cheap and thug especially suitable

for low-cost applications.

According te a further embodiment of the lovention, the
electrical pulse generating means is arranged in such a
manner that it can generate an output elactrical pulse signal

with a waveform,

JP 2004-503764 A 2004.2.5
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- which beging with a dominant cycle with maximum

amplitude, and

. wherein the amplitude of the end portion of the cutput
electrical pulse signal tapers off to either zerc or a
considerably smaller value as compared te the maximum
amplitude of the cutput electrical pulse signal in its
dominant cycle.

The output electrical pulse signal may fuxther contain an
initial portion whose amplitude is wonsiderably smaller than
the maximum amplitude of the output electrical pulse signal.
For ease of discussion, the output electrical pulee signal is

considered not to have such an initial portiom.

With this embodiment of the invention, the robustness and the
accuracy of the speed of sound measurement is further
{mpreoved, since with such a waveform of the output slectrical
pulae aignal the uncertainby in the speed of sownd
caloulation caused by the unknown time delay in the detegtion
process of the speed determination means as deseribed above
in conjunction with the state of art arrangsment is
eliminated or at least reduced.

According te a further embediment of the invention, a wave
guide is provided, which is arranged between the transmitting
trapsducer and the reflector, and/eor betwean the receiving

transducer and the reflector.

Furthermore, bhe wave guide may be & hollow cylindrical tube,
which iz made by rolling a long piece of paper into a hollow

cylinder.

With such a wave guide, the loss of signal energy is further
reducaed, thus providing better measurement results due to
less reduction of the signal amplitude when traveling through

the medium.

JP 2004-503764
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Furthermore, according te a preferred embodiment of the

invention, the speed determination means is arranged in such

s manner, that it determines the speed of sound using

- a first instaence, when the second peak of the dominant
cyele of the reconstructed oubput electrical pulse
signal is detected, and

. a gecond instance, when the second peak of the dominant
cycle of the reconstructed reflected electrical pulse
signal is detected.

The second peak of the dominant cyele {which is the peak of
the second half-cycle of the dominant cycle) of the
reconstructed cutput electrical pulse 2ignal is detected when
its absclute values is larger than the absolute value of a
firat threshold, and the second peak of the dominant cycle of
the reconstructed reflected electrical pulse signal is
detected when its absolute value is larger than the ahsoiute
value of a second threshold. The first and second thresheolds
may have the same or different values. Preferably, the
abaclute value of the first thrashold is larger than the
absolute value of the second threshold, since in general the
energy and, therefore, the amplitude of the reconstructed
output electrical pulse signal is higher than that of the

reconstructed refleoted electrical pulse signal.

According to the invention it is advantageous to choose the
gecond half-cycle instead of the first half-cycle, since it
was observed that in soms sceenarios, the peak of the first
half-cycle of the dominant cycle of the reconstructed
reflected elactrical pulse signal is not significant anoughl,
while in other scenarios it is significant enoush, i.e., the
absolute value of which i1s, on come occasions, smaller than
the absglute value of the sacond threshold, but on other
cecasions larger. Therefors, detecting the peak of the firet
half-cycle of the dominant cycle would in many cases affect
the accuracy of estimating the traveling time t,, since in

some occasiong the btime at which a peak is detected would

JP 2004-503764 A 2004.2.5
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correctly correspond to the peak of the first half-eyale of
the deminant cycle, but it would, in other cccasiona,
incorrectly correspond to the peak of the first half-cycle of
a oycle following the dominant cycle, because the peak of the
first half-cycle of the dominant cycle is not detecked. on
the other hand, the peak of the second half-cycle of the
dominant cycle of the reconstructed reflected electrical
pulse gignal is consistently significant enough.

Further, it is a second object of the present invention to
provide a method for measuring the speed of sound with
improved accuracy particularly even when using low cost
components

To achieve the secend cbject, an cutput electrical pulse
signal is generated in a firat step of the method for
measuring the speed of sound according to a second aspect the
invention. Next, the output electrical pulse signal is
converted into an output accustic pulse signal. After having
beer; reflected by a reflector, the thus generated reflected
acoustic pulse signal is received and converted into a
reconagtrucbed reflected electrical pulse signal. As a last
step, the speed of sound is detexrmined using the
reconstructed reflected electrical pulse gignal.

Furtharmere, according to a prefarred embodiment of the
Iavention, an outpubt electrical pulse signal i# generated in
a first astep of the method for measuring the speed of sound
according to a second aspect the invention. Next, the output
electrical pulse signal is converted into an oukput acoustic
pulse signal and into a regonstructed output electriecal pulse
signal. After having been reflected by a reflector, the thus
generated reflected acoustic pulse signal is received and
converted into a reconstructed reflected elsctrical pulss
signal. Az a last step, the speed of sound ig determined
using the reconstructed reflected electrical pulse signal and

the reconstructed output electrical pulse signal.
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The embodiments described above with reference to the
arrangement do apply as well to the method according t£o the

prasent imvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 shows a block diagram of an arrangement for
measuring the spesd of sound according te the state
of the art;

FIGURES 2a and 2b show a waveform of a typical output
electrical pulse signal (Figure 22) and the
corresponding reconstructed reflected electrical
pulse signal (Figure 2b) according to the state of
the art;

FIGURE 3 shows a diagram illustrating the detsction of the
reconstructed reflected electrical pulse signal in
the control module according te the state of the

art;

FIGURE 4 shows a block diagram of an arrangement for
measuring the spead of sound according to a first

embodiment ¢f the present invention;

FIGURES 5a and 5b show waveforms of output electrical pulse
signals according to an ewbodiment of the present

invention;

FIGURE 6 shows & diagram illustrating the detection of the
recenstructad ocutput electrical pulse signal
(Figure 5a) and the reconstructed reflected
electrical pulse signal (Figure &b)in the contrnl
module according to an embodiment of the present

invention;

JP 2004-503764 A 2004.2.5
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FIGURE 7 chows a block diagram of an arrangement for
measuring the speed of sound according te & second
embodiment of the present invention.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTTON

Preferred embodiments of the invention will now be described

with reference to the accompanying drawings.

Figure 4 shows an aryrangement 400 with a pergonal computex
(PC) 401 comprising a sound card 402 as the electrical pulse
generating means and as the speed determination means for
measuring the apeed of scund in air.

According to this embodiment, only standard PC
accessories/components are used in the arrangement, in
particular a soundcard, micraphons and loudspeaker, but nohb
non-standard PC accessories/components such as other PC plug-
in cards, external unite with PC interface, and ultrasound

Sensor.

Note that using the soundcard 402 of the pergonal computer
401 for generating the cutput electrical pulse signal 404
means that the output electrical pulse signal 404 will be in
the audible sound freguency range, i.e., 20 Hz to 20,000 Hz,
but oot Iin the ultrascund fregquency range, i.e. not meve than
20,000 Hz.

In this cage, the PC 401 with the soundeard 402 forms the

control module.

Furthermore, a loudspeaker 403 is provided as the
transmitting transducer. The loudspesker 203 is connected to
the soundcard 402 via a cable.

JP 2004-503764 A 2004.2.5
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The output electrical pulse signal 404 generated by the
scundcard 402 is provided to the loudspealer 403, by which it
is converted inte an output acocustic pulse signal 405.

The acoustic pulse signal 405 18 then sent by the loudspeaker
403 through the medium, zccording to this embediment, air 406
so that at least a part of the acoustic pulse signal 405 hits
a reflector 407 and is reflected by the reflector 407.

The cutput accuatic pulse signal 405 is further received by a
microphene 408, which is used as the receiving transducer.
Thus, in other words, the zrecsiving transducer is arranged
with reference to the loudspesaker 402 in such a mamner as
clearly shown in Figure 4 that it receives the output
acnustic pulse signal 405 coming directly from the
loudspeaker 403 and converts the same intoe a reconstructed
output electrical pulse gigmal (see Figure Ga) .

The reflector 407 according to this embodiment is a CD
lcompact disg) plastic case. It should be noted, that the
reflector 407 can be formed by any cther component which can
reflect the output acoustic pulse signal 405, when it hita
the reflector 407.

The raflector 407 thus refiects the output acoustic pulse
gignal 405 and sends the reflected acoustic pulse signal 409
to the microphone 408.

The microphons 408 gonverts the raceived signals, i.e. both
the received cutput acoustic pulse signal 405 and the
recaived reflected acoustic pulse signal 443, into the
reconstructed output electrical pulse signal 410 and the
reconstructed reflected electrieal pulse signal 411,
reapectively, which are provided to the goundcard 402 of the
PC 401.

JP 2004-503764 A 2004.2.5
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In the PC 401, the traveling time t; is estimated as the

estimated traveling time £y, which is given by

£y = tg - ta, (2}
where
. tz is the instance when the peak of the second half-

¢ycle of the deminant cycle of bthe reconstructed cutput
electrical pulse =ignal 210 is detected, as shown in
Figure €a for an illugtratien, and

. ty is the instance when the peak of the second half-
cycle of the dominant cycle of the reconstructed
reflacted elactrical pulse signal 411 i=s detected, as

ghown in Figure 6b for an illustration.

Figure € shows an example of a signal 600 (comprising the
recenstructed output electrical pulse signal 410 and the
reconstructed reflected electrical pulase gignal 411) received
by the PC 401 and the positions of ty and t4,

The left part 601 of the mignal 600 (Figure &a} is the
reconstructed cutput electrical pulse signal 410. The right
part 602 of the signal 600 {Figure éb) is the recomstruckted
reflected electrical pulse signal 411.

Now it will be explained in detail how by and t, are

cbtained, uesing the example shown in Figure 6.

In this paragraph, it will be explained how ty, i.e. the time
instance when the pe=ak of the second half-cycle of the
dominant cycle of the reconstructed output electrisal pulse
signal 410 is detected, is obtained. For ease of discugsion,
the received signal is considered to be a digital signal.
Firet, based on a priori knowledge sbout the pulse shape,

JP 2004-503764 A 2004.2.5
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according to this embodiment, it is known that the gecond
half-cycle is negative (and not positive) in this example.
When the PC 401 receives one digital sample of the received
signal, it compares the awplitude of the current sample of
the received signal with the lowsr thresheld &603. (If the
second half-cycle would be positive, the amplitude would be
compared to the upper threshold £04.) If the abeolube valus
of the amplitude of the current sample of the received signal
ig larger than the absolute value of the lower threshold 603,
the decision is made that the reconstructed output electrical
pulge signal 419 is detected. Otherwise the decision is that
the received sigmal is not the recometructed cutput
electrical pulse signal 410, i.e. this latter is not
detected, and the contrel module continues to take the next
digital sample and performs the comparison as describsd above
until the reconstructed cutput electrical pulse signal 410 is
detected. Tt will then procesd to look for a local absclute
maximum poink by comparing the mext mample with the current
gample, rthe second next sample with the next sample and =zo
on, and to denote the time instance carresponding to this
iocal absolute maximum polint as ty (ses PFigure &) . Note that
ty corresponds to the peak of the second half-cycle of the
dominant cycle of the reconstructed output electrical pulse

aignal 410.

In this paragraph, it will be explained how £y, i.e. the tima
instance when the peak of the second half-oycle of the
dominant cvele of the recomstructed reflected electrical
pulse signal 411 is detected, i=s ohtained. Based on a prieri
knowledge of the pulase length, it is waited for a certain
fixed periocd of time after ty before the search for £y is
starcad. After such a period of time, the search for tg is
started using the same method as for the seavch for ty
described in the previgus paragraph, except that the value of
the threshold may be different from that used for the search
far t3 l{nobe rhat in the example shown in Figure §, the sams
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threshold valua is used for ssarching both for t; and ty).
Note that t, corresponds to the peak of the second half-cycle
of the dominant cycle of the reconstructed reflected
electrical pulse signal 411.

With the measurement arrangement shown in Figure 4 and the
waveform of the generated output electrical pulse signal
shown in Figure 5a or 5k and described more in detail in the
follewing, £y and t; do not have the “delay problem” that tq
and t, according the gtate of art arrangement (see Figure 1)
have faced, and so the ahove mentioned problems are golved.

Consequently, the estimation of b5 beccomes more acturate.

‘hog, a8 a last step, the speed of sound 412, 87, is
datermined according to the Following formula:

2.4'
sl = —— {4}
Lo
where
- d' ig the distance between the microphone 408 and the

reflector 106,
- Ep is the estimated traveling time given in Equatiecn 3.

Examples of the waveforms of the generated output electrical
pulse signal 404 according to the invention are shown in
Figure 5a and Figure Sb.

The characteristics of the generated output electrical pulse
signal 501 as shown in Figure bz are ag follows:

. the signal 501 asz shown in Figure Sa begins with a
dominant cyela 503 with maximum amplitude, and
. the amplitude of the end portion 504 of the signal 501

tapars off to a considerably smaller value as comparad
to the maximum amplitude of the sigmal 501.

JP 2004-503764 A 2004.2.5
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The characteristics of the generated output electrical pulse
signal 502 as shown in Figure 5k are miwmilar ta the signal
501, wherein the signal 502 further contains an initial
portion 505 whose amplitude is considerably emaller than the
maximum amplitude of the signal S02. For sase of diseussion,
the output electrical pulse signal 404 is considered not to
have such an initial portion.

It shall be highlighted that it is advantagecus according to
the invention to use the proposed pulse signal as deacribed
above with reference to Figure 5a or 5b to bhe the outpot
electrical pulse signal 404 generated by the soundcard 402.
Indeed, if the conventional gated sinusoidal signal as shown
in Pigbure 2& is used as the output electrical pulse signal, a
problem may arise as follows. IE the gated simiscidal signal
has a short duration, the reconstructed reflected electrical
pulse signal will likely be geversly distorted in the sense
that ita waveform will be very different from that of the
sutput electrical pulse gignal 404, and so determinaticn of
the time bty may be difficult and unreliakles. On the othar
hand, if the gated sinusoidal signal as the output electrical
pulse signal has a long duraticn, in order to solve this
problem, it may lead to another problem in that the
weconstrueted ocutput electrical pulse signal may then be
overlapped with the reconstructed reflected electrical pulge
signal and so determination of the time t, may again be

difficult.

As for this waveform illustrated in Pigure Sz and Figure 5b,
the signal's duration is set to ke quite long so that the
problem due to short duration mentioned above i overcome.
Now with a lang duratiom, the “overlapping problem” mentioned
in the previcus paragraph may be faced, However, since the
proposed output electrical pulee signal according to the
inventicon has a taper-coff end, the ahsclute values of the
amplitudes of the portion of the reconstructed ocutput
elactrical pulse signal that cverlaps with the dominant cycle

JP 2004-503764 A 2004.2.5
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of the reconstructed reflected electrical pulse signal are
significantly smaller than the absclute value of the
amplitude of the dominant cycle of the recanstructed
reflected electrical pulae signal, determination of the time

£ty will not be difficult.

Thgrefore, with bhe waveform proposaed by the jnvention, hoth

problems mentioned above are overdome.

It should be further noted that it lies within the scope of
the invention to use the above proposed waveform for the
cutput electrical pulse signal also with the known
arrangement shown in Figure 1, since the uae of such a
waveform even without the arrangement propossd by the
invention would significantly improve the measuremsnt

accuracy as describad above.

nocording te a further ewbodiment of the invention as ghown
in Figure 7,a wave guide 701 is added in between the
microphone 408 and the reflector 407. otherwise this
embodiment is eimilar to the first embodiment deecriked in

conjunction with Figure 4.
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CLAIMS

What is claimed ia:

1. Bn arrangemesnt for measuring the speed of scund,

comprising:

- an slectrical pulse generating weans for generating an
output €lectrical pulse signal,

. a trangmitting transducer for converting satd output
eslectrical pulse signal into an output acougtic pulse
signal,

L] a reflector for reflecting =aid output acoustic pulse
signal, thereby producing a reflected acoustic pulse
signal,

. a receiving transducer being arranged such as to
receive said output acoustic pulse signal tranemitted
directly from said transmitting transducer and said
reflected acoustic pulse signal reflected by =aid
reflector, wherein said receiving transducer converts
the received output acoustic pulse signal into a
reconstructed cutput electrical pulse signal and the
reflected acoustic pulse signal into a reconstructed
reflected electrical pulse signal,

- a speed determination means for determining the speed of
sound wsing the reccnstructed cutput electrical pulse
signal and the reconstructed reflected electrical pulse

signal.

2. The arrangement for measuring the speed of sound according

to claim 1,

wherein the slectrical pulase generating meaneg ig arranged in

such 2 manner that it can generate an output electrical pulse

signal with a waveform,

. which has a dominant cycle with a maximum amplitude, and

- wherein the amplitude of the end portion of the output
alectrical pulse gignal tapers off to either zero or a

JP 2004-503764 A 2004.2.5
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amzller walue as compared to the maximum amplitude of
the output eslegtrical pulse signal in its dominant

cycle.

3. The arrangement for measuring the speed of sound according
to <laim 2,

wherein the electrical pulse generating wmeans is arranged in
2uch a manner that it can generate an cubput electrical pulse
#ignal with a waveform, wherein the output electrical pulse
signal comtains an initial portion wheose amplitude is swmaller
than the maximum amplitude of the output electrical pulse

signal.

4, The arrangemsnt for measuring the speed of sound according
to any of the claims 1 to 3,

wherein the clectrical pulse generating means and/or the
speed determination mezans are implemented in a personal

computer.

5. The arrangement far measuring the speed of scund according

to any of the claime 1 to 4,
wherein the elactrical pulse generating means comprises a

sound card.

6. The arrangement for measuring the speed of scund accoxding
to any of the claims 1 ko 5,
wherein the tranamitting transducer iz a loudspeaker.

7. The srrangement £or measuring the speed of sound accorxding
to any of the claims 1 to 6,
wherein the receiving transducer is= a microphone.

8. The arrangement for measuring the speed of sound according
to any of the claims 1 to 7,
wherein the reflector is a plaatic element, in particular a

compact disc case.
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3. The arrangement Eor measuring the speed of sound according
to any of the claimg 1 to 8, further comprising a wave guide,

which

- is arrangad between the transmitting transducer and the
reflector, and/or

- ie arranged between the receiving transducer and the
refleokor.

10. The arrangement for measuring the speed of sound

accerding Lo any of the claims 1 to 2,

wherein the speed determination meang ig arranged in such a

manmer, kthek it determines the speed of scund usging

. a firgt time instance, when the peak of the second half-
cycle of the dominant cycle of the reconstructed cutput
electrical pulse signal is detectad, and

. a sacond time instance, when the peak of the second
half-cycle of the dominant cye¢le of the reconstructed
raflected electrical pulse signal is detected.

11. The arrangement Eor measuring the speed of sound

according to claim 10,

wherain the speed determination means is arranged in such a

manner, !

= that it detects the peak of the second half-cycle of the
dominant cycle of the reconstructed cutput electrical
pulee signal when its abselute value is ahove a first
thresheld, and

* that it detects the peak of the second half-eycle of the
dominant cycle of the reconstructed reflected electrical
pulse eignal when ita absclute value is above a second
threshold.

12. The arrangement for measuring the speed of sound
according to ¢laim 11,

wherein the speed determination means is ervanged in such a
manner that the first thresheld and the second threshold have

the same value.
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13, B method for measuring the speed of scund, compriging the

following steps:

generating an output electrical pulse signal,
converting the output electrical pulse signal inte an
ocuktput acoustic pulse signal,

reflecting the output accustic pulse signal, thereby
producing a reflected acoustic pulse signal,
converting the reflected acoustic pulse signal into a
ragonstructad reflected electrical pulse signal,
detarmining the aspeed of sound Using the recomatrucked
reflected electrical pulse signal,

12. A method for measuring the speed of sound, comprising the

fellowing steps:

generating an owtput electrical pulse signal,
converting the output electrical pulse signal into an
output accustic pulsge signal and into a recongtiucted
cutput electrical pulse gignal,

reflecting the output accustic pulee signal, thereby
producing a reflectad acoustic pulse sigmal,
converting the reflacted acoustic pulse gignal into a
reconstructed reflected electrical pulse aignal,
determining the speed of sound weing the reconstructed
reflected electrical pulse signal and the reconstructed
output electrical pulse aignal.

16, The method for measuring the speed of sound according to

claim 13 or 14,
wherein the generated output elsctrical pulse signal hag 2

waveform,

which has a dominant cycle with =z meximum amplitude, and
wherein the amplitude ¢f the end portion of the cutput
elactrical pulse signal tapers off to either zero or a
smaller value as compared to the maximum amplitude of
the gutput electrical pulse signal in its dominant
cyele,
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15. The wethod for wmeasuring the speed of socund according to
alaim 15,

wherein the generated output electrical pulse signal has a
waveform with an initial portion whose amplitude is smallex
than the maximum amplitude of the output electrical pulse
signal.

17. The method for measuring the speed of scund according to

any of the claims 14 to 16, wherein the speed of sound is

determined using

- a first time instance, when the peak of the second half-
cvele of the dominant cycle of the reconetructed output
electrical pulse signal is detected, and

- a second time instance, when the peak of the second
half-cycle of the dominant cycle of the reconstructed
reflected slectrical pulse signal is detected.

i8. The method for measuring the speed of sound according to

alaim 17,

wherein the speed of sound is determined such

* that the peak of the second half-eycle of the dominant
oycle of the reconstrueted output alectrical pulae
signal is detected when its absclute value is above a
first threshold, and

. that the peak of the second half-cycle of the dominant
cycle of the reconstructed reflectad electrical pulse
signal ie detected when its absclute value is above a

second threshold.

13. The method for meaguring the speed of =ound according to

claim 18,
wherein the first thresheld and the second threshold have the

same value,

JP 2004-503764 A 2004.2.5
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