arrangenment and a nmethod for neasuring the speed of sound BACKGROUND OF THE
| NVENTI ON The present invention relates to the neasurenent of the speed of
sound. Mweosp@eifically, the present invention rel ates tPCEHSGeV(W0ss and an
arrangenment for neasuring the speed of sound based on the travel tine of an
acoustic signal through a predeterm ned di stance. Figure 1 shows a
prior-art arrangenent 100 and nethod for neasuring the speed of sound, as
described in US 4,92 6,395. A control nodule 101 generates an out put

el ectrical pulse signal 102. The instince when the event starts, i.e. when

the output gkeahfemdhtPande =S nEtodl G meganariaietthd spesdtef] ssund . The
out put electrical pulse signal 102 is sent to a transmtting transducer 103

The transmitting transducer 103 converts the output electrical pulse
signal 102 into an acoustic pul se signal 104. Next, the acoustic pul se

signal 104 output by the é&@ﬁ@ﬁ&ﬁﬁ%n@thﬁﬁs? eiT38] travels through a
er

medi um 105, such as air or wa its a ctor 106 and is reflected.
The Befl ected acoustic pul se signal 107 then travel s back towards a

recei vi Rg, \ﬁé@é’éﬁ@ 1AP8n b g hr e BSEEN SOt BRel RELBGHEReAEOBST tﬁep@bs:@ds' gnal
107 and converts It into an elecirlcal ul se si ferred

to in tRE FWHN MPES FRRGWSEFRELEd PR IBE?ﬁﬁngléEY?PtéPanFégggﬁg 8 109.
In thiSakmﬁﬂﬂuﬂif&ﬂgfnﬁﬂtafhanééméhteﬂds néatheihgahbei sperd atfidsoend vi ng

(ansdusers 115 0, ELAGG PRCAE! Sk e Apsolene giahle Eatlssion 100, i nce

the rec ansm ucer are-e died by a
si ngbe qnankﬂmzsnlnedbdistaheereconstructed reflected el ectrical pulse
signal 109 is sent to the control nodul e 101.

Figure 1 shows a prior-art arrangement 100 and method for
measuring the speed of sound, as described in US 4,926,395.

15 A control module 101 generates an output electrical pulse
signal 102. The instance when the event starts, i.e. when the
output electrical pulse signal 102 is generated, is denoted

as t;. The output electrical pulse signal 102 is sent to a

' transmitting transducer 103.

20
The transmitting transducer 103 converts the output
electrical pulse signal 102 into an acoustic pulse signal
104.

25 Next, the acoustic pulse signal 104 output by the
transmitting transducer 103 travels through a medium 105,
such as air or water, hits a reflector 106 and is reflected.

The reflected acoustic pulse signal 107 then travels back

30 towards a receiving transducer 108 which receives the
reflected acoustic pulse signal 107 and converts it into an
electrical pulse signal which will be referred to in the
following as reconstructed reflected electrical pulse signal
109.

35
In this known arrangement the front ends of the transmitting

and receiving transducers lie in a plane parallel to the



Based on the instance when the reconstructed reflected electrical pulse
signal 109 is received by the control nodule 101, the traveling tinme of the
acousti c wabsessgi gnal, i.e. the tine which was necessary POT/SGHE0008% put and
refl ected acoustic pulse signals to travel through the medium 105 is
determ ned. The determination of the traveling time will be described

bel ow. The speed of sound 110, s , determ ned and output by the control
nodul e 101 is given by 2 d s = (1) tg where d is the distance between the
transmtting transducer 103 (or t he F%ce|V|ng transducer 108) and the
reflect?naﬁ@6ofaﬁﬂe &eﬂiddubﬁrmnaa|supdarﬁhaMnade1vnngmtramsdﬂcehe time

needed oustlc gﬂg! ;%8 ! e h t he
di st anc8™ Ge%gg ngrI%ﬂ%t |%§§ Fansducer %ﬁéi éér%§$ 106 and

t he t|ﬁEraaedadetor the refl ected acoustic pul se signal 107 to travel
t hrough the distance between the reflector 106 and the receiving transducer
108. In the followng, the determ nation_of the traveling tipe t_according
to tthe Yezte @hetWQQQH$QqutQQ3¥ﬁ§&§QQﬁ§iQ#EF?ﬁﬁﬁﬁ& Bt rftdrahut €2
si gnal 1Q2 sgererat ethbydtersionidaligmcd ¢ 101 is typically a gated
sinusoidal signal that is of a finite time duration, as shown in Figure 2a.
Due to the inherent characteristics of the transnitting t ransducer 103 and
t he recebwbﬂgomramsdummtahﬂh vithen trlan scemmrst Ot eddrdHueqied, in general
deteri orat et& % cih LA £ g#_acls Ao the ]:Sér ec,dlkgyt{ﬁe c%§gopfmé@@1e
respectlv onver5| processes. I's means_ for

10 101, the traveling time of the acoustic pulse signal, i.e. -

the time which was necessary for the output and reflected
acoustic pulse signals to travel through the medium 105 is
determined. The determination of the traveling time will be

described below.

15
The speed of sound 110, s, determined and output by the
control module 101 is given by
s =22 (1)
o
20
where
o d is the distance between the transmitting transducer
103 (or the receiving transducer 108) and the reflector
106, and
25 e tg is the traveling time which is the sum of the time
needed for the output acoustic pulse signal 104 to
travel 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
30 through the distance between the reflector 106 and the

receiving transducer 108.

In the following, the determination of the traveling time tg
according to the state of the art will be described.
35



exanpl e that the waveform of the acoustic pul se signal 104 does not exactly
correspond to the waveform of the output electrical pulse signal 102 from
which it waoysaser ated by the transmtting transducer 103. PSI/ARGIEI0S5 t he
wavef orm of the reconstructed reflected electrical pulse signal 109 does
not exactly correspond to the waveformof the reflected acoustic pul se
signal 107 fromwhich the reconstructed reflected electrical pulse signa
109 is generated by the receiving transducer 108. Figure 2b shows an
exanpl e of a reconstructed reflected ®l ectri cal pul se signal 109 which is

recei veglh:gyohlapuieoaure@tﬁMI qaLiLleI;le adcy rQatll gimfit@a'lérem?@nbjr niglm]é gat eg

si nusoi dal . signal as t out put. el ectrica ul se_ signa 2 ivered to
the trafSRFER; n@ofi?’ir?s &H%@Pwa@nhf he %‘%ﬁ r o?lrrlm%pujr%égoils%%je{i ves a

si gnal , thatwilsl odea dd nittet heime biratiedvedsi giewn | Ent hitkguee odst r uct ed
reflected electrical pulse signal 109 or just background noi se. For ease of

di scussion, the received signal is considered to be a digital signal . Wen
t he TonPrel teptiiee inhenasteicharantewifiied hnpte branfditet®?ved signal,

it conpargsckecamlost ude afnd he sanvany seambeueérthes i gheal signal with
two thresholds 301, 302, r}grrellly an][upp,er t hreshol d,301 and g | ower

t hr eshoF@2389uCe&s Ri0Guraas 304 withi st RSl anPrrehte  fEC kRt to be

t he vol tageakeeeistfiddhe fithd adignahal imtthdecoursenvftthe i nstance. |f

t he absolute value af the amplifud r ; o] he digital
si gnal F§°P&Fger S ﬁ&@qage ca%s%?%%lle&\l/ ]ﬂéeg%g%%'e_eﬁ%h%%q%%ﬁfog%% t hr eshol ds,
t hel leceshowlies thizat titee wasooferm uef cthe cd¢eesietc apetsei eagnpll $84si gnal

ours SRS ) matiated o8 i deicts ey | (o
electrical pulse signal 102 from which 1t 1s generate Y e
transmitting transducer 103. Similarly, the waveform of the
reconstructed reflected electrical pulse signal 109 does not

15 exactiy correspond to the waveform of the reflected acoustic
pulse signal 107 from which the reconstructed reflected
electrical pulse signal 109 is generated by the receiving

transducer 108.

20 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 sinusoidal
signal as the output electrical pulse signal 102 delivered to
the transmitting transducer 103.

25
When the control module 101 receives a signal, it will decide
whether the received signal is the reconstructed reflected

electrical pulse signal 109 or just background noise.

30 For ease of discussion, the received signal is considered to

be a digital signal.

When the control module 101 receives one digital sample of

the received signal, it compares the amplitude of the current
35 sample of the digital signal with two thresholds 301, 302,

namely an upper threshold 301 and a lower threshold 302 (see

Figure 3).



reconstructed reflected electrical pulse signal 109 is not detected, and
the control nodule 101 continues to take the next digital sanple and

per f or rs Whevegepari son as descri bed above until the recoRET/RGOY@®ASS
reflected electrical pulse signal 109 is detected. The traveling tinet is
then estimated to be an estimated traveling tinet , which is given by t0 =
t2 -t (2 where t -|_1is the tinme instance when the output electrical
pul se signal 102 starts to be generated by the control nodule 101, and t
is the time instance when the reconstfucted reflected el ectrical pul se
signal 109 is detected by the control nodule 101. This conpletes the
description,af how.the traveli i j td C at ed
tinme C?&ﬁoﬁ@hﬁyCQH%?%§ﬁ(ﬁméi%gﬁééhgﬁ é%%€i€§d$%3%§§ gé%%?%ﬁlg%?ghhas t wo
probl eneft lthte cHgsidalhesiagnaleat orhefcerpgn tonpelnpbattfate . Firstly,
the conversion of the output electrical pulse signal 102 into its acoustic
form (the acoustic pulse signal 104) by the transmitting transducer 103 is
not 3 nsflnthecsolrfinAiiR b Pry Bt 1Trdetati bR SFCFFY sﬁﬁ@@ﬁ?.

| ndeed, offhetR i A tEaNss Agiabl £s t1aegete! eiyahet deeabsbeut astabae when the
out put electrical pulse signal 102 starts to be ner at y e control
modul e &€ GPRET, %% %ﬂ%?¥%€h¥%%?%%§%'mﬁ%% %%%lgggﬂs%?cggapsghgignal 104
starts twedomstatudted hee fibskted 1€bectfiche peleay £3gndlalfPxed val ue for
di fferent runs/scenayi.gs. of eed- of : - S g goul d

cir cuwgr?ttetcﬁesfis’pracﬁ em %)% Cr%%?%%?ngﬂ{lg-lrigg%ﬂge mf%l Hfslg{{ﬁ?%n??ged gal ue.

Howewer tot HeegelFdyire Mt. constant for different runs/scenarios of the
speed- of -sound neasurenent.

Otherwise, the decision of the control module 101 is that the
reconstructed reflected electrical pulse signal 109 is not
detected, and the control module 101 continues to take the

15 next digital sample and performs the comparison as described
above until the reconstructed reflected electrical pulse

signal 109 is detected.

The traveling time ty is then estimated to be an estimated

20 traveling time Eo, which is given by

€9 = ty = tq, (2)
where
25 e t; is the time instance when the output electrical pulse

signal 102 starts to be generated by the control module

101, and
. t, is the time instance when the reconstructed reflected

electrical pulse signal 109 is detected by the control
30 module 101.

This completes the description of how the traveling time tg

is estimated by the calculated time g -



Secondly, the detection of the reconstructed reflected electrical pulse
signal 109 is also not instantaneous. |Indeed, the control nodule 101 can
detect tmeoOaredsenl of the reconstructed refl ected el ectriBa@l/SEul/@®essi gna
109 only after a considerable tine delay of about a few cycles of the
reconstructed reflected electrical pulse signal 109, as shown in Figure 3 .
If the delay is of a fixed value, for exanple one cycle for different

runs/ scenari os of the speed-of-sound neasurenent, one could circunvent this
problemby replacing t by t2 minus this fixed val ue. However, also this

del ay i goRekesONSAN A1y Gidd efeifiod ulsd seiared | Q50w phet Seeks-DF - sound
measur enment. These_probl ens becone even worse when usi ng | ow. cost

conponeRf§, tHPkPrabdEmsy Hate SRttt i 197 S SYuiRE &F dE@asPY heo cbnt PSI
nmodul e 101, % eaercial, rather |ow cost |oudspeaker as transmtting
transducer T , a plastic conpact disc caseas the reflector 106, and a
commercial, rather |ow cost m crophone as the receiving transducer 108.

SUNNFRYFQESEN§,|N%?VBdEVéEBﬁbnidfiﬁ?éi6dﬂpﬁt(&ﬂéﬁﬂri&alhpubgfssi@nal .
invention_tq provide an arrangenent,for measuring the spe Wi t
i npr oved 03¢ ABF&ey FFaAq MR S VF VRN Wife RO Y- %Q%%tg%gﬁ%gnle?\?g%
especi akhy famneducatimgnaransgoses 10keld oroexpestaptratoygpeetabtlysound
measur epent t%o'()&h?)&%aslcﬁ%t%ﬁcagfoﬁ&mfv@réﬁgdﬁééﬁé. OPh&ELld, acROFLipg to a

first aspect o hé 1 nvention, an arrangenment for measurjng the speed of
sound cenponsdslegmidieedtime delay feetgern 0o gL BERRCE oVRgR RSt i ng an
el efd ri ekt 22 Hgla WhiEeTsi d1ghe] referéesrt t6 bhegénkravédgons
out put electrical pulse signal . The electri alkéiguj se\_eggner ting .means is
coupl edthe gonfirgla mashle Q)lagltfeansrﬁl)tia}f&?ttr SRR FOr"CThverting the
output gl BEHHICAANS &Sl 1 4O A SO &y oLl 58 Shenabaviincloyl! ! be
referred to 1 nthe followng as output acoustic_ pul se ,

If the delay is of a fixed value for different runs/scenarios

of the speed-of-sound measurement, one could circumvent this

15 problem by replacing tq 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 reconstructed reflected

20 electrical pulse signal 109 is also not instantaneous.
Indeed, the control module 101 can detect the arrival of the
reconstructed reflected electrical pulse signal 109 only
after a considerable time delay of about a few cycles of the
reconstructed reflected electrical pulse signal 109, as shown

25 in Figure 3. If the delay is of a fixed value, for example
one cycle for different runs/scenarios of the speed-of-sound
measurement, one could circumvent this problem by replacing

t, by t, minus this fixed value. However, also this delay is

not constant for different runs/scenarios of the speed-of-

30 sound measurement.

These problems become even worse when using low cost
components, like a personal computer with a sound card as the
control module 101, a commercial, rather low-cost loudspeaker

35 as transmitting transducer 103, a plastic compact disc case



signal. The transmtting transducer nmay be a commercial, rather | ow cost
| oudspeaker. Furthernore, a receiving transducer for converting an acoustic
pul se si gv@ab1/paed an el ectrical pulse signal is provided. POV8GHE®ESVi ng
transducer may be a conmercial, rather | ow cost mcrophone. Both
transducers are coupled with a reflector in such a manner that the output
acoustic pul se signal generated and output by the transmtting transducer
is reflected by the reflector, therebg generating a reflected acoustic
pul se signal which is received by the’receiving transducer. According to
this firy taspecificicidie i0wenindnatdemmecel ¥l pgrathasdloercbstarranged,
relative.to the transq%ttiqg t ransducer %én sucg ? manner that it receives
th g PPe

both t hLGHIRNODE S5t TR prF SB Kt Fhat T AN L RE® r cted acoustic pul se

signal and converts themto respective electrical pulse signals. The
el ectrical pulse signal generated fromthe output acoustic pul se signal by
thereceiving transducer will be referred to in the follow ng as
recomstruct ed out put el ect SUMMARYOFe TEEGAAVENHE bas the el ectrical pul se
signal generated fromthe reflected acoustic pulse signal will be referred
toin the follow ng as_reconstructed re}élected el ectrical Elu{:%e si gnal .

o PHe

Furt her ot tite 1 raangenEht OBeeor P hg o PHFESREpatY B Pnvention -
conpri sefrcviskeeth deteimyeaasnonforansadorioet ehai spagdt bé spead witdound
usi ng the reconstructed ou . el i.C Sj, gk t he

reconst rutted” erdfsechecclfre%mglé%#ll%%fg%%s%%ﬁ;éﬁ% n {f’ﬁgﬁél g??’ r ?(L:%Ie pul se
gengf at iqunovesns sanddepechel Sy ebor dederat harabrPrEaAsehay 1€ £RBl emented in

a perso@%§é¥¥ﬂéﬁéal(éﬁged—gﬁfs@%ﬁ&pﬁéas@?éﬁeﬁbg ehert ghcakhpulise

generating nmeans and the speed determ nati on neans nmay be inplenented by a
PC conprising a sound card. Furthernore, the reflector may be a plastic
el ement ;7d nAdV L We Bi£9PPALTedt sSCac@Seding to a first aspect of

the invention, an arrangement for measuring the speed of

15 sound comprises an electrical pulse generating means for
generating an electrical pulse signal which will be referred
to in the following as output electrical pulse signal. The
electrical pulse generating means is coupled, e.g. via a
cable, to a transmitting transducer for converting the output

20 electriéal pulse signal into an acoustic pulse signal which
will be referred to in the following as output acoustic pulse
signal. The transmitting transducer may be a commercial,
rather low-cost loudspeaker. Furthermore, a receiving
transducer for converting an acoustic pulse signal into an

25 electrical pulse signal is provided. The receiving transducer
may be a commercial, rather low-cost microphone. Both
transducers are coupled with a reflector in such a manner
that the output acoustic pulse signal generated and output by
the transmitting transducer is reflected by the reflector,

30 thereby generating a reflected acoustic pulse signal which is
received by the receiving transducer. According to this first
aspect of the invention the receiving transducer is arranged,
relative to the transmitting transducer, in such a manner
that it receives both the output acoustic pulse signal and

35 the reflected acoustic pulse signal and converts them to
respective electrical pulse signals. The electrical pulse

signal generated from the output acoustic pulse signal by the



An advant age of the arrangenent according to the invention can be seen in
the fact that, even if very |l ow cost conponents are used, the accuracy of

t he speedvob1/9@eund neasurenent i s inproved, since by detRETWSGIMWOshe speed
of sound based on the reconstructed output electrical pulse signal the
uncertainty in the speed of sound cal cul ati on caused by the unknown tine
delay in the conversion process of transmtting transducer as descri bed
above in conjunction with the state og art arrangenent is elimnated.
Furthernore, this arrangenent is very cheap and thus especially suitable
for | owreestivappl itCednadsceAcedl Uibg refartedt her ivsnbbei fedfovfinghes

i nventi i I i a hsiar i uch a
manner RSO o e at S BEEEEAY | B PR R e e e
wavef or mlegiinicale pubsei shoratoaenenetegcfEon EhenkREAGRT&ApPFPYEGELICand

wher ei ”ﬁﬁ%@@&%’ﬁé@%ﬁltﬁé gbd-pREli 09 oh the euvipuiviebeekrical pul se
signal tapers oft to_either zero

fr a considerably,smaller, v Fue as

conpar eF P HHEHEE e ShprEeda %?t¥ﬁ%aiuPBgFee¥égpﬁ'Ca%uﬁﬁ §EMSEGmal in
its donigrantaesidemedbeaotdpidingl ect thial appkse sifghhk mmyehuiither contain
an initial portion whose.anplitude i onslder y .t han,the maxi num
anplitLuﬁ9W§%%§ﬁ§cﬁﬂ?ﬁﬁeglg%%?F@é?a%ﬁ?éeﬁéégﬁa?BkFgggggbghébgd?g%ussion

t he out mpeesl exf rswahd put seg stgparecsnebnerbededunptitt lrgkaisadh an

initial pordd Oépic_:{rng hAdi §l$8beﬂ!an?@&oﬁét%ﬂ@téﬁY?@?ﬁ@@teﬁh%l%@léﬂtc'aﬁsS and

the accuracy of the speed of sound neasurenent is further inproved, since
wi t ROsudhvlsevdiddnatn of the output electrical pulse signal the uncertainty
in the speed of sound cal cul ati on caused by the unknown tine delay in the

ion pr f th i i i
det ect %hé)é¥§§¥}£2a Sufggegegg%ggghga%égﬂsng%87o%st%%S%%E%%d above

determination means may be implemented in a personal computer
(PC) . For example, both the electrical pulse generating
15 means and the speed determination means may be implemented by

a PC comprising a sound card.

Furthermore, the reflector may be a plastic element, in
particular a compact disc case.
20
An advantage of the arrangement according to the invention
can be seen in the fact that, even if very low-cost
components are used, the accuracy of the speed-of-sound
measurement is improved, since by determining the speed of
25 sgound based on the reconstructed output electrical pulse
signal the uncertainty in the speed of sound calculation
caused by the unknown time delay in the conversion process of
transmitting transducer as described above in conjunction
with the state of art arrangement is eliminated. Furthermore,
30 this arrangement is very cheap and thus especially suitable

for low-cost applications.

According to a further embodiment of the invention, the
electrical pulse generating means is arranged in such a
35 manner that it can generate an output electrical pulse signal

with a waveform,



in conjunction wth the state of art arrangenent is elimnated or at |east
reduced. According to a further enbodi nent of the invention, a wave guide
is provi gdoredsezh is arranged between the transmtting tranSduc@ossand the
reflector, and/or between the receiving transducer and the reflector.
Furthernore, the wave guide may be a hollow cylindrical tube, which is nade
by rolling a | ong piece of paper into a hollow cylinder. Wth such a wave
gui de, the loss of signal energy is further reduced, thus providing better
nmeasurement results due to |ess reduction of the S|gnal anpl i tude when
travel i Bg tmwnﬂﬂhtHEgiEﬁ“WﬂﬁKIhrdomin@nt tySDet with) Aaki®mSD 3 < P. r r H
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m-5 F m- cmsydsragoly osm q—‘rtYabwr— @@ Fompﬁrﬁripti? éh‘?rmexemBmQ WCQ Q
WHi-i O3 %l:l}lﬂllq_@lfe'of tﬂeS&lt it "eDeftPical " phlsd sighaD SR Fts 0 F < J
WFP. <<Jr_.t Of 0 WP, i II?)FWSDf-WrrSDrtFFHrrrrW"

SD SD tr t r Goidant ¢yele. CD rtf O<OSDFtr OP. OFrt -1 FFi tr

FFtr 2/4000r ttrrt -hH3IFFHWI rt 0 F OOP. SDFmM-HP
i m- SD tr Q1 D rt FSD-
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f 0 Wt A¥fsi3drdBl -not to have such an initial portion.

15 With this embodiment of the invention, the robustness and the
accuracy of the speed of sound measurement is further
improved, since with such a waveform of the output electrical
pulse signal the uncertainty in the speed of sound
calculation caused by the unknown time delay in the detection

20 process of the speed determination means as described above
in conjunction with the state of art arrangement is

eliminated or at least reduced.

According to a further embodiment of the invention, a wave
25 guide is provided, which is arranged between the transmitting
transducer and the reflector, and/or between the receiving

transducer and the reflector.

Furthermore, the wave guide may be a hollow cylindrical tube,
30 which is made by rolling a long piece of paper into a hollow

cylinder.

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

the medium.
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15 first 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 absolute
value of a second threshold. The first and second thresholds
may have the same or different values. Preferably, the

20 absolute value of the first threshold 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 reflected electrical pulse éignal.

25
According to the invention it is advantageous to choose the
second half-cycle instead of the first half-cycle, since it
was observed that in some scenarios, the peak of the first
half-cycle of the dominant cycle of the reconstructed

30 reflected electrical pulse signal is not significant enough,
while in other scenarios it is significant enough, i.e., the
absolute value of which is, on some occasions, smaller than
the absolute value of the second threshold, but on other
occasions larger. Therefore, detecting the peak of the first

35 half-cycle of the dominant cycle would in many cases affect

the accuracy of estimating the traveling time t,, since in

some occasions the time at which a peak is detected would
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correctly correspond to the peak of the first half-cycle of
the dominant cycle, but it would, in other occasions,
incorrectly correspond to the peak of the first half-cycle of
a cycle following the dominant cycle, because the peak of the
first half-cycle of the dominant cycle is not detected. On
the other hand, the peak of the second half-cycle of the
dominant cycle of the reconstructed reflected electrical

pulse signal 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

compeonents.

To achieve the second object, an output electrical pulse
signal is generated in a first 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 acoustic pulse signal. After having
been reflected by a reflector, the thus generated reflected
acoustic pulse signal is received and converted into a
reconstructed reflected electrical pulse signal. As a last
step, the speed of sound is determined using the
reconstructed reflected electrical pulse signal.

Furthermore, according to a preferred embodiment of the
invention, an output electrical pulse signal is generated in
a first 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 acoustic
pulse signal and into a reconstructed output electrical pulse
signal. After having been reflected by a reflector, the thus
generated reflected acoustic pulse signal is received and
converted into a reconstructed reflected electrical pulse
signal. As a last step, the speed of sound is determined
using the reconstructed reflected electrical pulse signal and

the reconstructed output electrical pulse signal.
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SD |- 1 The enbodi nents descri bed above with reference to the arrangenent
y as well to the nethod according to the present invention. BRI EF
DESCRI PTMVAN0Pp6STHE DRAW NGS FI GURE 1 shows a bl ock di agr ar€DRGano0oss

do appl

arrangenent for

art; FIGURES 2a and 2b show a waveform of a typical output electrical

si gnal

pul se signa

measuring the speed of sound according to the state of the

pul se

(Figure 2a) and the corresponding reconstructed refl ected el ectri cal

(Figure 2b) according tqg the state of the art ; FIGURE 3

a diagramillustrati-ng the detectionidf the reconstructed reflected
cal pulse signal in the control nodule according to the state of the

el ectri
art: Fl

speed of

Fl GURES ebzr gk ntsn s by awwky ozsswell oue ptheehnethedcarcpudagsitgnihe
%%#ééﬁﬂ’fﬂvéﬁﬂ{ﬁﬁt of the present invention; FIGJRE 6 shows a
I'MTTustrating the

detection of the reconstructed output electrical

accordi

di agr am
pul s2 signa

measuring the SpeeglSﬁﬁgyﬁﬂﬁggﬁﬁ%fafkéﬁfgg;@g@ggﬁ%ﬁ%ﬁggg{ng?eg?nthgor

(Figure 6a) and the reconstructed refl ected el ectri cal

shows

RE 4 _sho bl ock  di f . f [
P REA o oL PPy Lo RHB Ot DBt CRPE EGSpEBsSRE | nvent | on

pul se

(Figure 6b) in the control nodule according to an enbodi ment of the

shows a block diagram of an arrangement for
measuring the speed of sound according to the state
of the art;

FIGURES 2a and 2b show a waveform of a typical output

electrical pulse signal (Figure 2a) and the
corresponding reconstructed reflected electrical
pulse signal (Figure 2b) according to the state of
the art;

shows a diagram illustrating the detection of the
reconstructed reflected electrical pulse signal in
the control module according to the state of the

art;

shows a block diagram of an arrangement for
measuring the speed of sound according to a first

embodiment of the present invention;

FIGURES 5a and 5b show waveforms of output electrical pulse

si gnal
present invention;
present invention.
FIGURE 1
10
15
FIGURE 3
20
FIGURE 4
25
30
FIGURE 6
35

signals according to an embodiment of the present

invention;

shows a diagram illustrating the detection of the
reconstructed output electrical pulse signal
(Figure 6a) and the reconstructed reflected
electrical pulse signal (Figure 6b)in the control
module according to an embodiment of the present

invention;



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON Preferred
enbodi nents of the invention will now be described with reference to the
acconpanyweglreisaam ngs . Figure 4 shows an arrangenent 400P@i/BGOE00PEY sonal
conputer (PC) 401 conprising a sound card 402 as the electrical pulse
generating nmeans and as the speed determ nation neans for neasuring the
speed of sound in air. According to this enbodi nent, only standard PC
accessori es/ conponents are used in tH% arrangenent, in particular a
soundcard, m crophone and | oudspeaker,” but not non-standard PC
accessori es/ conponents such as other PC plugin cards, external units with

PC inter d ultraso ns.o t e- t hat i S dcard 402 of

t he perggﬁ%%?np&?‘é’ﬁ%@l%?ége%e%%ﬁ%g hég?oau%%éul{x@eerf‘%g%r?%@al pul se si gnal
404 means that theeasyine|de rsresd pufl stOWIGrRECPOILRE | Fobe $ACORS

audi bl e sound frequepci JANGE itk prdsdi 1@, Hz, but not in the

ul trasound frequency range, i.e. not nore than 20,000 Hz. In this case, the
PC 491 with the soundcard 402 fornms the control nodule. Furthernore, a
| oudspeaker 403 is provided as the transmtting transducer. The | oudspeaker

403 is connected to th 0 ] a trica
pul se signalDE%%IBEHeP§§§%&%§%?%gC%b§ﬁ§%§$%ﬁﬁb%hﬁgigﬁggﬁﬁgg%ighﬁﬁe

| oudspeaker 403, by which it is coINEENBHONNto an out put acoustic pul se
signal 405. The acoustic pulse signal 405 is then sent by the | oudspeaker
403 through the medium according to this enbodi nent, air 406 so. that at

| eak® a Rrafiemfed mmbadiments pof sehei HREENEOS Wikl anek: PecesFcad»ednd i s
reflect g iy Adied&ideet IO 7acdbfip Oy Do @saushys. pul se signal 405 is

further received by a

Figure 4 shows an arrangement 400 with a personal computer
(PC) 401 comprising a sound card 402 as the electrical pulse
15 generating means and as the speed determination means for

measuring the speed of sound in air.

According to this embodiment, only standard PC
accessories/components are used in the arrangement, in

20 particular a soundcard, microphone and loudspeaker, but not
non-standard PC accessories/components such as other PC plug-
in cards, external units with PC interface, and ultrasound

Sensoxr.

25 Note that using the soundcard 402 of the personal computer
401 for generating the output electrical pulse signal 404
means that the output electrical pulse signal 404 will be in
the audible sound frequency range, i.e., 20 Hz to 20,000 Hz,
but not in the ultrasound frequency range, i.e. not more than

30 20,000 Hz.

In this case, the PC 401 with the soundcard 402 forms the

control module.

35 Furthermore, a loudspeaker 403 is provided as the
transmitting transducer. The loudspeaker 403 is connected to

the soundcard 402 via a cable.



m cr ophone 408, which is used as the receiving transducer. Thus, in other
words, the receiving transducer is arranged with reference to the

| oudspeake® 089822 n such a nmanner as clearly shown in Fi guP€T/8GoOHRDSS t
receives the output acoustic pul se signal 405 coming directly fromthe

| oudspeaker 403 and converts the sanme into a reconstructed out put

el ectrical pulse signal (see Figure 6a) . The reflector 407 according to
this enbodinment is a CD (conpact disc) plastic case. It should be noted,
that the reflector 407 can be formed1By any other conponent which can
reflect the output acoustic pul se signal 405, when it hits the reflector

407. Th flect 07 th flects th t ti I i | 405
2nd senddet REGEY Gt TRt P Tl SR bkt AR STEETRE BV ol BBhone. 408.
The m crepiiza D8 converpsothded eoei tlesl boydspsakere40bot hytweickcétved
O e e R A R e L S LA L

si gnal 9,71 nto e Teconstructed output e tric se signal 410 and
the $econstructed reflected electrical pulse signal 411, respectively,

whi ch amg Prevd s & GiTike SOURICHT o #02s of hdhes &G 404 tRet heuBspdQtert he
traveling tine tO.is estinpted as the_estimated. traveling tjme t , @?lch S
gi ven by030 thyough tthe m l%%er%Fc?r@%PgrﬁPiE@%%n%%bﬂﬂbﬂePhe PEEk*8P the
second ha fropa] exofldder donpaentof yiche afotidieic epabsér atgrdl o40puhits

1 st & FOEISHRPE (A1 S hetS T Bec Ry « FEC peak 8t PheT82E0nd hal f oycl e
of 1te dom nant cycle of the reconstructed reflected electrical pulse
si gnal ﬁ%%id%éﬁﬁéﬁéé%hsé¥b pulse signal 405 is further received by a
microphone 408, which is used as the receiving transducer.
Thus, in other words, the receiving transducer is arranged
with reference to the loudspeaker 403 in such a manner as
15 clearly shown in Figure 4 that it receives the output
acoustic pulse signal 405 coming directly from the
loudspeaker 403 and converts the same into a reconstructed

output electrical pulse signal (see Figure 6a).

20 The reflector 407 according to this embodiment is a CD
(compact disc) plastic case. It should be noted, that the
reflector 407 can be formed by any other component which can
reflect the output acoustic pulse signal 405, when it hits
the reflector 407.

25
The reflector 407 thus reflects the output acoustic pulse
signal 405 and sends the reflected acoustic pulse signal 409

to the microphone 408.

30 The microphone 408 converts the received signals, i.e. both
the received output acoustic pulse signal 405 and the
received reflected acoustic pulse signal 409, into the
reconstructed output electrical pulse signal 410 and the
reconstructed reflected electrical pulse signal 411,

35 respectively, which are provided to the soundcard 402 of the
PC 401.



shown in Figure 6b for an illustration. Figure 6 shows an exanple of a
signal 600 (conprising the reconstructed output electrical pulse signal 410
and the meaonsdsezct ed refl ected el ectrical pul se signal 4RrQ)y/Scex@ossed by
the PC 401 and the positions of t 'and t4 . The left part 601 of the signal
600 (Figure 6a) is the reconstructed output electrical pulse signal 410.
The right part 602 of the signal 600 (Figure 6b) is the reconstructed
reflected electrical pulse signal 411. Now it will be explained in detai
howt and t4 are obtained, using theléxanple shown in Figure 6 . In this

par agr agh, tihe Wd lache %aﬁf&%bm%ttimé;@o idhectiMat 88t aecenuhen the
peak of the second half -cycle of the dom nant cycle of the reconstructed
out put elsédmaeiteal tpuaeEl gl met 18g i swdechciedgivenobyai ned. For ease of

di scussion, the received signal is considered to be a digital signal

First, based on a priori know edge about the pul se shape, according to this
enbodi nent, it is known that the second half -cycle is negative (and not
positive), izn thtgxanple. When the PC 401 receives one digitalzsanpl e of

the received éigna it conpares the anplitude of the current sanple of the

recesved signal with the |ower threshold 603. (If the second half-cycle
woul d be positive, the anplitude would be conpared to the upper threshold
604.) | #"H8TE absol ut é val ue of the anplitude of the current sanple of the
recei ved signgl iiss Uiy geistdiede tiieenbiiod upeakabfiethé sbeohdwealfhr eshol d
603, the decision is made that the reconstructed outgut el ectrical Eulse

signal 410 i $Y§dre@fedhox HEPIRIRE { FECHRCPE BRei EeERAFLEHECPECBFTRY si gnal

i's not the regensirivdeb@LEPUsicheTt4icals pdtsecsednahsddlown. én this
Iati&r i s not_.det ected,_and thelgontrol.nndulg continues to take the next
di gt?al sanpﬁ§3¥ﬁ?;é§f%ﬁﬁsa?h% BRHE? 43 a¥"Gescri bed above until the

reconst euct ed outsptheel Rodtacee Whbiseclse greak 460 the second half-

cycle of the dominant cycle of the reconstructed
reflected electrical pulse signal 411 is detected, as-
shown in Figure 6b for an illustration.
15
Figure 6 shows an example of a signal 600 (comprising the
reconstructed output electrical pulse signal 410 and the
reconstructed reflected electrical pulse signal 411) received
by the PC 401 and the positions of t3 and ty,.

20
The left part 601 of the signal 600 (Figure 6a) is the
reconstructed output electrical pulse signal 410. The right
part 602 of the signal 600 (Figure 6b) is the reconstructed
reflected electrical pulse signal 411.

25
Now it will be explained in detail how t; and t, are

obtained, using the example shown in Figure 6.

In this paragraph, it will be explained how tj3, i.e. the time
30 instance when the peak of the second half-cycle of the

dominant cycle of the reconstructed output electrical pulse
signal 410 is detected, is obtained. For ease of discussion,
the received signal is considered to be a digital signal.

First, based on a priori knowledge about the pulse shape,



detected. It will then proceed to Iook for a local absolute maxi mum point
by conparing the next sanple with the current sanple, the second next
sanpl e wiwdotbs2next sanple and so on, and to denote the PCHBGIM®DENCE
corresponding to this | ocal absolute maxi mumpoint as t (see Figure 6 )
Note that t corresponds to the peak of the second half -cycle of the

dom nant cycle of the reconstructed output electrical pulse signal 410. In
this paragraph, it will be explained_howt i.e. the tine instance when the
peak of the second hal f-cycl e of t he Idomi nant cycle of the reconstructed
reflect %.d:cﬁxﬁ:ﬁrfgj Gﬂi tmtlseersbg@ﬂheziﬂl is det koowd, thetobhei sedonBased on a

priori e t d;fo f d
period E\‘aqt\g r%’%eifet er-t %@ ofgetﬁgﬂ(gg%l?%h ?%%E\?{A{é?s Igt %Ptagg%&hgpme Is)ljgh a
peri od aman rtév,e B2 sChreecébyesong diaited gampget RE shgerreeRy8das for

t he sear c1r ESGHb LELs | i henpl evhQEScparagr C abft he val ue
of the t 19 H% d??fer%nt ? VhQESopatag éﬁBreﬁ% gRtplleabsf u

romthat used f t3
(not?2 t e |WCtQﬂé’%¥a‘-Fﬁﬁ%a Shetrn i Fhei jorereth rFﬁBOiQméPﬁregﬁ ghﬁglrue i s
gzgcki 1; ?rste%%a{h & e clflléOfoo?l@nlfdetpds;Lti\bée that atnéld.oudespoudsl be t he
e se cle t he, dopj pant d
For | et SPTERAY |t St UPEF ghAreat gL uFbR" haEEhg, AsbtBebroanall LT ©
shown i fFitdie e landuddeofiavied ocuroént heagpihEraﬁeﬁhéurﬁwléfﬁécﬁﬂg@&ll pul se
signal SIOWLIJLSGWLe ofe Closl apd 9§§fxé' 820 B 8olBrdehatsnondt ko3,

f ol | ow ng, not have | ent  t hat
accbfdi ndne Mecsisiien ois am@d‘arﬂaﬂeeﬁbﬁtrF@@ésFFBGFédlo}ltﬁéﬂ\Fe eﬂ&@é&‘lc%:'rd so

the aboyg jnentd Qpech pLpp! egsaaEecE68Yedihepnsequentl Yectisd ogstismebiaan of t

becomes “nore accurat e. Th | ast st h _
det er ni it KIGHNHY %bgl?% %IFP%’W aﬁefgﬁﬁgps'ft%rgcgggegu%%u%ound 412, s , is

electrical pulse signal 410, i.e. this latter is not
detected, and the control module continues to take the next

15 digital sample and performs the comparison as described above
until the reconstructed output electrical pulse signal 410 is
detected. It will then proceed to look for a local absolute
maximum point by comparing the next sample with the current
sample, the second next sample with the next sample and so

20 on, and to denote the time instance corresponding to this
local absolute maximum point as t3 (see Figure 6). Note that
t3 corresponds to the peak of the second half-cycle of the
dominant cycle of the reconstructed output electrical pulse
signal 410.

25
In this paragraph, it will be explained how t, 1i.e. the time
instance when the peak of the second half-cycle of the
dominant cycle of the reconstructed reflected electrical
pulse signal 411 is detected, is obtained. Based on a priori

30 knowledge of the pulse length, it is waited for a certain

fixed period of time after ty before the search for t, is
started. After such a period of time, the search for t, is
started using the same method as for the search for tj

described in the previous paragraph, except that the value of
35 the threshold may be different from that used for the search
for t3 (note that in the example shown in Figure 6, the same



S'" =- (4) owhere d' is the distance between the m crophone 408 and the
reflector 106, Qis the estimated traveling tinme given in Equation 3 .
Exanpl es vob ot/bas22vavef or ms of the generat ed out put el ectrieal/SEui/@essi gnal
404 according to the invention are shown in Figure 5a and Figure 5b. The
characteristics of the generated output electrical pulse signal 501 as
shown in Figure 5a are as follows: the signal 501 as shown in Figure 5a
begins with a dom nant cycle 503 mﬁtq maxi nrum anpl i tude, and the anplitude
of the end portion 504 of the signal 801 tapers off to a considerably
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ro 0 m.Consequently, the estlmatlon of to becomes more accurate

Thus, as a last step, the speed of sound 412, s', is

15 determined according to the following formula:

s''= — (4)
to
where
U d' is the distance between the microphone 408 and the
20 reflector 106,
o €y is the estimated traveling time given in Equation 3.

Examples of the waveforms of the generated output electrical
pulse signal 404 according to the invention are shown in

25 Figure 5a and Figure 5b.

The characteristics of the generated output electrical pulse

signal 501 as shown in Figure 5a are as follows:

] the signal 501 as shown in Figure 5a begins with a
30 dominant cycle 503 with maximum amplitude, and
° the amplitude of the end portion 504 of the signal 501

tapers off to a considerably smaller value as compared

to the maximum amplitude of the signal 501.
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TJ 20 the time t, may be difficult and unreliable. On the other

hand, if the gated sinusoidal signal as the output electrical
pulse signal has a long duration, in order to solve this
problem, it may lead to another problem in that the
reconstructed output electrical pulse signal may then be

25 overlapped with the reconstructed reflected electrical pulse

signal and so determination of the time t, may again be

difficult.

As for this waveform illustrated in Figure 5a and Figure 5b,

30 the signal's duration is set to be quite long so that the
problem due to short duration mentioned above is overcome.
Now with a long duration, the “overlapping problem” mentioned
in the previous paragraph may be faced. However, since the
proposed output electrical pulse signal according to the

35 invention has a taper-off end, the absolute values of the
amplitudes of the portion of the reconstructed output

electrical pulse signal that overlaps with the dominant cycle
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are significantly smaller than the absolute value of the anplitude of the
dom nant cycle of the reconstructed reflected electrical pulse signal,
determ nation of the tinmet will not be difficult. Therefore, with the
wavef orm proposed by the invention, kgth problenms nentioned above are
overcone. |t should be further noted that it lies within the scope of the

i nventi off theugecomns tasiedregfoseet sRR PR EeR 1 tel B0t PUIRRE eBEFi cal

pul se signal; Alsd i 'brﬁﬂelé@%@rmé\gwmluts@omm@ &fguhe 1 , since the

use of su a wavef orm even with t by th
i nvent i @ﬁlp@oéﬁﬂlﬂiespénltfhecﬁﬂ“i‘%fl?r?ﬁ?u % h%E r?éalé%ﬁjfn%?r%ﬂg poﬁggcyyas SESCI‘I bed

above. /ﬁ%@qredjt@@ teleasamdatnerpﬂm@oﬁsmnal pfd¢bernimani poncfsthhowmmen
Figure 7 ,a wave guide 701 is added in between the m crophone 408 and the
ref | ect 6n ¥g#1 Gq%elhﬁ sdelq’lfrﬁ ]g?modi ment is simlar to the first enbodi ment
described in conjunction with Figure 4 .CLAIMS What is cl ai rred is: 1. An

ar r angenent for measur.i ng the speed of sound S el i cal
pul se gdMETaLiARE nedidd! 1 g‘é?fég Fﬁgpléﬂp%ﬁ?pug?n})é%t%ﬁgg Péeggl%lnal a
t ransm tgrdul dnisansshtciesnddralsove eate ngveredmeut put el ectri caI pul se si gnal
into an output acoustic pul se signal,

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

15 invention would significantly impfove the measurement

accuracy as described above.

According to a further embodiment of the invention as shown
in Figure 7,a wave guide 701 is added in between the

20 microphone 408 and the reflector 407. Otherwise this
embodiment is similar to the first embodiment described in

conjunction with Figure 4.



a reflector for reflecting said output acoustic pul se signal, thereby
producing a reflected acoustic pulse signal, a receiving transducer being
arranged waoh9@e2t o recei ve said output acoustic pul se si BEBESGOr@EOs$M tted
directly fromsaid transmtting transducer and said reflected acoustic
pul se signal reflected by said reflector, wherein said receiving transducer
converts the recei ved output acoustic pulse signal into a reconstructed

out put electrical pulse signal and the refl ected acoustic pulse signal into
a reconstructed reflected el ectrical %%Ise signal, a speed determ nation
means for determning the speed of smuxEM3ISi ng the reconstructed out put

el ectrical pulse signal and the reconstructed reflected el ectrical pulse
signal . 2 . The arrangenent for measuring the speed of sound according to
clai m 1 Whatheieimlaimed| detrical pul se generating neans is arranged in such
a manner that it can generate an output electrical pulse signal with a
waveform  which has a dom_nant cycle with a nmaximm anplitude, and

wher §i n ¥ hetanprragdengntt fereRgagurinrgnthe ERESGUPFUECENEet rical pul se
signal t Si®fhgto either zero or asnmaller value as conpared to the
maxi mum anpl i tude, of the u%ﬁ t electrical pulse signal_ in S _dom_nant

Cycl e 2 TIPS ISTEEREAL. PBLSRoSHErAG PR TER0S o SSMNE LS dithg t o

claim2 , whesetput heleteetichtapbupskeseigeadrati ng neans is arranged in such

a manner, that, i { gaf, geperar e, ansaubayt (Bleebileal il 3618 alouti th a
wavef orm wherein e out'pdt "el'ectrical pul se signal "contains an initial
por flidon whoseebeptiiodd pPylsesmbienal into an output acoustic pulse

signal,

] a reflector for reflecting said output acoustic pulse
signal, thereby producing a reflected acoustic pulse
signal,

15 o a receiving transducer being arranged such as to
receive said output acoustic pulse signal transmitted
directly from said transmitting transducer and said
reflected acoustic pulse signal reflected by said
reflector, wherein said feceiving transducer converts

20 the received output acoustic pulse signal into a
reconstructed output 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

25 sound using the reconstructed output electrical pulse
signal and the reconstructed reflected electrical pulse

signal.

30 2. The arrangement for measuring the speed of sound according
to claim 1,
wherein the electrical pulse generating means is arranged in
such a manner that it can generate an output electrical pulse
signal with a waveform,

35 e which has a dominant cycle with a maximum amplitude, and
o wherein the amplitude of the end portion of the output

electrical pulse signal tapers off to either zero or a



than the maxi nrum anplitude of the output electrical pulse signal . 4 . The
arrangenent for neasuring the speed of sound according to any of the clains
1 to 3, whereisp2t he el ectrical pul se generating neans anBCDRGOH®IsHeed
determ nati on neans are inplenmented in a personal conputer. 5 . The
arrangenment for neasuring the speed of sound according to any of the clains
1 to 4, wherein the electrical pulse generating neans conprises a sound
card. 6 . The arrangenent for neasuring the speed of sound according to any
of the claims 1 to 5, wherein the tf8nsnitting transducer is a

| oudspeaker . sthal 1Eie varlna GTRISng Hfe draas When gnd stiamu et Df tsdeinelf accor di ng
to any of the.clains ta 6, wherein the receiving..tra er,.is a

m cr ophone. gh? fWgFE%r§ﬁ6§ﬁ5ﬁc%(np¢%§§nﬁ%3%? Hgygﬁgédﬂﬁgﬂé%%%d accordi ng
to any of theycllai.ns 1 to 7 , wherein the reflector is a plastic el enent,
in particular a conpact disc case.. The arrangenent for neasuring the speed
of sound according to any of the clains 1 to 8 , further conprising a wave
gui e, whi Ehe PETANGEMFEY HAMEEPIHERT 4 IRF9Y F oFRWRC A Caning
reflectep, capdipr, i s arranged between the receiving transducer and the

reflector. 1Q. The arrangenent faor neasuringd. the speed. of _sound according
to any YPeERETciEENELET %f%l\ﬁﬁgﬁﬁrgﬁqﬁfégkﬂﬁiTﬁ§%§n%%a?¥%%n%%an§nis
arr angeguich sueahnaermndiet, ithatan tgetetmats res dlizpspeebeofrsoahdruséag a

first t 'sg:%nlalisku%r‘& Ea %%égﬁn,p%xoélﬁ %é%@%f&é@ffcal pulse

10 signal contains an initial portion whose amplitude is smaller
than the maximum amplitude of the output electrical pulse

signal.

4. The arrangement for measuring the speed of sound according
15 to any of the claims 1 to 3,

wherein the electrical pulse generating means and/or the

speed determination means are implemented in a personal

computer.

20 5. The arrangement for measuring the speed of sound according
to any of the claims 1 to 4,
wherein the electrical pulse generating means comprises a

sound card.

25 6. The arrangement for measuring the speed of sound according

to any of the claims 1 to 5,
wherein the transmitting transducer is a loudspeaker.

7. The arrangement for measuring the speed of sound according

30 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,
35 wherein the reflector is a plastic element, in particular a

compact disc case.



of the dom nant cycle of the reconstructed output electrical pulse signal
is detected, and a second tinme instance, when the peak of the second half
-cycl e ofw@hwgem nant cycle of the reconstructed refl ect rAT/8GeKIV$Cal
pul se signal is detected. 11. The arrangenment for measuring the speed of
sound according to claim10, wherein the speed determ nation neans is
arranged in such a manner, that it detects the peak of the second

hal f-cycl e of the dom nant cycl e of tq§ reconstructed output electrical
pul se signal when its absolute val ue“s above a first threshold, and that
it detects T pesngdméte Seroneasatingyche speedeodosbnadt acyoirdiol t he
reconst ryct tri pu n SR u ue is
above a g@c%ﬁﬁ‘ﬁ%reé% f%éiﬁg i ﬁ%esartgﬁggﬁgn?g?éggﬁég urlﬁgg%h é%%id of
sound acdwrding to claim 11, mhereln the speed determ nation neans is
arrangeg in Sltgcfhlarar@%‘@@rbébﬁéeﬁh@hél£§an§mg§mﬁ dr2adsthecseaerd thr eshol d
have the sane val ue thod for neasuring the speed of sound,

conpPi si ng t FEFIFFTRF nPREEPE: generating an output el ectrical pulse
signal, e ComdﬁtafﬁhﬂéédOBépwéeﬂlenérfeaéipmhgetshgadhcbwtandnt@atput
acoustic pul se ne reflecting the output acoustic pul se signal,

t her eby prod ?ﬁiﬁéi?%flected acoustic pulse signal, converting the
reflected acoustlc pul se signal into a reconstructed reflected el ectri cal

pul se SI t S o] e nstruct ed
2 The & Cﬁﬁ%@ﬂf@ﬂt BSr SRESGuPLngOLRd UBLEA b sbesa |

reflecte se si
10 according to any of t e clalms 1 to 9,

wherein the speed determination means is arranged in such a
manner, that it determines the speed of sound using
° a first time instance, when the peak of the second half-
cycle of the dominant cycle of the reconstructed output
15 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 electrical pulse signal is detected.

20 11. The arrangement for measuring the speed of sound

according to c¢laim 10,
wherein the speed determination means is arranged in such a

manner,
. that it detects the peak of the second half-cycle of the
25 dominant cycle of the reconstructed output electrical

pulse signal when its absolute value is above a first
threshold, and
L] that it detects the peak of the second half-cycle of the
dominant cycle of the reconstructed reflected electrical
30 pulse signal when its absolute value is above a second
threshold.

12. The arrangement for measuring the speed of sound

according to claim 11,
35 wherein the speed determination means is arranged in such a
manner that the first threshold and the second threshold have

the same value.



14 . A nethod for neasuring the speed of sound, conprising the follow ng

steps: generating an output electrical pulse signal, converting the
out put elveavrd@at pul se signal into an output acoustic puPe®Sed@mwass and
into a reconstructed output electrical pulse signal, reflecting the output

acoustic pul se signal, thereby producing a reflected acoustic pul se signal,
converting the reflected acoustic pulse signal into a reconstructed

reflected el ectrical pulse signal, determning the speed of sound using
the reconstructed refl ected electrlcap pul se signal and the reconstructed
out put el ectrical ulse signal . 15. The nethod for measuring the speed of

sound accordln im13 or 1 ereln gener ted output_electrical
pul se sitg naﬁlﬁ%ﬁﬁ? ?ﬁsuﬁﬁRQng SSQF hafeweg el €OWPF Sénﬂagﬁ
arplltydeﬁl@mﬁnthﬁéngthe anpl i tude of the end portion of the output

el ectricgal pulse si naI t o) |l er value as
conpareg to the nBXI I§ qﬁ@ﬂ%% c#éﬁé% outf%?i% e%t %g? pul se signal in
i ts TlonPnant copsies:tlitlg Ttﬂee mtrmtf@lremw ngul e epeealo#n*é@uﬁa

according to gl d@f&%odggg@l §E§§gpted out put electrlcal pulse si gnal
has a maveformﬁgtrlan |n|t|al portlon whose a Iltude is ) r than the
1’;1 re

HBX|nunfanpHﬂﬁﬁ%?Qﬁlﬁgm¥Qﬁn?HHP%ﬁe%???%%}cp%¥% e sPYPa He met hod
for neasuri ngrAdmisipest ofe Sttte@cEes s e toubsy sighag, clalns 14 to 16,

uher el n the Speed 9f, Sound 5. SelSLIA NG USLID piLLT ShohbiPshpstgnoe, vhen

10 reconstructed reflected electrical pulse signal,
] determining the speed of sound using the reconstructed

reflected electrical pulse signal.

14. A method for measuring the speed of sound, comprising the
15 following steps:
] generating an output electrical pulse signal,
. converting the output electrical pulse signal into an
output acoustic pulse signal and into a reconstructed

output electrical pulse signal,

20 o reflecting the output acoustic pulse signal, thereby
producing a reflected acoustic pulse signal,
] converting the reflected acoustic pulse signal into a
reconstructed reflected electrical pulse signal,
] determining the speed of sound using the reconstructed
25 reflected electrical pulse signal and the reconstructed

output electrical pulse signal.

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

claim 13 or 14,
30 wherein the generated output electrical pulse signal has a

waveform,
] which has a dominant cycle with a maximum amplitude, and
. wherein the amplitude of the end portion of the output

electrical pulse signal tapers off to either zero or a
35 smaller value as compared to the maximum amplitude of

the output electrical pulse signal in its dominant

cycle.



of the dom nant cycle of the reconstructed output electrical pulse signal
Is detected, and a second tine instance, when the peak of the second half
-cycl e ofw@hwgem nant cycle of the reconstructed refl ect rAT/8GeKIV$Cal
pul se signal is detected. 18. The nethod for neasuring the speed of sound
according to claim17, wherein the speed of sound is determ ned such that
the peak of the second half-cycle of the dom nant cycle of the
reconstructed output electrical pulse signal is detected when its absolute
value is above a first threshold, and3that the peak of the second hal f
-crcle of the dom nant cycle of the reconstructed reflected el ectrical

pul se si

Phr oshol - 1525 e REphEarT Bramuaals: nys: RE Ssoes Sttt e i e o
claim 18 lakerebn the first threshold and the second threshol d have the
same Vajﬁﬁérein the generated output electrical pulse signal has a
5 waveform with an initial portion whose amplitude is smaller
than the maximum amplitude of the output electrical pulse

signal.

17. The method for measuring the speed of sound according to
10 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-
cycle of the dominant cycle of the reconstructed output
electrical pulse signal is detected, and
15 . a second time instance, when the peak of the second
half-cycle of the dominant cycle of the reconstructed

reflected electrical pulse signal is detected.

18. The method for measuring the speed of sound according to
20 claim 17,
wherein the speed of sound is determined such
o that the peak of the second half-cycle of the dominant
cycle of the reconstructed output electrical pulse
signal is detected when its absolute value is above a
25 first threshold, and
] that the peak of the second half-cycle of the dominant
cycle of the reconstructed reflected electrical pulse
signal is detected when its absolute value is above a
second threshold.
30
19. The method for measuring the speed of sound according to
claim 18,
wherein the first threshold and the second threshold have the

same value.



