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i i* conjunction with HDTV and reduced cost HDTV receivers. Ty

advances in di gPGT t echnol ¥gRLoEmaEqVAdROPERTY oRtaNEsTONdi NG atNGGS?
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(54) Title: MEASURING THE SPEED OF SOUND OF A GAS
(57) Abstract

A method and apparatus for determining
the speed of sound in a gas. An acoustic 3
transmitter is arranged to apply an acoustic signal /
to the interior of a resonator and an acoustic
receiver is arranged to detect the amplitude of the
acoustic signal in the interior of the resonator, A
control means determines the speed of sound of
gas within the resonator from the frequency of a
detected non-radial resonant mode.
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to 1920 pixels per line (horizontally) by 1080 lines (vertically).
However, sone receivers of an HD signal may enploy a display device which
f ot reasons oﬂw%g%ﬁﬁﬁy is incapable of resolving this high REFEFRISOIPI | mage
detail. Sone |ow cost receivers my have a _
2 resolution capability which is significantly less than full HD -
resol ution, or approximting that of a conventional standard definition
(SD) television receiver, i.e., 720 pixels by 480 |lines. The MPEG
conpression standard, main profile, does not include cost saving provisions
for decoding | ess than full high resolution HD inmages fromreceived high
resol ution HD conpressed datastreans. Even if a display device exhibits
only half the horizontal and vertical resolution available froma high
definition signal source MBASURINGOTHESPEED OFSOUND OF AGA®! | y required
for proper decoding according to the MPEG standard. I n an MPEG vi deo
si gnal decoder such as may be found in a television signal receiver, nore
than one inage frame of nmenory is typically needed for decodi ng an MPEG
coded digital datastream which represents |, P and B inmage franes as
known. Three franmes of nenory are generally needed for decoding an MPEG
datastream T OB i &R ref ce | or. P frame
data, and onemfpgﬂe oflﬁéﬁnry %%sg£§g£@§gg@%#gmgkgégﬁ%gﬁg%gﬁgﬁfs?ﬁ% pr esent
time the cost j I- £y LS signi kicant. The need to
conserve and cgéfg%ﬂﬁoggg whgglgsﬁ%ﬁrrg?{?}lg {l)%rat%chﬁ\/paach‘ﬁﬁaflgu%@gﬁ%%e%ﬁwn%deo and
t el evi si on Congﬂﬂﬁrwﬂ%ﬁgﬂﬁﬁﬁk is inportant to keep to costs of such

&habr e

products at a reas ever.

Accurate measurements of fhe speed of sound of a gas may be made using a
resonafor as disclosed in an article entitled Spherical Acoustic Resonators by M.
Bretz, M.L Shapiro and M.R. Moldover in volume 57 of the American Journal of
Physics. The resonator containing a sample of a test gas has an acoustic transmitter
and an acoustic receiver mounted in its wall. The acoustic transmitter is driven
over a range of frequencies and the amplitude of the signal provided by the acoustic
receiver is detected for each frequency at which the acoustic transmitter is driven.

The frequency at which the acoustic receiver picks up the strongest, sharpest signal
ie the first resonant radial mode is detected. Since the resonating frequency is a
linear function of the speed of sound of the test gas in the resonator, the speed of

sound of the test gas may be determined.

For a spherical resonator of given radius, the enclosed gas will exhibit a series of

acoustic resonances. The resonances are the result of three dimensional standing



In accordance with the principles of the present invention, it is herein
recogni zed as desirable to conserve and carefully manage the nenor

requi rement s8P85 suner products such as reduced cost hi&ﬁnﬁﬂﬁwmﬁ%cm
systens, in particular those using MPEG conpati bl e decoders. In this regard
it is further recognized that not all uses of MPEG decoders will be found
in full high definition display systens, and that sone | ower cost, |ower
definition applications of MPEG decoders can tolerate | ess than perfect

VPEG deCOti g waves For s bltsfe SUBLPHD RESHF ekl 6oy BR8N drbegie on. 2

menory stores Information ecoder, an I spl ay

3 device wth:.a.p ek I S ti { spl i kpformation
derived from hé %%?yﬁg%m%g%éghgcfg%ﬂi $nfg%aargle§c?g§é’d§tea£§%§8£ﬂeon net wor k
for providing data reduced information to the nenory. The amount of data
reduction provP g%&H?W? Y4 data reduction network is a function of the

i mage resol ution of an associ ated i mage di spl ay devi ce. In a

di scl osed enbodi rent of the invention, a television receiver with an MPEG
decoder is configurable for full higp %%finition decodi ng and di spl ay, or
reduced cost |ower definition displady:.® KEBDMPEG decoder uses a pr ogr ammabl e
dual -node data reduction network sel ectively enploying horizontal detai
reducti on and data re-conpression between the decoder and the decoder frane
menory from which inmage information to be displayed is derived. The anount
of data reductBhemadial mpde imesed becapse ip this mede sound d@pingescm the wall ofdheoci at ed

i mage di spl ay device chosen
sphere at right angles and so does not suffer energy loss due to viscous drag and so

03

produces a sharp resonant peak which is not difficult to detect accurately.

Previous researches using a basic mathematical model of acoustic spherical

resonators have reported an accuracy of 0.02% in speed of sound measurements.

However, since the resonant frequency of the spherical resonator is inversely
proportional to the radius of the sphere, the resonator normally has a diameter of at
least 12 cm to produce a first resonant radial mode within the frequency range of
the acoustic transducers. However, a resonator of this size is too large to be used in
a probe to be inserted conveniently into a source of gas such as a gas pipe or for use
in a convenient and compact housing. If the resonator were to be reduced to a
sphere of diameter 3 cm for example the first resonant radial mode would occur at

about 18 kHz which would be beyond the range of acoustic transducers (20 Hz -13



by the receiver manufacturer. The frame nenory is al so

manuf act urer-sel ected to be conpatible with the resolution of the display
deVice. Wien Yhpooiid’y is located external to the decoder, . EJE% beaCf the
menory unit rmay be conveniently selected to be conpatible with the 1 ntended
i mage resolution of the system I n accordance with the principles of
the invention, plural node data reduction to facilitate reduced nenory
operation invol ves data conpression alone or in conbination with reduction
of horizont al j‘rl_: I n accordance with a feature of the invention,
hori zontal detail f"eduction is used exclusive of vertical detail reduction.
Brief Description of the Draw ngs Figure 1 is a block diagramof a
portion of a television signal receiver enploying an MPEG decoder arranged
in accordance wiith the principles_of the present invention, .

4 Fi gure z\ca‘yﬁ'in&@a arshashest 9f ‘ﬁﬁbﬁ%&ﬁmﬁaﬁ pRparatus for defergining the j s 4

bl ock di agram of a _conpression network useful in the MPEG decoder of Figure
1. Fi gur e§psgd ghgpund ef#29s 5oMPASEBNal details of the network of Figure
3.

a substantially spherical resonator for containing gas to be tested;

an acoustic transmitter for applying an acoustic signal to the interior of the
resonator;

an acoustic receiver for detecting the amplitude of the acoustic signal in the
interior of the resonator; and

control means for determining the speed of sound of a test gas from the
frequency of a detected resonant mode;

wherein the detected resonant mode is a non-radial resonant mode and the

internal radius of the resonator is substantially 5cm or less.

According to a further aspect of the present invention a method of determining the
speed of sound of 2 gas comprises:

applying an acoustic signal to the interior of a substantially spherical
resonator containing a gas the speed of sound of which is to be determined;

detecting the amplitude of the acoustic signal in the interior of the resonator;

determining the speed of sound of the gas within the resonator from the -

frequency of a detected resonant mode;



Figures 6 and 7 depict pixel arrangenents hel pful in understandi ng aspects
of the operation of the networks shown in Figures 4 and 5. Figure 8

depi cts an 8‘+v6‘35/97%5d' ve dual path conpression networKk. pCTICHYS619319

depi cts pi xe eci mation and upsanpli ng. Figure 10 is a block diagram
of apparatus for perform ng the process depicted in Figure 9. " Figure
11 is a block diagramillustrating display buffering of pixels fromnenory -

to a display processor. Figure 12 depicts the arrangenent of Figure
1 inthe context of a sigplifie ractical. receiver. '.!Qf'ti 1
depicts a portion-d?mﬁmﬁH%f#%ﬁagﬁgggmé¥ﬁﬁ%?a 933§§g5?0§ﬁ%ﬁm%§ naygbe f ound
in a television receiver_for processjng,. | nput. high definition video
signal . The pr%’é%‘éaif?fh“ﬁﬁg/é‘ﬁégs‘ip‘ﬁariﬁfg&qgﬂ%@r# ?’EP’é]ﬁ?sat ed circuit which

i ncl udes provision for receiving and processing standard definition video
signals via an anal og channel. The video processor includes a conventi onal
MPEG decoder constituted by blocks 10, 12, 14, 16, 18, 20 and g% An MPEG
encoder and de&heivenioraisere; fivst pasradiphresquangeyyhich epgura gha fequency below

5 "Video Conpression Makes Big Gains," | EEE Spectrum _October
that of the previously used first resonant radial mode. This first non-radial mode

n

can be used to detect the speed of sound with resonators of smaller size than
previously whilst still maintaining the resonan; frequency within the range of the
transducers. Consequently a more compact resonator may be used as a probe for
example and may be inseﬁed into existing gas pipes or installed into a more

compact housing for greater convenience whilst still producing accurate results.

The resonator may have an internal radius of substantially 4 cm or less, 3 cm or
less, 2 cm or less or preferably substantially 1.5 cm or less to make it conveniently

compact.

For a substantially spherical resonator with a radius of 1.5cm it has been found that
the first non-radial mode occurs in a gas at around 9 kHz which is well within the

frequency range of acoustic transducers (20 Hz - 13kHz). -

The use of spherical resonators gives the most accurate speed of sound
measurements. Because the sphere is symmetrical in all planes through its centre,

corrections due to thermal expansion etc can be relatively easily applied.

4



1991. The system of Figure 1 receives a controlled datastream of MPEG
coded conpressed data froma preceding i nput processor, e.g., a transport
de

decoder, whic tes data packets after input signal i In
this exanple t (269?@(%:% ved i nput datastreamrepresents high g‘ﬁ&?‘#ﬁ%@ﬁ’ i mge.
material (1920 x 1088) as specified in the Gand Alliance specification for
the United States high definition terrestrial television broadcast system
The input datastreamis in the formof data bl ocks representi ng 8x8 pixels
(picture elementgs)... This data represents conpressed, coded intrafrane and
interframe inf or'?ra gog%'_ly,ﬁe AN ﬁ‘FQF%ﬁY%ﬁn@BrPﬁIF%IES quiside B8 anchor

el
frames. The interfranme inforpation conpri.ses predictive notion coded

resi dual image if?ﬁpﬁ%%ﬁ%%%@ﬁ%g@ﬁpp%wﬁ@nﬂ Rty thefleoRsing syeieme

adj acent picture franes, The jnterframe notion _coding invol ves generating
moti on vectors tA%Fash ASing i AYlndefe ther pcopstichiEnsiitisr and deceiver affichdhe path ng
processed and a block in a prior reconstructed inmage. The notion vector

whi ch repr esent dengioanieany expansiontia thectsansmitter aud reseiveramest e iallowes) focles i s
coded and transmitted. Also, the difference (residual) between each notion
conpensat ed 8x8 Will@e khegnpansion ofithe oylinderconst ruct ed bl ock is DCT transforned,
quanti zed and vari able | ength coded before being transmtted. This notion
conpensat ed codi ng process is described in. greater detail in various
publications including the Ang, et al. article nentioned above. The
MPEG decoder exHi hastteen doimd ahht nientelayive [ingad pbsigon ADMHE ScoMsiic Rariitw afd
significant reduction in the anount of nenory required to decode high
definition i mageecsivetiBna@Rizali il achie@lg @CkhaRShesonBecRi cubleStor A st horPRudfx Pl ai ned
subsequently, these nodes involve conpressing video franes to be stored in

menory and sel egohat®hodb e provid akduvard kdshifhi BEqBRY SRAGIHE ipagh Bf Rha dat a

within the decoder |oop. For exanple, in one nbde’the system provides
anchor franme comphasshés. I ths BANDSGId thR €8s feﬁﬁvéﬁ(o%fti%ﬂ‘may be slightly different

for each resonator due to constructional variations. To allow for this the acoustic
transmitter and receiver are pteferabiy mountable to the resonator such that their
relative separation is variable. Their relative positions can then be varied during

calibrating to achieve optimum peak sharpness.

For the first non-radial mode, when the resonator is substantially spherically
shaped, the acoustic transmitter and receiver are preferably positioned substantially

opposite each other ie substantially 180° apart for. the largest amplitude detected

peak.

Previously acoustic transmitters have operated at high voltages, eg 150 V for the

transmitter in the article by M.Bretz et al mentioned above. 'However, this can be

5



6 provides conpression after horizontal detail reduction by |ow pass
filtering and downsanpling. Bl ock conpression may be used w t hout
deci mati on, Iwi9dmrsaszont al deci mati on without decimation i scHaBIR1931
recommended practice for this system Although both conpression and
deci mati on produce nenory reduction by a factor of two, conpression”
produces better pictures than horizontal decimation. Any processing (e.g., -
conpression and decimation) in the decoder |oop may produce artifacts.

Deci mat i on pri QlotdnGalBOKRsr@6S1iDfhe réoditd? fiewaiking, withii highty %&ﬁ&mﬁﬂﬁ?ﬁ%

conpressi on may precede deci mati on. " The input conpressed pixel data

bl ocks are buf fgéRae BY natithl gad. OTIRAMANIE rBRhatEr of Me! invefgi mslaseqdgfl by unit

12. Buffer 10 exhibits a storage capacity of ‘1.75 Mits in the case of a

main | evel , maipapf fdidefe NBRGoRRkaRS AN RanREHA0R tnd BARERSS 8 delizaid F om uni t

12 is deconpressed by 1 nverse quantization unit 14 and by i nverse discrete
cosi ne transforsggatk' %r%@;) aféﬂ,it 16 before being applied to one input of an
adder 18. It is no'%{e)@r At unrf 16 enpl oys full inverse DCT processing. No
DCT coefficients are discarded since the present inventors consider this to
be an unacceptable filtering technique, e.g., for reducing the DCT

conput ational l.Qad. Filteri befare decimatipn (as shown_.in Fi e 10) is
preferred. Drop en’éwﬁe?n(,‘f)éffl‘%fl@?dfeﬁ{r@?r i P@%’ﬁ‘?ﬂ?‘? é{’t’htgt%feﬁeé’?? f‘gﬁ{’eal and
vertical decimation, i.s a crude farm of conpression and is not equivalent
to filtering, aaﬁ&"f'ﬁmﬂ-‘egg??wmgfﬂ%‘ﬂ? " or inpossible to filter properly.

The quanti zation step size of inverse quantizer 14 is controlled by a
signal frombuffer 10 to assure a snooth data fl ow. Decoded notion vectors

are provided fromdecoder 12 to g notion )
Figure 1 is a block diagram illustrating the overall operation of a system to measure

the speed of sound of a gas using a resonator;

Figure 2 shows a substantially spherical resonator that can be used in the system;

Figure 3 shows how the acoustic receiver i1s mounted to the resonator;

Figure 4 shows how the acoustic transmitter is mounted to the resonator;

Figure 5 shows the amplitude of a signal detected by the acoustic receiver over a

range of frequencies;

Figure 6 illustrates how a clock signal is used to produce pulse width modulated

signals which are combined to produce an approximation to a sine wave;

6



conpensation unit 22 as wll be discussed bel ow Decoder 12 al so produces
an inter/intra frame node select control signal, as known, which is not
shown to sinplwbyskrde® dr awi ng. The operations perfornmed by urcr/eB®®d19314 and
16 are the inverse of correspondi ng operations perforned by an encoder at a-
transmtter. The MPEG decoder of Figure 1 reconstitutes the )

7 received i mage usi ng known MPEG processing techni ques which are descri bed
briefly bel ow. A reconstructed pixel block is provided at the output
of adder 18 by summng the residual imge data fromunit. 16 with predicted
i mmge data provided at the output of notion conpensation unit 22 based on
the contents of - FbAled shévii R MEREBHIY sy2fdm tWperfordlthe BhdrdtRn illdfRedh Fduwke6, DI ocks
has been processed, the resulting reconstructed image is stored In franme
menory 20. In the interframe node, notion vectors obtained fromdecoder 12
are used to provide the location of the predicted blocks fromunit 22.

The i nmage reconsructd r,0 I t NGL; tion
compensati on uni FE55 & EAREe AN BRRITE shbhly BT el By
requi renents due L9 %ﬁg R%ﬁqungock based conpressor 30, and pi xe

deci mation unit 29 Wnich reduces horizontal detail. The size of frane

menory 20 may be_.reduced by 25% 509% oy. re.as.a function of the

conpr essi on perf%‘%gsﬁﬁwﬁﬁﬂueg ° ﬁ&%ﬁﬁ?%ﬁ%&%ﬁﬁ“&ﬂ P ned by unit
29. Units 32 and 33 performthe inverse of the functions performed by units
30 and 29, respectively. Additional details of

Figure 10 shows the connections to a processing means to determine resonant

frequency; and

Figure 11 shows a method of allowing for the finite hardware response time.

As shown by Figure 1, driving electronic circuit 1 which may include or be in the
form of a microprocessor is arranged to produce a sinusoidal signal over a suitable
range of frequencies to drive a loudspeaker2. The loudspeaker is arranged to apply
an acoustic signal to the interior of a resonator 3. Microphone 4 is arranged to pick
up the magnitude of the acoustic signal within the resonator. The signal from the
microphone is filtered and amplified by an appropriate electronic circuit 5 and a
processing means 6 determines the resonant frequency relating to the gas within the

resonator to determine its speed of sound.

The resonator 3 shown in Figure 2 is in this case a rigid sphere. The illustrated

7



units 29 and 30 will be discussed with respect to subsequent Fi gures.

The i nventors have recogni zed that not all applications of an MPEG decoder
sui tabl e forwplgeRssi Ng a high definition signal will actyghlogeblgesssed in -
full high definition display systens. Sonme | ow cost applications of such a
decoder circuit will be able to tolerate | ess than perfect MPEG decodi ng.

In this enbodi nent video franme nenory 20 is | ocated external to an .
integrated circuit which includes the MPEG decoder and associ ated el enents

10-34 shown in @‘# ' BYcal o]y ment s
whi ch are not 5656 e?ﬁ\égﬁgdé%gﬁ?@%g%ﬁ&e%gm rcctﬂlff%&h%ge‘gse 0 e(guch an
ext er nal : . s 8 nenor evice al Lows the
manuf act ur er o?‘eﬁahléen}l%’ggﬁs'e]r’nf o %uglcg‘%e tm%der?éﬁ"d’ﬁ’fﬁ 8€'§ C é‘y'v?/ﬁllu%:/ ?I'%Icrg amll
economcally sjzed so..as to onpatihle with the intended use of the
recei ver, e.g. ?Wﬁlf%?ﬁwfﬁ"ﬁa&gé?g%q???mﬂygﬁﬂhﬁv or reduced definition

di spl ay, when the receiver receives a high definition datastream The |arge
anount of nenory normally used for MPEG decodi ng presently requires that
the menory be external to the decoder integrated circuit as a_ practical
matter. Fut ur eThinexescef hemisnbenss 3l.34 punpeyt e dqwdspeplter 2nadomipraponsed | ocat ed
on the sane integrated circuit as the MPEG decoder el enents. However, the
use of an ext erespectivebhwhigh deendhe gemisphezesnae iginesk o ghownhia figsedotet o choose

a nenmory size consistent with the display resolution, as will be discussed
bel ow. substpmtially i1 808 apast to prowide dre largest implitudegnicygphdnedgoalde whet her to

The resonator is provided with a number of gas diffusion passages 33, only one of
which is shown in Figure 2, to enable gas to diffuse in and out of the resonator 3.

Each hemisphere 31, 32 is preferably provided with four gas diffusion passages 33
positioned 90° apart. Gas diffusion passages 33 are preferably drilled through the
resonator housing and any swarf removed to present a regular repeatable surface to

the inside of the resonator.

Alternatively the resonating sphere could be made from a porous material such as a
sintered material. Gas diffusion holes 33 shown in the copper resonating sphere of
figure 2 would then not be required and so would reduce perturbations in the
resonant frequency due to the holes 33. The porous material used would preferably
have a lower thermal expansion than copper, reducing the amount of correction

required for variation in the size of the resonator with ambient temperature changes.



configure a receiver as an expensive prem um nodel w th extended features,
or as a nore econom cal nodel with fewer features. One of the features of
interest ist tion of a displayed inage. In a reduc ei ver
factors mhichhgggféﬁgﬂte to cost reduction include a |ess egggﬁgﬁéghggducedn
resol ution i mage di splay device, and the anount of nenory associated with

t he MPEG decoder. I n accordance with the principles of the
invention, circuitry associated with the MPEG decoder permts the use of
reduced nenory codi f a.recei.ved high.definition datastream _both when
HD display is d‘ei@rer@a@sﬁﬁrhﬁéw ‘%F?ﬁladgmfa&%ﬂ‘mdmﬂ‘ﬁf?smy ‘?ee'qﬁg}’ﬂ%& for
reasons of econol%lfior ﬁ?%}sﬁrw se. In thfe case of a_reduced cost receiver
nodel , the manuf'%eTiE% |a|S“I?Rj¥>Y?,1§s?9 6 and apowey lvel s ppRrRRERElyBmWr educed
resol ution image di splay device, or both, as econony neasures. Wth the
present inventi ofd thsfaicipphenc s a se-mindpture guereplions (i .e., a single
integrated circuit design) advantageously can be used with nore than one
recei ver configuration to produce significant cost savings. The

foll owi ng explanation with nunerical exanples will facilitate an

under st andi ng ofFigire 3 ishovestiawothe midrophane 4 & rsdunted té thatesonator 3. The resonator

9 normal MPEG decoding of a 1920 x 1088 high definition (HD) imge sequence
requi res at | easis @6vilddl twdthoh pussupe i1 dhiapprosimiately 915inh Narfetérotwiizh disanchor
frame, a backward anchor frane, a decoded frane for display, and allows 8

Mits for a conprefmbly diitiedatii inylwiaifatmoved. X Slintif® kfind16 48isf thoirddl 1ot O

build a nmenory system of 80 Mits as this would require the use of five 16

Moit menory or formed as part of the outside of the resonator and is arranged concentrically with
the passage 41. The spindle 42 is preferably approximately 10mm in length and
has an inner diameter sufficient to accommodate the microphone 4, in this case
approximately Smm. The position of the microphone 4 within the spindle is
variable along its length so that it may be positioned at the optimum point at which
the sharpest output signal peak is produced, when the loudspeaker applies the
resonant frequency to the resonator. The microphone 4 is secured at the optimum
position within the spindle 42 using adhesive 43. The adhesive is preferably
prevented from entering the resonator cavity as it could dry in irregular shapes
which may cause perturbations in the resonant frequency. The microphone 4 is
preferably provided with a rim 45, the outside diameter of which is substantially the
same as the inside diameter of the spindie 42 to prevent any adhesive entering the

resonator. Alternatively the microphone 4 could fit tightly in the spindie 42. The

microphone 4 is connected to the driving electronics 1 by an electrical connection

46.



devi ces, where each Miit enconpasses 220 or 1,048,576 bits. Mst of the
menory is used to store imge data, with a small anmount being required to

store conpresiedhessdeo bit stream data. I'n this exanp {:ﬁ %%@ gEgrory
requirenent drops to 64 Mits when conpressor conpresses da 9 and the

menory requirenment drops to an even nore econom cal 48 Mits when data is
conpressed 50% The 25% conpression factor would be associated with a full
HD i mage di splay and would be virtually indistinguishable fromfull MPEG
decodi ng wi t hout canpression. Wth 50% conpression a trai ned observer may
be able to find barely noticeable artifacts. In either case the decoded

i mage sequence | d _exhi ul | 0.x 1088 HD resolution f di splay by
a full HD resol#ﬁf%‘ﬁs?e%bgmﬁg?ﬁ'%“@f}&sm aﬂgﬁg\fé?% ‘?ib(? cases
Uses an | noxperlCrEmedh B BB mEBARITH fragreonian AP 1 FEQRATion
capability. In _such case jt is deS|rabIe to receive and decode HD

i nformation wi SFIEORAPASERRNHG F1EW94- HD resol uti on i mages. In such a

recei ver decimator 29 and conpressor 30 can be used together to

significantly reduce the decoder nenory requirenents. For exanple,

deci mator 29 may horizontally decimate data by a factor of 2, and
conpr essor 30 haﬁlgwrﬁpacmlqzieofcmmma@vaamdengjhm%umﬁmtcsorr@mdtas in a
greatly reduced decoder nenory requirenment of 32 Mits. In this case an

i mge for di sppayotthhplsile walh Of the 8Batorcdsamid at i. man passage 22 drilled firoughent f or
either 1H or 2H receiver applications. Thus a | ow cost receiver capable of
decodi ng full Mid spivdipelcat #xtresoaster wahwitie agyosvaitf rembred. (The bapdepehker 32 Moit s
of MPEG decoder nenory.

is mounted to the outside of the spindle 21 covering the passage 22. The

loudspeaker is secured to the spindle 21 using adhesive, ensuring that no adhesive

enters passage 22 and - is electrically connected to filtering and amplifying

electronics § by electrical connection 23.

The position of both the microphone and loudspeaker may be variable to attain the
sharpest output peak or alternatively either the microphone or loudspeaker may be

fixed with the position of the other being variable.

Because of slight variations in each resonating sphere due to machining tolerances
for example producing different effective radii, each resomator is calibrated

individually using the expression:

c=fxK
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10 The di scl osed system advant ageously provi des two nodes of reduced
menory operation. The first node involves anchor franme (I-franme and
P-Trane) conpr@ssddreeeusi ng unit 30 as di scussed. The hori ZO'P&,%G%%%H

resol ution reduction perforned by unit 29 represents a second nobde by which
t he decoder nmenory requirenents nmay be reduced. Unit 29 deci mates
(downsanpl es) horizontal pixels by a factor of two after horizontal |ow
pass filtering. Vertical detail reduction is not used in this enbodi nent.
When coupled with the conpression offered by unit 30, decoding of received
hi gh definition input information ecan be achieved wth significantly
reduced decoder-Jrenory. . .. The.descrihed system . whi |1 ows a single
MPEG decoder to %@éw{#ﬁ‘)éfseﬁwbrﬁ%fﬁ?%a gt ‘T%gﬁﬁ‘?’a//s&%pﬂfes@w&g&é?%?gﬂs‘%?i nition
datastreamw th different, jnage resolution or quality, is_ facilitated by
the use of conprr@@BYFr Fepdg gg'dg@filﬁgqg),gaszg:hggct@yggsr S 2 ARVER FoRbi nat i on
with nultiplexer/denultiplexer 31. Unit 31 operates as an adaptive

decoder - menory iMRaSHeEe . usipg sofpe pytablefaethed; dhe sesenpst frequengy ) ¥ then i s
provided to an input of menory interface 31, as will be seen in Figure 12.
The wi dth of t handsseddeytheiges ofiknowpspesd pHyeund mndhersonatgebeing talibratedand

bandwi dt h available for full high definition MPEG decodi ng. A data bus of
this width i s withdconstanteK daymdbilUsingythe taliwatederesonatec ngethagyith itmdsspeistad r es a
conservative operating speed of 40 MHz. In this exanple the bi-directional
ext ernal nenory constam\viil alowesothe e spesd tafisomd pube déterminedi fot axe gas3frothotheenor y
20 has an available bit wwdth of 96 bits, of which programmable bit w dths
of 96, 64, 48 omdamBed aenatseffedualicydaltis dgRendicificies dfhebouECRiNer Byerating
configuration as di scussed above. The interface between the external

nmenory bus and tch@persitn@l BAvarfbEoRy i DhtSiert Serfpdrtrle licbing Ut REIuMe! &1 tht exer 31
to translate fromthe internal nenory bus to the external nenory bus.

Access tOo MenDr YesdfhrbrS thd @pdel ¢! sduiid bPS BEs Rly ddUebBiRinedt dveR bétfer alfmalidd bits.
Dependi ng on the receiver configuration wi'th respect

of about 0.05%.

The loudspeaker is driven by an electronic circuit 1 shown diagrammatically in
Figure 1 to provide sinusoidal signals over a frequency range suitable to encompass
the frequency of the first non-radial resonance peak of the resonator 3. The
loudspeaker is driven in frequency sweeps. The microphone -provide_s an output
voltage, which is filtered and amplified, corresponding to the frequency at which
the loudspeaker is currently being driven as shown graphically in Figure 5 with a
small delay due to electronics. The frequency at which the microphone produces
the largest output voltage is determined to be the non-radial resonant frequency

which in Figure 5 is 8860 Hz at 20°C.

11



to the different levels of inmage quality as nmentioned previously,

data to be witten to nenory 20 from conpressor 30 is denultiplexed by unit
31 from 192 Woloosieey t he target wi dth of the external nenorperatdss 64, .
48, or 32 bits). Data to be read fromnenory 20 to deconpressor 32 is --
mul ti pl exed by unit 31 fromthe external bus width to the 192 bit internal
bus wi dt h. Dependi ng on the receiver configuration, different anounts -
of system bandwidth are required to support the associated resolution of a

d splayed | MROgye Gef aét@ataa%gw hdtioh 16 Slte SWaWLs Yerls | it rard! Gt pat hs-

Thus different ne s are required for different system
configurations %gg L 839 Since the internal nenory bus data
path is an intéeger rr%%q? F ;bgl%)e(external) menory bus data path, the
clock rate for the |nternal menory path is always |ess than the clock rate
for the external menory path. An internal data word can al vvays be

df d I
i eger  number AR B 40 ubrioee KR 10 abd o preetn Aoy ol

data word. ,Asvmll be di scus connecti.on wi.th Fiqure 12, units
29- 34 are conCRpt bH %‘iﬂ’é"f"&gﬁl‘m iF‘gﬁ‘ﬂlé sOFY §i H?‘?fﬁprBFFgWié’faHer or not
t he MPEG decoder is situated in defl nition recei v a receiver
with sonewhat Péé}%ﬁééﬂm%ﬁl{‘éﬂ"WWﬁ O mrcERsesspE 1 m to

determ ne the anount of co ression ﬁgrfor rred by unit 30, and whether or

not deci nator 2®ut cloghsignabd tfremdbm ripIneodyse AYlsomdgy pedulaiad (BWMony ey
data from adder 18 )
signals 102,103 and 104 shown in Figure 6, each of the same frequency on lines

112,113 and 114 respectively. The PWM signals 102, 103, 104 are combined
together using a weighted summing arrangement, in this case consisting of resistors
115,116,117 to produce the approximation to a sine wave on line 118. The
approximation to a sine wave 105 shown in Figure 6 has the same frequency as the
PWM signals 102,103,104 which each have fixed duty cycles (percentage time on

. to percentage time off).

In this example each cycle of the synthesised approximation to a sine wave 105
corresponds to sixteen cycles of the clock signal 101, but could be eight or thirty
two or any other suitable amount. The rising 121 and falling 122 edges of PWM
signal 102 are triggered by the completion of the sixth and tenth cycles of the clock
signal 101 respectively. The rising 131 and falling 132 edges of PWM signal i03
are triggered by the completion of the fourth and twelfth cycles of the clock signal

101 respectively. The rising 141 and falling 142 edges of PWM signal 104 are

12



to conmpressor 30 wi thout downsanpling). The m croprocessor also instructs
mul tiplexer 31 to select, froman available 96 bit wde nenory path, the
menory data p?&”\;&, Bh required for a particular receiver confiquration,
e.g., a 96, 64 or 1ess bit wide path. The system provides fJIGVGROYRI31
definition MPEG decodi ng without nenory reduction by using appropriate
software control nechanisns to di sable or bypass the deci mati on and
conpressi on functions. : 12 A
pictorial representation of the reduced nenory requirenents of nenory
device 20 i s shdWBesred by;the pauapletion of thesptond gnd %emennghﬁyﬁbﬁ ehithe pleck sgmabni ng
description is given in the context of conpression by unit 30 alone. In
Figure 2, the Fpectipelin the | eft represents a mapping of pixel blocks
within a full size menory. The map on the right illustrates how a 50%
smal l er nmenory is used to store bl ocks conpressed by unit 30. As wll be
seen fromthe follow ng discussion of the conpression network shown in
Figure 3, each Haolkf FWMsignald 102l 08and $04is thien iphssed thiraugh iatweighting resisfddo of t he
space normally required for a full size nmenory, or less. That is, the
conpr essi on pr ovilaats,by7 respiettivdy. iThe it the Vales of kesistdd B15218)1PF B cBék¥n UNUSed
menory space renmaining after conpression is left unused so that the
starting positi ao give thdWestiiverlilsiie vy approginaticn Whikh 8¥¥his! AseAk r@fktor Q1 s
starting address. In the full size nenory, any particular pixel can

be located and agmgs$ e, RERRHIR RingB6iK ol 8ali RBRGI NY RAEWERD, t he video frane
pi xel s and the nenory pixel addresses. The reduced size nenory does not

exhi bit pixel - by-pi xel mapping. Instead, pixel blocks are

To produce an approximation to a sine wave from PWM square waves it is
desirable to maintain the first harmonic whilst suppressing the third, fifth, seventh
etc harmonics. Using the above method as illustrated in Figure 6 the third and fifth
harmonics are essentially removed apart from some residual effects due to resistor
tolerances. In the present example it is envisaged that the sine wave generating
apparatus will be used to generate sine waves in the range of 7.5kHz-11.8kHz to
drive the loudspeaker 2 and the transmitted signal from the loudspeaker detected by
the microphone 4. When used in this manner the seventh and subsequent harmonics
are reduced to levels such that no further filtering or conditioning should be needed
to remove the effect of these harmonics since the transmitted signal due to these
harmonics should lie outside the band-pass limits of the microphone. If the
apparatus is used to generate sine waves at lower frequencies, the effect of the
seventh and subsequent harmonics could be removed or diminished by low pass

filtering or using more pulse width modulated signals to produce a better

13



mapped into the nmenory. If a particular pixel fromwthin a particular

bl ock is needed, it may be necessary to access the entire block of data.

Any nenory sparfyehgh needed for MPEG decoding is avail abl e for-q n%

pur poses such as on-screen display, mcroprocessor RAM transpor uffers-
or other special buffers, for exanple. Referring back to Figure 1
the use of conpressor 30 prior to storing data in nmenory 20 requires that
data be deconpressed prior to unit 22 in the notion conpensation
processing | oo | i shed by bl ock-based deconpressor 32,

whi ch exhibitsgnp%mnﬂﬁvﬁ?% 8m€ “he operation of conpressor 30. Bl ock- based
di splay deconpressor 34 is simlar to unit 32 and deconpresses stored

pi xel bl ocks before being conveyed to a display processor 26. Processor 26
may i ncl ude, exanp an NTSC codi network, ~circuits, for

condi ti oni ng tﬁé c BrRY tl“?!‘éteé"hf’i‘if‘s‘:@i g‘pﬁ ngl?mcqnweépatéymwm%rllﬁé9mr k for
provi ding video signhals to an inmag 13
repr oduci ng demoé'ecezlwaperoalmauanmmme105§hﬁwnaﬂ’lgure\ﬁh€hea%§M| ing unit
29 is enabled prior to nenory 20, data fromnenory 20 is upsanpled prior to
unit 22 in the mqsbﬁlt@%bewmmbh%mamWﬁm@mmmﬂlae|1§8 anslcerthl | shed by
hori zontal upsanpling unit 33, which exhibits the inverse of the operation
of unit 29. Di smlia#tdmﬂiatgor@&ﬁnnyomkmbi t full high definition imge
resolution. Alternatively, a |ess expensive imge display device with |ess
than full high definition inmge resolution may be used in a nore economi ca
recei ver design, in which case data reduction network 29, 30 is programred
and the size oFignerfoshowdQ voltagehantolledsoscillaton Badesahiph prodadds by oscillating

output at 161, the frequency of which is dependent upon the voitage of a driving
signal applied at input 162. However any device the output frequency of which is

- dependent upon the analogue value of an input is suitable.

- The present example of the invention uses an Analog Devices AD654 voltage to
frequency converter. The AD654's block diagram appears in Figure 8. A versatile
operational amplifier 163 serves as the input stage; its purpose is to convert and
scale the input voltage signal 162 to a drive current. A drive current is delivered to
current to frequency converter 165 (an astable multivibrator). The output of

converter 165 controls transistor 164.

In the connection scheme of Figure 8, the input amplifier 163 presents a very high
(250 MQ) impedance to the input voltage at 162, which is converted into the

appropriate drive current by the scaling resistor 167 at Pin 3. In this example
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Data from stored anchor franmes such as | franes are generally accessed in a
random f ashi on according to the notion vectors received in the input

conhpressed dat m A bl ock based conpression schene nall;}_l.l%i,
r easonabl e acgggélﬁ?%i ty of pixel data fromthe frame nenory. nﬂ"g’"&”h

pi xel bl ock has been found to work well with the disclosed conpression
schene. Larger pixel blocks allow the use of sophisticated conpression
techni ques at the expense of reduced pixel accessibility. Smaller bl ocks

all ow finer granulari i cessi,ng pi xel s at the expense of fewer options
for conpressi on.res\lfg?rf'i)%smpﬁgggmigl%%npr ession, including quantization and
transformation, -may be used to i nplenent the function of conpressor 30
dependi ng on the requirenments of a particular system The type of
conpressi on used_shoul d preferably, but not necessarily, exhibit certain
charact eri sti cs. TheaBFUBIYCRE BSofAPEPXHRALOBNIS B S¥Id WEYS, PETRtedr #i BE LU RS unt (or

nore in sone systens) so that the |ocation of each conpressed block is
easi | y det er ni negnnegtiorspodntJ29 showriin Figyreet e4npet always be pecuraishpassupediHimg shown
in Figure 2. Each bl ock shoul d be conpressed/ deconpressed independently of
ot her bl ocks. THbe veltage lof hekdriving $ignah epplied atl input h@showavin dggure 8rdwgdo any
ot her bl ock. Ideally the conpression/ deconpression process should be
| ossl ess, but t hiagatoasnnot temperguer and ebal pedformaanye of zalechicak lcomponentsyforase,
t he 14 conpressi on/ deconpr essi on
process shoul d rexampie.odoas=qudnile ciie micadpraressot | f0amays alsobaconmpotativcang of mage.
lines 112,113 or 114 carrying PWM signals 102,103 and 104 respectively which
are at the same frequency as the output approximation fo a sine wave as described
later. The microprocessor counts the number of cycles of the selected PWM signal
over a given period of time such as one second. The actual output frequency of the
sine wave can then be accurately determined. The microprocessor 110 counts the
number of cycles of a PWM signal 102,103,104 rather than the cycles of the
approximation to a sine wave 105 over a given period of time as the PWM signals

have more precisely defined, clear on/off states which are easier to count providing

better results.

Alternatively the microprocessor 110 could count the number of cycles of the clock
signal 101 over a given period of time and from this determine the sine wave
frequency by dividing by the number of clock signal cycles required to produce
each PWM signal cycle.
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One of various conpression techniques suitable for use by conpressor 30 is
shown in Figure 3. This conpression techni que uses a vari abl e conpression
network in paoblihe With a fixed conpression network. The (QiEgs8afaPN
net wor ks operate concurrently on the same pixel block. The variable
conpressi on network has the advantage of being | ossless or substantially
| ossless, and is the preferred conpression network. |If the variable
conpression network in not successful in achieving a predeterm ned desired
amount of data,gonpression...th , I i twork is
used i nstead. 0\ w?ﬁeorfﬁrakmgém?g%% %gé?}%éce%\%?\ﬁ&g&ég%gﬁgo tgl?l% t quesi red
anount of conpression, this, network he disa t age of i | ossy.
In Figure 3, d&® m*ﬁbﬂ?@%ﬁ?ﬁﬁgf%m%?rgﬁﬁﬁ&f?“?%°%€§@Féﬂg?%m§h§§%3%¥ t er i nal
312 of a data con?ression net war k inqludin% paral | el independent data
conpr essi on pataiclate the fraqpencyef the IpProRFRUELIO 2 SIGREVS nt | 41 | y | ossl ess path
and includes a variable conpression processor 316 which provi des conpressed
data to one of the signal inputs of a nultiplexer (MJX) 325, and a bit
counter. 318. Counter 318 nonitors the bit count of each data bl ock
conpr essed by Asithe estilatond60 prodyeeges ascifalingcpgnaly with i ¢optnuaps sangeod
control input of MJX 325. Additional details of conpression path 314 are
shown and wi | | frepentiescsinswares may bygroeraied withia contpopsrengs of freguancassy j s a
| ossy path which includes a fixed conpression processor 322 as shown in
greater detail in Figure 5. Conpressed output data fromunit 322 is
provi ded to anot her signal input of MJUX 325. MJX 325 provides either the
conpressed dat gsé 60 virible Bhdemoy silee wavpgensmting ckaillatof mbivhparhe®i9 to an
output term nal 328 of the conpression network as will be explained in
greater detail aRahly. sk (RoInRHtx IBTRALSSESTiiAtiA 8-pin (plastic BB fonfarane
menory 20 of Figure 1

4.90mm x 3.91mm x 2.39mm in 8-Pin SOIC form for the AD 654), cheap device in

conjunction with a microprocessor to produce approximations to a sine wave
enables the production of a device which is able to generate approximations to sine
waves over a continuous range of frequencies and which is compact and so may be
mounted on a compact probe for example or in a compact housing. Since a
microprocessor is generally employed in many probes or electronic systems for
other purposes, the only additional space that is required fo produce approximations
to sine waves over a continuous range of frequencies is that for the compact

variable frequency square wave generating oscillator.

The oscillator need not be a voltage controlled oscillator but may be any device

arranged to supply a signal with a continuous range of frequencies.
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15 Bl ock based conpression network 314, 320 conpresses each pixel
bl ock i ndependently and essentially guarantees that each block wll be

conpressed b et erm ned conpression factor or nore. T of

ei t her conprﬁgéPgﬁ%%hth 314 or path 320 is selected for inﬂ%ﬁwggﬁﬁgh%ry 20. ..
so as to provide satisfactory image quality and the desired conpressi-on
factor, e.g., 25% or 50% Conpression factors greater than 50% al so nay be
used. However, it has been determ ned that conpression factors not
exceedi ng 50% produce good results. A conpression factor of 25%is
essential |y trafhepapeNmationimt sge Meverned apk hegensratgd Sgmdhres PYWYMSiEnaly i t hout
such conpression. At 50% conpression the results are |ess transparent, but
the visible redwtcenldbegeacmtisd fiabl ay svittblgnamber dependingawer therequized level
significantly different conpared to conventional decoder processing w thout
conpr essi on andofitimapproxineationtié @sine wave. Furtheirpormgachi gyelt lof thatsine avawg neefle
conpressi on network achi eves high image quality and assures that at |east
the fixed conpressorespdndad sixtesn tlbckheycles butewald be Wight, didtyetweooorane sisfable pat h
314 exhibits | ossless or near-|ossless conpression, but the nunber of
output bits prowingeel by path 314 is variable. The nunber of conpressed

bl ock output bits frompath 314 is nonitored by counter 318. If the nunber
of conpressed block bits 314 is equal to or |less than a predeterm ned
target bit count associated with the predeterm ned conpression factor, the
conpressed dat arouipkdly ddCsBcRAlely dddmie 88! Bhnas RGuidl @RSramehgoRveyed to
menory 20. O herwi'se, "the conpréssed bl ock output from fixed conpressor 322
is used. Fixed : I ' EOM Rt

quant | zat i on 1 o HoREaRBinie SRR nOREN GPIRRES AR 10K aREnith o
deconpression, {or ch 0 . LRSS inserts
signaling inf or'r'ﬁatd} gagt, F%#%?%g%zgggg‘llpr'gg%d ?gﬁ!&‘ﬁ%?%gtlg%? r?%rjstt{;’g)éwﬁ fre

conpr ession t haﬁ?ﬂmmscyﬁ'?ex{g%?{x \vang,pt neqrte%?lax%le%:al§'oc;rurh%s gﬂo%%ly' Srlgln'FﬁHu% ér.a}k' on

coul d be one or

control means such as a microprocessor identifies a narrower frequency range
within the initial coarse frequency sweep in.which a maximum occurs. A further
frequency sweep S2 is made with smaller frequency steps (in this case 1Hz) within
this identified narrower frequency range to accurately determine the frequency at

which the maximum occurs, identifying the frequency of resonance.

Using the above combination of coarse then fine frequency sweeps over a narrower
frequency range, an accurate value of the resonant frequency may be quickly
determined for example in a fraction of a second. A control means such as a
microprocessor may average subsequent detected frequency values S3 to reduce
errors due to noise. The frequency of the PWM signal may then be determined S4

to indicate the ﬁequen;:y of the generated sine wave driving the loudspeaker 2 at
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t he begi nning of each conpressed data bl ock, e.g., in a header. The
signaling bits are sensed by deconpressi on networks 32 and 34 (Figure 1)
whi ch perfor jyd fggrigver se of the conpression that was PCT/GB99/01931 .
16 used to conpress the block associated with the given signaﬁlng its. The
header may contain other control information, such as quantization contro
i nformati on. Vari abl e conpression is preferably used in snpboth areas
of an inmage to avoid annoying contouring artifacts. Image quality is
essentially guaranteed to be high over such areas because variabl e
conpr essor 316 YR tt1e or no guanti zation, which is a substantially
| ossl ess process. On the other hand, fixed conpressor 322 may be used in
i mge areas containing significant detail information. Since quantization
noi se in such areas is not likely to introduce nuch perceptible error, the
per cei ved qual i%dﬁfm&??mﬁﬁﬁhe%@én's%P@élwhﬂww%é@lﬂé‘é)}ﬁﬂc@ﬂsi on in path
320 will very likely be good. However, it is not necessary to selectively
use variable and fixed conpression-in this manner, although-in many systens
it will be beneficial to do so. The choice of which of the two conpressed
bl ocks to use iAsmidrepsdopsson Fduchoin thiscadsiis theomistoproicessérel 10ateprribed eatlityl ock from
vari abl e conpressor 316. If the bit count indicates that conpressor 16 has
achi eved t he dedicheslsc gaqeratessthonPWM signals,s Bduse@tth eperforse  ancaiggritiasor 22 i s
used. The bl ock based conpression perforned by conpression network
314, 320 toget ldetermind thetrbsonim dieguencye 0f theGiap methin (he résbnAtorcInstebd of kheal | ows a
decoder to decode every bl ock w thout :
microprocessor 110 a PC could be used with an appropriate plug-in data acquisition

card.

To determine the resonant frequency, as shown in Figure 10, the microprocessor

110 has an analogue output 201, a digital input 202 and an analogue input 203.

The analogue output 201 is connected to input 162 of voltage to frequency
convertor 160 shown in Figure 8, to control the frequency applied to loudspeaker 2.
In this case the analogue output 201 consists of two outputs (not shown), both of
which are connected to input 162 of voltage to frequency converter 160. One
output controls the coarse frequency sweep and the other controls the fine
frequency sweep. Each of the two outputs is passed through a digital to analogue
converter, which in this case is provided in the microprocessor 110 itself, and an

appropriate resistor to provide the required level of resolution. In this case the
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needi ng i nformati on concerning any other bl ock. Since each block is
conpressed by a predeterm ned conpression factor, the nenory address of the
first pixel o | ock is known in advance. Thus each bl Qck can

accessed fromfwrr(g%godr??/zgw t hout information concerning any ot hg’ B%E’QB% n
this regard it is noted that areas are reserved in nenory for each block.

I n-the case of 50% conpression, each reserved area is the size of half the
original block. Thus each conpressed block will fit in the nmenory area
reserved for it dye tg the fact _that bits are counted and the out put of
conpressor 322 ir§S‘ﬂ§’ég’ri e fearses requency| gongplise36ks) apd, Hisy eaigior foy e fipe
successful in achieving greater than the target conpression anount, the

out put of conpr EgysIcy fentrodis2MQand some of t he

17 reserved nenory space is not used by the conpressed bl ock data. That is,
each conpressed bl ock begins to fill its reserved nenory area begi nning
wWth a predeterm ned starting address and continuing to an address |ess
than the | ast adtly explainedsesrliendthé drequdnay of ithecapprokimationrto aesise wavelsignalssed i n
connection with Figure 2. It is desirable for block based

conpressi on to behictagabsethef loadsheakeri cegnbioblvals b6 wanmele saiwnedefibincihency and
easy access to each pixel of a pixel block, even though these two results
are conpeting i rnvoltageube thel dfiving Ssignal o ARAGgS Shidput 1011 B RS YerhRetthre €S A

| arge bl ock size, while easy access to pixels requires a small bl ock size.
I't has been foungdribtivab alDhB perforinaREr elRakied (chpsilchs SorREmpIE. THRSSRYr al |y

achieved with pixel block sizes of 8x8 pixels and 16x4 piXxels. The bl ocks
are for rTFd i Nt o th'@WKIOspARA 16&1930104 Blvhieh 285 el #NhE shile AfeqbBRY | KNG
previously.
approximation to a sine wave driving the loudspeaker 2 or the clock signal 101, is
applied at digital input 202 for the microprocessor 110 to calculate the frequency of

the approximation to a sine wave 105 as described earlier.

The analogue input 203 represents the amplitude of the signal being received by the
microphone and is connected to microprocessor 110 via an external analogue to
digital converter. The process of locating the resonant frequency is one of

identifying the frequency at which the analogue input 203 is a maximum.

The process of locating the resonant frequency can be broken down into four
stages. The first three stages S1, S2, S3 each involve changing the loudspeaker
frequency to search for the resonance. When the resonance has been located, the

final stage S4 measures the resonant frequency.
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In this exanple each field based pixel block is scanned in a raster manner
as shown in Figure 6, fromleft to right in a dowmmward direction. This
scanning is i3 both units 316 and 322 using del ay el 456 and”
del ay el errenvtgsgggﬁi%% as shown in Figures 4 and 5 respec?lﬁse y?ﬁgé will--be
di scussed. The variabl e conpression network is shown in Figure 4. This
network uses a DPCM | oop with adaptive prediction to produce a difference
signal (residual) using known techniques. This difference is variable

| engt h coded, the r ult er of coded diffe 1S

noni tored to |ﬁ’8 1t stas tgqan#g? gﬁlﬁg © BRI 8%ﬁ§f§ ocges}té%‘k r was
achieved for the current bIo ure 4, td fferencm et wor k
442 produces é‘ﬁmﬁlfpﬁﬁﬁad’lngﬁfg?éﬂ‘?fﬂpﬂtf ‘Pﬂgzﬁﬁf? aghep tb €\een i nput
pi xel values applied to a non-jinvertin npuyt i?% of uni t, 442 and pr edi cted
pi xel val ues afoprac@dl+ Sheprrmisgiblerangg of %Eﬂl‘f’n‘(‘es)‘s cotefliq TeHEY e ¥@p Lt i vel y.
The predicted value is obtained using a DPCM processing _| ocop i ncl udi ng

di fferencer 44hosefaquengicsat vrgh the pertediahreaonance showd prch fas q“‘eﬂ‘@f’%e<dec oder
446 which perfornms the inverse of the coding operation perfornmed by unit
444. The combination of gas composition, temperature and pressyrgy | His imjtg ﬁgttfpp coder can
i ncl ude an optional high resolution quantizer and an entropy encoder (e.g.

a Huf f man codegiejmiksible lrage | s smposed énredhes thedime taberp toelosate the Yesenaphir i abl e

| engt h decoder includes an inverse quantizer and entropy decoder. The

i nver sel y decqetgdeneytapd talsh rioreduoe thedrdsk oflosatimgent unwantedimesbnahtl Peali.t h an
output froma prediction network including a predictor 450 and associ at ed
pi xel delay elgERBES tiftSekactAehticranip45etvect ths eortiob Felgs from the analogue

- output 201 and the microphone frequency is not known, it can be approximated
sufficiently well to be used to set the frequency limits of the permissible range
within which to search for the resonance. In the present example the frequency
range is 7.5kHz to 11.8Khz (4.3 kHz) with a frequency scan rate of 86 kHz/second
and a microphone sampling rate of 100,000 samples/second producing a total of

5100 microphone samples in each direction.

To locate the resonance frequency the processor is arranged to look for a peak in the
amplitude of a signal from the microphone at input 203 and then ascertain the

frequency control voltage that was being used at the time.

To allow for the finite time the hardware takes to produce a change in the amplitude
of the signal from the microphone at input 203 as a result of a change in the

frequency control voltage at output 201, the fast scan of the first stage S1 involves a
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provi de del ays of one, seven and one pixels, respectively. A predicted

pi xel value output fromunit 450 is applied to inputs of adder 448 and

di fferencer 4 Figure 7 shows an exenplary arrangenent of a group
of four pixel ;{3%?91%,6290 and X (the pixel to be predicted) as&c/E¥Mth
the predictive processing and codi ng operation of the DPCM network. -This
group of pixels is also referenced in the pixel block shown in Figure 6. In
this exanple pixel B is delayed by a one pixel interval relative to pixel

C, pixel Ais delayed by a seven pixel.interval relative to pixel B, and

pi xel X is del ay&s seAnaPfhoough the raes of analqeye pyiput; voltages @01 and FprsomKCHn
prediction process is well-known and will be di scussed subsequently.

Conpr essed pi x e|down thronghothe sarae mugpef anglogyeputpus| volthges.g Cleadp dher firdtistamr e
buffered by a unit 460 before being provided to MJX 325 of Figure 3. Buffer
460 stores the &oulgalterogtivelydbedawn slsbeghctbepangs sf amlogucoarms voiltdges artdrte ent i r e
bl ock has been processed, at which tine it can be determ ned whet her or not

the target conprsessd ecanfe@uldobe tynthrineghnthe eagbe When scanningl g, thé treguuney  Of
each conpressed bl ock output fromcoder 444 is nonitored by bit counter

418, which may [entroiyblaperd0e teing appliedovhencte hadk # riewbted K1 be J@tRSto thE t er
each pi xel block has been variably conpressed, counter 418 provides a

Control output séspeie tink, sligRtlyCkigher 856 61 Witiget0M BiusbFthbeaklto BELE ¥WRen
predeterm ned threshold, indicating that the desired anmount of conpression

has been reachedchingd6RB8I8E Huchiecondbi Flage Q&m{@%@g gﬂvf% rﬁ&ﬂttﬁe'

signal is applied to the switching control Tnput o causi ng MJX

325 to convey tBé‘ak%It%é%] Gf{sv%@ hﬁﬂé@{&ﬁéﬂk@ﬁ&@ﬁ%&a&%wb%&%%n bifchidlg,

utilization network.
the average of the two voltages will give the true voltage at the resonance.

A second method of allowing for the finite response time of the hardware is shown
in Fig.11 in conjunction with the above method of first and second scans in
opposite directions. The second method uses an estimated value for the response
time T to match the peak 301 of the received microphone data values M to the
frequency control voltage V which, according to the estimated response time T and
the characteristic of the frequency control voltage with time 302, produced that
microphone data value as shown by the broken lines 303 in Figure 11.

Consequently the microphone continues to collect data for a time afer the
frequency control voltage V has finished scanning at time t,. This second method
enables peaks that lie near to the end of the scan limits such as peak 301 in the
upward scan of frequency control voliage 302 in Figure 11 to be found which if the

collection of microphone data M had been synchronised to the scanning of the
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19 conpressed bl ock output (for the sanme pixel block) fromthe fixed |length
conpressor is conveyed to the utilization network. The fi xed

conpr essi on is showmn in Figure 5. This network al CM

| oop with adg@t%’é&%redi ction, as in the case of the vari Z%f’zéﬁc‘%ﬁggfsgspsor o
In Figure 5 el ements 548, 550, 552, 552, 554 and 556 performthe same
functions as corresponding elenents in Figure 4. Differencing network 542
serves the sanme purpose as unit 442 in Figure 4 for producing a residual

pi xel value, byt in a slightly different context_ as discussed bel ow

The fixed conp °éfr?°?F§%‘3(B © 30 wopldhays bren missed nifiths ssmated 19500086 £ f er ence
(residual) pixel values provided at _the output of unit 542 as a result of
DPCM pr ocessi nigfme K%WWE«QH‘F‘H&SS Kap dpund fpr %F voltages progucing-ide yR8enqnhput pi xel
val ues del ayed 64 pixel intervals by a 64-pixel delay el enent 555. The

i nverting i npukeak in eash ofjfhietupzpgd down sraps avopidchei exactly the seme. \Eowever, a8 om

predi ctor 550. The residual pixel value output fromunit 542 is subjected
to quanti zat i oshowndn Figurer de thgieatimatedavaluemiyybeslightly Bis@uratedin5ddch espect i vel y.
The quantization provided by unit 556 is fixed and guarantees a desired

fi xed anmount othe dptad dompraesiofthe flagnerey aofitod voltage swilhbe slighfip diffecenpr essi on
of an 8-bit data word, unit 556 renpves the |ast four |east significant
bits. The anouand will teh beaveeagsghr essi on i s not | ess than the desired anount
of conpression. Units 556 and 558 operate under control of a M n/Mx
conmpari son network 560 which determ nes the m ni num and maxi num pi xel

val ues for each pixel bl ock. Quanti zer 556 could also be arranged to
use a fixed queKY dedéid stape€S2 tHYENECIcantitg metho® bf uRf firkiCétfRtextépt ddaPs t he
guanti zer rule according to the m ni num and maxi num pi xel val ues associ at ed

wi th the bl ockshfibieeqRbdes 2556 denlihidd ilY e QR is%gﬁaiﬂgx-g%e'i@&ngﬁ gdici nes

these val ues. El ement” 555 provides the tinme delay needed for the m nimum
and maxi mum valyegeghd Sthie s the value for the frequency control voltage at resonance

obtained by the first stage as its centerpoint for its smaller frequency scan range. In

this example the frequency scan range of the second stage is 150.5Hz.

However the result of the first scan may be too close to one of the end limits of the
frequency control voltage range for the second stage to be able to use it as a
centerpoint. In this case the scan of the second stage will be anchored at the

appmpﬁate end limit of the frequency control voltage range.

The frequency control voltage step size is also different for the second stage. For
speed, the first stage does not use the full frequency control voltage resolution
whereas the second stage does to produce a more precise resonance frequency

value.
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20 pixels of a given block to be exam ned before the first pixel of the

bl ock is processed. Referring back to Figure 3, conpressor 322 has no
i nherent del a zéhe conbi nation of the m n/max conparison_and de

el ement 555 (Figure b) causes conpressor 322 to exhibit a orfé:TfﬁBBa’R”a'el ay, ..
whi ch mat ches the one bl ock del ay exhibited by the variabl e conpression
path. The fixed | ength conpressi on network eval uates each of the 64 pixel
‘val ues of each 8x8 pixel block twice to determ ne the m ni num and maxi num
pi xel values of that block. This process is facilitated by the 64 pixel
(one bl ock) delay provided by el ement 555. - The m ni num and maxi num val ues
are used to adapféevel y.sel ect between non-1i near uant|2| n ul es to be
used for each blIldeReRBY sasrltpses 2 slowerate afshings & Mﬁﬁmﬁ@hgﬁm@

eval uate each bl ock twi ce does not add additional |atency to the system
because of the &#e- binobis qass 2/A8kHzksepandi rathar than 86:0kHz/set681 uiedtindhey first abl e
conpression path when determning if the vari abl e conpressor has achi eved
the desired comptagsslothis example the\miqrephote simpling rath ef theawegund Stge 4s A6 and
322 are arranged in parallel and fixed conpressor enploys m n/ nmax

conpari son, thedeverst 25,0sathplesticcatd|payduring a tordiof $800midrBhony dirhsikd. €
conpressor 316 does not have an inherent one bl ock delay, so bit buffer 460
hol ds the bits one block time Ionger in order to wait for the output of
conpressor 322. If fixed conpressor 322 did not use m n/nmax conpari son,

then conpressor The AnaleulueistubtaiRd ik theahifl Ragdl!S3Giidhalsaya fidRdrised! Which
averages the microphone data and hence produces a depéndable result. Like the
second stage, this stage uses the result obtained by the preceding scan as its
centerpoint. If the result of the second scan is too close to an end limit of the
frequency control voltage range for the third stage S3 to be able to use it as a
centerpoint, the third scan could be anchored at an appropriate end limit of its
frequency control voltage range. However, the scan of this third stage is slower and
more methodical than the scans of previous stages. Hence, it covers a range of
fewer frequency control voltage values, generally 24 or less, and in this case 21.
For each value the analogue output 201 is set and then the circuit is left to settle for
a few milliseconds, in this case S milliseconds. When the settling time has elapsed,
a given number of samples of the microphone voltage are taken, in this case 20, and
summed. This process is repeated for each frequency control voltage value and the

peak value ascertained. This is the resonant frequency control voltage value.

The final fourth stage S4 comprises holding the frequency at the resonant value and

23



conpressor 316 does not exhibit an inherent one bl ock delay due to buffer
460. Buffer 460 stores the bits of conpressor 316 before a decision is nade

regardi ng whiwh oof76ddre vari abl e or fixed conpression out putgcipdsps: Bi t
counter 318 determ nes which output to use when the variable and fixed

conpressi on networks are arranged in parallel. However, conpressors
316 and 322 need not be arranged in parallel, as shown in Figure 8. Inthis
case conpressor 316 21 processes a

glei(glr mblnggkt Lern?nt ﬁ“ﬁﬁ%‘a E&u%;?m Sllggéll vvé'f‘%l.\l/&g l?u%gpe?iﬁerszgﬁmgé: as expl ai ned
I Af Wil |
Do Ousl o P e 0 s SRR B 1t

not fixed conpressor 322 needs to process the block. If variable conpressor
316 has achi eved the target conpression factor, it will output the

vari abl e-conpressed block to the frame nmenory. Otherw se, unit 322 wl|
conpress the block. Since conpressors 316 and 322 may contain simlar
architecture and functional elenents, this inplenentation advant ageously
allows such simlar elenents used for variable conpression in unit 316 to
be used again for fixed I ength conpression in unit 322. It is not
essential to adaptively change the quantizer rules with respect to

guanti zer 556 of Figure 5. Sinple |inear quantization could be used.
Adapting the quantizer rule according to the m n/max pixel val ues reduces
t he amount of | oss. Each block is scanned once to find the mn and nmax

pi xel val ues.
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Know edge of these values allows an appropriate quantizer rule to be chosen
before the first (residual) value is quantized. El ement 555 delays the

first pixel u ok duantizer rule is established, which rl‘&‘?‘(ﬁ 93,0,%130
used by mver?‘é %]uantl zer 558. This may require that signaling bits be

added to the datastreamto notify the deconpression function of the -
quanti zer rule that is being used. The quantizer may be consi dered
as a formof |ook-up table, wth output bits from unit—542 representing

addr esses. QJant zer 556 outputs 4-bit data in the c

conpr essi on. LOASMEU of quantizer 556 ts an index m mmmmmumt
558 to apprOX| mate the output of unit 542. This is ereca ¥ ods

occur, since if input to unit 558 is only 4-bit data, only 16 data

conbi nations are possi ble, while unit 542 can provide up to 256 possible
outputs. The fiXed cmpmwﬁrmmmgfbesw@eg soumi of @cigs compisingqui re an
out put buffer. 22 In this
enmbodi ment the same DPCM a gubetaittially sphedical resonator doreestaininggaplodg éastedy t he
conpressi on networks of Figures 4 and 5. The current pixel being coded is
predi cted by using previ oarsicgustio trankmiitercfbrsapplyivigaan aegustiksignahtot the interior
deconpressors 32 and 34 (Figure 1). The prediction process can be expl ai ned
w th reference béthErgbiigtory, Where pixel X is the pixel value to be
predictively coded. Pixels A, B and C have been predictively coded

previously and are known #&p aédusticIReEINER" fof JefRbrirzCthk | dplindle Ufellé GEdgtic of X
Xpred, uses the values of A, B and C in accordance
signal in the interior of the resonator; and
control means for determining the speed of sound of a gas within the
resonator from the frequency of a detected resonant mode;

wherein the detected resonant mode is a non-radial resonant mode

and the internal radius of the resonator is-substantially 5 cm or less.

2. An apparatus according to claim 1, wherein the resonator has an internal

radius of substantially 4cm or less.

3. An apparatus according to claim 2, wherein the resonator has an internal

radius of substantially 3cm or less.

4. An apparatus according to claim 3, wherein the resonator has an internal

radius of substantially 2cm or less.
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with the foll ow ng pseudo code, which describes the algorithmto be used:

i f - (IA0 <el & IB-0 >elerr]).  Xpred = B el se if

(1B-d < el R&sohibvssd > efertiy Xpred = A el se .pcr/GBY9III )

Xpred = (A+B)/2 Val ues stants representing predeterm ned
thresholds. This algori tmﬂgmammml“mror pi xel s not |ocated in the first
row or the first colum bl'@cksbet ng processed. Sonme exceptions are .
handl ed as follows: the first pixel in a block is coded very finely w thout

reference to apy other pixel .xels.i.n jhe first row use pixel value A as
t he predictor ,ag?and pi ?P@%éé‘fﬁbﬁogdén- *Orcs}?lmc ki -“bg'{? rﬁ?"%tf’rsaélaﬂem t he
predi ctor. Basjicall hi. lgorithmattenpts to detect an edge. In the
first case, a r\?@ﬁ?%ﬁ‘?sga@héga]i'%nbﬂ t=ggé'sted bet ween pixels C and B and bet ween
pi xels A and X. Thus B is the best predictor. The second case suggests a
hori zontal edge between A and C and between B and X. Thus A is the best
predictor. In the third case, no obvious edge_is found. In this case both A
and B are equdtly dUGaPEREYIccoding to ay of theipreceding elaims, wiegrin the agoustic
In the systemof Figure 1, the horizontal detail reduction produced by
unit 29 furt heransmigterand reseiverdes arapgadity be pasifionedontsidegheypsanatguieavityy t he numnber
of pixel values that are stored in nenory 20. Unit 29 enploys a horizontal
spatial | ow 23 pass filter foll owed
by 2:1 horizontal decination (downsanpling)

7. An apparatus according to any of the preceding claims, wherein the relative

separation of the acoustic transmitter and receiver is variable.

8. An apparatus according to claim 7, wherein one of the acoustic transmitter
and receiver is arranged to be mounted at a fixed distance from the centre of the
resonator and the other is arranged to be mounted at a variable distance from the

centre of the resonator.

9. An apparatus according to any of the preceding claims, wherein the acoustic
transmitter is arranged to operate with a supply voltage of substantially 5 volts or

less.

10.  An apparatus according to any of the preceding claims, wherein the acoustic
transmitter and receiver are arranged to be mounted to the resonator substantially

180° apart.
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before providing data to nenory 20. After deconpression by unit 32, the
resolution of image information fromnenory 20 is reconstituted by unit 33
usi ng a pi xel wepKedssup- sanpl i ng process. The up-sanpling preERSsookososnot
requi red between di spl ay deconpressor 34 and display-preeessor 26 (Figure --
1) since processor 26 will provide and required horizontal sanple rate

conversion. It is expected that decomresﬁMﬁﬂ“ﬂﬁUﬂMﬁmsor 26 wi ||l not
perform upsanpling in a reduced cost rece il he reduced

di spl ay resol ution provided by such a recetvet. 4n"suéh case nenory reduced
decoded franes have- hi gher resoluti-on than a standard definition display.

For exanple, to.decode and display. a 1920 x,.1088 pixel video sequepce on a
720 x 480 pi xel lgi spgﬁyaH?Meﬁ’F@'é%r@sa’fyhaf ]ﬂ?ehaaeggxﬁgﬁ glams. j b € menory
have a resolution of 960 x 1088 (w th horizontal decimation P a factor of
two). Thus decoRFPRAXLEs e odpare hessagss rpugh 1t yeallip Frable8es i diffisan gpd ) ay
processor 26 will have to downsanple the 960 x 1088 resolution inmage to 720
X 480 to be sui oablwEngyse. di spl ay. Figures 9 and 10 respectively
illustrate the general arrangenent of elenments associated with the pixel
deci mati on and upsanpling process. In unit 29 the original pixels are first
| ow pass filtered by an even order | ow pass filter 1010 before being

deci mat ed by twd2. whéAneipparatus agcoxdinigetp apy o€ thevpécading slaingsywherdinbat leasi ¢ 1012,
These pixels are stored in nmenory 20. Afterwards, pixel data fromnenory 20
are repeat ed by pettionefithe t63drhtarfis mpdediont 1 pgousmdterd® usi ng wel I known

techni ques. Wien unit 29 is bypassed, the input to unit 1010 is re-routed
directly to the output of unit 29 under m croprocessor control. This
switching can be inplenented by a variety of known techni ques. It is
noted that unit 139 UARSpAMRhiis NREAIAMBRS My SHaRd PrRdiRB cWiithd) wheteltthel 66l Ng | oop
rat her than both horizontal and vertical decinmation. The use of horizontal

deci mati on al ong,@al3 BEANRE Udeferfire Thd @i ofolild Al SyitthH &b l@gﬁﬁﬂ#emn

produced by vertical decimation of an interlaced Vvideo field.
horizontal deci pgdfddfency of a detected non-radial resonant mode using the relation:

c=fxK
where c is the speed of sound of a gas;
f is the measured resonant frequency; and

K is a constant for a resonator determined by calibration.

14.  An apparatus substantially as hereinbefore described with reference to the

accompanying drawings.

15 A method of determining the speed of sound of a gas comprising:

applying an acoustic signal to the interior of a substantially spherical
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24 process produces no spatial shift and little or no degradation due to
mul tiple passes through the dems benefit is obtained by using

an even or dayo bexmepass fi fer 1010 0) bef or e decp@piceoyioromand by .
using a sinple pixel repeat m i \“ p- conversi on mechani sm An even
order filter with nore than““m ses nacrobl ock boundaries, i.e.,
such low pass filter is not testri cted to intra macrobl ock processing. This
yields true horizontal spatial |owpass filtering. The sinple pixel repeat

operation used in the up-conyv Loce raJ | or frequency
response as a%slnﬁ'fo&?o %?gasl‘iév%g%r& § %gggg% &'be%?e{xgg:@?r equency
response occurs on the flrst ass th t he | £ ses produce
i nsi gnificant additi onzilF e?t5’§ lftﬁéet#gnﬁ)ﬁ?gﬁmrs{%@d{l%m%8 8@@

this exanple filter 10 is an 8 tap symmetrical FIRfilter. This filter
operates in tWWY?F;iaE ntal spatial domain and filters across bl ock
boundaries. The 8-tap filter, has the effect of shifting the relative
position of the output dstesmaniagihe %Pﬁ%d%ﬂ(’fmds%ﬁ?pgaé V\e@m@ar?sena&?q fmio the
i nput, as shown in Figure 9. As also shown in Figure 9, the pixel repeat
up- sanpl i ng hts fregrenetafadetegied esgnantanodeng t he sane spatial position of the
downsanpl ed/ upsanpl ed pixels relative to the original pixels. The
nunber of passes t hr ougthereinethe detocted resenapt mpde is lainonwadial resopasit mode det er mi ned
by the nunber of B frames between | or P anchor franmes. Decimation filter
1012 may be aartduthe inemaf sallineof thoresdnat isfsobstantigdlyts qmordess. a and b the filter
output is (a+b)/2, and decimation is acconplished by dropping every other
pi xel. This filter does not cross the block boundary, is easy to
i mpl ement, and

-16. A method according to claim 15, wherein the resonator has an internal

radius of substantially 4cm or less.

17. A method according to claim 16, wherein the resonator has an internal

* radius of substantially 3cm or less.

18. A method according to claim 17, wherein the resonator has an internal

radius of substantially 2cm or less.

19. A method according to claim 18, wherein the resonator has an internal

radius of substantially 1.5 cm or less.

20. A method according to any of claims 15 to 19, wherein the acoustic

transmitter and receiver are arranged to be positioned outside the resonator cavity.

28



is a good choice for horizontal decimation. Pi xel repeat

up-conversion is used because when pixel repeating upsanpling is conbined
with an averagdehétgel mation filter, the pixels wll renai pdiivibhpfat for
a nmultiple-pass decinmation and upsanpling process. Thus subsequent passes...

t hrough the decoder |oop do.not change the pj -
25. 1l lustratively, low pass filtering by si nH'ﬁ'WﬁlH‘leHl”al r of pixels,
foll owed by deci mati on and pi xel repeat, produces en | sst«Lime through
the | oop. However, in the second pass the |ow pass filter (which averages
two pixels) ambunts to averaging a.pair of -repeated pixels. This yields the
sane pixel, whigh in turn is repeated again., Up-sampling preferaply should
exhi bi t sinpl e, 4}-ast Aopethad iagsPrénsmde 3y qfsclaimst b tq dioPrpgRR theiteive

- conpensation | oop. . Referring to Figure 11, display processor 26
recei ves input &wWeartien effhejeconsiis ranssriterand paceiver igiyasighlay buf f er net work

i ncluding parallel FIFO buffers 1110 and 1112 and a nultiplexer 1114. In
Figure 11 bl ocks 20, 34 and 26 correspond to simlarly | abel ed bl ocks in
Figure 1. The previously described bl ock based conpressi on/ deconpressi on
operation i s weRl. suAtmeehédaccomingrty claimexls whemetheshetof thampostic takGiteecodi ng,
and is conplenented by the display buffer network to support display
processi ng. Theant spéiegr ib afringed tcbemohnhtéibatdsfitedxdigmae iflomOthe énesof the vi ded
anong eight line buffers 1110 and 1112. Unconpressed data for display
processing is r eachatdrQiit @itcothdr i hrtanped focbeSmbiired at! af vapihlsi¥ distahdel oithé € t he
other buffer is being filled with deconpressed data from

centre of the resonator.

23. A method according to any of claims 15 to 22, wherein the acoustic
transmitter is arranged to operate with a supply voltage of substantially 5 volts or

less.

24. A method according to any of claims 15 to 23 wherein the acoustic
transmitter and receiver are arranged to be mounted to the resonator substantially

180° apart.

25. A method according to any of claims 15 to 24 wherein the resonator has
two or more passages through it's wall to enable gas to diffuse in and out during

use.

26. A method according to any of claims 15 to 25, wherein the resonator is
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unit 34. In this exanple buffers 1110 and 1112 are |located in nenory unit
20. Figure 12 depicts the arrangenent of Figure 1 in the context of
a practical wogdsmis si gnal processing systemin a tel evi sipetvcpomaesiver. The®
Figure has been sinplified so as not to burden the drawing with excessi-ve

detail. For exanple, not shown are FIFO input and output buffers
associated with various elenents, read/wite controls, . clock generator
networ ks, and control signals for interfacing to ext er nal —TTemoTi-es—whi ch

can be of the gx t type (EDO or syn type.
El ements in Filglﬁée%g?rﬁ‘%{%a}r&e&ﬂcomn to Figure 1 mmﬂﬂugm[w&w’ t he
sane reference nunber. The elenents shown in Figuré 12 ¥

el enents 29-34, correspond to elenments found in the STi 3500A MPEG 2/ CClI R
600 Vi deo Decogder : . . .26 inteqgrated
circuit cormer%ral I%%PIW@“&V&W%&%M&%&%Mhmtp%ﬁeﬁgﬂf g’.’é Mbt i on
processor 22 may enploy the STi 3220 Mption Estimator Processor integrated
circuit also cRrm@ascitin (e zpanatoris éet?rf"%‘}?fl%l %ﬁcﬁ?ﬂ'&ﬁ‘?cwé? g@?"é"@t‘?"b‘hi cs.
Briefly, the systemof Fiqure 12 additionally includes a m croprocessor
1220, bus i nt efafighresonantmogde psingtherelatigny o | er * 1226 coupl ed to an i nternal
control bus 1214. In this exanple m croprocessor 1220 is | ocated external
to the integrated containing the MPEG decoder. A 192 bit w de internal
menory bus 1210 is a conduit for data to and from decoder 12, conpressor

- 30, deconpressors 32 and 34, cadakexternal franme nenory 20 via nultipl exer
interface 31 as discussed. Units 30, 32 and 34 receive conpression and

where ¢ is the speed of sound of a gas;
fis the measured resonant mode; and

K is a constant for a resonator determined by calibration.

28. A method substantially as hereinbefore described with reference to the

accompanying drawings.
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deconpression factor control signals from m croprocessor 1220 via
controller 1226, along with enabl e and bypass control signals. Units 29 and
33-simlarly nasegeecnabl e and bypass control signals. M crgayesesssr 1220
al so partitions nenory 20 into frane storage, buffer, and on-screen displ ay--
bit map sections for MPEG decodi ng and di splay processing. Al so included is
a Jocal nenory control unit 1234 which recei ves Request inputs and provides
Acknow edge out puts as well as a nenor ress output, Read Enabl e (Ren)
and Wite Enable (Wen), outputs. Unit iﬁ?gener ates real tine address and
control signal for -controlling nmenory 20. Qutput clock signals CLKout are
provided in response to input clock signals CLKin ggoma |ocal clock
generator (not shown). M croprocessor 1220 is prog@mmed by the receiver
manuf acturer to control multiplexer 3he§ 0 seRkct the appropriate

wi dt h of the output nenory data bus. Al s A is partitioned into
bit buffers, video frane store sections, ge buffers for MPEG
decodi ng and di splay processi™y, and on- ay naps.

Di spl ay processor 26 includes&orizqgntal tigl resanpling filters as
needed to convert a decoded i Rgdy t erm ned conmmon for mat
for display by an inmage reproﬁcng' Vi ce. oypl e, the system may
recei ve and decode i mage sequ@ceas resporjding t8formts such as 525
line o = o =t er fhced, 1125 line
interlaced or 720 line progreQsi n. qvi seon receiver wll likely
use a common di splay fornmat f.h q
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External interface network 1222 conveys control and configuration
i nformati on between the MPEG decoder and external processor 1220, in
addi tion to VRFUE%bnpressed video data for processing by RAFEHRPEBHecoder . -
The MPEG decoder systemresenbles a co-processor for mcroprocessor 1220,-
e.g., mcroprocessor 1220 issues a decode command to the MPEG decoder for
each frane to be decoded. The decoder J o es the associ ated header .
information, which in turn is read béééyéz#processor 1220. Wth this
i nformati on m croprocessor 1220 issu data for configuring the decoder,
e.g., wth respect to frane type, quantization matrices, etc., after which
t he decoder issues appropriate decode commands. Additional information
concerni ng such manner of MPEG decoder operation is found in the technical
specification material for the SGS-Thonson STi BSSSA and 3220 integrated

t

circuit devices note bove Mode a, programmed by the
recei ver nmanuf actur#jﬁgnveyed 0 i sor 1220 to nenory
controller 1234 for “cdntrdming the 31, for establishing
t he conpressi on/ deconpression fagfors for pnits 30

and 32, and for
bypassi ng the conpressi on/decongfession unjts and the deci mati on/ upsanpling

units as required based upon phay device sel ected
by the manufacturer. ~ lusgd with al
Profiles and all Levels Of | PEG speci e context of.
various digital data processind schenes s pe associated with
terrestrial broadcast, cabl & i transm sgi on systens, for
exanpl e. Al though conpressostgo sly empyfoys dual conpression

networ ks as shown in Figures 3_and ™8 #f ession schenes may be
used, and one of the conpressi . . FPved to sinplify the
system




28 The data reduction and nmenory nmanagenment system as previously

di scussed nmay assune other fornms. For exanple, the data bit wdth of the
ext ernal nmenoWO P89y be constant and not vary as a functBQIYGEIP/O1IME
menory size. For exanple, to sinplify the systemdesign, a fixed 64 bit

wi de data path may be used between the external frame nmenory and the -
decoder for all nmenory configurations. In such case MJUX 31 is not required.
29 CLAI Ms: 1. In a systen1f essing imge representative

i nformation, an MPEG conpati bl e decoder ngilsing: means for
deconpressi ng an i nput datastream containing MPEG coded information to
produce deconpressed information; nmeans for data-reducing said
deconpressed information to produce data-reduced information, said data
reduci ng neans including data reconpressi on neans and data deci mation
nmeans; menory neans for storing said data-reduced information;
out put nmeans for processing information stored by said nenory neans and a
noti on conpensation network coactively coupled to said nenory neans and to
sai d data reducing neans for processing inmage notion iqégrnation.
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2.
i mage disp

anount of dg‘}(’ggg’g(f%cti on produced by said data reduci ng nESRECBYOE, o 1

in accordance with said resolution of said display device.

A system according to claim1, wherein said output neans includes an

system according to claim1, wherein said deci mati on neans provides

hori zontal |y deci nated

i mge information w thout decination%é éz
claim1l1, wherein said decimation mean r

mage

e having a predeterm ned i mage resol ution; and the
ned*
3. A
i nformati on, and processes vertical v
4, A system according to

i des horizontally deci nated

i mge informati on and processes vertical "inmage information w thout

deci mati on;

and sai d deconpressi ng neans incl udesgan inverse Discrete

Cosi ne Transform (DCT) processor operative wtho® di scardi ng DCT

coefficients. 5. A system according tdYtlaim3, wherein said
deci mati on neans incluffes an e@Nn prder Opw pada_ﬂLL[er; L said
image information is i zont y deci dlby a factor of 2; and
sai d reconpressi on nea provid i xel obk conpregsion. LN 30
6. A system accor di o claimpl, whererp said de:onpressﬁag meaphs and
sai d data reduction are situpted in aph integrajed circu\t;
and said nenory nean ocated external tp said.inlegrated é¥<3“i
o)
Ty N
<
T
A \
m
T
& l
N
T
E;;;;g L 8
l m
T
= \
Ny _
T




7. A system a
sel ectively enab
dectonpressi ng

reconpressi on ne
sai d deconpresse

i mage representative information

i nput neans for
MPEG coded i nf or
information to p
i nformati on proc
sai d _

conpri sing data
for data-reducin
i nformati on;
fromsaid notion
means for proces
A system accord
control l ably exh
pl said data dec
sel ectively enab
8, wherein said
and

ccording to claim1, wherein said decimati on neans
| es and di sabl es decimation of information from said
o produce decimated information; and PCT/GB91931 g5 ¢
ans selectively reconpresses said decimated i nformation or--
d information. 8. In a system for processing
an MPEG conpati bl e decoder conpri sing:
recei ving a datastream

:igfggpressed i mage representative
mat i on; mee r

deconpressi ng said i mage

uce deconpressed i nformation; not i on
s&dyng neans for processing said deconpressed information,
s i on processing neans including data reduction neans
eBBrrpr essiQy means and data deci mati on neans
1 sai d decollPressed information to produce data-reduced

nory means for storing data reduced information
roces neafjg; and out put i mage processing
g$ing rnfprnati o ﬁgtored by said nmenory neans. 9.
pg®o claim 8, wherein said data reconpressing means
btts edet erm ned conpression factors; and
Eﬁheans provi des horizontal imge decimation and is

Hetio
ed an®=~di sabl ed. 10. A system according to claim

?ecinat?on means deci mates sai d deconpressed i nformation;
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31 sai d reconpressi ng neans conpressses output data from said
deci mati on r(gﬁﬁ 67% produce data reduced information. 11. A
syst em accor % claim 10, wherein said data reducti on FrE5RMIBLs  yat ed-

in an integrated circuit; said first path is a data bus
internal to said integrated circuit; and said nmenory neans is
| ocated external to said integrated cjrguit. 12. A system .
according to claim 10, wherein said giyfzi i nformation processi ng neans
further includes further data deconpressing neans for receiving data from
said nenory neans; and : dat & upsanpling neans for upsanpling
information fromsaid further data deconpressing neans. 13. A
system according to claim12, wherein said nenory neans is a video frane
menory;, sai d dq;g deci mati on nmeans deci mates horizontal inmge
i nformati on exclusive of vertysgal image information; and sai d
upsanpl i ng neans provi dey horwsontal inmage up sanpling. 14. In an

MPEG decoder for produsg@ng fi y decoded notion conpensated sanples, a
met hod of proc&@sing a ital ddtastream of MPEG coded i nmage.

represent ati vegnf or mat i conprilsing the steps of:

deconpressi ng i @i amto produce deconpressed MPEG
information; =4 dat a- feduci ng sai d deconpressed information to
producetﬂﬂ6k3¥educed i nformati sai d data-reducing step including the

st eps of
~3
= /I\
~N
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3
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(1) selectively enabling and disabling decimation of information from
sai d deconpreSS|on network to produce first information; and
(2) reconpressVR3”®8%% first information to produce reconpre%‘é"é@“”"'l”l

i nformation,; storing said data-reduced information in a -
menory; and noti on conpensation processing information stored
by. said nenory. *C L N s * 32 15.

In a systemfor processing a datastreag?ﬁ?ﬁéﬁlning MPEG coded conpressed
information representing i mage pi xel MPEG decoder -conpri si ng:

a deconpressor for deconpressing said datastreamto produce deconpressed
data at an out put; afra for providing finally
decoded pi xel data to a display proce? | a a notion
conpensati on decodi ng network coupled to sa aid deconpressor output and to
said franme nmenory for producing fi ngliy—ee e notion conpensated pixe
data; wherein said nmot o :

reconpressi on neans responsive to salv
dat a-reduced information to said frane
decoder system for processing a datg
i nformation representing i mage pi xe

pressed data for providing
16. I n an MPEG
PEG coded conpressed
PEG conpati bl e decodi ng
dat ajf or processing by a display
processor, said nethod conprising thew.siens Qf.

END
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deconpressi ng said datastreamto produce deconpressed data at an out put;
and riving finally decoded notion corrpensalgcelc)G

' dat a
fromsaid dgvcf)ogr%ﬁ%gsed data; wherein said st'ep o#ygégrsllvi ng ¢
noti on conpensated data includes the steps of downsanpling and

reconpressi ng said deconpressed dat aByHoduce data- reduced information
for storage in a frane nenory. =

FIG.11.
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