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transm ssion device, a radio receiving device, a radio
transmtting/receiving system and a storage nedium which are used for
‘transmtting a real tine signal such assound and inmage by neans of a radio
comuni cation. method. In particular, the present invention relates to a
radi o transm ssion device, a radio receiving device, a radio
transmitting/receiving syste and_a storage nedium which are used for
transmitting a.?%%ﬁotfhﬁﬁéy ?OQWP$¥FCQGE%?H%E%%?%'qﬁ%PF?yR%¢E¥V%N%ignal
by neans of a radio conmunication nmethod. Mre specifically, the present
i nvention rel RE¥ECEQANR MEAHBD: r BABAPsSRANSHETTENG/RECEGVENBe BEEVENg
device, and a radio transmtting/receiving system which are used for.
transmitting a real tinme signal 8$Y¥8hSAORIEGBNMERARIM i nmge in a radio
transm ssion system where effective throughput fluctuates (that is-to say,
it is not guaranteed) like ACL |ink (Asynchronous Connection Less Link)
of Bluetooth. In particular, the present invention 1 19 May 2005
BACKGROUND OF THE INVENTION

The present invention relates to a radio
transmission device, a radio receiving device, a radio

transmitting/receiving system, and a storage medium,

which are used for transmitting a real time signal such
as. sound and image by means of a radio communication
method. in parﬁicular, the present invention_relates to a
radic transmission device; a'fadio receiving device, a
radio transmitting/receiving system, and a storage medium,
which are used for transmitting a real time signal while
keeping data quality of the signal by means of a radio
communication method.

More specificall&, the present invention relates to:
a radio transmission device, a radio receiving device,
and a ;adio transmitting/receiving system, which are used
for transmitting a real time signal such as sound and
imagelin a radio transmission system where effective
‘throughput fluctuates (that is to say, it is not
guaranteed) like ACL link (Asynchronous Connection Less

Link) of Bluetooth. In particular, the present invention



relates to a radio transnission device, a radio receiving device, and a
radio transmitting/receiving system which are capable of transnmitting a
real tinme signal while keeping its data quality in a trah8Ma¥£08a system
where effective throughput fluctuates like the ACL Iink of the. Bl uetooth.
Recently, short-distance radi o conmunication technology is becom ng

hi ghl i ghted. According to this Kkind of radi o communi cation nethod,

cordl ess conmuni cati on between equi prent and a term nal can be

establ i shed. Therefore, connection work between pieces of " equipnent is
sinplified. In _addition, because it is naot necessary to choose an
“installation d5dCHE0Fr Gr TESH? HRBEPHETLOY B 1651d o addd §FeSsmifi%at i on
method is very convenient.' Short-distance radi o comunication is also

hi ghly expectd&dics bangd @ Fashios Sired stdditdmg /\Rsiced Vil gpIsyEd@m: n vaicdc al

| ocati on where construction of-a network cable is not realistic |like, for
‘exanpl e, a heare caeehdek ofetteanpor tdiagplae reele tdmer sidingflawdd Leadi o '
communi cation can be used for the follow ng: data exchange between pieces
of portabl e kekpimgt ids équiepamatlitgndn ar awsmssdisen caf s¢atamamtieseund
between a. main body of a telephone (or a portable nusic player) and a
headset, 2 12flByt2085throughput fluctuates like the ACL link of the

Bluetocoth.

Recently, short—distance radio communication
technology is becoming highlighted. According to this‘
.kind of radio communication method, cordless
communication between equipmenf and a_teréinal can be
established. Therefore, connection work between pieces of
equipment is simplifiéd. In additionh because it is not
necessary to choose an installation location for each
equipment, this kind of radio communication method is
very convenient.  Short-distance radio communication is
‘also highly expected to be a transmission medium, which
is placed in a local lécation where construction of a
network cable is not realistic like, for example, a home
network, etc.

For‘example, the short-distance‘radio communication
can be used for the following: data exchange between
'pieces of portable information equipmenﬁ; and
transmission of data and sound between a main body of a

telephone (or a portable music player) and a headset,
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~~ the other hand, the | atter asynchronous transm ssi on channe|l adopts ACL

between a main phone and a cordless handset, and between others.

"Bl uetooth", which is a representative exanple of the short-distance radlo
comuni cation, uses a radio frequency of 2.45 GHz band. DB8MA%2Rsni ssion
speed is 1 Mps as a whole, in which a synchronous transm ssion channel

of 64 kbps available for tel ephone voice transm ssion and an asynchronous
transmssi on channel for data transm ssion are provided. The forner 3
synchronous transm ssion channel adopts SCO (Synchronous Connection :
Oriented Link) transm ssion nethod, and is applied to I|ine connection. On E

( Asynchr onouL LIRS dPRr 1IN5804 RISk Th HRdRRE . aisH HeE™aift ied to
data transm ssi on usi ng packet smntchlng A range of connection between
pi eces of equ'gmEit- by the Bluetooth is about 10 m However, the range can
be extended up to 100 musing an additional anplifier. The Bluetooth is
based on poi nt -t o- pdBAuctophddt i hibdt Wween remseeentquiprenkamnliesbdve
equi pnent,” or point-to- nultipoint connection. In the latter case, one
master can cdramatcat - tan cewerdisd avesiuati o tira , muddsy anmeardd cof t he SCO
or the ACL nethod. 3 19 May 2005

‘frequency of 2.45 GHz band. Data transmission speed is 1

Mbps as a whole, in which a synchronous transmissioﬁ
channel of 64 kbps available for telephone voice

transmission and an asynchronous transmission channel for

-data transmission are provided. The former synchronous
transmission channelradopts SCO (Synchronous Connéction
briented Link) transmission method, and-is applied to
line connection. On the other hand, the latter

asynchronous transmission channel adopts ACL

{Asynchronous Connection Less Link) transmission method,
and is applied to data transmission using packet
"switching.

A range of connéction between pieces of eguipment
by the Bluetooth is about 10 m. Hoﬁever, the range can be
extended up to 100 m using an édditional amplifier. The
Bluetooth is based on point-to-point connection betwéen
master equipment and slave equipment, or point-to-
multipoint connection. In the latter case, one.master can
communicate with seven slaves at'armaximum by means of

the SCO or the ACL method.



For exanple, there may be .an application that conmunicates between pieces
of equipnent for handiing a real tine signal such as sound and |nage (high
fidelity audio, etc.).using the Bl uetooth. However, t her d9iMayy

possi bility that transm ssion throughput fluctuates on a radio :
transm ssion channel. Therefore, in order to transmt a real tinme signal
~without interruption of sound and i mage by neans of the radio

communi cation nmethod, it is necessary to make enough all owance for line
~quatity. As a result, maxi mumthroughput of a line cannot be used -
effectively. Cbncerglng informati_on connun%Fatlon llggﬁﬁeral Lon t he

transni ssion side, tranSEEEElsn & FXS §3¥nf5dEd 28BRG P8sEE8Y and on the
“receiving side, received data is decoded (to be nore specifig,, Codec
processing | SOPBRHGIARD A4 (70t % CorffhediBH it 18 Pridifgéd i n
response to the line quality. However, in this case, the change is based
on. the conceﬁfteqlhd%lf'%ﬁn@ﬁ%allom%ﬁ SQ‘-I%L?ngl}tma@@co(ﬁ?é@}Srfﬂ-l elitye data
conpression rate is increased. Because of it, it is necessary to know t he
“al | owance of aufdsuglgia..) Asime $hyoibdue tapty ol | owi ng case will be
considered: a real tine signal - such as sound and image is 4 19 May 2005

~ However, there is a high possibility that

transmission fhroughput fluctuates on a radio
transmission channel. Therefore, in.ofdér to transmit a
real time signal without interruption of seound and imégé
by means of the radio communication method, it is
.necessary to make enough-allowance-for line gquality. As a
result, maximum throughput of a line cannot be used
effectively.

Concerning information communication, in general,
on the transmission side, transmission data is encoded
and compressed; and on the receiving side, received data
-1s decoded (to be more specific¢, Codec processing is
performed). In additi6n, a compression rate is changed in
response to the line quality. Howéver, in this case, the
change is based on the concept that when allowance of
throughput becomes small, the data compression rate is
increased. Because of it, it is necessary to know the
.allowance of throughput.

At this point, the following case will be

considered: a real time signal such as sound and image is




transnmitted using the short-distance radio comunication such as the
Bl uetooth. As described above, the Bluetooth has two kinds of transm ssion.
nmethods: the SCO and the ACL. If the SCO met hod based on1PMay Z8anect.i on
~is used, no retransmssion request is issued regardless of whether or not
~thereis an error correction. Therefore, sound quality and image quality
~are not guaranteed. In contrast to this, the ACL is a packet ‘transm ssion
met hod. When an error occurs (or when the error is not corrected by error
correction), an error-free state is realized by packet retransmssion.
Therefore, sound quality and inmage quality can be guaranteed. |n other
words, the ACEapsmAsdedcaiipg $hed she e diyitadas e sk o camsindsiagriosf a
_real tine signal because data quality is guaranteed, and because sound and
i mage can besuranssi thedBdaritopabtorily w thout interruption. However, the
ACL nethod is a link of Best Effort type. Therefore, as a trade-off for
guarantee of data mualetgriledidlateponthensBihethotht rasytandkihdsughput
cannot be guaranteed when |ine quality decreases, occurs (for exanple,
when utilizi nganadiesgtommuethaticontdt BeOeandopaeakican of £ otlé ngry home
el ectric appliances such as mcrowave oven causes effective throughput to
change to a RetflolBY¥a2B850n line connection is used, no '
retransmission reguest is issued regardless of whether or
not there is an error corréétion. Therefore, sound:
gquality and image gquality are not guaranteed. In contrast
to this, the ACL is a packet transmission method. When an
error occurs {(or when the error is not corrected by error
correction), an error-free state is realized by packet
‘retransmission. Therefore, sound quality and image
guality can be guaranteed. In other words, the ACL method
can be said to be suitable for transmission of a real
time signal because data guality is guaranteed, and
because sound and image camn be transmitted satisfactorily
without interruption.
However, the ACL method is a link of Best Effort
type. Therefore, as a trade-off for guarantee of data
guality, a situation, in which latency and throughput
cannot be guaranteed when line gquality decreases, occurs
(for example, when utilizing radio communication at home,

operation of ordinary home electric appliances such as

microwave oven causes effective throughput to change to a
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| arge extent). In other words, the ACL link in the Bluetooth is a

comuni cation systemin which effective throughput changes. There is no
way of knowing a real-ability value of throughput. Therefore, a mechani sm
whi ch determ nes a data conpression rate in response to allowance of

t hr oughput, does not hold. SUMMARY OF THE | NVENTI ON An exanpl et&MBydPPRent

of the present invention nay provide a radio transm ssion device, a radio
receiving device, a radio transmtting/receiving system and a storage
medium that are outstanding and capable of transmtting a real tine
signal such as sound and inage while keeping its data quality. The exanple
enbodi nehargare:xpreaotlde, in a radio transm ssion system of which effective
t hroughput fluctuates (that is to say, it is not guaranteed) like ACL link
of Bl uetooth, Im radiar twoansm sshen BeVi ceinka radi aheec@ilvehgodeviite, and a
radio transmtting/receiving system that are outstanding and capable of
transm t tomguei gagdlort | BEssegnalinsushicls solfuttdvd | mhgeuphplhe &Keepiaxg dat a
quality. The exanpl e enbodi nrent can al so provide, in a transm ssion system
of whi chreéfecisveaot aQuadputndwiugt uat esal+del 1AGy |vdlkieof of BEhebwoghidut .a
radio transm ssion device, a radio receiving device, and a radio

transm tthagdfQesi \d ngesiiem, thathaveteuhshaddingatd &O8mMays200D rand
.capabl e of transmitting a real tinme signal such as sound and

in response to allowance of throughput, does not held.

SUMMARY OF THE INVENTION

An example embodiment of the present invention may provide a

radio transmission device, a radio receiving device, a radio
transmitting/receiving system, and a storage medium, that are
outstanding and capable of transmitting a real time signal such
as sound and image while keeping its data quality.

The example embodiment can provide, in a radio transmission
system of which effective throughput fluctuates (that is to say,
it is not guaranteed) 1ike ACL 1link of Bluetocoth, a radio
transmission device, a radio receiving device, and a radio
transmitting/receiving system, that are outstanding and capable
of transmitting a real time signal such as sound and image while
keeping data gquality.

The example embodiment can also provide, in a transmission
system of which effective throughput fluctuates like ACL link of
Bluetooth, a radio transmission device, a radio receiving device,

and a radic transmitting/receiving system, that are outstanding



“image whil e keeping data quality by changing a data conpression rate
dynam cally during a transm ssion period. In accordance with a first aspect
of the present invention, there is provided a radio transm ssion device
for transmtting data through a radio |line, conprising: data inputting
means for inputting transm ssion data, input data storing nealtsMap2005
storing the inputted transm ssion data tenporarily, data conpression
nmeans for reading data fromthe data storing neans to conpress the data,

. and ‘data transmtting nmeans for transmtting the conpressed data through
the radio line. In accordance with a second aspect of the present
Sinventiofnd thed1eld Sopromdded ta ihgdihao rehansiikt ERgndevieen fog s@nsmdd i ng
data through a radio line, conprising: data inputting neans for inputting

transm sshade dath 81 e dRESO CANPALSS | §82 IPANSH ¥ Ofha @AY €$SHAGat B@m%f%g:‘[[&fi
‘transm ssion data, conpressed data storing nmeans for storing the

cowpressggt@aaﬁqatnamq&%r bh¥ingnd tdaSnilaBanbEli5g, means for reading the
conpressed data fromthe conpressed data storing nmeans to transmt the

conpressed data Lbrough-d he ad & ilihe, shacaceer @ﬁ@cgr‘%éﬂt a; L g gepect

of the present invention, there is provided a radio transm ssion nethod

for transgitding %‘iz?d&ﬁ.r QUOAL & I ag{&ér&i%%io%o”%’é{}isd'_engféﬁetﬂﬁgﬁi mﬁa

data inputting sf%p or inputting transm ssion data; an input data 19

Nhy'ZOOSda§§O£££%h§ﬁe£ LQ&iStQERQP Egﬁpé{g%ﬁéf“hééé”ﬁ%ﬂ&%%fﬁ&‘%ﬁéﬁs for
inputting transmission data, input data storing means for storing
the inputted transmission data temporarily, data compression
means for reading data from the data storing means to compress
the data, and data transmitting means for transmitting the
compressed data through the radio line.

In accordance with a second aspect of the present invention,
there is provided a radio transmitting device for transmitting
data through a radio line, comprising: data inputting means for
in?utting transmission data, data compressing means for
_compressing .the inputted transmission data, compressed data
storing means for storing the compressed data temporarily, and
data transmitting means fof reading the compressed data from the
compressed data storing means to transmit the compressed data
through the radio line.

In accerdance with a third aspect of the present invention,
there is provided a radio transmission method for transmitting
data through a radic line, comprising the steps of: a data

Jinputting step for inputting transmission data; an input data




tenporarily; a data conpression step for reading data fromthe data
storing neans to conpress the data; and a data transmtting step for
transmtting the conpressed data through the radio line. In accordance with
a fourth aspect of the present invention, there is provided a radio
transmi ssion nethod for transnmtting data through a radio |in® Mapap®s si ng
‘the steps of: a data inputting step for inputting transm ssion data; a
data conpressing step for conpressing the inputted transm ssion data; a
~conpressed data storing step for storing the conpressed data tenporarily;
and a data transmtting step for transmtting the conpressed data through
the radiscdrimg | stéhe éxanplstcoeihgdi nénrt , imeuttad 0 traesnissifor eXanypl e,
ACL link in Bluetooth. As regards the radio line, a transmssion path is
unst abl ecerporaddilti;ony  ddrea AChmpieks el oggept doa Bestiingf darh titpe timad
controls retransm ssion when a transm ssion-data error occurs. Therefore,
ef fecti weadahraughipigt rsanRottQurmprtesdrhkndkie; exaaphedeabodiagahi @ide! ay
in data transm ssion resulting froma fluctuation of throughput on the

line is swadisadred rassthiet i AQUthdaldpilekbAddaRaANEhr SigistieR, raacumuiates
transm ssion data, which is continuously inputted, tenmporarily by nmeans of

the first-in ff ralcfant®t Rodn hnciherexpiml & e/edicnentscAs afvexan e of
the data inputted by the data inputting neans, or step, there is a real- 8
19 My 2005 tigepaydi Qesi dnalaARd A MR SicPNaletith ChoAT 8- COMAI AWGHS! Y
data through a radioc 1line, comprising the steps of: a data
inputting step for inputting transmission data; a data
compressing step for compressing the inputted transmission data;
a compressed data storing step for storing the compressed data
temporarily; and a data transmitting step for transmitting the
compressed data through the radio line.
In the example embodiment, the radico line is, for example,
ACL link in Bluetooth. &As regards the radio line, a transmission
path is unstable. In addition, the ACL link belongs to a Best
Effort type that controls retransmission when a transmission-data
error occurs. Therefore, effective throughput is not guaranteed.

.In the example embodiment, a delay in data transmission
resulting from a fluctuation of throughput on the line is
absorbed as the input” data storing means, or step, accumulates
transmission data, which is continucusly inputted, temporarily by
means of the first-in first-out method.

In the example embodiment, as an example of the data

inputted by the data inputting means, or step, there is a real-




inputted froma mcrophone and a nonitor canera, or a data that is
reproduced froma recordi ng nmedium such as CD-R at given input speed (that
is, at reproduction speed); or the like. The input data storing neans or

- step of the exanple enbodinent, or the conpressed data storing nmeans, can
be configured by using a FIFO (first in first out) menory thatS Mgy 26@pabl e
of storing transm ssion data by neans of the first-in first-out nethod. A
di fference between a data witing location and a data reading location in
the FIFO nenory is equivalent to the quantity of data accunulated in the
FIFO nenory. In the exanple enbodinent, the difference is al nost
synonynotisnev thdief fsetave drdd oaghpideo | Bigddifi emichn dhe exanpheocusly
enbodi ment, the data conpression neans, or step, conpresses data using
conpr essigi tmtchofisons UC hnbsr opABRAC, arAT RAGon AAGC, M r2ADRGM a amgle 4 henhd i ke,
and the conpression rate may be variable. In the exanpl e enbodi ment, as

regards ifierd@idhccCOFRURl gatboPr SUeh s Blehieot Rs thereaksgnocREaRNSUE Or
measuring throughput on the line directly. However, effective throughput

can be | hadthe sdi b ergpeqnhatirendehe)data Mﬁétl{%b| ocation and the
data reading location in the input data storing neans, or step, that is to

say, by the guantify@f agedmubatedndatg.fhat 4,5 QL tLansphtt eQxar?pﬂeg May
2005 The exanpl e enbodi ment nay conpri se conpression rate control
embodiment, or the compressed data storing means, can be
configured by using a FIFO {first in first out) memory that is
capable of storing transmission data by means of the first-in
first-out method. A difference bhetwseen a data writing location
and a data reading location in the FIFO memory 1s equivalent to
the quantity of data accumulated in the FIFO memory. In the
example embodiment, the difference is almost synonymous with
effective throughput.

In addition, in the example embodiment, the data compression
rneans, or step, compresses data using compression methods such as
ATRAC, ATRAC3, AAC, MP3, ADPCM, and the like, and the compression
rate may be variable.

In the example embodiment, as regards the radio
communication such as Bluetooth, there is no means for measuring
throughput on the line directly. However, effective throughput

| can be judged by the difference between the data writing locatiocn
and the data reading location in the input data storing means, or
step, that is to say, by the gquantity of accumulated data that is

not transmitted.




means, or step, for controlling data conpression rate in the data
~conpression neans, or step. By using the conpression rate control neans,
or step, the data conpression rate is increased wth a decrease in

t hroughput, and the data conpression rate is decreased with recovery of
the throughput. In the exanple enbodiment, the radio data contfiMeegbPDn
can be optim zed by adjusting a data conpression rate, that is, a data
rate, in such a manner that the radi o data comuni cati on does not exceed a
limt of a nenory size of the input data storing neans, or step. Moreover,
reduction in a nmenory size in the input data storing neans becones

possi bl e in tTe exanplle embodiment. ndhecaxanpice canmpodsrenh maye conprisie

i nput speed control neans for controlling data i nput speed in the data

i nput ti ngeameans, stkepst €pr Byntusohfiddeldtaputonppeedioontadt inearise dkata

i nput speed is decreased with a decrease in throughput, and the data input
speed i sconmreased Wnhédnsecater ytep.t he Byhr agghputthd n cokipeeexasnl erate
enbodi ment, the radio data communi cation can be optim zed by adjusting

dat a i npedntsRAetheddat 45, sefpt @heatRital conplieR saoRBARER that ihbeedsuh O
data communi cation does not exceed a |imt of a nmenory size of the input

data st ofitly dre@dSref¥e SHEPEhr MYIBAMEN ,ad@ A | @t d Ne@ndRIIYNbrSiZed N d he
i nput data storing neans, or step, becones possible. I'n the exanple

embodi meordRRq daten i NUH.wrREed kS Bl %ﬁ&%ﬂbh?@t.for3§%aEHEe1e§§H%ﬂQ§ta
10 19 May 2005 reproduction speed at the tine of reproduction froma
recordirlé}nbodiment, the radic data communication can be optimized by
' adjusting a data compression rate, that is, a data rate, in such
a manner that the radlio data communication does not exceed a
1imit of a memory size of the input data storing means, or step.
Moreover, reduction in a memory size in the input data storing
means becomes possible in the example embodiment.

The example embodiment may comprise input speed control
means for contrelling data input speed in the data inputting
means, or step. By using the input speed control means, data
input speed is decreased with a decrease in throughput, and the
data input speed is increased with recovery of the throughput. In
the example embodiment, the radic data communication can be
'optimized by adjusting data input speed, that is, a data rate, in
such a manner that the radio data communication does not exceed a
limit of a memory size of the input data storing means, or step.
Moreover, reduction in a memory size in the input data sﬁoring
means, or step, becomes possible. In the example embodiment, the

data input speed 1is equivalent to, for example, the data

10




medi um such as CD-R In accordance with a fifth aspect of the present
invention, there is provided a radio receiving device for receiving data
through a radio line, conprising: data receiving nmeans for receiving
-conpressed data through the radio line, data deconpressing neans for
deconpressing the received data, output data storing neans fot9 Eap20dqy t he
deconpressed data tenporarily, and data outputting nmeans for reading data
fromthe output data storing neans to output the data. In accordance with
a sixth aspect of the present invention, there is provided a radio
receiving device for receiving data through a radio line, conprising: data
recei vi ngepeanscifiem srecel digtloonpressefl dap podirtoigh £ihen radirechidiaig
output data storing neans for storing the received data tenporarily by
means ohedilin rssich msf icbsk-out net hod; and data deconpressing neans for
readi ng data fromthe output data storing neans by neans of a first-in
first-out nethwdaéeoaeGPrESH theidahaaspadtdata theubRebbhdgi ABaNSidOr
outputting the data deconpressed by the data deconpressing neans. In

- accordanggemé t isa pseVeakh aspesdi®f rbheipresentvikbaveRt ofecdifBHg i $ata
provided a radio receiving nethod for receiving data through a radio line,

conpri si pgrdng, Stepsafio arsdata cro%@%\é'lﬂg St&prd O d RA&I W N I EQRPT ea5ed
data through the 11 19 May 2005 radio line; a data deconpressing step for

deco”pre§§éé§b ABE compressed data through the radio line, data

decompressing means for decompressing the received data, output
‘data storing means for storing the decompressed data temporarily,

and data outputting means for reading data from the output data

étoring means to output the data.

In acéordance with a sixth aspect of the present invention,
there is provided a radic receiving device for receiving data
through a radio line, comprising: data receiving means for
receiving compressed data through the radio line; output data
storing means for storing the received data temporarily by means
of a first-in first-out method; and data decompressing means for
reading data from the output data storing means by means of a
first-in first-out method to decompress the data; and data
outputting means for outputting the data decompressed by the data
decompressing means.

In accordance with a seventh aspect of the present
inventicn, there 1s provided a radio receiving method for
receliving data through a radio line, comprising the steps of: a

data receiving step for receiving compressed data through the
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recei ved data; an output data storing step for storing the deconpressed
data tenporarily; and a data outputting step for reading data, which has
been stored tenporarily, to output the data. In accordance with an eighth
aspect of the present invention, there is provided a radio receiving
met hod for receiving data through a radio |ine, conprising tht MeggB0%f: a
data receiving step for receiving conpressed data through the radio |line;
an out put data storing step for storing the received data tenporarily by
means of a first-in first-out nethod; a data deconpression step for
reading the tenmporarily stored data by neans of a first-in first-out
met hod t 82déeonpimes's Bhedalad adegauprrasganag oigput £Phg dapriressénoputivs ng
the data deconpressed by the data deconpressing step. In the exanple
enbodi neneceined r adita;| | ar ietHfudr dxbaplsioririge ACkpl i fke | mtBirdegootie As
regards the radio line, a transmssion path is unstable. In addition, the
- ACL | i nkdbebopgsssdd tlhea BestmpBtfoilyt ypedt hat deoat roltputetingnsitiepsi B when
a transm ssion-data error occurs. Therefore, effective throughput is not
guar ant eedadimgt Hetexampl.ehethedirent ,stardel ayengvrdatiay, t ransHMtg8itONthe
resulting froma fluctuation of throughput on the I|ine is absorbed as the
out put daksastoring nmeans, or step, accunulates transm ssion data, which
is continuously transmtted, 12 19 May 2005 tenporarily by means of the
first-in firstnoubhco®id®tke with an eighth aspect of the present
invention, there 1s provided a radio receiving method for
receiving data through a radic line, comprising the steps of: a
data receiving step for receiving compressed data through the
radio line; an output data storing step for storing the received
data temporarily by means of a first-in first-out method; a data
decompression step for reading the temporarily stored data by
means of a first-in first-out method to decompress the data; and
a data outputting step for outputting the data decompressed by
the data decompressing step.
In the example embodiment, the radic line is, for example,
the ACL link in Bluetocth. As regards the radio line, a
" transmission path is unstable. In addition, the ACL link belongs
to the Best Effort type that controls retransmission when a
transmission-data error occurs. Therefore, effective throughput
is not guaranteed. In the example embodiment, a delay in data
transmission resulting from a fluctuation of throughput on the

line 1s abscrbed as the output data storing means, or step,

accumulates transmission data, which is continucusly transmitted,
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In the exanpl e enbodi nent, the data output neans, or step, may be
configured to output sound and inage in real tine using, for exanple, a
speaker and a nonitor display. O, the data output nmeans nay be confi gured
to record data, which is deconpressed and reproduced, in a recordin

medi um such as MD and CD-R at given output speed, that is, atﬁM@b?&?%g
speed. In addition, the output data storing neans, or step, can be
configured by using the FIFO nenory that is capable of storing

‘transm ssion data by nmeans of the first-in first-out method. A difference
between a data witing |ocation and a data reading |ocation in the FIFO
menory | semguprardllgnboyt eebhe gliarie tii mfcdat &iraceconmulnatt@ed.n t he FI FO
menory. I n the exanple enbodinent, the difference is al nost synonynous
with effectiventhieughpiplof el ineadi,0 thenedatlan @ddintd argans) tdre sxa@npl e
enbodi nment, the data deconpression neans, or step, deconpresses data by
usi ng theay fiod | evhNDgEiead NS esstm@it neduralsatdaimSEp pior treanpy @ss | gt hods
of transm ssion data such as ATRAC, ATRAC3, AAC, MP3, ADPCM and the |ike.
However, fdf axeRPPELSS Ofpdatsd: | en@hangeen ofot haisprapsm ssiontakdejatdat a
deconpression using a paraneter for this conpression rate is required. In
t he exanphgembogiament nAs Roardsribareadi o CoARMR Cald@n suahids is

Bl uetooth, there is no neans for neasuring 13 19 May 2005 throughput on

the |ingydidgitdbedQWRYEprEAEEEE) V& tHNAUAIRMLG medium such as MD and

CD-R at given output speed, that is, at recording speed.
In addition, the output data storing means, or step, can be

configured by using the FIFO memory that is capable of storing

transmission data by means of the first-in first-out methed. A
difference between a data writing location and a data reading

location in the FIFO memory is equivalent to the guantity of data

accumulated in the FIFO memory. In the example embodiment, the
difference is almost synonymous with effective throughput of the
radio line.

In addition, in the example embodiment, the data
decompression means, or step, decompresses data by using the
following decompression methods that support compression methods
o0f transmission data such as ATRAC, ATRAC3, AAC, MP3, ADPCM, and
the 1ike. However, 1if a compression rate 1s changed on the
transmission side, data decompression using a parameter for this
compression rate is required.

In the example embodiment, as regards the radio

communication such as Bluetooth, there is no means for measuring
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can be judged by a difference between a data witing |ocation and a data
reading location in the output data storing neans, or step. In the exanple
enbodi ment, there may conprise output speed control means, or step, for
controlling output speed in the data outputting neans, or step. By using
the out put speed control neans, or step, the data output speet® May2005
decreased with a decrease in throughput, and the data output speed is
increased wth recovery of the throughput. In the exanple enbodi nent, the
radi o . data communi cation can be optim zed by adjusting data output speed,
that is, a data rate, in such a manner that the radio data conmunication
does nottlexaegghua ldomtheoflnaredbrycisize dbweherputplitcdata shoswgigpureans,
or step. Moreover, a nenory size in the output data storing neans, or
step, camberd ediiked. byl B thefexanpd ereqadi nenrtatat heidahg dotpuiorspaed is
equivalent to, for exanple, data reproduction speed at the tinme of
reproducd i gathr aiBaaihgCardhiatg ofedisimesiuc howdpuvD adth CBtBrihf aeceakdangce
with a ninth aspect of the present invention, there is provided a radio
transm tdig/ receiving systemfor transmtting data through a radio line,
conprising: a radio transm ssion unit conprising: data inputting neans for

inputting transmSsLofydal dembiPiierfiat acid ., 1Y, NBGRS A SLPUNEAde
inputted transm ssion data tenporarily by neans of afirst-in 14 19 My
2005 figgle @it T80, dak 3 ComRLessheRIeans Sofpleadidty dal afd Afta
outputting means, or step. By using the output speed control
means, or step, the data output speed 1is decreased with a
decrease in throughput, and the data output speed is increased
with recovery of the throughput. In the example embodiment, the
radio data communication can be optimized by adjusting data
output speed, that is, a data rate, in such a manner that the
radic data communication does not exceed a limit of a memory size
of the output data storing means, or step. Moreo#er, a memory
size in the output data storing means, or step, can be reduced.
In the example embodiment, the data output speed 1is equivalent
to, for example, data reproduction speed at the time of
_reproduction from a recording medium such as MD and CD-R.
| In accordance with a ninth aspect of the present invention,
there 1is provided a radic transmitting/receiving system for
transmitting data through a radio 1line, comprising: a radio
Lransmission unit comprising: data inputting means for inputting
transmission data, input data storing means fér storing the

inputted transmission data temporarily by means of a first-in
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the data storing neans to conpress the data, and data transmtting neans
for transmtting the conpressed data through the radio line, a radio
receiving unit conprising: data receiving means for receiving transm ssion
data through the radio |ine, data deconpressing neans for deconpressing
the received data, output data storing means for storing the tEdaynpo@ssed
data tenporarily by neans of a first-in first-out nethod, and data
outputting nmeans for reading data fromthe output data storing neans to
output the data. In the exanple enbodinent, the radio line is, for exanple,
the ACL link in Bluetooth. As regards the radio line, a transm ssion path
i s unst abilmest-outadebtthican, ddten AChmbiadks el ongsns t GothecBeshgEldaant fygpe
that controls retransm ssion when a transm ssion-data error occurs.

Ther ef orhe efdeed | vetd i opghpelins | stoot conprans eedhel N dalta, examal e data
enbodi nent, a delay in data transm ssion resulting fromfluctuations of

t hr oughpttar@hitthengl R@nearrdie ahsombediag the i dpMirdaia sdard Nghrmans

accurul ates transm ssion data, which is continuously transmtted,

tenporarddey raMomang, o theibi Feted irdd ntitoWomRt BOH g : aRg i hec QL PULg dat a
storing neans accunul ates the receiving data tenporarlgy. In the exanpl e

- embodi meplanASean XREPLEng! dhasdatesoh nRMkked yddle data laput ti g means

inthe radio transmssion "unit, there 1s areal-tine audio signal and a

real i e, dageodd. IS MY 00 Sdnahoc AN ALE CORLT MRS Yal Rt £

froma m crophone “an

- output data storing means for storing the decompressed data
temporarily by means o¢f a first-in first-out method, and data
outputting means for reading data from the output data storing
means to output the data.

In the example embodiment, the radico line is, for example,
the ACL 1ink in Bluetooth. As regards the radio line, a
transmission path is unstable. 1In additicn, the ACL link belongs
to the Best Effort type that controls retransmission when a
transmission-data error occurs. Therefore, effective. throughput
is not guaranteed. In the example embodiment, a delay in data
transmission resulting from fluctuations of throughput on the
line can be absorbed as the input data storing means accumulates
transmission data, which is continucusly tTransmitted, temporarily
by means of the first-in first-out method, and the output data
storing means accumulates the receiving data temporarily.

In the example embodiment, as an example of the data
inputted by the data inputting means in the radic transmission

unit, there i1s a real-time audio signal and a real-time video
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nonitor camera, or a data that is reproduced froma recording medium such
as CD at given input speed (that is, at reproduction speed); or the like.
On the other hand, the data output nmeans in the radio receiving unit may
be configured to output sound and inage in real tine by using, for
exanpl e, a speaker and a nonitor display. O, the data out putth@dan20®dmy be
configured to record data, which is deconpressed and reproduced, in a
recordi ng medium such as MD and CD-R at given output speed, that is, at
recording speed. In the exanple enbodinent, in addition, the input data
storing neans and the output data storing nmeans are configured by using
the Fl FGhetar,y whiadh | Sr€ apabt Bnafusstyorinpg titedn STACES | 0 Mi ckadphoby ransa of
the first-in first-out method. A difference between a data witing

| ocat i onmamtk & dabmef£adbRg al agadd omhdt ikhedphbQuierDIftdnS £qubyet ity t 0
the quantity of unhandled data accunulated in the FIFO nenory. In the

- exanpl e godpodh BML  ddheap dif fehRRce pwitalspRet SYRARYRBYS aW kBpebdestive
t hroughput of the radio line. In the radio transm ssion unit in the

exanpl e enhadi MRt thet hE dat aprOPRE eS8 ON HIBANS 1HRMEAS8atHE é%@&&@glﬁ he
followi ng conpression nethods such as ATRAC, "ATRAC3, AAC, 3, ADPCM and

the i kethé?‘ng:ﬁ&{‘c? COPPI 554 On [l fa JBBPE M, gﬂ%@ £l ch:‘éau%XfHH?Jn% and

enbodi ment ere may conprise conpression 19 May 200 rate contro

means fO{méég“ (ﬂﬂeaﬂgtﬁmgak9 ﬁQEPéeS§$f”E§§ﬂﬂ% n t@%eaker and a monitor

display. Or, the data output means may be configured to record

~data, which is decompressed and reproduced, in a recording medium
such as MD and CD-R at given output speed, that is, at recording
speed.

In the example embodiment, in addition, the input data
storing means and the output data storing means are configured by
using the FIFO memory that is capable of storing transmission
data by means of the first-in first-out method. A difference
between a data writing location and a data reading location in
the FIFO memory is equivalent to the quantity of unhandled data
accumulated in the FIFO memory. In the example embodiment, the
difference is almost synonymous with effective throughput of the
radio line.

In the radio transmission unit in the example embodiment,
the data compression means compresses data using the following
compression methods such as ATRAC, ATRAC3, AAC, MP3, ADPCM, and
the like, and the compression rate may be wvariable.

In the example embodiment, there may comprise compression

16




data conpression neans. By using the conpression rate control neans, the
data conpression rate is increased wwth a decrease in throughput, and the
.data conpression rate is decreased with recovery of the throughput. In the
exanpl e enbodi ment, the radio data comunication can be optim zed b
adjusting a data conpression rate, that is, a data rate, in st?cMaEZ%%ner
that the radio data conmunication does not exceed a |limt of a nenory size
.of the input data storing neans. Moreover, a menory size in the input data
storing neans can be reduced. However, in the exanple enbodi nent, the data
deconpressing neans of the radio receiving unit nust deconpress data using
an expansi®ncorgitdd meappofbr ngorat cohpings si ala tretdeograndian congprigs siton
rate; which are used by the data conpression nmeans on the radio

transm sdaion ovomprssglienn Besause oByi tusiwhernttchanghpuge ssicnonprtessca@ncr@t e i n
the radio transm ssion unit, it is necessary to provide conpression rate
not i fyi ngedfepnstHoordatd idotipgigskhien tadéoigsetacyveagediniitiofa adeorgLssion
rate paraneter, in the exanple enbodinment. In the exanple enbodi nent,

there nmeyheQmHpsE | BRUt SReedataonddraRARS f @Rt60Nd OldelRgadadia wiput
speed in the data inputting nmeans. By using the input speed control neans,

data i npstownheedd scrdeciiganetipikt h1a daecreasepin bhreyghmi, and the o data
i nput speed is increased with recovery of the throughput. In 17 19 May
2005 t he,exanphgngiiRediient cahhe gadi 9, dalia coMmBini calf it 163N Re data
compression rate, that is, a data rate, in such a manner that the
radio data communication does not exceed a limit of a memory size
of the input data stering means. Moreover, a memory size in the
input data storing means can be reduced.

However, in the example embodiment, the data decompressing
means of the radic receiving unit must decompress data using an
expansion method supporting a compression method and a
compreséion rate, which are used by the data compression means on
the radico transmission unit side. Because of i1t, when changing a
compression rate in the radio transmission unit, it is necessary
to provide compression rate notifying means for notifying the
radio recgceiving unit of a compression rate parameter, in the
example embodiment.

In the example embodiment, there may comprise input speed
control means for controlling data input speed in the data
inputting means. By using the input speed control means, data
input speed is decreased with a decrease in throughput, and the

data input speed is increased with recovery of the throughput. In
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optim zed by adjusting a data input speed, that is, a data rate, in such a
manner that the radi o data communication does not exceed a limt of a
menory size of the input data storing nmeans. Mbreover, a nenory size in
the input data storing neans can be reduced. In the exanple enbodi nent,
the data input speed is equivalent to, for exanple, data reprtiMay2epd
speed at the tine of reproduction froma recording nmediumsuch as CD. In

t he exanpl e enbodi nent, there nmay conprise output speed control neans for
controlling data output speed in the data outputting neans. By using the
out put speed control neans, data output speed is decreased with a decrease
~in throughputexzapd &t hembddimermut ptihes peediia s daner easwdiviidat icecoveny lof t he
t hroughput. In the exanple enbodi nent, the radi o data comruni cati on can be
opti m zedpbimbtgdisty ngl-pusdatng autdaiis speed, sphadl, | shata tat aarddies rate such
a manner that the radi o data comuni cati on does not exceed a limt of a
menory size safcht he euinpet deifc sthei ndieansata Mabenvel cadideMebysSize: i N
the out put data storing neans can be reduced. In the exanpl e enbodi nent,

t he dat acputéputa SpERDE | Sf £adnvvenrti k0 o ff @heeXxappkedadat at6£00f dhdwhspeed
at the time of recording on a recording nediumsuch as MD and CD-R In

accor danggrybfdlr a 4 eRbRoBsP8ELe Ofint RBePri@SERt daf¥eNiti@Rng tREHe iPrayi ded
a storage nediumfor storing computer software, by which processing of

data trapsghssd Onrhhr ough 8 padho dridRiihent 18 &k May+d005aer Egeprd on a
conputer system physically in a conputer readable
equivalent to, for example, data reproduction speed at the time
of reproduction from a recording medium such as CD.

In the example embodiment, there may comprise output speed
control means for controlling data output speed in the data
outputting means. By using the output speed control means, data
output speed is decreased with a decrease in throughput, and the
data output speed is increased with recovery of the throughput.
In the example embodiment, the radio data communication can be
optimized by adjusting a data output speed, that is, a data rate,
in such a manner that the radic data communication does not
exceed a limit of a memory size of the cutput data storing means.
Moreover, a memory size in the cutput data storing means can be
reduced. In the example embodiment, the data output speed is

“equivalent to, for example, data recording speed at the time of
recording on a recording medium such as MD and CD-R.

In accordance with a tenth aspect of the present invention,

there is provided & storage medium for storing computer software,

by which processing of data transmission through a radio line ds
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form wherein: said conputer software conprises a data inputting step for
inputting transm ssion data, an input data storing step for storing the
inputted transm ssion data tenporarily, a data conpression step for
reading data fromthe data storing means to conpress the data, and a data
transmtting step for transmtting the conpressed data througt® Mag20@di o
line. A storage nediumin the exanpl e enbodi nent, can be, for exanple, a
medi um for providing a general - purpose conmputer system which can execute
~various kinds of programcodes, with conputer software in a conputer
readable form Such a nediumis, for exanple, a renovable and portable
st or age pedidrmmeslich as cobputEonpasted) ssysiRIIK dppy dbsplteanteddble
(Magneto-Optical disc). O, it is also technically possible to provide a
speci f i cfonputiere iSy:stLMaM ddupulte rc egpYive e Sebhpal S=4 hd odigha aitp@ISirigsSi on
medium or the like, such as a network (including a radio network and a

cabl e nei¥@f kior | thde: iexprg-e.seABedbAeALtal henPhaghamst Or agerimdidiad i ke
this defines a synergistic relationship between the conputer software and

the storage gediingyfram fivpctienalk RARdnIkEUchULAka WaWRRhRE Sy, WA Cdhdi B
to realize a function of given conputer software on the conputer system

In ot herc yordsss iy IRSLAldding e hifg0LYen ¢PBRULRE SOLL VL &ridy LS ORIt er

system through the storage nmediumin the exanple enbodi nent,” a synergistic

effect 1Smchddd My 2090 AghiLved 0N LRE GRARHLEL+ SYSESM £ 1iNSn: A1 Same

effect as that
the compressed data through the radio line.

A storage medium in the example embodiment, can be, for
example, a medium for providing a general-purpose computer
system, which can execute wvarious kinds of program codes, with
computer software in a computer readable form. Such a medium is,
for example, a removable and portable storage medium such as CD
{Compact Disc}, FD (floppy disc), and MO (Magneto-Optical disc).
Qr, 1t is also technically possible toc provide a specific
computer system with the computer scoftware threough a transmission
medium, or the like, such as a network (including a radio network
and a cable network).

In the example embodiment, the program storage medium like
this defines a synergistic relationship between the computer

- software and the storage medium from functional and structural
viewpoints, which aims to realize a function of given computer
software on the computer system. In other words, by installing

" the given computer software in the computer system through the

storage medium in the example embodiment, a synergistic effect is

L
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of the radio transm ssion device, or nethod, in the exanple enbodi nent,
can be achieved. O her purposes, characteristics, and advantages, relating
to the present invention, will be made clear by nore detail ed

expl anation, which is based on enbodi nents of the present invention
described | ater and attached di agranms. BRI EF DESCRI PTI ON OF THE® Men@@MGs

Fig. 1 is a diagramschematically illustrating a configuration of a radio
transmtting/receiving system1l that is provided as an enbodi nent of the
present invention. Fig. 2 is a diagramschenmatically illustrating a

protocol stack structure in Bluetooth line. Fig. 3 is a flowhart
illustrattmpeyprdcassiing cpouiGiVigy 2606 prHocedurtes fare contecd] ldsngthat
writing pointer WP of an input FIFO nenory 11. Fig. 4 is a flowhart
il lustrabvfngher ocesso ngrapsoteduses daariceent ool lmehyod, r eadi ngepoddmgylRP of
an input FIFO nenory 11. Fig. 5is a diagramillustrating how a witing
poi nt er Mib@aditnentr,eadinngepatnieredRP in an input FIFO nmenory 11 change.
Fig. 6 is a flowhart illustrating processing procedures for controlling a
witing poi ntethdP @irpsesQUicpbaEtEL 1M,y addl advantages, relating to
the present invention, will be made clear by more detailed
explanation, which is based on embodiments of the present

invention described later and attached diagrams.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram schematically illustrating a configuration
of a radio transmitting/receiving system 1 that is provided as an
embodiment of the present invention.

Fig. 2 is a diagram schematically illustrating a protocol
stack structure in Bluetooth line.

Fig. 3 is a flowchart illustrating précessing

20




Fig. 7 is a flowhart illustrating processing procedures for controlling a
readi ng pointer RP of an output FIFO nenory 24. Fig. 8 is a diagram
illustrating how a witing pointer W and a reading poi ni@MagR0Dh an
out put FIFO nenory 24 change. Fig.. 9 is a diagram schematically
illustrating another configuration exanple 10-2 of a radio transm ssion
side. Fig. 10 is a flowhart illustrating processing procedures for
controlling a data conpression rate in an encoding unit 12 by a
conpression-rate control unit 15. Fig. 11 is a diagramillustrating a
structure of a 21 19 May 2005 data frame in which a conpression rate
par amet er | spragefdibppexédr FP@Fr221F§9aadwaéﬁaﬁ9iPPB§F?£FBRQ°£ ABt hod for
transmitting a conpression rate paraneter using another channel other than
a data channéhptftoFIEBRamphervaltentrol channel). Fig. 13 is a diagram
schematically illustrating another configuration exanple 10-3 of a radio
transm ssion side. Hq. 44d s & Fdworticdar tilldsista ainngepsocessing
procedures for controlling data reproduction speed, which

procedures for controlling a reading pointer RP of an

input FiFO memory 11.

Fig. 5 is a diagram illustrating how a writing
pointer WP and a reading pointer RE.in an input FIFO
memory 11 change.

Fig. 6 is a flowchart illustrating proceéging
procedures for controlling a writing pointer WP of an
éutput FIFQO memory 24.

Fig. 7 is a flowchart illustrating proceSéing
procedures for controlling a reading pointer RP of an
output FIFO memory 24.

Fig. 8 is a diagram illustrating how a writing
‘pointer WP and a reading pointer RP in an ‘output FIFO
memory 24 change.

Fig. 9 is a diagram schematically illustrating
another configuration example 10-2 of a radio
transmission side.

Fig. 10 is a flowchart illustratiqg processing
procedures for controlling a data compression rate in an
encoding unit 12 by a compression-rate controel unit 15.

"Fig. 11 is a diagram illustrating a structure of a
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i s used when reproducing a recording nedium- in a nmedium reproduction unit
by a reproduction-speed control unit 16. Fig. 15 is a diagramillustrating.
how a witing pointer W and a reading pointer RP in an thiay 26050 menory.
11 of a radio transm ssion side 10-3 change. Fig. 16 is a diagram
-schenatlcally illustrating another configuration exanple 20-2 of a radi o
receiving side. Fig. 17 is a flowhart illustrating processing procedures
~for controlling data recording speed, which is wused when recording in a
recording nmedium in a nmedium recording unit by a recording-speed control
unit 25. Fig. 18 is a diagramillustrating how a witin 22 19 May 2005
© pointer WP afdta fe&adiend e aRlﬁqmrPrz%'Fsd-lS’t“p&“tatf—el 3T %4 of a radio
receiving side 20-2 change. Fig. 19 is a diagramschematically illustrating
anot her conf imgdrtdpilexedxeanpl e 20-3 of a radio receiving side. Fig. 20 is a
flowchart illustrating processing procedures for controlling a witing
poi nter WP of an oBiputlF|£© aedbrygra8 bdhlustadréngeaemeihgdsfde 20- 3.
Fig. 21 is a flowhart illustrating processing procedures for controlling
a readlng pommha@mRthhgaa ciompute sBLEQ merrer pazémernreaxr nading recsherng S|de
. 20- 3. _
channel other than a data channel (for example, a control

channel) .

'Fig. 13 is a diagram schematically illustrating

another configuration example 10-3 of a radio
" transmission side.

Fig. 14 is a flowchart illustrating processing
procedures for controlling data reproduction speed, ﬁhich
is used when reproduéing a recording medium, in a medium
reproduction unit by a réproduction—speed control unit 16.

Fig. 15 is a diagram illustrating how a writing

‘pointer WP and a reading pointer RP in an input FIFO
memory 11 of a radic transmission side 10-3 change.

Fig. 16 is a diégram schematically illustrating
another configuration example 20-2 of a radio receiving
side.

Fig. 17 is a flowchart illustrating processing
procedures for controlling data recording spee63 which is
used when recording in a recording medium, in a medium
recording unit by a recording-speed control unit 25.

Fig. 18 is a diagram illustrating how a writing
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Fi gs. 22A through 22D are tinme charts |IIustrat|ng operation which is
acconpani ed by a change in effective throughput in a radio
transmitting/receiving system1 according to this enbodi Mehay2BD§. 23 is a
diagramillustrating an irregular exanple 10-2' of the radio transm ssion
‘side 10-2 shown in Fig- 9. DETAILED DESCRI PTI ON'OF THE PREFERRED
EMBODI MENTS Enbodi nents of the present invention will be detailed with
reference to drawings as follows. Fig. 1 schematically illustrates a - . .
configuration of a radio transnitting/receiving system 1l that is provided
23 19 May 2005, as ﬁgenb di_ment_ .of the se i.nvention. Ihgl%%dlo
I

re
transm ttingPPel&ii NG & 5nffadﬁnﬁnp°1 FeG. RF d&n % ONEBY
-transm ssion of an audi q. S|g %I as a .real ti ilgga The radlo
transmitti ngPeBCEYvitAg Oy & &adip E@ﬁﬁﬁW&@? &lggi ¢ GRPESS-a radio
transm ssion side 10, and a radio receiving side 20. The radio
transnission side BBYandothe #adidIrrBceFRERYtirablyol bt s EEmhibRT ed to
each other using, for exanple, a short-distance radio |ine such as a
‘Bl uet oot h | i peotdescriobédoaperepn Trampadi 8 0rBanéniasspreAosraecivgingy use a
real -tine signal source including an anal og input froma mcrophone or
ot her ~audi o isnget devices, and may al so use. a real -
Fig. 20 is a flowchart illustrating processing
procedures for controlling a writing pointer WP of an
output FIFO memory 26 on a radio receiving side 20-3.
Fig. 21 is a flowchart illustrating processing
procedures for controlling a reading pointer RP of an
input FIFO memory 26 on a radio receiving side 20-3.
Figs. 22A through 22D are time charts illustrating
operation, which is accompanied by a change in effective
throughput in a radio tramnsmitting/receiving system 1
according to this embodiment .
Fig. 23 is a diagram illustrating an irregular

example 10-2' of the radio transmission side 10-2 shown

in Fig. 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of -the present invention will be
detailed with referenée to drawings_as foliows.
Fig. 1 schematically illustrates a configuration of

a radio transmitting/receiving system 1 that is provided
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time signal source froma broadcast receiver. O, the radio transnission
side 10 may use a signal, which is -reproduced froma recordi ng nmedi um such
as CD (Conpact Disc), as a.signal source. On the other ha%#ayadObegards
the radio receiving side 20, there is a case where an audi o output device
such as. a speaker and a headphone are connected so that audio listening
becones possible in real tinme. O, there is a case where an audi o signal
~is recorded in a recording mediumsuch as MD and CD-R as it is. The radio
transm ssion side 10 conprises: an input FIFO nenory 11 for tenporarily
storing a real-time audio 24 19 May 2005 signal that is supplied from an
audi o si gnal asoaic empsidigieng Ofr $he preisest- daveRdingd; BRe ehedHPng unit 12
for encoding and conpressing the audio signal; a packet buffer 13 for
‘tenporarily $tremsmg tddlng /aesejadket syBstene 1 shovdednddtig, andaa BE

transm ssion unit 14 for transmtting the packet through the Bl uetooth

i ne. The inputitEbE® memiipgdloctrpnissesshohf efs anhatdaresignrdngedausi ng
the first-in first-out method. Each of ‘the buffers accunul ates audi o dat a,

- of. which quarikllly tise e€qunedl enthé orddfo expapsei Ot bngbeondsyi Hpvweyetemi f an

audio signal is inputted as an anal ogue signal, the audio signal is
converted i ntocampirgisedl aSp@Aadl oSuAgtdn A/ Padio transmission side 10,

and a radio receiving side 20. The radio transmission
side 10 and the radio receiving side 20 are connectéd to
each other using, for example,'a short-distance radio‘
line such as a Blﬁetooth line {described above}.

The radio transmission side 10 may use a real-time
éignal source_including an analog input from a michphqne
or other audio input devices, and may also use a real-
time signal source from a broadcast‘reteiver. Or, the
radio transmission side 10 may use a signal, which is
reproduced from a recording medium such as ¢D {Compact
‘Disc), as a signal source.

On the other haﬁd, as regards the radio feceiving
side 20, there is a case where an audio output device
such as a speaker and a headphone are connected so that
audio listening becomes possible in real time- Oor, there

'is a case where an audio signal is recorded in a
- recording medium such as MD and CD-R as it is.
The radio transmission side 10 comprises: an input

FIFO memory 11 for temporarily storing a real-time audio
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converter before witing it to the input FIFO nenory 11. A conpression
nmet hod, which is adopted by the encoding unit 12, is not particularly
- limted when realizing the present invention. However, i10 bgdé@p0%o
~realize CD quality, it-is desirable to adopt, for exanple, ATRAC (Adaptlve
transform acoustic coding), ATRAC3, AAC, M3 (MPEG 1 Audio Layer-I11), -
ADPCM and the like. A bit rate is about 64 to 400 kbps. The BT . .
transm ssion unit 14 perforns best-effort- type packet communication mnth =
the radio receiving side 20 through the Bluetooth line using an ACL |ink
of Bluetooth. As a throughput of the ACL link in the 25 19 May 2005 '
Bl uet oot h | i ségnabothat0@skbpyréddedbd ropt anneddindeignipdegburesmuaisat i on
conditions. However, the throughput w Il decrease gradually dependi ng on
the conditioasfiFkeg-1i2 $déhemabutakleyholl; ushr ahesdanpr ehdcol 2sfack
structure in the Bluetooth |ine. This protocol stack conprises a RF |ayer,

a baseband (BBEohaMgrana bbRjregBiagethelbhdiayeignand a b2cAPr(Logi cal
Lirnk Control and Adaptation Protocol) layer in order starting fromthe -

owest -| ayer,,Fhis €9 EGSPRBABoEArA1PhYSLERhyl B)Y BRE BacHatacki pkel ayer

in CSI (Open Systens |nterconnection) basic reference nodel. In the L2CAP

llayer, when an.BRLAT gRESYUN §n&Ok ﬂ@eﬂransmissiqn unit 14 for
f?ansmittingrthe packet through the Bluetooth line.

The input FIFOImemory 11 comprises buffers that are
arranged using the first-in first-out method. Each of'the
buffers accumulates audio data, of which quanti;y is
eqﬁivalent'to for example 0.5 seconds. However, if an
éudio gignal is inputted as an analogue signal, thé audio
signal is converted into a digital signal using an A/D
converter before writing it to the input FIFO memory 11.

A compression method, which is adopted by the
encoding unit 12, is not partiéularly limited when
'reélizing the present invention. However, in order to

.realize CD qguality, it'is desirable to adopt, for example,
ATRAC {Adaptive transform acoustic coding), ATRAC3, AAC,
MP3 (MPEG-1 Audic Layer-III), ADPCM, and the like. A bit
rate is about 64 to 400 kbps.

The BT transmission unit 14 performs best-effort-
type packet communication with the radio receiving side

20 through the Bluetooth line using an ACL link of

Bluetooth. As a throughput of the ACL link in the
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the error is not recovered by error correction), procedures of packet
retransm ssion are perfornmed between transm ssion and reception to realize
an errorless state. In other word, if quality of the trat&Mag2Dom |ine
decreases, an error occurrence rate increases. In proportion to this,
packet retransm ssion occurs frequently resulting in a decrease in
effective throughput of the Bluetooth line. Returning to Fig. 1 again, a
configuration of the radio receiving side 20 will be described. The radio
recei-ving side conprises: a BT receiving unit 21 for ‘receiving a packet
t hrough the Bluetooth line; a packet 26 19 May 2005 buffer 22; a decoding
unit 23 for BévetiPnghahindecohpnésPAgkbRe FaBePfe@PEAdAGEdUBEEE; and an
output FIFO nmenory 24 for tenporarily storing the decoded audio signal
using the fii&ealncémmshiocatinet hoddiThenBT rieedvéng tnet tRnoweErwl s
best-effort-type packet conmmunication with the radio transm ssion side 10
t hrough t he Biuet@ethedisaeguadnglihedAGknlink ofi tBeuebodtiihiole.be nore
specific, when failing in reception of a packet, the BT receiving unit 21
i ssues a packet retif@ANST S bt PERIESE iDLdderSed ransndsséen snudk 14. | f
quality of the transm ssion |ine decreases, an error occurrence rate
increases. |p.propeFrdi OR tRetBiSetPdEkeliine. This protocol stack

comprises a RF layer, a baseband (BB) layer, a link

manager {(LM) layer, and a L2CAP (Logical Link Control and

Adaptation Protocol) layer in order starting from the

lowest layer. This corresponds to a physical layer and a

data link layer in 0SI (Open Systems Interconnection)

basic reference model.

In the L2CAP layer, when an error occurs (or when

the error is not recovered by error correction},

procedures of packet retransmission are performed between

transmission and reception to realize an érrorless state.

‘In other word, if quality of the transmission line

decreases, an error occurrence rate increases. In

proportion to this, packet retransmission occurs

frequently resulting in a decrease in effective

throughput of the Bluetooth line.

Returning to Fig. 1 again, a configuration of the
radio receiving side 20 will be described. The radio

receiving side comprises: a BT receiving unit 21 for

receiving a packet through the Bluetooth line; a-packet
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fetransniSsion occurs frequently resulting in a decrease in the effective
~throughput (as described above). The decoding unit 23 decodes and
deconpresses-the encoded data that has been received. Thtd degabddmng and
deconpressing are supported by the encoding nethod adopted in the encoding
unit 12. As an encoding nethod, ATRAC, ATRAC3, AAC, MP3 (MPEG 1 Audio -
Layer-111), ADPCM and the like, are adopted (as described above). The -
out put FIFO menory 24 conprises buffers that are arranged using the = .
first-in first-out nmethod. Each of the buffers accunul ates audi o data, of
whi ch quantity is eguivalent to for exanple 0.5 seconds, and tenporarily
27 19 May 200%ffsmolds theélafeiided Widi ¢ Ssifgialdarsifigd s Re@%irst-in first-
out method. The audio signal, which has been accunulated in the output
FI FO nenory Zfcompresad rat thesamsldived ypalcedest dagaamsnel aan@utpuly A
converted into an analog signal before it is audio output through the
speaker. O, Fulf® meudiry <idgralr, tempoiraird ke pttoad ngr dibgi tdalc osliegin aluddiat hout
D) A conversion, is recorded in a recording mediumsuch as M and CD-R
~Accordi ng to stikh@agonfsiigdr athieort ixts@win 1fikisg.- olit meméwd.f the effective
throughput - on the Bluetooth Iine connected between the radio transnission
side 10 and the The BT receiving unit 21 performs best-effort-type

packet communication with the radio transmission side 10

through the Bluetooth line using the ACL link of

Bluetooth. To be more specific, when failing in reception

of a packet, the BT receiving unit 21 issues a packet

retransmission request to the BT transmission unit 14. If

gquality of the transmissicn line decreases, an error

occurrence rate increases. In proportioen to this, packet

retransmission occurs frequently resulting in a decrease

in the effective throughput (as described above).

The decoding unit 23 decodes and decompresses_the

- encoded data that has been received. The decoding and

decompressing are supported by the encoding method

adopted in the encoding unit 12. As an encoding method,

ATRAC, ATRAC3, AAC, MP3 (MPEG-1 Audio Layer-III}, ADPCM,

and the like, are adopted (as described above).

The output FIFO memory 24 comprises buffers that
are arranged using the first-in first-out method. Each of

the buffers accumulates audio data, of which guantity is

equivalent to for example 0.5 seconds, and temporarily
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radi o receiving side 20 decreases, the radio transm ssion side 10 can .
avoid a loss of data by accurmulating the real-tine audio signal in the .
input FIFO nmenory 11. In addition, even .if receiving dat# Mayi20%rrupted
on the radio receiving side 20, it is possible to prevent interruption of
~the audio data (frane dropping) by outputting the data accumul ated in the
output FIFO nenory 24. Generally, witing and reading operations of the
FIFO nmenory are controlled using a witing pointer (hereinafter referred
to as WP) ‘indicating a location, that is, an address, where the next data
s witten, and 28 1 0 I.ng di ng pointer. . (hereinafter
St ten. and. 28 1D.MRY 2009 Jusing 3 Leadiing go pler Chereinglier
Moreover, a difference between the WP and the RP is - equivalent to quantity
of data that °P% BEEPEAtly accunulated in the FIFO menory. |In other word,
if the difference between the WP and the RP exceeds a nenory size, data
~ cannot be written aMye mt@ioviigtrli vhiekuhas beem 2@oeneladied ain Hobe,
~operation of the input FIFO nenory-11 and the output FIFO nmenory 24 shown
in Fig. 1 wibPhtbetdBEER| bedoryFRg, 38|rbagtaatQSSpmpéesslngcpaoéedures for

controlling a witing p0|nter WP of the input FIFO nenory
example, and is D/A converted into an analog signal

-before it is audio output through the speaker. Or, the
audio signal, which is kept as a digital signal without.
D/A conversion, is recorded in a recording medium such‘as

MD and CD-R.

According to the configuration shown in Fig. 1,
even if the eﬁfective throughput on the Bluetooth line
connected between the radio tramnsmission side 10 and the
radio receiving side 20 decreases, the radio transmission
side 10 can avoid a loss of data by accumulating the
real-time audio signal in the input FIFO memory 11. In-
addition, even if receiving data is interrupted on the
radio receiving side 20, it is possible to prevent
interruption of the audio data (frame dropping) by
outputting the data accumulated in the output.FIFO memory
24 .

Generally, writing and reading operations of the
FIFO ﬁemory are controlled using a writing pointer
{(hereinafter referred to as WP) indicating a location,

that is, an address, where the next data is written, and
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11, which are used when a real-tinme audio signal is handled, in the form
~of a flowchart. In addition, Fig. 4 illustrates processing procedures for .
controlling a reading pointer RP of the input FIFO nmenor$8 Mbyi260fhe form
of a flowhart. Operation characteristics of the input-FIFO nmenory 11 will
be described with reference to Figs. 3 and 4 as follows. An-audio signal,
which is inputted in areal tine system A/D converted at every sanpling

cycle; and is witten to an address indicated by the w:iting pointer WP

of the input FIFO nenory 11 (step S1). After that, the WP is increnented
by one (step S2), and sinilar processing 29 19 May 2005 is repeatedly
perforned. OYSERE &t FeRdRAAI POt RE SFadker sdarfderiTederird touPFuRPe| de of
the input FIFO nenory 11 is checked (step S11). If the packet buffer 13 is
in a state i Andhicefingr anspiddsess wieger whet agxtodkyaois awedded frame is
~read - froman. address indicated by the reading pointer RP of the input

FI FO nmenory WUstrepv8i2) a Afiféeprtheer badwdanaths @Rceddd taedREodpressed in
the encoding unit 12 (step S13), the data is witten to the packet buffer
13 (step Sl4pguikhenentheopgaarsstwi blf dbealmhattﬁan&ﬁkssn@mymaltlng st ate.

~ After increnenting the reading pointer RP by N '

accumulated in the FIFQO memory. In-other word, if the

difference between the WP and the RP exceeds a memory
size, data cannot be written any more, which will result

in a loss of data.

Here, operation of the input FIFO memory 11 and the

.output FIFO memory 24 shown in Fig. 1 will be described.
Fig. 3 illustrates proqessing procedures for
controlling a writing pointer WP of the input FIFO memorf

11, which are used when a real-time audio signal is
‘handled, in the form of a flowchart. In addition, Fig. 4
illustrates processing procedures for controlling a
reading pointer RP of the input FIFO memory 11 in the
form of a flowchart. dperation characteristics of the
input FIFO memory 11 will be described. with reference to
Figs. 3 and 4 as follows.

An audio signal, which is inputted in a real time
system, A/D converted at every sampling cycle, and is
written to an address indicated by the writing pointer WP
of.the input FIFO memory 11 (step S$1}. After that, the WP

is incremented by one (step 82), and similar processing
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(step S15), which is equivalent to a nunber of the read frames, the
process returns to the step 511. Then, the sane processing as that
descri bed above is perforned repeatedly. Fig. 5 illustrat®slap@aoshe
witing pointer WP and the reading pointer RP in the input FIFO nenory 11
change. - Because the audio signal is inputted in real time in this exanple,
the address of the witing pointer WP increments in proportion to tinme. On
‘the other hand, reading fromthe reading pointer RP depends on whether or
not the packet buffer 13 is in a witable state. In other words, it
depends on which state_ 30 19 May 2005 the Bluetooth Iine is, either in a
“transnittabl &SstaPeabpdlynPETEPAMRERT ssion waiting state. Therefore, -an
address of the readi n% pointer RP increnents fast in a state in which an
ef fective t hroughpiin ofhe hetiBpdiamih theoackehi i fepwel et §He t he
effective throughput decreases, novenment of the RP becones sl ow and stops.
If the tine petbod svée ohi thet hepnbvBREAt mehorfiel1RPs| shefladcdatenues
| ong, a difference between the WP and the RP gradually increases. As
descri bed abeyve} . VB £ minupRXKats mfifiarallentid cdmquad tdye afn ddtiaclaccumnul at ed
in the input FIFO nenmory 11. Therefore, on the assunption that the
effective thtpaughplslecr easpsrmittés, GETLSSAEYencoded frame is read
from an address indicated by the reading pointer RP of
the input FIFO memory (step S12).
After the read data is encoded 'and compressed in
the encoding unit 12 (step S13), the data is written to
-the packet buffer 13 (step S14). Then, the process will
be in a transmission waiting state.
After incrementing the reading pointer RP by N
(step S$15), which is equivalent to a number of the read
framesg, the process returns to the step SI1. Then, the
same processing as that described above is performed
repeatedly.
Fig. 5 illustrafes how the writing pointer WP and
the reading pointer RP in the input FIFO memory 11 change.
Because the audio signal is inputted in real time
in this example, the address of the writing pointer WP
increments in propeortion to time.
On the other hand, reading from the reading pointer

RP depends on whether or not the.packet buffer 13 is in a

writable state. In other words, it depends on which state
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-to determine a size of the input FIFO nmenory 11. Moreover, i-f an increase
in the difference between the WP and the RP exceeds a nenory size, a |oss
of areal tinme signal occurs. In addition to it, a phenot&Man2685 a

di sconti nuous output  signal, such as sound ski.pping and frame dropping,
will occur on the radio receiving side 20. As regards a required size of
“the input FIFO nenory 11, for exanple, if total storage capacity is _
quantity of - audio data equivalent to 500 n5, a required nenory capacity
is equal to 88.2 KB (= 44.1 KHz X 16 bit X 2ch X 500 n5/8). In addition, -

the witing inter d,the readin 31.19 y 2005 pointer RP only
have to be'cgﬁ iégpgggfgﬁp%ﬁﬁF éf’aFﬂghF5céPi82§¥8P5Pﬁ§tgﬁgﬁtsﬁﬁﬁﬁ fEnory
11. It is assuned _that ,witing speed WP is at_ 176KB/ S(44] 00xl 6x2), and
reading of tRe2nERBPY™AERES a aégéﬂgs?tﬁﬁF‘ex%5%¥%?°% - eRr3ddesghitobit s,
readi ng occurs with a frequency of 5.79 S (= 1 Sec/44.1 KHz/2ch/2 (16
bit/8 bit)) bRealierd4BY BeéARSE RFeaBFRETPRtFefr6indB RAnSh2bArdR for each
data encoding franme, speed about ten tines or nore as nuch as the

above- ment i ovkdchup®r péArcvaraethsonghnitedfi hheeBlbepootFhisnepeed is
regarded as within a range that can be weasily realized. Fig. 6 illustrates
processi ng phbgkdurlesvdgr, if the effective throughput decreases,

movement of the RP becomes slow and stops.

If the time period over which the mévement of the
RP is slow continues lpng,'a difference between the WP
and the RP gradually increases. As described above, WP
minus RP is eguivalent to quantity of data accuﬁulated in

the input FIFQ memory 11. Therefore, on the assumption

that the effective throughput decreases, it is necessary
to determine a size of the input FIFO memory 11. Moreover,
if an increase in the difference between the WP and the

RP exceeds a memory size, a loss of a real time signal

occurs. In addition to it, a phenomenon of a
discontinuous output signal, such as sound skipping and
frame dropping, will occur on the radio receiving side 20.
As regards a required size of the input FIFO memory
11, for example, 1f total storage capacity is guantity of
audio data egquivalent to 500 mS, a réquired HEemory
éapacity is equal to 88.2 KB (= 44.1 KHer 16 bit X 2c¢h
X 500 msS/8).

In addition, the writing pointer WP and the reading
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controlling a witing pointer WP of the output FIFO nenory 24, which are
used when a real-tine audio signal is handled, in the formof a flowhart..
In addition, Fig. 7 illustrates processi.ng procedures fof2ben0ddling a
readi ng pointer RP of the output FIFO nenory 24 in the formof a
flowmchart. Operation characteristics of the output FIFO nmenory 24 wll be
described with reference to Figs. 6 and 7 as follows. Wether or not the
packet buffer 22 is full is checked on the input side of the output FIFO -
menory 24 (step S21). Wether or not the packet buffer 22 has sufficient -
unused capacity depends on the effective 32 .19 May 2005 throughput of the
Bl uet oot h | i REIPEETt RE PREReP2FEf far P2 cgdd NG hdPe PRI @iteRt ! unused

capacity, the buffered data is transferred to.the decoding unit 23 (step
© S22), where tReagarasi §fdébsdédruanglfecHeprayséd -(stbpl S28§supestt thahe
coded frame is witten to an address indicated by the witing pointer W
of the outpubrkEE@I seredyWP4ifstbplBEEB/SARLA00KAGKERNERAgTEREingI ting -
pointer WP by N (step S25), which is equivalent to a nunber of the witten
frames, the pfockesmembuynsakesthr astepsb2iorTheamplihke samevpregcessing as
t hat - described above is perfornmed repeatedly. _ _

eight bits, reading occurs with a frequency of 5.7u48 (= 1

Sec/44;1 KHz/2ch/2 {16 bit/8 bit)) on average. Because

reading is performed in a burst for each data encoding

frame, speed about ten times or more as much as the

above-mentioned numerical value is required in reality.

This speed is regarded as within a range that can be

éasily realized.

Fig. 6 illustrates processing procedures for

controlling a writing pointer WP of the output FIFO

memory 24, which are used when a real-time audio signal

is handled, in the form of a flowchart. In additiom, Fig.

7 illustrates processing procedures for controlling a

reading peointer RP of the output FIFO memory 24 in the

form of a flowchart. Operation characteristics of the

output FIFO memory 24 will be described with reference to

Figs. 6 and 7 as‘follows.

Whether or not the packet buffer 22 is full is
checked on the input side of the output FIFQ memory 24

V(Step $21) . Whether or not the packet buffer 22 has

sufficient unused capacity depends on the effective
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On the other hand, on the output side.of the output FIFO nenory 24, data
equi val ent to one sanple (for exanple, 16 bits x 2 ch) is read from an .
address. indicated by the reading pointer. RP at every sanfi Mag20¢ycle (step
S31) _ The read data is DJA converted for exanple, and then is audi o output.
t hrough the speaker. After that, the RP is incremented by one (step S32),
“and sinilar processing is repeatedly performed. Fig. 8 illustrates how the
writing pointer WP and the reading pointer RP. in the output FIFO nenory 24
change. Because the audio signal'is output inreal tinme in 33 19 My 2005
this exanple, the ddres% thﬁ readlng pointer RP. increnents in

et

proportion t GPEPHERPEY £ & U@ P wlitti®ng to the. writing pointer W
depends on whether or not the packet buffer 22 placed in front is full; in.
" other words, it dep%%dgh%npwlé%ﬁe?uféﬁrn%% fpeschpbchave EWFELEHPRE of the
Bl uet oot h I|ne is high. To be nore specific, an address of the witing -
~ pointer W i BerERENESPRAGEYI nthesbatderadniiach fhe trehbéericed thr bbghput of
-the Bluetooth line is high. However, if the effective throughput
decreases, ndeendnng ohlthQBWPSbepoﬁé§)sl@heandthEopstalﬁstﬁecbdaé peri od
over mhlch t he novenent of the
and decompressed (step S23).
Next, one coded frame is written to an address
indicated by the writing pointer WP of the output FIFO
memory 24 {step S524). After incrementing the writing
pointer WP by N (step £25), which is equivalent to a
number of the written frames, the process returns to the
step $21. Then, the same processing as that described
above is performed repeatedly.
On the other hand, on the output side of the output
FIFO memory 24, data equivalent to one sample (for
example, 16 bits x 2 éh) is read from an address
indicated by the reading pointer RP at every sampling
cycle {(step S531). The read data is D/A converted for
example, and then is audio output through the speaker.
After that, the RP is incremented by one {step S832),
and similar processing is repeatedly performed.
Fig. 8 illustrates how the writing pointer WP and
the reading pointer RP in the output FIFQO memory 24

change.

Because the audio signal is output in real time in
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WP is slow continues |long, a difference between the WP and the RP ,
gradual |y decreases. As described above, WP mnus RP is equivalent to :
quantity of data accunmulated in the output FlIFO menory 218 Manh2oes ore, when
the RP reaches the WP, the output FIFO nmenory 24 will be in a state in
which there is no accunul ated data, causing a phenomenon of discontinuous
out put data such as sound ski ppi ng and frame dropping. As regards a

: reqwred size of the output FIFO nenory 24, for exanple, if total storage
- capacity is quantl ty of audi o data eqw val ent to 500 nB5, a required -

menory capaci t 4 16 bit 34 19 May 2005 X
‘2ch x" 500 nsf % %ﬁggggl {i glﬁ dr\?vfsl tl% Sl ﬁfeé ipg Bﬁ&n?ﬁﬁ'ggadi_ ng

poi nter RP only have to,be confl yred to point at all locations of the
A AR 1A e Y0 LI KA <

-176KB/ S(44100x16x2), and reading of the nenory makes an access, for
‘exanple, at every @ gHt® BTERET 214 ng'Odchte i tiHhe TFERhGPIgItE 74 S
(=.1 Sec/44.1 KHz/2ch/2 (16 bit/8 bit)) on average. Because witing is
perforned i nWB BEPSBAF OP1 cWRATHAT 20T deebdihy Preker bpéfdrabduplaesdtines
or nore as nuch as the above-nentioned nunerical value is required in
reality. Thisnsheerltiss rbght detin agthey hwords r ahgedépatds on whether

or not the effective throughput of the Bluetooth line is
high. To be more specific, an address of the writing
pointer WP increments fast in a state in which the

effective throughput of the Bluetooth line is high.

However, if the effective throughput decreases, movement

of the WP becomes slow and stops.

If the time period over which the movément of the
WP is slow continues long, a'difference between the WP
and the RP gradually decreases. B2as described above, Wp
minus RP is equivalent to quéntity of data accumulated in
the output FIFO memory 24. Therefore, when the RP reaches
the WP, the output FIFO memory 24 will be in a state in
which there is no accumulated data, causing a phenomenon
of discontinuocus output data such as sound.skipping and
frame dropping.

As regards a required size of the outputrFIFO
memory 24, for example, if tqtal storage capacity is
quantity of audio data equivalent to 500 mS, a reguired

memory capacity is équal to 88.2 KB (= 44.1 KHz x 16 bit
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can be easily realized. Fig. 9 schematically i Il ustrates another
configuration exanple 10-2 of the radio transm ssion side. ‘The radio

transm ssion side 10-2 shown in Fig. 9 is based on the atsMep2d@Hh that the
effective throughput of the Bluetooth |ine decreases causing a situation
in which only the input FIFO nenory 11 is not enough to catch up. with-
transm ssion of a real time signal. To be nore specific, this
configuration exanple has a mechanismfor adjusting a data conpression
rate in the encoding unit 12 in response to a decrease in the effective
t hroughput. There is_no negns for nmeasuring the effective 35 19 May 2005
t hroughput i#% £RB Bl 08PoBFA®) ine directly. The exanple shown in Fig. 9 is
so- devised that the effective throughput is judged according to quantity of
the accunul ated daf® 3423 HePR npithe PIPG RAorgi At Wb e2nd pees 7233139 when
the quantity of the accumul ated data increases, the data conpression rate
i s increasedpedntprei@neniiehauantpt yeotonhdgncedntibapedndads fhlt he input
FI FO menory 11 from exceeding a given value. As a result, even if the
-~ effective thtoughpoutsdetr ehsesptput oBEFOf medata £4ountk | g ersipiedbn and
frame dropping) can be avoided, and a size of the input FIFO nenory 11 can
al so be redured. rdadbegneBpec8pERi fscatt hecgrAR L4 yo0Ok16ke), and

reading of the memory makes an access, for example, at

every eight bits, writing occurs with a frequency of 5.7

S {= 1 Sec/44.1 KHz/2ch/2 (16 bit/8 bit)) on average.

Because writing is performed in a burst for each data

decoding frame, speed about ten times or more as much as

the above-mentioned numerical value isrrequired in

reality. Thig sgpeed is regarded as withih a range that

can be easily realized.

Fig. 9 schematically illustrates another

configuration example 10-2 of the radio transmission side.

The radio transmission side 10-2 shown in Fig. 9 is based

on the assumption that.the effective throughput cf the

Bluetooth line decreases causing a situation in which

only the input FIFO memory 11 is not enough to catch up

with transmission of a real time signal. To be more

specific, this configuration example has a mechanism for

adjusting a data compression rate in the encoding unit 12

in response to a decrease in the effective throughput.

There is no means for measuring the effective
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~accunul ated data in the input FlFO nenbry 11 is determ ned by a differenbe
between the witing pointer WP and the reading poi nter RP. As conpared
with the radio transmission side 10 shown in Fig. 1, thel9ldy&005 .
transm ssion side 10-2 shown in Fig. 9 has a configuration in which a
- conpression-rate control unit 15 is added. This conpression-rate control
~unit 15 conprises:: a WP reading unit 15A and a-RP reading unit 15B, which
read addresses of the witing pointer WP and the reading pointer RP of the
input FIFO menory 11 respectively; an address conparing unit 15C for
.conparing an_address value of the WP with that of the RP; an 36 19 My
2005 ef f ect iM&°8H BHéhﬁBttPﬁdBFHStBHFP 1382 gﬁ&e§tééhpr3§§|8ﬁamPé?e
specifying unit 15E. The address conparing unit 15C conpares pointer
‘addr esses, wAPEHRar® Sifpl Pedst FBnflENd S tdadi f§eumitd ectiXeand the RP
~reading unit 15B respectively, to judge which is |larger. The effective
“t hr oughput | GHgPrghantt is5bufgdgescecrhdiabf ot aventhtyughipdheof t he
Bl uetooth line according to a difference between the address val ue of the
witing poiatenmWabsnd tiheaaddr eBs vabué GﬁFDhmemeadlmg pofleter RP. As
descri bed above with reference to Fig. 5,
specifically, when the quantity of the accumulated data
increases, the data compression rate is increased to
prevent the quantity of the accumulated data in the input
FIFO memory 11 ffom exceeding a given value. As a resﬁlt,
even 1f the effective throughput decreases, ‘a loss of
data {sound interruption and frame dropping) can be
avoided, and a size of the input FIFO memory 11 can also
be reduced. To be more specifie¢, the gquantity of the
accumulated data in the input FIFO memory 11 is
determined by a difference between the writing pointer Wp
~and the reading pointer RP.
As compared with the radio transmission side 10
‘shown in Fig. 1, the radio transmission side 10-2 shown
in Fig. 9 has a configuration in which a'compression-rate
control unit 15 is added. This compression-rate control
unit 15 comprises: a WP reading unit 15A and a RP reading
unit 15B, which read addresses of the writing pointer WP
and the reading pointer RP of the input FIFO memory 11

respectively; an address comparing unit 15C for comparing

an address value of the WP with that of the RP; an
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“'because the audio signal is inputted in real time, an address of the
writing pointer WP increnents in proportion to tinme. On the other hand, an
address of the reading pointer RP increnents fast in a st@llay 2b0awhi ch the
. effective throughput of the Bluetooth line is high.- However, if the
effective throughput decreases, novenent = of the RP becomes slow and stops. -
If the tine period over which the novenent of the RP is slow continues
long, a difference between the WP and the RP (that is to say, quantity of. -
data accunul ated in the input FIFO nmenory 11) gradually increases, which .
‘incurs the poszibiLity g{ exceedi,ng a SizeiSL1% e i_nput FI FO nmemory 11.- 37 ...
19 May 2005 Fie CoiprosironSPRrE SRS AR Agini'e U1 5B S o TRE =5 168 a
conpression rate in the encoding unit 12 according to a result of the
j udgnent by Fﬁéee§P§€ﬂFVénﬁhP8&gh&§@- judging unit 15D. More specifically,
by specifying a higher conpression rate in response to a decrease in the
effective throughpu??ed%@%??§sr%%ﬁpﬁFbﬁﬁthéanbg? FPRERTRENBPYRY4T at hi gher
speed to decrease the quantity of the accunul ated data. However, the -
i ncrease in edéresenprevybioh pitesupridednparmedhieyWs readéngf nithat is,
degradation in data. Because of it, when the effective throughput
recovers, theseoapdesskeoRPratadisggunaduallby rkewecedveAyr angejofigehe
conpression rate, which can be ' )
' which is larger.
The effective throughput judging unit 15P judges

the effective throughput of the Bluetocoth line according

to a difference between the address value of the writing

pointer WP and the address wvalue of the reading pointer

RP.

As described above with reference to Fig. 5,
because the audio signal is inputted in real time, an
address of the writing pointer WP increments in
proportion to time. On the other hand, an address of the
Lfeading pointer RP increments fast in a state in which

" the effective throughpﬁt of the Bluetocoth 1line is high.
However, if the effective throughput decreases, movement
of the RP becomes slow and stops. If the time period over
which the movement of the RP is slow continues long, a
difference between the WP and the RP (that is to say,
guantity of data accumulated in the inpuf FIFC memory 11)
gradually increases, which incure the possibility.of

exceeding a size of the input FIFO memory .11.
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adj usted, is about from64 to 400 kbps for exanple. Fig. 10 illustrates
processing procedures for controlling a data conpression rate in the L
encoding unit 12 by the conpression-rate control unit 1519 MayB@0Form of a
fl owchart- Operation of the conpression-rate control wunit 15 will be
described with reference to the flowhart as follows. In the first place,
~the address conparing unit 15C conpares an address val ue of the witing
pointer WP with an address val ue of the reading pointer RP in the input

" FIFO nenory 11, and checks whether or not quantity of.- accunul ated data has
exceeded 5096of a size of the input 38 19 May 2005 FlIFO nenory 11 (step
S41). If a differentBepePRRERSEHBEWPAERJSPREL RPIRICBBYE 155@§B?°%ﬁé §ize of

the input FIFO menory 11, the effective throughput judglng unit 15D judges
that the ef Pedfitde CORPEESHAIN SR tehdnBither oo dinge urdd decregeoadingThe
conpression-rate specifying unit 15E increases the conpression rate in the
encodi ng.uni tol2 bysohs sfagde avdomeinmgbrotaer eddlectdfvet kdrpudymant (step
S42). However, the nunerical value of 50% does not relate directly to the
poi nt's -of thgudgésgnuninveénbi.onMordhepef 0f Ecahy appy oppeati £yimg eshol d val ue
can be set for <controlling the conpression.rate as necessary..

higher compression rate in response to a decrease in the

effective throughput, data is read from the input FIFO

memory 11 at higher speed to decrease the quantity of the

accumulated data. However, the increase in the

compression rate is accompanied by é trade-off, that is,

degradation in data. Because of it, when the effective

ﬁhroughput recovers, the compression rate is gradually

lowered. A range of the compression rate, which can be

adjusted, is about from 64 to 400 kbps for example.

Fig. 10 illustrates processing procedures for

controlling a data compression rate in the encoding unit

.12 by the cdmpression-rate control unit 15 in the form of

a flowchart. Operation of the compression-rate control

unit 15 will be described with reference to the flowchart

as follows.

In the first place, the address comparing unit 15C
compares an address value of the writing pointer WP with
an ‘address value of the reading pointer RP in the input

‘FIFO memory 11, and checks whether or not guantity of

accumulated data has exceeded 50% of a size of the input
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Next, the address conparing unit 15C conpares an. address val ue of the _
witing pointer WP with an address value of the reading pointer RP in the.
input FIFO nenory 11, and checks whet her. or not quanti t yl®¥ay B@05

‘accunul ated data has becone | ess than 10% of the size of the input.  FIFO
menory 11 (step S43). If a difference between the WP and the RP becones

| ess than 10% of the size of the input FIFO menory 11, the effective

t hroughput judging unit 15D judges that the effective throughput of -the

Bl uetooth line is recovering. |In this case, keeping a high data
conpression rate causes degradation in data and a loss in line efficiency.
39 19 May 20BBFOpBEeHNs¥ df (fLePhé4ébnpression-rate specifying unit 15E
decreases the conpression. rate in the encoding unit 12 by one stage -
according to a resift afdihejenpardmtyetepthssil and e REGRedon, a
unit by which the conpression rate is increased or decreased can .be used
arbitrarily.5@ncofi higepsdeessinghéesippnf of FEd mewordi hy.tsha specified
conpression rate, and data is transmtted through the Bluetooth |ine (step
$45). -After éhatctitie tphrocgbsutejudmdngouthe $5epi®ddeaganat ahe the sane
‘processing as that described above is perfornmed repeatedly. By the way, as
shown in Fi gefdfctiientdabaghRbuhb£hthe Biluetooth line has decreased. :

The compression-rate specifying unit 15E increases the
‘compression rate in the encoding unit 12 by one stage
according to a result of the judgment (step S542).

However, the numerical value of 50% does not relate

directly to the points of the present invention.
Therefore, an appropriate threshold value can be set for

controlling the compression rate as necessary.

Next, the address comparing unit 15C compares an

address value of the writing pointer WP with an address

value of the reading pointer RP in the input FIFO memory
11, and checks whether or not guantity of the accumulated
data has become less thén 10% of the size of the input_
FIFO memory 11 (step S43).

If a difference between the WP and the RP becomes
less than 10% of the size of the input FIFO memory 11,
the effective throﬂghput judging unit 15D judges that the
effective throughput of the Bluetooth line is recovering.
In this case, keeping a high data compression rate causes

degradation in data and a loss in line efficiency.
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conpression rate is variable is radio- transnitted, a ‘mechani sm f or
notifying the radio receiving side 20 of a conpression rate of current
packet data i's required to decode and deconpress the conffMe¥880%ata in
~the radio receiving side 20 successfully. As a nethod for transmtting a
- conpression rate paranmeter to the radio receiving side 20, there are a
met hod i'n which a conpression rate paraneter is nultiplexed in a data
~frane, a nethod for transmtting a conpression rate paraneter using
anot her channel other than a data channel (for exanple; a control
channel ), and the like. 40 19 May 2005, In this enbaodi nent, transnission
is perfornEdB?ﬁaééﬁsPéeﬁétlGHeOFOWPEEFﬁéPPoﬁétSfS§eﬁéF%BPﬁ PRA& dRE he
radi o conmmuni cation side 10. Therefore, it is not necessary to judge
t hr oughput odEFﬁéaﬁaéléhéevp@érgﬁééoaoraFﬁg1n1£hﬁlP9§Pﬁapés“§1§tﬂac ¥re of
the data frame in which the conpression rate paraneter is nultiplexed: In
t he exanpl e shQMﬁtageFaQCOIﬁlnﬁbuecalDEBQﬂtléénthﬁyﬂnggman@oﬁpﬁé§3|on
met hod used by the encoding unit 12, a conpression rate paraneter, and a
nunber of byteg)areinwhis eroimeatheades adiedcy owltheh delta ¢ ompmees fsom
matter of course, other control information may be included in the
header . rate is increased or decreased can be used arbitrarily.
Encoding processing is performed according to a
specified compression rate, and data is transmitted
through the Bluetooth line (step S45). After that, the
process returns to the step S41 again, and the same
processing as that described_above is performed
" repeatedly.
By the way, as shown in Fig. 10, when data of which
compression rate is variable is radib—transmitted, a
mechanism for notifying the radio receiving side 20 of a
compression rate of current packet data is required to
‘decode and decompress the compressed data in the radio
receiving side 20 successfully.
As a method for transmitting a compression rate
parameter to the radio receiving side 20, there are a
method in which a compression rate parameter is
multiplexed in a data frame, a method for transmitting a
compression rate parameter using another channel other

than a data channel (for example, a control channel), and

the like.
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. In addition, Fig. 12 illustrates a case where the conpression rate
- paraneter is transmtted using another - channel other than the data channel
(for exanple, the control channel). As shown in Fig. 12,19 Nay@00gc_ID for
identifying a conpression nethod, which has been used by the encoding unit
12, and the conpression rate paraneter are witten to data transmtted by
the control channel, which i's provided separately fromthe data channel
for transmtting the data frame. Processing operation of the witing
pointer WP and the reading pointer ‘RP in the input FIFO nmenory 11 of the
radi o transmi ssion side 10-2 shown in Fig. 9 is basically 41 19 May 2005
simlar to processi iy prbecanbedifesty beanapsseiart ks PeFEPENREE B Figs. 3
and 4. However, as a different point, processing for transmtting the
conpr essi on raneidaramsar ofsdd vichuphd odisep ISE3 edwork ddico oPedditvi ng
side 20 i s added. For exanple, as shown in Fig. 11, if the conpression
rate paranet eadis eohtuplierdedonnstide dét.a Theasbereheitohpresti on rate
parameter is inserted in the header portion when witing the data to the
packet buffeheck3shiryt e FudgeStarcubabuits oho thay radien dgerieratiidg 0.
transm ssi on packet). Mreover, as shown in Fig. 12, if the conpression
: Fig. 11 illustrates a structure of the data frame

in which the compression rate parameter‘is muitiplexed.

In the example shown in Fig. 11, Codec_ID for identifying

a compression method used by the encoding unit 12, a

compression rate parameter, and a number of bytes are

written to a header added to the data frame. As a matter

6f course, other control information may be included in

the header.

In addition, Fig. 12 illustrates a case where the
compression rate parameter is transmitted using another
channel other than the data channel (for example, the
-control channel). As shown in Fig. 12, the Codec_ID for
identifying a compression method, which has been used by
the encoding unit 12, and the compressioh rate parameter
are written to data transmitted by the control channel,
which is provided separately from the data channel for
transmitting the data frame.

Processing operation of the writing pointer WP and

the reading pointer RP in the input FIFO memory 11 of the

radio transmission side 10-2 shown in Fig. 9 is basically
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rate paraneter is trahsnitted usi ng the control channel other than the
data channel, a processing step for inserting the conpression rate _ .
paranmeter used in the step S13 in the frame for the contt®MagB&®mel , which
is not shown in the figure, nay be added. Fig. 23 schematically
illustrates an irregular exanple 10-2' of the radio transm ssion side 10-2
shown in Fig. 9. As is the case with the configuration exanple 10-2 shown
in Fig. 9, the radio transm ssion side 10-2' shown in Fig. 23 has a
configuration in which a conpression-rate control unit 15 for adjusting a
data conpression rate in the encoding unit 12 in response to a_.42 19 May
2005 decrea§émﬂﬁaéfF@cPF?ée?ﬁﬁBEgHﬁBFeﬁgrﬁadgﬁ?C?HP§dc8§ﬁW§s§F5H~rate
control unit- 15 conprises: a WP reading unit 15A and a_RP reading unit
15B, which ragdereaddr §9sE496f Bhalgr tti NPT er2 9\ afdl f e kP Ht -
pointer RP of the input FIFO nmenory 11 respectively, an address conparing
unit 15C for pconpariing &nratddresmivsfine tbe therwes@irhR Th&E of the RP, an
effective throughput judging unit 15D, and a conpression-rate specifying
unit 15E. Theraddressusedpani hjeunktbplB8C3cbopahesrpdint erceaddngsses,
which are supplied fromthe WP reading unit 15A and the RP readi ng unit
15B respect i yely, 200i judgaed. o ‘
For example, as shown in Fig. 11, if the
compression rate parameter is multiplexed in the data
frame, the compression rate parameter is inserted in the
header portion when writing the data to.the packet buffer
13 in the step 814 {that is to say., when generating a
transmission packet) .
Moreover, as shown in Fig. 12, if the compression
‘rate parameter is transmitted using the control channel
other than the data channel, a processing step for
inserting the compression rate parameter used in the step
813 in the frame for the control channel, which is not
shown in the figure, méy be added.
Fig. 23 schematically iliustrates an irregular
example 10-2' of the radio transmission side 10-2 shown
in Fig. 9. As is the case with the configuration example
10-2 shown in Fig. 9, the radio transmission side 10-2'
shown in Fig. 23 has a configuration in which a

compression-rate control unit 15 for adjusting a data

compression rate in the encoding unit 12 in response to a
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which is larger. The effective throughput judging unit 15D judges the
effective throughput of the Bluetooth Iine according to a difference
between the address value of the witing pointer WP.and thMapddd®ss val ue
of the reading pointer RP. The conpression-rate specifying unit 15E
specifies a data conpression rate in the encoding unit 12 according to a
result of the judgnent by the effective throughput judging unit 15D. Mbre
specifically, by specifying a higher conpression rate in response to a
decrease in the effective throughput, data is read from the input FIFO
menory 11 at hi gher speed to decrease the guantiéﬁ f the accunul at ed
data. In addfeFepasaneh €hECA81Y9 MAFOUBBRUTef FeRTTFE t hr oughput recovers,
the conpression rate is gradually |owered. A range, of the cqures§ionr
rate, which can b&tedj \RIwRE eSS AbHRTS roth 520t 310 kbpPtRri w5t e. A
point of -difference between Fig. 23 and Fig. 9 is that in the case of the
former radi OWEraesdissionisi §8A 408 2a RPheeediddi WaitnfPB12vkEch| aeed
before the input FIFO nenory 11. According to such a configuration, only
conpr essed daddréssascofiutae edri nithepdohpuer FAWFGnénbhg readiBgcause of it,
as conpared with the case of Fig. 9 where data before conpression is
accunul at ed, pé et #EMOP Yo £ StEe tmpuberIpducedosyghifreapetyively., 48
schematically illustrates another : ' '
address comparing unit 15C for comparing an address value
of the WP with that of the RP, an effective throughput
jﬁdging unit 15D, and a compression-rate specifying unit
15E.

The address comparing unit 15C compares pointer
éddresses, which are supplied from the WP reading unit
15A. and the RP reading unit 15B respectively, to judge
which igs larger. The effective throughput judging unit
15D judges the effective throughput of the Bluetooth line
according to a difference between the address value of
the writing pointer WP and the address value of the
reading pointer RP. Tﬁe compression-rate specifying unit
15E specifies a data compression rate in the encoding
unit 12 according to a result of the judgment by the
effective throughput judging unit 15D. More specifically,
by specifying a higher compression rate in response to a
decrease in the effective throughput, data is read from

the input FIFO memory 11 at higher speed to decrease the

gquantity of the accumulated data. In addition, when the
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~configuration exanple 10-3 of the radio transm ssion side. The radio
transm ssion side 10-3 shown in Fig. 13 is one ‘type of a device, which :
transmts not a real-tinme audio signal but an audi o si gni® Meg@Pdduced from
a recording nediumsuch as CD. This radio.transm ssion side 10-3 is based
on the assunption that the effective throughput of the Bluetooth |line
decreases causing a situation in which only the input FIFO nmenory 11 is
not enough to catch up wth transm ssion of a real tine signal. This -
configuration exanpl e has a nmechani smfor adjusting data reproduction.
speed in a nmedia reproduction unit in response to a decrease in.the
ef fective t heddGTTdTe IrTPEINRY L2665 OVRTére G FO™RESSS 1T Td&sdSing the
effective throughput in the Bluetooth Iine directly. The exanple shown in
Fig. 13 is s@r@%W@ééﬁ tR¥ereRe ebfEBREGeOLt RRBUEAPBTCFE1PBdGRESactBiEing to
gquantity of the accunulated data in the input FIFO nenory 11. Mre :
speci fical | ycaphée elddughadti iy eboulte facsumdl d&red OdakRrisndogaseampiliee data
conpression rate is increased to prevent the quantity of the accumul ated
‘data in the input FElpQmenofydliférenrexbecdeay Bigi vah ¥afiuBigAsSais -
result, weven if the effective throughput decreases, a |loss of data (sound
interruptiontand fiharhedeappi ng) taan fbemeavadéd, tandsaisiszenokitike | npu
FI FO menory 11 can al so : ‘

10-2', the encoding unit 12 is placed before the input

FIFO memory 11. According to such a configuration, only
comptessed data is accumulated in the input'FIFO memofy
11. Because of it, as comﬁared with the case of-Fig. 9 .
where data before compression is accumulated, the memory
size can be reduced significantly-

Fig. 13 schematically illustrates another
configuration example 10-3 of the radio transmission side.
The radio transmission side 10-3 shown .in Fig. 13 is one
type of a device, which transmits not a real -time audio
‘signal but an audio signal reproduced from a recording
medium such as CD. This radio transmission side 10-3 is
based on the assumption that the effectiﬁe throughput of
the Bluetooth line decreases causing a situation in which
only the input FIFO memory 11 is not enough to catch up
with transmission of a real time signai. This
configuration example has a mechanism for adjusting data

reproduction speed in a media reproduction unit in

‘response to a decrease in the effective throughput.
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be reduced. To be nore specific, the quantity of the accunulated data in
the input FIFO nenory 11 is determned by a difference between the witing
pointer WP and the reading pointer. As conpared with thel9Miy@005 _ -
transm ssion side 10 shown in Fig. 1, .the radio transmn ssion side 10-3
shown. in Fig. 13 has a configuration in which-a reproduction- speed
control unit 16 is added. This reproduction-speed control unit .16
conprises: a WP reading unit 16A and a RP reading unit 16B, which read
- addresses of the witing pointer WP and the readi ng pointer RP of ‘the
input FIFO nenory 11 respectively; an address ponpariqg gnit,lGC for 45 19
May 2005 conpari ngPBRradey dts Nedie 67T tPRATH WY itRhaft bECtheeRP,  an
effective throughput judging unit 16D, and a reproduction-speed specifying
unit 16E_ Howbvenghphé WP theaBingtenrk 1éac gheerPlreadi®hy ¢¥FTP4SB, the -
address conparing unit 16C, and the effective throughput judging unit 16D -
can be sharedhwiwhhithBigadid isassniiszieadsibet tbe2esheafiivR Fig. 9. The
address conparing unit 16C conpares pointer - addresses, which are supplied
fromthe WP eradiggpuni is 16dgaddather®Pngeadi aganhnityl16B £hspectively, to
judge which is larger. The effective throughput judging unit 16D judges
' accumulated data in the input FIFQ memory 11. More
specifically, when the quantity of the accumulated data
increases, the data compression rate is increased to
prevent the guantity of the accumulated data in the input
FIFO memory 11 from exceeding a given value. As a result,
even if the effective throughput decreases, a loss of
data (sound interruption and frame dropping} can be
avoided, and a size of the input FIFO memory 11 can also
be reduced. To be more specific, the guantity of the
accumulated data in the input FIFO memory 11 is
determined by a difference between the writing pointer WP
-and the reading pointer.
As compared with the radio transmission side 10
shown in Fig. 1, the radio transmission side 10-3 shown
in Fig. 13 has a configuration in which a reproduction-
speed controi unit 16 is added. This reproduction-speed
‘control unit 16 comprises: a WP reading unit 16A and a RP
reading unit 16B, which read addresses of the writing

pointer WP and the reading pointer RP ¢f the input FIFO

memory 11 respectively; an address comparing unit 16C for
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the effective throughput of the Bluetooth line according to a difference
bet ween the address value of the witing pointer WP and the address val ue.
of -the reading pointer RP. As described above with refer&nbeyt280%ig. 5,
because the audio signal is inputted in real tine, an address of the

- writing pointer WP increments in proportionto time. On the other hand, an

address of the reading pointer RP increnents fast-in a state in which the
ef fective throughput of the Bluetooth Iine is high. However, if the

~effective throughput decreases, novenent of the RP becones sl ow . and stops.

If the tinme period over 46 19 May 2005 which the novenent of the RP is

sl ow cont i nuESTPBRENIaandpAAELERCc E2BELWREN thife AP YALE Eﬁ@tRPf(FﬁﬁtR?é to
say, quantity of data accurmulated in the input FI'.FO menory 11) gradually
i ncreases, whhchffpetiyvet hBrpogsPBl idIdny erdsedifRg &n&i 2e of .the input
FI FO nmenory 11. The reproduction-speed specifying unit 16E specifies data
reproduct i onrspzeducuhipohspsedsedeshéningepnoduditBy alieeevedi ngheg® um in

the nedia reproduction unit according to a result of the judgnment by the

effective t hreaghpyt uhiidgiiag, unht RE8Drebdiegspedicf 68l | yhe bydspesi fying
| ower reproduction speed in response to a decrease in the effective
throughput, dakpatrsnwrwhi€nita, and the effective throughput judging
ﬁnit 16D can be shared with the radio transmission side
10-2 shown in Fig. éﬂ
The address comparing unit 16C compares pointer.
addresses, which are supplied from the WP réadigg unit'
16A and the RP reading unit 16B respectively, to judge 7
whigh is larger. |
The effective throughput judging unit 16D judges
the effective.throughput of the Bluetooth line accord;ng
to a difference between the address value of the writing
" pointer WP and the address wvalue of the reading pointer
" RP. |
As described abéve with reference to Fig. 5,
because the audio signal is inputtéd in real time, an
address of the writing pointer WP increments in
proportion to time. On the other hand, an address of the
reading pointer RP incfements fast in a state in which
~ the effective throughput of the Bluetcoth line is high.

However, if the effective throughput decreases, movement

of the RP becomes slow and stops. If the time period over
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“the input FIFO nenory 11 at Iower speed to decrease the quantlty of the
accurmul ated data. However, the decrease in reproduction speed is

acconpani ed by a trade- of f (that is, a decrease in read- 29 2085a from
the recording mnedium, which causes sound skipping (or frame dropping).
Therefore, when the effective throughput recovers, it is desirable to
increase the data reproducti on speed gradually. Fig. 14 illustrates '
processing procedures for controlling data reproduction speed, which is
‘used when reproducing the recording nedium in the nedia reproduction
~unit by the reproduction-speed control unit 47 19 My 2005 16 in the form
of a fl owchamhic@péhsgt mevershtt iod rtdgr Rudts cr-ovped tdowasoll amsi-t 216 wil |-
be described with reference to the flowhart as follows. In the first

pl ace, the addidssenorpeitmgeunithel 6C a@@rrrrélteesiPathadU:re&s tyals@e .of the
witing pointer WP with an address value of the reading pointer RP in the
i nput  Fl FO mraaty t¥lpofadd taheckamuiettledr iar thet igquart iFTyFcohemacyumil)at ed
data has exceeded 50% of a size of the input FIFO nenory 11 (step S51). If
a differenceghatvwaenyt hac¥Baged,t haiBR exeeeds tn20%efsithe isyzefof -t he
i nput FIFO menory 11, the effective throughput judging unit 16D judges
~that the exceeding a size of the input FIFO memory 11.

The reproduction-speed specifying unit 16E
specifies data reproduction speed, which is used when
reproducing a recording medium, in the media reproduction
unit according to a result of the judgment by the
effective throughput judging unit 16D. More specifically,
by specifying lower repfoduction speed in response to a
decrease in the effective throughput, data is written to
the input FIFO memory 11 at lower speed to decrease the
guantity of the accumulated data. However, the decrease
in reproduction speed is accompanied by a trade-off (that
‘is, a decrease in read-ahead data from the recording
medium), which causes sound skipping (or frame'dropping).-
Therefore, when the effective throughput recovers, it is
desirable to increase the data reproduction speed
gradually.

Fig. 14 illustrates processing procedures foxr
controlling data reproduction speed, which is used when

reproducing the recording medium; in the media

reproduction unit by the reproduction-speed control unit
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effective throughput of the Bluetooth Iine has decreased. The
"~ reproduction-speed specifying unit 16E decreases the data reproduction -
speed in the media reproduction unit by one stage accordi@yaya085result of

the judgnent (step S52). However, the nunerical value of 50% does not
“relate directly to the points of the present invention. Therefore, an
appropriate threshold val ue can be set as necessary. Next, the address
conparing unit 16C conpares an address value of the witing pointer W
wi th an address value of the reading pointer RP in the input FIFO nmenory
48 19 May 2005 11, and checks whether or not quantity of the accunul at ed
dat a has becdfe ihesdet fanrml 0% of fillpercdiazd .of Opheatkhpat ©fFER® nenory 11
(step Sb3). If a difference between the WP and the RP becones |ess than
10% of the sizerofiuthedonnppicll EOnendr ynit, 16t weldf bec dieses rithredughipnt
judging unit 16D judges that the effective throughput of the Bl uetooth
~line is recovefiergncel ot hhe ¢asechkeepiasygfalhioghk.data conpression rate

causes degradation in data and a loss in line efficiency. 'Because of it,

the reproduction-sppedegpesi f¥i ngralpk| ARE addcELasSesSMpALIFAt @niepLoduction
speed in the nedia reproduction unit by one stage according to a result of
~compares an address wvalue of the writing pointer WP with
.an address value of the reading poiﬁter RP iﬁ the input'
FIFO memory 11, and checks whether or not quantity of
accumulated data has exceeded 50% of é size of ;he inﬁut
.FIFO memory 11 (step S851).
If a difference between the WP and the RP exceeds
50% of the size of the input FIFO memory 11, the
effective throughput judging unit 16D judges that the
effective throughput of the Bluetootﬁ line has decreased.
The reproduction-gpeed specifying unit 16E decreases the
data reproduction speed in the media reproducfion unit by
‘one stage according to a result of the judgment (step
852). |
However, the numerical valué of 50% does not relate
directly to the points of the present invention.
Therefore, an appropriate threshold value can be set as B
‘necessary.
Next, the address comparing unit 16C compares an

address value of the writing pointer WP with an address

value of the reading pointer RP in the input FIFO memory
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‘the judgnent (step S54). In this connection, a-unit by which the data
reproducti on speed i's increased or . decreased can be used arbitrarily. Data
reproduction fromthe recording mediumis performed accot@May 2085 a
.specified data reproduction speed, and data is transmtted through- the

Bl uetooth line (step S55). After that, the process returns to the step

S51 again, and the sane processing as that described above is perforned
repeatedly. Processing operation of the witing pointer WP and the reading-
~.pointer RP in the input FIFO nmenory 11 of the radio transm ssion side 10-3

shown in Fig. 13 is 49 19 May 2005 basically simlar. to processin
procedures déécrP88d0h855§eW§FFﬁeFePérEHEeqPﬁnﬁﬁég o3 5%8 &CCPﬂﬁéeng as

~opposed to a case where an audio signal inputted in a real time systemis
handl ed, dat daits het hreaps 3appl tBar AA%ceAsthAt SdE&nPEt Fhat 1BFBEY given
sanpllng cycle. An. address of the witing pointer WP of the input FIFO
menory 11, tE&Fefwmemprdoéd Mheternl ®ays-increment in proportion to tine.
Fig. 15 illustrates how the witing pointer W0 and the reading poi nter RP
in the input FIFO nefror ydilfif @fende beawkan triansig ssndntise deP 11®er30r(c¢1sange
However, in the il'lustrated exanple it is assumed that medi um
less than 10% of the size of the input FIFO memory 11,
the effective throughput judging unit 16D judges that_the
effective throughput of the Bluetooth line is recovering.
In this case, keeping a high data compression rate causes
degradation in data and a loss in line efficiency.
Because of it, the reproduction-speed specifying unit 16E
increases the data reproduction speed in the media
reproduction unit by one stage according to a result of
the judgment (step $54). In this connection, a unit by
which the data reproduction speed is increased or
decreased can be used arbitrarily.
Data reproduction from the recording medium is
performed according to a specified data'reproduction
speed, and data is transmitted thrdugh the Bluetooth line
(step 855). After that, the process returns to the step
S51 again, and the same processing as that described
" above is performed repeatedly.
Processing operation of the writing pointer WP and

the reading pointer RP in the input FIFO memory 11 of the

radio transmission side 10-32 shown in Fig. 13 is
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reproductlon speed is switched to single speed, double speed, and stop in
st ages for conveni ence of explanation. As shown in Fig. 15, a difference
betvween the witing pointer WP and the readi ng poi nter RPObEy@988 smal

as conpared with the case shown in Fig. 5. This avoids a situation in _
whi ch sound skipping (frame dropping), or the |like, caused by a m stake in
witing reproduced data occurs. In-additionto it, this can reduce a size
of the input FIFO nenory 11 furthernore. By the way, in the explanation as
above, each of the two exanples shown in Figs. 9 and 13 is individually

i ntroduced as a nodified exanple of the radio 50 19 May 2005 transm ssion ..
side 10. Howeueicalhg sadidatr &pspioskenindeprecednyele desntiigafed to be
equi pped with both of the conpression-rate control unit 15 and the
reproducti onabépeedienntedbrenct 16. Fipssudhaadcase, Hoveverpossi ble to
respond to a change in the effective throughput in the Bluetooth |line by
adj usting bopppetelihecdat dagenpnessi an andte angntheidatatedpiodaction
speed. In addition, the device configuration can also be sinplified by

sharing the, 1f€§Hén9yHBbh ithgaRR1 E@adiAgaUREt notheladgkesapptogpari ng
unit, and the effective throughput judging unit between the :

‘ig”press' on- At E.GOPLAP! qHRhE i Ly aBdelbey ge%ﬁdgsﬁb@mngpegeleontml uni t
address of the writing pointer WP of the input FIFO
. memory 11, therefore, does not always increment in
proportion to time.
Fig. 15 illustrates how the writing pointgr WP and
the reading pointer RP in the ipput FIFO memory 11 of the
fadio transmission side 10-3 change. ﬁoweyer, in the
illustrated example, it is assumed that medium
reproduction speed is switched to single speed, double
spéed, and stop in stages for convenience of explanation.
As shown in Fig. 15, a difference between the
‘'writing pointer WP and the-reading pointer RP becomes
small as compared with.the case shown in Fig. 5. This
avoids a situation in which sound skippiﬁg {frame
dropping), or the like, caused by a mistake in writing
reproduced data occurs. In addition to-it, this can o
reduce a size of the input FIFO memory 11 furthermore.
By the way, in the explanation as above, each of

the two examples shown in Figs. 9 and 13 is individually

introduced as a modified example of the radio
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Fig. 16 schematically.illustrates another confrguratidn exanmpl e 20-2 of
“the radio receiving side. The radio receiving side 20-2 shown in Fig. 16 -
is-one type of a device that does not output a real-tinel8iy@008i gnal but
records an audio signal in a recording medium such as MD and CD-R The
radio receiving side 20-2 is based on the assunption that the effective

t hroughput of the Bluetooth Iine decreases causing a situation in which
only the output FIFO nmenory 24 is not enough to catch up wth data“
‘receiving for- data recordi ng operation.. This configuration exanple has a -
-mechani sm for adjusting data - recording speed in a nmedia recqording unit in -
response to FEAFNBFIF0FLIE ddbr eBS¥SVRTr h&DEF FEEEOV ETPREBUGRPEE. There
is no neans for neasuring the effective throughput_ in the Bl uetooth |ine
directly- Thelesigfpimay dfowPiiigred 1o ke srdarRakd iHhtraHe &F fd@ive

t hroughput is judged according to quantity of the accunulated data in the
out put FI FO rnempmyesz4onvied e sypedivdlcalnit Mhemad Hd1qqueaniadupadfiarhe

accurul ated data increases, the data recording speed is increased to
prevent the guartd topnofrdlheirdacwéul atedsdahaai nathe ioutipuboBEERLEetOry 24
fromexceeding a given value. As a result, even if the effective .

t hr oughput deciseas@ds toda lcdshgef idatidecat fhetdwel dedowmbua Snzehef the
out put _ '
Bluetooth line by adjusting both of the data compression
rate and the data reproduction speed. In additiom, the

device configuration can also be simplified by sharing
the WP reading unit, the RP reading unit, the address
comparing unit, and the effective throughput judging unit
between the compression-rate control unit 15 and the
reproduction-speed contreol unit 16.

Fig. 16 schematically illustrates another
configuration example 20-2 of the radio receiving side.
The radio receiving side 20-2 shown in Fig. 16 is one

-type of a device that does not output a real-time audio
signal but records an audio signal in a recording medium -
such as MD and CD-R. The radio receiving side 20-2 is
based on the assumption that the effective throughput of
the Bluetooth line decreases causing a situation in which
only the output FIFO memory 24 is not enough to catch up
with data receiving for data recording operation. This

configuration example has a mechanism for adjusting data

recording speed in a media recording unit in response to

51




FI FO menory 24 can al so be reduced. The quantity of the accunulated data
in the output FI.FO nenory 24 (nore specifically, throughput) is determ ned
by-a difference between the witing pointer WP and the r é8#a¥g2096i nter.

If the radio receiving side 20-2 has a function of recording received data
irn.a nmedium recording speed should be controlled in response to
fluctuations of a network |line connected to the radio transm ssion side
10. Therefore, judgnent of throughput is required. As conpared with the
radi o receiving side 20 shown in Fig. 1, the radio receiving side 20-2
shown in Fig. 16 has a configuration in which a recordi ng-speed control 52
19 ‘May 2005 augiecressies igddd@ efiies traCo Ry sdi®ddd control unit 25

. conprises: a WP reading unit 25A and a RP reading unit -25B, which read
addresses of the wTheng pdi RPchedPs afer FRBSEEABINGRPBoPREEFERPEOf t he
‘output FIFO nmenory 24 respectively; an address conparing unit 25C for
conparing .arhaddoégs tvahudhef Billietwl th i nehatirgfctliye RPheanxa®BPiective

t hr oughput judging unit 250; and a recording- spéed- specifying unit 25E.
The address cowpar ingFdgi.t 125Cscempdess spdi nhert thedreddeesivehi ch are
supplied fromthe WP reading unit 25A and the RP reading unit 25B
respectivel ythtrougugge iwhiehAge8 bargeding to quantity of the

accumulated data in the output FIFQ memory 24. More
specifically, when the gquantity of the accumuilated data -

increases, the data recording speed is increased to

prevent the gquantity of the accumulated data inythe
ouﬁput FIFO memory 24 f:om exceeding a given value. As g
fesult, even if the effective throughput decreases, a
loss of data can be avoided, and a size of the output
FIFO memory 24 can also be reduced. The.quantity of the
adcumulated data in the output FIFO memory 24 (more
specifically, throughput) is determined by a difference
"between the writing pointer WP and the reading pointer.
~If the radio receiving'side 20-2 has a function éf
recording received data in a medium, recbrding speed
should be controlled in response to fluctuations of a
network line connected to the radio transmission side 10.
Therefore, judgment of throughput is required.
As compared with the radio receiving side 20 shown
in Fig. 1, the radio receiving side 20-2 shown in Fig. 16

has a configuration in which a recording-speed control
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The effective t hroughput judging unit 25D judges +the effective throughput _
of the Bluetooth line according to a difference between the address val ue:
of the witing pointer WP and the address value of the réaMaygOB8inter
RP. The recording-speed specifying unit 25E specifies data recording
~speed, which is used when recording data in-a recording nedium in the :
medi a recording unit according to a result of the judgnent by the effective
t hr oughput judging unit 25D. Mre specifically, by specifying a higher
recording speed in response to a recoverly in the effective throughput,
data is. read from53 19 May 2005 the output FIFO renor y l} at.higger speed
to decrease nhét ghahei e¢dpf -t HEM bR KATAEE LAY SR eSS FFQR TS i bl tat es
processing procedures for controlling data recordihg speed, whi ¢h are used
when recordingprisehe ne¥BrdpaginediDit PAAt Redne@dRE FEEBLAPNY™Lhnit by
the recordi ng-speed control unit 25 in the form of a flowhart. Qperation
of the recording-speten coatflr ofidranses26fwiche b@léé@érpﬁéﬂtﬁFtHPréﬂérence to
the flowmhart as follows. In the first place, the address conparing unit '
25C conpar eshanrasddiggspuahterokrt hé whet bngppoi REEC WPmakyh24an address
“val ue of the reading pointer RP in the out put ‘
| respectively; an address comparing unit 25C for comparing
an address value of the WP with that of the RP; an
effective thfoughpuﬁ judging unit‘25D; and a recording-.
speed specifying unit 25E.

The address comparing unit 25C cémpares pointer
addresses, which are supplied from the WP reading unit
254 and the RP reading unit 25B respectively, to judge

which is larger.

The effective throughput judging unit 25D judges
tﬁe effective throﬁghput of the Bluetcoth line accbrding
to a difference between the address value of the writing

"pointer WP and the address value of the reading po;nter
RP.

The recording-speed specifying unit 25E specifies
data recording speed, which is used when recording data
in a recording.medium, in the media recording unit

.according to a result of the judgment by the effective
.throughput judging unit 25D. More specifically, by
specifying a higher recording-speed in response to a

recoverly in the effective throughput, data is read from
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FI FO nmenory 24, and checks whether or not quantity of - accunul ated data has :
- exceeded 50% of a size of the output FIFO nenory 24 (step S61). If a o
di fference between the WP and the RP exceeds 50% of the &9 Mey@foshe output-
FIFO menory 11, the effective throughput judging unit 25D judges that the
effective throughput of the Bluetooth [ine has inproved. The

recor di ng- speed specifying unit 25E increases the data recording speed in
the nedia recording unit by one stage according to a result of the
judgment (step S62). However, the numerical value of 50% does not relate .
directly to the points of the present invention. 54 19 May 2005 Therefore,
an appropri atéet hngshtl I8l nemcan bé s&t hashemespssdr yo Nexreashethddr ess
conparing unit 25C conpares an address value of the witing pointer W

wi th an addregsantvajuefoththecremdingepgodater RP in the output FIFO nenory
24, and checks whether or not quantity of the accunul ated data has becone
| ess than 10% of t hei i ze7 of 1 Tuet 0at it pr &d €2 IR Yo 2Ad( BSé €pERB63) . I a

di fference between the WP and the RP becones |[|ess than 10% of the size of

the output FLERLPBIDYNg24atat Becethesli ¥BebAr OWEhEHt ajudgEBE WAkA 25D
judges that the effective throughput of the Bluetooth |line is decreasing.

recording in the recordlng medium, in the media recording
unit by the recording-speed control unit 25 in the form
of a flowchart. Operation of the recording-speed control
upit 25 will be described with reference to thé flowchérf
as follows.

In.the first place, the address comparing unit 25C
compares an address value of the writing pointer WP with
an address wvalue of the reading pointer RP in the output
FIFO memory 24, and checks whether or not quantity of
accumulafed data has exceeded 50% of a size of the output
FIF0O memory 24 {step S61).

If.a difference between the WP and the RP exceeds
50% of the size of the‘output FIFO memory 11, the
effective throughput judging unit 25D judges that the-
effective throughput of the Bluetooth line has improved.
The recording-speed specifying unit 25E increases thé R
data. recording speed in the media recording unit by one
"stage according to a result of the judgment (step S562).

However, the numerical value of 50% does not relate

directly to the points of the present invention.
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In such a case, it is neaningless to keép hi gh data recording. Because of
it, the recording-speed specifying unit 25E decreases the data recording -
speed in the nedia recording unit by one stage according!®¥an2f@sult of
the judgnment (step S64). In this connection, a unit by which the data
recording speed is increased or decreased can be wused arbitrarily. Data is
witten to the recording nmedium according to a specified data recording
speed (step 865). After that, the process returns to the step S61 again,
and the same processing as that described above is perforned repeatedly.
55 19 May 2005 Processing operation of the mwiting pointer WP and the '
readi ng poi nFBETRPOFA. t AB BEPHAPTERFD EFBHABFYC24 BRIUEhEAPaBPOSEECRFVI ng
side 20-2 shown in Fig. 16 is basically simlar to processing procedures
descri bed abhevesahth-reference to Figs.. 6 and 7. However, as opposed to a
.case where an audio signal inputted in a real tinme systemis handled, data
is not always read Next corist aaddrprsntddnpaatiney enyi gi ¥2h sergdfer) aycle. An
address of the reading pointer RP of the output FIFO nenory 25, therefore,
does not al way8reéssrearae bbb theoppiting pointae. WP gith8an| hddteases how
the witing pointer WP and

value of the reading pointer RP in the output FIFC memory

24, and checks whether or not quantity of the accumulated’

data has become less than 10% of the size of the output

FIFO memory 24 (step S63).

If a difference between the WP and the RP becomes

less than 10% of the size of the output FIFO memory 24,

the effective throughput judging unit 25D judges that the

effective throughput of the Bluetcooth line is decreasing.

In such a case, it is meaningless to keep high data

recording. Because of it, the recording-speed specifving

unit 25E decreases the data recording speed in the media

'réCording unit by one stage according to a result of the

judgment (step S$64). In this connection, a unit by which -

the data recording speed is increased or decreased can be

used arbitrarily.

Data is written to the recording medium according
to-a specified data recording speed (step S65). After
that, the process returns to the step S61 again, and the
same processing as that described above is performed

repeatedly.
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the reading pointer RP in the output FIFO nenmory 24 of the radio receiving
side 20-2 change. However, in the 1illustrated exanple, it is assuned that -
medi um recording speed is switched to single speed, doubfeMay@8a® and stop
in stages for convenience of. explanation. As shown in Fig. 18, a . ,
‘difference between the witing pointer WP and the reading pointer RP
becones - small as conpared with the case shown in Fig. 8. This avoids a
~situation in which a mistake in recording received data, or the |like,
occurs. In addition to it, this can reduce a size of the output FIFO
menory 24 'furtherngre. 56,19 Nh% 2005 FEg. 19 schematically iIIustaates
anot her. confi gur at i bhCERERPPE 58°3257 OPh8 Ty &liEo WFa&dngi RY1SEEE. "PTREr adi o
recei ving side 20-3 shown in Fig. 19 is_different fromthe radio receiving
si de 20 showfen TERGIN9] PIR 4Sfe Rfadifo Thec GWmy U@ s rvadowiput FI FO
menory 26 is placed in a position before a decoding unit 23. According to
such a confi &t%leatriaéﬁ,o GFICR 1vemer eddked 2 Udat shaymadeurdiiiaat € il® t he out put
FI FO menory 26. Because of it, as conpared with the case of Fig. | where
data after desédrAgdyi siaddamultat @doctys imanwrp csidug esan e ribeduced
significantly. In the case of such a configuration, it is necessary to
pl ace a dat aabofkewi2R reference to Figs. 6 and 7. However, as

opposed to a case where an audio signal inputted in a

real time system is handled, data 1is not always read in

constant guantity at every given sampling cycle. An

address of the reading pointer RP of the output FIFO

memory 25, therefore, does not always increment in

proportion to time.

Fig. 18 illustrates how the writing pointer WP and

the reading peointer RP in the output FIFO memory 24 of

the radio receiving side 20-2 change. However, in the

illustrated example, it is assumed that medium recording

speed is switched to single speed, double speed, and stop

in stages for convenience of explanation.

As shown in Fig. lé, a différence between the

writing pointer WP and the reading pointer RP becomes

small as compared with the case shown in Fig. 8. This

avolds a situation in which a mistake in recording

received data, or the like, occurs. In addition to it,

this can reduce a size of the output FIFO memory 24

furthermore.
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. add| tionally after the decodi ng unit 23. However al t hough a si ze of t he
data buffer 27 should be taken into consideration in addition to the output
FIFO nenory. 26, it is possible to make its total nenory & Meyi280er than
that of the output FIFO nenory 24 shown in Fig. 1. Fig. 20 illustrates -
processing procedures for controlling a witing pointer WP of the output.
FIFO mermory 26 in the formof a flowhart. In addition, Fig. 21 o
illustrates processing procedures for controlling a reading pointer RP of
the output FIFO nenory 26 in the formof a flowhart. Operation ' ‘

characteristics of the t F FO 26 Wi be described w th
reference to 57 19 %\/b ggSgcf’—‘?‘agtlﬁ éﬁd¥%iu§§rf"5FFoﬁB°tV\ﬁEt her or not the

packet buffer 22.is fuII is checked on the input side of the -output FIFO
menory 26 (SCBHLSRIRLIGReCKEFPEL ROt 3t RE packerdor receiying sdde. depends
on the effective throughput of the Bluetooth line. If the packet buffer 22
is full, a dZhg FrRrEfAe, TeRRiZANPssédei Al 8nshowroda Bapf.ed8dipacket, is
transnitted and witten to the output FI.FO nenory 26 (step.S72). In.

addition to diffaneaddfcom vhkucadfiot heceiwwviingngigei A0esh¥Pni $ni Rédgenent ed
by Mthat is equivalent to the witten data frame (step S73). After that
the processiretln nsha arddico stepebring &m:ldé h20 sareaprocesst NYLFO -

memory 26 is placed in a position before a decoding unit

23. According to such a configuration; only compressed

data is accumulated in the output FIFO memorf 26, Becéuse'

of it, as compared with the case of Fig. 1 Where data

after decoding is accumulated, the memory size can be

reduced significantly. In the case of such a

configuration, it is necessary to place a data buffer 27

additionally after the décoding unit 23. However,

although a size of the data buffer 27 should be taken

into consideration in addition to the output FIFO memory

26, it is possible to make its total memory size lower

than that of the outpuﬁ FIFO memory 24 shown in Fig. 1.

Fig. 20 illustrates ﬁrocessihg probedures for

controlling a writing pointer WP of the output FIFO

memory 26 in the form of a flowchart. In addition, Fig.

21 illustrates processing procedures for controlling a

reading pointer RP of the output FIFO memory 26 in the

form of a flowchart. Operation characteristics of the

output FIFO memory 26 will be described with reference to
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~as that described above is perforned repeatedly. On the other'hand, on the

out put side of the output . FI FO nenory 26, whether or not an outBut of the-
previous frame (for exanple, audio output, and recording!9Max2002cordi ng
medi um) has been conpleted is checked (step S81). If the output of the
-previous frane has been conpleted, data equivalent to one audio franme is’
"read fromthe output FIFO nenory 26, and then transmtted to the decoding
unit 23 in the subsequent stage (step S82), where the data is decoded and
deconpressed (step S83). The decoded franme is tenporarily stored in the
data 58 19 May 2005 buffer in_the subsequent stage (step S84). An address
val ue of thefr84di #§ FFnter 2RPISELOMWE - out put FI FO menory 26 is o
incremented by a value equivalent to the read data. Then, the process
returns to the stefrsBierapE Rk ShRePprbebskihfens?2?hds Hedtrided above
is perforned repeatedly. If decoded data is audio output, data equivalent
to one sanpkéergedeat themirhetdatdebgfff ahe2PuipubvELFO mamplriyngbeycl e,

and is transnmtted to the D/A converter. Figs. 22A through 22D illustrate
operation, wiethpr ESlaccofparhed dy mocchohgepackéhebeffect2¥eis hfwwughput in
‘the radio transmtting/receiving system 1l according to

depends on the effective throughput of the Bluetooth line.

If the pécket buffer 22 is full, a data frame,
which is equivalent toc one buffered packet, is
transmitted and written to the output FIFO memory 26
{step 872). In addition to it, an address value of the
writing pointer WP is incremented by M that is equivalent
to the written data frame (step §73). After that, the
process returns to the step $71, and the same processing
as that described above is performed repeatedly.

On the other hand, on the output side of the oﬁtput
FIFO memory 26, whether or not an output of the previous

. frame (for example, audioc output, and recording in a
recording medium) has been completed is checked (step
S81}).

If the output of the previous frame has been
completed, data equivalent to one audio frame is read
from the output FIFO memory 26, and then transmitted.to
the decoding unit 23 in the subsequent stage (step 582),

where the data is decoded and decompressed (step S83).

The decoded frame is temporarily stored in the data
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this enbodinment, in the formof a tinme chart. Flg 22A |IIustrates a change
in the Bluetooth line by neans of nodeling. Fig. 22A exegyllfles a case .
where a signal is transmitted at 500 kbps. In this figur® May?2pas assuned
t hat conparatively |ight degradation of line quality occurs at the tining
shown by *1, and that = conparatively heavy degradation of line quality
occurs at the timng shown by *2. In-this connection, it is also assuned
that sound is not output in the radio receiving side 20 for 0.5 seconds
‘after sound source reproduction is started in the radio transm ssion side

10, and. that I t C | ation tq the o ut, FI.FO nemory 24 is 59 19
May 2005 peP %Eﬁ%dq%Fggs %%Eu Q %aﬁfD( #ﬁp 84)quant|ty of -

accunul ated data in_the ut FI 11 of . the radio transm ssion
S de 100 quantity cb LEeBRETS: Eo-aR aim FhehEeadipuPORPESF nBROPE DS of t he

~radio rece|V|n% side_20, and transition with tine between on/off of output
sound respefithEfy FéﬁPpﬁFmQSHn85l§SnéPC6ﬁﬁﬁﬁﬁeﬂoPY0aS“@é@@nds after sound
source reproduction is started on the radio transm ssion side 10. Data is

‘accunul at ed PAVEKB1BOES &P, thehaeads dagasayThéem. t Hee ot paes | FE-buis ero

menory 24. To be nore specific, a transmssion nenory is enpty in a -
the step 581, and the same processing as that described

above 1s performed repeatedly.

If decoded data is audio output,&data,equivalent to
one sample is read from the data buffer 27 at every
sampling cycle, and is tranémitted to the D/A cqhverter.

Figs. 22A through 22D illustrate operation, which
is accompanied by a change in the effective throughput in
the radio transmitting/receiving system 1 according to
this embodiment, in the form of a time chart.

Fig. 22A illustrates a change in the Bluetooth line
by means of modeling. Fig. 22A exemplifies a case where a
signal is transmitted.at 500 kbps. In this ﬁigure, it is
assumed that comparatiQely light degradation of line
quality occurs at the timing shown by *1, and that
comparatively heavy degradation of line quality occurs at
the timing shown by *2. In this connection, it is also
:assumed that scund is not output in the radio receiving
side 20 for 0.5 seconds after sound source reproduction
is started in the radio transmission side 10, and that

only data accumulation to the output FIFO memory 24 is
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steady state. On the other hand, a receiving menory is full. At the timng
shown by *1, as a result that conparatively |ight degradatjion of |ine :
qual ity occurred, shortage of throughput i$s accunul ated ?%NPhgopﬁput FI FO

menory 11 as the transm ssion nmenory on the radio  transm ssion side 10. On
the other hand, on the radio. receiving side 20, the output sound is
reproduced without interruption by supplenenting with the data accunul ated -
in the output FIFO nenory 24 as the receiving nmenory. |In addition, at the
timng shown by *2, as a result - that conparatively heavy degradation of
line quality 6 19 May 2005 occurs, the input FIFO nmenory 11 overflows in
~an exanpl e S the radi o transnission side 10. After the out put FI FO

~menory 24 on the radip re iv;g%Fside 202becones enpty, sound_interruption
~occurs. In Figs. 22K 1% oty a2 PAr £2P R dhtabe byuar thEvkeh line within
ur s 1gs. 2 | . FOK \
a timng period indicated by *2 shows .operation characteristics obtained
when the conpfESErIATeratiatéontr SheudmPuts FEEEr acewryl A1t kifs theseadie is so
devised that data conpression rate in the encoding unit 12 is increased in
stages (that tr3neBisayondatder dfe nRyaasdtrasddpcevanyatedrdagaanti tieof
accunul ated data in the input FIFO _

: output FIFO memory 24 of the radio receiving side 20, and
transition with time between on/off of output sound
respectively.

Output sound is not output for 0.5 seconds after
sound source reproduction is started on the radio
transmission side 10. Data is accumulated in the buffer,
that is te say, in the output FIFO buffer memory 24. To
be more specific, a transmission memory is empty in a
steady state. On the other hand, a receiving mémory is
full.

At the timing shown by *1, as a result that
comparatively light degradation of line quality occurred,
shortage of throughpuf is accumulated in the input FIFO
memory 11 as the transmission memofy on the radio
transmission side 10. ©On the other hand, on the radio
receiving side 20, the output sound is reproduced without
interruption by supplementing with the data accumulated
in the output FIFO memory 24 as the receiving memory.

In addition, at the timing shown by *2, as a result

that comparatively heavy degradation of line quality
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menory 11 exceeds 50% of a nenory size on the radio- transmission side 10.
Moreover, it is also-so devised that data conpression rate is decreased in
stages every time quantity of the accunul ated data in t h& MapdfO¥E| FO
menory 11 becones | ower than-10% of the nenory size. It is to be noted that
‘the conpression rate nay be switched, for exanple, at every frame cycle of
- encodi ng processing. However, how to switch the conpression rate is not
limted to this. Switching of the conpression rate may be controlled
.adaptively at- arbitrary time intervals. By changing the data conpression

rate dynam cal | accordi,ng to _a _change in _the effective throughput using
61 19 May 206’§°¥¥ﬁe c“g‘r?p HroRFat ST dT ST HI9HS Py &g‘ﬁg@.lelo),

the data rate can be decreased hefaore the input -FLFO nenory 11 overfl ows
as shown in ﬁfgﬁhf2§?dﬂ§.§IP€§HPFF1§§ sdfiGni G-n EE§erosee eREPYFtBAFPon in
whi ch the output FIFO nenory 25 becones enpty is avoided. In addition to
it, as showfeMeIF ¢4 2PDthehaadiveregSlivémdofsidgt gt beswrgscamrtal. so be
avoided. In addition, it is possible to use the highest data rate in
response to é&bhtadt ivnderhrpogdhpurcehrsugh operation of the conpression-rate
~control unit 15. Therefore, data transm ssion of high sound quality can be
achi eved. In Figs. 22A through 22D, a part indicated by a

broken line within a timing period indicated by *2 shows
operation characteriétics obtained ﬁhen the compression-
rate control unit 15 operates.

In this case, it is so devised that data
compression rate in the encoding unit 12 is increased in
étages {that is to say, data rate ié decreased) every
time quantity of accumulated data in the input FIFO |
memory 11 exceeds 50% of a memory size on the radio
transmission side 10. Moreover, it is also so devised
that data éompressién rate is decreased in.stages every
‘time quantity of the accumulated data in the input FIFO
memory 11 becomes-lowef than 10% of_the memory size.

It is to be noted that the cbmpression rate may be
switched, for example, at every frame cycle of encoding
processing. However, how to switch the compression rate
is not limited to this. Switching of the compression rate
may be controlled adaptively at arbitrary time interwvals.

By changing the data compression rate dynamically

according to a change in the effective throughput using
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It is desirable that the input FlFO nenDry'll is placed in a position
before the encoding unit 12. That is ~because switching of data conpression
rate can be - reflected i nmediately. In contrast to this, HMag<eP?bed
-.above with reference to Fig. 16, the output FIFO nenory 24 can be pl aced
before or behind the decoding unit 23. A size of the output FIFO nmenory 24
can be saved by placing the output FIFO menory 24 before the decoding unit -
23. If an input signal source is provided not by a real time systembut a
recordi ng medi umsystem and if variable speed reproduction is possible, a
size of the .input FIFO nenory 11 can be reduced, or t he i nput FIFO 62 19
May 2005 neﬁﬁﬁyCPF96§ﬁSﬁ@“oﬁ?ﬁﬁé&°W?¥%#m§”6a§é (FRE&Tc5RpFeSsi 89 ‘rate in
‘the conpression-rate control unit 15 is judged and controlled as foll ows:
i f medi um r epheddettifoFadsecan b donmedidasd edase $heweprukalI§fandar d
speed, or stopped, the nedi umreproduction speed is controlled so that
dat a conpr esgiegwuyatld ioNerddows; agndhiownt He Fedi-ud2Brepkddaucréonl spede is
controlled to be faster than standard speed, the nedium reproducti on speed
is  controll ethesa tihatFighe 2eanprassisdinu=atienddar gased. the pstbotb®IROt ed
that, in the tine chart shown in Fig. 22A through 22D, effect of avoiding
sound i nt er pepbirgN 2dubkagmeBe einbthng sparicadedndi Tat &g Dyid2 €anit, as
shown in Fig. 22D, the interruption of output sound can
~also be avoided.
Tn addition, it is possible to use the highest data
rate in response to effective throughput through
operation of the compression-rate control unit 15.
Thérefore, data transmission of high sound quality can be
.achieved.
It is desirable that the input FIF0O memory 11 is
placed in a position before the encoding unit 12. That is
because switching of data compression rate can be
reflected immediately. In contrast to this, as described
"above with reference to Fig. 16, the output FIFO memory
24 can be placed before or behind the decoding unit 23. A
size of the output FIFO memory 24 can be saved by placing
the output FIF0O memory 24 before the decoding unit 23.
If an input signal source is provided not by a real
time.system but a recording medium system, and if

variable speed reproduction is possible, a size of the

input FIFO memory 11 can be reduced, or the input FIFO
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be achieved in |ike manner even if not the conpression- rate control unit
‘15 but the reproduction-speed control unit 16 is used, or even if both of .
the compression-rate control unit 15 and the reproductloﬁayﬁéga Zontrol
unit 16 are-used. Up to this point, the present invention was described
in detail with reference to the specific enbodinents. However, it is
obvious that a person skilled in the art can correct or substltute t he
enbodi ments within a range that does not deviate fromthe points of the
present invention. In other words, the present invention was disclosed |nl
t he form of- exeqpllflcatlon 63 .19 May 2005  The present invention,
therefore, sHEHG NIt FED M Prdted i n18 EhASt 68SAanfdE2 FﬂmB¥ﬁ%$1?® i udge

the points of t he present invention, "Wat is clained is: described at
the outset sAGHEd iPe ek EPTRRES SdoRsTddeacion T o 1Asndds dbi bed jubaed in
detail, according to the present invention, it is possible to provide the
radi o trans@ssicontdeviled ashdolddivs : reéemwﬂngmdevpceﬁutheonraﬂeed
“transmitting/receiving system and the storage nedium that are.
- out st andi ng asdceoapablléedf tor beswilotiemyg thanr eabhntiarg spgvdl such as sound
and i mage while keeping its data quality. '
stopped, the medium reproduction speed ig controlled so
" that data compression rate increases; and if the medium
reproduction speed is controlled to be faster than
standard speed, the medium reproduction speed is
controlled so that the compression rate decreases.
It is to be noted that, in the time chart shown in
. Fig. 22A through 22D, effect of avoiding sound
interruption during the timing period indicated by *2 can
be achieved in like manner even if not the compression-
rate control unit 15 but the reproduction-speed control
unit 16 is used, or even if both of the compression-rate
control unit 15 and the reproduction-speed control unit
16 are used.
Up to this point, the present invention wasg
described in detail with réference to the specific
embodiments. However, it is obvious that a person skilled
in the art can correct or substitute the embodiments
within a range that does not deviate from the points of

the present invention. In other words, the present

invention was disclosed in the form of exemplification.
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In addition, in the radio transmni ssion system of which effective
t hroughput fluctuates (that is to say, it 1is not guarantee&) i ke the ACL.
link of the Bluetooth, the present invention can providega A% 2P o
transm ssion device, the radio receiving device, the radio
transmtting/receiving system and the storage nedium which are
out st andi ng and capable of transmtting a real tine signal such as sound
and i mage while keeping data quality. In addition, in the transnission
system - of which effective throughput fluctuates Iike the ACL Iink of the .
- Bluetooth, the present invention can provides the radio 64 19 May 2005

t ransm ssi on Tidev peesethlte inaeng ioac eithienrg fdeel, cehoid noadibe
transmtting/receiving system -and the storage nedium which are
out st andi ng andecapabka oh fr aisdickd mgnnarr.eaintbhesi ghajudgehtlas sound
and i mage while keeping data quality by changing its data conpression rate
dynam cal |y ddihRg 8ft EARSPEreSkan RAKEAE:i cAGCORHRRTikOcLRemeadig: »
transmtting/receiving systemof the present invention, even if throughput
of a line dgeLeaspsq heaknki DardakasadliRentr aigBht 18do successfully
W t hout causing sound interruption, frame dropping, or the |ike. Mreover,
a signal of high;gaund; guality or of high image quality can be transmtted
in : ,

~As described above in detail, according to the
present invention, it igs possible to provide the radio

transmission device, the radio receiving device, the

radio transmitting/receiving system, and the storage
medium, that are outstanding and capable of transmitting
a real time signal such as sound and image while keeping
its data quality.

In addition, in the radio transmission system, of
which effective throughput fluctuates (that is to say, it
is not guaranteed) like the ACL liﬁk of the Bluetooth,
"the present invention can provides the radio transmission
device, the radio receiving device, the radio
transmitting/receiving system, and the storage medium,
which are outstanding and capable of transmitting a real
time signal such as sound and image while keeping data
gquality.

In addition, in the transmission system, of which
effective throughput fluctuates 1ike the ACL link of the

Bluetooth, the present invention can provides the radio
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response to effective throughput of a line. Concerning the radio
transmtting/receiving system according to the present ipventi 6%‘1f
effective throughput of a |line decreases, a |loss of a reﬁ?ﬁ?Vag si gnal
such as sound interruption and frane dropping can be prevented by using
easy conpression rate control on a transmtting side. In -addition
.according to the radio transmtting/receiving systemof the present
“invention, sizes of nenories, which accunul ate transm ssi on data -
tenporarily on the sending side and on the receiving side respectively,
can be reduced. Mreover, it _ is possible to 65 19 May_ 2005 cope with

" i nst ant aneoust#neet§EHPR oRCBECEhet P nE2d 58 19CRAYIDYOSEVIFAT He CLAIMED IS
1. Aradio transm ssion device for transmitting data through a radio line,.
conprising: *dioiwparsnhgtieaiseeotvippusys gt randntBei 9kPTaRR a;- i nput
data storing neans for storing the inputted transm ssion data tenporarily;
dat a conpr essédiumeanisiflorareachhhyt aad tnd romnd t hepakihe oSt orangmineEiTg t o
conpress the data; and : _

" a real time signal such as sound and image while keeping

data qﬁality by changing its data compressibn rate
dynamically during a transmission period.

According to the radio transmitting/receiving
system of the present invention, even if throughput of a

line decreases, real-time data can be transmitted

successfully without causing sound interruption, frame

dropping, or the like. Moreover, a signal of high sound

guality or of high image.quality can be transmitted in
response to effective throughput of.a line.

Concerning the radio transmitting/receiving system
according to the present invention, if effective
throughput of a line decreases, a loss of a real-time
signal such as sound-iﬁterruption and frame dropping can
be prevented by using easy compreséion rate control on a
transmitting side.

In addition, according to the radio .
transmitting/receiving system of the present invention,
sizes of memories, which accumulate transmission data
temporarily on the sending side and on the receiving side

respectively, can be reduced. Moreover, it is possible to
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data transmtting neans for transmtting the conpressed data through the
radio line. 2. Aradio transm ssion device according to daim1l :
addi tional ly conprising: throughput judgi'ng nmeans for | udb‘-f M@y?m%ughput in

the radio line. 3. ‘A radio transm ssion device according to Caim 2, o
wherein: said input data storing neans is conprised of 'a menory that -
operates using a first-in first-out nethod; and said throughput judging -
means j udges throughput according to a difference between a data witing
| ocation and a data reading |ocation of the input data storing neans. 67
19 May 2005 4. A radio transm ssion device according to Claiml,

“addi ti onal | y S8 idith ¢ SEHRITRESIEh it gt di¢ fldmecontrol ling a
data conpression rate. in the data conpression neans. 5. A radio. '
transm ssion device according to aim1, additionally conprising:

t hr oughput judgi ng nmeans for judgi ng throughput in the radio |ine; and
conpression rate control neans for controlling a .
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data conpression rate in the data conpression neans according to the
judged throughput. 6. A radio transii ssion device according to Caim5,
wherein: said conpression rate control neans increases a 1H48%28&hpressi on
rate with a decrease in throughput, and decreases the data conpression
rate with recovery of the throughput. 7. A radio transm ssion device
~according to Caim1l, additionally conprising: input speed control neans
for controlling data input speed in the data inputting neans. 8. A radio
transm ssi on device according to Claim1, additionally conprising:
t hroughput judgi ng neans for judging throughput in 68 ---------- - - ---
WﬁgTN%§ g663MEPhdSradi o 1ine; and input speed control neans for
controlling data input speed in the data inputting means according to the
judged throughput. B:. A radio tramenission device BerorXRINI-®%I m 8,
wherein: said i nput speed control nmeans decreases data input speed with a
decrease in tihtsughpotghandraddreddns.t hemprising:

data inputting means for inputting transmission
data;

input data storing means for storing the inputted
transmission data temporarily;

data éompression means for reading data from thé
data storing meaps to compress the data; and

data transmitting meéns for transmitting the

compressed data through the radio line.

2. A radio transmission device according to Claim 1,
additionally comprising:

throughput judging means for judging throughput in

the radioc 1line.

3. A radio transmission device according to Claim 2,
wherein:
said input data storing meané is éomprised of a
memory that operates using a first-in first-out method;
and | _ , ‘ .
said throughput judging means judggs throughput
according to a difference between a data writing location

~and a data reading location of the input data storing

means.
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data i nput speed with recovery of the throughput. 10. A radio transm ssion
device according to Claim 1, wherein: said data transmt 'ﬁ% gﬁﬁns
perfornms best-effort- type packet transm ssion, which resﬁ% ¥ 2PP0 5
retransm ssion request. 11. A radio transm ssion device for transmtting
data through a radio line, conprising: data inputting nmeans for inputting
transm ssion data; data conpressing neans for conpressing the inputted
transm ssi on data; conpressed data storing neans for storing the
.conpressed data tenporarily; and data transmitting nmeans for reading the

- conpressed data frgmi{h .data_storing neans.to transpmit 69 19
| Nh§p2005 t he conprgésédgag?gpgﬁgﬁggﬁ Fﬁgnréayéc?iﬁg?oﬁi?n% ﬁgdﬁgélm 1,
transm ssion t.hod fqr transm.tting data through a radio Iine, conprising
the steps of 29814aPA ABuFPIRE *8688 for inputting transmission data; an
input data storing step for,storing the inputted transm ssion data
tenporarily; a datac FRELPONTREEpCPBELPLABFRES dEth FPRRFehbing a

data compression rate in the data compression means.

5. A radio transmission device according to Claim 1,
additionally comprising:

‘throughput judging means for judging throughput in
the radio line; and | -

compression rate control means for contro}ling a
data compression rate in the data compression means
5ccording to the judged throughput.

6. A radic transmission device according to Claim 5,
wherein:

sald compression rate control means increases a
data compression rate with a decrease in throughput, and
decreases the data compression rate with récovery of the
throughput. |

7. A radio transmission device accbrding to Claim 1,
additionally comprising:

input speed control means for controlling data
input speed in the data inputting means.

8. A radio transmission device according to Claim 1,
additionally comprising:

throughput judging means for judging throughput in
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~data storing neans to conpress the data; and a data transmtting step for
transmtting the conpressed data through the radio line. 13. A radio '
transm ssi on nethod according to Claim 12, additionally E%WﬁY?QW%g t he
step of: a throughput judging. step for judging throughput in the radio
-line. 14. A radio transm ssion nethod according to Claim. 13, wherein: in
the input data storing step, datais witten and read by neans of a
first-in first-out nethod; and in the throughput judging step, throughput
is judged according to a difference between a data witing |ocation and a
data reading |ocation of the input data storing step. 15. Aradio
transni ssi onthet kadiacédrging™fo Claim 70 19 May 2005 12, additionally
conprising the step of: a conpression rate control step for controlling a
data conpression ratwrih sPreedaten coepreszionf et epontpol N padlara :
transm ssi-on nethod according to Claim 12, additionally conprising the
steps of: a thpotgbpetdj udgihg dtep fiopufuilggngethsoaghputiing te hehe adi o
line; and a conpression rate control step for controlling a

- judged throughput. '

9.7A radio tfansmiésion device according to Claim 8,
wherein:

said input speed control means decreases data inﬁut
speed with a decrease in throughput, and increases thé

data input speed with recovery of the throughpuq.

10. A radio transmission device according to Claim

1, wherein:

said data transmitting means performs best-effort-
type packet transmission, which responds to a
retransmission request.
11. A radio transmissibn device for transmitting
‘data through a radio line, comprising:
data inpﬁtting means for inputting transmission
data;
data compressing means for compressing the inputted
. transmission data; _ i
compressed data storing means for storing the
compressed data temporarily; and
data transmitting means for reading the compressed

data from the compressed data storing means to transmit
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data conpression rate in the data conpression step according to the judged
throughput 17. A radio transm ssion nethod according to Claim_ 16, .
wherein: in the conpression rate control step, a data cdﬁ%M@%gp@% rate i s
increased with a decrease in .throughput, and the data conpression rate is
decreased w th recovery of the throughput. 18. A radio transm ssion nethod
according to Claim 12, additionally conprising the step of: an input speed
~control step for controlling data input speed in the data inputting step
19. A radio transm ssion nethod according to Claim 12, additionally :
~conprising the steps of: a throughput kudglng step for judging throughput

in the radi 6hPi FempaAEs?E $9tRmyhropsh shei Apdiospéea-control step for
controlling data input speed in the data inputting step according to the
judged throughput. 2D. A radio tramsm ssion methed becordiompitdi®igai m 19,
wherein: in the input speed control step, data input speed is decreased
with a decredseai bhtbnobghputdiantiithe datarisinputhspeeepssofncreased with
recovery of the throughput.
a data inputting sStep for inputting transmission
.data; |
an input data storing step for storing the inputted
transmission data temporarily;
a data compression step for reading data from the
data storing means to compress the data; and
a data transmitting step_for transmitting the
compressed data.through the radio line.
13. A radio transmission method according to Claim
12, additiohally comprising the step of:
a throughput judging step for judging throughpﬁt'in
the radio line.
14. A radio transmission method according to Claim’
13, wherein: |
in the input data storing step, data is written and
read by means of a first-in first-out method; and
in the throughput judging step, throughput is | )
Ijudged according to a difference betwéenra data writing
_location and a data reading location of the input data

storing step.

15. A radio transmission method according to Claim
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21. A radio transm ssion nmethod according to Glaim 12, wherein: in the
data transmtting step, best-effort-type packet transm ssion, which
responds to a retransm ssion request, is performed. 22. 'R May2eps _
transm ssion nethod for transmitting data through a radio |ine, conprising
the steps of: a data inputting step for inputting transm ssion data; a
data conpressing step for conpressing the inputted transm ssion data; a

- conpressed data storing step for storing the conpressed data tenporarily;
and a data transmtting step for transmtting the conpressed data through
the radio line. 23. A radio receiving device for receiving data 72 19 My
2005 through2a f88#61PPARS1IYCERPPFIFAEY §BPaSFEEePYing neans for receiving
conpressed data through the radio line; data deconpressing neans for '
deconpressing the & ceXTIRERE FbeR; TdLE pirlErh Stew i NERAHSE Flori st 6v i ng t he
deconpressed data tenporarily; and data outputting neans for reading data
“fromthe data compression rate in the data compression step.

16. A radio transmission method according to Claim
12, additionally comprising the steps of:

a throughput judging step for judging throughput in
the radio line; and |

a compression rate control step for controlling‘a
.data compression rate in the—data compression s;ep
according to the judged throughput.

17. A radio transmission method according to Claim
16, wherein:

in the compression rate control step, a data

compression rate is increased with a decrease in
throughput, and the data compression rate is decreased
‘with recovery of the throughput.
18. A radio traﬁsmission method accofding to Claim
12, additionally comprising the step of:
an input speed control step for controlling data‘
input speed in the data inputting step. | )
19. A radio transmission method according to Claim
12, additionally comprising the steps of:
a throughput judging step for judging throughput in

- the radio line; and
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out put data storing neans to output the data. 24. Aradio receiving devi ce
according to Caim23, additionally conprising: t hr oughput i hg neans
for judging throughput in the radio line. 25. A radio re@%N&Nﬂ O%evi ce
according to Claim24, wherein: said output data storing nmeans is
conprised of a nmenory that operates using a first-in first-out method;
and sai d throughput judgi ng neans judges throughput according to a
-di fference between a data witing location and a data reading |ocation of
the output data storing neans. 26. A radio receiving device according to
Claim23, wherein: 73 19 May 2005 said_data receiving neans receives a
conpression rate paRahRPef SPPPeBOPBTPEafEAPsEPENCEREROLBHRY s@d &k dat a
deconpressing nmeans perforns data deconpression processing according to
t he conpressiioputr gpecfaianther daka iapuadioor scebyiargoddingetactbeding to
claim 23, additionally conprising: output speed control means for :
control ling datiged throughput.

20. A radio transmission method according fo_Claim
19, wherein:

in the input speed control step, data input speed
is decreased with a decrease in thfoughput, and the data.
input speed is increased with recovery of the throughpﬁt.

21. A radio tramnsmission method according;to Claim
12, wherein:

in the data transmitting step, best-effort-type
packet transmission, which responds to a fetransmission
regquest, is perforﬁed..

22. A radio transmission method for transmitting
dafa through a radio line, comprising the steps of:

a data inputting step for inputting transmission
data;

a data compressing step fdr bompréssing the
inputted transmission data;

a compressed data storing step for storing the
‘tompressed data temporarily; and

a data transmitting step for transmitting the
compressed data through the radioc line.

23. A radio receiving device for receiving data

72




out put speed in the data outputting nmeans. 28. A radio receiving device
according to daim27, wherein: said data outputting neans records data,
whi ch. has been read fromthe output data storing nmeans, 19May Zpogen
storage nedium and said output speed control neans controls data
‘recordi ng speed for recording on the storage nedium 29. A radio receiving
devi ce according to Claim 23, additionally conprising: throughput judging
nmeans for judging throughput in the radio |line; and output speed control
means for controlling data output speed in the data outputting neans

‘according to _the judged thraqughput 30. /A radi o receiving device
according to éF&lﬁhZQ ragiorgi %ﬁy SOPBT IfiE%6i n: sai d out put speed contr ol
means decreases data output speed with a decrease in throughput, and
i'ncreases the datad%H%pﬁ?cgbééﬁwa?%n¥eé%ﬁe¥90%¥v%m% torRARhpRA . dBua A
radi o receiving device according to Gaim23, wherein: said data rece|V|ng
means per f or fBrbegh- eheoredippaéingacket transn155|on that issues a

. retransm ssi on request
data decompressing means for decompressing the

received data;

output déta storing means for storing‘the
decompressed data temporarily; and

data outpﬁttiﬁg means for reading data from the-
output data storing means to output the data.

24. A radio receiving device according to Claim 23,
édditionally comprising:

throughput judging means for judging throughput in
the radic line. |

25. A radio receiving device according to Claim 24,
wherein:

said output data storing means is comprised of.a
memory that operates using a first-in first-out method;
and

said throughput judging means judges throughput
according to a difference between a data writing location
and a data feading location of the output data storing
means .

26. A raaio receiving device according to Claim 23,

wherein:
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in response to occurrence of a packet receiving error. 32. Aradio
recei ving device for receiving data through a radio line, conprising: data
recei ving nmeans for receiving conpressed data through theowrgi2005i ne;
output data storing nmeans for storing the received data tenporarily by
‘means of a first-in first-out nethod; and data deconpressing neans for
reading data fromthe . output data storing neans by neans of a first-in
first- out nmethod to deconpress the data; and data outputting nmeans for
outputting the data deconpressed by the data deconpr essi ng means. 33. A
radi o receiVving rrethod f(g recel v1n data _through a rad |ne corrpr|5| ng
the steps of: a dat¥ b W e ng b DrFECRIVIN corrpar ess&-ff:’d‘ﬁe ata” 75 19
May 2005 through the radio |i a data deconpressin ep_for

deconpr essi nﬁaF%ePW%‘B%F%EdaH%?ée‘iaﬁooEF?ﬁﬁ?mﬂggho%t%??% %‘F%p for storing
the deconpressed data tenporarily; and a data out putt| ng step for reading
data, which has bed Sibricd IRIRILERTINRI ML RAT HHE L3 34. A radio

recel ving method according to C aim 33,
decompression proce581ng accordlng to the compression

rate parameter.

27. A radio_receiving device according to Claim 23,
additionally comprising:

output speed control means for‘controiling data'
output séeed in the data outputting means.

28. A radio receiving device according to Claim 27,
wherein:

said data outputting means reéords data{ which. has
been read from the output data storing means, on a given
étorage medium; and

| said output speed control means controls data

recording speed for recording on the storage medium.

29. A radio rgcéiving device according to Claim 23,
additionally comprising:

throughput judging means for judging throughput in
fhe radico line; and

output speed control means for controlling data
output speed in the data outputting means according to
the judged throughput.

30. A radio receiving device according to Claim 29,
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additiohally conprising the step of: a throughput judging step for judging
throughput in the radio line. 35 A radio receiving nethod according to
Caim34, wherein: in the output data storing step, dataigfmagboosd by
- means of a first-in first-out nmethod; and in the throughput judging step,
“throughput is judged according to a difference between a data witing
| ocation and-a data reading |location of the output data storing step. 36.
A radio receiving nmethod according to Claim33, wherein: in the data .
receiving step, a conpression rate paraneter applied to transm ssion data
-is received; and in the data deconpressing step, data deconpression 76 19 .
May 2005 pr@@é§§#ﬁg is performed according to the conpression rate
paraneter. 37. A radio receiving nethod according to O aim 33,
additionally conpristhd ohtretepretd apnduepuneapeecdiecoersos czﬁi’eap for.
controlling data output speed in the data outputting step. 38. Aradio .
recei vi ng nebhoaduaceorddngitd @ dienrddse whetbropnghput, and increases
the data output speed with reécvery of the throughput.
"31. A radio receiving.device according to Claim 23,
wherein:
said data receiving means performs best-effort-type
packet transmission that issues a retransmission request
in response to occurrence of a packet receiving error.
32. A radio receiving device for receiving data
through a radio line, comprisging:
data receiving means for receiving compressed data
through the radio line;
output data storing means for storing the received
data temporarily by means of a first-in first-out method;
~and
data decompressing means for reading data from the
output data storing means by means of a first-in first-
out method to decompress the data; and
data outputting means for ocutputting the data
decompressed by the data decompressing means.
33. A radio receiving method for receiving data

through a radio line, comprising the steps of:

a data receiving step for receiving compressed data
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i-n.the data outputting step, data, which has been read in the output data
storing step, is recorded on a given storage nedium and in the out put
speed control step, data recording speed for recording onghg 2809r age
-mediumis controlled. 39. Aradio receiving nmethod according to C aim 33,
additionally conprising the steps of: a t hr oughput judgi ng step for judging
t hroughput in the radio line;. and an out put speed control step for
controlling data output speed in the data outputting step according to the
judged t hroughput. 40. A radio receiving method according to C ai m 39,
wherein: in the output speed control step, data output speed is decreased
with a decreddedugh hsugtsplito ldmoet he data 77 19 May 2005 out put speed
is increased with recovery of the throughput. 41. A radio receiving nethod
according to O ai m 83datuehdrepmprenstihg daktp fecedvkbogpsteping the
best-effort-type packet transm ssion, which issues a retransm ssion
request in reRARSE tAateccurrence of a packet receiving error, is
performed. 42. A radio receiving nethod for receiving data

an output data storing step for storing the
decompressed data temporarily; and

a data outputting step for reading data, which has
been stored temporarily, to output the data. |

34. A radio receiving methed according to Claim 33,
additionaily comprising the step of:

a throughput judging step for judging throughput iﬁ
the radio line.

35. A radio receiving méthpd according to Claim 34,
wherein:

in the output data storing step, data is stored by
means of a first-in first-out method; and

in the throughput judging step, throughput is
judged according to a difference between a data.writing
‘location and a data reading location of the output data
storing step.

36. A radio receiving method according to Claim 33,
wherein:

in the data receiving step, a compression rate
parameter apprlied to transmission data is received:; and

in the data decompressing step, data decompression

76




through'a”radio li ne, conpri sing the steps of: a data receiving step for
recei ving conpressed data .through the radio line; an output data storing
-step for storing, the received data tenporarily by neans1@ng2b055t-|n
first- out: nethod; a data deconpression step for reading the tenporarily
stored data by neans of a first-in first-out nethod to deconpress the
- data; and a-data outputting step for outputting the data deconpressed by
‘the data deconpressing step. 43. Aradio transnmitting/receiving system for
transmtting data through a radio line, conprising: a radio transmssion
unit conprising: data inputting neans for .inp uttln% transm ssion dat a; 78
19. May 2005Pr°ﬁﬁﬁﬁléﬁtéSsPSF?ﬁ§mﬁ§aﬁ§C96@1§ﬂoFpné Fhéomﬁﬁﬁﬁﬁéan rate
transm ssion data tenporarily by neans of a first-in first-out nethod,
dat'a conpres¥icgamedgds for reading data fromthe datastoring neans to
conpress the data; and data transmtting neans for transmtting the
_ conpressed dat a thrbﬁghAth@dx@dw@c¢lwengam@@hm@ a@mqw®qnq;unnqlaxmwﬁ35|ng
addltlonally comprising the step of:
an output speed control step for controlling data
output speed in the data outputting step.
38. A radio receiving method according teo Claim 37,
wherein:
in the data outputting step, data, which has been'
read in the output data storing step, is recorded on a
7 given storage medium; and
in the output speed control step, data recording
speed for recording on the storage medium is controlled.
39. A radio receiving method according to Claim 33,
additionally comprising the steps of:
a throughput judging step for judging throughput‘in‘
the radio line; and
an output speed control step for controlling data
output speed in the data outputting step according to the
judged throughput.
40. A radioc receiving methed according to Claim 39,
wherein:

in the output speed control step, data output speed

is decreased with a decrease in throughput, 'and the data
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data receiving neans for receiving transnission data through the radio
| i ne; data deconpressing neans for. deconpressing the received data; output
data storing neans for storing the deconpressed data tenpopmlizogsby nmeans
of a first-in first-out nmethod; and data outputting neans for reading data
~fromthe output data storing neans to output the data. 44. A radio
‘transmtting/receiving systemaccording to Caim43, additionally
conpri-si ng: -t hroughput judging nmeans for judging throughput in the radio
line according to a difference between a data witing location and a data
readi ng |l ocation of the input ‘data storing neans and/or the output data
storing mean®utPnt Aregdi § st f@asfasshgiitdc siagiong ey Sfemhgc EdrgrgPUL9 . 19
May 2005 to Claim43, additionally conprising: throughput judging neans
‘for judging throughput Anradhe radedvingepetbeaprassdoiinat bocdhriml3Irans
for controlling a data conpression rate in the data conpression neans-
accordi ng towhleredghput in the radio line;, and conpression rate notifying
means for notifying the radio receiving unit of a conpression rate
par anet er t hat in the data receiving step, best-effort-type packet
transmission, which issues a retransmission fequest in
response to occurrence of a packet receiving error, ‘is
prexrformed.
42. A radio receiving method for receiving data
through a radio line, comprising the steps of:
a data receiving step for receiving compressed data
through the radio line;
an output data storing step for storing the
received data temporarily by means of a first-in first-
out method;
a data decompression step for reading the
temporarily stored data by means of a first-in first-out
method to decompress the data; and
a data outputting step for outputting the data
"decompressed by the data decompressing step.
43. A radio transmitting/receiving system for
transmitting data through a radio line, comprising:
a radio transmission unit comprising:

data inputting means for inputting transmission

data;
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has been used in the data conpression. neans; wherein: . said dat a
deconpressi ng neans perforns data deconpression processing according to
the notified conpression rate paraneter. 46. A radio 19 May 2005
transmtting/receiving systemaccording to Oaim43, wherein: said
~conpression rate control nmeans increases a data conpression rate wi.th a
decrease in throughput, and decreases the data conpression rate with’
recovery of the throughput. 47. A radio transmtting/receiving system
according to Claim43, additionally conprising: throughput judgi ng nmeans
for judging throughput in the radio line;, and input speed control neans
for controlling dat¥Pwp data_stoxring . means 1@pypstopoy fhpuinmspgdeas i n t he
data inputting neans according to throughput in the radio line. 48. A
radi o transntrahpglisecenvinagasysnearacidydbrigneawsChhi m A¥rswhirein: said
i nput speed control neans decreases data input speed with a decrease in
t hroughput, amdstrnoveaseshofie data i nput speed with recovery of the
t hr oughput . _ ‘

3 data compression means for reading data from the
data storing means to compress the data; and

data transmitting means for t:ansmitting the
compreSéed data through the radio iine;

'a radio receiving unit comprising:

data receiving means for receiving transmission
data through the radio line;

data decompressing means for decompressing the
received data;

cutput data storing means for storing the
"decompressed data temporarily by means of a first-in
first-out method; and

data outputting means for reading data from the
output data storing means to output the data.

44. A radio transmitting/receiving system according
to Claim 43, additionally comprising:

throughput judging means for judging throughput in
the radio line according to a difference between a data
writing location and a data reading location of the input

data storing means and/or the output data storing means.

45. A radio transmitting/receiving system according
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49. Aradio transnitting/receiving systén1according to Caim43,
addi tionally conprising: throughput judging neans for judging throughput -in
the radio line; and output speed control neans for control$mg2desa output
speed in the data outputting nmeans according to the judged throughput. 50.
A radio transmtting/receiving systemaccording to Caim49, wherein: said
out put speed control neans decreases data  output speed with a decrease in
t hroughput, and increases the data output speed with recovery of the
t hroughput. 51. A radio transmtting/receiving systemaccording to Caim
43, wherein: said data transmtting nmeans and said data receiving neans
per for m best t&f Cdeim e Faldidtl ongldys #eg®irdsingy which retransmission is
controlled in 81 19 May 2005 response to occurrence.of a transm ssion data
-error. 52. A storagéhpedgbpuforuggond ngegoapioer jsddingr ehrobyhmibt cin
processing of data transm ssion through a radio line is performed on a
conput er systém rpldyjsi ddley in a conputer readable form wherein: said
- conputer software conprises: a data inputting step for inputting
transnlssron compression rate control means for controlling a
data compression rate in the data compression means
according to throughput in the radio line; and
compressidn rate notifying means for notifying the
radio receiving unit of a compression rate parameter that
has been used in the data compression means;
wherein:
said data decompressing means performs data
decompression processing according to the notified
compression rate parameter.
46. A radio transmitting/receiving system according
to Claim 43, wherein:
said compression rate control means increases a
data compression rate with a decrease in throughput, and
decreases the data compression rate with'recovéry of the
throughput.
47. A radio transmitting/receiving system according
to Claim 43, additionally comprising:
throughput judging means for judging throughput.in

the radio line; and

input speed control means for controlling data
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data; an input data storing step for sforing the inputtéd transm ssi on
data tenporarily, a data conpression step for reading data fromthe data
storing neans to conpress the data; and a data transm tti{@msleposor
transmtting the conpressed data through the radio |line. 82 RAD O
" TRANSM SSI ON DEVI CE AND METHOD, RADI O RECEI VI NG DEVI CE AND METHOD, RADIO
* TRANSM TTI NG RECEI VI NG SYSTEM AND STORAGE MEDI UM - ABSTRACT OF THE ,
DI SCLOSURE Disclosed herein is a radio transm ssion device conprising data
dinputting nmeans for inputting transm ssion data, data storing neans for
~storing the inputted transm ssion data tenporarily, data conpression neans
for readi ng datraitf repmechd nddthe gadrd rigimednio g eeeempreserdiadddtoa, and data -
transmtting nmeans for transmtting the conpressed data through a radio
line. Wth thilgrcagiduguriat ithre, radieall-itnee signal in a radio transm ssion
system in which effective throughput is not guaranteed |ike ACL |ink of
Bl uet oot h can be trassnittedicandaneneicvedyg/Pekayvohgdatatémansabssing
caused by a change in throughput of the line is absorbed by the data
storing nmeans.q ldl a36diat7 ofheg@ntr-0l Iing a conpression rate in response to
the change in throughput enables transm ssion with an optimumdata rate.
Figure 1 said input speed control means decreases data input
speed with a decrease in throughput, and increases the
data input speed with recovery of the throughput.
49. A radio transmitting/receiving system according
to Claim 43, additionally comprising:
throughput judging means for judging throughput in
ﬁhe radio line; and
output speed control means for controlling data
cutput speed in the data outputting means according to
the judged throughput.
50. A radio transmitting/receiving system according
to Claim 49, wherein:
said output speéd control means decreases data
output speed with a decrease in throughput, and increases
the data output speed with recovery of the throughput.
51. A radio transmitting/receiving system according
to Claim 43, wherein:
said data tramnsmitting means and said data

receiﬁing means perform best-effort-type packet

transmission, by which retransmission is controlled in
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response to occurrence of a transmission data error.

52. A storage medium for storing computer software,
by which‘proceséing of data transmission th?ough a radio
1ine ig performed on a computer system, physically in a
cohputer readable form, wherein:

said computer software comprises:

a data inputting‘step for inputting transmission
- data;

aﬁ input data storing step for storing the inputﬁed
transmission data tempqrarily;

a data compression ste§ fér reading data from the
data stofing means to compress the data; and

a data transmitting step for transmitting the

compressed data through the radio 1line.
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RADIO TRANSMISSION DEVICE AND MEI'HOD RADIO RECEIVING DEVICE AND
METHOD, RADTO TRANSMITTING/RECEIVING SYSTEM, AND STORAGE MEDIUM
ABSTRACT OF THE DISCLOSURE
Disclosed herein is a radib transmission device_

comﬁriéing'data inputting means for inputting
transmission data, data storing means for storing the
inputted transmission data temporarily, data-compression,
means for reading data from the data storing means to
compréss the data, and data transmitﬁing means for
transmitting the compressed data through a radio line.
With this configuration, a real-time signal in a radio
,tfansmission system,'in which effective throughput is not
guaranteed like ACL link of Bluétooth can be transmitted
and recelived. Delaf of data transmission caused by a‘
change in throughput of the line is absorbed by the data
storing méans. In addition, controlling a compression
rate in response to the change in throughput enables

‘transmission with an. optimum data rate.

Figure 1
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