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D!;SCRIPTION 

PORTABLE INFORMATION TERMINAL, 

METHOD OF PROCESSING AUDIO DATA, 

RECORDING MEDIUM, AND PROGRAM 

Technioal"Field 

PCT/JPflO/ft-159.& 

·The present 1nv:ention relates to a portable 1.nforma:tion 

terminal for use as ~ portable telephone set, a PHS (Port-

10 able Handy-phone System) terminal, a portable: game machine. 

or a PDA (Personal Digital Assistant), a method of process-

ing· audio data for compressing and expanding audio data used 
I . . . 

in the portable information terminal. a recording medium 

which stores a program for carry1.ng out at least the method 

15 of processing audi.o'data and data to be referred to by the 

20 

program. and a program for carrying out the method of proc-

essing audio data. 

Background Ar~· 

Generally, an audio coding process removes redundancy 

from audio data so as to be able to handle the audio data in 

a reduced amount of information. The.audio coding process 

is an indispensable technol.ogy for digital audio data trans-

mission, e.g., audio data transmission via portable tele-

25 phone and the Internet, and digital audio data storage, · 

e.g., audio data storage in CD-ROMs, DVDs (Digital Video 

Discs) , and MDs (Mini Discs.> • 
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The audio cod.ing process ut11izes audio data properties 

and human audi.tory characteristics in order to code audio 

data efficiently. 

The audio coding process is based on various techniques 

5 including nonuniform quantization, predictive coding, dif­

ferential. PCM, subband coding based on human auditory and 

visual characteristics, and transform·coding. 

According to the transform coding technique, for exam­

ple, a time-domain signal is sliced with a window ranging 

10 from s to so ms, converted into a frequency doma.in by DCT 

(Discrete Cosine Transform) or DFT (Discrete Fourier Trans- · 

form), classified into.a corresponding group with a critical 

bandwidth, and coded w1th a mini.mum number required of quan­

tization bits in v1ew of masking. 

15 Specifically, audio data 1.s converted 1nto a frequency 

domai.n by MDCT (Modi.£1.ed Di.screte Cosine Transform), ··and al.-" 

so subjected to FFT (Fast Fouri.er Transform). A masking 

threshold val.ue for each cr1.tica1 band 1.s determi.ned from 

the FFT si.gnal, and the MDCT audi.o data 1.s quanti.zed and 

20 thereafter subjected to variable-length coding, 1..e •• entro­

py coding such as Huffman coding. 

The encoded audi.o data 1.s decoded by variable-length 

decodi.ng and 1.nverse quantizati.on, and·then inverse DCT 

(IDCT) to restore time-domain data, 1..e., audio data. 

25 In order to meet demands for smaller si.ze and wei.ght, 

efforts have been made to improve portable information ter­

m1.nal.s such as portable tel.epbone sets, PHS terminal.s, port~ 
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ab1e game machines, or PDAs by employing piezoelectric 

speakers and small memories of reduced sto;-age capacity for 

operating programs. 

A program for acllleving the audio co~ing process (here­

s inafter referred to as •audio coding_prograin•> is made up of 

a vast number of steps. If the audio coding program is 

ported directl.y.to a portable informat:l.on :terminal., then the 

following programs are liable to ar:l.se: 

(1) Since it is necessary to provide a storage capacity 

10 large enough to store the audio coding program, there is a 

greater need for a memory for storing.the audio coding pro-

gram. 

(2) If no suff~c.ient storage capaci.ty is ava11ab1e, 

then the audio coding program cannot be made resident. 

15 Therefore, each· time there 1.s a request for audio data out-

put, the aud1.o coding program must be stored in a working · 

area and activated. However. the process l.eads to a reduc-

tion.in the processing speed, and the timing for audio data 

output 1.s liable to be retarded • 

20 .. ( 3) Because the number of steps of the audio coding 

program is large, the audio coding program is required to be 

paged frequently. The frequent paging process 1s liable to 

increase the processing time and operational errors. 

25 Disclosure of Invention 

It :ls therefore an object of the present invention to 

provide a portable informat:l.on terminal having a simplif :l.ed 



W001/04734 PCT/JP00/04594 

- 4 -

aud1.o·coding program that 1.s capab1e of quickly processing 

audio data. 

Another object of the present invention is to provide a 

method of processing audio data which is suitable for the 

5 processing of audio data in a portable information terinina1. 

Still another object of the present invention is to 

provide a recording mediwn which stores a program for quick­

ly processing audio data that is suitable for the processing 

of audio data in a portable inforination terminal. and data 

10 to be referred to by the program. 

A portable information terminal according to the pre­

sent invention has a memoryfor storing.data, expansion 

processing means stored in the memory, for expanding com­

pressed data which bas not been subjected to var1.able-.length 

15 coding, into audio data, sound output means for converting 

the aud1o data into sound and outputti.ng the sound~ and a 

plurality of data buffers accessible by at least the expan­

sion processi.ng means, for successively selectively reading 

and writing at least the audi.o data. 

20 The expansion processing means expands the compressed 

data to restore the audio data. The compressed data has not 

been subjected to variable-length coding. 

Generally, Huffman codi.ng is used as the variable­

length coding (entropy coding). If the var.iable-.length cod-

25 ing employed, the nwnber of steps required to decode the da­

ta is .increased, resulting in an i.ncrease in the si.ze of a 

program that is used to expand the compressed data. 
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According to the present invention. ~o decoding process 

is required because the expansion processing means expands 

the compressed data which has not been su~jected to vari­

able-length coding. and hence the nmnber ()~ steps carried 

5 out by the expansion processing means is greatly reduced. 

As a result. the compressed data can quickly be restored 

without having to increase the storage cap~city of the mem-

or:y. 

Furthermore. since the plural data buffers are used. no 

10 data interference occur~ during the processing. and the com­

pressed data can be expanded qq.ickly with ~igh accuracy. 

If the number of data based on a processable number 

that is preset to meet the performance of at least the sound 

output means is regarded as one sample. then the expansion 

15 prc>c~s,·s1ng means . may . comprise ln~anS. for expanding the com­

pressed data for each sample. Therefore. the compressed da~ 

20 

25 

ta can be expanded depending on the specifications of the 

portable information terminal.. preventing sound from being 

outputted out of synchronism with displayed images. 

The expansion pi;~cess1ng means may com.prise inverse 

quantization processing means for inversely quantizing the 

compressed data into inversely quantized data. and IDCT 

processing means for effecting an IDCT process on the 1n-

versely quantized data to produce the audio data. the data 

buffers including two inverse quantization buffers access1-

ble for successively selectively reading and writing the 1n-

verse1y quanti.zed data. and two audio data buffers accessi-

.. 



W001/04734 PCT/JP00/04594 
. ~ •.· 

·.·.· ,._::. 
- 6 

b1e for successive1y se1ective1y reading and writing the 

audio data. 

The IDCT processing means may comprise means for ef-

f ecting the IDCT process using a cosine table which has been 

5 generated :ln advance. With the cosine tabl.e used, the IDCT 

process is s1mp1ified, and the compressed data can be ex-

panded mo~e quickly. 

The IDCT processing means may have low-pass filter 

processing means for logically effecting a low-pass filter 

10 on IDCT-processed data to reduce a high-frequency component 

contained therein. 

The portable information terminaJ.·may·further comprise 

communication means for sending data to and receiving data· 

from an externa1 device, the compressed data comprising data 

15 stored :ln the memory via the communication means. 

The compressed data may comprise.· data wh:Loh is produced 

when uncompressed data recorded in a recording medium acces-

s:lble via the external device is compressed by the external 

device, or may comprise data which is recorded in a record-

20 ing medium accessible via the external device and compressed 

when recorded in the recording medium. 

The uncompressed data may be compressed by effecting a 

DCT process on the uncompressed data to produce DCT­

processed data and quantiz:lng the DCT-processed data. The 

25 DCT-processed data may be quantized by determining maximum 

values at respective frequencies of the DCT-processed data 

to generate a quantization table containing the maxi.mum val-. 
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ues at the respective freque~cies, and ~Viding the DCT-

processed data by the maximum values at the respective fre-

quencies in the quantization table to prodµce quantized 

data. 

Preferably, the compressed data may q9mprise data con­

taining reduced noise. The noise may be ~educed by calcu-

lating a total of samples in original data to produce an 

original total value, compressing the original data and ex-

panding the compressed original data to pro~uce restored · 

10. data, calculati.ng a total of samples i.n the restored data to 

15 

produce a restored total value. eompar:1ng the ori.ginal total 

value and the restoJ:"~d tot.eil value wJ.th e~ch other, and cor-

recting the orig1na1 data·dependi.ng on the result of com-

parison. 

Accor~ng to the present i.nvention, th~re is a1~o 

pro;vided a method.of processJ.ng audi.o·data, comprising the 

steps of expanding compressed data which has not been sub-

jected to variable-length coding, into auc:tio data, using a 

plurality of data buffers accessible for successively se1ec-

20 tively reading and w~iting at least the audio data, and out-

putting the audio data to sound output means to output 

sound. 

The method allows aud~o data to be quickly processed, 

and hence is suitable for audio data processing in a port-

25 able information terminal. 

If the number of.data based ona processable number 

that is preset to meet the performance of at.least the sound 
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output means 1.s f~'Y&rded as one sampl.e, ~lMn the step of ex­

panding compressed data may comprise the step of expandi.ng 

the compressed data for each sampl.e. 

The step of expanding compressed data may comprise the 

5 steps of 1nverse1y quantizing the compressed data 1nto in­

versel.y quantized data, and effect1ng an IDCT process on the 

:l.nversel.y quantized dat~ to produce the audio data. the .. ar­

rangement be:l.ng such that the :l.nversel.y quantized data is 

successivel.y sel.ect1vel.y read and written using two inverse 

10 quant1zat1on buffers, and the audio data is successivel.y se­

l.ect:l.vel.y read and written using two aud1.o data buffers. 

The step of effecting an IDCT process may comprise the 

step of effecting the IDCT process using ·a cosine tabJ.e· 

wh1ch has been generated in advance. 

15 The step of effecting an IDCT process may comprise the 

step of l.ogical.l.y effecting a 1ow-pass f11ter on IDCT­

processed data to reduce a high-frequency component con-· 

ta1.ned therein. 

The method may further comprise step of generating the 

20 compressed data, the step of generating the compressed data 

comprising the steps of effecting a OCT process on uncom­

pressed data to produce DCT-processed data, and quantizing 

the DCT-processed data. 

The step of quantizing the DCT-processed data may com-

25 prise the steps of determining maximum values at respective 

frequencies of the DCT-processed data to generate a quant1-

zation tabl.e conta1n:l.ng the maxi.mum va1ues at the respective 
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frequencies, and dividing the DCT-processed data by the 

maximum values at the respective frequencies in the quanti-

zation table to produce quantized data. 

Preferably. the compressed.data may c.9mprise data con-

5 taining reduced noi~e •. The method may fui;ther comprise the 

step of reducing noise, the step of reduc~ng noise compris-

ing the steps of calculating a total of s~ples in original 

data to produce an original total value, compressing the 

original. data and .. expanding .the compressed original data to 

10 produce restored data. calculating a total of samples in the 

15 

restored data to produce a restored total value, comparing 

the original total value and the restored t<;>tal value with 

each other. and correcting the original data depending on 

the result of comparison. 

According to the present invention, there is also 

provided.a recording medium which.stores a program operable 

on a portable information terminal having.a memory for stor­

ing da'l;a. sound output means for converting the audio data 

into sound and outputting the sound, a plurality of data 

20 buffers.accessible f~r successivel.y select+vely reading and 

writing at least the audio data, and also stores data 

referred to by the program, the program comprising the step 

of expanding compressed data which has not been subjected to 

var.iable-length coding, stored in the memory, using the data 

25 buffers, thereby .. to produce audio data. 

The recording medium stores the program which allows 

audio data to be quickly processed, and hence is suitable 
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for audio data prdb~ss:ing in the portable::·iinformation term:l­

nal. 

In the above program, if the number of data based on a 

processable number that is preset to meet the performance of 

5 at least the sound output means is regarded as one sample, 

then the step of expanding compressed data comprises the 

step of expanding the compressed data for each sample. 

The portable information terminal may have two inverse 

quantization buffers accessible for successively selectively 

10 reading and writing the inversely quantized data, and two · 

audio data buffers accessible for successively selectively 

reading and writing the aud:f.o data, and the step of expand­

ing compressed data may ·comprise the steps of·inversel.y 

quantizing the compressed data into :l.nversely quantized 

15 data, and effecting an IDCT process on the inversely quan­

tized data to produce the audio data. The step of effecting · 

an IDCT process may comprise the step of· effecting the IDCT 

process using a cosine table which has been generated in ad­

vance. The'step of effecting an IDCT process may comprise 

20 the step of logically effecting a low-pass filter on IDCT­

processed data to reduce a high-frequency component con­

tained therein. 

25 

The recording medium may store the compressed data as 

well as the program. 

The program may comprise the step of compressing uncom-

pressed data,. the uncompressed data as well as the program 

being stored in the recording medium. 
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According to the present invention, there is further 

provided a program operable on a portable information termi-

nal having a memory for storing various da~a, sound output 

means for converting the audio data into sound and output-

5 ting the sound, a.plurality of data buffers accessible for 

successively selectively reading and writing at least the 

audio data, and also stores data referred to by the program, 

the program being r.eadable and executable by a computer, the 

program comprising the step of expanding compressed data 

10 which has not been subjected to variable-~ength coding, 

stored in the memory, using the data buffers, thereby to 

produce audio data. 

The program allows audio.data to be quickly processed, 

and hence is suitable for audio data processing in the port-

15 able information terminal. 

The above and other objects, feature~. and advantages 

of the present invention will become more apparent from the 

following description when taken in·oonjunction with the ac-

companying drawings in which pref erred embodiments of the 

20 present i.nvention are: .. shown by way of illustrat:f.ve exampl.e. 

Brief Descri.pt:f.on of Drawing 

FIG. 1 is a perspective vi.aw of an entertai.nment system 

to which a portable inf ormat:f.on termi.nal. according to the 

25 present invention is connected; 

FIG. 2 is a pl.an view of the portable information ter-

minal according to the present invention; 
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FIG. 3 is a perspective view of the"Jj~ortable informa­

tion terminal according to the present invention; 

FIG. 4 is a perspective view of the portable informa­

tion terminal· with a lid being open: 

FIG. 5 is a front e1evational view of the portable in­

formation terminal with the lid open: 

FIG. 6 is a block dlagrain of a circuit arrangement of 

an entertainment apparatus; 

FIG. 7 is a block diagram of a circuit arrangement of 

10 the portable information terminal according to the present 

J.nvention; 

FIG. 8 is a bl.ock diagram of an·audio data processing 

means according to the present invention; 

FIG. 9 is a diagram showing the manner in which com-

15 pressed data recorded in an optical disk is transferred .·to­

gether with various programs and data to the portable infor­

mation terminal.; 

FIG. 10 is a diagram showing the manner in which audio 

data recorded in an optical. disk is compressed by a compres-

20 sion processing means, and the compressed data is trans­

ferred together with various programs and data to the port­

able information terminal.; 

FIG. 11 is a functional block ·diagram of the compres­

sion processing means; 

25 FIG. 12 is a flowchart of a processing sequence of the 

compression processing means; 

FIGS. 13 and 14 are a flowchart of a processing se-
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quence of a DCT processing means; 

FIG. 15 is a diagram showing detail.a of a PCM data 

fil.e; 

FIG. 16 is a diagram showing details of a DCT data 

5 £1.l.e; 

10 

FIGS. 17 and 18 are a fl.owchart of a processing se-

quence of a quantization table generating means; 

FIG. 19 1.s a diagram showing details of a quantization 

table; .. 

FIG. 20 is a flowchart of a processing sequence of a 

quantizing operation processing means; 

FIG. 21 is a flowchart of a processing sequence of a 

cosine table generating means; 

.FIG. 22 is a functional block diagram of an expansion 

15 processing means; 

FIG. 23 is a flowchart of a processing sequence of the 

expansion processing means; 

FIG. 24 is a flowchart of a processing sequence of an 

inverse quantization processing means: 

20 FIG. 25 is a flowchart of a processing sequence of an 

IDCT processing means; 

FIG. 26 is a flowchart of a first specific example of 

operation sequence of a low-pass filter processing means; 

FIG. 27A is a diagram of a changing pattern of audio 

25 data restored by an IDCT process; 

FIG. 27B is a diagram of a changing pattern of audio 

data after low-pass filter processing (first specific exam-
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ple) corresponding to the changing pattern of audio data 

shown in FIG. 27A; 

FIG. 28 is a flowchart of a second specific example of 

operation sequence of the low-pass filter processing means; 

· s FIG. 29A is a diagram of a changing pattern of audio 

data restored by an IDCT process; 

FIG. 298 is a qiagram of a changing pattern of audio 

data after low-pass filter processing (second specific exam­

ple) corresponding to the changing pattern of audio data 

10 shown in FIG. 29A: 

FIGS. 30 and 31 are a flowchart of a noise reduction 

process; 

FIG. 32 is a flowchart of an original total.ing·process; 

FIG. 33 is a flowchart of an IDCT process in the noise 

15 reduction process; 

ess; 

FIG. 34 is a flowchart of a restoration tota1ing proc-

FIG. 35 is a flowchart of a total differential process; 

FIG. 36 ·1s a flowchart of a first data correcting proc-

20 ess; and 

25 

FIG. 37 is a flowchart of a second data correcting pro-

Oe$S. 

Best Mode for carrying Out the Invention 

A portable information terminal according to the pre­

sent invention that can be used as a portable game machine, 

software for achieving a method of processing audio data ac-



W001/04734 PCT/JP00/04594 

- 15 -

cording to the present invention. and a recording medium 

which stores the software will be described below with ref­

erence to FIGS. 1 through 37. 

Prior to the description of a portable information ter-

5 m:l.na1 18 according to the present invention. an entertain­

ment system 30 to which the portable information terminal 18 

is connected will be described below with reference to FIGS. 

1 through 7. 

10 

15 

As shown in FIG. 1. the entertainment system 30 in­

cludes an entertainment apparatus 32 which serves as a mas­

ter unit for the portable i.nformation terminal 18, the port-

able information terminal 18 detachab1y connected to the en­

tertainment apparatus32. a manual. controller 34 detachab1y 

connected to the entertainment apparatus 32 by a connector 

38, and a display monitor 36 such as a television receiver 

wh:l.ch is suppl;ied wi.th vi.dee and audio output signals from 

the ·entertainment apparatus 32. 

The entertai.nment apparatus 32 can read a program re­

corded in a mass storage medium such as -an optical disk 40 

20 such as a CD-ROM, for:example, and execute a game, for exam­

ple, based on the program depending on commands supplied 

25 

from the user, e.g •• the game player. The execution of the 

game mainly represents controlling the progress of the game 

by controlling the display of images and the generation of 

sounds on the display monitor 36 in-response to input sig­

nals from the manual controller 34. 

The entertainment apparatus 32 is essentially in the 
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shape of a flat r~dtangular parall.el.epip~d; and has a disk 

loading unit 42 in which an optical disk 40 is disposed cen­

trally ~herein to be stored an application program and data 

of a video game or the like, a reset switch 44 for arbitrar-

s ily resetting a program which is being executed at present, 

a disk control switch 46 for control.ling the loading of the 

optical. disk 40, a power supply switch 48, and two slot 50, 

52, for exampl.e. 

The entertainment apparatus 32 may be supplied with the 

10 application program via a conununication link, rather than 

being supplied from the optical disk 40 as the recording me­

dium. 

The slots .so, 52 have·respective upper slot units SOB, 

52B and respective lower slot units 50A, 52A •. Manual con-· 

15 trollers 34 can be connected respectively to the lower slot 

units SOA, 52A. Memory cards (not sown) or portabl.e:infor­

mation terminals 18 which also function as memory cards can 

be connected to respectively to the upper slot units SOB, 

52B. 'l'he slots 50 (SOA~ SOB) and the slots 52 (52A, 52B) 

20 are of asymmetrical shapes to avoid erroneous insertion of 

manual controllers and memory cards or portable information 

terminals. 

The manual controller 34 bas first and ··second control 

pads 60, 62, an L button 64L,, an R button 64R, a start but-

25 ton 66, and a selection button 68. The manual controller 34 

also has first and second swivel control members 70, 72 for 

making analog control actions, a mode selection switch 74 
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for selecting control modes of the swivel control members 

70, 72, and an indi.cator 76 for indicating a selected con­

trol mode. 

As shown 1n F,IG. 1, the portable information terminal 

5 18 with a 11d 80 being open is connected to the entertain­

ment apparatus 32.' A program and data are downloaded from 

the enterta1nment apparatus 32 into the portable information 

terminal 18 which is connected to the entertainment appara­

tus 32. In this sense, the entertainment apparatus 32 is 

10 considered to be a downloadJ.ng apparatus. 

When the portable information terminal 18 is discon­

nected from the entertainment apparatus 32, stated other­

wise, when the portable information terminal 18 is a stand­

alone system, the portable information terminal 18 can be 

15 operated on a build-in battery to execute a program down­

loaded from the entertainment apparatus 32. 

Portable information terminals 18 can be used as inher­

ent memory cards correspondJ.ng to a plurality of manual con­

trollers 34 connected to the entertainment apparatus 32. 

20 For example, if two users (game players) take part in play­

ing a game on the entertainment system 30, game results of 

the users are recorded respectively in the portable informa­

tion terminals 18. 

25 

As shown in FIGS. 2 through 5, the portable information 

terminal 18 has a housing 82 which supports a manual control 

pad 88 having a plurality of direction buttons 84 and a de-

cision button 86 for entering events_ and making various se-
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lecti.ons. a disp:llh~ un1.t 90 compr1.sing ai ::liquid crystal di.s­

play (LCD) un1.t or the 11.ke, and a window 92 for w1.reless 

conununication via infrared radiation or the like. 

As shown in FIG. 3, the housing 82 comprises an upper 

5 shell 82a and a lower shell 82b. The housing 82 houses a 

board 94 wh1.ch supports a memory device, etc. thereon, as 

shown in FIG. 5. The housing 82 can be inserted into e1.ther 

one of the slots 50 '· 52 of the entertainment apparatus 32. 

and has a connector 96 di.sposed 1.n an end thereof and havi.ng 

10 a elongate rectangular window. 

15 

The window 92 is disposed on an opposite end of the 

housing 82 whi.ch 1.s of a 'SUbstant1al1y semici.rcular shape. 

The display unit 90 occupies a substantially half area,of 

the upper shell 82a and is posi.tioned near the window 92. 

The manual control pad 88 occupies another substanti.al-

ly half area of the upper shell. 82a and is positioned re­

motely from the window 92. As shown 1.n FIG. 4, the manual 

control. pad 88 compri.ses a substantially square lid 80 that 

is angularly movably supported on the housing 82 and sup-

20 ports thereon the direction buttons 84 and the decision but­

ton 86, and switch pressers 98, l~O positioned in an area of 

the housi.ng 82 which can be opened and closed by the 11.d 80. 

The direction buttons 84 and the,deci.sion button·86 ex­

tend through the 11.d BO. The di.recti.on buttons 84 and the 

25 deo1.sion button 86 are supported on the 11.d 80 for movement 

1.nto and out of the upper surface of the lid 80. 

The swi.tch pressers 98. ·. 100 have ~espective · pressi.ng 

1iiiITT~iUr 
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e1ements supported.on the housing 82 for movement into and 

out of the upper su~face of the housing 82. When one of the 

pressing e1ements ~~ pressed from above, it presses a corre-

sponding pressure sw:itch such as a diaphragm switch, for ex-

S ample, mounted on the board 94 in the housing 82. 

With the lid 80 closed, the switch pressers 98, 100 are 

held in vertical alignment with the direction buttons 84 and 

the decision button 86, respectively. Therefore, while the 

lid 80 is being closed over the housing 82, when the direc-

10 tion buttons 84 and the decision button 86. are pressed from 

above into the upper surface of the lid 80, the direction 

buttons 84 and the decision button 86 cause the pressing 

elements of the corresponding switch pressers 98, 100 to 

press corresponding pressure switches in the housing 82. 

15 As shown in FI~. 5, power and signal terminals 102 are 

mounted on the board 94 and disposed in the window of the 

connector 96. The cpnnector 96 has a shape and dimensions 

that are identical to those of ordinary memory cards for use 

with the entertainment apparatus 32. 

20 Circuit arrangements of the entertainment apparatus 32 

and the portable information terminal 18 w1.1l. be described 

below with reference to FIGS. 6 and 7. 

....... ,; 
~-· 

As shown in FIG. 6, the entertainment apparatus 32 com-

prises a control system 112 including a central processing 

25 un1.t (CPU) 110 and peripheral dev1.ces thereof. a graphic 

system 114 1nc1ud1.ng a frame buffer and a graphic processing 

unit (GPU) for rendering image data in the frame buffer, a 
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sound system 116 ltfbluding a sound processt:ng unit (SPU) for 

generating music sounds and sound effects, an optical disk 

controller 118 for controlling· the readout of the optical 

disk 40 in which application programs and data are stored, a 

5 communication controller 120 for controlling the inputting 

of data into and outputting of data from the manual control­

ler 34, the portable information terminal 18, or the memory 

card (not shown), and a system bus 122 to which the control. 

system 112, the graphic system 114, the sound system 116, 

10 the optical disk controller 118, and the communication con­

troller 120 are connected. 

Vi.deo and audio signals generated by .and·outputted·from 

the graphic system 114 and the sound system 11·6 composing 

the entertainment apparatus 32 are supplied to the display 

15 monitor 36 to d.isplay images on the display screen of .·the 

display monitor 36 and reproduce sounds from the speakers of 

the display monitor 36. 

As shown in FIG. 7, the portable information term.inal 

18 has a controller 130 comprising a microco~puter or the 

20 like. The· controller 130 has a CPU 132 for controlling the 

entire system of the portable information terminal 18 via a 

system bus 134. 

To the system bus 134 of the controller 130, there are 

connected, in addition to the CPU 132, a serial-parallel in-

25 terface (SPI) 136 for communication with the entertainment 

apparatus 32, and a UAR'l' (Universal. Asynchronous Receiver 

Transmitter) 138 which is an interface for asynchronous ·data 
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transfer. 

To the system bus 134 of the controller 130, there are 

also connected a working memory 140 comprising an SRAM for 

temporarily storing data and processed results required for 

5 processing by the CPU 132, and a data memory (data storage 

memory) 142 as an external storage means via a memory inter­

face 144. 

To the system bus 134, there are also connected a ROM 

(OSDROM) 146 comprising a flash memory and having an OSD (On 

10 Screen Display) function, and a real-time clock (RTC) 148 

having a calendar and clock function. The OSDROM 146 stores 

a control program such as kernel. 

15 

20 

25 

The manual control pad 88 is connected to the system 

bus 134 via a switch interface (SWIF) 150 which also func­

tions as an interrupt generating means. 

The system bus 134 of the controller 130 is supplied 

with electric energy from a battery 152. When the portable 

information terminal 18 is disconnected from, i.e., indepen­

dent of, the entertainment apparatus 32, the portable infor­

mation terminal 18 can execute application software stored 

in the data memory 142. The contents of the data memory 142 

are backed up by its nonvolatile memory capability even when 

the power supply of the po~table information terminal 18 is 

turned off. 

To the system bus 134, there are also connected a GDC 

(Graphic Display Controller) 154 as an image processing 

means, and a DAC (Digital-to-Analog Converter) 156 for con-
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verting a digital signa1 supplied from the system bus 134 

into an analog signal. 

The portable information terminal 18 has two communica­

ti.on routes, 1.e.,·a first communication route 160 and a 

s second communicati.on route 170, for receiving data from and 

outputting data to external devices. 

The first communication route 160 comprises an infrared 

interface 166 which i.s a module according to IrDA (Infrared 

Data Association) having an infrared-emitting diode 162 and. 

10 an infrared-detecti.ng diode 164, and the UART 138. Infrared 

signal.s are received from and outputted to external devices 

via the infrared interface 166,•oonverted fromparal.l.el. into 

serial si:gna1s or from seri.al into.parallel signals by the 

UART 138, and suppl.ied to and outputted from the system bus · 

15 134. 

The second communication route 170 comprises the con­

nector (physical connector) 96 for making a physical. connec­

tion. and the serial-parallel interface (SPI) 136. As de­

scribed above, as shown in FIG. l, the connector 96 is 

20 mounted J.n .either one of terminal. insertion units (upper 

slot units SOB, 52B) of the slots so. 52 of the entertain­

ment apparatus .32, supplies serial data of information from 

the entertai.nment apparatus 32, e.g. • inf.ormat.ion read from 

the optical disk 40 (1.nc1ud:ingapp1icat1on. software of a 

25 game) to the SPI 136, which converts the serial data into 

paralle1 data and supplies the parallel data to the system 

bus 134 via the connector 96~ 
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An image is displayed on the display screen of the dis­

play unit 90 of the portable information terminal 18 as fol­

lows: The GDC 154 as the image processing means exchanges 

data with a frame memory 180 connected thereto, and controls 

5 an LCDC (Liquid Crystal Display Controller) 182, which is a 

controller for the liquid crystal display unit, to display 

an image on the display screen of the display unit 90. 

Sound (including music sound) is outputted from a 

speaker 184 as a sound outputti.ng means as follows: The DAC 

10 156 for converting a digital signal into an analog signal 

receive~ digital sound data from the system bus 134, con­

verts the digi.tal sound data into analog sound data, and 

s~pplies the analog sound data to the speaker 184, which ra­

diates corresponding sound. 

15 Software (audio data processing means 200) for achiev-

20 

25 

ing a method of processing audio data according to the pre­

sent invention will be described below with reference to 

FIGS. 8 through 37 •. The software which will be described 

below is by way of example only. and various forms of soft-

ware can be applied if they can perform the method of proc-

essing audio data according to the present invention. 

The audio data processing means 200 is recorded in the 

optical disk 40, and downloaded into the portable informa­

tion terminal 18 by a downloading program that is run by the 

entertainment apparatus 32. 

As shown in FIG. 8, the audio data processing means 200 

has an expansion processing means 202 for expanding com-
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pressed data, on which variable-length coding has not been 

effected, to restore audio data. 

The audio data processing means 200 also has, if neces­

sary, a compression processing means 204 for compressing 

5 audio data into compressed data, and a cosine table generat­

ing means 206 for generating a cosine table for use by the 

expansion p~ocessing means 202. The compression processing 

means 204 and ··the cosine tabl.e generating means 206 are not 

transferred to the portable information terminal 18, but the 

10 cosine table is transferred together with the compressed 

data to the data memory 142 of the portabl.e information ter­

minal. 18. 

As shown in FIG. 9, the compressed·data·compr.ises, for 

example, compressed data recorded in the optical. disk 40, 

15 and .is read into the data memory 142 of the portabl.e infor­

mation terminal 18 via the second communication route 170 · 

thereof. The compressed data represents audio data that is 

compressed by a compression processing means 204 that is in­

corporated in a formatter 210, .i.e., a device for writing 

20 data ~n the optical. disk 40. 

Specifically, mainly an audio data flow will be de­

scribed bel.ow with reference to FIG. 9. The·audio data is 

compressed by the compression processing means 204·that op­

erates on the formatter 210, and the compressed data is re-

25 corded in the optical disk 40. At the same time, a cosine 

table· is generated by a cosine tab1e generating means 206 

that operates on the formatter 210, and recorded 1.n the op-



WO 01/04734 PCT/JP00/04594 

- 25 -

tical disk 40. 

The expansion processing means 202. other programs, and 

data are also recorded in the optical disk 40 by the format-

ter 210. 

5 The expansion processing means 202, the compressed 

data, the cosine table, the other programs, and the data 

which have been recorded in the optical disk 40 are trans-

ferred to the portable information terminal 18 by a down-

loading program 212 that is run by the entertainment appara-

10 tus 32, and stored in the data memory 142 or the like via 

the second communication route 170. 

··att:· As shown in FIG. 10, if audio data is recorded as PCM 

data rather than compressed data in the optical disk 40, 

then the audio data is compressed by the compression proc-

15 essing means 204 included in the audio data processing means 

200, and the compressed data read 1.nto the data memory 142 

of the portable information terminal 18 via the second com-

munication route 170 thereof. 

Specifically, mainly an audio data flow will be de-

20 scribed below with reference to FIG. 10. The audio data is 

compressed by the compression processing means 204 that op-

erates on the entertainment apparatus 32, and at the same 

'•':,,'··· 
..:.,:_.. .... · 

time, a cosine table is generated by the cosine table gen-

erating means 206 that operates on the entertainment appara-

25 tus 32. The compressed data and the cosine table are trans-

f erred to the portable information terminal 18 by the down-

loading program 212 that is run by the entertainment appara-
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tus 32. 

The expansion processing means 202, the other programs, 

and the data are recorded in the optical disk 40, and trans-

ferred to the portable information terminal 18 by the down-

5 loading program 212. 

The compression processing means 204 will be described 

below with reference to FIG. 11. As shown in FIG. 11, the· 

compression processing means 204 comprises an audio data 

reading means 220 for succ~ss:lvely readi.ng audio data to be 

10 compressed, a process completion deciding means 222 for de-

ciding the completion of a compressing process, a samp1e 

number determining means 224 :for determining thenumber·C of 

samp1es from the data length of the read audio data; a DCT 

processing means 226 for effecting a DCT (Discrete Cosine 

15 Transform) process on the read audio data to convert the 

audio data from a ti.me domain to audio data J.;n a frequency 

domain, and a quantization processing means 228 for quantiz-

ing the DCT-processed data outputted by the DCT processing 

means 226. 

20 The quantization processing means 228 comprises a'quan-

tization table generating means 230 for de.termiiling maximum 

values at respective frequencies of the OCT-processed data 

to generate a quantization table.containing the.max:l.mum val-

ues at the respective frequencies, and a quantizing opera-

25 tion processing means 232 for dividing the DCT-processed da-

ta by the maximum values at the respective frequencies in 

the quanti.zation table to produce quantized data. 
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A processing sequence of the compression processing 

means 204 will be described below with reference to flow-

charts of FIGS. 12 through 20. 

In step Sl shown in FIG. 12, the compression processing 

5 means 204 stores an initial value •o• in an index register m 

used for retrieving audio data, thus initializing the index 

register m. 

In step S2, the audio data reading means 220 reads mth 

audio data. 

10 In step S3, the process completion deciding means 222 

.. ;~ 
decides whether the compression of all audio data has been 

. ··~:; .. ' finished or not by deciding whether the read audio data is 

EOD, i.e., an end of data. or not. 

If the compressing process has not been finished, then 

15 control goes to step 64 in which the sample number determin-

ing means 224 determines the number C of samples of the pre-

sent audio data based on the data length of the read audio 

data. 

In step SS, the DCT processing means 226 effects a OCT 

20 process on the present audio data. 

The OCT process is carried according to the following 

equation (1): 

••• ( 1) 

25 where 

C(i){- .h i - 0 

-1 i ;oiaO 
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The processing sequence of the DCT processing means 226 

will be described below with reference to FIGS. 13 and 14. 

The DCT processing means 226 employs a PCM data file and a 

DCT data file. 

5 As shown in FIG. 15. the PCM data file contains samples 

each comprising a predetermined number of blocks each stor-.. 
ing audio data (PCM data). In the present embodiment, the 

number A of blocks of one sample is 8. 

As shown in FIG. 16, the DCT data file contains samples 

10 each comprising a predeterm:lned number of records each stor-

ing OCT-processed data. In the present embodiment~ the nuin-

ber B of records of one sampl.e is a. 

In step SlOl shown in FIG. 13, the.DCT·processing means 

226 stores an initial value •o• in an index register k used 

15 for updating samples. thus initializing the index register 

k. 

In step Sl02. the DCT processing means 226 stores an 

initial value •o• in an index register i used for retrieving 

records in the DCT data file, thus initializing the index 

20 register i. 

In step Sl03. the OCT processing means 226 stores an 

initial value •o• in an accumulating register R3, thus ini-

tializing the accumulating register R3. 

In steps Sl04 through Sl06, the DCT processing means 

25 226 detenn:lnes C(i) in the equation (1) above. Specif!-

cally, in step Sl04, the DCT processing means 226 decides 

the value of the index register i. If i = o, then the DCT 
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processing means 226 .stores 1/{2 in a register RO in step 

Sl05. If i is other than 0, then the DCT processing means 

226 stores •1• in the register RO in step Sl06. 

In step Sl07, the OCT processing means 226 stores an 

5 initial value •o• in an index register j used for retrieving 

blocks, thus initializing the index register j. 

In step Sl08, the DCT processing means 226 reads PCM 

data from a (k x A + j)th block in the PCM data fi1e. and 

stores the read PCM data in a register RI. 

10 Then, in step Sl09, the DCT processing means 226 calcu-

lates: 

cos[(2 x j + 1) x ix n/(2 x A)] 

in the equation (1). and stores the result in a register R2. 

In step SllO, the OCT processing means 226 multiplies 

15 the present PCM data stored in the register Rl by the above 

cosine term stored in the register R2, and accumulates the 

resu1t in the accumulating register R3. 

In step Slll, the DCT processing means 226 increments 

the value of the index register j by + 1. Thereafter, in 

20 step Sll2, the DCT processing means 226 decides whether the 

process.for one sample (kth sample) has been finished or not 

by deciding whether or not the value of the index register j 

is equal to or greater than the number A of blocks. 

If the process for one sample has not been finished, 

25 control returns to step Sl08 in order for the DCT processing 

means 226 to process the PCM data of the next block. If the 

process for one sample has been finished. then control pro-
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ceeds to step Sll3 shown in FIG. 14 in which the DCT proc-

essing means 226 calculates the equation (1) for the kth 

samp1e. Specifically, the DCT processing means 226 mu1ti-

plies the value of the accumulating register R3 by the value 

5 of the register RO and ./(2/A}, and stores the result in a 

10 

register R4. 

In step S114, the DCT processing means 226 stores the 

DCT value from the register R4 in a (k x A T i)th block in 

the DCT data fi1e. 

In step SllS, the DCT processing means 226 increments 

the value of the index register i by + i. Thereafter, in 

step S116. the DCT processing means -.226 ···decides ·whether· the 

process for all frequency ranges for .. one sample (kth sample) 

has been finished or not by deciding whether or not the val-

15 ue of the index register i is equa1 to or greater than the· 

number B of records of the frequency ranges. 

If the process for a11 frequency ranges·has not been 

finished. then control returns to step 6103 in order for the 

DCT processing means 226 to effect the processing for the 
. . 

20 next frequency range. If the process for al1 frequency 

ranges has been finished, then control proceeds to step Sll7 

in which the DCT processing means 226 increments the value 

of the index register k by + 1. In step Sll8, the DCT proc-

essing means 226 decides whether the ·process for all samples 

25 has been finished or not by deciding whether or not the val-

ue of the index register k is equal to or greater than the 

number B of samples. 
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If the process for all samples has not been finished, 

then contro1 returns to step SlOl in order for the DCT proc-

essing means 226 to perform the processing on the next sam-

ple. If the process for all samples has been finished. then 

5 control proceeds to step Sll9 in which the DCT processing 

means 226 stores an EOD code indicative of a data end in the 

kth sample in the DCT data file. The processing performed 

by the DCT processing means 226 now comes to an end. 

Control then returns to the main routine shown in FIG. 

10 12. In step S6, the quantization table generating means 230 

performs its processing. 

A processing sequence of the quantization table gen-

erating means 230 will be described below with reference to 

FIGS. 17 and 18. The quantization table generating means 

15 230 employs a quantization table. As shown in FIG. 19, the 

quantization table contains as many records as the number B 

of records of frequency ranges each storing the maximum DCT-

processed value in the corresponding frequency range. 

In step 6201 shown in FIG. 17, the quantization table 

20 generating means 230 s,tores an initial value ·o· in the in­

dex register i used for retrieving records in the DCT data 

file, thus initializing the index register i. 

In step S202, the quantization table generating means 

230 reads the DCT-processed value from the ith record in the 

25 OCT data file, and stores the DCT-processed value in a maxi-

mum value register nMax and a minimum value register nMin. 

In step S203, the quantization tab1e generating means 
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230 stores •1• in the index regJ.ster k used for updatJ.ng 

samples. In step S204, the quantization table generating 

means 230 reads the DCT-processed value from a (k x A + 1)th 

record in ·the DCT data file,. and stores the read DCT-

5 processed value in the register RO. 

Then, in step S205, the quantizatio~ table generating 

means 230 decides whether the DCT-processed value stored in 

the register RO is a minimum va1ue or not by deciding wheth­

er the DCT-processed value.stored in the register RO J.s 

10 smaller than the value stored J.n the minimum value register 

nMin. If the DCT-processed va1ue is smal1er than the value 

stored in the m1.nimum value . regi.ster nMin, then·· contro1 goes 

to step S206 in wh1.ch the quantization table generating 

means 230 stores the DCT-processed value in the mini.mum val-

15 ue register nMin. 

In step S207, the quantizat.1.on table generating means 

230 dec1.des whether the OCT-processed value stored 1.n the· 

register RO is a maximum value or not by deciding whether· 

the OCT-processed value stored in the register RO J.s greater 

20 than the value store.d in the maximum value regi.ster nMax. 

If the DCT-processed value is greater than the value stored 

1n the.maximum value register nMax, then control goes to 

step S208 1.n whi.ch the qliantization table generating means 

230 stores the OCT-processed value J.n the maxi.mum value reg-

25 ister nMax. 

In step S209, the quantization table generating means 

230 increments the value of the index register k by + 1. 
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Thereafter, in step S210, the quantization tab1e generating 

means 230 decides whether the process has been completed for 

all samples for an 1th frequency range or not. 

If the process has not been completed, then control re-

5 turns to step S204 in order for the quantization table gen-

erating means 230 to determine maximum and minimum DCT proc-

essed values for the next sample. If the process has been 

completed, then control goes to step S211 shown in FIG. 18. 

In step 6211, the quantization table generating means 

10 230 decides whether the absolute value of the maximum value, 

i.e., the value stored in the maxi.mum value register nMax, 

is greater than the absolute value of the minimum value, 

i.e., the value stored in the minimum value register nMin, 

or not. 

15 If the absolute value of the va1ue stored in the maxi-

mum value register nMax is greater than the abso1ute value 

of the value stored in the minimum value register nMin, then 

control goes to step 6212 in which the quantization table 

generating means 230 stores the absolute value of the value 

20 stored in the maximum.,value register nMax in the register 

Rl. Conversely, if the absolute value of the value stored 

in the maximum value register nMax is smaller than the abso-

lute value of the value stored in the minimum value register 

nMin, then control goes to step S213 in which the quantiza-

25 tion table generating means 230 stores the absolute value of 

the value stored in the minimum value register nMin in the 

register Rl. 
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Thereafter, in step 8214, the quantization table gen­

erating means 230 divides the maximum va1ue stored in the 

register Rl by a predetermined number D. converting the va1-

ue into data that can be handled with a predetermined number 

5 of bits, and stores the produced data in the register Rl. 

For example. the quantization table generating means 230 di­

vides the maximum value by 16 (= D}, converting the value 

into 4-bit data, for example. 

In step S215. the quantization table generating means 

10 230 stores the maximum value from the register Rl in an ith 

record in the quantization table. 

In step S216. the quantization table ;generating,means 

230 :increments the value of.the;index register i by+ ·1. 

Thereafter. in step S217, the quant:lzation table generating 

15 means 230 decides whether the process has been completed for 

all frequency ranges or not. 

If the process has not been completed for all.frequency 

ranges, then control returns to step S202 in order for the 

quantization table generating means 230 to perfo:cm its proc-

20 essing on the next frequency range. If t~e process has been 

completed for all frequency ranges, then the processing per­

formed by the quantization table generating means 230 now 

comes to an end. 

Control then returns to tbe main routine shown in FIG. 

25 12. In step S7, the quantizing operation process~ng means 

232 performs its process:lng. 

A process:lng sequence of the quantizing operat:lon proc-
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essing means 232 will be described below with reference to 

FIG. 20. 

In step S301 shown in FIG. 20. the quantizing operation 

processing means 232 stores an initial value •o• in the .in-

5 dex register k used for updating samples. thus initializing 

the index register k. 

10 

15 

20 

In step S302. the quantizing operation processing means 

232 stores an initial value ·o· in the index register i used 

for retrieving records in the DCT data file. thus initializ­

~ng the index register .i. 

In step S303. the quantizing operation processing means 

232 reads the DCT-processed value from the (k x A + i)th re­

cord in the DCT data file. and stores the read OCT-processed 

value in the register RO. In step 8304, the quantizing op-

eration processing means 232 reads the maximum value in the 

frequency r~ge from the ith record in the quantization ta­

ble. and stores the read maximum value in the register Rl. 

In step 8305. the quantizing operation processing means 

232 quantizes the present DCT-processed value. Specifi-

cally. the quantizing_operation processing means 232 divides 

the DCT-processed value in the register RO by the maximum 

value in the register Rl. and stores the result in the reg­

ister RO. 

In step S306. the quantizing operation processing means 

25 232 stores the quantized value from the register RO in the 

(k x A + i)th record in the DCT data file. 

In step 8307. the quantizing operation processing means 
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232 increments the va1ue of the index register 1 by + 1. In 

step 6308, the quantizing operation processing means 232 de­

cides whether the process for all frequency ranges has been 

finished or not. 

5 If the process for all·frequency ranges has not been 

finished, then contro1 returns to step 6303 in order for the 

quantizing operation processing means 232 to perform the 

quantizing process for the next frequency range. If the 

process for all frequency ranges has been finished, then 

10 control proceeds to step 6309 in which the quantizing opera­

tion processing means 232 increments the value of the index 

register k by+ 1. In step S310, the quantizi.ngoperation 

processing, means 232 decides whether the process ·.for al.1 

samples has been finished or not. 

15 If the process for all samples has not been finished~· 

then control returns to step 6302 in order for t~e quantiz­

ing operation processing means 232 to perform its processing 

for the next sample. If the process for all samples has 

been finished, then processing performed by the quantizing 

20 operation processing means 232 now comes to an end. 

Control then returns to the main routine· .. shown in FIG. 

12. In step SS, the compression processing.means 204 incre­

ments the value of the index register m by + 1. Then, con­

trol returns to stei;> S2 in which next audio data is read. 

25 The read audio data is then subjected to the DCT process and 

the quantization process. 

In step S3, if the read·audio data is BOD and hence the 
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compression of all the audio data is decided as being fin-

!shed, then the processing sequence of the compression proc-

essing means 204 is ended. 

According to the above compressing process, several 

5 types of audio data are recorded as compressed data in the 

optical disk 40. The compressed data is transferred via the 

second conununication route 170 of the portable information 

terminal 18 and stored in the data memory 142 of the port-

able infonnation terminal 18. 

10 Alternatively, the audio data recorded in the optical 

disk 40 is compressed by the compression processing means 

204 in the audio data processing means 200, and the com-

pressed data is stored in the data memory 142 of the port-

able information terminal 18. 

15 A cosine table used in an expansion process, described 

later on, is recorded in the optical disk 40. The cosine 

table is transferred via the second conununication route 170 

of the portable information terminal 18 and stored in the 

data memory 142 of the portable information terminal 18. 

20 The expansion process is carried according to the fol-

lowing equation (2): 

XtG) = .Ji"C(i)I\(i)cos[(
2
j ~)in] 

where 

25 

{ 

1 . 0 - -1-
C(i) - ../2 -

=1 i ;1110 

The cosine table is generated by the cosine table gen-
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erating means 206 .included in the audio data processing 

means 200. 

A processing sequence of the cosine table generating 

means 206 wi11 be described below with reference to FIG. 21. 

5 In step S401 shown in FIG. 21, the cosine tab1e gen-

erating means 206 stores an initial value •o• in the index 

register j used for retrieving blocks, thus initializing the 

index: register j. 

In step 6402, the cosine table generating means 206 

10 stores an initial. value •o• in the index register i used for 

retrieving records in the DCT data file, thus initializing 

the index register i. 

· In· steps S403 through S405, ·the cosine table ·generating 

means 206 determines C(i) in the equation (2) above. Spe-

15 cificall.y, in step S403, the cosine table generating means 

206 decides the val.ue of the index register i. If i = 0, · 

then the cosine tabl.e generating means 206 stores 1/v2·1.n 

the register RO in step 6404. If i is other than o, then· 

the cosine table generating means 206 stores •1• in the reg-

20 ister RO in step S405. 

Then, in step S406, the cosine table generating means 

206 calcul.ates: 

cos[(2 x j + 1) x ix n/(2 x A)] 

in the equation (2), and stores the result in the register 

25 Rl. 

In step S407, the cosine table generating means 206 

multiplies the value of the register RO by the cal.culated 
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result of the cosine term stored in the register Rl, and 

stores the result in the register R2. 

In step S408, the cosine table generating means 206 

stores the cosine data in the register R2 in the (j x A + 

5 l)th record in the cosine table. 

10 

15 

In step S409, the cosine table generating means 206 in­

crements the va1ue of the index register i by + 1. In step 

S410, the cosine table generating means 206 decides whether 

the process for all frequency ranges has been f 1.nished or 

not. 

If the process for all frequency ranges has not been 

finished, then control returns to step 8403 in order for the 

cosine table generating means 206 to perform the cosine cal­

culating process for the next frequency range. If the proc-

ess for all frequency ranges has been finished, then control 

proceeds to step S411 in which the cosine table generating 

means 206 increments the value of the index register j by + 

1. In step S412. th& cosine table generating means 206 de­

cides whether the process for all blocks has been finished 

20 or not. 

If the process for all blocks has not been finished, 

then control returns to step 8402 in order for the cosine 

table generating means 206 to perform its processing for the 

next block. If the process for all blocks has been fin-

25 ished, then processing performed by the cosine table gen­

·erating means 206 now comes to an end. 

The expansion processing means 202 operating on the 
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portable information terminal 18 will be described below 

with reference to FIGS. 22 through 29B. 

As shown in FIG. 22, the expansion processing means 202 

comprises a buffer defining means 240 for defining one of 

5 two buffers BUFl, BUF2 which is to be used as a present in­

verse quantization buffer and defining one of two buffers 

BUFll, BUF12 which is to be used as a present restoration 

buffer. a sample reading means 242 for reading the.quantized 

value of each sample from the DCT data file, a process com-

10 pletion decidi.ng means 244 for dec:l.ding the completi.on of an 

expand:l.ng process, an 1.nverse quantization process:l.ng means 

246for inversely quant1.z:l.ng the read·quant:l.zed·value,.an 

IDCT processing means 248 · for· ·effecti:ng an IDCT process on 

the inversely quantized data to restore.time-domain audio 

15 data from frequency-domai.n data,· a low-pass fi.lterprocess-

1.ng means 250 for removi.ng a high-frequency component from, 

the restored aud:l.o data, and an audio data output means 252 

for outputt1.ng successive restored samples of audi.o·data to 

the DAC 156 to output sound from the speaker 184. 

20 A processing sequence of the expansion process:l.ng means 

202 will be described below with reference to FIGS. 23 · 

through 29B. 

In step· S501 ··shown in FIG. · 23. ·the buffer defin.ing 

means 240 defines the buffer BUFl as ·a·present ·inverse quan-

25 tization buff er and also def :l.nes the buff er BUFll as a pre­

sent restoration buffer. 

In step S502, the expansion processing means 202 stores 
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an initial value •o• in the index register k used for updat-

ing samples, thus initializing the index register k. 

In step 8503, the sample reading means 242 reads the 

quantized value of one sample from.the kth sample in the DCT 

5 data file, and writes the read quantized value in the pre-

sent inverse quantization buffer. 

In step SS04. the process completion deciding means 244 

decides whether the expansion of all quantized values has 

been finished or not by deciding whether the read quantized 

10 value is BOD, i.e., an end of data, or not. 

· If the expansion of all quantized values has not been 

finished. then control..--. proceeds to step 8505 in which the 

inverse quantization processing means 246 effects its proc-

essing. 

15 A processing sequence of the inverse quantization proc-

essing means 246 will be described below with reference to 

FIG. 24. 

In step 8601 shown in FIG. 24. the inverse quantization 

processing means 246 stores an initial value •o• in an index 

20 register i used for re~rieving records in the inverse quan-

tization buffer, thus initializing the index register i. 

In step 5602, the inverse quantization processing means 

246 reads the quantized value from an 1th record in the in-

-"""':l-•-·· •. 
··"":...t·,.. 

verse quantization buffer, and stores the read quantized 

25 value in the register RO. In step 6603, the inverse quanti-

zation processing means 246 reads the maximum va1ue from an 

ith record in the quantization table, and stores the read 
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maximum value in the register Rl. 

In step S604, the inverse quantization processing means 

246 performs an inverse quantization process. Specifically, 

the·inverse quantization processing means 246 multiplies the 

5 quantized value in the register RO by the maximum value in 

the register Rl to determine an inversely quantized value. 

and stores the inversely quantized value in the register R2. 

In step 8605, the inverse quantization processing means 

246 stores the inversely quantized value from the register 

10 R2 in the ith record in the inverse quantization buffer. 

In step 8606, the inverse quantization processing means 

246 increments the value of 'the :tndex -:register i ·by +. 1. -In 

step S607, the -1nverse·quanti:zation>process1.ng·means 246 de-

cides whether the inverse quantization process for all fre-

15 quency ranges for the kth sample has been finished or not. 

If the inverse quantization process for all.-frequency 

ranges has not been finished, then control returns to step 

S602 in order for the inverse quantization processing means 

246 to perform the inverse quantization process for the next 

20 frequency range. If -the---±nverse -quantization process -for 

all frequency ranges has been finished, then the processing 

performed by the inverse quant:izationprocessing means 246 

comes to an end. 

Control then goes back to the mainroutine shown in 

25 FIG. 23. In step S506, the IDCT processing means 248 per-

forms its processing. 

A processing sequence of the IDCT processing means 248 
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will be described below with reference to FIG. 25. 

In step S701 shown in FIG. 25, the IDCT processing 

means 248 stores an initial. value •o• in the index register 

j used for retrieving blocks, thus initializing the index 

5 register j. 

10 

In step S702, the IDCT processing means 248 stores an 

initial value •o• in the index register i used for retriev­

ing records in the inverse quantization buffer, thus ini­

tializing the index register i. 

In step S703, the IDCT processing means 248 stores an 

initial. value •o• in the accumulating register R2, thus ini­

tial.izing the accumul.ating register R2. 

In step S704, the IDCT processing means 248 reads the 

quantized value from the ith record in the inverse quantiza-

15· tion buffer, and stores the read quantized value in the reg­

ister RO. In step S705, the IDCT processing means 248 reads 

the cosine data from the (j x A + l}th record in the cosine 

tabl.e, and stores the read cosine data in the register Rl. 

In step S706, the IDCT processing means 248 performs an 

20 IDCT process.. Specifically, the IDCT processing means 248 

multiplies the inversely quantized value in the register RO 

by the cosine data in the register Rl and V(2/A). and accu­

mulates the result in the accumulating register R2. 

In step S707, the IDCT processing means 248 increments 

25 the value of the index register i by + 1. In step S708, the 

IDCT processing means 248 decides whether the IDCT process 

for all frequency ranges for the kth sample has been fin-
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:I.shed or not. 

If the IDCT process for a11 frequency ranges has not 

been finished, then contro1 returns to step 6704 in or~er 

for the IDCT processing means 248 to perform the IDCT proc-

5 ess for the next frequency range. If the IDCT process for 

a11 frequency ranges has been finished, then control pro­

ceeds to step 6709 in which the low-pass filter processing 

means 250 performs its processing. 

Of several low-pass fi1tering processes that are ava11-

10 able, two typical-low-pass fi1ter1ng processes wi11 be de­

scribed below. 

According to the first 1ow-pass filtering process, as 

shown in FIG. 26, if the value of the accumulating register 

R2 is smaller than O x BOOOL in step 6801, then control goes 

15 to step 802 in whi.ch the va1ue of the register R2 ·is·· sub- · 

tracted from O x 8000L and the difference is stored in the 

register Rr2. O x 8000L represents double-length data of 

the hexadecimal value ·eooo•. 

If the value of the accumulating register R2 is equal 

20 to or greater than o x 8000L in step 6801, then control goes 

to step 803 in which the va1ue of the register R2 is sub-

tracted from o x lOOOOL, 0 x 7FOOL is added to the differ­

ence, and the sum is stored in the register R2. 

With the first 1ow-pass ·· fi1tering process, when the 

25 value of the register R2 increases from O x lOOL to 0 x 

7FOOL, as shown in FIG. 27A, the value produced by low-pass 

£11.tering changes from o x 7FOOL to o x lOOL, as shown in 
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FIG. 278. When the value of the register R2 increases from 

0 x 8000L to 0 x FFOOL, the value produced by low-pass fil­

tering changes from O x FFOOL to O x 8000L. 

Therefore, when the value of the register R2 sharply 

5 increases from 0 x lOOL to Ox FFOOL, for example, i.e., when 

it contains a high-frequency component, the value produced 

by low-pass filtering changes very slightly from O x 7FOOL 

10 

to 0 x BOOOL. As a result, the high-frequency component is 

removed. 

According to the second low-pass filtering process, as 

shown in FIG. 28, if the value of the accumulating register 

R2 is smaller than 0 x 8000L in step S811, then control goes 

to step 812 in which the value of the register R2 is sub-

tracted from O x 8000L and the difference is stored in the 

15 register Rr2. 

In step S813, if the value of the accumulating register 

R2 is greater than O x COOOL in step S813, then control goes 

to step 814 in which the value of the register R2 is sub­

tracted from o x lOOOOL, O x 7FOOL is added to the differ-

20 ence, and the sum is stored in the register R2. 

With the second low-pass filtering process, when the 

value of the register R2 increases from o x lOOL to O x 

3FOOL, as shown in FIG. 29A, ~he value produced by low-pass 

filtering changes from 0 x 7FOOL to O x 4000L, as shown in 

25 FIG. 298. When the value of the register R2 increases from 

o x 4000L to O x 7FOOL, the value produced by low-pass fil­

tering changes from o x 4000L to o x 7FOOL. 
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When the val~~ Of the register R2 1ri6:feases·from Ox 

BOOOL to o x BFOOL. the value produced by 1ow-pass filteri.ng 

changes from o x 8000L to O x BFOOL. When the va1ue of the 

register R2 i.ncreases from O x COOOL to 0 x FFOOL. the value 

5 produced by low-pass filtering changes from O x COOOL to O x 

BOOOL. 

Therefore. when the va1ue of the register R2 sharply 

increases a range from O x lOOL to O x 3FOOL to a range from 

o x COOOL to O x FFOOL. for example. i.e ..• when it contains a 

10 high-frequency component. the va1ue produced by low-pass 

filtering changes slightly from o x 4000L to o x COOOL. As a 

resul.t, the high-frequency component is removed. 

Thereafter. in step S710 shown in FIG. 25, the IDCT 

processing means 248 stores ·the IDCT-processed va1ue from 

15 the regi.ster Rr2 1.n a jth block in· the restoration buffer. 

In step S711, the IDCT processing means 248 decides 

whether the process for one sample (kth sample) has been 

completed or not. If the process for one sample bas not 

been comp1eted. then contro1 returns to step S702 in order 

20 for the IDCT processing means 248 to perform its IDCT proc­

essing on the next block. If the process for one sample bas 

been completed, then the processing sequence of the _IDCT 

processing means 24~ is ended. 

Contro1 then goes back to the main routine shown in 

25 FIG. 23. In step S507, the aucU.o data output means 252 out­

puts one sample of audio data stored in the restoration buf­

fer to the DAC 156. The DAC 156 converts the supplied audLo 
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data to an analog audio signal, whic~ is supplied to the 

speaker 184. The speaker 184 outputs one sample of sound. 

While the audio data is thus being outputted. the buf­

fer defining means 240 newly defines an inverse quantization 

5 buffer and a restoration buffer in step 6508. Specifically. 

if the buffer BUFl has been defined as the present inverse 

quantization buffer. then the buffer BUF2 is newly defined 

as the present inverse quantization buffer. and if the buf­

fer BUFll has been defined as the present restoration 

10 buffer, then the buffer BUF12 is newly defined as the pre­

sent restoration buffer. Conversely, if the buffer BUF2 has 

been defined as the present inverse quantizat~on buffer. 

then the buffer BUFl is newly defined as the present inverse 

quantization buffer, and if the buffer BUF12 has been de-

15 fined as the present restoration buffer, then the buffer 

BUFll is newly defined as the present restoration buffer. 

In step S509, the expansion processing means 202 incre­

ments the value of the index register k by + 1. Control re­

turns to step S503 in which the sample reading means 242 

20 reads the quantized value of the next sample from the DCT 

data file. The read quantized value is then subjected to 

the inverse quantization and the IDCT process. 

If the read quantized value is EOD and hence the expan­

sion of all the quantized values is finished in step S504, 

25 then the processing sequence of the expansion processing 

means 202 is ended. 

As described above. the portable information terminal 
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18 has the data Btt:iory 142 for storing viElous data. the ex-

pansion processing means 202 for expanding compressed data, 

on which variable-length coding has not been effected, to 

restore audio data. the speaker 184 for converting the re-

s stored audio data 1nto sound and outputting the sound. and 

the pl.ural data buffers, i.e., the buffers BUFl, BUF2 as in-

verse quantization buffers and the buffers BUFll, BUF12 as 

restoration buffers, that are successively sel.ectively read-

ing and writing at least the audio data and are accessed by 

10 at least the expansion processing means 202. 

The expansion processing means 202 expands compressed 

data to restore audio data. Since the expansion processing 

means 202 expands compressed data that has not been subject-

ed to variable-length coding, it is not necessary to perform 

15 a process for decoding the data, and hence the number of 

steps carried out by the expansion processing means 202 can 

be reduced. These advantages lead to an ability· to quickly 

restoring compressed data without having to increase the 

storage capacity. 

20 Inasmuch as the pl.ural data buffers are used, no data 

interference occurs during the processing, and the com-

pressed data can be expa~ded quickly with high accuracy. 

If the number of data based on a processable number 

that is preset to meet the performance of the speaker 184 is 

25 regarded as one sample, then the expansion processing means 

202 expands compressed data for each sample. Therefore, 

compressed data can be expanded depending on the specifica-
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tions of the portable information terminal 18. preventing 

sound from being outputted out of synchronism with displayed 

images. 

The IDCT process performed by the IDCT processing means 

5 248 uses a cosine table that has been generated in advance. 

Therefore, the IDCT process is simplified, and the expansion 

process can be carried out at a high speed. 

The IDCT processing means 248 has the low-pass filter 

processing means 250 for logically effecting a low-pass fil-

10 ter on IDCT-processed data to reduce a high-frequency compo­

nent contained in the data. Consequent1y, the amount of da­

ta and the amount of calculations that are handled in the 

expansion process can be reduced. 

15 

For converting audio data into compressed data, it is 

preferable to carry out a noise reduction process. Accord­

ing to the noise reduction process. a total of samples of 

original audio data (original total value) and a total of 

samples of restored audio data, produced by compressing the 

original audio data and then expanding the compressed audio 

20 data (restored total value) are compared with each other.­

If the restored total value suffers an error of 7 % of the 

original total value, then the original audio data is cor­

rected to reduce noise that is produced after the audio data 

i.s restored. 

25 The noise reduction process will specifically be de-

scribed below with reference to FIGS. 30 through 37. 

In step S901 shown in FIG. 30, the cosine table gen-
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era ting means 206: igenerates a cosine tabl:i ··;for an IDCT proc-

ess (see step S912) to be described later on. The process-

ing in step S901 is the same as the routine shown i FIG. 21, 

and will not be described below. 

In step $902, the compress.ion processing means 204 

stores an initial value •o• in the ·index register m used for 

retrieving audio data, thus initializing the index register 

m. 

In step S903, the audio data reading means 220 reads 

10 mth audio data. In step S904, the process completion decid-

ing means 222 decides whether the noise reduction process 

for all audio data bas been finished or not by deciding 

whether the read audio data is BOD, i.e., an end of data, or 

not. 

15 If the no1.se reduction process has not been · finished, .. 

then contro.l proceeds· to step ·S905 ·.in which the sample -num-

ber determining means 224 determines the number c of samples 

of the present audio data based on the data length ofthe 

read audio data. 

20 In step 6906, the compression processing means 204 

stores an in1.t1.al value •o• in an updating register Try for 

the no:Lse reduction process, thus in1.tializ.ing the updat1.ng 

register Try. 

In step S907, the DCT processing means 226 effects a 

25 DCT process on the present audio data. In step S908, the 

quant1.zation table generating means 230 performs ~ts process 

of generating a quantization table. In step S909, the quan-

1iiiii~liled. 
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tizing operation processing means 232 performs its quantiz­

ing operation. The DCT process, the process of generating a 

quantization table, and the quantizing operation are the 

same as the processing sequence of the DCT processing means 

5 226 shown in FIGS. 13 and 14, the processing sequence of the 

quantization table generating means 230 shown in FIGS. 17 

and 18, and the processing sequence of the quantizing opera­

tion processing means 232 shown in FIG. 20, and will not be 

described below. 

10 In step S910, the compression processing means 204 per-

forms an original totaling process. According to the origi­

nal totaling process, in step SAOl shown in FIG. 32, the 

compression processing means 204 stores an initial ·value ·o· 

in the index register k used for updating samples. thus ini-

15 tializing the index register k. 

In step SA02, the compression processing means 204 

stores an ~nitial value •o• in the totaling register RO. In 

step SA03, the compression processing means 204 stores an 

initial value •o• in the index register j used for retriev-

20 ing blocks, thus initializing the index register j. 

In step SA04, the compression processing means 204 

reads PCM data from the (k x A + j)th block in the PCM data 

file, and stores the read PCM data in the register Rl. In 

step SAOS, the compression processing means 204 accumulates 

25 the PCM data from the register Rl in the totaling register 

RO. 

In step SA06, the compression processing means 204 in-



__:_== ___ _:_ _ __:_ ____ __;_ _____ ....,,....,.=========~~===~___:_:____:_:_ __ ,"'"'''"'-------'-

5 

WO 01/04734 PCT/JP00/04594 

- 52 -

orements the va1ui:;,'of the index r~gister ''.:;,,by + 1. In step 

SA07, the compression processing means 204 decides whether 

the process for one sample (kth sample) has been finished or 

not. 

If the process for one sample has not been finished, 

then control returns to step SA04 for accumulating the PCM 

data for the next block. If the process for one sample has 

been finished, then control proceeds to step SA08 in which 

the compression processing means 204 stores the original to-

10 ta1 value from the totaling register RO in the kth record in 

an original total file. 

In step SA09, the compression processing means 204 in­

crements the value of the index register k by + 1. In step 

SAlO, the compression processing means 204 decides whether 

15 the process for all samples has been finished or not. 

If the process for all samples has not been finished, 

then control goes back to step SA02 to carry out the process 

for the next sample. If the process for all samples has 

been finished, then the original totaling process comes to 

20 an end. 

Control then returns to the main routine shown in FIG. 

30. In step 8911, an inverse quantization process is per­

formed. The inverse quantization process in step S911 is 

the same as the inverse quantization process shown in FIG. 

25 24 which is carried"out by the inverse quantization process­

ing means 246, and will not be described below. 

In step 5912, the IDCT processing means 248 performs 
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its processing. In step SBOl shown in FIG. 33. the IDCT 

processing means 248 stores an initial value ·o· in the in­

dex register k used for updating samples, thus initializing 

· the index register k. 

5 In step SB02, the IDCT processing means 248 stores an 

initial value •o• in the index register j used for retriev­

ing b1ocks, thus initializing the index register j. 

In step SB03, the IDCT processing means 248 stores an 

initial value •o• in the accumulating register R2, thus ini-

10 tializing the accumulating register R2. 

In step SB04, the IDCT processing means 248 stores an 

initial value ·o• in the index register i used for retriev­

ing records in the OCT data file, thus initia1izing the in­

dex register i. 

15 In step SBOS, the IDCT processing means 248 reads the 

inversely quantized value from the (k x A + i)th record in 

the DCT data file. and stores the read inversely quantized 

value in the register RO. In step SB06, the IDCT processing 

means 248 reads the cosine data from the (j x A + l)th re-

20 cord in the cosine table, and stores the read cosine data in 

the register Rl. 

In step SB07, the IDCT processing means 248 performs an 

IDCT process. Specifically, the IDCT processing means 248 

multiplies the inversely quantized value in the register RO 

25 by the cosine data in the register Rl and V(2/A). and accu­

mulates the result in the accumulating register R2. 

In step SB08, the IDCT processing means 248 increments 
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the value of the-ihdex register i by+ ll ·In step SB09, the 

IDCT processing means 248 decides whether the IDCT process 

for all frequency ranges for the kth sample has been fin­

ished or not. 

If the IDCT process for all frequency ranges has not 

been fin1.shed, then control goes back to step SB05 to per-' 

form the IDCT process for the next frequency range. If the 

IDCT process for all frequency ranges has been finished, 

then control proceeds to step SBOlO in whJ.ch the IDCT proc-

10 essing means 248 stores the IDCT-processed value:fromthe 

accumulation regJ.ster Rr2 in a (k x A + j)th block J.n the 

result file. 

In step SBll, the IDCT processing means 248 decides 

whether the process for one sample (kth sample) has been 

15 completed or not. 

If the process for one samp1e- has not· been completed,· 

then control goes back to step SB03 in order for the IDCT 

processing means 248 to perform the IDCT process for the 

next block. If the process for one sample has been com-

20 pleted, then control proceeds to step SB13 in which the IDCT 

processing means 248 increments the value of the index reg~ 

ister k by + 1. In step SB14, the IDCT processing means 248 

decJ.des whether the process for all samples has been com­

pleted or not. 

25 If the process for all samples has not been completed, 

then control returns to step SB02 in order for the IDCT 

processing means 248 to perform the IDCT process for the 
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next sample. If the process for all samples has been com­

pleted, then the processing of the IDCT processing means 248 

is ended. 

Control then returns to the main routine shown in FIG. 

5 30. In step S913. the expansion processing means 202 per­

forms a restoration totaling process. According to the re­

storation totaling process, in step SCOl shown in FIG. 34. 

the expansion processing means 202 stores an initial value 

•o• in the index register k used for updating samples. thus 

10 initializing the in~ex register k. 

In step SC02, the expansion processing means 202 stores 

an initial value ·o• in the totaling register RO. In step 

SC03, the expansion processing means 202 stores an initial 

value •o• in the index register j used for retrieving 

15 blocks. thus initializing the index register j. 

In step SC04, the expansion processing means 202 reads 

the restored audio data from the (k x A + j)th block in the 

result file, and stores the read audio data in the register 

Rl. In step SCOS. the expansion processing means 202 accu-

20 mulates the audio data from the register Rl in the totaling 

register RO. 

In step SC06; the expansion processing means 202 incre­

ments the value of the index register j by + 1. In step 

SC07, the expansion processing means 202 decides whether the 

25 process for one sample (kth sample) has been finished or not 

based on whether or not the value of the index register j is 

equal to or greater than the number A of blocks. 
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If the process for one sample has not been finished. 

then control goes back to step SC04 in order for the expan-· 

sion processing means 202 to accumulate the restored audio 

data of the next block. If the process for one sample has 

5 been finished,. then control proceeds to step scoa in which 

the expansion processing ·means 202 •.stores the restored -total 

value from the totaling register RO in the kth record in the 

restoration total file. 

In step SC09, the expansion processing means 202 incre-

10 ments the value of the index register k by + 1. In step 

SClO, the expansion process~ng means 202 decides whether the 

process for all samples has been finished or not. 

If the process for all samples has not been finished. 

then control goes back to step SC02 to carry out the process 

15 for the next sample. If the process for all samples has 

been finished, then the restoration totaling-process comes 

to an end. 

Control then returns to the main routine shown in FIG. 

31. In step S914, the expansion processing means 202 stores 

20 an initial value •o• in the index register k used for updat­

ing samples, thus initializing the index register k. 

In step S915, the expansion processing means 202 stores 

an initial value •o• in an index register n for counting 

samples of small errors. thus initializing the index regis-

25 ter n. 

In step S916, the expansion processing means 202 stores 

an initial value •o• in each of an index register nFl indi-



_________________________ __... ................ __ ----------· ··--··· 

WOOl/04734 PCT/JP00/04594 

- 57 -

cative of a first data correction count and an index regis­

ter nF2 indicative of a second data correction count, thus 

initializing the index registers nFl, nF2. 

In step S917, the expansion processing means 202 per-, 

5 forms a total differential process. According to the total 

differential process, in step SDOl shown in FIG. 35, the ex­

pansion processing means 202 reads the original totai value 

from the kth record in the original total fil~, and stores 

the read original total value in the register RO. 

10 In step SD02, the expansion processing means 202 reads 

the restored total value from the kth record in the restora­

tion total file, and stores the restored total value in the 

register Rl. 

In step SD03, the expansion processing means 202 per-

15 forms a total differential operation. Specifically, the ex­

pansion processing means 202 subtracts the restored total 

value in the register Rl from the original total value in 

the register RO, ·and stores the difference in the register 

R2. 

20 In step SD04, the expansion processing means 202 deter-

mines the value of 7 % of the original total value, and 

stores the determined value into the register RO. When the 

processing in step SD04 is finished, the total differential 

process is ended. 

25 Control returns to the main routine shown in FIG. 31. 

In step S918, the expansion processing means 202 decides 

whether or not the absolute value of the difference in the 
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register R2 is e<[tii!i1 to or greater. than .Y''. i · of the original 

total value stored in the register RO. 

If the abso1ute value of the difference is equa1 to or 

greater than 7 t of the original total value, then control 

5 goes to step·S919 :Ln which the expansion process:l.ng means 

202 decides whether the· difference in the register R2 is 

negative or not. . 

If the difference in the register R2 is negative, then 

contro1 proceeds to step S920 in which the expansion proc-

10 essing means 202 perfo:cms a first data correcting process. 

In the first data correcting process,· the expansion process-

ing means 202 multiplies the PCM data in each of the blocks 

of the sample by 0.98. Thereafter, in step S921, the expan-

sion processing means 202 increments the index reg:l.ster nFl 

15 by + 1. 

The first ··data correcting process. will sp·eci.fi.ca11y be 

described below with reference to FIG. 36. In step SEOl, 

the expansion processing means 202 stores an initial va1ue 

•o• in the index reg:l.ster j used for retrieving blocks, thus 

20 initializing the index register j. 

~n step SE02, the expansion processing means 202 reads 

PCM data from the (k x A + j)th block in the PCM data fi1e, 

and stores the read PCM data in the register R3. In step 

SE03, the expansion processing means 202 multiplies the PCM 

25 data in the register R3 by 0.98, thus correcting the PCM 

data. 

In step SE04, the expansion processing means 202 de-
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cides whether the corrected PCM value in the register R3 is 

greater than a predetermined value, e~g., ·2s5". If the 

corrected PCM data is greater than 255, then the expansion 

processing means 202 sets the corrected PCM value to 255, 

thereby holding the PCM data within a predetermined range in 

step SEOS. This is effective to reduce the amount of data 

and the amount of calculations that are involved. 

In step SE06, the expansion processing means 202 stores 

the corrected PCM value from the register R3 in the original 

10 block ((k x A+ j)th block) in the PCM data file. 

In step SE07, the expansion processing means 202 incre­

ments the value of the index register j by + 1. Thereafter. 

in step SE08, the expansion processing means 202 decides 

whether the process for one sample (kth sample) has been 

15 completed or not based on whether or not the value of the 

index register j is equal to or greater than the number A of 

blocks. 

If the process for one sample has not been completed, 

control goes back to step SE02 in order for the expansion 

20 processing means 202 to correct the PCM data for the next 

block. If the process for one sample has been completed. 

the first data correcting process is ended. 

Control returns to the main routine shown in FIG. 31. 

If the difference in the register R2 is positive in step 

25 S919, then control goes to step S922 in which the expansion 

processing means 202 performs a second data correcting proc­

ess. In the second data correcting process, the expansion 

... 
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processing means <'~:62 mu1tipl.1es the· PCM· ci~:Ea in each of the 

blocks of the sample by 1.02. Thereafter, in step S923, the 

expansion processing means 202 increments the index register 

nF2 by + 1. 

The second data oorrecting·prooess will ·speoi.fically be 

desori.bed·below with reference to FIG. 37. In step SFOl, 

the expansion processing means 202 stores an initial value 

•o• in the index register j used for retrieving blocks, thus 

initializing the index register j. 

In step SF02, the expansion processing means 202 reads 

PCM data from the (k x A + j)th block in the PCM data file, 

and stores the read PCM data in the register R3~ In step 

SF03, the expansion processing means 202 multiplies the PCM 

data in the register R3 by 1.02, thus correcting the PCM 

15 data. 

In step SF04, .the expansion processing means 202 de-

cides whether the corrected PCM value in the register·R3 is 

greater than a predetermined value, e.g., •2ss·. If the 

corrected PCM data is greater than 255, then the expansion 

20 processing means 202 sets the corrected PCM value to 255, 

thereby holding the PCM data within a predetermined range in 

step SFOS. 

In step SF06, the expansion processing means 202 stores 

the corrected PCM value from the register R3 in the original 

25 block ((k x A+ j)th block) in the PCM data file. 

Iil step SF07, the expansion processing me~ns 202 incre­

ments the value of the index register j by + 1. Thereafter, 
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in step SF08, the expansion processing means 202 decides 

whether the process for one sample (kth sample) has been 

completed or not. 

If the process for one sample has not been completed, 

5 control goes back to step SF02 in order for the expansion 

processing means 202 to correct the PCM data for the next 

block. If the process for one sample has been completed, 

the second data correcting process is ended. 

Control returns to the main routine shown in FIG. 31. 

10 In step S924, the expansion processing means 202 decides 

whether the first data correcting process has been carried 

out a predetermined number of times or more based on whether 

or not the value of the index register nFl is equal to or 

greater than a predetermined value E, e.g., ·a·. 

15 If the value of the index register nFl is smaller than 

the predetermined value, then the expansion processing means 

202 decides in step S925 whether the second data correcting 

process has been carried out a predetermined number of times 

or more based on whether or not the value of the index reg-

20 ister nF2 is equal to or greater than a predetermined value 

E, e.g., ·a·. 
If the value of the index register nF2 is smaller than 

the predetermi.ned value, then control goes back to step 8917 

to calculate a total difference based on the corrected PCM 

25 data, detect an error between the original total and the re­

stored total, and performs the process depending on the er­

ror. 
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If the absofiife val.ue of the differeftbe :ls smaller than 

7 i of the original. total. val.ue, then control. goes to step 

S926 in which the expansion processing means 202 increments 

the value of the index register n by + 1. 

If the val.ue of the index register nFl or the value of 

the index register nF2 is equal. to.or greater than the.pre­

determined value E, or after the processing :ln step 5926, 

control. goes to step S927 :ln which the expansion processing 

means 202 increments the va1ue of the register k by + 1. 

10 Thereafter, in step S928, the expansion processing means 202 

decides whether the detection of errors for al.1 sarnpl.es and 

the process based on the detected errors have been completed 

or not. 

If the process for a11 sarnpl.es has not been comp1eted, 

15 then control. goes back to step 6916 1n order for the expan­

sion processing means 202to carry out the process for the: 

next sample. If the process for all. samples has been com·· 

p1eted, then control. goes to step 6929 in which the expan­

sion processing means 202 decides whether the errors for a11 

20 sampl.es are smal.1 or not. 

25 

If the error for at 1east one of a11 samp1es is large, 

then control goes to step S930 in which the expansion proc­

essing means 202 increments the val.ue of an updating regis­

ter Try for retry by + 1. 

In step 5931, the expansion processing means 202 de-

cides whether there is a sampl.e whose error is equal. to or 

greater than 7 i after a predetermi.ned number of retries 
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(the detection of a~ error and the process based on the de­

tected error), based on whether or not the value of the up­

dating register Try is equal to or greater than a predeter­

mined number F, e.g., •16•. 

5 If the predetermined number of retries is not reached, 

then control goes back to step S907 shown in FIG. 30, and 

the compression and expansion processes. the error detec­

tion, and-the process based on.the detected error (data cor­

rection) according to the corrected PCM data are carried 

10 out. 

If the value of the index register n is equal to or 

greater than the present sample in step S929, or if the val­

ue of the updating register Try is equal to or greater than 

the predetermined number in step S931, then control goes to 

15 step 8932 in which the expansion processing means 202 incre­

ments by the value of the index register m by + 1. Thereaf­

ter, control returns to step S903 for· carrying out the noise 

reduction process for the next audio data. 

If the noise reduction process for all audio data is 

20 finished ln step S904, then the noise reduction process co­

mes to an end. 

As described above, the noise reduction process is car­

ried out when compressed data is generated from audio data. 

Therefore, when the portable information terminal 18 expands 

25 the compressed data and outputs sound, noise contained in 

the sound is reduced, and hence the portable information 

terminal 18 can output high-quality sound. 
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A1though cef't&.i.n preferred embodimerlts of the present 

invention have been shown and described in detai1, it shou1d 

be understood that various changes and modifications may be 

made therein without departing from the scope of the append-

5 ed c1aims. 
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CLAIMS 

1. A portable information terminal comprising: 

a memory (142) for storing data; 

5 expansion processing means (202) stored in said memory 

(142), for expanding compressed data which has not been sub-

jected to variable-length coding, into audio data; 

sound output means (156, 184) for converting the audio 

data into sound and outputting the sound; and 

10 a plurality Of data buffers (BUFl, BUF2, BUFll, BUF12) 

accessible by at least said expansion processing means 

(202), for successively selectively reading and writing at 

least said audio data. 

15 2. A portable information terminal according to claim 

1, wherein the number of data based on a processable number 

that is preset to meet the performance of at least said 

sound output means (156, 184) is regarded as one sample, and 

said expansion processing means (202) comprises means for 

20 expanding the compressed data for each sample. 

3. A portable information terminal according to claim 1 

or 2, wherein said expansion processing means (202) com-

pri.ses: 

25 inverse quantization processing means (246) for in-

versely quantizing said compressed data into inversely quan-

t.ized data; and 

1111/lll llllll lllll lilll II llll 
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IDCT proces~':iiig means (248) for eff~eting an IDCT proc-

ess on said inversely quantized data to produce said audio 

data: 

said plurality of data buffers (BUFl, BUF2, BUFll, 

5 BUF12) incl.uding: 

two 1.nverse quantization buffers (BUFl, BUF2) access.1.­

ble for success.1.vely select.1.vely read.1.ng and writing said 

inversely quantized data; and 

two audio data buffers (BUFll, BUF12) accessible for 

10 successive.ly sel.ectivel.y reading and.writing sai.d.aud:lo 

data. 

4. A portabl.e information terminal. according to any one. 

of claims 1 to 3. wherein said IDCT processing means (248) 

15 comprises means for effecting the IDCT process using a,cosi-

ne·table·which·has.been·generatedin advance. 

5. A portabl.e information term1nal accord1.ng to any·one 

of claims 1 to 4. wherein said IDCT processing means (248)' 

20 has low-pass filter processing means (250) for l.ogically ef-

fecting a low-pass f1lter on IDCT-processed data to reduce a 

high-frequency component contained therein. 

6. A portable information terminal. according to any one 

25 of cla1.ms 1 to 5, further comprising: 

communicat1on means (160 or 170) for sending data to 

and recei.ving data from an external device; 
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said compressed data comprising data stored in said 

memory (142) via said communication means (160 or 170). 

7. A portable information terminal according to claim 

5 6. wherein said compressed data comprises data which is pro-

duced when uncompressed data recorded in a recording medium 

(40) accessible via said external device is compressed by 

said external device. 

10 8. A portable information terminal according to claim 

6. wherein said compressed data comprises data which is re-

corded in a recording medium (40) accessible via said exter-

nal device and compressed when recorded in said recording 

medi.um ( 40) • 

15 

_9. A portable information terminal according to claim 7 

or a. wherei.n said uncompressed data is compressed by ef-

fecti.ng a DCT process on the uncompressed data to produce 

DCT-processed data and quantizi.ng the DCT-processed data. 

20 

10. A portable information terminal according to claim 

9. wherein said DCT-processed data is quantized by determin-

ing maximum values at respective frequencies of the DCT-

processed data to generate a quantization table containing 

25 the maximum values at the respective frequencies, and divid-

ing the DCT-processed data by the maximum values at the re-

spective frequencies in the quantization table to produce 

I If I/If 1111~ ll~l lllll /11111 
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quantized data. ' 

11. A portable information terminal according to any 

one of claims 6 to 10. wherein said compressed data compris-

5 es data containing reduced noise. · 

12. A portable infonnation termi.nal according to claim 

11, wherein the noise is reduced by calculating a total of 

samples in origina1 data to produce an original total va1ue. 

10 !='ompressing the original data and expanding the compressed 

original data to produce restored data, calculating a total 

of samples in the restored data to produce a restored total 

value, comparing said original total value and said restored 

total value with each other, and correcting said original 

15 data depending on the result of compar:lson. 

13. A method of processing audio data, comprising the 

steps of: 

expanding compressed data which has not been subjected 

20 to variable-length coding, into audio data, using a plural-

ity of data buffers (BUFl, BUF2, BUFll, BUF12) accessible 

for successively selectively reading and writing at least 

said audio data; and 

outputting the audio data to sound output means (156, 

25 184) to output sound. 

14. A method according to claim 13, wherein the number 

111111111111111111111111111111 
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of data based on a processable number that is preset to meet 

the performance of at least said sound output means (156, 

184) is regarded as.one samp1e. and said step of expanding 

compressed data comprises the step of expanding the com-

5 pressed data for each sample. 

15. A method according to claim 13 or 14, wherein said 

step of expanding compressed data comprises the steps of: 

inversely quantizing said compressed data into inverse-

10 ly quantized data: and 

effecting an IDCT process on said inversely quantized 

data to produce said audio data; 

the arrangement being such that said inversely quan-

tized data is successively selectively read and written us-

15 ing two inverse quantization buffers (BUFl, BUF2), and said 

audio data is successively selectively read and written us- • ....... · 

ing two audio data buffers (BUFll. BUF12). 

16. A method according to claim 15, wherein said step 

20 of effecting an IDCT process comprises the step of effecting 

the IDCT process using a cosine table which has been gener-

ated in advance. 

17. A method according to claim 15 or 16. wherein said 

25 step of effecting an IDCT process comprises the step of 

logically effecting a low-pass filter on IDCT-processed data 

to reduce a high-frequency component contained therein. 

I Ill/If llllll lllll lllll /11111 
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18. A method according to any one of c1aims 15 to 17, 

further comprising the step of generating said compressed 

data, said step of generating said compressed data compris-

5 ing the steps of: 

effecting a OCT process on uncompressed data to produce 

OCT-processed data~ and 

quantizing the OCT-processed data. 

10 19. A method according to claim 18, where.in said step 

of quantizing the OCT-processed data comprises the steps of: 

determining maximwn va1ues at respective frequencies of 

the OCT-processed data to generate a quantization table con-

taining the maximum values at the respective frequencies; 

15 and 

div.id.ing·the OCT-processed data by the maximum·vaiues 

at the respective frequenc:l.es in the quantization table to 

produce quantized data. 

20 20. A method according to any one of c1aims 13 to 19, 

wherein said compressed data comprises data containing re-

duced noi.se. 

21. A method according to claim 20, further comprising 

25 the step of reducing noise, said step of reducing noise com-

pr.is.ing the steps of: 

calculating a total of samples in original data to pro-

11111111111111 1111111111111111. 
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duce an original total value: 

compressing the original data and expanding the com­

pressed origina1 data to produce restored data; 

calculating a total of samples in the restored data to 

produce a restored total value: 

comparing said original total value and_said restored 

total value with each other, and correcting said original 

data depending on the result of compar~son. 

22. A recording medium (40) which stores a program op­

erable on a portable information terminal having a memory 

(142) for storing data, sound output means (156. 184) for 

converting the audio data into sound and outputting the 

sound. a plurality of data buffers (BUFl. BUF2, BUFll, 

15 BUF12) accessible for successively selectively reading and 

writing at least said audio data, and also stores data 

referred to by said program. said program comprising the 

step of: 

expanding compressed data which has not been subjected 

20 to variable-length coding, stored in said memory (142), us­

ing said data buffers (BUFl, BUF2, BUFll, BUF12), thereby to 

produce audio data. 

23. A recording medium according to claim 22, wherein 

25 the number of data based on a processable number that is 

preset to meet the performance of at least said sound output 

means (156, 184) is regarded as one sample, and said step of 

11p11~ 1111~ 11~1111[11/ If II 
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expand:Lng compressed data compr:Lses the st'~p of expand:l.ng 

the compressed data for each sample. 

24. A recording medium according to claim 22 or 23, 

5 wherein sai.d portable ·informati.on terminal (18) has two 1.n-

verse quant1.zation buffers·(BUFl, BUF2} accessible for sue-

cessive1y selectively reading and writing said inversely 

quantized data, and two :au·di.o data buffers ·(BUFll, BUF12) 

accessible for successively selectively reading and wr:l.t:Lng 

10 said aud:l.o data, said step of expanding compressed data com-

prises the ·steps of: 

inversely quantizing sa:Ld compressed data into :l.nverse-

ly quantized data; and 

effect:Lng an IDCT process on said inversely quant:l.zed 

15 data to produce sa:l.d aud:Lo data. 

25. A record:l.ng medium according to any one of claims 

22 to 24, wherein said step of effecti.ng an IDCT process 

comprises the step of effecting the IDCT process using a co-

20 sine table which has been generated in advance. 

26. A recording med:l.um according to any one of claims 

22 to 25, wherein said step of effecting an IDCT process 

comprises the step of logical.ly effecting a low-pass f:l.lter 

25 on IDCT-processed data to reduce a h:l.gh-frequency component 

contained therein. 
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27. A recording medium according to any one of claims 

22 to 26, which stores said compressed data as well as said 

program. 

5 28. A recording medium according to ~Y one of claims 

22 to 27, which said program comprises the step of: 

compressing uncompressed data; 

said uncompressed data as well as said program being 

stored in said recording medium. 

10 

29. A recording medium according to claim 28, wherein 

said step of compressing uncompressed data comprises the 

steps of: 

effecting a DCT process on the uncompressed data to 

15 produce OCT-processed data1 and 

quantizing the DC'l'-processed data. 

30. A recording medium according to claim 29, wherein 

said step of quantizing the OCT-processed data comprises the 

20 steps of: 

determining maximum values at respective frequencies of 

the OCT-processed data to generate a quantization table con-

taining the maximum values at the respective frequencies; 

and 

25 dividing the OCT-processed data by the maximum values 

at the.respective frequencies in the quantization table to 

produce quantized data. 

---------..... . 
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31. A record!Lrtg medium accordingto;~yone of claims 

22 to 30, wherein said compressed data comprises data con-

taining reduced noise. 

5 32. A recording medium according to claim 31, further 

comprising the step of reducing noise, said step of reducing 

noise comprising the steps of: 

calculating a total of samples in original data to pro-

duce an original total value; 

10 compressing the original data and expanding the com-

pressed original data to produce restored data; 

calculating a total of samples in the restored data to 

produce a restored total value; 

comparing said original total value and said restored 

15 total value with each other, and correcting said original 

data depending on the result of comparison. 

33. A program operable on a portable information termi-

nal having a memory (142) for storing data, sound output 

20 means (156, 184) for converting the audio data into sound 

and outputting the sound, a plurality of data buffers (BUFl, 

BUF2, BUFll, BUF12) accessible for successively selectively 

reading and writing at least said audio data, and also 

stores data referred to by said program, said program being 

25 readable and executable by a computer, said program compris-

ing the step of: 

expanding compressed data which has not been subjected 

11111111111111 11111 1111111 1111 
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to variable-length coding. stored in said memory (142), us­

ing said data buffers {BUFl., BUF2, BUPll, BUF12), thereby to 

produce audio data. 


