27 June 2005 SPECI FI CATION METHOD FOR COVPRESSI NG | MAGE | NFORVATI ON AT
H GH SPEED AND METHOD FOR TRANSFERRI NG REAL- TI ME MOVI NG | MAGES UTI LI ZI NG
THE SAME TECHNI CAL FI ELD The present invention relates to a nethod for
conpressing inmage information at a high speed and a net hod f 8% June 2005
transferring real-tinme.noving inmages utilizing the sanme that makes it
possi ble to generate dynam c conpression and transm ssion sl eds.

BACKGROUND OF THE | NVENTI ON An exanple of a group of curves referred to as
"space filling curves"” is Hilbert dﬁ?&dﬁﬁﬂﬁ?ed by D. Hilbert in 1891

and a nethod for conpressing inmge I nformation using scanni ng of
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of 8 k 8 pi xghs: Such curves are recently applied to various researches

covering classification of spectral imges, database information

sear chi ng, inmge o] nput er hol ograns and the |ike because of
t heir. high nelghbggggggéggtgFﬁﬁﬁ properties. In such applications,

H | bert curves arg used for 1
heé present invention relates to a method for compressing

image information at a high speed and a method for transferring
real-time moving images utilizing the same that makes it
possible to generate dynamic compression and transmiésion
sleds. }

BACKGROUND OF THE INVENTION

An example of a group of curves referred to as “space
filling curves” is Hilbert curves proposedby D. Hilbert in 1891,
and a method for compressing image information using scanning
of two-dimensional Peano curve that is similar thereto has been
proposed (see JP-B-7-22345).

Fig. 1 is a diagram showing examples of conventional
two-dimepsional Hilbert curves in which Fig. 1(a) shows a case
of 2 X 2 pixels; Fig. 1(b) shows a case of 4 X 4 pixels; and
Fig. 1{c) shows a case of 8 * 8 pixels.

Such curves are recently applied to various researches
covering «classification of spectral images, database
information searching, image compfession, computer holégrams
and the like because of their high neighborhood retaining

properties. In such applications, Hilbert curves are used for



27 June 2005 processing data distributed in two-dinmensional and three-

di nensi onal spaces. In general, an operation of establishing one-to-one
correspondence between lattice points in an N dinensional space (N = 2, 3,
...) and one-dinmensional points is referred to as "scanni ng"27 & 204nni ng
along a Hilbert curve is referred to as "Hilbert scanning”. Articles on
the prior art relating to nethods for conpressing inmage information
include: (1) T. Agui, T. Nagae and M Nakajinma, "Generalized Peano Scans
for Arbitrargreceesifgrduss, didtkikacted cah ReROdimélsiontd Nea 3hrelR
25-30, July 1990 (2) Y. Bandoh and S. Kamata, "A Method of conputing a

Pseudo- Hi | bedim&eatoial |dpikdd arRegbangah arap Al & BedesBEBH 9 hi nlE! CE
Transactions (D-11), Vol. J80-D- 11, No. 10, pp. 2864-2867, Cctober, 1997
),

(3) S. Kamaténe Ao P&i&€ZcoEreKp¥RgHEBE, Eé%d@nhoﬁaQEicébBB!ﬂhitQQ H %x_?”v

curves in Two- and Three-D nensional Spaces"”, |EICE Transaction (

Vol . J74-D ldimd¥s i $ha Ppakdl 1n1226, 3 Sept g 9 . RN F.
Schrack, "An Algorithnlfg; Enéoding and BDeE%ﬁ?ﬁ% ?%gegééoéﬁﬁbggﬁn Sdef

| EEE Trans. Jd@de-dd QcLas! "FcanhPafr, Nong 930%%%%%?1%%%?%{3??% %r{bﬁrag%%f97

However, the use of Hilbert scanning has a p e ra

applicat!oqﬂg;Qéfggfghtébrégﬁmﬁgiﬂékge§géHE&Aéu_an N- di mensi onal space
that satisfies: 2
Articles on the prior art relating to methods for
compressing image information include:
(1) T. Agui, T. Nagae and M. Nakajima, “Generalized feano
scans for Arbitrary-sized Arrays';, ITEJ Technicai Report Vol.
14, No. 37, pp. 25-30, July 1990
(2) Y. Bandoh and S. Kamata, “A Method of computing a
Pseudo-Hilbert Scan Filling in a Rectangular prarallelepiped
Region®, IEICE Transactions (D-II), Vol. J80-D-II, No. 10, PP .-
2864-2867, October, 1997
(3) s. Kamata, A. Perez, E. Kawaguchi, ”“A Method of
Computing Hilbert curves in Two- and Three-Dimensional Spaces”,
1EICE Transaction {(D-II}, Vol. J74-D-II, No. 9, pp. 1217-1226,
September 1991.
{(4) X. Liu, G.F. 8chrack, “An Algbrithm for Encoding and
Decoding the 3-D Hilbert brder", IEEE Trans. Imag:re E;rocessing,
IP-6, No. 9, pp. 1333-1337, September 1997
However, the u;se of Hilbert scanning has a problem in that

the range of application is limited to regions in regions in

an N-dimensional space that satisfies:




27-June 2005 N (mis a natural nunber) On the contrary, normal Hil bert
scanning is frequently inapplicable to normal images in which rectangles
are to be scanned. Under such circunstances, scanning nethods for
rectangul ar parall el epi ped regi ons have been proposed as gen27 dlmez3i050n of
t wo- di mensi onal Hilbert scanning (refer to the above-cited articles (1)
and (2) on the prior art) The nethod according to the article (1) on the
prior art still has problens associated with conputing tine and

i mpl enentation on a hardware hasis because it is a nethod based on a
recursive process. On the contfary, the nmethod according to the article
(2) on the prior art pr I nventors is a scanning nethod at a
hi gh speed which is an extended version of the article (3) on the prior

art including no recurS|ve2mﬁbces§:y$@corging the articles SZ) and (3)
on the prior art, rules for the géneratidf of ﬁlPS&PFa&uPV@?EE Pe formed
into a table in adva and it is referred one after another to elimnate
recursion. Such gener % FENSATYr PPEBelt HidhgEtn§CRRE 1AGt 1BeEReTBERET Her ed
for three-di,mensi onal Lreﬁpllcatlons because, of conplicated cal cul ations

associ at ed tHETRRE 1FRDHh et FretHoRA L ARRA Y P 1R eh (Ferkagg}esnathetprber

art is generall of two-di nensional Hilbert scanning, and no specific
met hod for ﬁﬁ],e ofgger such circumstances, scanning methods for

rectangular parallelepiped regions have been proposed as
generalization of two-dimensional Hilbert scanning (refer to
the above-cited afticles (1) and (2} on the prior art): The
method according to the article (i) on the prior ért still has
problems associated with computing time and implementation on

& hardware basis because it is a method baged on a recursive
process.

On the contrary, the method according to the article (2)
on the prior art proposed by the inventors is a scanning method
at a high speed which is an extended version of the article (3)
on the prior art including no recursive process. According to
the articles (2) and (3) on the prior art, rules for the
generation of Hilbert curves are formed into a table in advance,
and it is referred one after anothef to eliminate recursion.

Such generalization of Hilbert scanning has not been
considered for three-dimensional applications because of
complicated calculations associated therewith. The method

according the article (1) on the prior art is generalization

of two-dimensional Hilbert scanning, and no specific method for



t hree-di nensi onal applications is described. The method according to the
article (4) on the prior art remains in a conputing nethod in a cubic
region (2 ' 2" " 2'), and nothing is nentioned about a case_of
rectangul ar parallel piped region. Therefore, the applicatio%76$HQ%q0§ert
scanning to three- dinensional spaces has been strictly limted. However,

t he gener dlires idimers Hphhdr tamehhek hijona als hdescdiitensi ondlhespmethodn be
carried out simlarly to that in a two-di mensi onal space based on the

t echni que amomardiing to the artiicdle (&) osnt BRepprabrarart Wetesiddein a
above-descri bed circunstances, it is desired to provide a nethod for
conpr essi k@mpiRdad MeH®d 1100 Ateudbild degiRapdand gr sysrem {08 SOFPLLSSI NY
i mage information in which scanning is carrled out on rectangul ar

paral | el e@lsn@@lnwgheasarsa\&éfaoahseeafl&édﬂa& ga%rIQ%ldbngﬁ'Pé?io#' | bert

scanni ng) as extension of three- dinensiona rt scanning to IITpI'OVE

t hroughpuir,@ddebde ACHHEY Sufifc L ERUE! QN Hi.rfﬁey£||§c7aq{ﬂl OtoH i

curves for scanni ng rectangul ar paral | el'eprped regions is re erred to
2 i PoeudHehBeLhaACUUIL Bl D GODNCOLLOABL SYshemmd or transferring and
di stributing moving i novi ng - r éSseé at a dlstrlbutlng

server 'in adva have n transn1%ted and at a speed
det er mi ned at Pﬁ% ge?6éret%ﬁ oF EOEERONE ﬁﬁogxgﬁp%]&é’% pP6RBEBLPHG 1F Gw in
such a 4 gg Jung
1mensxona1 space can be carried out similarly to that
in a2 two-dimensional space based on the techniqgue according to
theAarticle (Z) on the prior art.

Under the above-described circumstances, it is desi;ed_
to provide a method for compressing .
image iﬁformation at a high speed and a sfstem‘fbr compressing
image information in which scanningA is carried out on
rectaﬁgular parallelepiped regions {without being limited to
three-dimensional Hiibert scanﬁing) as extension of three-
dimensiOnai Hilbert scanning to improve throughput and to
achieve cost reduction. The utilization ef Hilbert curves for
nscanning of rectangular parallelepiped regions is referred to
as *pseudo Hilbert scanning®
In ) conventional sys;ems for transferring and
distributing moving images, moving images compressed at a
distributing server in advance have been transmitted with
quality and at a speed determined at the server.

Fig. 2 shows an example of a processing flow in such a




conventional systemin which inmage signals froma television canera are
fetched into a conputer at constant intervals wth neans such as video
capture, and the fetched images are subjected to inmage conpression to
transmt inage data. A personal conputer at the receiving en esses
the conpressed inmages to display an inmage at each update. However, '
conventional nethods have had the followng problens. (1) In systens such
as a television conference, inmage quality is inevitably reduced because

the prioritycédsvalveshd P sydteemWiPe/h i iFRIRS sA§ha48! Frb™g: thRevision
distribution systenms wth high image quality, since imges are transmtted

after they &g cOMIETIeenal &H%%S&&LM&P%@%AE aﬁ%ﬁﬂ%%wiﬂ%g@tiggé a

going to be transmtted represent the past and therefore [ose reéal -

property. ( %ﬁeéGPé‘VSHEFOf?é §95E§§’ar@ac§ﬁg{w,e.sg.}18n LeChpl gugs sarg not. Last
enough to perform real-time image Gonpressi ono (3)° | hHRGE conprEtiHnbh a

har dwar e basi t : us | cated equipnent.is.required. (4)
Si nce no co%%ﬁﬁk%g%$%n£¥sl§§§§1é? (%§iﬁﬁ or%%négag?ml Iﬁﬁﬁﬁ? éﬁﬁaandhthe
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the fact thg} riority . has been given to conpression ratios_and inage
quality in %ﬁ%{ﬁﬁﬁf (ﬁﬁﬁges to séaay an 1mage at eac update.

However, conventional methods have hadrthe following
problems.

(1) In systems such as a television conference, image
quality is inevitably reduced.becéuse the priority is given to
the number of images per unit time. In distribution systems
withhighimagequality,sinceimagesafetransmittedafterthey
are compressed at the distributing énd in advance, image data
going to be transmitted represent the past and therefore lose
real-time property.

(2) Conventional software compression techniques are not
fast enough to perform real-time image compression.

(3) Image'c&mpression on a hardware basis is costly
because dedicated equipment ié required.

(4) Since no consideration is paid fo the perfofmance of
clients’ end and the conditions of networks, it is not possible
to send optimum moving images that meet the requirements of
clients.

One reason for such situations is the fact that priority

has been given to compression ratios and image quality in




conventi onal conpression and deconpression techni ques over the conpression
speed because they have been intended for retention and reproduction as
typical in the case of DVDs. This has resulted in | ow conpression s ds
and has 5 necessitated transm ssion at the nmaxi mum speed. It2%3§w§ﬁ® efore
been common to sacrifice image quality to speed when noving inages are
transferred in real-tine as in television conference systens. It is
therefore desired to achieve the transfer of real- 10 tinme noving i nages by
conpressing and transferring fetched imges in real-time, to transfer

| mages optimzed for the requirenents of clients and the conditions of
networks in terns of the inage size, the nunber of inmages, the intervals

(tinme) betweeRrditti dri@Deconplddeishialarndy abcbhpresddes atdchhifaegensvate
a conpression and transfer sled for each client. _This nmakes it possible to
per f or m optheunFeRRESEEA o $B9eAg PeGarRs they phaval iksenf iBfeadesd ukaEr

di 1 erent G005, anho AGIIEKE.{f1gy OBL! YBASIT 0L PGS OLaHEY 020 DG

transfer in a ion to 1'ncrease peed conputers I1nt

and to achmie t rieasf eregilted ngim najes | reeypEE KIS M spekdst hamheddasf
a network. 6 27 June 2005 SUWMMARY OF THE | NVENTI ON According to the

i nvent i én, tERESSitatadyitden Pt R 3 1 6P oMFr STy SP i nf bF met#®n

at a high 3pRedro &P BELS "ommon to sacrifice image quality to speed

when moving images are transferred in real-time as in
television conference systems. 7

It is therefore desired to achieve the transfer of real-

10 time moving images by compressing and transferring fetched

images in real-time, to transfer images optimized for the

requireménts of clients and the conditions of networks in

terms of the image size, the number of images, the intervals

{time) between the images and the quality of the images and

]5. to generate a compression and transfer sled for each client.

. This makes it possible to perform optimum transfer of moving

images to a plurality of clients under different conditions,

to achieve the optimum performance of moving image transfer

in adaptation to increased speeds of computers in the future

20 and to achieve transfer of moving images in synchronism with

the speed of a network.




converting captured noving i mages conprising three- dinensional information
into one-dimensional serial information one by one using a |ook-up table
associated with 10 rectangul ar parallel epiped regions in a-

t hr ee- di mensi onal space; subjecting the converted data to da®3 June 2005
conpression; dividing and classifying patterns of differential waveforns
bet ween the conpressed data and the original data 15 into. a plurality of
nodel s to prepare error patterns; and adding codes for error patterns that
approximate the differential waveforns at the tine of data conpression to
the conpressed data. 7 27 June 2005 The present invention further provides
a nethod for transferrln captured noving imges froma server to clients

inreal time, CoWprrsi R§: SIEc&W@EI@‘ capt ured noving i nages conpri sing

t hree- dinensional information into one-dinensional serial information one
by one using a | ook-up table associated with rectangul ar parall el epi ped
regions in a theeerdingndiconkhe spxeafidd, cctri‘mmsji.agngm&i(dad/emtméthod
original data using a spftware conpre25|on techgﬂgF| transferring the

iC

conpr e3setPEon RIRERF 1 3F naliMpdS  AREGERtE O A i ol ighkt h: SBE®Rdi ng
and cl ass¢éapRdspagterns of differential

converting captured moving images comprising three-
dimensional information into one-dimensional serial
information one by one using a look-up table associated with
10 rectangular parallelepiped regions in a three-dimensional
space;
subjecting the converted data to data compression;
dividing and classifying patterns of differential
waveforms between the compressed data and the original data
15 into a plurality of models to prepare error patterns; and
adding codes for error patterns that approximate the
differential waveforms at the time of data compression to

the compressed data.
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15 waveforns between the conpressed data and the original data into a
plurality of nodels to prepare error patterns at each of the server and
clients; and transferring codes for error patterns that approximte the
differential waveforns at the tine of data conpression 20 at 21 fwedfPver to
the clients along wth the conpressed data. 8 27 June 2005 The present

i nvention further provides a nmethod for conpressing image information at a
hi gh speed, conprising: converting photographed noving pictures conprising
5 three-dinmensional information into one-dinensional serial information
one by one using a | ook-up table showi ng an order of scanning rectangul ar
paral |l el epi ped regions in a three-dinensional space; subjecting the
converted data to data conpression; 10 dividing and classifying patterns of

differenti al ef orms between the conpressed data and_the original data
into a plurali \tA?fl}b? RIS o PHETH e FERA% e PEFOVIARE nG cB§ESOLr for

error patt%méf@érﬁ@%r@ébaﬁ%& hvidld e d akr YRV ES %@FV% %;;'eci%é@tgf
data conpression to 15 the conpressed data;” and restoring the data by ~
super i nposiify newl wWalies oreemptishag:error patterns associated with the
codes of: the ra<%§¥grtfgror a tergs on decongressed data durjng data
deconpr &ssi on. § g capture moving mages comprising three-
dimensional information into one-dimensional serial
information one by one using a look-up table associated with
rectangular parallelepiped regions in a three-dimensional
space;
10 compressing the converted original data using a software
compression technique;
transferring the compressed converted original data
through a communication path; ' '
dividing and classifying patterns of differential
15 waveforms between the compressed data and the original data
into a plurality of models to prepare error patterns at each
of the server and clients; and
transferring codes for error patterﬁs that approximate
the differential waveforms at the time of data compression

20 at the server to the clients along with the compressed data.



27 June 2005 The present invention also provides a nethod for transferring
phot.ogr aphed noving pictures froma server to clients in real tine,
conprising: 5 converting photographed noving pictures conprising

t hr ee- di nensi onal information into one-di nensional serial inEd/unetd0® one
by one using a | ook-up table showing an order of scanning rectangul ar
paral |l el epi ped regions in a three-dinensional space; 10 conpressing the
converted original data using a software conpression technique;
transferring the conpressed converted original data through a

communi cati on pat h;_dividing and cl assifyi atterns, of differential 15

wavef orms bet BFE I Hpr S8 R oPEGViidetiafa Mehhgdy for
pl uralltyc&ﬁpf@@@iﬁgtpmag@piﬁfo%é%&oaatatteranm h%ﬁfébd,ofcé\ﬁg¥§§£ﬂ [ and

clients; transferring codes for error patterns that approxi e the
differential wawveferthinat tHotdguapiedat moyimgy espiohur2é atcomprssingr to
d data; . and restoring, the data

SUper i TpOUTT A THETSATEP O s SPECFEREYAR. OrEG SRS R CRRbmA SsLhl
data durifiFsiaia iSeCURY epsi 0Bnat hdeng! i£NSok2upl0tdb14UNEhEA9Rg an
'Order' of scanning rectangular parallelepiped regions in a
three-dimensional space;
subjecting the converted data to data compression;
i0 dividing and <classifying patterns of differential
waveforms between the compressed data and the original data
inte a plurality of models to prepare error patterns;
adding codes for error patterns that approximate the
differential waveforms at the time of data compression to
15 the compressed data; and
restoring the data by superimposing the waveforms of the
error patterns associated with the codes of the relevant
error patterns on decompressed data during data

decompression,



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a diagram show ng an exanpl e of
an conventional two-dinensional Hilbert curve. 5 Fig. 2 is a block diagram
showi ng an exanple of a processing flow according to a conventi onal

method. Fig. 3 is a block diagramof a system for conpressing27 luhei20Q§e

I nformati on according to an enbodi nent of the invention. Fig. 4 is a
schematic diagramillustrating pseudo Hilbert scanning of a

t hree- di nensi onal rectangul ar 15 parall el epi ped which is a (first)

enbodi nent of the invention. Fig. 5is a schematic diagramillustrating
pseudo Hilbert scanning of a three-di nensional rectangular 20
paral | el epi ped which is a (second) enbodi nent of the invention. Fig. 6 is

a schematic diagramillustrating pseudo Hilbert scanning of a
t hr ee- di nensi on rectangul ar .parall el epi ped 25 11 27 June 2005 which is a
(third) embodi e ofPTFERhvehfYBAtiENG. 2150 PHPuiRam showmeghodke for

Shon g FRerens, phok ghhphde S ASORTS ook £ SRR o
clients in real time, comprising:

5 converting photographed moving pictures comprising
three-dimensional information into one-dimensional serial
information one by one using a look-up table showing an
order of scanning rectangular parallelepiped regions in a
three-dimensional space; |

10 compressing the converted original data using a software
compression technique;

transferring the compressed converted original data
through a communication path;
dividing and classifying patterns of differential

15 waveforms between the compressed data and the original data
into a plurality of models to prepare error patterns at each
of the server and clients;

transferring codes for error pétterns that approximate
the differential waveforms at the time of data compresggion
20 at the server to the clients along with the compressed data;
and
restoring the data by superimposing the waveforms of
relevant error patterns on decompressed data during data
decompression at the clients.
25
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di mensi onal space. Fig. 9 is a diagramshow ng a scanning pattern in
divided regions. Fig. 10 is a graph showing the relationshi p between
original image data and conpressed data. Fig. 11 is a block diagram
showi ng a systemconfiguration to achieve high image qual ity WBELHhg an
error table. Fig. 12 is a graph show ng the relationship between ori ginal
one-di nensi onal data and an average value in each section used in the
above-descri bed nethod for conpression. Fig. .13 is a graph show ng

appr oxi mat ed eﬁﬁ?EFdﬁh%CRﬁéiﬁ?ﬂ1dﬁ5fﬁéﬂq§#WfH§§ra”‘Sho“‘”9 a system
y uti

configuration to achieve high 1 mage quall lizing an error table. Fig.
15 is a configuration diagramof a systemaccording to an enbodi nent of

the invention gonstituted by a network. Fig. 16 is a diagram_show ng a
process flow ate8rdiny tH%a” 3net A an SERWG#Pe AT of SFREPLEYer®¥ onanF g.

17 is a bbofeAt28HAM TWRUAhHR iIdHAT Hi i RLQERSS at the time of

connection between a server which transmts 1nages and a client. Fig. 18
is a bfock diagram showing a setting alteration process 12 27 June 2005

after the imagg.transm_,tting ﬁﬁrvgr $e%éns the transm ssion of _ noving
i mges. Fig. 191¥s & f 1" EhaPtOoFtr THRIERPt i P4 RLr AT oS XABIES s Off t ar

processing flow according to a conventional method.

Fig. 3 is a block diagram of a system for compressing
10 image information according to an embodiment of the

invention.

Fig. 4 1is a schematic diagram illustrating pseudo
Hilbert scanning of a three-dimensional rectangular
15 parallelepiped which is a (first) embodiment of the

invention.

Fig. 5 is a schematic diagram illustrating pseudo
Hilbert scanning of a three-dimensional rectangular
20 parallelepiped which 1is a (second) embodiment of the
invention. '
Fig. 6 1is a schematic diagram illustrating pseudo
‘ﬁilbert scanning of a three-dimensiocnal rectangular
parallelepiped '
25
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the image transmtting server begins the transm ssion of noving inmages.
Fig. 20 is a block diagramshowi ng a configuration of a client who
receives images. Fig. 21 is a flow chart show ng processes at_the inmage
receiving client. Fig. 22 is a flow chart show ng a conpresstolng8eess at
the server. Fig. 23 is a flow chart show ng a deconpressi on process at the
client. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON A node for carrying out
the invention will now be described in detail. Fig. 3 is a block diagram
of a systemfor conpressing inmage information according to the invention,
and Fig. 4 is a schematic diagramof three-.dinensional pseudo Hi | bert
scanni ng “iHi%h iss & (thixd) embodiment of tthe iimwesritem showi ng a case of
4"5"6 pixels. Fig. 5 is a schematic diagram of three- dinensional pseudo
Hi | bert s&dgni i avaidhagsam (ixaciongheeabodiarRah t0f £ 414 4804 10N SHRWI N a
case of 8 " 8 " 14 pixels. Fig. 6 is a schematic di agram of
t hree- di madsiidrd reedudns . Hi | bert scanning which is a (third) enbodi nent of
the invention 13 27 June 2005 showing a case of 8"10"14 pixels. In Fig. 3,
1 represepiig.a ¢i d@0 LanBlAyrn ' €RLGIGQL Sy f1 pARYI NG, L JBGE Pt A dd on; 3
represents a rectangul ar

dimensional space.

Fig. 9 is a diagram showing a scanning pattern in divided
regions.

Fig. 10'is a graph showing the relationship between original
image data and compressed data. -

Fig. 11 is a block diagram showiﬁg a system configuration to
achieve high image quality utilizing an érror table.

Fig. 12 is a graph showing the relationship between original
one-dimensional data and an average value in each se&tion used
in the above-described method for compression.

Fig. 13 is a graph Showing approxiﬁaﬁed error data.

Fig. 14 is a block diagram sthing a'system configuration to
~achieve high image quality utilizing an error table.

Fig. 15 is a configuration diagram of a system according to
an embodiment of the invention constituted by a network.

Fig. 16 is a diagram showing a process flow according to a
method 6f an embodiment of the invention.

Fig. 17 is a block diagram showing an initializing process
at the time of connection between a ;erver which transmits

images and a client.
Fig. 18 1is a block diagram showing a setting alteration

process
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paral |l el epiped filling scan portion; 4 represents a noving inmage nenory; 5
represents a control circuit; 6 represents a data conpression portion; 7
represents an accunul ative error calculation portion; 8 represents a

di vided section detection portion; 9 represents a reversibl thwedlfiy
portion; 10 represents a transm ssion path; 11 represents a reversible
decodi ng portion; 12 represents a data restoring portion; 13 represents a
di vi ded section restoring portion; 14 represents a filtering process

portion; 15 iELpeLIRNY SmageOrtiMdmet £ Ll tservih E_@Briﬁ%eﬂg(?_&a%\ﬁli%i'dpg?
menory; 17 represents a rectangular parallelepiped filling scan portion;
18 representmovi MPViMsged Mge out put portion; and 19 represent a display.
According to the nethod for conpressing inage information of the

invention, n®ygngol {@gle§159rﬁﬂazf€ PELthee %E@%‘In‘é@é‘?{@r%ﬁb@ﬁ %r%%@s%cgggﬁ%gr

t hr ee- di nensi onal pseudo Hi Il bert scanning <carried ou he Trectan

paral | el epi pagk fi ialyleNGr SCAR [ Vi i mage_input_ portion 2
under centralized bcontro %?@gﬂisggﬁﬁfﬁ$e%?€%U|e gg%%%m ?%1%§ﬁV%$?Eﬁn?rom
t hr ee- di mensj ginformation to one-di mensional serial information to be

stored in the noving i mage nenory 4. One-dinensional seri.al information

fromthe nowy, I is _sent to the reversible encadin ortion
9 by the datéQ%A ggggune ggéﬁdgg 5Pes b8H1B8r?i%ﬂP T4 R Th he dilent
accunul ative,err ef#géﬂﬁﬁgié£1 portion 7 and divided section detection
porti-on 8 cooperéie. ges- -

Fig. 21 is a flow chart showing processes at the image receiving
client. |

1_=‘ig. 22 is a flow chart showing a compression pr.ocess at the
server.

Fig. 23 is a flow chart sho.wing a decompression process at the
client.

BEST MODE FOR CARRYING OUT THE INVENTION

A mode for carrying out the invention will now be deséribed
in detail,

Fig. 3 is a block diagram of a system for compressing image
information according to the invention, and Fig. 4 is a
schematic diagram of three-dimensional pseudo Hilbert scanning
which is a (first) embodiment of the invention showing a case
of 4”56 pixels. Fig. 5 is a schematic diagram of three-
dimensional pseudo Hilbert scanning which is a (second)
embodiment of the invention showing a case of 8 ¥ 8§ ¥ 14 pixels.
Fig. 6 is a schematic diagram of three-dimensional pseudo

Hilbert scanning which is a (third) embodiment of the invention
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Conpressed data fromthe reversible encoding portion 9 are sent through
the transm ssion path 10 to the reversible decoding portion 11, and the
data are restored at the data restoring portion 12 consisting of the

di vided section restoring portion 13 and filtering process péf{uns2003
under centralized control of the control circuit 15 and are stored in the
novi ng i mage nenory 16. The stored data are subjected to three-di nensional
pseudo Hil bert scanning performed by the rectangul ar parall el epi ped

filling scaHfitigdr kaded d¥e sdigsnlsayaceanr the display 19 as noving i mages
t hrough the noving inmage output portion 18. For exanple, the

three-di mensi onal mpseudo hi |l bepb,-868RRLNY PYadbecd ket NP Apresents a .
paral | el epiped filling scan portion 3 is performed as shown in Fig. 4 in a

case of 4"SrRulltf! SmagdS PANE bt fon 2 W BoBREELALSS'S fplaRim 2] as

shown in Fig. 671n a Case 0 pi xel s. I nci pl'es behind the present

i nvention %lalra q\#lg%lﬁ%?;%fl %.qlgnnstgfrg i&:+5g$§npy4ogg rekbils & drﬁé&:[:{llg?t Ion

wi Il be nmadé on the ge lI'izat'i scannlﬁg I'n a

h -di i | A i | i Cfill |

o oF o o RV ARG, 6 kol OB 53R OBARO | oL UL 0 TSGR o

here on a thod for Hil.bert sganning on_cubi c r%%%ons
[

thr ee- di mendfial *HBEEE > 15t PPETAG Cwd KRGS OF C1 bt & T 1L Hi Vil T30 e
and an indu%%&%%lation portion; 8 represents a divided section detection
portion; 9 represents a reversible encoding portion; 10
represents a transmission path; 11 represents a rever.sible
' @ecoding portion; 12 represents é data restoringrportion; 13
represents a.divided section restoring portion; 14 represents
a filtering process portion; 15 represents a control circuit;
16 represents a moving image memory; 17 represents a rectangular
parallelepiped filling scan portion; 18 represents a moving
image output portion; and 19 represent a display.
According to the method for compressing image information
of the invention, moving images input from the video camera 1
are subjected to three-dimensional pseudo Hilbert scénning
carried out by the rectangular parallelepiped filling scan
portion 3 at the moving image input portion 2 under centralized
centrol of the control circuit 5 and are converted from
three-dimensional information to one-dimensional serial
information to be stored in the moving image memory 4.

One-dimensional serial information from the moving image memory

4 is sent to the reversible encoding portion 9 by the data

14




table) (article (3) on the prior art). This three-di nensional Hi bert
scanning is intended for <cubic regions that satisfy 0 < X < 20, 0 <Y < 2m
and 0 < Z < 2m(m 1, 2. ) in an X-Y-Z Cartesian coordi nate s¥ste and
the regions include 2mx 2mis 2mlattice points. An address 28Tuned¥ied to
each pixel as described below. Fig. 7 is a diagramshow ng the assi gnnent

of addresses to eight divided regions. As shown in Fig. 7 (a) , a cubic
region is divided into eight sections, and an address is assigned to each

of the dIVI@%% fg%% ot e%%ﬁ§q%wn N EhO- whibh- Qﬁét1a@@uﬁgﬂ£€§§e'serror

simlarly a55|gn c eight regions as a result of further

di vi si on vi d o] $ LEPE ggept ed
by six bits aggﬁg' Jfﬁlgﬁfggg oal%égg?ﬁﬁﬁggpsfﬁQQ% o?ggggg ggd?ess Z o? a
region haV|ngo% e of 1 x 1 x 1 defined after mdividing operations can
be expresseg y |nary notatlon having mbits as shown below. z a Z1,

Z2, -, Zm3 3 3 b nb h

bt 16727 June bOEBIsAEeR dacd s fhe RefPLIBLY SHORElobBoRELLN]SC
h th t f d t di t f

Fof or ence) - ok SUSERs ST U 1STRo R0 S T AN b R S Ve S e

decoding portiocn 11, and the data are restored at the data
restoring portion 12 consisting of the divided section
restoring portion 13 and filtering process portion 14 under
centralized control of the contrel éircuit 15 and are stored
in the moving image memory 16. Tﬁe stored data are subjected
to three-dimensional pseudo Hilbert scanning performed by the
rectangular parallelepiped filling scan portion 17 to be
displayed on the display 19 as moving images through the moving
image output portion 18.

For example, the three-dimensional pseudo Hilbert
scanning by the rectangular parallelepiped filling scan portion
3 is performed as shown in Fig. 4 in a case of 456 pixels,
as shown in Fig. 5 in a case of 8%8%14 pixels and as shown in
Fig. 6 in a case of 8%10%14 pixels.

Principles behind the present invention will now be
described in detail one by ocne.

First, a description will be made on the generalization
of Hilbert scanning in a three-dimensional space.

(1) Hilbert scanning for filling rectangular parallelepiped

regions
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di vi-ded regions showmn in Fig. 7 with each region indicated by one
representative point. In this case, there are three end points for each of
eight starting points, and there are twelve (=8 " 3/2) conbinations of
starting points and end points when conbinations that are siApleer2008r sal
of starting and end points are deleted. Therefore, there are twelve kinds
of Hilbert curves used in the invention as shown in Fig. 8. Each al phabet
represents the type of a curve. Each of eight divided regions as a result

of further divisi@npef; fach sl ildis ol Widad LGRS He%:@'cﬁ? thamesgefoal ong
any of the twelve kinds of curves Ato M For exanple, in the case of the

curve A th N )a r t der
of 000" 010 iOFE 1t BETPERT &?‘%i“@’lﬂagb@an% SRR A S ST Tl

curves Chaﬂgq&l}%&\@%e&f_ﬁaﬁ{hdrseg %gé rErst hE & naolf tg})lg an% 8%‘ 11:1]ducl't10111 and

E as shown in nforna 1 on

i nformation t r hon, O t he Y f, curves |s respectlvely
stored in a Fe?%#naﬁrt 51 n%trlﬂéxhhﬁ p] 4%1 qH induction table Tina [Y]]

d di h f which t
] e o o o i o it
ft j ot fd i 005 t
?heegrherlngagggnﬁ%ﬁa%%%népﬁﬁt88F§%5¥d reg%oﬁs Q:% <t ifredn g 2?32.5

For exanpl e fﬁm {1 i ghth r%glon %ganned b) curv ,ofth -é\ refe ence
is made to 21 g .m%e -Y-Z Cartesi an coordinate systém, an

the regions include 2" * 2" x _2'“ lattice points.

An address is assigned to each pixel as described b‘elow.

Fig. 7 is a diagram showing-kthe assignment of addresses
to eight divided regions.

As ‘shown inFig. 7{(a), a cubic region is divided into eight
sections, and an address is assigned to each of the divided
regions as shown in Fig. 7(b). Next, an address is similarly
assigned to each of eight regions as a result of further division
‘of each divided region, and each of those regions is represented
by six bits added with three low order bits.

Therefore, an address Z of a region having a size of 1

1 * 1 defined after m dividing operations can be expressed

by a binary notation having m bits as shown below.

Z = th z2v - Zm
3 3
A N
' Ty L ™
= X131 X1.2 X1.3, ..., Xn1 ¥En.2 Xn.3
S ———
——
Im
where z; (1 = 1, 2, ., m}) is a binary number having three bits,
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= 100 and Y1 = Tina[A] [8]= E. The termnal table(Ttrmfor referring to
addresses and the induction table (Tina) for referring to the types of
curves are shown below. Ttrm (A) = [000, 010,011, 001, 101, 111,110,100] Ttrm
[B] _ [000, 001, 101, 100, 110,111,011,010] Term[CO _ 27 June 2005

[ 000, 100, 110, 010, 011, 111, 101,001] Ttrm[DH =

[ 110, 100, 101, 111, 011, 001, 000, 010] Term (E)
[ 110, 111, 011, 010, 000, 001, 101, 100] Ttr"™ [F]

[110, 010, 000248G;, 1,01 001, 9ddmd 114 11]_érorf‘f9qr1 Fig. j
[101, 111, 110, 100,000, 610, 011, 001] =~ Ttrm \Flg. 1 shows the assignment

101, 100, 000,£014 0 1
%101 001 011 ?1% %%%s%%g %%0 1%&% d%ﬁéﬂk%éka& instance for reference}.

%8}} 82% 228 gig %g %881 %gé (])1%31%1 n?HbE %%e ¢n traverses across the eight ;
CRTs 1016%991?9%4%’0# i 2y ek adh regten r&ndl%caé) e by
7 = (o ot @rdsdhedfaly 02 1 o B "tBEES Atk Fhael end g

[H —[ Ipc% Cﬁ B’for eac'l?x]of e:.gq‘[t sta[rtlnngMJ.xl\l/ltE am],l there are twelve

—~TMow

— ] b ”
Q Il

n

(= 8 *3/2) combinations of starting points and end points when
combinations that are simple reversal of starting and end points
are deleted. :

Therefore, there are twelvevkinds of Hilbert curves used
in the invention as shown in Fig. 8. Each alphabet represents
the type of a curve. Each of eight divided regions as a result
of further division of eéch of the divided regiong is also
traversed along any of the twelve kinds of.curves A to M.

For example, in the case of the curve A, the eight regions
shown in Fig. 7{a) are traversed in the order of 000, 010., 011,
001, 101, 111, 110 and 100, and the types of the Hilbert curves
change between each region in the order of B, C, C, J, J, I,
I and E as shown in Fig. 9.

The two kinds of information, i.e., address information
and the information on the types of curves is respectively
stored in a terminal table Ty [¥;] [i;] and an induction table
Tina {Y;} [1;] depending on the types of curves and the order in
which they are traversed. Here, Y; (= A, B, ... K, M} represents

the type of a curve after j times of division, and ij (=1, 2,
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Tind[J] _[KMMAAFFH Tna[Ky [MJ,J,EEGGC Tina[M

[J, KKI,I,B B D Specific algorithmw ||l be provided by omtting the
process in the bracket in the algorithm1, setting iMi at 1 to 8 and
replacing a table PTtrn{Pl for address reference with Tirm (27 Jiic2086t
scanning for filling rectangul ar parallelepiped regions According to the
i nvention, the above-described three-dinensional Hi|bert scanning for
cubes (2mx 2mx 2m is extended into a nethod of scanning that can deal
with rectangullarepaeakenelsephpatk d@gicms cabinlBerén Ay A4 ViA@Y EY i868NS
cubic regions and has a |imted range of application. The present
invention adopterd timeBods faiviperdOr Mg Rl dl NEOSiANAlk iB3eWdR b LRert
scanni ng on rectangul ar parall el epi ped regi ons, which nethod™ enploys a

t echni que baseshoed dysEHARId 3 WIOGESSe bbb 2N hdle &]'; nds- of 1 3Rl ¢§;
Therefore, it has many advantages over nethods of cal cul ation based on a
recursive procese ddy terosoof, [(£plgyl atgon tine and inplenmentation on a
har dwar e basis. The extension of cubic inplenentation to rectangular 19 27

June 2005 parrd | €dapied d Pl SnBntat i 0 | AYAL VLS, & WO, PRI Sssls Cand the

changing of rules for division of sides during recursive division into

eight secti ansnand DaRghra (ef i %ﬁ%f@yﬁq{g L the types of curves are

shown below.

Term [A] [000,010,011,001,101,111,2110,100)

Term [B] [000,001,101,100,110,111,011,010]
Term [C] = [000,100,110,010,011,1;1,101,001]_
Trem [D] = [110,100,101,111,01‘1,0-701,000,010]
Term (E] = {110,111,011,010,000,001,101,100]
Teem [F] = [110,016,000,100,101,001.011,111]
Term [G] = {101,121,110,100,000,010,011,001)
Tirm [H]) = [101,100,000,001,011.010,110,1111
Term [I) = [101,001,011,111,110,010,000,100]
Term [(J] = [011,001,000,020,110,100,101,111])
Term [K] = [011,010,110,111,101,100,000,001]
Teem (M] = [011,1131,101,001,000,100,110,010]
Tina (A] = [B, C, C, J, J, I, I, E}

Tinga [B] = [C, A, A, H, H, D, D, M]

Tina [C] = [A, B, B, F, F, K, K, G}

Tina [D} = [E, F, F, G, G, M, M, B]

Tind [E] = [Fr b, D, K, K, A, A, I]

Tind [F] = [D: E, E, C, Cl’ H, Hr J]
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three least significant bits of addresses, Each side is divided according
to the following rules during recursive division into eight sections. (1)
A side having an even length is divided into sides having an_even |ength
at the dividing point closest to the mid-point. (2) A side ha{?¥%y§ Z¥>0dd
length is divided into a side having an odd | ength and a side having an
even length at the dividing point closest to the md point. According to
the rules for division, a line segnent having a length a' 2mis divided
into 2mlin@;sedi@nts fmvimg B lengih ¢,’ad, a&) a result of mtines of
division into two sections. Therefore, when a |line segnent length 1
satisfies 2o, 2 [l = & x,2m3, B, s diyvided #nto 2mline segnents which are
conbi nations of line segnent lengths of 2, 3'and 4 as a result of mtines
of divisiond i gqijwe sget iwns:, henefate,g) mf he case of a rectangul ar
paral | el epi ped regi on whose side lengths |,, lyand 1. satisfy: 2 x 2m1, <

4 x 2m 2 ’i‘i%Jn[EZI]' Y g M,2M, A X2Ms, ¥4 1% 2m (1) rectangul ar
par al | el epi peds having sides with | engths which is 20 27 June 2005 a

combi nati onmof, Zx)3 angy 4 Ar ¢ genernat el as a-yesult of mtimes of eight
sections (hereinafter, such rectangular parallelepipeds as mnimumunits
are referred.to g "PlEckg) x, 1, I, B, B, D]
Spegific algorithm will be provided by omitting the
process in the bracket in the algorithm 1, setting iw.; at 1
to 8 and replacing a table PTemlp] for address referencé with
Term- .
{2) Hilbert scanning for filling rectangular parallelepiped
regions
According to the invention, the above-described
three-dimensional Hilbert scanning for cubes (2™ * 2" * 27) is
extended into a method of scanning that can deal with
rectangular parallelepiped regions.
Hilbert scanning normally scans cubic regions and has a
limited range of application. The present invention adopts a
method for performing three-dimensional pseudo Hilbert
scanning on rectangular parallelepiped regions, which method
employs a technique based on a sequential process utilizing two
kinds of tables. Therefore, it has many advantages over methods
of calculation based on a recursive process in terms of

calculation time and implementation on a hardware basis.

. The extension ¢of cubic implementation to rectangular
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In the case of a rectangul ar parallelepiped that - satisfies the Equation
(1), blocks which satisfy scanning conditions (1) that the starting and
end points nmust exist on the sane side of a block and (2) that novenent is
to be made to a lattice points for which the humm ng di st ancé’ BEedd¥a t he
addresses is 1 have sides whose | engths are twelve conbinations (2 x 2 X
2) , (2x3x2), (2x2x4 , (2x4x2), (4d4x2x 2), (2x 3x4),
(4 x 3x2), (2x4x4), (4x2x4), (4x 4" 2, (4x 3 x4) and (4 x

4 x 4) when gxpd EBSESP Dyed N md vemen tay onlZ) niel @bEONEwd N pidieteaseiok . a
cubic (2mx 2mx 2nm), only a block (2 x 2 x 2) was generated by dividing

i t. Reassi gnimMgigtBe eadds signi LiieaRk ol tSf Ok iaddr eaneing | sebaayied
for a rectangul ar parall el epi ped because bl ocks generated therefromas a

result of digdwyi ol Eighenied fOMs tamsehgﬁa%at@fi fHON3 iGHhARn tTHE
address of each block is stored in a termnal table PTtrn{p][Y][i] where p

(=1, 2, 12) 5 & NUher é?ﬁﬂi%%%%#f’bf%%*bf”%ﬁ%ié@ge¥here Y and i are the

same as those In Ttrm For~ exanple, for of (2 x 2 x 4),

PTtrnf 3] [A][ 16] Ef#qu; ]%ed{ﬁddé .3 c.colis JUIMDET ¢ e WAL £410d Sng NEL L BEST

argunent of the table is June 05 a nunper that represents the bl ock

o (2 X2 X Alrand NELSLASre T 0T AEAY e oLedligd s on T nto el ght

sections is per rec angu ar para pl pe

(1) A side having an even length is divided into sides
having an even length at the dividing point closest ;o the
mid-point. |

{2) A side having an odd length is dividedr into a side
having an odd length and a side having an even length at the
dividing point closest to the mid point.

According to the rules for division, a line segment having
a length a2"™ is divided into 2" line segments having a length
“a” as a result of m times of division into two seétions.
Therefore, when a line segment length 1 satisfies 2 * 2™ £1
<4*2", 1isdivided into 2" 1line segments which are gombinations
of line segment lengths of 2, 3 :and 4 as a result of m times
of division into two sections. Therefore, in the case of a
rectangular parallelepiped region whose side lengths 1, 1y and
1, satisfy:

2 X 2" £ 1, ¢ 4 % 2%,

b
®

X
]
A

1, < 4 * 27,
2 * 2" L1, ¢ 4 x2" ~(1}

rectangular parallelepipeds having sides with lengths which is
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satisfies Equation 1 as in the case of a cube, and addresses can be

assigned to the rectangul ar parallel epiped region by referring to the
addresses thereafter on the termnal table PTtrm associated with each
bl ock. Algorithmfor calculating all addresses in a rectangul 27 June 2005
paral |l el epiped region (1x x IY x Iz) that satisfies Equation (1) on a
recursive basis is obtained as foll ows based on such an idea. Here, |xk x
| Yk x 1zk represents the length of each side as a result of k times of

di vi si on.

di vi ded reg

tYm i
to the

Tin
rul

AdeskbiRkitadnbE!2 Nawahe Sade ooy ihg: 8 oy gtiﬂé@&ﬁ%@ HHeQert
address (Y,, Ix, [ 0, 12, m . For it - 1o 2 —- 8 zf =Travj) [i
= Tind [YI] Jd ] éi&ﬁ%?GQhBEcﬁFﬁs |y1h%%%}h?§%b¥'ded%ﬁéﬁ”d'ché?%%Qfa ul es

for division to determ ne the [engths

z, m

t he ST 0

and | z

1 Y2

t he

PR AR AL Wl Dug e Und o8 2rd réresrea tfas S Ohde ] 11T

es for giv'ﬁion toequprgjne t@gnéﬁgﬁggﬁygéa %L%E%gggeLfgﬁgé

t he sides of the &lvi ed r%%?ons asSoci 8t

1,

associated WLh Jp40s | L aBGubETohs @5 I8GE 48:8L 148 610% E0Mnlil

I X m

conditions (1) that the starting and end points must exist on
the same side of a block and (2} that movement is to be m;de
to a lattice points for which the humming distance between the
addresses is 1 have sides whose lengths are twelve combina‘tions
(2 2> 2), (2 %3 *2), (2*2 % 4), (2 *4%2), (¢£*27*
2), (2 %3 % 4), (4 3%2), (2%4%4), (4%2%4), (4%
4 *2), (4 3 ™ 4) and (4 * 4 * 4) when expressed by the (1,
* 1y, * 1.;) notation.

In the case of a cubic (2% * 2 * 2"), only a block (2 *
2 * 2) was generated by dividing it.

Reassignment of the least significant bits of addresses
is required for a rectangular parallelepiped because blocks
generated therefrom as a result of division are different from
those generated from a cube.

The address of each block is stored in a terminal table
PTirmfp]l (Y] [i] where p (=1, 2, .., 12) is a number assigned to
each block and where Y and i are the same as those in T¢y. For
example, for a block of (2 * 2 * 4), PTem[3]1[2)[16] = 1000 is
referred to.

- The number 3 which is the first argument of the table is

21
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XImx r lzmZm1 = PTtrm(P) (Ymi) (iml) Qutput<zl ... zmzmi> Let us
assune here that the total nunber of the lattice points in a scanned
regionis Ix x Ir x 1.0 = LN. Then, the algorithmrequires an anount of
calculation Q(LN) which is only about twice LN. Wile the i nd2hneci08an
not be conpared with the generalization of Hlbert scanning utilizing a
recursive process (the article (1) on the prior art) because no specific
nmet hod has been descri bed for three-dinmensional applications, it takes

conmput i ng tidvenwhigen fiiwantd &t OOGREs tfRE bhaéx obst g ximpvensy ve nethod
because it involves. conplicated processing including a recursive process

as in two-di nensi ofalre AR | GAL RS dEh%%%nhin%n%oEOaQQQsEBhr§ﬁ98n5§@ﬁ€
bet ween the order of a one-dimensional series obtained by Hiibert scanning

and the addé@é&%ﬁﬂé%ékﬁ@rﬂ@h”%ﬁ 1N A Ay 1%‘%‘11 %ﬁé’fﬁélé&?%@d @HQt it

IS therefore poss e to derrve one fromthe description wll be

made her e Og.-]gtfs(szssipeesc' difa BRI GRS b leS NS SANE agnhNEkalls selgsec

in the arti eprlor art nventive ne |mte to the

followng ooy Qs A JPSErT B6d ADOYEas T (10l POSLD: pla' DEc 2R 15!

side) S (th eng

referring to the addresses thereafter on the terminal table PTeyy,
associated with each block.

Algo;ithm for calculating all addresses in a rectangular
parallelepiped region (1, * 1,° ¥ 1,°) that satisfies Equétion
(1) on a recursive basis is obtair;ed as follows based on such
an idea. Here, 1, * 1, ¥ 1, represents the length of each
side as a result of k times of division.

A description will now be made on the algorithm 1 for a
Hilbert address (Y., 1.°, lyo, 1,%, m).

For i; = 1, 2, .. 8

Z2: = TeniYad [i1]:¥2 = TyaalY:] {44];

{the region (1,°, 1,°, 1,°) is divided according to the rules
for division to determine the lengths 1,', 1,* and 1,' of the
sides of the divided regions associated with z;}

For iy, = 1, 2, .. 8

Zn = Tern[Yal [in] :Yner = Tinal¥a] [din) ¢

{the region (1,**, 1,™%, 1,"") is divided according to the
rules for division to determine the‘ lengths 1", 1," and 1," of
the sides of the divided regions associated with =zl

{ablock (p) associated with1,", 1,"and 1," is determined)
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23 27 June
| ength of the side on which the start and end points and the | engths of

si des of planes excluding the start and end points in the nornal

2005 side) < 2 X (the length of the shortest side) (2) The

are odd lengths. A size out of the range defined by (1) above2dwme2005

substantially covered by arrangi ng rectangul ar

paral | el epi peds in sizes

that satisfy (1) in series. Wile the above item (2) nust be addressed in

the future

to extend the application to arbitrary sizes wthout

limtation, pdhg prabliem cgnebe sol ved sy adding scanni ng of one line at

edges of images. According’to tHe invéntive nethod, the recursive process

Is elimnated by I nQ ' of ;tablkes. Table 1 summari zes the storage
45LnG. 40 oy, of 1580 ¢

capacities

of thosé& akfa

Cubes34 Rec%&n%%hir paralleligipeds 2280 (not wutilizing symetry)
a +

Rect angul ar pa
cube filling scan_are the_ two

él'epi fBAE™405 (utilizing symetry) Tables required for

Let us assumekﬂggg that the total number of the lattice

points in a scanned region is 1,° * 1,° ¥ 1.,° = LN. Then, the
algorithm requires an amount of calculation OQ(LN) which is only
about twice LN.

While the invention c¢an not be compared with the
generalization of Hilbert scanning utilizing a recgfsive
process (the artiéle (1) on the prior art) becausé no specific
method has been described for three-dimensional applications,
it takes éomputing time significantly longer than that of the
inventive method because it involves complicated processing
including a recursive process as in two-dimensional
applications.

There is one-to-one correspondence between the order of
a one-dimensional series obtained by Hilbert scanning and the
addresses of lattice points in a three-dimensional space, and
it is therefore possible to derive one from the other. No
description will be made here on the specific method because
it is the same as that disclosed in the article (2) on the prior
art

The inventive method is 1limited to the following
conditions as described above.

(1) {(the length of the shortest side) £ (the length of the longest

23

direction

¥éahned Object Storage Capacity (bytes)



of tables (termnal table and induction table) described in the section of
"Hi | bert scanning for filling cubic regions". Wile it has been necessary
to add a table of address information of each block for three-dinensional
pseudo Hil bert scanning, the 24 27 June 2005 utilization of sifhater2006f
curves as shown in Fig. 8 nakes it possible to reduce the capacity for
storing the table significantly. Table 1 indicates that the increase of
the storage capacity can be suppressed to about 1/5 when symetry is

utilized. Thyge)t et abl(ghgaﬁjeggtﬁoggl g%eghwrttlg_sg gyhks small storage
capacity also in the case of rectangular paral e epl peds. A table show ng

the order of thregy, géhg?ﬁlofp RUAQ 4§ 9:51& to gg% Iﬁﬁ%&ta’{@%

above- descri bed two tab es |s re erre

hod f ordl i on. wi '
ggsc?i begr %%@Eﬁ%\slilgn ng % ng%dfgn I |nmatgesglna\}llglngzslllgnélcggty\g”j“ill erhoc%Nor m
a rectangul ar ;1D aI I elt%@ Bed fl )élreg " Z when Vi e\ied thhree di mensi onal | y.

A techni que of corrpre55| ng R8vi tlém aaf Odﬁil gh peed and with high
image quality is proyided_  her il | zi n hr ee- % nal seudqo _Hi | bert
scanni ng perfor rrgd ﬁﬁet 8 & faﬁﬁﬁl 5?“8 é?IEféIn ] g’e g §c&R™ Bt tion
6 based on a g rlgbl e as descrj bed above. A dividi ng process Bbéased on
t hreshol ds F&§ FPFéa 4t on SSYET S nenstHnal aéfﬁngéﬁgnpresrseéz&w Y "

Z three- d| nensi onal Q gdo H | hert scanni n%
parallelep 8 in sizes that satisfy (1) in series.

While the above item (2) must be addressed in the future
to extend the application toarbitrary sizes without 1imi ta.tion,
the problem can be solved by adding.y.scanning of one line at edges
of images.

According to the inventive method, the recursive process
is eliminated by using two kinds of tables.

Table 1 summarizes the storage capacities of those

tables.
Table 1
Scanned Object Storage Capacity {bytes)

Cubes 34
Rectangular parallelepipeds 2280

(not utilizing symmetry)

Rectangular parallelepipeds 495
{utilizing symmetry)

Tables required for cube filling scan are the two kinds
of tables (terminal table and induction table) described in the
section of “Hilbert scanning for filling cubic regions®. While
it has been necessary to add a table of address information of

each block for three-dimensional pseudo Hilbert scanning, tpe
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The dividing process will now be described. An average value Xi of N pixel

values of i - thto (N1) -th pixels of one-dinensional data (xi, i - 1

2, ..., SIZE) is as follows. 25 27 June 2005 N1 - 1r X =NL~ X"}

j=0

where Nis not a predetermined value and is determined with 2&f@rad®é to

an error as described bel ow. An accunulative square error ei(N) betwee
the average value X and a part of the original one-dinensional data {x1

n

as follows. [NN-1 el (N) =L (Xij x) j=00, 1, (N1)) is One section is

defined by pjoelsSdip dP dfgvhifelly bR BL¥GLS ad WndWH Gk #1£XgeRARER it
threshol d THRE gi ven i n advance. ¥h|

eval uated values ¢ 3l ZnE; [PPr GSQesS hlen&%g{—[eé‘“ggg% O P14 S0 s ANGr THRE

represents a thresho ]Tor the criterion el.” (Conpression gorithm
storage capacity can be suppressed to about 1/5 when symmetry
is utilized. Thus, the table can be configured with a gquite
small storage capacity also in the c¢ase of rectangular
pgrallelepipeds. A table showing the order of three-
dimensional pseudo Hilbert scan generated from the above-
described two kinds of tables is referred to as “l1ook-up ta:ble" .

A method for compressing ihformation accofding to the
invention will now described.

In a moving image, 2 frames of images having X * ¥ pixels
form a rectangular parallelepiped of X * Y ¥ Z when viewed
three-dimensionally. A technique- for compressing moving
images at a high speed and with high image quality is provided
here utilizing three-dimensional pseudce Hilbert scanning
performed by the rectangular parallelepiped filling scan
portion 6 based on a look-up table as described above. A
dividing process based on thresholds is carried out on one-
dimensional data decompressed by X * Y * Z three-dimensional
pseudo Hilbert scanning.

The dividing process will now be described.

An average value Xi of N pj.xel values of i-th to (N-1)-th

pixels of one-dimensional data {x;, i = 1, 2, .., SIZE} is as

follows.
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Main Ol One dinensional data {xi, i - 1, 2, ..., SIZE} is obtained
t hrough rectangul ar parallelepiped filling scan. k = 1:

1.1 - 1 mhlle (i <_
SIZE) 26 27 June 2005 { Grouping (i, N, x) : Ik =N Ck = x: k++: K=k
-1; {Ik} and (ck} are encoded and output (k =1, 2, ..., K ¥7£mb@¥@ép|ng
(i, N, x { for (j = 1: j < SIZE; j++) { the average value x of {xi, xi+1,

.j} is calculated; i el (N (Xi+mX )2 ; MO0 if (ei (N > THRE) break; }
N =g |

) N-1
X= ? E Xi+j
=0

where N is not a predetermined value and is determined with
reference to an error as described below. An accumulative
square error ei(N) between the average value X and a part of
the original one-dimensiconal data {x;, i =A0, 1, ., (N-1)} is

as follows.

N-1

e () = L (o~ )

=0

One section is defined by pixels up to the (N-1)-th pixels
for which e; exceeds a threshold THRE given in advance. This
| process is sequentially performed from the beginning of the
3 one-dimensional data. The compressionalgorithmis as follows.
A subprogram GROUPING determines dividing points based on
evaluated values. SIZE represents the total number of pixels,
‘ and THRE represents a threshold for the criterion e;.

[Compression Algorifhm]

Main ()
One dimensional data {x;, i = 1, 2, .., SIZE} is obtained

through rectangular parallelepiped filling scan.

k=1: 1 = 1:

while (i £ SIZE)
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O her distances such as a city block distance (absolute value) may be
used. Fig. 10 shows the relationship between the conpressed data thus
obtained and the original inmage. The conpressed data are represented by a
| umi nance value Ck and the length (number) 27 27 June 2005 | k2b¥@re 285 ch
the | um nance val ue lasts. The conpressed data can be restored through a
sinple process of burying information of {lk} and {ck} in a noving inmage
regarded as a rectangul ar parall el epi ped al ong three- dinensional pseudo
Hi | bert scanning Qerforned by the rectangular parallelepiped filling scan
portion 17. The algorithmfor restoring noving inmage data is as follows.
The filtering process at the filtering process portion 14 is a

conventi onal techni&%@HnFBr(b%hﬁb1e, a snoothing filter is used.

[ Restoration Algorithml Main { {lk} and {ck} are decoded (k =1, 2, , K
{ck} is deconpressed over the length {Ik} along the three-di nensional
pseudo Hil bert scanning performed by the rectangul ar parall el epi ped

filling scan portionld® Nhe i=l ker kng:process is carried out. } A
description will now be made with reference to Fig. 12
i=1i+ N:
}
K =k -1;
{14} and {cx} are encoded and output (k = 1, 2, - K);
}

subgrouping (i, N, x )
{

1: j S SIZE; j++)

for (j

the average value x of {x;, Xi+«1, -, Xi+3} is calculated;

J

o — 2-

& (N) = 2 (i "% )2
m=0

if {(e;(N) > THRE) break:

Other distances such as a city block distance {absolute
value) may be used.

Fig. 10 shows the relationship between the compressed
data thus obtained and the original image. The compressed data

are represented by a luminance value Cx and the length (number)
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on the detection of divided sections at the divided section detection
portion 8 of the data conpression portion 6. Let us assune that THRE - 10.
First, the accunulative error is sequentially checked fromthe point 1 to
determine a first section. 28 27 June 2005 (1) Since xi = 5, 27 AenedBage
val ue x and accunul ative error e are calculated at x = 6 and e = 2 when |
=1, 1 . e , when the point x2 = 7 is included. Then, the next point is
checked because e < THRE at this tine. (2) The average val ue x and

accunul ati vey erdwir &iifcéh 98 Clllth & Yafud P = 8 when | = 2, i.e.,

when the point x; = 9 is included. Then, the next point is checked because
e < THRE at this t¢y@. o dbgeavaLage %@'H%>%é%$#fﬁﬁn@@£ LNe eLhpL 8 are
calculated at x = 7 an% @ﬁf 8 ahen ] :CS, i.e., en the pg§%t ax21:b7%?s

i ncl uded. Tf}gpecégﬁﬁ,'}eﬁ&r ghgtldf% etciliﬁ{jo?eﬁ?fsfnd %cﬁégﬁglﬁgﬁﬁm%?'

(4) The average value x an ccunul ative error’e are "Ci _
N gy 25 Wemslhaqulad S, WERMRRE it s o R eSS
oo e A e o B0 RSB UL LS ot g Sgen oy et
acoumul atl Ve L ffufal’ 2a38191 AR50 KiTifaf 4cka S8l 5.1 Il
algorithm for restoring moving image data is as follows. The
filtering process at the filtering process portion 14 is a
conventional technigue. For example, a smoothing filter is
used.
[Restoration Algorithm]
Main
{
{1x} and {cx} are decocded (k = 1, 2, .., K):
{ck} is decompressed over the length {1y} along the
three-dimensional pseudo Hilbert scanning performed by the

rectangular parallelepiped filling scan portion 17;

The filtering process is carried out.

A description will now be made with reference to Fig. 12
on the detection of divided sections at the divided section
detection portion 8 of the data compression portion 6.

Let us assume that THRE « 10. First, the accumulative
error is sequentially checked from the point 1 to determine a

first section.
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the point x6 = 4 is included. Then, the next point is checked because e <
THRE at this tinme. (2) The average value x and accunul ative error e are
calculated at x - 3 and e = 2 when j = 2, i.e., when the poiné X7 =..3 18
i ncluded. Then, the next point is checked because 29 27 June D885 THRe
at this tine. (3) The average value x and accunul ative error e are

calculated simlarly for j =3, 4, ..., the results being conpared wth
THRE. Then the points for which e > THRE define the sane section. The
points x5, x6, x7 leﬂ ghetﬁénﬁv%%%tg'eoﬂalu-ghbtsanﬁhac%@xﬁﬂﬂdtiev@IOn
I's determ ned The a ove crlbe process is repeated to cover the nunber

of data SiZzE, Jog e”%%.%ogai%léegargé%e 096 | e LN Qi 1500 8f 2 di ghneieed

according to STHe ihvent ronna 0SSl to i nprovethe eff|C|ency of

t he CorrpreSSI}i%FSLgf% e_ |,pf r mat] %e%s__ Sli]ﬁg?flghelzﬂgxt Hoidhe d mage keown

here is onIy “ca ( pi xel's/'frame) wth a conpression

ratio of 0.19 bits/pix n1nance) SpeC|f|caIIy t he
hori zontal aXFE2%RT %e?t?%gg %% gﬁ fﬁe 11 respectively represent frame

nb d t d
(r:]lcj)rrpre;:s?gn 8][ OFrGr:tg’e’ gT}h‘ngg ngﬁsggggFZ?xngarf 0 ?‘%ce I hivent Y%ﬁg&?%g”{eﬁgr& aph

b represents conpression of inmage information acgordi ng t tjqQr.. art
(MPEG  Movi n@a}% %tgpaet} %5 'Gjoﬁgg ROV S&Ieﬁade-l gle.g. ' v%éxbechéoﬂoq ‘T

%3 = 9 is included. Then, the next point is checked because
e < THRE at this time.

(3) The average value x and accumulative error e are
calculated at x = 7 and e = 8 wheﬁ j =3, 1i.e., wﬁen the point
#4 = 7 is included. Then, the next point is checked because
e < THRE at this time.

(4) The average value x and accumulative error e are
calculated at x = § aﬁd e = 28 when j = 4, i.e., when the point
x5 = 2 is included. The _points X1, X3, X3 and x4 are in the same’
section because e > THRE at this time (N = 4).

Since the first section has been thus determined, a second
section is determined from the point 5.

(1) Since xs = 2, the average value x and accumulative
error e are calculated at x = 3 and e = 2 when j = 1, i.e., when
the point x¢ = 4 is included. Then, the next poiﬁt igs checked
because e < THRE at this time.

(2) The average value x and accumulative error € are
calculated at x = 3 and e = 2 when j = 2, i.e., when the point

%, = 3 is included. Then, the next point is checked because
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Codi ng Experts Group which are international standard systens for
conpression -of noving i mages. As apparent fromthe figure, the processing
time is approximately 2.5 seconds according to the invention_and

approxi mately 28 seconds according to the prior art, and the 30 June 298¢
2005 processing tine can therefore be shortened by a factor of about ten.
A reduction in image quality can occur depending the nagnitude of the
threshol d THRE used for averaging during data conpression. Specifically, a

| arge threshold T Jese s dimed reduction in image quality, although it
i ncreases the conpression ratio. A small threshold THRE decreases the

compressi on ratio (£ JHIEASFAdd AWSLEL L HRa BLMANARCikd Y AYES, | HRgE

quality. A descrlptlon wi |l now be made on a technique which can satisfy

the requi r e, Of) L9l ol GAMTESST on 1athe AN (B8R s Quabhby- o | €

suppressi ng any reduction’in |nage quali'ty’ "dssociated with an rncrease in

the thresholg El‘@'?mg':' 9 &E éﬁ‘é’ cely a%vh?@ﬁhé% %‘ﬁe%fﬁgﬂeq‘tﬂ@' sENE

- di nensi onal ta and e aver va ue of each sectlon use

above-descrie t hog, for r SSIOH Th|s |s roxi.na e . dat a
{yi, i - 18 rna sﬂ%ﬁhp?%gggg ”1§"K{ Gfaf ty 0 sﬁé Egﬁ?e%%§£%€g'
approxi mated error att rns are pre%%g? at server end and

clients. A code f&r an r@rﬁ&& &S5 % %ﬂ) PSS a differentia

The above-described process is repeated to cover the
number of data SIZE.
The method for compressing image information at a high speed
according to the invention makes‘it possible to'improve the
efficiency of the compression of image information as shown in
Fig. 11. The image shown here is only Miss America (360 * 288
pixels/frame) with a compression ratio of 0.19 bits/pixel {only
for luminance).
Specifically, the horizontal axis and vertical axis of Fig. 11
respectively represent frame numbers and processing time {in -
seconds); the graph *a" represents compression of image
information according to the invention; and the graph b
represents compression of image information according to the
prior art (MPEG: Moving Image.Experts Group: Moving Image Image
Coding Experts Group which are international standard systems
for compression of moving images.
As apparent from the figure, the processing time is
approximately 2.5 seconds according to the invention and

approximately 28 seconds according to the prior art, and the
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wavef orm during data conpression at the server is transferred to the
clients along with the conpressed data. At the clients, the vvaveformof
the relevant error pattern is superinposed on the deconpres?ﬁj uri ng
data deconpression to restore the data. Fig. 14 shows a con n to

i nplenent this method. Fig. 14 (a) shows a conpression operation at a
server, and Fig. 31 27 June 2005 14(b) shows a restoring operation at
clients. This nakes it possible to provide nmoving inmages wth high inage
quality. Vhidddies Ao tendesss it ATLIRNo DAS J0 3G L DAtk Gonker 88 of
vi ewed novi ng |1 mages 1 nto one-di nen S|ona seria tion wth
reference tq g method involving three-dinmensional pseudo Hilbert scanning,
t he conversion may be carried out using other rret hods. A descri pti on will

now be nade 20 u”%t hod. f aor treansfelrrl ng_.r eal dTe namni

utilizing tRe fet hoéofno‘}nclo“1 Pid T mageo?% or Tt nydr;lmac*‘t %he g%mt 339

accordi'ng to . is_a confi atjon gram of stem
accor di ng t&ﬁE e’ veéﬁpqgln“’%%"?@ﬁet%&%ﬁawragﬁ&?véww ahERY gﬂpﬁsmory

(i ntranet) infernet, and Fi 16 i.s adacramshowl a le of a
process f1 oWBREARTIG o5t FEr I RV T e HoOied TRERDFA! %665% RBcHRi on,
a plurality of conputers connected , through the network gre prepared., At

| east one oflq%gﬁgllﬁynoﬂ TR tPER FéFFl%eé’ﬁH'P(r}?@rsé% p&rotsetver

S') at which a _video capture card and a video canera V are set. The
small threshold THRE decreases the compression ratio to

increase transfer time, although it improves image quality.
A description will now be made on a technique which can satisfy
the regquirements on both of the ﬁompression ratio and image
qgquality while suppressing any reduction in image gquality
associated with an increase in the threshold THRE.

Fig. 12 shows the relationship between o:i'iginal one-dimensional
data and the average value of each section used in the
above-described method for compression.

This is approximated error data {y;, i =1, 2, .., SIZE]} as shown
in Fig. 13. A plurality of such patterns of approximated error
Oor error patterns are prepared at a server end and'clit_ants. A
code for an error pattern that approximates a differential
wavefox_‘m during data compression at the server is transferred
to the clients along with the compressed data. At the clients,
the waveform of the relevant error pattern is superimposed on
the decompressed data during data decompression to restore the

data. Fig. 14 shows a configuration to implement this method.

Fig. 14 (a) shows a compression operation at a server, and Fig.
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ot her conputers are clients C. According to the invention, a noving inmage
is transferred by the follow ng process. (1) A server programis executed
on the server(s) S. (2) Aclient programis executed on the clients C (
Connection is established fromthe clients Cto any server S7iweZ80hny be
a plurality of servers). 32 27 June 2005 (4) The clients C request inmages
In standard specifications fromthe server S. (5) The server S continues
sending the requested noving images to the clients C. (6) The clients C

change the copientsnOfistHerie0UEShgaSpePEHSH ok 721 78R 8Cr ver S generates,
switches or deletes a conpression and transfer sled accordingly.

Speci fi cal | ypy, n 2 il R kb S Gip it e o tﬁf%%&}@@#aﬁrﬁ%mga%t@l%ﬁq{ kgl on

t he transfer spee | mage si ze, the es and t e to the
server S, an ransfer speed information is fetched and set as a
control disp ay | erval ti. Next, the server S fetches inage signals from

a television, canena aL thedabove dgscr%bgd di spl ay jnterya ed F f’wﬁt glmeans
such as vi deb? tapt ule*3Rd°pEFFGF cofipP ession on t etched rmages
using a Iook LUT to_achi eve ressio l.ze and

bl.e
the nunber o7t VhEg8S 19 nt SRRRERAN GA PRet HAMAPSRPRSL o eﬁ\%?“?a hggi68

f;fgfpagfoghe SR 1 N6 LTS, .0 WL e LSS A SEYeh,

I-I_llbert scanning, the conversion may be carried out using other
methods.
A description will now be made on a method for transferring
real-time dynamic images utiliziﬁg the method fof compressing
image information at a high speed according to the invention.
Fig. 15 ie a configuration diagram of a system according to the
invention constituted by a network N such as a LAN (intranet)
or internet, and Fig. 16 is a diagram showing an example of a
process flow according to the inventive method.
Accofding to the invention, a plurality of computers connected
through the network N are prepared. At least one of them is
a moving image transferring end (hereinafter “server S5°) at
which a video capture card and a video camera V are set. The
other computers are clients €. According to the invention, a
moving image is transferred by the following process.

{1) A server program is executed on the server(s} 5.

{2) A'client program is execeted ot the clients C.

(3) Connection is established from the clients € to any

server S (there may be a plurality of servers) .
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ti. The conputers at the clients C deconpress the conpressed inages using
the | ook-up table LUT and display the imges on the display at the fetch
interval ti. They al so neasures the transfer speed as they receive the

i mge data and transmit transfer speed information to the se2V&me300¥he
server S updates the display interval tI with a value in accordance with
33 27 June 2005 the transfer speed information to fetch imges in
accordance wth the characteristics of the clients C such as image

processi ng speed. T‘%}e Eﬁﬁéemclii%%%f 5%11\#1?!%“%8)@1 ggﬁ%‘%%%i figal Igtgﬁﬁgghbed

with reference to the odi ment . I 'agram show ng

initializin rocess ,at_the ti of connecfion of the image transmtting
server to %Pgeccli 'le%affsl.onl%ete]b n(')gtg%es Sp?%%‘:‘é’éd%‘ as follows. The speed setting
is received fromt&g clients. %2%1 The contents é).f th%[settin? ar.e_infornmed
to a rmnagenent si*ddTBE3FCAVEFed TH TURITT A WY (FhESEBREERESTBY 119
setting is retrieved froma managenent table. (4) If a sled having the
same setting™BERE £O (P G589 Cslid is assigned. If not, a new
conpression sled is generated and assigned. (&512 Oor?ressi n data including
speed i nformation (8 THEnELALBES EoThEnIPrile PR DT FEeatERYREG 2

conpression sled are
needed.

(7) The server § generates, switches or deletes a
compression and transfer sled accordingly.

Specifically, as shown in Fig. 16, theclients C transmits
information on the transfer speea, image size, the number of
images and the like to the server S, and the transfer speed
information is fetched and set as a control display interval
tl. Next, the server S fetches image signals from a television
camefa at the above-described display interval tl with means
such as video capture and performs image compression on the
fetched images using a look-up table LUT to achieve the
compression speed, image size and the number of images in
accordance with the display’intervél tl and transmits the image
data to the clients along with the fetch interval information
tl. The computers at the clients C decompress the compressed
images using the look-up table LUT and display the images on
the display at the fetch interval tl1. They also measures the
transfer speed as they receive the image data and transmit
transfer speed information to the server S. The server S

updates the display interval tl with a value in accordance with
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transmtted to the clients. Fig. 18 is a bl ock di agram show ng a process of

changing setting after transm ssion of a noving image is started at the
imge transmtting server. Fig. 19 is a flow chart of the sane, and the
process proceeds as follows. (1) The speed setting is received fune00he
clients. 34 27 June 2005 (2) The contents of the setting are informed to
the nmanagenent sled. (3) A sled in conpliance with the contents of setting
is retrieved fromthe managenent table. (4) If a sled having the sane

setting exi gire tidhsPdSldgada $hedrind ta%el 9Bedeckh PRAhged PRVaELIPALRSEON
sled is generated and assigned. (4') Unused conpression sleds are erased

si mul t aneousg); j Laclydi n inf ti k
$dkn (Re gg{e%'a A Ak ddata Leclydi ng, spged i Qﬁgﬁeé&n !érﬁage

generated. (6) Conpre a on the assigned conpression s ar

transmtted ddes Gld Fig. 20 is a block diagram showi ng a
configuratigﬁQbf al(ﬁfﬁgﬁ%%hat receives images, and Fig. 21 is a flow

h how h [ fql | s LS.k
roma setting moui® PoFeint uivhal AP 811 Nou Hq BhBeiFdbaTiy e rl 00!

managemnent %f%% §é¥e£gﬁ%é“¥§‘¥ﬁé5é§b§ f%é%%}lng are transmtted to the

Fig. 17 is a block diagram showing a initializing process
at the time of connection ¢f the image transmitting server to
the clients. The process proceeds as follows.

The speed setting is received from the clients.

(2) The contents of the éetting are informed te a
management sled.

(3} A sled in compliance with the contents of setting is
retrieved from a management table.

(4) If a sled having the same setting exists, the existing
slid is assigned. If not, a new compression sled is generated
and assigned.

{S5) Compression data including speed information is
generated.

(6) Compressed data on the assigned compression sled are
transmitted to the clients.

Fig. 18 is a block diagram showing a process of changing
setting after transmission of a moving image is started at the
image transmitting server. Fig. 19 is a flow chart of the same,
and the process proceeds as follows.

(1) The speed setting is received from the clients.
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server. (4) The next request for conpressed data is transmtted. (5) The
conpressed data are received. (6) Speed information is extracted fromthe
conpressed data. (7) The speed infornmation is set in a display sled. 35 27
June 2005 (8) Images are displayed in accordance with the speéfJune2005
information. Fig. 22 is a flow chart of the conpression process at the
server. At this conpression process, a process of conpressing inage
signals and a conpression process for increasing transm ssion speed are

performed sinul tangnushye g%?‘éﬁtér%t COIPT §8SEHn LY a¢eCald FG ddBIE; the

e

i nformation including spee ntormation |1 mage Size and conpressi ng each of
a lum nancemagjagip&l\en@ gfgd_devi ation signal and a blue deviation signal. In
t he conpression process T0 i ncrease the transm ssion speed, a plurality of
i mges are conbi ned,,i nt 9. a.t hree-di.nensi onal .i e and the i e_is.then
converted into one(gdi %eﬁ%?gn]alf cc?é“tp&,lanscuebjwéﬁ’egggoé%nﬁ??ﬁ%Iic’nfg sg&%&ggslﬁnd
encoded to he tr.ansrg'st%ed tothe clients. Fig. 23 is a flow chart for a
deconpr essi §F Prioces om  the NI Lr ek "'f"ﬂ%f%leconpressi on process, a

process of deconpressing conpressed |nmage signals and, a process of |
deconpressi ng conpridsiEF ?iﬁﬁ&ﬁ‘%’s‘}%ﬁh&%ﬂ%ﬁ §%§rtén§e?¥b‘? g the existing

si mul t aneousl y.. The conppressed data are deconpressed by .
sled 1s assigned. If not, a new compression sled is generated

and assigned.

(4°’) Unused compression sleds are erased simultanequ‘sly.

(5) Compression data including speed informatioﬁ is
generated. |

(6) Compressed data on the assigned compression sled are
transmitted to the clients.

Fig. 20 is a block diagram showing a configuration of a
client that receives images, and Fig. 21 is a flow chart showing
the process which proceeds as follows.

{1) Speed is input from a setting menu.

{2} The contents of the setting are informed to a
management sled.

(3) The contents of the setting are transmitted to the
server, |

(4) The next request for compressed data is transmitted.

(5) The compressed data are received.

(6) Speed information is extracted from the compressed
data.

(7) The speed information is set in a display sled.
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extracting image i nformation including the i mage size and speed

I nformati on and deconpressing each of a |lum nance signal, a red deviation
signal and a blue deviation signal. The process of deconpressing
conpressed transmi ssion signals involves conposition, a syntRz&unei29§5
process, a process of converting theminto three-dinensional data and a
process of dividing them 36 27 June 2005 into a plurality of inages to

di splay original inmages on the display. As described above, the nethod for
conpr essing i mage (g)nfraaels QFreald idglighe® et AW dW WOl hehé nyeaédon
provides the follow ng effects. Since a techni que based on a sequenti al
process uti lji-Zdd¥Gna t& drPO0K-up tabl e associ ated wi th rectangul ar
paral l el epi ped regions in a three-dinensional space is enployed, it is

possible to avoi ¢ig regducd Lop by éﬁHP&’%WEe%&‘EéM&%&%dé}aé he ewpst

resul ting from conmon recursive cal cul ations. Especially, "a technique for

compr essi NG JIRYAI | §R0E, 1 d EAIRLIADADBbb0N 2 Beed AoAuabid Vel Olng

pr.ocesses on noving |1 nmages can be pI’OVI at a OW cost Vi ng |mage

| nf o mat | on i AN gggmgs uny  QonWEUJT OProcBld SHGD aen

amount of in I'S subjected to Hree- di n5|onal rectangu
paral| el epi Redfdl{J 1963 @e'aoargogxg b8, b neerdhaEnsional rhales n&téon
i nto one- direnaional serres havin nelg

properties, ctor}n‘eprreebs\{se%ong)l;e%srle%%;[n%e %gggg i ma 1orpeln¥1ud1ng speed

information image size and compress-ing each of a luminance
signal, a red deviation signal and a blue deviation signal; In
the compression process to increa-se the transmiséion speed, a
plurality of images are combined intoa three-dimensional image,
and the image is then converted into one-dimensional data,
subjected to a dividing process and encoded to be transmitted
to the clients.

Fig. 23 is a flow chart for a decompression process at
the clients. At the decompression process, a process of
decompressing compressed image signals and a process of
decompressing compressed transmission signals are performed
simultaneously. The compressed data are decompressed by
extracting image information including the image size and speed
information and decompreséing each of a luminance signal, a red
deviation signal and a blue deviation signal. The process of
decompressing compressed transmission signals 1involves
composition, a synthesizing process, a process of converting

them into three-dimensional data and a process of dividing them
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Further, redundancy of noving inmages can be properly elimnated. Thus, it
is possible to establish a nore practical process of conpressing noving

i mge informati on associated with rectangular parallelepiped regions in a
t hr ee- di mensi onal space. Especially, the use of the conpress?bhng?d05
restoration 37 27 June 2005 processes with a reduced tine, the conversion
process utilizing hierarchy and conpression paraneters |ess dependent on
imges can significantly contribute to the devel opnent of digital inmge

conpressi on §gehNk GMESra PEERT Li N i fvent i haod f.or transferring
real -time noving ?Hrragléas, the us%néo?eéahf%oq}- p E{%EI e slﬁlc?\?\ln nlénat%ees C()jlpdg “of
scan generatggsﬁggg1tmo ki nds of tables makes it possible to reduce

conpressi on speed Significantly and to performreal - tine conpression of

[ . B ' I [ [ [ f I

or i fforent | mages SrSEETRRY' APePEr e MG ofof nagBeTear Lhar GRESe
i ts, b tisfied B t ti I ti led f

eal'ecting, EBEEPBRLTRY Shnd HRREPERR TG o1 TY Ary L rge i oRPEPURERE

ti me bases, regugsiﬁ for trggsfer of images at different tinme intervals

can be rmat chgd t 0°th¥"EPpeed bF S network. Since it is conpletely

sof twar e- based, the performance of a CPU is reflected thereon, and an

increase in the pr S PNt SR e SR s TpUs ey ekl 2 bregrAfinhg A Aé Peases

in the inmage size and the nunber of images.
a look-up table associated with rectangular parallelepiped

regions in a three-dimensional space is employed, it is possible
to avoid a reduction in throughput and an increase in the cost
;esulting from common recursiveréalculations.

Especially, a technique for compressing moving image
information at a high speed and quality for processes on moving
images can be provided at a low cost.

Moving image information is an enormous amount of_information,
and such an enormous amount of information is subjected to
three-dimensional rectangular parallelepiped filling scan to
convert the three-dimensional information into one -
dimensional series having high neighborhood retaining
properties, thereby compressing the moving images properly.
Further, redundancy of moving images can be properly
eliminated.

Thus, it is possible to establiéh a more practical process of
compressing moving image information associated with
rectangular parallelepiped regions in a three-dimensional

space. Especially, the use of the compression and restoration
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The nethod for conpressing inmage information at a high speed according to
the invention is not limted to the above-descri bed enbodi nent, and
various nodification is possible based on the principle of the invention
wi t hout departing fromthe scope of the invention. . | NDUSTREAJune 2005
APPLI CABI LI TY 38 27 June 2005 The present invention can be used in the
field of image conpression and the transfer of real-tinme noving i mages. 39
27 June 2005 THE CLAIMS: 1. A nethod for conpressing imge information at a
hi gh speedproeRisiesi With 2 £OMYEEH itigheCaphd R vENW itth bFBEESE sQOFHN i i g

t hree- dinensional information into one-dinensional serial information one

by one usi nﬁl@rh%mguanaa@érﬂs%%@tﬁ&é@ﬁéﬁrd’ aelsangubaharatabh el il ed
regions in a three mensi onal space; 10 subjecting the converted data to

data conpregaihoni grdifuiclintd yand, il Assifyi pg paLt ateoéleiam@hfcf i cal
wavef orms between the conpressed data and the original data into a

plurality ofyapdelsnbeeRE8R r%eghhgﬁu@%tterns and addi ng codes for error

patterns that approximte t 15 differential wavefornms at the tine of

dat a conpreighggdggg QetﬁgnPE@§§€FVQQ$@thod for transferring real-time
moving images, the use of a look-up table showing the order of
scan generated from two kinds of tables makes it possible to
reduce compression speed significantly and to perform_real-
time compression of images. By dynamicaliy generating
grbitrary compression and transfef sleds for different images
sizes and different numbers of images, different requirements
can be satisfied. By automatically generating a sled for
selecting, compressing and transferring arbitrary images on
different time bases, requests for transfer of images at
different time intervals can be matched to the speed of a network.
Since it is completely software-based, the performaﬁce of a CPU -
is reflected thereon, and an increase in the processing speed
of the CPU allows corresponding increases in the image size and
the number of images.
The method for compressing image information at a high speed
according to the invention is not limited to the above-described
embodiment, and various modification is possible based on the
principle of the invention without departing from the scope of

the invention.

INDUSTRIAL APPLICABILITY
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2. A nethod according to claiml1, further conprising restoring the data by
superi nposi ng the waveforns of the 20 error patterns associated with the
codes of the relevant error patterns on deconpressed data during data
deconpression. 3. A nethod according to claim1, wherein the 2bhwerd06n 25
of the viewed noving i mages into one-di nensional serial information is
performed through three-di nensional pseudo Hilbert scanning. 4. A nethod
according to claim3, further conprising 30 defining rules for recursive

di vision of each q«h@eg%san&eeaagﬂyk LDanald 5l ab Ry RLOK 28 LR 1 HL MM

unit for said three-di nensional pseu scannlng su

June 2005 sig I a v I nal s d| I into S|des havi ng an even
length at a gﬁy %SQ%no%h @gﬁgét %ﬁ1 élﬁf oi e OV Y an odd
length is divided into a side having an odd |ength and a side having an
even length at a dividing 5 point closest to the m d-point, and addresses
are assigned to the rectangular parallelepiped regions accordingly. S. A
met hod according to claim3, wherein the data conpression is a process of
di vi di ng one-di nensi onal data 10 deconpressed through three-di nmensional
pseudo Hil bert scanning using a threshold. 6. A nethod according to claim
5, wherein the dividing process divides the one-dinensional data into
sections that
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15 result in the mnimmsquare error from said one-dinensional data and
generates conpressed data which is |inear approximtion of each of said
sections. 7. A nmethod for transferring captured noving inages froma 20
server to clients in real time, conprising: converting captur@dJune208§

i mges conprising three- dinmensional information into one-dinensional
serial information one by one using a | ook-up table associated with

rectangul ayHpacBhl®kepi ped regions in a three-dinensional 25 space
conpressing the converted original data using a software conpression
techni que; transferring the conpressed converted original data through a

comuni catj on path: 30 diyiding and classifying patterns of differential
wavef or ns bet vve%nr‘]rﬁtg‘%cgnép 5ss€(am85?§séﬂg t%@ag?i g LPR | Afo & high
plurality sffesddetempeiBiagare error patterns at each 41 27 June 2005 of

the server and clients; and transferring codes for error patterns that
appr oximat e - t ROWYEFEEBEt | GRPEAYELor MOVENg helnages of comprisbnygr eshires - at

e ey pead SR S OGR! NS RO iRt 0 8 # TELREY,
super i npoginfp #thet ien ebaeMbyoiond al£Madt a €N bek -RY KIS Ofs S6CPMPLESn
data.durlg%é¥§é%ular parallelepiped regions in a three-dimensional
space;
10_ subjecting the converted data to data compression;
"dividing ‘and classifying patterns of differential
waveforms between the compressed data and the original data
“into a pluraiity of modelé to prepare error patterns; and
adding codes for error patterns that approximate the
15 differential waveforms at” tHe time of data compression to

the compressed data.

2. A method according to claim 1, further comprising
restoring the data by superimposing the waveforms of the

20 error patterns associated with the codes of the relevant

error patterns on decompressed data during data
decompression.
3. A method according to claim 1, wherein the conversion

25 of the viewed moving images into one-dimensional serial
information is performed through three-dimensional pseudo

Hilbert'scanning.

4. A method according to claim 3, further comprising
30 defining rules for recursive division of each side of a
rectangular parallelepiped block as the minimum unit for

said three-dimensional pseudo Hilbert scanning such that a
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deconpression at the clients. 10 9. A nethod according to claim?7, further
conprising dynamcally generating a | ook-up table upon a request froma

client. 15 10. A method according to claim9, further conprising usin a
| ook-up tabl e on which any inage size can be specified as _réﬁhﬁ&@@@ogy a
client. 11. A nethod according to claim9, further conprising using 20 a
| 0ook- up t adide ohavlihgh aanyeveifibeendftH MBgesi¢aacle imReckiiaed WRAA AFaNgSt
by a client. 12. A nethod according to claim7, further conpri sing

changi ng £¥&hptesgtbnatad dib'fl%ngrrﬁgén{t}pmf&r%&r:]ﬁfest?‘byllig nf%iﬁ?m a3.
A et hod di.ng. i m7 or .o urt her
conprisin3£§%%e$§?%%§ g&%ﬁ%@ff?%n§g§p95%§$ﬁﬁl§ﬁé lP& n§?e?i§?e@af3Jﬁhd%“
request byodd cLemgth 3hdlda Aidet hesl86§0EE NGvée aenigere £ 6 aimi7dﬂ57g 10
through 12, further conprising changing intervals between inages 42 2
June 2005 RYISH re4aesetpfa Bheemid-DRitg neandd addxnstien aveamssignad

For 5 procsacig Sanifey BiPZlL LBt bRl BB TR AT e
si mul t aneousl y. , _

5. A method according to claim 3, wherein the data

compression is a process of dividing one-dimensional data

10 decompressed through three-dimensional pseudo Hilbert

scanning using a threshold.

6. A method according to claim 5, wherein the dividing
process divides the one-dimensional data into sections that
* 15 result in the minimum squafe error from said one-dimensional
data and generates compressed data which is linear

approximation of each of said sections.

7. A method for transferring captﬁred moving images from a
20 server to clients in real time, comprising:
converting captured moving images comprising three-
dimensional information into one-dimensional serial
information one by one using a look-up table associated with
~rectangular parallelepiped regions in a three-dimensional
25 space;
compressing the converted original data using a software
compression technique;
transferring the compressed converted original data
through a communication path;
- 30 dividing and «classifying patterns of differential
waveforms between the compressed data and the original data

into a plurality of models to prepare error patterns at each
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16. A method for conpressing inmage information at a high speed,
conprising: 10 converting photographed novi ng pi ctures conprising

t hree-di nensi onal information into one-di nensional serial information one
by one using a | ook-up table showing an order of scanning ree¥ dwpdMs
paral | el epiped regions in a three-dinmensional space; 15 subjecting the
converted data to data conpression; dividing and classifying patterns of
di f f er ent 2 ga&mﬁﬁ¥ﬁ¢£ veeheRhE: c8Rfr essed data and the original data

into a plurali fmdel st p e p ' addi 9%9&9&:

error patternstt%fhag{s approl% ngﬁgéghzf%oéggkfeﬁfeaﬁﬁéﬁ%gg gr at t%‘gé'%?rre
of data camer e35fbarentinhe weorgiiassedatdattdie ahdmeesidr dagat eontates don
superinposin% t he wavef or s of\tre erro& Bgtterg: géfociated with_ the
codes of Efre th8 &RIVET &r? oriDaFt LFRESoALABE WSS L8 FARTRFISTY W 25
deconpression. 17. A nethod for transferring photographed noving pictures
froma server to clients in real tinme, conprising: converting photographed
movi ng pi ét-ur ed caorgiticsl nee@ordimee- donensadmal 7i nf dumtthieon icumprising
one-di nensi onal_.serial, informti,on one b¥6one usi ng Iook-ugﬁtable

showi ng afS5PFdr St SR&NnARG S e PangBPRFFFEPLP E epi i r ¥GVEASTIE a B 27
June_2005rhﬂ%@%ﬁ@ MeRiRNabatP8efs on decompressed data during data

decompression at the clients.

10
9. A method according to claim 7, further comprising
dynamically generating a look-up table upon a request from a

client.

15 10. A method according to claim 9, further comprising using
a look-up table on which any image size can be gpecified as

requested by a client.

11. A method according to claim 9, further comprising using
20 a look-up table on which any number of images can be

specified upon request by a client.

12. A method according to c¢laim 7, further comprising
changing a compression ratio of an image upon request by a

_25 client.

13. A method according to any one of claim 7 or 10 through
12, further comprising generating a specific compression and
transfer sled to each request by a client.

30
14, A method according to any one of claim 7 or 10 through

12, further comprising changing intervals between images
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conpressing the converted original data using a software conpression
techni que; transferring the conpressed converted original data 5 through a
comuni cati on path; dividing and cl assifying patterns of dlfferentlal

wavef orns between the conpressed data and the original data %hiwez00

pluralityuponmeshsedto oy epac®i@htor patterns at each of the server and
clients; 10 transferring codes for error patterns that approximte the

differential waveforns at the tine of data conpression at tEe 3erver to
the clienys al t ssed tori g t t.a
super i rrpos}ls'r’ng t gné‘éﬁ%ﬁﬁgS%ﬁRh% %% g&é pRg, r%% cg‘:ﬁjtr%r s%n %ﬁf?%&.}%ed
dat a durlng(kﬂﬁurﬂbennph@mpﬁﬂsﬁﬁgthprébneﬁhg 4fanagement means for

5 processing a request from each of a plurality of clients

simultaneously.

16. A method for compressing image information at a high
speed, comprising:
10 converting photographed moving pictures comprising
| three-dimensional information into one-dimensional serial
information one by one using a look-up table showing an
order of scanning rectangular parallelepiped regions in a
three-dimensional 'space;
15 subjecting the converted data to data compression;
dividing and classifying patterns of differential
waveforms between the compressed data and the original data
into a plurality of models to prepare error patterns;
~adding codes for error patterns that approximate the
20 differential waveforms at the time of data compression to
the compressed data; and
restoring the data by superimposing the waveforms of the
error patterns associated with the codes of the relevant
‘error patterns on decompressed data during data

25 decompression.

17. A method for transferring photographed moving pictures
from a server to clients in real time, coniprising:

converting photographed moving pictures comprising

30 three-dimensional information into one-dimensional serial

information one by one using a look-up table showing an

order of scanning rectangular parallelepiped regions in a
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three-dimensional space;

compressing the converted original data using a software
compression technique; - |

transferring the compressed converted originai data
through a communication path;

dividing and classifying patterns of differential
waveforms between the compressed data and the original data
into a plurality of models to prepare error patterns at each
of the server and clients;

transferring codes for error patterns that approximate
the differential waveforms at the time of data compression
at the server to the clients along with the compressed data;
and

restoring the data by superimposing the waveforms of
relevant error patterns on decompressed data during data

decompression at the clients.
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