WO §7/22201%

FI6. 9

8/28

{ START )

t

CONNECTION SETUP

sETUE
< SUCCESSFUL? >

VIDEO/AUDIO TRANSS
MISSION AND PLAYBACK

PCT/URS6/19226

ACCEPT REQUEST
FROM CLIENTS

ADMISSION CONTROL
REQUEST EVALUATION

/ﬁuasr CAN™

.. NO
“\\BE GRANTED ?

T ERROR CODE

SEND BACK DENY
MESSAGE ALONG WITH

TYES

SEND BACK GRANT
MESSAGE

FORK OFF ASEPARATE
PROCESS TO HANDLE
THE REQUEST

i

SUBSTITUTE SHEET (RULE 28)

IPR2022-01227
EXHIBIT 1003 - PAGE 01301



W3 97 3 PCTIUSSG/19226

~3
b3
)

2

S/28

SETUP TCP CONNECTION

5

SENT REQUEST TC
SERVER

]
WAIT FOR REPLY

EN

7
~ S
" REQUEST ™_NO
GRANTED? }
YES i
RESULT = SUCCESS DISPLAY ERROR MESS-
AGE FROM SERVER
y
TERMINATE TCP CONN.
RESULT=FAIL
" E
J N
END

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227
EXHIBIT 1003 - PAGE 01302



W 97/22201 PCT/USS6/19226

1G/28

T

il FIG. 11

k.
SETUP UDP CONNECTION

;
ESTIMATE RTT

1

CALCUL ATE BUFFER
%%E AND SETUP BUFF-

o

¥

RECEIVE PACKETS FROM
UDP CONNECTION

5

DECODING AND DISPLAY
VIDEC AND AUDIO DATA

¥

CPU CONGESTION
DETECTION

5

NETWORK CONGESTION
DETECTION

e \\\
_~" CONGESTION “JES
\_DETECTED -~

SEND ADAPTATION
= MESSAGE TO SERVER

FROCESS USER COMMANL

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227
EXHIBIT 1003 - PAGE 01303



W 97/22201 PCT/USY6/19226

n/28

(_START FIG. 13

SETUP UDP CONNECTION

RTT ESTIMATE

READ IN VIDEO AUDIO
PARSE INFORMATION

1

SET UP INITIAL TRANS-
FER RATE

DO ADAPTATION ADJUST
& TRANSFER RATE

SEND OUT PACKAGES
ACCORDING TO TRANS-
FER RATE

~
CLIENT PLAY ™S
"\ BACK COMMAND

QUIT CONNECTIONS

PROCESS COMMAND

|

SUBSTITUTE SHEET (RULE 26)
IPR2022-01227
EXHIBIT 1003 - PAGE 01304



WO 97/22281 PCTIUS/19226

i2/28

S

S~

i

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227
EXHIBIT 1003 - PAGE 01305



PCT/USSG/19226

W 97/22201

13/28

s ...&v. A
I

SRS EA

RSO,

rhe)

N

R
N

T
a0

uC. For

o

o

ey i a

3

£
igang Chen(achenas

Vosaic praject
sed o Ik

o

@z

"~

5, g1y
]

e

bl
2%

et
1 See:

g

o e vy e e W

b

R

w2100 1 COMPend's
28ctie) or Profestor Roy.

(310

#

ampheliBes »

(e

3
£

Campbal

s

e etlae).

‘}ﬁiﬁ

38

dgow} Cio

iy

o W

g

Clona

IPR2022-01227

EXHIBIT 1003 - PAGE 01306

SUBSTITUTE SHEET (RULE 26)



WO 97/22203 POTAISH/19226

14/28

- Vouald Geners

=

LY
DR
g

Vosaiz project at Sysrem Resoopeh Cromg, gt 6f 5, WILC, For dnformtion and conmanls -

semt to Thigang Chen(zchen@essbe. oli), See-Mong Fon{sun@es shec.edie) or Professe Rey.
CrmphedlioampbellG@cs i o). R L s

d rome] »e*e@rg fi-;malf $é¢éﬁi§.,§ Cirel

;_<,:1:,\§ Condes

prioshonrenaraanr Rt

o002

“T1
¢
&3

SUBSTITUTE SHEET (RULE 28) IPR2022-01227

EXHIBIT 1003 - PAGE 01307



WO 97/22204

POTAISO6/19226

e
S

- Vosaic project ot Spstems Research Group, D ¥ 05, TS, For informsation sl commetts.
o v Zhigang Chen(schon s stus.edi), Sev~ Mong Ton(stan@es bus. iy or Frofestor Rop.

o

SO o porenno Ny rneeiions

SUBSTITUTE SHEET (RULE 26)
IPR2022-01227

EXHIBIT 1003 - PAGE 01308



W 97/22204 PCTAISSG/19226

16/28

NN,
o

Yosalc pfﬁjﬁz:r";z: ;%rggf; ﬁris;m:{qﬁsg & ry_eeg, £ leqf_‘;f@j{{ ;;C; For beformation and cosonenls

send to Zhigang Chen(sheniPoy uisic. ede), Soe-~ Mong Yas(stonos.ubuc.odit} or Frofessor Koy ’

?'c".u‘e\.z'ésé Hame] ﬁé‘a@aﬂf Crwﬁ Sove A5, Clonal Hew W!ﬁﬁf:w§ |

2l

H

eocs
225

SUBSTITUTE SHEEY (RULE 28) IPR2022-01227
EXHIBIT 1003 - PAGE 01309



Wi B7/27208 PCL/US96/19226

17/28

s

:
=
!
;

SUBSTITUTE SHEET (RULE 26}

IPR2022-01227
EXHIBIT 1003 - PAGE 01310



W 977/22201 PCT/USSG/19226

18/28

e e CamEE A SRS R AR e < T

Tk on D objeess with Hshing cuttins in the sbove viden streas witl fad Joula

anoiher page. Thiz is extension of hyperiink to video sireame. The fle that specifyes the
anchos informarion &5 resided on the server side. W have toois for tnaking thet bink files
for our viden server. See here for more detalls.

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227
EXHIBIT 1003 - PAGE 01311



TARIS6/19226

-

P

W 97/22201

/28

k]

Doeument URL:

0

G

STOR

oy

addew}

ose W

Gl

¥

. Ciane} New Winde

A3

é Sz

Qpen.

§

af;

0

2

Re

i
oine

i+

FIG.15G

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227

EXHIBIT 1003 - PAGE 01312



W 9722201 PCT/AISS6/19226

30

20

FRAME RATE (FPS)

}
10
v

O

O 2 4 6 8
FRAME NUMBER x 10

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227
EXHIBIT 1003 - PAGE 01313



W 97/22261 PCY/USOG/19226

21728
SEMANTIC SEMANTIC SEMANTIC
DESCRIPTION DESCRIFTION DESCRIPTION
ANNOTATION T JANNOTATION 2 ANNOTATION n
INHERENT PROPERTIES STRUCTURAL INFORMATION

PHYSICAL REPRESENTATION

SUBSTITUTE SHEET (RULE 28)

IPR2022-01227
EXHIBIT 1003 - PAGE 01314



W3 97/22281 PCT/USHE/19226

22/28

MOVIE: ENGINEERING COLLEGE AND CS DEPARTMENT AT UIUC
cLiPs SHOTS

ENGINEERING COLLEGE CAMPUS OVERVIEW {1-1203)

OVERVIEW (FRAMES 1-6355)

MESSAGE FROM DEAN {1204 -2566)

ONE LAB TOUR (2567-4333)

[ ] L

COMPUTER SCIENCE DCL TOUR AND OVERVIEW (6400-8000)
DEPARTMENT (FRAMES 8356 -

12003)

INSTRUCTION LAB TOUR (8001- 5654 )

INTERVIEW WITH A UNDERGRADUATE
STUDENT (9655-11000)

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227
EXHIBIT 1003 - PAGE 01315



PCT/USSG/19226

IPR2022-01227

EXHIBIT 1003 - PAGE 01316

LNIGNLS
MIAYIING  Levd3a S0 "OMN 0001 -6596 ALYNCVHOHMIAND ¥ HLIM MIIAYE LN

dv71 TYNOLLONY LSNI

‘HNCL LHYdIA SO 0NN $$96-1008 JNCL V1 TYNOILLONY LSNI

MIAHING

HNOL 100 L L8YdEa 82 oNinico0s-00v o MIBAHIAO ONY HMOL 100

HNOL 8Y71 TONIMIINIONT "DNIN| CECP -L962 HNOL 8Y771 3NO

WYL NY3IQ 'OMNIHIINIONS "onin] 9862 - 081 NY3Q WONA 39VSS3IN

WO 97/22201

SHgWYD
‘SNWYD ONIYIENIONT "OniN c0dl -1 MIIAHIND SNHNYD
SAHOM AZH SNV SLOHS

SURSTITUTE SHEET (RULE 26)



WO 97/22281

PCT/USHH/19226

24/28

44] | M3y
ay’l N30 O 38Avd] | dOLS| | AVd
NOLLOMMLSNI 3OVSSIN
MAEILNG || oa] {gnoLava) || sndny)
/ 4
/ \ d
L8430 S0 ;mm\/mmvo 03
\\
,:.f \
/
L
MOGNIM IAOK
LHVI3A S ANY 39371700 'ONIONIN

0¢ 9ld

SURSTITUTE SHEET {RULE 26}

IPR2022-01227

EXHIBIT 1003 - PAGE 01317



W3 97/22201

-t
1%

voesto: Contlnuoes Hedis Prowser ENeE

PCT/USY6/39226

25/28

o

Fre Optiens Mavigsie

Annatafe

Document Tithe:

Document UBL:

| 5
; £l
I
i i % ]
! L
: iob
Listr of maiched entries , i

FE

There ere § matched enxciss P
Pl
Pt
& istested Bleck Mole o
& «W‘"*’e\simm; wegves P
* Povon Typdoe Ll

P ;

&

send jo Dhigang ! /nz'x”z:mmwus WinL m’u) Segmddong m{. an@@os wmuc ey} oy Profussor
Ry Campbeill camphell o8 yiue adu)

T Forésfovmaion and commenis

J s Win v‘ow% Cinse Windnw

N 3 H
vave 45 Clorey

SUBSTITUTE SHEET (RULE 26)
IPR2022-01227

EXHIBIT 1003 - PAGE 01318



W 97722201 PCTURYG/19220

26/28

% vosailc: (ontinuous Media Browser

FRe QOptions  Navigete  Adnnolale

Document Titbe:

Docurnent URL:

Vosaic Demo and Sp@ciﬁ%ﬁ% =

Esmbeded Links within Video Streams -

B i ileatd

| |
;
| ~:
1
s1op{ ot
¢
Click ot b;ecm with fisshing outling in dhe shove video stream Wil jead you 1o enather page.
i Thisis ext swion of hyperiink i video sweams. The file thal specifyes the anchor information is
U regided on the sarver gide. We have tools {or muking that link files :D, o video server. See hare
for mese ‘jét&ias
TRALUC .S
v de | Clonal Hew Wi mw§ Clog: Window
" IR
«zw. {fw g »
~1G.727
SUBSTITUTE SHEET (RULE 26)
IPR2022-01227

EXHIBIT 1003 - PAGE 01319



PCT/USH6/19226

WO 97/22281

27/28

£¢ 914

ANOW HIHLO

LHvd3d §3 OGNV 303771100 ONRIZENIONT ONiN

MIALTAD SNdWYD

Y34V YNYEHN NOIYdWNYHD LNOEY JIAOW

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227

EXHIBIT 1003 - PAGE 01320



PCT/USR6/19226

WO 97/22201

28/28

Q0L ZNvY4

e v e s 2 e e ey
H ¢
¥

i [

NOLLISOd
aN3

06 WV

| WYY

e s

NOLLISOd LMYlS

B |

T TR

r
§
|
|

ANLNO d3.Lv 0483 LN

b2 94

SUBSTITUTE SHEET (RULE 26)

IPR2022-01227

EXHIBIT 1003 - PAGE 01321



p{:‘ ”E’ WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{51} Internations! Patent Classification 6 ; (11) International Publication Number: W 97722201
GOBE & ] 7 977 A3
¥ 5/06, HO4N 7/16, 5/79 {43) Internationa! Publication Tiste: 19 June 1997 (19.06.97)
{21) Enternntionat Applicstion Number: PCT/USS6/19226 | (81} Designated States: ON, JP, KR, RU, U5, Buropean patent (AT,
BE. CH, DE, DK. ES, Fi, FR, GB, GR, IE, IT. LU, M{,
{22} International Filing Date: 12 December 1996 (12.12.96) NL, PT, SE).
{30) Priority Data: Published '
S/008,531 12 December 1995 (12.12.95)  US With suernational search report.

{88) Date of publication of the international search report:

{713(72) Applicants and Inventors: CAMPBELL., Reoy, H 2 Ociober 1997 (62.10.97)
{US/USYL University of Hlinois a1 Champaign-Urbama,
Dept. of Computer Science, 1304 W, Springfield, Urbana,
I 61801 {US). TAN, See-Mong [SG/USY, University of
Uiinois at Champaign-Urbana, Dept. of Computer Science,
1304 W, Springfield, Urbana, IL 61801 (US). XIE, Dong
{CM/NOY University of Illinois at Champaign-Urbana,
Dept. of Computer Science, 1304 W, Springfield, Urbana,
I S180) (US). CHEN, Zhigang [CN/USE University of
Hlinois at Champaign-Urbana, Dept. of Computer Science,
1304 W. Springficld, Urbana, IL 61801 (US).

{74} Agemts: BERNSTEIN, Frank, L. ot al.; Sughrue, Mion, Zinn,
Macpeak & Seas, Suite 800, 2100 Pennsylvania Avenue,
N.W., Washington, DC 20037-3202 (US).

{34} Tide: METHOD AND SYSTEM FOR TRANSMITTING REAL-TIME VIDEQ

1500 520 550
(
; RELIABLE TCP CHANNEL FOR
CLIENT PLAYBACK COMMAND (|SERVER 7
Al o wn oo e o ot e s o e e e e o e A

UNRELIABLE UDP CHANNEL s
FOR DATA AND FEEDBACK )

(57} Abstract

The architecture of numerous networks, including the Internet with its World Wide Web (WWW) browsers and servers {550, suppont
full file wansfer for document refrieval. In order for the WWW to support continuous media, it is necessary to transmit video and audio on
desnand and in real-time, as well as new protocols for real~time date. The invention extends the architecture of the WWW 10 encompass the
dynamic, resl-time informarion space of video and audio. The inventive method, called Vesate, short for Video Mosaic, incorporates real-
time vides and audio into standard hypeniext pages and which are displayed in place. The invention includes a real-time protocol, called a
video datagram protece] (VIIP), for handling real-time video over the WWW. VDP minimizes inter-frame jitter and dynarnically adapts o
the client (5300) CPU load and network congestion.

IPR2022-01227
EXHIBIT 1003 - PAGE 01322



applications under the PCT.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used o identify States pasty to the PCT on the front pages of pamphlets publishing international

Ammenis
Assstria
Australia
Barbados
Belgism
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzeriand
Cie ¢’ Ivoie
Camernon
Chissa
Crechoslovakia
Czech Republic
Cemany
Denmark
Bstonia

Spain

Fintasd

Frasice

Gabon

United Kingdom
Georgia

Guines

Qreece

Husgary

Treland

Taly

Japan

Keays

Kyrgystan
Democratic Peophk's Republic
of Korea

Republic of Kosea
Kazskhstan
Lischicnsiein

$ri Lanks

Liberia

Lithuania
Lunembourg
Latvia

Monaco

fepablic of Moldova
Madagascar

Mali

Mengolia
Mauritania

MW
MX
NE

UA

Rz
VN

Malawi

Mexico

Wiger

Negherlands
Norway

New Zzaland
Poland

Porgugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Sigvenia

Siovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ulkrrine

Uganda

Unied States of America
Ezbekistan

Viet Mam

IPR2022-01227

EXHIBIT 1003 - PAGE 01323



INTERNATIONAL SEARCH REPORT ™

International application No.
PCTIUSOE/ 19226

IPC(6)
Us oL

A, CLASSIFICATION OF SUBJECT MATTER

(GOGF 5/06; HO4N 7716, 9/79

:364/514; 348/7; 395/200.03; 370/79

According o Intemations! Patent Classification (JPC) or to both nations} classificston and IPC

B. FIELDS SEARCHED

us.

Minimum documentation scarched {classification system followed by classificstion symbols)

364/514; 34877, 395/200.03; 370/79

Documentation searched other than minimum documentation o the extent that such documents zre included in the fields searched

Electronic data base consulied during the internationsl search (nume of dats base and, whers practicsble, search terms used)

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Ciistion of document, with indication, where appropriate, of the relevant passages Relevant to claim No,

Y US, 5,442,390, A (HOOPER ET AL.} 15 August 1885, col.i 1-32
4, line 38 10 col. 6, line 87, col. 8-13.

Y, E US, 5,610,841, A (TANAKA ET AL.} 11 March 1997, col.| 1-32
11, lines 12-38, col. 18-28.

Y US, 5,247,383, A (SUNET AL.} 21 September 1993, col. 3,1 33-35
line 32 to col. B, line 45,

Y, P US, 5,537,408, A (BRANSTAD ET AL.) 16 July 1996, see! 33-35
the whole reference.

A US, 5,187,754, A (CURRIN ET AL.) 16 February 1993, seel 1-32
the whole reference.

A Us, 5,557,320, A (KREBS) 17 September 1996, see the!| 1-32

whole reference.

Further documents sre listed in the continustion of Box C. E:_:E See patent family anaex.

* S ez of cited 4 T Wa;d ’mﬁmk&e' : 'ﬁimg:ﬁmcrpmmy
. dete B4 @ mnfim,m Bae ion bt cited o o the
At d fefining the g § stnte of the ony witich & 504 coasidered
1 be of prcticular selevance prizciple o theory unterying the mveation
PP . . . . y X documsent of particuler melovence; the clabwed inventon sopnot be
E eariier doc published o8 of after the Gemetional filng date conuiciend maved or cramot be coasidered to involive an mventive siop
L document which may thrsrw doubin on pmmy claira(s) or whick & wisen the dorumsess is Rien alvoe
cited W blish the dute of or ether
special reRoon (28 mgj‘mﬁ Y dmmu of ;nmmm seéwmm, the claimsd inventics csmnxt be
when the cicm;m: ]
0 docwmment seferving o 2n orad disch s, cxhibition oF other mbmdwﬁumarmﬂmum* suck
MEHDE being obvicus 1o & persoa skilled i the sst
P document publisher prios to the intesnations! filing dete but lter than o g o & i
thoe prsveity date o oouTent memsher of e s patest feraily
Bate of the actusl completion of the international search Date of mailing of the international search report
18 JUNE 1997 E 5 ‘5@& Eggz
Name and maiiing addmess of the ISA/US Auﬁé- offi 9’
Commussioner of Petents and Trademurks L g g e 2
Box PCT N
Washingion, I.C. 20231 : é, | MAUNG
Facsumile No. (703} 305-3230 clephone No. {703} 305-3900 B AAAS
LAY A} 4v4 :)1227

Form PCTASA/ZIE (second sheet)luly 19%2)s

EXHIBIT 1003 - PAGE 01324



INTERNATIONAL SEARCH REPORT internationsl application Neo.
PCTAISO6/19226

C {Continuation}. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indicetion, where sppropriate, of the relevant passages Relevant to claim No.

AE U8, 5,633,683, A (ROSENGREN ET AL.) 27 May 1997, see the |{33-35
whole reference.

AE US, 5,634,064, A (WARNOCK ET AL.) 27 May 1997, see the  |33-35
whole reference.

Form PCTASAZID (continuation of second sheet}(3uly 1992

IPR2022-01227
EXHIBIT 1003 - PAGE 01325



INTERMATIONAL SEARCH REPORT Internationsl application No.
PCTAISSE/19226

Box § Observations where cortsin claims were found ungesrchable (Continuation of em § of first sheei)

This international repost has not been established in respect of cortain claims under Asticle 17(2)a) for the following reasons:

i E Cizims MNos.:

because they relate to subject matter not required o be searched by this Authority, namely:

Claims Mos.:
because they relate 1o parts of the internstional application that do not comply with the preseribed requirements o such
an extent that no mesaingful international search can be carnied out, specifically:

=

3. E} Clrims Nos.:

bmamcmymdm@mwhﬁmmdmn@idmﬁmiinazmrdmccwiﬁhmemndmdﬂhirdmnﬁmmﬁfﬁmeﬁ.é{a}.

Box Bl Observatione where unkty of invention & lacking (Continuation of Bem 2 of first shesi)

This Internationa! Searching Authority found multiple inventions in this internations! application, s follows:

1. Az all required additional search foos wers timely paid by the applicant, this internstionsl seareh repont cavers all searchable
claims.

2. [-:} As all searchable clains could be searched without effort justifying an additional fiee, this Authority did not invite payment
of any additional fee.

3. [:} As ondy some of the required sdditional seasch fees were timely paid by the applicant, this internstional search report covers
only those clsims for which fees wore paid, specifically claims Nos.:

4. E:] Mo required additional search fees were timely paid by the applicant. Consequently, this international search report 1§
restricted to the invention first mentioned in the cluims; it is covered by cleims Mos.:

Remark on Protest E:} The additional search fees were sccompanied by the spplicant’s protest.

Form PCT/SA/2IO {continuation of first sheet{1))(3uly 1992w
IPR2022-01227
EXHIBIT 1003 - PAGE 01326



PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureaw

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{51) International Patent Classification 6,

HOdN 7/14 Al

{11) International Publication Number:

(43) International Publication Date:

WO 97/305851

21 August 1997 (210897

(231) International Application Number: PCTITLOTIO0053

(22} International Filing Date: i3 February 1997 (13.02.97)

{33 Priority Data:

117433 14 February 1996 {14.02.96) 1L
119658 20 November 1996 (20.11.96) i
08/788 830 6 January {997 (06.01.97) Us

(71) Applicant (for all designated Stotes except US): OLIVR COR-
PORATION LD, (1L/iL}; Kanfei Nesharim Smeet 24,
95464 Jerusalem (3L,

(72} bnventor; and
(78) Inventor/Applicant {for US only): GUEDALIA, Jacob, Leon
{IL/ILY, Haporzim Street 24, 92541 Jerusalem (IL).

{74) Agents: COLB, Sanford, T. et al; Sanford T. Colb & Co., P.O.
Box 2273, 76122 Rehovot (1L}

(81) Designated Siates: AL, AM, AT, AT (Utility model}, AU, AZ,

BA, BB, BG, BR, BY, CA, CH, CN, CY, CZ, CZ (Utility
moded), DE, DE (Utility madel), DK, DK (Utility model},
EE, FE (Utlity model), BS, F1, FI (Utility model), GB, GE,

U, 1L, 1S, P, KE KG, KP, KR, K7, LC, LK, LR, LS, LT,
LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT,
RG, RU, SI, SE, SG, 81, 8K, SK (Udlity model), TJ, T™,
TR, TT, UA, UG, US, UZ, VM, YU, ARTPO patent (KE,
LS, MW, 8D, §Z, UG), Burasian patent {AM, AZ, BY, KG,
KZ, MD, RY, T1, T™M), European patent (AT, BE, CH, DE,
DK, ES, Fi, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE),
OAPI patent (BF, B, CF, CG, C1, CM, GA, GN, ML, MR,
NE, 8N, TD, TG).

Published
With international search report.
Refore the expiration of the time limit for amending the
claims and 10 be republished in the event of the receipt of
amendments.

(54) Title: METHOD AND SYSTEMS FOR PROGRESSIVE ASYNCHRONOUS TRANSMISSION OF MULTIMEDIA DATA

input Images
1

3 Froduction Workstation
3
b 4 ? Encoder
T Hot Spots Server
# - plects 2 L ™ a perfuser]
N { 7] Encoded -
Craata Movie Comprassion VR /) v
o~ Transml p
Display .| Controlier Movie B
e ” 4 ® Recelve RV
{~ Rows Qﬁ? F;ame Datgbase | Movie
23 Priouse VR TGCIor \\‘Pcm
e Speaiters Mavi:a// 3
+ CPU 27

(87} Abstract

A system for transmnitiing digital data representing an original over plural transmission Huks (101), at least some of which have limited
bandwidih, including a digital data source storing digital data representing the original, a digital data receiver receiving data representing
the original via one of the plural transmission links having limited bandwidth and a digits} ansmiter for tmnsmitting the digital data
representing the original to the recsiver over a transmitting link having a limited bandwidth in plural blocks {76) which are sequentially
transmitted at a rate determined by the limited bandwidth, each block being an incomplete collection of data which includes parts of multiple
frames (72), receipt of subsequent blocks by the receiver being used to cumulatively improve the quality of the digital data viewed by the

receiver.

IPR2022-01227
EXHIBIT 1003 - PAGE 01327




applications under the PCT.

AM
AT
AU
233
BE
BF
BG
BJ
BR
BY
CA
CF
G
CH
L&)
CM
N
<8
CZ
DE

EE
ES
FE
FR
GA

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Armenta
Austria
Australia
Harbados
Belgium
Burkinag Faso
Bulgasia

Benin

Brozil

Belanus
Canada
Central African Republic
Congo
Switzeriand
Cite d'ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Garmany
Denmark
Estonia

Spain

Pinland

France

Gabon

GB
GE
GN
GR
HyU
)

It

kg

KE
KG
K

KZ
L3
LK
LR
LY
Ly
LY
M
M
MG

MN
MR

United Kingdom
Gzorgia

Guines

Greece

Hungary

Treland

Tealy

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Koreg
Republic of Korza
Kazakhotan
Liechiznstein

Sri Lanka

Liberia

Lithuania
Lusembonrg
Latvia

dMonaco

Republic of Moldova
Medagascar

Mali

Mongolia
Mauritania

MW
MX
NE
N
NO
RZ
PL
P
RO
RU

SE
8G
R

5K
N
8%
™D
TG
T3

Uk
UG

02
AL

Malawi

Mexico

Miger

Netherlands
Norway

HNew Zealand
Poland

Pormgal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakin

Senegal

Swaziland

Chad

Tego

Tajikistan

Tinidad and Tobago
Uksaine

Ugands

United Seates of Amesics
Uztekistan

Vier Nam

IPR2022-01227

EXHIBIT 1003 - PAGE 01328



WO 97730551 PCTALYTO0055

METHOD AND SYSTEMS FOR PROGRESSIVE ASYNCHRONQUS
TRANSMISSION OF MULTIMEDIA DATA

FIELD OF THE INVENTION

The present invention relates to methods and systems for emcoding digital

muitimedia data for transmission over a network.

BACKGROUND OF THE INVENTION

The following U.S. Patents have been found in a U.S Patent Search and are

believed to be generally relevant 1o the field of the invention:

4,897 857 1/90 Fosteret al.
5,116,188 6/92 McCallsy et al.
5,122,873 5/92 Golin
5,195.092 31/93 Wilson et al.
5,220,420 6/93 Hoarty et al.
5,236,199 8/93 Thompson, Jr.
5,251,208 10793 Jurkevich et al,
5,265,248 1193 Moulios at al.
5,283,819 1/94 Glck et al.
5,325,423 6/94 Lewis
5,351,276 9/94 Doll, Jr. et al.
5,363,482 11/94 Victor et al.
5,420,572 5/95 Dolin, Jr. et al.
5,420,801 5/95 Dockter et al.
5,438,658 B/QS Fitzpatnick et al.
5,487,167 1/96 Dinallo et al.
5,495 878 2196 Ritchey
5,508,940 4/96 Rossmere et gl
5,519,438 5/96 Anderson
5,553,221 9/96 Reimer et al.
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5,553,222 9/96 Milne et al.
5,557,538 /%06 Retter et al.
5,561,791 10/96 Mendelson et al.
5,564,001 10/96 Lewis
5,577,180 11/96 Reed

5,877,258 11/96 Cruz et al.
5,581,783 12/96 QOhashi

When using various media such as video, sudio, text and umages, a user generaily
retrieves the media from a storage device or “server® connected via a network to many
computers or users. The server downloads the media to the network and transmits it to
the user at the user's request.

There are two basic imitations involved in such data retrieval: delay between the
time that 2 user requests the data and the time when the server downloads it to the
network, and bandwidth limitations on data throughput and rate of data transmission.
The present invention relates to the second limitation.

One example of such a system includes 8 CD ROM drive and personal computer
which may be located at the same site. Another example includes a network connecting
Internet servers and users' personal computers. Such networks are installed in order to
facilitate convenient data transmission betwsen users and data distribution from the
server to the users' computers.

When a user retrieves the media from a storage device or server, typically
connected via a network, the aforesaid bandwidth limitations affect the amount of time
required to transmit a video frame from the server to the user, and thus limit the video
frame rate. Moreover, when dealing with object movies and panoramas the files being
transmitted are extremely large, so that overcoming bandwidth limitations is a critical
enabling factor, even for high bandwidth networks.

Currently, two methods are employed to overcome bandwidth Emitations: The first
is 1o compress the video frame sequence, thereby speeding up transmission time at the
cost of additional downstream processing to decompress the frames prior to display.
The second is to copy the entire sequence to an intermediate storage device, such as 2
user's hard disk, to which the user has higher bandwidth access, at the cost of delaving

the viewing of the video until the entire sequence has been delivered.
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Known network applications involve streaming data from a server 10 a client
computer {hereinafter also referred to as "client”). "Streaming” refers 10 serial or parailel
transmission of digital data between two computers, by transmitting sequences of bit
packets. For example, instaliation executables on a network server stream files to a
client computer performing the installation. Servers with large amounts of Memory are
used 1o archive digital movies, which are streamed to a client computer for viewing upon
demand. Digital video is broadeast from cable stations to subscribers using streaming,
Internet browsers, such as MNetscape and Microsoft Explorer, are used to stream data
from a server on the web o a client. Internet web sites can contain enormous databases,
such as phone directories for all of the cities in the U8, photographs from art galleries
and museums around the world, voluminous encyclopedias, and even copies of all
patents ever issued by the U.S. Patent & Trademark Office. Clients using the Internet
can search these databases and then request the server to download specific information.
This request initiates a streaming event.

In view of the multitude of bandwidths present in complex client/server systems
today and the large amounts of data necessary to produce compelling audio, video and
imaging presentations, there is a pressing demand for scalable data representation of
multimedia data, so that it can be delivered for on-line interactive playback in such a
form that the transmission rate can accommodate the client bandwidth. The Internet is
an example of a complex system where clients with many different bandwidth constraints
demand multimedia data from server sites. There are several low bandwidth rates for
modern transmission over phone lines, higher rates for frame relay lines, higher rates for

ISDN hines, even higher rates for T1 lines, etc.
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SUMMARY OF THE INVENTION

The present invention seeks to provide an improved method and system for
transmitting digital data representing the original over plural transmission links at least
some of which have limited bandwidth.

The present invention relates to scalable encoding, which enables two or more
clients, connected 10 a server by lings having differing bandwidth, to begin playing the
muitimedia data on-line, and both at the same time, almost immediately afler the start of
stregming, but the lower bandwidth client receives lower quality media than the higher
bandwidth chent at first. As the media is replayed in the foreground and the bandwidth is
freed, more data streams in via background, and the quality of the media is enhanced.

Without scalsble encoding, a client of an Internet application must wait until the
requesied data amrives, at whatever rate its network line provides. A client with a 14.4
Kbs modem line, for example, would have to wait twice as long as a client with 2 28.8
Kbs modem line. Moreover, if the data was encoded for 28.8 Kbs on-line playback, the
14.4 Kbs chent would never be able to achieve live playback, since there would be an
ever-increasing lag in the data stream. Conversely, if the data were encoded for 14.4
Kbs on-line playback, the 28.8 Kbs client would receive unnecessarily poor quality
media.

On account of the progressive nature of the data representation in accordance with
the present invention, the additional data block arriving in a 14.4 Kbs stream combines
with the previous data block which arrived in a 14.4 Kbs stream, to produce a 28.8 Kbs
streamed version, all that is being sent is the incremental data necessary for the upgrade.
The progressive form of the encoding itself provides the ability to achieve scalability.

Another shortcoming of non-scalable encoding as in the prior art is the inability 1o
preview & video sequence. Often a client would like to play a quick preview of a video
chip, before deciding whether or not to download it. The scalable representation of the
present invention can be used to deliver the video in a preview mode, as the first data

blocks. If the client continues to download the video afler previewing, the first data
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block already transmitted is progressively integrated with additional data blocks to create
the full viewing video. ‘

The present invention can also be applied to enhance delivery of large still images
for multi-resolution gazing. Current technology transmits such images as large files, and
carries out extensive computations for sub-sampling to lower resolution and zooming in
to areas of interest for gazing. This makes it very time consuming to interact with large
images, and as a result it is currently impractical to produce high resolution images for
Internet browsing. When dealing with large images, producers simply sub-sample them
to fit entirely within 2 computer monitor screen, and store the resulting low resolution
images on web servers. Using the technology of the present invention, producers can
deliver high resolution images over the Internet for rapid interactive gazing.

The present invention seeks to provide a scalable representation of muitimedia
data, enabling the data to be (a) progressively streamed, (b) transmitted asynchronously
to chents at different bandwidths and (c) played back interactively on-line. The
representation is two-dimensional, with one dimension {block number) being
characterized by progressiveness in quality, and the second dimension (frame number)
being characterized by interactivity.

The representation comprises data blocks which are ntegrated with one another to
produce successively higher bandwidih versions of the media, the data blocks comprising
encoded frames. The first data block corresponds to the lowest bandwidth, and enables
the chient with this bandwidth 1o play back the media on-line at the lowest quality. The
second data block, when integrated with the first block, corresponds to the next higher
bandwidth, and enables the client with this bandwidth to play back the media on-line at
the next highest quality, and similarly for each successive data block.

Moreover, a client with the lowest bandwidth who played the media at the low
quality and freed the bandwidth can continue in background to receive successive data
blocks and integrate them with previously received data blocks, resulting in successively
higher quality media each time it is replayed.  The modular form of the data
representation thus makes it possible to both accommodate different bandwidths and
progressively update media quality. A production tool makes it possible for a producer

to control modularity and quality seitings.
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In accordance with the present invention there is provided a method for providing
on-line virtual reality movies, comprising inputting a cyclic movie sequence into an
encoder, determining the number of portions that each frame of said movie is divided
nto, and forming partisl frames, specifying hot-spots and independent objects for
interaction within a partial frame, transmitting the partial frames part by part {0 8 user's
asynchronous database, and displaying said frames on a user's interface.

There is also provided in accordance with a preferved embodiment of the present
mvention a system for producing virtual reality (VR) moviss comprising an encoder for
preparing the VR movie for transmission, and a server including a repository for the VR
movie and a transceiver for transmitting the movie, part by part to a user, upon request.

An essential feature of the present invention is the use of a two-dirmensional
interactive progressive database 1o represent multimedia data, and the siorage of this
database in three different forms: for streaming, processing and playback purposes. The
database is calibrated in data blocks of roughly equal size, to deliver the media for on-
line playback at a selected range of bandwidths, and in such a way that the higher
bandwidth versions are built by integrating data blocks with the lower bandwidth
versions. Thus, rather than discard the lower bandwidth data, it is saved and used
directly to upgrade from low to high bandwidth quality.

The data blocks themselves are comprised of frames which can be randomly
accessed, thus giving 8 second dimension (namely, frames) to the progressive database.
Thus it is possible to selectively build higher quality versions of some frames and not
others. The mechanism determining which frames to send within each block may be
controlled interactively by the user.

To best appreciate the achievement of the present invention, one should consider it
in the broader perspective of streaming technology. There are known two modes of
accessing streamed data: random access and sequentisl access. In a random access mode,
the client can request the server to transmit data from any position within the stream. In
a sequential access mode, the server can only send a serial stream.

Current Internet streaming technology does not provide random access. Rather,
the stream is sent serially in packets. The present invention operates by creating three

copies of the progressive database. A first copy is stored on the server serially. A
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second copy, which mirrors the server database, is built on the chent, with random
accessibility. These first two copies are in encoded form. The frames in the data blocks
from the second copy are decoded and stored in the third copy. The third copy is
dynamically updaied and contains the frames to be displayed in either raw bitmap form,
or in intermediate compressed form whereby the decompression is fast enough to keep
up with real time interactive display in response 1o user commands.

A by-product of the present invention, when applied to video clips, is the ability to
deliver & preview of the video using the first data blocks. This enables the client to play
the preview almost immediately afler the transmission begins, and then to quickly decide
whether or not to proceed with the download. Moreover, if the client does continue
with the download, then the first data block already transmitted is integrated with
additional data blocks being downloaded, to form the full view version of the video.
Thus, rather than discard the data transmitted for the preview, it is saved and used to
create the full view frame sequence.

The present invention can also be applied to efficiently deliver large still images at
muliiple resolutions for interactive gazing. Each block of the progressive database stores
various tiles of the image at different resolutions. Smaller tites are stored at higher
resolution. Hot spots are used to link tiles at lower resolution to smaller tiles comtained
within them at higher resolution. When a viewer clicks on a kot spot to gaze, the display
quickly brings up the tile linked to by the hot spot, giving the effect of an instant zoom
in. The totality of multi-resolution tiles may comprise the "frames” in this application,
and these frames form the interactivity dimension of the database.

The first tile consists of the lowest resolution version of the full image, with hot
spots encoded withinit. As soon as the first tile is delivered and decoded, the user can at
once begin gazing at the higher resolution tiles, even though the image is of low quality.
While the user is viewing the tiles, additional data blocks are being delivered and
decoded in background, and the quality of the tiles is being upgraded as time progresses.
in other words, the zoomed in portion of the image being gazed at gets displayed almost
immediately after the streaming begins, but at low guality. The quality improves with

fime.
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The higher resolution tiles correspond to hierarchical "areas of interest” in the
image. The choice of which areas to mark with hot spots as areas of interest is in the
hands of the producer. This use of the invention is particularly efficient in the case where
there is a relatively small number of aress of interest in the full image, so that relatively
few tiles are encoded at the higher resolutions. Without the present invention, the client
would have to wait to receive the full image at higher resolution before viewing any pant
of it at this resolution, even though only small parts of it are of interest. Moreover, each
zoom in and out would be both processor and memory demanding.  Viewer interactivity
would be painfully slow.

There is thus provided in accordance with a preferred embodiment of the present
invention a system for transmitting digital data representing the original over plural
transmission links at least some of which have limited bandwidth including:

a digital data source storing digital data representing an original;

a digital data receiver receiving the digital data representing an original via one of
the plural transmassion links having limited bandwidth; and

a digital data transmitter operstive 1o transmit the digital data representing an
original to the recsiver over a transmission link having a limited bandwidth in plural
blocks which are sequentially transmitted at a rate determined by the limited bandwidth,
each block being an incomplete collection of data which includes pans of multiple
frames, each frame being viewable in 8 selectable order by the receiver even when less
than all of the plural blocks have been received, receipt of subsequent blocks by the
receiver being used to cumulatively improve the quality of the digital data viewed by the
receiver.

There 15 additionally provided in sccordance with a preferred embodiment of the
present invention a digital data transmitter actuator comprising;

an organizer operative, when actuated, to access digital data representing an
original which is organized in plural blocks for subsequent transmission, ach block being
an incomplete collection of data which includes parts of multiple frames, each frame
being viewable in a selectable order by the a receiver even when less than all of the plural

blocks have been received; and
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a receiver instruction interface responsive to interactive inputs from a receiver for
actuating the organizer to select a given block and at least one given partial frame within
the given block for transmission.

There is also provided in accordance with a preferred embodiment of the present
invention a digital data receiver mcluding:

a data receipt interface receiving digital data representing an original in a plurality
of sequential blocks, each block being an incomplete collection of data which includes
parts of multiple frames;

a block accunmulator for combining plural blocks as they are received for viewing
by the recipient; and

a viewer including a recipient interface which permits each frame to be viewed in
an order selected by the recipient, even when less than all of the plural blocks have been
received, combining of plural blocks by the block accumulator being used to improve the
quality of the digital data viewed by the recipient.

There is additionally provided in sccordance with a preferred embodiment of the
present invention a method for transmitting digital data representing an original over
plural transmission links at least some of which have limited bandwidth including the
steps of'

storing digital data representing an original;

receiving at a receiver the digital data representing an original via one of the plural
transmission links having limited bandwidth: and

transmitting the digital data Tepresenting an original to the receiver over a
transmission link having a limited bandwidth in plural blocks which are sequentially
transmitted at 2 rate determined by the limited bandwidth, each block being an
incomplete collection of data which includes parts of multiple frames, each frame being
viewable in a selectable order by the receiver even when less than all of the phural blocks
have been received, receipt of subsequent blocks by the receiver being used to
cumulatively improve the quality of the digital data viewed by the receiver.

There is also provided in accordance with a preferred embodiment of the present

invention a method for digital data transmission including:
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organizing digital data representing an original into plural blocks for subsequent
transmission, each block being an iﬁcompkeﬁe collection of data which includes parts of
muitiple frames, each frame being viewable in a selectable order by the a receiver even
when less than all of the plural blocks have been received;

responsive (o interactive inputs from a receiver for actuating the organizer,
selecting a given block and at least one given partial frame within the given block for
transmission: and

transmitting the selected given block and at least one given partial frame to a user.

In accordance with a preferred embodiment of the present invention, the block
accumulator is operative to combine plural blocks which are distinguished from each
other by their respective frequency bands.

Preferably, the digital data receiver includes a fractal decompression engine.

In sccordance with a preferred embodiment of the present invention, the data
receipt interface is operative to initially receive a first plurality of blocks containing
relatively low frequency data and thereafter receive a second plurality of blocks
containing relatively high frequency data and the block accumulator is operative to
reconstitute the digital data representing an original from the blocks representing
relatively high frequency and relatively low frequency data.

Preferably, the block accumulator is operative to combine plural blocks having
different sampling.

In accordance with s preferred embodiment of the present invention, the sampling
rate of a combined plurality of blocks is equal to the sum of the sampling rates of
individual ones of the plurality of blocks.

Preferably, the digital data receiver includes a wavelet decoder.

in accordance with a preferred embodiment of the present invention, the block
accumulator includes  a deguantizer which combines blocks each of which contain
quantized data of a different order, such that accumulation of multiple blocks provides
combined datz of greater precision than that contained in any single block.

There is additionally provided in accordance with a preferred embodiment of the

present invention a digital data transmitter actuator including.
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an organizer operative, when actuated, o access digital data representing an
original which is organized in plural blocks for subsequent transmission, each block being
an incomplete collection of data which includes parts of multiple frames, each frame
being viewable in a selectable order by the 2 receiver even when less than all of the plural
blocks have been received; and

4 receiver instruction interface responsive 1o interactive nputs from a receiver for
actuating the organizer to select a given block and at least one given partial frame within
the given block for transmission,

In accordance with a preferred embodiment of the present invention a first one of
the plural biocks contains digital data which represents a first approximation to the
original.

Preferably, additional ones of the plural blocks, when combined with the first one
of the plural blocks provide additionally accurate approximations to the original.

In accordance with a preferred embodiment of the present invention each of the
multiple frames includes a portion of data which can be independently and interactively
manipulated.

Preferably, the system also includes 2 block generator operative to receive digital
data representing the original and to provide the plural blocks.

There is also provided in accordance with a preferred embodiment of the present
invention a block generator including:

a producer interface; and

a digital data compressor, operative in response to producer control parameters
received via the producer interface for receiving digital data representing an original and
providing plural blocks, each block being an incomplete collection of data which includes
parts of multiple frames.

In accordance with a preferred embodiment of the present invention the block
generator is operative 1o provide plural blocks which are distinguished from each other
by their respective frequency bands.

Preferably, the block generator includes a fraceal compression engine.

In accordance with a preferred embodiment of the present invention, the block

generator is operative to decompose the digital data representing an original in relatively
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high frequency and relatively low frequency digital data portions, and wherein 2 first
plurality of blocks containing the relatively low frequency portion is transmitted by the
data transmutier prior to transmussion of a second plurality of blocks containing the
relatively high frequency portion.

Preferably, the block generator is operative to provide plural blocks by sampling
the received digital data.

In accordance with a preferred embodiment of the present invention the sampling
-rate of a plurality of blocks is equal to the sum of the sampling rates of individual ones of
the plurality of blocks.

Preferably, the block generator includes a wavelet encoder.

In accordance with a preferred embodiment of the present invention, the block
generator includes a quantizer which produces blocks each of which contain quantized
data of a different order, such that accumulation of multiple blocks provides combined
data of grester precision than that contained in any single block.

There is also provided in sccordance with another preferred embodiment of the
present invention, a method for encoding original digital video data to be siored on g
server computer for on-line delivery to client computers, including the steps of

encoding the digital video into a database including a series of encoded data
blocks, each block including a sequence of encoded frames, with the properny that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the video for on-line playback;

storing the database on a server computer,;

processing a request by a client computer for on-line delivery of the video in order
to determine which data blocks to transmit, 50 a5 to accommodate the client bandwidth;

transmitting the necessary data blocks to the client;

decoding the data blocks on the client computer,

imegrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital video, and

playing the reconstructed video on the client computer.

i2
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Further in accordance with a preferred embodiment of the present invention, the
step of encoding includes a bit-rate control device enabling the producer to pre-select the
sequence of bandwidths or quality levels for the database.

Sull further in accordance with a preferred embodiment of the present invention,
the step of encoding is performed in such a way that the first blocks of the database
correspond to previews of the video.

Additionally in accordance with a preferred embodiment of the present invention,
the steps of transmitting, decoding, integrating and playing are repeated in succession a
number of times in order to transmit additional data blocks to the chient, thereby
upgrading the guality of the video while it is replayed.

There is also provided in accordance with another preferred embodiment of the
present invention 2 method for encoding original digital audio data to be stored on a
server computer for on-line delivery 1o client computers, including the steps of

encoding the digital audio into a database including a series of encoded data
blocks, each block including a sequence of encoded frames, with the property that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the audio for on-line playback;

storing the database on a server computer:

processing a request by a client computer for on-line delivery of the audio in order
to determine which data blocks to transmit, 50 as o accommodate the client bandwidth;

transmitting the necessary data blocks to the client;

decoding the data blocks on the client computer,

integrating the data blocks together on the client computer to reconsiruct an
appropriate version of the original digital audio; and

playing the reconstructed audio on the client computer,

Further in accordance with a preferred embodiment of the present invention, the
step of encoding includes a bit-rate control device enabling the producer to pre-select the
sequence of bandwidths or quality levels for the database.

Still further in accordance with a preferred embodiment of the present invention,

the steps of transmitting, decoding, integrating and playing are repeated in succession a

13
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number of times in order to transmit additional data blocks to the client, thereby
upgrading the quality of the audic while it is replayed.

There is also provided in accordance with another preferved embodiment of the
present invention, & method for encoding original digital object movie data to be stored
on & server computer for on-line delivery to client including, comprising the steps of

encoding the digital object movie into a database including a series of encoded data
blocks, each block including a sequence of encoded frames, with the propenty that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the object movie for on-line playback;

storng the database on a server computer,

processing a request by a client computer for on-line delivery of the object movie
in order to determine which data blocks to transmit, so as to accommodate the client
bandwidth;

iransmitting the necessary data blocks 1o the client;

decoding the data blocks on the client computer,

integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital object movie; and

playing the reconstructed object movie on the client computer.

Further i accordance with a preferred embodiment of the present invention, the
step of encoding includes a bit-rate control device enabling the producer to pre-select the
sequence of bandwadths or quality levels for the database.

Still further in accordance with a preferred embodiment of the present inveniion,
the steps of transmutting, decoding, integrating and playing are repeated in succession a
number of times in order to transmit additional data blocks to the client, thereby
upgrading the guality of the object mowvie while it is replayed.

There is also provided in accordance with another preferred embodiment of the
present invention a method for encoding an original digital panorama to be stored on a
server computer for on-line delivery to client computers, including the steps of’

encoding the digital panorama into a database including a series of encoded data

blocks, each block including a seguence of encoded frames, with the property that
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successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the panorama for on-line playback;

storing the database on a server computer;

processing a request by a client computer for on-line delivery of the panorama in
order to determine which data blocks to transmit, so 83 to accommodate the client
bandwidth;

transmitting the necessary data blocks to the chent;

decoding the data blocks on the client computer,

integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital panorama; and

playing the reconstructed panorama on the client computer.

Further in accordance with a preferred embodiment of the present invention the
step of encoding includes a bit-rate control device enabling the producer 1o pre-select the
sequence of bandwidths or quality levels for the database.

Still further in sccordance with a preferred embodiment of the present invention
the steps of transmitting, decoding, integrating and playing are repeated in succession a
number of times in order to transmit additional data blocks to the client, thereby
upgrading the quality of the panorama while it is replayed.

There is also provided in accordance with another preferred embodiment of the
present invention a method for encoding original digital large still image data to be stored
on a server computer for on-line delivery to client computers, including the steps of

encoding the large digital image into a database including a series of encoded data
blocks, each block including s sequence of encoded multi-resolution tiles of the image,
with the property that successive blocks when decoded and integrated together provide
successively higher quality versions of the tiles for display,

storing the database on a server computer:

processing a request by a client computer for on-line delivery of the image in order
to determine which data blocks to fransmit;

transmitting the necessary data blocks to the client:

decoding the data blocks on the client computer;

i3
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integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original multi-resclution image tiles, and

interactively displaying the reconstructed tiles on the client computer.

Still further in accordance with & preferred embodiment of the present invention
the step of encoding includes a compression control device enabling the producer to pre-
select the sequence of guabity levels for the database.

Additionally in accordance with a preferred embodiment of the presert invention
the step of encoding operates on a plurality of images forming an animation, and each
encoded data block is comprised of multi-resolution tiles from the plurality of images.

There 15 also provided in accordance with another preferred embodiment of the
present invention a video processing system operative on digital video data for encoding
the digital video, storing it on 8 server computer and delivering it to client computers on-
line upon request including:

an encoder for compressing the digital video into a database including 3 series of
encoded data blocks, each block including a sequence of encoded frames, with the
property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the video for on-line playback;

a storage device for archiving the database on a server computer;

z processing unit for accepting a request by a client computer for on-line delivery
of the video and determining which data blocks to transmit, s0 as to accommodate the
ciient bandwidth;

8 transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into video data on the client
compuler,

an accumulator for integrating the data blocks together on the client computer to
reconstruct an sppropriate version of the original digital video; and

a player on the client computer for playing the reconstructed digital video.

Additionally in accordance with g preferred embodiment of the present invention
the encoder includes a bit-rate controller enabling the user to pre-select the sequence of

bandwidths or quality levels for the database.
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Moreover in accordance with a preferred embodiment of the present invention the
encoder compresses the digital video in such a way that the first blocks of the database
correspond to previews of the video.

Further in accordance with a preferred embodiment of the present invention the
transmitter, decoder, accumulator and player repeatedly operate in succession a number
of times in order to transmit additional data blocks to the client, thereby upgrading the
quality of the video while it is being replayed.

There is also provided in accordance with another preferred embodiment of the
present invention an audio processing system operative on digital audio data for
encoding the digital sudio, storing it on a server computer and delivering it to client
computers on-line upon request including

an sncoder for compressing the digital audio into a database including a series of
encoded data blocks, each block including a sequence of encoded frames, with the
property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the audio for on-line playback;

a storage device for archiving the database on a server computer;

a processing unit for accepting a request by a client computer for on-line delivery
of the audic and determining which data blocks to transmit, 50 as to accommodate the
client bandwidth;

a transmitter for delivering the necessary data blocks to the client;

& decoder for decompressing the data blocks back into audio data on the client
computer;

an accumulator for integrating the data blocks together on the client computer 1o
reconstruct an appropriate version of the original digital audio; and

a player on the client computer for playing the reconstructed digital audio.

Further in accordance with & preferred embodiment of the present invention the
encoder includes a bit-rate controller ensbling the user to pre-select the sequence of
bandwidths or quality levels for the database.

Sull further in accordance with a preferred embodiment of the present invention

the transmitter, decoder, accumulator and player repeatedly operate in succession a
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number of times in order 1o transmit additional data blocks to the client, thereby
upgrading the quality of the audio while it is being replayed.

There is also provided in accordance with another preferred embodiment of the
present invention an obiect movie processing systemn operative on digital object movie
data for encoding the digital object movie, storing it on a server computer and delivering
it to client computers on-line upon request including:

an encoder for compressing the digital object movie into a database ncluding a
senies of encoded data blocks, each block comprising a sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the object movie for on-line playback:

a storage device for archiving the database on a server computer;

a processing unit for accepting a request by a client computer for on-line delivery
of the object movie and determining which data blocks to transmmit, 50 a5 to
accommodate the client bandwidth:

a transmitier for delivering the necessary data blocks to the client,

a decoder for decompressing the data blocks back inte object movie data on the
client computer;

an accumulator for integrating the data blocks together on the client computer 1o
reconstruct an appropriate version of the original digital object movie: and

a player on the client computer for playing the reconstructed digital object movie.

Further in accordance with a preferred embodiment of the present invention the
encoder includes a bit-rate controlier enabling the user to pre-select the sequence of
bandwidths or guality levels for the database.

Still further in accordance with another preferred embodiment of the present
mvention the transmitter, decoder, accumulator and player repeatedly operate in
succession a number of times in order to transmit additional data blocks to the client,
thereby upgrading the quality of the object smovie while it is being replayed.

There is also provided in accordance with another preferred embodiment of the
present invention a panorama processing sysiem operative on digital panorama data for
encoding the digital panorama, storing it on a server computer and delivering it to client

computers on-line upon request including;
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an encoder for compressing the digital panorama into a database including a series
of encoded data blocks, sach block including a sequence of encoded frames, with the
property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the panorama for on-line playback;

a storage device for archiving the database on a server computer,

a processing unit for acoepting a request by a client computer for on-line delivery
of the panorama and determining which data blocks to transmit, 50 as to accommodate
the client bandwidth;

a transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into panorama data on the client
compuier,

an accumulator for integrating the data blocks together on the client computer 1o
reconstruct an appropriate version of the original digital panorama; and

a player on the client computer for playing the reconstructed digital panorama.

Further in accordance with a preferred embodiment of the present invention the
encoder includes a bit-rate controller enabling the user to pre-select the sequence of
bandwidths or quality levels for the database.

Still further in accordance with a preferred embodiment of the present invention
the transmitter, decoder, accumulator and player repeatedly operate in succession a
number of times in order to transmit additional data blocks to the client, thereby
upgrading the quality of the panorama while it is being replaved.

There is also provided in accordance with another preferred embodiment of the
present invention an image processing system operative on large digital image data for
encoding the digital image, storing it on 2 server computer and delivering it to client
computers on-line upon request including:

an encoder for compressing the large digital image into a database including a
series of encoded data blocks, each block including a sequence of encoded muiti-
resolution tiles of the image, with the property that successive blocks when decoded and
integrated together provide successively higher quality versions of the image tiles;

a storage device for archiving the database on a server compuier;
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& processing unit for accepting a request by a client computer for on-line delivery
of the image and determining which data blocks to transmit;

& transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into image tile data on the client
computer;

an accumulator for integrating the data blocks together on the client computer to
reconstruct an appropnate version of the original multi-resolution image tiles; and

an interactive viewer on the client computer for displaying the reconstrucied image
tiles.

Additionally in accordance with a preferred embodiment of the present invention
the encoder includes a compression controller enabling the user to pre-select the
sequence of guality levels for the daiabase.

Moreover in accordance with s preferred embodiment the encoder operates on a
plurality of images forming an animation, and each encoded data block is comprised of
muiti-resolution tiles from the plurality of images.

There is also provided in accordance with another preferred embodiment of the
present invention 8 method for caching of data which gets transmitted from servers to
chients on a central hub within 3 network, including the steps of

encoding digital multimedia dats into databases including a series of encoded data
blocks, each block including a sequence of encoded frames, with the propenty that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the media for on-line playback;

storing the databases on a multitude of server computers;

managing within the hub requests by client computers for on-line delivery of media
stored on server computers in order to determine which data blocks to transmit, so as to
accommodate the client bandwidth,

transmitting the necessary data blocks from the server and from the hub to the
client;

storing the data blocks delivered by the server in the cache residing in the central
hub;

processing within the hub the data blocks it receives;
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decoding the data blocks on the client computer,

integrating the data blocks together on the client computer {o reconstruct an
appropriate version of the original digitsl media; and

playing the reconstructed media on the client computer.

Further in accordance with a preferred embodiment of the present invention the
step of managing is performed by

setling inventory flags to indicate which data blocks are currently stored in the hub.

Still further in accordance with a preferred embodiment of the present invention
the step of managing further including the steps of’

communicating with the servers to monitor which media data is puidated;

removing from cache the blocks corresponding to the media data which is
outdated: and

resetting the inventory flags to indicate that the above blocks are no longer stored
in the cache.

Still further in accordance with a preferred embodiment of the present invention
the step of processing comprising the steps of

decoding the data blocks received;

mtegrating the dats blocks together to reconstruct appropriate versions of the
original digital media; and

encoding the reconstructed media versions into an intermediate database for future
transmission to the clients.

There is also provided in accordance with another preferred embodiment of the
present invention a proxy system operative on a server/client network for caching of data
which gets transmitted from servers to clients on a central hub, including:

an encoder for compressing digital multimedia data into databases inclading a
senies of encoded data blocks, each block including a sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the media for on-line playback;

server communication lines from the servers to the hub for sending data blocks;

client communication lines from the hub to the clients for sending digital data;

storage devices for archiving the databases on a multitude of server computers;

21

SUBSTITUTE SHEET (RULE 28)
IPR2022-01227

EXHIBIT 1003 - PAGE 01349



WO 97/30351 POTALS7/00058

& management unit within the hub 10 process requests by client computers for on-
line delivery of media stored on server computers in order to determine which data
blocks 10 transmit, o &5 to accommodate the client bandwidth;

a transmitter for delivering the necessary data blocks on the server communication
lines from the server to the hub, and on the client communication lines from the hub to
the client;

a storage device for saving the data blocks delivered by the server communication
lines in the cache residing in the central hub;

a processing unit within the hub for processing the data blocks which the hub
TECeIves;

a decoder for decompressing the data blocks on the client computer;

an accumulator for integrating the data blocks together on the client computer to
reconstruct an appropriste version of the original digital media; and

a player for playing the reconsiructed media on the client computer.

Further in accordance with a preferred embodiment of the present invention the
management unit operates by setting inventory flags to indicate which data blocks are
currently stored in the hub.

Still further in accordance with a preferred embodiment of the present invention
the management unit operates by monitoring from the servers which media data is
cutdated, removing from cache the blocks corresponding to the media data which is
cutdated, and resetting the inventory flags to indicate that the above blocks are no longer
stored in the cache.

Additionally in accordance with a preferred embodiment of the present invention
the processing unit compnsing:

a decoder for decompressing the data blocks received;

an sccumulator for integrating the data blocks togsther to reconstruct appropriate
versions of the original digital media; and

an encoder for compressing the reconstructed media versions into an intermediate

database for fiture transmission to the clients.
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There is also provided in accordance with another preferred embodiment of the
present invention a multi-casting unit (MCU) system operative on a broadcasting
network for caching of data which gets transmitted from stations to viewers, including:

an encoder for compressing digital multimedia data into databases including a
series of encoded data blocks, each block including a sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the media for on-line playback;

station communication lines from the stations to the MCU for sending data blocks;

viewer communication lines from the MCU to the viewers for sending data,

viewer receiver units for receiving the data sent by the MCU;
storage devices for archiving the databases on a multitude of station computers;

2 management unit within the MCU to process requests by viewers for on-line
delivery of media stored on station computers in order 1o determine which data blocks to
transmit, o a8 to accommodate the viewer bandwidth;

a transmitter for delivering the necessary data blocks on the station communication
lines from the station to the MCU, and on the viewer communication fines from the
MCU to the viewer receiver units;

a storage device for saving the data blocks delivered by the station communication
lines in the cache residing in the MCU,

a8 processing unit within the MCU for processing the data blocks which the MCU
TECeives;

a decoder for decompressing the data blocks on the viewer receiver,

an accumulator for integrating the data blocks together on the viewer receiver unit
10 reconstruct an appropriate version of the original digital media; and

a player for playing the reconstructed media from the viewer receiver unit.

Further in accordance with a preferred embodiment of the present mvention the
management unit operates by setting inventory flags to indicate which data blocks are
currently stored in the MCU.

Still further in accordance with a preferred embodiment of the present invention
the management unit operates by monitoring from the stations which media data is

outdated, removing from cache the blocks corresponding to the media data which is
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ocutdsted, and resetting the inventory flags to indicate that the above blocks are no longer
stored in the cache.

Additionally in accordance with a preferred embodiment of the present invention
the processing umt within the MCU including:

a decoder for decompressing the data blocks recetved;

an accumulator for integrating the data blocks together to reconstruct appropriate
versions of the original digital medis; and

an encoder for compressing the reconstructed medis versions into an intermediate
database for future transmission (o the viewers.

There is also provided in accordance with another preferred embodiment of the
present invention a method for streaming multimedia data over a network, including the
steps of:

encoding the media into a progressive datsbase indexed according to frame and
progressive block numbers;

serializing the encoded database;

storing the serialized database on g server;

streaming the serialized database to a client upon request;

creating a mirror copy of the encoded database on the cliemt computer from the
data which streams in; and

decoding the encoded database on the client computer into a sequence of frames
for real time display. '

There is also provided in accordance with another preferred embodiment of the
present invention a multimedia network streaming system, including:

an encoder for compressing the media into a progressive database indexed
according to frame and progressive block numbers;

a sequencer for serializing the encoded database;

a storage device for archiving the serialized database on a server;

a transmitter for streaming the serialized database to a client upon request;

a processor for creating a mirror copy of the encoded database on the client

computer from the data whech streams in; and

24

SUBETITUTE SHEET (RULE 28)
IPR2022-01227
EXHIBIT 1003 - PAGE 01352



WO 97/30551 POT/ALTOBG8S

a decoder for decompressing the encoded database on the client computer mio a
sequence of frames for real time display.

There is also provided in accordance with another preferred embodiment of the
present invention a system for transmitting model based data representations of three
dimensional images over plural transmission links having limited bandwidth, said system
inchuding:

a digital data source storing model based data representations of thres dimensional
images;

an image processor for rendering views of said model based data representations
into raster bitmap format;

a digital data receiver receiving said digital data in said raster bitmap format over a
one of the plural transmission links having limited bandwidth; and

a digital data transmitter operative to transmit the digital data in said raster bitmap
format to said receiver over g transmission hink having a limited bandwidth in plural
blocks which are sequentially transmitted at a rate determined by the limited bandwidth,
each block being an incomplete collection of data which includes parts of multiple
frames, each frame being viewable in a selectable order by said recetver even when less
than all of the plural blocks have been received, receipt of subsequent blocks by the
receiver being used to cumulatively improve the guality of the digital data viewed by the
receiver,

Further in accordance with a preferred embodiment of the present invention the
model based data representations comprise VRML representations.

Still further in accordance with a preferred embodiment of the present invention
the model based data representations comprise CAD-CAM representations.

Additionally in accordance with a preferred embodiment of the present invention
the image processor is operative to render only views which are selected by a user,

There is also provided in accordance with another preferred embodiment of the
present invention & method for transmitting model based data representations of three
dimensional images over plural transmission links having limited bandwidth, said system
including:

storing model based data representations of three dimensional images,
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rendering views of the model based data representations into raster bitmap format,

receiving the digital data in said raster bitmap format over a one of said plural
transrmission links having limited bandwidth; and

transmit the digital data in said raster bitmap format to  the receiver over a
transroission link having a limited bandwidth in plural blocks which are sequentially
transmitted at & rate determined by the limited bandwidth, each block being an
incomplete collection of data which includes parts of multiple frames, each frame being
viewsble in 3 selectable order by the receiver even when iess than all of the plural blocks
have been received, receipt of subsequent blocks by the receiver being used 1o
cumulatively improve the quality of the digital data viewed by the receiver.

Further in accordance with a preferred embodiment of the present invention the
model based data represenmtations comprise VRML representations, and CAD-CAM
representalions.

Still further in accordance with a preferred embodiment of the present invention
the image processor is operative to render only views which are selected by a user.

The following definitions are employed throughout the specification and claims:

RESOLUTION--The relationship between the number of digital samples per unit
of an original and the number of digital samples per unit in a rendered version thereof
Specifically, when dealing with images, resolution refers to the relationship between the
number of pixels per unit area of an original image or scene and the number of pixels per
unit area in a displayed image. Specifically, when dealing with audio, resolution refers to
the relationship between the number of samples per unit time of an original sound and the
number of samples per unit time in a played sound.

QUALITY--The degree 1o which a rendered version of an original is faithful to the
original. Specifically, when dealing with images, quality refers to the degree to which the
displayed image is faithful to the original image or scene. Normally this is expressed as
the degree to which the approximation of pixel values in the displayed image approaches
the correct pixel values in the original image or scene. Specifically, when dealing with
audio, quality refers to the degree to which a played sound is faithful to the original

sound.
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FRAME--A portion of an original which can be independently and interactively
manipulated. Specifically, when dealing with images, frame refers to a portion of an
image or of a collection of images which can be independently and interactively
manipulated. Specifically, when dealing with audio, frame refers to a portion of a sound
which is delimited in time and can be independently and interactively manipulated.

BLOCK--A sequentially transmitted collection of partial data which is used to
build multiple frames. The frames are built up of one or more sequentially transmitted
blocks, whose contents are accumulated. Specifically, when dealing with images, the
block contains image data. Specifically when dealing with audio, the block contains
audio data.

PARTIAL FRAME--The part of a frame which is contained in a given block.

TILE--A window sized pixe! array of a predetenmined given size forming part of an
unage. For example, tiles partition an image into a plurality of arrays, each of which

contains an identical number of pixels.

27

SUBSTITUTE SHEET (RULE 28)
IPR2022-01227

EXHIBIT 1003 - PAGE 01355



WO 97130551 PCTHLR TGS

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be undersicod and appreciated more fully from the
following detailed description, taken in conjunction with the drawings in which:

Fig. 1 and Fig. 2 are simplified block diagrams illustrating a system for scalable
representation  of nwitimedia data for progressive asynchronous transmission,
constructed and operative in accordance with a preferred embodiment of the present
fpvention,

Fig. 3A is a sumplified schematic diagram of the database structure of the present
invention which includes three databases, embodied within the client-server system of
the present invention,

Fig. 3B is a simplified diagram of a database structure particularly useful in the
client database of Fig. 3A, illustrating iis two-dimensional nature;

Fig. 4 is an illustration of the operation of a preferred embodiment of the present
invention;

Fig. 5 is a simplified schematic diagram of a production tool for converting a
digital multimedia file into a progressive scalable database representation for storage on a
server computer in accordance with a preferred embodiment of the present invention;

Fig. 6 is a simplified schematic diagram of the structure of a block within the server
database, partitioned into frames which can be accessed randomly in accordance with a
preferred embodiment of the present invention;

Fig. 7 is a simplified schematic diagram of a decoder for receiving and integrating
data blocks from a scalable database, to form a version of a digital multimedia object for
playback in accordance with a preferred embodiment of the present invention;

Fig. 8 is a simplified schematic diagram of a scalable progressive database for a
video clip in which the first data blocks are used for previewing the video in accordance
with a preferred embodiment of the present invention;

Fig. 9 and Fig. 10 are simplified schematic diagrams of a system for incorporating a
scalable progressive database into 4 time-based video sequence of frames indexed by two
time scales: a macro and micro scale, in accordance with a preferred embodiment of the

present invention;
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Fig. 11 is a simplified block diagram of a proxy system used to cache in a central
hub multimedia data which is transmitted from servers to clients in accordance with a
preferred embodiment of the present invention:

Fig. 12 is 2 simplified block diagram of a system for generating 2 scalable database
from digital media data, by running a compressor in a feedback loop in accordance with a
preferred embodiment of the present invention;

Fig. 13 is a simplified block diagram of a decoder for the database generated by the
system of Fig. 12 in accordance with a preferred embodiment of the present invention;

Fig. 14 is a simplified diagram illustrating a scalable progressive database useful for
a large still image in accordance with a preferred embodiment of the present invention,

Fig. 15 is a simplified diagram illustrating a virtual reality system constructed and
operative in accordance with a preferred embodiment of the present invention:

Fig. 16 is a simplified flowchart illustrating operation of the system of Fig. 15; and

Fig. 17 is an illustration of the operation of a preferred embodiment of the present
invention illustrated in Figs. 15 and 16, permission to reproduce Fig. 17 was granted by

Tecnomatix, Litd.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The preferred embodiments of the present invention may be better understond
given the following technical and theoretical explanation.

The present invention provides a novel method for representing multimedia data.
The invention provides a scalable representation, so that the data can be asynchronously
transmitted to clients having different bandwidth connections, playved on-line almost
inmediately after the transmission begins, interactively controlled, and also progressively
upgraded as it is replayed.

Although the present invention is described hereinbelow with particular reference
to image data, it is to be apprecisted that it is applicable also to non-image data, such as
audio data.

When addressing bandwidth limitations, it is natural to think in terms of data rates,
or velocities. Video players, for example, play at standard rates such as thirty frames per
second {fps), and require the images for display 1o be available at this rate. If the images
are already stored on a local hard disk, then all that is necessary is disk access, which is
very fast. On the other hand, if the images are streamed in from a server, then in order
for on-line playback to be possible before 2 full download is finished, the rate of
transmission must be great enough to supply the frames at thirty fps. This does not mean
that the network link has to transmit the data equivalemt to thirty full frames gvery
second.  Due to compression, it suffices if the network transmits thirty compressed
frames every second.

For example, if the compression achieved is 10:1, then it suffices to transmit at a
rate of three fps, provided that the client CPU can decompress thirty compressed frames
mto full frames every second. In fact, compression is the mediator between the video
piayer and the bandwidth. The player does not slow down when bandwidth is low;
rather, the compression ratio has to be greater. Should a bottleneck arise, and a frame is
not gvailable when the player needs it, then the player simply skips that frame, but
continues to expect frames at the thirty fps rate. The video can be preset at the outset
for lower rates than thirty fps, but not much lower, since slow video playback breaks the

continuity between frames, and thus loses the effect of motion.
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Thus, realizing that higher compression means lower quality, it can be appreciated
that users having high bandwidth connections can receive high quality video for on-line
playback, and users having low bandwidth connections receive low quality video. In a
non-scalable setting, it is thus necessary to prepare different compressed media files for
each playback rate and bandwidth combination. For example, four different versions of
the media could exist for (a) 24 fps playback, 14.4 Kbs bandwidth, (b) 24 ips playback,
28.8 Kbs bandwidth, (c) 30 fps playback, 14.4 Kbs bandwidth, (d) 30 fps, 28 8 Kbs
bandwidth. As described below, using the present invention a single media file can be
used to accommodate all four of these combinations.

In the present invention, the media data is comprised of m frames 1, Fo. ... Fo,, A
frame can be, for example, an individual frame of a movie sequence, a piece of a
panoramic view, an individual segment of an audio signal, or even a sub-sampled version
of a large still image. It can also be a group of such frames, such as for example, a group
of inter-frames between key frames in a video segment, in 2 case where an H.263 codec
is being used. In broad terms, frames are units of interactivity. For example, in object
movies where interactivity means frame advance, 2 frame unit is an individual stll imnage,
whereas in gazing applications where interactivity means zooming in and out, the frame
units are multi-resolution tiles.

The representation encodes the media data into » data blocks B, B, ..., B,
preferably of roughly equal size. Fach encoded data block B; contains m compressed
frame units £/, F7, ..., F,). Thus it is appreciated that the database is arranged in two
dimensions, corresponding to blocks and frames. The dimension used for blocks is for
achieving progressiveness, and the dimension used for frames is for achieving
interactivity. The frame data can be transmitted in 2 selective order, but the blocks must
be transmitted in sequence, since they build cumulatively. This is an essential feature of
the subject invention.

Data block B is used to deliver the media at the lowest bandwidth, say f; Kbs; data
blocks 5, and B; when integrated together, are used to deliver the media at bandwidth §2
- &+ Kbs; and in general, for 1 < & < », data blocks By, By ..., B, when integrated
together, are used to deliver the media st bandwidth Je - kfi Kbs. Each higher bandwidih

version delivers a higher quality rendition of the media. In this way, the representation
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can accommodate multiple clients connecting to the network with different bandwidths,
Moreover, a client connecting with bandwidth f; who has downloaded data block B, and
played the medis, can continue downloading block B; in background, since the
bandwidth has been freed, and thereby achieve the same quality as bandwidth /; the next
time the media is replayed.

Within each block the frames can be accessed randomly and delivered selectively,
so that the user can vary the quality level among the frames, For example, a viewer who
wanis 10 gaze at frame #3 may instruct the database to send frame #3 data from the frst
ten blocks, but only one biock of data for all of the other frames. The viewer selection is
carried out interactively, through the use of keyboard presses and mouse clicks, as the
media is being played. Whereas for some applications it may be most natural to transmit
the entire blocks in sequence, for other applications it may be more effective to first
deliver as much data as possible for specific frames at the expense of lowering the quality
of other frames. The two dimensionality of the database, together with its interactive
accessibility, gives the user complete control over the transmission sequence.

The scalable representation that is the subject of the present invention is embodied

in a production tool which enables the producer to control the bandwidth parameters f,,

or equivalently, the qualities of the media versions obtained by integrating blocks B, 8.,

. Bi. In general, it is not necessary that the blocks be of equal size, nor that the
frequencies /i be given by kf, although this is the preferred embodiment. The
production tool also enables the producer to control the final quality of the highest
bandwidth version, or equivalently, the total number, #n, of data blocks in the
representation.

In contrast, if the media data representation is not scalable, but is encoded instead
for a specific bandwidth #, then only clients with bandwidth / or greater can play the
media on-line as it is being downloaded. A client with a lower bandwidth than J would
have to download the entire data stream to memory in order to begin plavback, which
can take a great deal of time on account of the large file sizes typically used in
multmedia production. A client with a higher bandwidth connection than J would not be
able to take advantage of it 1o receive higher quality media. Moreover, there would be

no means of upgrading media quality, even for clients with high bandwidth connections,
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other than to transmit an entirely new data stream from the server side, and discard the
previously downloaded data.

Applications of the invention include, inter alia, scalable audio and video
transmission, video previewing, progressively rendered object movies and panoramas,
large still images, efficient proxy or multi-casting unit (MCU) management for web and
other bubs, and VRML transmission, as described hereinafter in greater detail.

Scaleable sudio transmission: Digital audio data can be progressively encoded into
a scalable databsse for asynchronous transmission st different bandwidths, A client
connected with a low bandwidth line can receive a low quality version of the audio,
which can be played back on-fine at the low bandwidth as the data sireams in. After the
audio is played, additional data blocks can continue to be received and integrated with
the previous blocks, so that the audio is upgraded to higher quality for replay.

Scaleable video transmission: Similar to the description above for the audio

transmission, digital video data can be encoded into a scalable database for asynchronous
delivery and progressive guality upgrade.

For certain time-based video systems, there is disclosed a novel way {0 incorporate
the scalable database so that progressiveness and immediate playback can be achieved,
even in a single-play mode. Specifically, this applies to video systems with two time
scales, such as is present in the Apple QUICKTIME® movie plaver. The first time scale
(heremnafler referred 1o as the “major scale™) is used to advance from one frame to the
next, based on major units of time. The second time scale {hereinafter referred to as the
“minor scale”} is a sub-division of the major scale into smaller time units, and is used to
mcorporate small changes or fluctuations into the frame being displayed. For example,
the major scale can be advancing through a movie of a bird flying and the minor scale can
be adding fluttering 1o the bird’s wings. The advantage of such a two-scale player is that
the decoder, which does the intensive processing to supply the frames, need only run at
the slower rate, e.g. 3 frames per second {fps}), governed by the major scale, whereas the
viewer, doing the less intensive processing, is playing at the faster rate, eg 30 fps,
governed by the minor scale.

The subject invention can be incorporated into a system having two time scales as

described hereinabove by using the minor scale in a way different from the way that was
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originally intended. Instead of being used to introduce fluctuations, it is used to display
progressively rendered versions of & frame. At each minor time unit. the plaver displays
the latest version available of the frame indexed by the major scale.  For example,
suppose there are ten minor time units within the major time unit during which frame #4
is to be displayed. At the first minor time unit, the player initially displays the version of
frame #4 which it has svailable from the first data blocks already processed. As
additional blocks of data sre accumulated and higher quality versions of frame #4
become available, the player displays those frames at successive minor time units. This
continues for ten minor time units, until the next major time unit, at which time frame #5
is to be displayed. The cycle then repeats, and the version of fame #5 which is aiready
available is initially displayed at the first minor time unit. Thus it can be seen that
progressiveness can be achieved by interjecting into the minor scale, the versions of the
frames obtained by accumulating successive blocks.

For the user to be able to view the video immediately, without waiting for the
entire file to download, the production tool must store the encoded video in the order of
successive blocks. Each partial frame must be handled as if it were an entire frame. That
is, the production tool must treat the movie as if there were a total of m - » distinet
frames being encoded. Un the other hand, each frame is sent only once to the codec for
encoding, and is returned as s sertes of encoded partial frames. Thus it is necessary to
post-process the encoded data file, to rearrange the data iterns from 2 frame dominated
order to a block dominated order This rearrangement process is referred to as
“flattening” in the art.

The player in turn, however, must know that although it is receiving what appears
to be m - » data items, there are really only a total of m frames. It must decode and
accumulate every successive sequence of i data items with the previous ones, 1o update
the frames. The combined effect of the flattening on the production side and the plaver’s
interpretation on the client side enables seamless integration of the scalable progressive
database within 2 non-progressive video interface. That is, the incorporation of
progressive blocks does not require any modifications to the existing interface.

Video previewing: When encoding digital video data into a scalable database, the

first data blocks can be used to generste a preview of the video, restricted to selected
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frames. The preview can be played back by the client almost immediately after the
streaming begins. Moreover, additional data blocks received are integrated with the data
blocks from the preview, 1o form full view versions of the video.

Object _movies:  Advertising agencies are using object movies to preduce
interactive 3-D virtual reality presentations of merchandise on the Internet. The user can
rotate and zoom the 3-D object, and examine it from different viewing angles. Using the
methodology of the current invention, object movies can be progressively encoded so
that the viewer can download and begin playing them almost immediately after the
streaming begins. Initially the movie will scale to a quality commensurate with the
bandwidth of the user’s network connection, but as the data blocks are received and the
user interacts with the movie, additional data blocks are defivered and integrated with the
previous blocks, resulting in a higher and higher quality movie. An important feature of
the invention is that, regardless of bandwidth, the user can begin playback and interaction
almost immediately, and does not need to wait for the complete download, as the first
version of the movie delivered scales itself to the native bandwidth. As plavback
continues additional data streams in the background and the movie version is upgraded
to higher and higher quality.

Panoramag: Panoramas are very large images which the user cannot view in their
entirety, but rather sees within a restricted viewing window. By panning in various
directions, and zooming in and out, the user navigates through the pancrama. The
continuous change in viewing window gives the effect of movement within & scene.
Similar to the description above for object movies, panoramas can be progressively
encoded so that the viewer can download and begin navigating through them almost
immediately after the streaming begins. Initially the panorama scales to the chent
bandwidth, and afler the first data blocks are received, additional data blocks are
streamed in background while the panorama is playing, to provide higher and higher
image guality.

Large still images: Although large high quality still images are not composed of
frames in the conventional sense, the large sizes of the image data files makes the present
invention an effective means for interactive on-line viewing. The frames can be small

image tiles within the full image at different resolutions, the smaller tiles having higher
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resolution than the larger ones. The locations of the tiles can be marked as hot spots.
When the viewer clicks on 2 hot spot within a specific tile, the database delivers that tile
at a higher resolution, giving the effect of 2 zoom in. Within the higher resolution tile
there can be more hot spots, and the zooming can continue through the database.

As a simple exampie, the first frame within 2 data block may contain the full image
sub-sampled by 4:1, for example, in each dimension. The next set of frames within the
data block may contain (some subset of) the four quadrants of the full image sub-
sampled by 2:1 in each dimension. The next set of frames within the data block may
contain (some subset of} the sixteen quadramts within the above four quadrants at the
original resolution. A viewer could see the 4:1 reduction of the original image (the first
block), click on one of the quadrants and then see that guadrant at a 2:1 reduction (a
frame from the second set}, and click further on one of its quadrants and then see it at

full scale (a2 frame from the third set).

. Proxies are large storage devices, located as
hubs within networks, used as large caches for data being delivered from servers to
cliems. Simslarly MCUs are large storage devices used as caches for data being delivered
from broadcasting stations to viewers, such as cable TV. As data is streamed from
servers 1o clients or from broadcasting stations to viewers upon request, the proxy or
MCU stores the data in a central hub so that it is available for delivery at a high
bandwidth if requested again by any of the clients connected to the hub. It plays a similar
role to paging files on a local computer disk, but on a much larger scale and for 3 much
larger clientele.

The scalable representation of the subject invention is particularly well suited for
proxies and MCUs which operate in asynchronous emvironments.  Server/client
connections and broadcast transmissions can be of many different bandwidths, and so the
proxy or MCU can be accumulating versions of the same multimedia data corresponding
to different qualities. Without scalability these versions are all independent of one
another, and cannot be combined to achieve quality levels other than those originally
preset or combined to save space. Using the scalable representation of the subject
invention, the proxy or MCU can be optimized to cache the varous progressive

building blocks. This affords great flexibility in being able to create versions of different
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quality levels, and reduces the space TeqUIrSments.

As a simple example, a first user with a low bandwidth connection 7 to the
server, who demands a nultimedia file, downloads data block 8,, which is then also
saved 10 cache on the proxy, and the user receives a low quality version (quality level 1)
of the media. A second user with a higher bandwidth connection /> to the server, wheo
demands the same multimedia file, can download data blocks B, and B; from the server,
and can access block F; directly from the proxy. The three data blocks are integrated
and the second user receives a very high quality version {quality level 3} of the media.
Data blocks 5, and B; would then also be stored on the proxy. A third user with a direct
connection to the proxy of bandwidth 7; who now demands the same multimedia file, can
receive the high quality version {quality level 2) comprising of blocks B, and B, directly
from the proxy. Without a scalable representation it would not be possible for the
second user, with a bandwidth connection of £, to receive a quality level 3 version
corresponding to the higher bandwidth £;, nor for the proxy to deliver to the third user a
version at & quality level different from those directly available in its cache. Morsover,
without a scalable representation the proxy memory required to cache the f), /> and Jj
versions would equal the size of six data blocks, rather than three. It can thus be seen
that the proxy or MCU inherits the scalability from the servers, giving it a great deal
more flexibility in its media delivery to the clients than would be possible in a non-
scalable environment.

YRML transmission’ Virtual reality modeling language (VRML) is a descriptive
language for representing and rendering three-dimensional objects. The objects are
modeled as collections of polygonal elements, the description of which forms a VRML
database. Depending on the viewing parameters, the individual elements are processed
and the desired view of the object is rendered into a raster bitmap for display. The
VRML representation is rich enough to encapsulate all possible views of the object. In
fact, there is an infinity of possible variations in viewing parameters. A user interacts
with the VRML object by adjusting viewing parameters, through mouse clicks and
keyboard presses. VRML was first popularized by Silicon Graphics. Their top Iris
workstations, for example, can render on the order of a million polygonal elements per

second. VRML images are characterized by their sharp photo-realistic attributes.
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The present invention can be applied to efficiently deliver VRML imagery over a
server/client network, for on-line interaction. Within the VRML environment itself, two
problems arise when transmitting VRML databases over a network for on-line
interaction.  First, there is the bandwidth limitation, which inhibits the rate of
transmission.  Second, there is the intense processing on the client side necessary to
render the many polygonal elements inio a bitmap for viewing., It would be preferable to
have the server (typicsally s more powerful computer) do the rendering, but then it would
be necessary to  store rendered bitmaps of every possible set of viewing conditions —~ a
feat that would require on the order of terabytes of disk space.

The present invention can be used to mitigate the problem by allowing the
rendering 10 be done on the server computer without requiring enormous memory, and
yet enable the client to freely interact with the VRML obiject in an on-line interactive
setting. This is one of many examples involving real-time encoding. The invention
operates by receiving the viewing parameters from the user, rendering the corresponding
image on the server into a raster bitmap image, encoding the bitmap into progressive
partial frames and inserting them into a two-dimensional server database. The encoded
data within the server database is continually streamed from server to client, enabling the
client 1o begin viewing 2 low quality image as soon as the first partial frame data arrives.
As the user navigates through the VRML, additional bitmaps are rendered, encoded and
inserted into the server database. Whenever the user re-traces steps, so that the viewing
parameters are the same as those selected at some previous stage, the server does not
need to render the same bitmaps again.  Rather, the streaming simply continues in
background, and the quality of the image on the client side is enhanced as additional
partial frames are integrated.  Similarly, if the user stays focused on a single view, then
the bitmap being displayed is enbanced as additional partial frames stream in. Once all of
the partial frames are integrated, the image has the same sharp photo-realistic quality as
is charscteristic of VRML images. On the other hand, the user does not have to wait for
all of the data to arrive in order to interact with the object, nor does the client computer
have to do the mtensive processing to render the VRML database into bitmaps.

Reference is now made to Fig. 1 which shows a block diagram of a system for

providing on-line virtual reality (VR) movies. The system includes a production
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workstation 3 for receiving input images and processing same, as will be described
hereinafter. Such input images may be constituted by photographs which are scanned
into the workstation. The output from production workstation 3, being a raw VR movie,
is fed into an encoder § for preparing the movie for transmission and in turn, applied to a
server 7 essentially used for storage and transmission of the movie to clients, namely,
subscribers or user units 9.

Reference is now made to Fig. 2, which shows user unit 9 of Fig. 1 in greater
detail. Seen is a transceiver 34, an asynchronous memory/database 35, a decoder 36 and
a user’s workstation 40,

Typical operation of a preferred embodiment of the present mvention is now
described with reference to Figs. | and 2. Selected images are introduced in production
workstation 3 in which the VR movie is produced in accordance with a certain script.
The producer at the workstation determines the number and size (for example, in bytes)
of the partial frames and also defines the various available interactions between the
frames by defining hot spots and objects at 21, using auxiliary standard devices for
producing movies, such as a keyboard, a mouse, speakers and a CPU all designated by
23. The product obtained is a raw VR movie, which is a complete VR movie that has
not been reformatted for transmission. The preparation of the movie for transmussion is
eftected in encoder $ where partial frames are generated through an iterative process.

The partial frames are generated by encoder § as controfled by the controller 25, as
foliows A partial resohution frame or a partial resolution slice of each frame of the VR
movie sequence is generated. One example of such a partial resolution frame is sub-
sampled scan lines, eg, the removal of every 10% line of & 150 line frame or a
compression encoded frame, which partial resolution results in a blurry display. The
partial resolution frame is then subtracted from the original frame by a partial frame
subtractor 27, vielding a residus! frame or a remainder frame. This process can be
repeated on the residual frame, generating a second partial resolution frame. The
procedure is also repeated time and time again, until the number {(which is determined by
the producer) of partial resolution frames is generated. The net result is a set of partial
resolution frames that can be recombined into the original full resolution frame.

When this process is completed on each frame of the sequence, the partial
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resofution frames are transmitted. The order of transmission follows the script given by
the producer, and commonly, the first partial resolution frame of each frame is
transmitted, followed by the second partial resolution frame, and so on. This sequence
of transmussion allows for the whole sequence to be viewed in a partial resolution format
that progressively comes into focus.

Partial resolution frames may be optionally compression encoded, possibly taking
into account similarities between various frames. This is effected in the compressor 29.

Encoded and compressed VR movie parts are passed to a server 7 where the
movie parts are stored in a database 31 and transmitied to a user’s unit 9 part by part, by
means of a transceiver 33

As seen in Fig. 2, a user's transceiver 34 receives movie parts and transmits
requests for additional information. A user’s database 35 is progressively updated with
requested images or, alternatively, may be progressively updated by the server 7. User’s
database 35 functions asynchronously, supplying the frames to the user via a decoder 36
by request independent of data transmission. Upon receiving the frames, the decoder
initially decompresses the frames as indicated at 37 {if compression took place) and then
decodes and recombines them by means of a partial frame integrator 38. Following this,
the partial frames are stored in the user's database where the frames may be stored in a
compressed format, effected by a compressor 39, A user’s workstation 40 enables the
user to view and interact with the VR movie. The user utilizes the workstation for
sending requests for images to the decoder which retrieves {and decompresses, if
necessary), the images from the user’s database and sends requests for particular images
which may not yet have been transmitted to the server database. Furthermore, the user’s
workstation actuates any script produced in the production workstation 3. Hence the
user's workstation also includes the standard devices included in the workstation 3 and
designated by the number 23 (Fig. 1).

As a preface to the explanstion of the remaining figures, # is important to
understand that the progressive scalable database which is 3 subject of the current
invention preferably is stored in three databases within the server/client system

Reference is now made to Fig. 3A which shows a preferred database structure  in

accordance with a preferred embodiment of the present invention. It is a particular
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feature of the present invention that three databases are employed, a server database 41,
which is arranged in a serial form, comtaining multiple data Mocks, each including
multiple partial frame data, a client database 42 which is arranged in a two dimensional
structure, conceptually illustrated in Fig. 3B and an interactive database 43 which
contains & single data block including multiple frames, which is dynamically updated from
the client database 42. In an alternative embodiment of the invention, wherein extremely
high processing speeds are available at the client, the client database could be eliminated.

It is a particular feature of the present invention that imteractive data streaming s
provided. The use of three databases as described above ensbles interactive data
streaming 1o be achieved in an efficient and cost effective manner. The use of databases
having s two-dimensional structure greatly simplifies the data processing.

Server database 41, which is archived on a server constitutes a first database of the
progressive scalable database. The server database 41 includes a plurality of data blocks
in encoded form. As seen particularly in Fig. 3B, the progressive scalable database is
two-dimensional in nature, It has a progressive dimension indexed by block number, and
an interactive dimension indexed by frame number but it is serialized for streaming and
can only be accessed sequentially. Server database 41 is streamed from server to chient
via the transmission and buffering protocol of the Internet browser.

Client database 42, the second database, is built up on the client side as the
information streams in, to mirror the server database 41, Client database 42 is truly two-
dimensional, with random access capability within the data blocks. The data blocks
within it are also in encoded form.

Interactive database 43, the third database, is created by decoding the data from
the client database 42. This interactive database 43 is one-dimensional, and contains
only one sequence of frames, but it is dynamically updated. As additional block data is
integrated, these frames are updated, with the previous versions over-written,

When a frame has been updated, the encoded frame used to update 1t is deleted
from client database 42  Thus while interactive database 43 is being created and
updated, client database 42 is being deleted. Since the updating of the frames is
asynchronous, however, client database 42 typically contains frames from many different

blocks simultansously at any point in time. In essence, then, the progressive dimension
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of the database is being realized through a time dimension in interactive database 43.

Interactive database 43 is controlled by the user interface through keyboard presses
and mouse clicks. The crestion and update of interactive datsbase 43 from client
database 42 is done in background time slices, while the client CPU is idle. Interactive
database 43 may store the frames in either raw bitmap form or in an intermediate
compressed form, as long as the intermediate compression is such that the frames can be
decompressed in resl time for display. An advantage of using an intermediate
compression is 10 confine interactive database 43 to internal RAM, which has fast access
time, rather than swap to hard disk memory, which has siow access time. The swapping
in itself is & drain on processing speed.

When the user requests a frame to be displayed, interactive database 43 displays
that frame immediately, if it is available. In case the frame is not available, interactive
database 43 passes a message back to client database 42 requesting that frame. Client
database 42 accesses the specific frame requested from its first encoded data block, if it
15 available, and sends it to the decoder for decompression and integration, and
subsequent incorporation into interactive database 43. Once a frame is incorporated,
interactive database 43 displays the frame at once. If client database 42 has not yet
received the requested frame from the server stream, then it must wait until the encoded
frame arrives, since the streaming is sequential. If the streaming were instead random
access, client database 42 would be able o directly request the specific frame it needs
from server database 41.

In summary, the server database is two-dimensional but serialized for sequential
streaming, the client database is two-dimensional with random access within blocks: and
the interactive database is one-dimensional but dynamically updated. In the interactive
database, the progressive database dimension is actually being represented as time rather
than space. This “three database strategy,” using three different databases: {é} two-
dimensional serialized, (i7) two-dimensional, (iif) one space and one time dimension, is a
key to the present invention, and to the discussion of the figures in detail which follow.

For each of these three databases, the progressive dimension manifests itself in a
different way. Within the server database, progressiveness means quality. The encoder

builds the blocks of the database based on achieving the best quality at given bit rates.
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Within  the client datahase, progressiveness  means  cumulative  integration.
Progressiveness within the client database is a computational property. The accumulator
on the client computer integrates frames from successive blocks with those from
previous blocks. Finally, within the interactive database, Progressiveness means fime.
As time progresses, the frames are dynamically updated as more blocks have been
accumulated. The transmission from the server database to the client database is
sireamed serially, and this is where the progressive dimension is effectively converted
from “space” to “time.”

The progressiveness manifests itself in bandwidth during the streaming. The
transmission from the client database to the interactive database is asynchronous. The
client database is being created in the background while the interactive database is being
played, and the former acts as a buffer for the latter. Moreover, the client can interact
with the media almost immediately after the streaming begins, and does not have to wait
for the client database to be constructed entirely.

The interactive dimension of the database corresponds to whatever functionality
the user interface allows. For example, it can manifest itself as frame advance for videos
and object movies, navigating for panoramas, and gazing for large still images.

Reference is now made io Fig. 4 which illustrates one application of the three
database structure described hercinabove in Figs. 3A and 3B. For simplicity, referring
additionally to Fig. 3B, each image in Fig 4 is built up of corresponding partial frames
in successive data blocks which are cumulatively received. Thus, for simplicity, one may
consider the five images in a first horizontal row, to correspond to five interactively
viewable frames in a first block of data, each successive frame typically illustrating a
successive position of an imaged model.

Considering each successive horizontal row in Fig. 4, it can be seen that the
quality of the images improves successively from the top row to the bottom row. This
corresponds to the quality improverment sensed by a viewer as successive blocks of data
are incorporated in the information made available to the viewer,

It is appreciated that in accordance with a preferred embodiment of the present
invention, a limited bandwidth user first receives the first row of images and is

immediately able to interact therewith. Over time, depending on the bandwidth available
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to that user, successive data biogks are received, each cumulatively enhancing the
quality. It is a particuiar feature of the invention that during receipt of successive blocks
of data, the user is able to fully interact with the images.

Reference is now made to Fig. 5 showing 2 production tool 71 which accepts as an
input a sequence of original digital frame units 72, integrated into a digital multimedia file
73. The production tool 71 includes an encoder unit 74 which operates by partitioning
and compressing the digital multimedia file 73 into a scalable progressive database 75
comprised of data blocks 76.  Successive blocks combine together to form higher
bandwidth versions a to » of the media. Database 75 is stored on server 77. The
production tool 71 enables the producer to control the bandwidth or guality granularity
through control parameters 78. These parameters are used to calculate the data block
sizes and compression settings within encoder unit 74.

Reference is now made to Fig. 6 showing the structure of data block 76 in scalabie
progressive database 75. Where a random access server is available, selective encoded
frames 72 from block 76 are accessed at 79 on the server 77 database, based on
interactive requests coming from the client. The encoded frames are transmitted from
server 77 to a client computer 80 and integrated within client database 81, to mirror
server database 75. It is appreciated that both sequential and random access servers may
be advamtageously employed in the present invention, although random access servers
are preferred.

Reference is now made to Fig. 7 showing the decoder on a client computer 80.
The client computer 80 receives from server 77 (Fig. $) into a buffer 82 a series of data
blocks 76 from scalable database 75, As the blocks are received, a client database, which
mirrors the server database, is built up. A decoder unit 83 decompresses the blocks and
an accumulator unit 84 integrates them to form 3 suitable low quality version 85 of the
multimedia file 73 (Fig. 5), which is stored in a buffer 86, thus building up an interactive
database.

The operations of the decoder 83 and accumulator 84 are governed by a CPU 87
They may operate in either order; ie, the decoding may be carried out before the
accumulation, or the accumulation may be carried out before the decoding The

multimedia file 73 is played on a player unit 88 in response (o interactive user commands.
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As the user interactively requests specific frames to be played, the buffer 86 supplies the
highest quality version which it possesses. If the desired frame is not available, the buffer
86 sends back a request to buffer 82 to decode and accumulate that frame. If the frame
is also not available in buffer 82, then that buffer 82 sends back a request to the server
database 75 to wansmit the frame. As playback continues and the bandwidth frees,
additional data blocks 76 are received and integrated with the previously received blocks
into higher quality versions 89 of the multimedia file.

The description of Figs. 1 - 7 has been directed towards the overall system and
method provided by the present invention. The description which follows is directly
principally to particular applications of the system and method described hereinabove.

Reference is now made to Fig. 8 showing a progressive database 75 for a digital
video file which corresponds to digital multimedia file 73 (Fig. 5). The progressive
database 75 comprises data blocks, where the first ones of data blocks 76 are used 0
create & preview 90 of the video, and the second ones of data blocks 76 are accumulated
with the first blocks to create a full view 91 of the video. The views are stored in the
interactive database buffer 86 and played in player unit 88, in TESPONSE to interactive user
commands.

Reference is now made to Fig. 9 showing a system for incorporating a progressive
scalable database into a time-based video frame sequence with a macro and micro time
scale, such as the one used in Apple’s QUICKTIME® movies in accordance with a
preferred embodiment of the present invention. Individual frames 72 are arranged
according to & macro time scale, denoted by major axis markings 92 in Fig. 9. FEach
frame is displayed at the respective macro times indicated by markings 92.

Between successive frames 72, small fluctuations can be introduced. For example,
the major time scale can be displaying a bird flving, and the minor time scale can be used
to add fluttering to the bird’s wings. The fluctuations typically involve only a small
portion of the image area, and are displayed in rapid succession, according to minor axis
markings 93 in Fig. 9. Such a time based sequence allows the decoder, which does the
intensive processing to supply the frames 72, 10 run at a slow rate; e.g. 3 fps, whereas
the viewer, doing the less intensive processing, can be playing at a fast rate; e.g. 30 fps.

The fluctuations must be simple enough, though, that they can be rendered at the full 30
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fps rate. ‘

The present invention includes a novel use of such a two-scale time based system,
to enable progressive streaming. In order to utilize the progressive database of the
present invention in viewing such time-based video sequences, the minor time scale 93 is
used to display progressive versions of a frame, rather than to display fluctuations, as
originally conceived in the prior ari. At each time corresponding to 2 minor axis
marking, the player displays the latest version of the frame which is available. For
example, in Fig. O the low quality version 94 of frame #4, corresponding to the first
block 76, is displayed over a duration of three minor axis marks, by which time the
second block 76 has been accumulated to form the medium guality version 95 This
medium quality version is then displayed over 2 duration of two minor axis marks, by
which time the third block 76 has been accumulated to form the high quality version 96
of the media. This high quality version is then displayed for a duration of three further
minor axis marks, following which the frame advances to frame #5.

The cycle then repeats for progressive display of frame #5. If additional blocks
arrive and are accumulated for frame #4, they are displayed when the video sequence is
replayed.  Thus it is seen that the progressive dimension of the database can be
incorporated within the interactive dimension, through the use of 2 minor time scale,
which is situated within the major time scale used for advancing the frames. The major
time scale is the interactive axis, and the minor time scale becomes the progressive axis.
The overall accomplishment is to enable viewing of the video before the full media
stream has been downloaded. Initially, the low quality frames are displaved, and while
additional blocks are downloaded and accumulated in background, the quality of the
frames steadily improves.

In accordance with a preferred embodiment of the present invention, for the user to
be able to view the video immediately, without waiting for the entire file to download, 2
production tool must store the encoded video in the order of successive blocks. Once
the first block is downloaded, the video can already be viewed. The order of the
encoded data items must therefore be;

Frame 1/Block 1, Frame 2/Block 1, .., Frame m /Block |

FEEEES

Frame 1/Block n, Frame 2/Blockn, ..., Frame m /Block »
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Each row in this order comprises one entire block. In order to integrate this file format
within the two-scale time-based system, each partial frame must be handled as if it were
an entire frame. That is, the production ool must treat the movie as if there were a total
of m - n distinct frames being encoded. The player in turn, however, must know that
although it is receiving what appears to be m - # encoded frames, there are really only a
total of m frames. It must decode and accumulate every successive sequence of m data
items {(i.e, each row of the sbove sequence) with the previous ones, to update the
frames.

On the other hand, the natural order in which the production tool produces the
encoded dats items is:

Frame I/Block 1, Frame 1/Block 2, ..., Frame 1/Block »r, ..,

Frame m /Block 1, Frame m /Block 2, .., Frame m /Block n

This 1s because each frame is sent only once to the codec for encoding, and returned as a
series of encoded partial frames. Thus it is necessary to post-process the encoded data
file, to rearrange the data items from this latter frame dominated order to the former
block dominated order. This rearrangement process is referred to as “flattening” in the
art, and is illustrated in Fig. 10.

As seen in Fig. 10, the frames 72 are supplied in sequence to the production tool,
which produces a series of partial blocks 76 for each frame. The partial blocks are
reordered, as indicated by the mapping in Fig. 10, into a single file stream 97. As
indicated, the first partial blocks of each frame form the first m data units in the file 97,
the second set of pastial blocks of each frame form the next m data units, etc.

Reference is now made to Fig. 11 which shows a proxy system 98 for caching in a
central hub 99 multimedia data which streams from servers 77 to clients 80. The servers
77 store their multimedia data in the progressive scalable representation described above
in the server database 75, with each media encoded into data blocks 76 8., B, .., B,
Multiple servers 77 are connected through the central hub 99 to clients 80 via data
communication channels. These channels are of various bandwidths. Whenever a client
BG issues a request for data from a specific server, a proxy computational unit 100 first
determines, based on the server bandwidth, which data blocks are to be transmitted o

the client. If those data blocks are not already cached in the hub, then the proxy 98
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retrieves the required blocks 76 from the server along low bandwidth communication
channels 101, at the appropriate bandwidth, and delivers them to the client 80 along high
bandwidth communication channels 102. The blocks 76 are also cached in the hub 99.

There is provided an inventory flag database 103 on the hub which keeps a record
of which data blocks are available. If some of the required data blocks 76 are already
cached, then the proxy computational unit 100 computes which data blocks must be
delivered from the server 77 in order to transmit to the client the highest quality version
of the media possible, within the bandwidth constraint. The proxy 98 then retrieves the
required blocks 76 from the server 77 along low bandwidth communication channels
101, stores them in its cache and delivers them to the client 80 along high bandwidth
conumunication channels 102. A decoder unit 83 on the client computer decodes the
data blocks received, and an accumulator unit 84 integrates them. The proxy 98 may
also have its own decoder unit 83 and accumulator unit 84, which converts the data from
its original compressed form on the server database 77 to sn intermediate compressed
form on the hub database 104, one which is faster to decompress than that of the client
database. The proxy accumulation unit 84 may perform the necessary data block
acoumulation to store on the hub all possible versions of the multimedia in its
mtermediate compressed form, in which case the cliemt accumulator 84 unmit is
URNECESSary.

An update communication line 105 links servers 77 to the proxy 9%, through which
servers 77 can notify proxy 98 if any of the multimedia files have been updated  If proxy
98 receives such notification, then # clears its cache of any data blocks associated with
those updated files, and resets its inventory flags 103, so that upon future client requests
it will know that it has to retrieve the updated files from the server again.

There are several ways to generate the data blocks B, B, ..., B, for the
progressive scalable database, 5o as to satisfy the user-selected constraints that

{H for each 1 < & < n, the first consecutive compressed data blocks 8, 8, ..., B
when integrated together produce a version of the media at a quality level commensurate
with bandwidth f; ;

(i the sizes of the compressed data blocks are such that the first consecutive

compressed data blocks By, B, ..., By when transmitted at bandwidth £, suffice to enable
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on-line playback of the media version.

Reference is now made to Fig 12 which shows a system for generating a
progressive scalable database from digital media data by cascading compressors in
tandem. The user selects bit-rate and quality control parameters 106 for the encoding.
The original multimedia data file 73 is input to a compressor 107 along with the user-
selected control parameters 106, resulting in compressed data 108 adapted to a user-
selected bandwidth. The compressed dats 108 is transmitted to the scalable database 75
as the first data block 76. It is also transmitted to decompressor 109, which reconstructs
the media as it would be generated on the client side.

The reconstructed data 110 is subtracted from the original data 73 to arrive at a
residual 111, The residual 111 is fed back to the compressor 107 in a feedback loop
112, and compressed by compressor 107 with bit-rate control so that the compressed
data 108 is adapted to the difference between the first and second user-selected
bandwidths. The compressed data is transmitted to the progressive scalable database 75
as the second data block 76, and the loop continues repeatedly until the user-selected
final quality is achieved.

It is not necessary for the compressor 107 to use the same compression method
each time it operates. Rather, it can use a block identifier 113 as a parameter for
switching between methods. For example, with a video encoder, the first block could be
encoded using a low quality version of H.263 and successive blocks could be encoded
using spatial vector quantization and temporal wavelets.

One possible approach to compression is the use of fractal technology, such as that
described and claimed in applicant’s U.S. Patent No. 5,497,435, the disclosure of which
18 hereby incorporated by reference.

Another approach to generating a scalable database is through the use of
progressive JPEG. The progressive JPEG standard allows the encoder to segment the
compression into spectral selection and successive approximation scans. In speciral
selection the DCT coefficients are grouped into spectral bands, and in successive
approximation the bits used to represent them are divided into lower and higher precision
wnformation. Progressive JPEG is described by Pennebaker, W. B. and Mitchell, J L. in
JPEG: St Image Dava Compression, Van-Nostrand Reinhold, New York, 1993, the
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disclosure of which is hereby incorporated by reference.

Reference is now made to Fig. 13 which shows a decoder for the scalable database
75 on the client side, corresponding to the encoder Fom Fig. 12. Blocks 76 are
successively transmitted from the server to the client and are decompressed in decoder
83. The decoded data is integrated in an accumulator 84, which converts it into a form
compatible with the player 88, and stores it in the interactive buffer 86, While the player
is showing the media, additional blocks 76 are received in the background, decoded and
accumulated, so that the media quality is upgraded when it is replayed. The player 88
requests frames from buffer 86, and if they sre not available then buffer 86 requests them
from database 75. A block identifier 113 provides an input to the decoder as each block
1s decoded, so that the decoder can apply the appropriate decompression method for that
data block, corresponding to the compression method which was performed in
compressor 107,

Reference is now made to Fig 14 which shows a progressive database for a large
silll image. The first encoded frame unit of 2 data block consists of the full image sub-
sampled 4:1 in each dimension. The second set of frames consist of four encoded frame
units corresponding to each of the quadrants of the full image, sub-sampled at 2:1.
Although this second set of frames appears to be four times the size of the first frame, it
can be stored using only three times as much data since the decoder can also accumulate
data from the previously displayed frame. The third set of frames includes sixteen
encoded frame units, each corresponding to a quadrant of a guadrani of the full image,
but at the original scale. Again, this third set of frames stores three times as much data
as the second set. These three sets of frames comprise the entire encoded data black,
and their sum total is, of course, the same amount of data as the full image at the original
scale. {The effect of the compression is being ignored here.) The frames are all arranged
sequentially in the encoded data block 76. The mapping from multi-resolution image
tiles to sequential frames 72 is shown in Fig. 14.

When the frame #1 is downloaded, decoded and displaved, the viewer sees a low
resolution version of the full image. In the example shown in Fig. 14, the viewer clicks
on 2 hot spot in the northwest quadrant and link 114 then transfers over to the northwest

frame in the second set of frames, which corresponds to frame #2 in Fig. 14, Displaying
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this new frame gives the appearance of having zoomed in on the quadrant. The viewer
next clicks on & hot spot in the southeast quadrant of the frame being displaved from the
second set, and link 114 then transfers over to the indicated frame in the third set of
frames, which corresponds to frame #11 in the Fig 14, giving the effect of yet another
Zoom in,

While the viewer is looking at the first frame, the data from the second set of
frarnes is being downloaded in the background. Once received, this data is decoded and
stored in the client interactive database. When the hot spot in the northwest quadrant is
clicked, the client CPU looks for the desired frame #2 in its interactive database, If the
frame is already present, it is delivered 1o the viewer for immediate display, otherwise the
interactive buffer sends the request back to the progressive database. The progressive
database can access and send the specific encoded frame required from the second set of
frames, without seading all of the frames. Finally, as successive blocks are integrated
into the interactive database, the quality of the individual frames ig enhanced, and the
zoomed in tile looks progressively better and better, having cumulatively enhanced
quality.

It is evident to those skilled in the art that the above discussion applies to
animations and panoramas of large images which contain areas of interest such as sprites,
The frames comprising the interactivity dimension of the database would correspond to
multi-resolution tiles from each of the individual images in the animation or panorama.

Fig. 15 iliusirates a system for transmitting VRML images over a server/client
network. A VRML database 121 is stored on a server. A client 80 interactively controls
the VRMIL viewing parameters 122 through use of a mouse and keyboard 23. The
viewing parameters 122 are used in conjunction with the VRML database 121 to render
a raster bitmap image 123 of the VRML object on the server computer. If the bitmap
image corresponding to the viewing parameters was already rendered previously, then
the frame data for the bitmap in the client database 42 is used for display by the player
88. The raster bitmap is encoded into partial frames by encoder 74, and the partial
frames are inserted into a server two-dimensional database 41, The server database is
continually sireamed to the client, building up the chent database 42. The client database

42 s used to provide the frames for display.
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Fig. 16 depicts a flowchart for the VRML application shown in Fig. 15. At step 131,
the user interacts with the mouse and keyboard, and the client computer updates the
viewing parameters. At step 132 the client computer checks whether or not those
viewing parameters have already been processed. Although the viewing parameters can
vary continuously, a preferred embodiment of the present invention discretizes them to a
finite number of settings; for example, 10° resolution for angles. This makes it fikely that
the user will navigate back 1o the same settings used earlier.

If the viewing parameters are new, then they are sent to the server computer, which
renders the VRML datsbase into a raster bitmap corresponding to the specific viewing
parameters selected, at step 133, At step 134 the bitmap is encoded into partial frames,
and incorporated into the server database. Step 135 is continuaily operative to transmit
additional encoded data from the server to the client. As data is received on the client,
the client database is built up at step 136. At step 137 the client database generates the
latest version of the bitmap on demand, and displays it. This step is also carried out
whenever step 132 results in confirmation that the viewing parameters have already been
processed.

it is evident to those skilled in the art that the above discussion applies to
CAIWVCAM models for three-dimensional objects, as well as VRML models.
Specifically, Fig. 17 illustrstes a typical two-dimensional array of CAIYCAM images,
indexed vertically according to progressive coordinate and horizontally according to
interactive coordinate. It is appreciated that the images in a given horizontal row may
be viewed interactively. Each successive horizontal row of images is built up over time
at a rate determined by bandwidth availability and has increased quality inasmuch as it is
based on an increasing number of data blocks.

It will be appreciated by persons skilled in the art that the present invention is not
limited by what has been particularly shown and described hereinabove but extends also
to embodiments which would naturally occur 1o persons reading the above description

and to combinations and subcombinations of embodiments described hereinabove.
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CLAIMS

L. A system for transmitting digital data representing an original over plural transmission
links, at least some of which have limited bandwidth, COmprising:

a digital data source storing digital data representing the original;

8 digital data receiver receiving said digital data representing the original via one of
said plural transmission links having limited bandwidth; and

a digital data transmitter operative to transmit said digital data representing the
onginal 10 said receiver over a transmission link having 2 limited bandwidth in plural
blocks which are sequentially transmitted at a rate determined by said limited bandwidth,
each block being an incomplete collection of data which includes parts of muktiple
frames, each frame being viewable in a selectable order by said receiver even when less
than all of said plursl blocks have been received, receipt of subsequent blocks by the
receiver being used to cumulstively improve the quality of the digital data viewed by the

FeCeiver.

2. A system according to claim 1 and wherein a first one of said plural blocks contains

digital data which represents a first approximation to said original.

3. A system according to claim 2 and wherein additional ones of said plural blocks, when
combined with said first one of said plural blocks provide additionally accurate

approximations to said original.

4. A system according to claim | and wherein each of said multiple frames comprises a

portion of data which can be independently and interactively manipulated.

3. A system according to claim 1 and also comprising a block generator operative to

receive digital data representing said original and to provide said plural blocks.
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6. A system according to claim 5 and wherein said block generator is operative o
provide plural blocks which are distinguished from each other by their respective

frequency bands.

7. A system according to claim 5 and wherein said block generator comprises a fractal

compression engine.

8. A system according to claim 7 and wherein said block generator is operative {o
decompose said digital data representing the original in relatively high frequency and
relatively low frequency digital data portions, and wherein a first plurality of blocks
containing said relatively low frequency portion is transmitted by said data transmitter
prior to transmission of a second plurality of blocks containing said relatively high

frequency portion.

9. A system according to claim 5 and wherein said block gensrator is operative to

provide plural blocks by sampling said received digital data.

10. A system according to claim 9 and wherein the sampling rate of a plurality of
blocks is equal to the sum of the sampling rates of individual ones of said plurality of
blocks.

. A system according to claim 6 and wherein said block generator comprises a

wavelet encoder.

12, A system according to claim 5 and wherein said block generator comprises a
quantizer which produces blocks each of which contain quantized data of a different
order, such that accumulation of multiple blocks provides combined data of greater

precision than that contained in any single block.

13, A block generator comprising

& producer interface: and
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a digital data compressor, operative in response to producer control parameters
received via said producer interface for receiving digital data representing the original
and providing plural blocks, each block being an incomplete collection of data which

includes parts of multiple frames.

14, A block generator according to claim 13 and being operative to provide plural

blocks which are distinguished from each other by their respective frequency bands.

15. A block generator according to claim 13 and comprising a fractal compression

engine.

16. A block generator according to claim 15 and being operative to decompose said
digital data representing the original in relatively high frequency and relatively low
frequency digital data portions, and wherein a first plurality of blocks containing said
relatively low frequency portion is transmitted by said data transmitter prior to
transmission of a second plurality of blocks containing said relatively high frequency

portion,

17. A block generator according to claim 13 and being operative to provide plural

blocks by sampling said received digital data.

18. A block generator according to claim 17 and wherein the sampling rate of a
plurality of blocks is equal 1o the sum of the sampling rates of individual ones of said

plurality of blocks.

19. A block generator according to claim 14 and comprising a wavelet encoder.

20. A block generator according to claim 13 and comprising a quantizer which
produces blocks each of which contain quantized data of a different order, such that
accumuiation of multiple blocks provides combined data of greater precision than that

contained in any single block.
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21 A block generator according to claim 15 and COMprISING a gquamtizer which
produces blocks each of which contain quantized data of a different order, such that
accumulation of multiple blocks provides combined data of greater precision than that

contained in any single block.

22. A block generator according to claim 17 and comprising a quantizer which
produces blocks each of which contain quantized data of a different order, such that
accumulation of multiple blocks provides combined data of greater precision than that

contained in any single block.

23 A block generator according to claim 20 and comprising a quantizer which
produces blocks each of which contain quantized data of a different order, such that
accumulation of multiple blocks provides combined data of greater precision than thar

contained in any single block.

24, A digited data receiver comprising;

a data receipt interface receiving digital data representing an original in a plurality
of sequential blocks, each block being an incomplete collection of data which includes
parts of multiple frames;

a block accumulator for combining plural blocks as they are received for viewing
by the recipient; and

a viewer including a recipient interface which permits each frame to be viewed in
an order selected by the recipient, even when less than all of said plural blocks have been
received, combining of plural blocks by said block accumulator being used to improve

the quality of the digital data viewed by said recipient.

25, Adigital data receiver according to claim 24 and wherein said block accumulator is
operative to combine plural blocks which are distinguished from each other by their

respective frequency bands,
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6. A digital data receiver according to claim 24 and comprising a fractal

decompression engine.

27 A digital data receiver according to claim 26 and wherein said data receipt
interface is operative to initially receive a first plurality of blocks containing relatively
low frequency data and thereafler receive a second phlurality of blocks containing
relatively high frequency data and wherein said block accumulator is operative to
reconstitute said digital data representing the original from said blocks representing

refatively high frequency and relatively low frequency data.

28. A digital data receiver according to claim 24 and wherein said block accumulator is

operative to combine plural blocks having different sampling.

285, A digital data receiver according to claim 28 and wherein the sampling rate of a
combined plurality of blocks is equal 1o the sum of the sampling rates of individual ones

of said plurality of blocks.

30. A digital data receiver according to claim 25 and comprising 3 wavelet decoder.

31 A digital data receiver according to claim 24 and wherein said block accumulator
comprises a dequantizer which combines blocks each of which contain quantized data of
a different order, such that accumulation of muitiple blocks provides combined data of

greater precision than that contained in any single block.

32 A digital data receiver according to claim 26 and wherein said block accumulator
comprises a dequantizer which combines blocks each of which contain guantized data of
a different order, such that accumulation of multiple blocks provides combined data of

greater precision than that contained in any single block.

33, A digital data receiver according to claim 30 and wherein said block accumulator

comprises a dequantizer which combines blocks each of which contain quantized data of
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a different order, such that accumulation of muitiple blocks provides combined data of

greater precision than that contained in any single block.

34, A digital data transmitter actuator comprising;

an orgamizer operative, when actuated, to access digital data representing the
original which is organized in plural blocks for subsequent transmission, each block being
an incomplete collection of data which includes parts of multiple frames, each frame
being viewable in a selectable order by said a receiver even when less than all of said
plural blocks have been received; and

a receiver instruction interface responsive to interactive nputs from a receiver for
actuating said organizer to select a given block and at least one given partial frame within

said given block for transmission.

33. A method for transmitting digital data represeming an original over plural
transmission finks at least some of which have limited bandwidth comprising:

storing digital data representing the original;

receiving at a receiver said digital data representing the original via one of said
plural transmission links having limited bandwidth; and

transmitting said digital data representing the original to said receiver over a
transmission link having a limited bandwidth in plural blocks which are sequentially
transmitied at a rate determined by said limited bandwidth, each block being an
incomplete collection of data which includes parts of multiple frames, each frame being
viewable in a selectable order by said receiver even when less than all of said plural
blocks have been received, receipt of subsequent blocks by the receiver being used 1o

cumulatively improve the quality of the digital data viewed by the receiver.

36, A method according to claim 35 and wherein 8 first one of said plural blocks

contains digital data which represents a first approximation to said original.
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37, A method according to claim 36 and wherein additional ones of said plural blocks,
when combined with said first one of said plural blocks provide additionally accurate

approximations to said original.

38 A method according to claim 35 and wherein each of said multiple frames

comprises a portion of data which can be independently and interactively manipulated.

38, A method according to claim 35 and also comprising the siep of block generation

operative to receive digital data representing said original snd to provide said plural
blocks.

40. A method according to claim 39 and wherein said block generation is operative to
provide plural blocks which are distinguished from each other by their respective

frequency bands.

41. A method according 1o claim 39 and wherein said block generation employs fractal

compression,

42. A method according to claim 41 and wherein said block generation includes
decomposing said digital data representing the original in relatively high frequency and
relatively low frequency digital data portions, and wherein a first plurality of blocks
containing said relatively low frequency portion is transmitted prior to transmission of a

second plurality of blocks containing said relatively high frequency portion.

43. A method according to claim 39 and wherein said block generation provides plural

blocks by sampling said received digital data.

44. A method according to claim 43 and wherein the sampling rate of a plurality of

blocks is equal to the sum of the sampling rates of individual ones of said plurality of
blocks.
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45. A method according to claim 40 and wherein said block generation Comprises

wavelet encoding.

46. A method according to claim 39 and wherein said block generation comprises
quantizing into blocks sach of which contain guantized data of & different order, such
that accumulation of multiple blocks provides combined data of greater precision than

that contained in any single block.

47. A method for digital dats transmission comprising:

organizing digital data representing the original into plural blocks for subsequent
transmission, each block being an incomplete collection of data which includes parts of
multiple frames, each frame being viewable in a selectable order by said a receiver even
when less than all of said plural blocks have been received;

responsive to interactive inputs from a receiver for actuating said organizer,
selecting a given block and at least one given partial frame within said given block for
transmission; and

transmitting the selected given block and at least one given partial frame 10 2 user.

48. A method for providing on-line virtual reality movies, comprising:
inputting a cyclic movie sequence into an encoder; determining the number of
portions that each frame of said movie is divided into, and forming partial frames;
specifying hot-spots and independent objects for interaction within 2 partial frame;
transmitting the partial frames part by part to a user's asynchronous database, and

displaying said frames on a user's interface.

49 The method as claimed in claim 48, wherein said partial frames are generated by
forming a partial resolution frame and subtracting same from the original frame from

which it was formed.

30.  The method as claimed in claim 48, wherein said partial frames are generated by

repeating the process several times.
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51.  The method as claimed in claim 48, wherein said partial frames are compression
encoded prior to being transmitted and compression decoded prior 1o being displaved on

the user's interface.

()
£~

A system for providing on-line virtaal reality movies, COmprising,

8 production workstation for producing VR movies;

an encoder for preparing the VR movie for transmission; and

a server including a repository for the VR movie and a transceiver for transmitting

the movie part by part to a user, upon request.

33.  The system as claimed in claim 52, wherein said encoder comprises 3 partial frame

generator and a controller.

34, The system as claimed in claim 52, wherein the encoder further COMpPrises a

compressor for compression encoding image parts produced in said workstation

55.  The system as claimed in claim 52, further comprising

& user's transceiver for receiving VR movie parts transmitted by said server;

an asynchronous database for supplying the user with images upon request,
independent of transmission, and a decoder for integrating partial frames and facilitating
a progressively updated display of images: and

a user's workstation for interaction with the VR movie.

36.  The system as claimed in claim 55, wherein the decoder further comprises a

decompressor and a partial frame integrator.

57. A method for providing on-line virtual reality movies, according to claim 48,

substantially as hereinbefore described and with reference to the accompanying drawings.
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38 A system for providing on-line virtual reality movies, according to claim 52,

substantially as hereinbefore described and with reference to the accompanying drawings.

39. A method for encoding original digital video data to be stored on a server

computer for on-line delivery to client computers, comprising the steps of:

encoding the digital video into a database comprising a series of encoded data
blocks, each block comprising a sequence of encoded frames, with the property that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the video for on-fine playback;

storing the database on a server computer;

processing a request by a client computer for on-line delivery of the video in order
to determune which data blocks 1o transmit, so as to sccommodate the client bandwidth;

transmitting the necessary data blocks to the client;

decoding the data blocks on the client computer,

integrating the data blocks together on the client computer 1o reconstruct an
appropriate version of the original digital video; and

playing the reconstructed video on the client computer.

60. A method according 1o Claim $9 wherein said step of encoding includes a bit-rate
control device enabling the producer to pre-select the sequence of bandwidths or guality

levels for the database.

6t. A method according to Claim 59 wherein said step of encoding is performed in

such 8 way that the first blocks of the database correspond 10 previews of the video.

61 A method according to Claim 59 wherein said steps of transmitting, decoding,
imtegrating and playing are repeated in succession a number of times in order to transmit
additional data blocks to the client, thereby upgrading the quality of the video while it is
replayed,
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63 A method for encoding original digital audio data to be stored on a server
computer for on-line delivery to client computers, comprising the steps of:

encoding the digital audio into a database comprising a series of encoded data
blocks, each block comprising a sequence of encoded frames, with the property that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the audio for on-iine playback:

storing the database on 8 server computer,

processing a request by a client computer for on-line delivery of the audio in order
to determine which data blocks to transmit, 56 as to accommodate the client bandwidth;

transmitting the necessary data blocks to the client:

decoding the data blocks on the client computer;

integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital audio; and

playing the reconstructed audio on the client computer.

64. A method according to Claim 63 wherein said step of encoding includes a bit-rate
controf device enabling the producer to pre-select the sequence of bandwidths or quality

levels for the database.

65 A method according to Claim 63 wherein said steps of transmitting, decoding,
integrating and playing are repeated in succession 3 number of times in order to transmit
additional data blocks to the client, thereby upgrading the quality of the audio while it is
replayed.

66. A method for encoding original digital object movie data to be stored on a server
computer for on-line delivery to client computers, comprising the steps of

encoding the digital object movie into a database comprising a series of encoded
data blocks, each block comprising a sequence of encoded frames, with the property that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the object movie for on-line playback;

storing the database on a server computer;
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processing & request by a client computer for on-line delivery of the object movie
in order to determine which data blocks 1o transmit, so as to accommodate the client
bandwidth;

transmitting the necessary data blocks to the client;

decoding the data blocks on the client computer;

integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital object movie; and

playing the reconstructed object movie on the client computer.

67. A method according to Claim 66 wherein said step of encoding includes a bit-rate
control device enabling the producer to pre-select the sequence of bandwidths or quality

levels for the database.

68. A method according to Claim 66 wherein said steps of transmitting, decoding,
integrating and playing are repeated in succession a number of times in order to transmit

additional data blocks to the clieni, thereby upgrading the quality of the object movie
while it is replayed.

69. A method for encoding an original digital panorama to be stored on a server
computer for on-line delivery to client computers, comprising the steps of

encoding the digital panorama into a database comprising a series of encoded data
blocks, each block comprising 2 sequence of encoded frames, with the property that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the panorama for on-line playback;

storing the database on a server computer,

processing 2 request by a client computer for on-line delivery of the panorama in
order to determine which data blocks to transmit, so as to accommodate the client
bandwidih,

transmitting the necessary data blocks to the client;

decoding the data blocks on the client computer;
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integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital panorama; and

playing the reconstructed panorama on the client computer.

70. A method according to Claim 69 wherein said step of encoding includes a bit-rate
control device enabling the producer to pre-select the sequence of bandwidths or quality

levels for the database.

71. A method according to Claim 69 wherein said steps of transmitting, decoding,
integrating and playing are repeated in succession a number of times in order to transmit
additional data blocks 10 the client, thereby upgrading the quality of the panorama while
it 1s replaved.

72 A method for encoding original digital large still image data to be stored on a
server computer for on-line delivery to client computers, comprising the steps of:

encoding the large digital image into a database comprising a series of encoded
data blocks, each block comprising 2 sequence of encoded multi-resolution tiles of the
image, with the property that successive blocks when decoded and integrated together
provide successively higher quality versions of the tiles for display;

storing the database on a server computer;

processing a request by a client computer for on-ling delivery of the image in order
to determine which data blocks to transmit;

transmitting the necessary data blocks to the client

decoding the data blocks on the client computer;

ntegrating the data blocks together on the client computer (0 reconstruct an
appropriate version of the original multi-resolution image tiles; and

interactively displaying the reconstructed tiles on the client computer.

73, A method according to Claim 72 wherein said step of encoding includes a
compression control device enabling the producer to pre-select the sequence of quality

levels for the database.
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74. A method according to Claim 73 wherein said step of encoding operates on a
phurality of images forming an animation, and each encoded data block is comprised of

multi-resolution tiles from the plurality of images.

75. A video processing system operative on digital video data for encoding the digital
video, storing it on a server computer and delivering it to client computers on-line upon
request comprising:

an encoder for compressing the digital video into a database comprising a series of
encoded data blocks, each block comprising a sequence of encoded frames, with the
property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the video for on-line plavback;,

a storage device for archiving the database on a server computer;

a processing unit for accepting a request by a client computer for on-line delivery
of the video and determining which data blocks to transmit, so as to accommodate the
client bandwidth;

a transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into video data on the client
computer,

an accurmnulator for integrating the data blocks together on the client computer 1o
reconsiruct an appropriate version of the original digital video,; and

a player on the client computer for playing the reconstructed digital video.

76, The system as claimed in Claim 75 wherein said encoder includes 2 bit-rate
controller enabling the user to pre-select the sequence of bandwidths or quality levels for

the database.

77.  The system as claimed in Claim 75 wherein said encoder compresses the digital
video in such 8 way that the first blocks of the database correspond to previews of the

video.
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78.  The system as claimed in Claim 75 wherein the transmitter, decoder, accumulator
and player repeatedly operate in succession a number of times in order to transmit
additional data blocks to the client, thereby upgrading the quality of the video while it is
being replayed.

79.  An sudio processing system operative on digital audio data for encoding the digital
audio, storing it on & server computer and delivering it to client computers on-line upon
request comprising:

an encoder for compressing the digital audio into a database comprising a series of
encoded data blocks, each block comprising 2 sequence of encoded frames, with the
property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the audio for on-line playback;

a storage device for archiving the database on a server computer,

a processing unit for accepting a request by a client computer for on-line delivery
of the audio and determining which data blocks 1o transmit, so as to accommodate the
client bandwidth;

a transmitter for delfivering the necessary data blocks to the client:

a decoder for decompressing the data blocks back into audio data on the chent
computer,

an gscoumulator for integrating the data blocks together on the client computer to
reconstruct an appropriate version of the original digital audio; and

a player on the client computer for playing the reconstructed digital audio.

80. The system as claimed in Claim 79 wherein said encoder includes a bit-rate
controller enabling the user to pre-select the sequence of bandwidths or quality levels for

the database

81.  The system as claimed in Claim 79 wherein the transmiter, decoder, accumulator
and player repeatedly operate in succession a number of times in order to transmt
additional data blocks to the client, thereby upgrading the quality of the audio while it is
being replayed.
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82.  An object movie processing system operative on digital object movie data for
encoding the digital object movie, storing it on a server computer and delivering it to
cliemt computers on-line upon request comprising;

an encoder for compressing the digital object movie into a database comprising a
series of encoded data blocks, each block comprising a sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the object movie for on-line playback;

& storage device for archiving the database on a server computer,

a processing unit for accepting a request by a client computer for on-fine dekivery
of the object movie and determining which data blocks to transmit, so as to
accommodate the client bandwidth;

a transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into object movie data on the
client computer,

an accumulator for integrating the data blocks together on the client computer to
reconstruct an appropriate version of the original digital object movie; and

a player on the client computer for plaving the reconstructed digital object movie.

83. The system as claimed in Claim 82 wherein said encoder includes a bit-rate

controller enabling the user 10 pre-select the sequence of bandwidths or quality levels for
the database.

84, The system as claimed in Claim 83 wherein the transmitter, decoder, accumulator
and player repeatedly operate in succession a number of times in order to transmit
additional data blocks to the client, thereby upgrading the quality of the object movie

while it is being replayed.

85. A panorama processing system operative on digital panorama data for encoding
the digital panorama, storing it on a server computer and delivering it to client computers

on-line upon reguest comprising:
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an encoder for compressing the digitali panorama into a database comprising a
series of encoded data blocks, each block comprising 2 sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the panorama for on-line playback;

a storage device for archiving the database on a server computer;

a processing unit for accepting a request by a client computer for on-line delivery
of the panorama and determining which data blocks to transmit, so as to accommodate
the client bandwidih;

a transrmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into panorama data on the client
computer,

an accumulator for integrating the data blocks together on the client computer 1o
reconstruct an appropriate version of the original digital panorama; and

a player on the chient computer for playing the reconstructed digital panorama.

86. The system as claimed in Claim 85 whersin said encoder includes 2 bit-rate
controller enabling the user 1o pre-select the sequence of bandwidths or quality levels for

the database.

87. The system as claimed in Claim 85 wherein the transmitter, decoder, accumulator
and player repeatedly operate in succession a number of times in order to transmit
additional data blocks 10 the client, thereby upgrading the quality of the panorama while
it is being replayed.

88.  An image processing system operative on large digital image data for encoding the
digital image, storing it on a server computer and delivering it to client computers on-line
upon request comprising:

an encoder for compressing the large digital image into a database comprising &
series of encoded data blocks, each block comprising a sequence of encoded mult-
resolution tiles of the image, with the property that successive blocks when decodead and

integrated together provide successively higher quality versions of the image tiles;
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a storage device for archiving the database on a server computer;

a processing unit for accepting a request by a client computer for on-line delivery
of the image and determining which data blocks to transmit;

a transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into image tile data on the client
computer;

an sccumulator for integrating the data blocks together on the client computer to
reconstruct an appropriste version of the original multi-resolution image tiles; and

an interactive viewer on the client computer for displaving the reconstructed image

tiles,

89 The system as claimed in Claim 88 wherein said encoder includes a compression

controller epabling the user 1o pre-select the sequence of quality levels for the database.

90. The system as claimed in Claim 88 wherein said encoder operates on a plurality of
images forming an snimation, and each encoded data block is comprised of multi-

resolution tiles from the plurality of images.

91 A method for caching of data which gets transmitted from servers to clients on a
central hub within a network, comprising the steps of

encoding digital multimedia data into databases comprising a series of encoded
data blocks, each block comprising a sequence of encoded frames, with the property that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the media for on-line playback;

storing the databases on a multitude of server computers;

managing within the hub requests by client computers for on-line delivery of media
stored on server computers in order 10 determine which data blocks to transmit, so as to
accommodate the client bandwidth;

transmitting the necessary data blocks from the server and from the hub to the

client:
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storing the data blocks delivered by the server in the cache residing in the central
hub;,

processing within the hub the data blocks it receives;
decoding the data blocks on the client computer;

integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital media; and

playing the reconstructed media on the client computer.

92. A method according to Claim 91 wherein said step of managing is performed by:

setting inventory flags to indicate which data blocks are currently stored in the hub.

93. A method according to Claim 92 wherein said step of managing further includes
the steps of

communicating with the servers to monitor which media data is outdated;

removing from cache the blocks corresponding to the media data which is
outdated; and

resetting the inventory flags 1o indicate that the above blocks are no longer stored

in the cache.

94. A method according to Claim 91 wherein said step of processing comprises the
steps of
decoding the data blocks received;
miegrating the data blocks together to reconstruct appropriate versions of the
onginal digital media; and
encoding the reconstructed media versions into an intermediate database for future

fransmussion 1o the clients,

95. A proxy system operative on a server/client network for caching of data which gets
transmitted from servers to clients on a central hub, comprising;
an encoder for compressing digital multimedia data into databases comprising a

series of encoded data blocks, each block comprising a sequence of encoded frames, with
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the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the media for on-line playback;

server communication lines from the servers to the hub for sending data blocks;

client communication lines from the hub to the clients for sending digital daia;

storage devices for archiving the databases on a multitude of server computers;

a management unit within the hub to process requests by client computers for on-
line delivery of media stored on server computers in order to determine which data
blocks to transmit, so 85 to accommodate the client bandwidth;

a transmitter for delivering the necessary data blocks on the server communication
lines from the server to the hub, and on the client communication lines from the hub to
the client;

a storage device for saving the data blocks delivered by the server communication
lines in the cache residing in the central hub;

& processing unit within the hub for processing the data blocks which the hub
receives,

a decoder for decompressing the data blocks on the client computer,

an accumulator for integrating the data blocks together on the client computer to
reconstruct an appropriate version of the original digital media; and

& player for playing the reconstructed media on the client computer.

96. The system as claimed in Claim 95 wherein said management unit operates by

setting inventory flags to indicate which data blocks are currently stored in the hub.

97 The system as claimed in Claim 96 wherein said management unit operates by
monitoring from the servers which media data is outdated, removing from cache the
blocks corresponding to the media data which is outdated, and resetting the inventory

flags 1o indicate that the above blocks are no longer stored in the cache.

98. The system as claimed in Claim 95 wherein said processing unit comprising:

a decoder for decompressing the data blocks received;
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an accumulator for integrating the data blocks together to reconstruct appropriate
versions of the original digital media; and
an encoder for compressing the reconstructed media versions into an intermediate

database for future transmission 1o the clients.

99, A multi-casting unit (MCU) system operative on a broadcasting network for
caching of data which gets transmitted from stations to viewers, comprising;

an encoder for compressing digital multimedia data into databases comprising a
series of encoded data blocks, each block comprising a sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the media for on-line playback;

station communication lines from the stations to the MCU for sending data blocks;

viewer communication lines from the MCU to the viewers for sending data;

viewer receiver units for receiving the data sent by the MCU,

storage devices for archiving the databases on 2 multitude of station COMmpUters,;

a management unit within the MCU to process requests by viewers for on-line
delivery of media stored on station computers in order to determine which data blocks to
transmit, 50 a3 to accommodate the viewer bandwidth:

a transmitter for delivering the necessary data blocks on the station communication
lines from the station to the MCU, and on the viewer communication lines from the
MCU to the viewer receiver units,

a storage device for saving the data blocks delivered by the station communication
lines in the cache residing in the MCU;

a processing unit within the MCU for processing the data blocks which the MCU
receives;

a decoder for decompressing the data blocks on the viewer recsiver:

an accumulator for integrating the data blocks together on the viewer receiver unit
to reconstruct an appropriate version of the original digital media; and

a player for playing the reconstructed media from the viewer receiver unit.
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100. The system as claimed in Claim 99 wherein said management unit operates by

setting inventory flags to indicate which data blocks are currently stored in the MCU.

101. The system as claimed in Claim 100 wherein said management unit operates by
monitoring from the stations which media data is cutdated, removing from cache the
blocks corresponding to the media data which is outdated, and resetling the inventory

flags to indicate that the above blocks are no longer stored in the cache.

102. The system as claimed in Claim 99 wherein said processing unit within the MCU
comprising:

a decoder for decompressing the data blocks received;

an sccumulator for integrating the data blocks together to reconstruct appropriate
versions of the original digital media; and

an encoder for compressing the reconstructed media versions into an intermediate

database for fiture transmission to the viewers.

103. A method for sireaming multimedia data over a network, comprising the steps of:

encoding the media into a progressive database indexed according to frame and
progressive block numbers;

serializing the encoded database;

storing the serialized database on a server;

streaming the serialized database to a client upon request;

creating a mirror copy of the encoded database on the client computer from the
data which streams in; and

decoding the encoded database on the client computer into a sequence of frames

for real time display.

104, A multimedia network streaming system, comprising;
an encoder for compressing the media into 3 progressive database indexed
according to frame and progressive block numbers;

a sequencer for senalizing the encoded database;
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a storage device for archiving the serialized database on a server,

a transmitter for streaming the serialized database 10 a client upon request;

a processor for creating a mirror copy of the encoded database on the chient
computer from the data which streams in; and

a decoder for decompressing the encoded database on the client computer into a

sequence of frames for real time display.

105. A system for transmitting model based data representations of three dimensional
images over plural transmission links having limited bandwidth, said system comprising;

a digital data source storing mode} based data representations of three dimensional
IMages,;

an image processor for rendering views of said model based data representations
into raster bitmap format;

a digital data receiver receiving said digital data in said raster bitmap format over a
one of said plural transmission links having limited bandwidth; and

& digital data transmitter operative io transmit said digital data in said raster bitmap
format to said receiver over a transmission link having a limited bandwidth in plural
blocks which are sequentially transmitted at a rate determined by said limited bandwidth,
each block being an incomplete collection of data which includes parts of multiple
frames, each frame being viewsble in 2 selectable order by said receiver even when less
than all of said plural blocks have been received, receipt of subsequent blocks by the
receiver being used to cumulatively improve the quality of the digital data viewed by the

receiver,

106. A system according to  claim 105 and wherein said model based data

representations comprise VRML representations.

107. A system according to claim 105 and wherein said model based data

representations comprise CAD-C AM representations.
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108. A system according to claim 105 and wherein said image procsssor is operative to

render only views which are selected by a user.

109 A method for transmitting model based data representations of three dimensional
images over plural transmission links having limited bandwidth, said system comprising:

storing model based data representations of three dimensional images;

rendering  views of said model based data representations into raster bitmap
format;

receiving said digital dats in said raster bitmap format over a one of said plural
transmission links having limited bandwidth; and

transmit said digital data in said raster bitmap format 1o said receiver over a
transmission link having a limited bandwidth in plural blocks which are sequentially
transmitted at a rate determined by said limited bandwidth, each block being an
mcomplete collection of data which includes parts of multipie frames, each frame being
viewable in a selectable order by said recsiver even when less than all of said plural
blocks have been received, receipt of subseguent blocks by the receiver being used o

cumulatively improve the quality of the digital data viewed by the receiver.

0. A method according to claim 109 and wherein said model based data

representations comprise VRML representations.

111, A method according to claim 109 and wherein said model based data

representations comprise CAD-CAM representations.

112, A method according to claim 109 and wherein said image processor is operative 1o

render only views which are selected by 2 user.
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METHOD AND SYSTEMS FOR PROGRESSIVE ASYNCHRONQUS
TRANSMISSION OF MULTIMEDIA DATA

FIELD OF THE INVENTION

The present invention relates to methods and systems for emcoding digital

muitimedia data for transmission over a network.

BACKGROUND OF THE INVENTION

The following U.S. Patents have been found in a U.S Patent Search and are

believed to be generally relevant 1o the field of the invention:

4,897 857 1/90 Fosteret al.
5,116,188 6/92 McCallsy et al.
5,122,873 5/92 Golin
5,195.092 31/93 Wilson et al.
5,220,420 6/93 Hoarty et al.
5,236,199 8/93 Thompson, Jr.
5,251,208 10793 Jurkevich et al,
5,265,248 1193 Moulios at al.
5,283,819 1/94 Glck et al.
5,325,423 6/94 Lewis
5,351,276 9/94 Doll, Jr. et al.
5,363,482 11/94 Victor et al.
5,420,572 5/95 Dolin, Jr. et al.
5,420,801 5/95 Dockter et al.
5,438,658 B/QS Fitzpatnick et al.
5,487,167 1/96 Dinallo et al.
5,495 878 2196 Ritchey
5,508,940 4/96 Rossmere et gl
5,519,438 5/96 Anderson
5,553,221 9/96 Reimer et al.

SUBSTITUTE SHEET (RULE 28)
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5,553,222 9/96 Milne et al.
5,557,538 /%06 Retter et al.
5,561,791 10/96 Mendelson et al.
5,564,001 10/96 Lewis
5,577,180 11/96 Reed

5,877,258 11/96 Cruz et al.
5,581,783 12/96 QOhashi

When using various media such as video, sudio, text and umages, a user generaily
retrieves the media from a storage device or “server® connected via a network to many
computers or users. The server downloads the media to the network and transmits it to
the user at the user's request.

There are two basic imitations involved in such data retrieval: delay between the
time that 2 user requests the data and the time when the server downloads it to the
network, and bandwidth limitations on data throughput and rate of data transmission.
The present invention relates to the second limitation.

One example of such a system includes 8 CD ROM drive and personal computer
which may be located at the same site. Another example includes a network connecting
Internet servers and users' personal computers. Such networks are installed in order to
facilitate convenient data transmission betwsen users and data distribution from the
server to the users' computers.

When a user retrieves the media from a storage device or server, typically
connected via a network, the aforesaid bandwidth limitations affect the amount of time
required to transmit a video frame from the server to the user, and thus limit the video
frame rate. Moreover, when dealing with object movies and panoramas the files being
transmitted are extremely large, so that overcoming bandwidth limitations is a critical
enabling factor, even for high bandwidth networks.

Currently, two methods are employed to overcome bandwidth Emitations: The first
is 1o compress the video frame sequence, thereby speeding up transmission time at the
cost of additional downstream processing to decompress the frames prior to display.
The second is to copy the entire sequence to an intermediate storage device, such as 2
user's hard disk, to which the user has higher bandwidth access, at the cost of delaving

the viewing of the video until the entire sequence has been delivered.
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Known network applications involve streaming data from a server 10 a client
computer {hereinafter also referred to as "client”). "Streaming” refers 10 serial or parailel
transmission of digital data between two computers, by transmitting sequences of bit
packets. For example, instaliation executables on a network server stream files to a
client computer performing the installation. Servers with large amounts of Memory are
used 1o archive digital movies, which are streamed to a client computer for viewing upon
demand. Digital video is broadeast from cable stations to subscribers using streaming,
Internet browsers, such as MNetscape and Microsoft Explorer, are used to stream data
from a server on the web o a client. Internet web sites can contain enormous databases,
such as phone directories for all of the cities in the U8, photographs from art galleries
and museums around the world, voluminous encyclopedias, and even copies of all
patents ever issued by the U.S. Patent & Trademark Office. Clients using the Internet
can search these databases and then request the server to download specific information.
This request initiates a streaming event.

In view of the multitude of bandwidths present in complex client/server systems
today and the large amounts of data necessary to produce compelling audio, video and
imaging presentations, there is a pressing demand for scalable data representation of
multimedia data, so that it can be delivered for on-line interactive playback in such a
form that the transmission rate can accommodate the client bandwidth. The Internet is
an example of a complex system where clients with many different bandwidth constraints
demand multimedia data from server sites. There are several low bandwidth rates for
modern transmission over phone lines, higher rates for frame relay lines, higher rates for

ISDN hines, even higher rates for T1 lines, etc.
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SUMMARY OF THE INVENTION

The present invention seeks to provide an improved method and system for
transmitting digital data representing the original over plural transmission links at least
some of which have limited bandwidth.

The present invention relates to scalable encoding, which enables two or more
clients, connected 10 a server by lings having differing bandwidth, to begin playing the
muitimedia data on-line, and both at the same time, almost immediately afler the start of
stregming, but the lower bandwidth client receives lower quality media than the higher
bandwidth chent at first. As the media is replayed in the foreground and the bandwidth is
freed, more data streams in via background, and the quality of the media is enhanced.

Without scalsble encoding, a client of an Internet application must wait until the
requesied data amrives, at whatever rate its network line provides. A client with a 14.4
Kbs modem line, for example, would have to wait twice as long as a client with 2 28.8
Kbs modem line. Moreover, if the data was encoded for 28.8 Kbs on-line playback, the
14.4 Kbs chent would never be able to achieve live playback, since there would be an
ever-increasing lag in the data stream. Conversely, if the data were encoded for 14.4
Kbs on-line playback, the 28.8 Kbs client would receive unnecessarily poor quality
media.

On account of the progressive nature of the data representation in accordance with
the present invention, the additional data block arriving in a 14.4 Kbs stream combines
with the previous data block which arrived in a 14.4 Kbs stream, to produce a 28.8 Kbs
streamed version, all that is being sent is the incremental data necessary for the upgrade.
The progressive form of the encoding itself provides the ability to achieve scalability.

Another shortcoming of non-scalable encoding as in the prior art is the inability 1o
preview & video sequence. Often a client would like to play a quick preview of a video
chip, before deciding whether or not to download it. The scalable representation of the
present invention can be used to deliver the video in a preview mode, as the first data

blocks. If the client continues to download the video afler previewing, the first data
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block already transmitted is progressively integrated with additional data blocks to create
the full viewing video. ‘

The present invention can also be applied to enhance delivery of large still images
for multi-resolution gazing. Current technology transmits such images as large files, and
carries out extensive computations for sub-sampling to lower resolution and zooming in
to areas of interest for gazing. This makes it very time consuming to interact with large
images, and as a result it is currently impractical to produce high resolution images for
Internet browsing. When dealing with large images, producers simply sub-sample them
to fit entirely within 2 computer monitor screen, and store the resulting low resolution
images on web servers. Using the technology of the present invention, producers can
deliver high resolution images over the Internet for rapid interactive gazing.

The present invention seeks to provide a scalable representation of muitimedia
data, enabling the data to be (a) progressively streamed, (b) transmitted asynchronously
to chents at different bandwidths and (c) played back interactively on-line. The
representation is two-dimensional, with one dimension {block number) being
characterized by progressiveness in quality, and the second dimension (frame number)
being characterized by interactivity.

The representation comprises data blocks which are ntegrated with one another to
produce successively higher bandwidih versions of the media, the data blocks comprising
encoded frames. The first data block corresponds to the lowest bandwidth, and enables
the chient with this bandwidth 1o play back the media on-line at the lowest quality. The
second data block, when integrated with the first block, corresponds to the next higher
bandwidth, and enables the client with this bandwidth to play back the media on-line at
the next highest quality, and similarly for each successive data block.

Moreover, a client with the lowest bandwidth who played the media at the low
quality and freed the bandwidth can continue in background to receive successive data
blocks and integrate them with previously received data blocks, resulting in successively
higher quality media each time it is replayed.  The modular form of the data
representation thus makes it possible to both accommodate different bandwidths and
progressively update media quality. A production tool makes it possible for a producer

to control modularity and quality seitings.
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In accordance with the present invention there is provided a method for providing
on-line virtual reality movies, comprising inputting a cyclic movie sequence into an
encoder, determining the number of portions that each frame of said movie is divided
nto, and forming partisl frames, specifying hot-spots and independent objects for
interaction within a partial frame, transmitting the partial frames part by part {0 8 user's
asynchronous database, and displaying said frames on a user's interface.

There is also provided in accordance with a preferved embodiment of the present
mvention a system for producing virtual reality (VR) moviss comprising an encoder for
preparing the VR movie for transmission, and a server including a repository for the VR
movie and a transceiver for transmitting the movie, part by part to a user, upon request.

An essential feature of the present invention is the use of a two-dirmensional
interactive progressive database 1o represent multimedia data, and the siorage of this
database in three different forms: for streaming, processing and playback purposes. The
database is calibrated in data blocks of roughly equal size, to deliver the media for on-
line playback at a selected range of bandwidths, and in such a way that the higher
bandwidth versions are built by integrating data blocks with the lower bandwidth
versions. Thus, rather than discard the lower bandwidth data, it is saved and used
directly to upgrade from low to high bandwidth quality.

The data blocks themselves are comprised of frames which can be randomly
accessed, thus giving 8 second dimension (namely, frames) to the progressive database.
Thus it is possible to selectively build higher quality versions of some frames and not
others. The mechanism determining which frames to send within each block may be
controlled interactively by the user.

To best appreciate the achievement of the present invention, one should consider it
in the broader perspective of streaming technology. There are known two modes of
accessing streamed data: random access and sequentisl access. In a random access mode,
the client can request the server to transmit data from any position within the stream. In
a sequential access mode, the server can only send a serial stream.

Current Internet streaming technology does not provide random access. Rather,
the stream is sent serially in packets. The present invention operates by creating three

copies of the progressive database. A first copy is stored on the server serially. A
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second copy, which mirrors the server database, is built on the chent, with random
accessibility. These first two copies are in encoded form. The frames in the data blocks
from the second copy are decoded and stored in the third copy. The third copy is
dynamically updaied and contains the frames to be displayed in either raw bitmap form,
or in intermediate compressed form whereby the decompression is fast enough to keep
up with real time interactive display in response 1o user commands.

A by-product of the present invention, when applied to video clips, is the ability to
deliver & preview of the video using the first data blocks. This enables the client to play
the preview almost immediately afler the transmission begins, and then to quickly decide
whether or not to proceed with the download. Moreover, if the client does continue
with the download, then the first data block already transmitted is integrated with
additional data blocks being downloaded, to form the full view version of the video.
Thus, rather than discard the data transmitted for the preview, it is saved and used to
create the full view frame sequence.

The present invention can also be applied to efficiently deliver large still images at
muliiple resolutions for interactive gazing. Each block of the progressive database stores
various tiles of the image at different resolutions. Smaller tites are stored at higher
resolution. Hot spots are used to link tiles at lower resolution to smaller tiles comtained
within them at higher resolution. When a viewer clicks on a kot spot to gaze, the display
quickly brings up the tile linked to by the hot spot, giving the effect of an instant zoom
in. The totality of multi-resolution tiles may comprise the "frames” in this application,
and these frames form the interactivity dimension of the database.

The first tile consists of the lowest resolution version of the full image, with hot
spots encoded withinit. As soon as the first tile is delivered and decoded, the user can at
once begin gazing at the higher resolution tiles, even though the image is of low quality.
While the user is viewing the tiles, additional data blocks are being delivered and
decoded in background, and the quality of the tiles is being upgraded as time progresses.
in other words, the zoomed in portion of the image being gazed at gets displayed almost
immediately after the streaming begins, but at low guality. The quality improves with

fime.
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The higher resolution tiles correspond to hierarchical "areas of interest” in the
image. The choice of which areas to mark with hot spots as areas of interest is in the
hands of the producer. This use of the invention is particularly efficient in the case where
there is a relatively small number of aress of interest in the full image, so that relatively
few tiles are encoded at the higher resolutions. Without the present invention, the client
would have to wait to receive the full image at higher resolution before viewing any pant
of it at this resolution, even though only small parts of it are of interest. Moreover, each
zoom in and out would be both processor and memory demanding.  Viewer interactivity
would be painfully slow.

There is thus provided in accordance with a preferred embodiment of the present
invention a system for transmitting digital data representing the original over plural
transmission links at least some of which have limited bandwidth including:

a digital data source storing digital data representing an original;

a digital data receiver receiving the digital data representing an original via one of
the plural transmassion links having limited bandwidth; and

a digital data transmitter operstive 1o transmit the digital data representing an
original to the recsiver over a transmission link having a limited bandwidth in plural
blocks which are sequentially transmitted at a rate determined by the limited bandwidth,
each block being an incomplete collection of data which includes pans of multiple
frames, each frame being viewable in 8 selectable order by the receiver even when less
than all of the plural blocks have been received, receipt of subsequent blocks by the
receiver being used to cumulatively improve the quality of the digital data viewed by the
receiver.

There 15 additionally provided in sccordance with a preferred embodiment of the
present invention a digital data transmitter actuator comprising;

an organizer operative, when actuated, to access digital data representing an
original which is organized in plural blocks for subsequent transmission, ach block being
an incomplete collection of data which includes parts of multiple frames, each frame
being viewable in a selectable order by the a receiver even when less than all of the plural

blocks have been received; and
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a receiver instruction interface responsive to interactive inputs from a receiver for
actuating the organizer to select a given block and at least one given partial frame within
the given block for transmission.

There is also provided in accordance with a preferred embodiment of the present
invention a digital data receiver mcluding:

a data receipt interface receiving digital data representing an original in a plurality
of sequential blocks, each block being an incomplete collection of data which includes
parts of multiple frames;

a block accunmulator for combining plural blocks as they are received for viewing
by the recipient; and

a viewer including a recipient interface which permits each frame to be viewed in
an order selected by the recipient, even when less than all of the plural blocks have been
received, combining of plural blocks by the block accumulator being used to improve the
quality of the digital data viewed by the recipient.

There is additionally provided in sccordance with a preferred embodiment of the
present invention a method for transmitting digital data representing an original over
plural transmission links at least some of which have limited bandwidth including the
steps of'

storing digital data representing an original;

receiving at a receiver the digital data representing an original via one of the plural
transmission links having limited bandwidth: and

transmitting the digital data Tepresenting an original to the receiver over a
transmission link having a limited bandwidth in plural blocks which are sequentially
transmitted at 2 rate determined by the limited bandwidth, each block being an
incomplete collection of data which includes parts of multiple frames, each frame being
viewable in a selectable order by the receiver even when less than all of the phural blocks
have been received, receipt of subsequent blocks by the receiver being used to
cumulatively improve the quality of the digital data viewed by the receiver.

There is also provided in accordance with a preferred embodiment of the present

invention a method for digital data transmission including:
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organizing digital data representing an original into plural blocks for subsequent
transmission, each block being an iﬁcompkeﬁe collection of data which includes parts of
muitiple frames, each frame being viewable in a selectable order by the a receiver even
when less than all of the plural blocks have been received;

responsive (o interactive inputs from a receiver for actuating the organizer,
selecting a given block and at least one given partial frame within the given block for
transmission: and

transmitting the selected given block and at least one given partial frame to a user.

In accordance with a preferred embodiment of the present invention, the block
accumulator is operative to combine plural blocks which are distinguished from each
other by their respective frequency bands.

Preferably, the digital data receiver includes a fractal decompression engine.

In sccordance with a preferred embodiment of the present invention, the data
receipt interface is operative to initially receive a first plurality of blocks containing
relatively low frequency data and thereafter receive a second plurality of blocks
containing relatively high frequency data and the block accumulator is operative to
reconstitute the digital data representing an original from the blocks representing
relatively high frequency and relatively low frequency data.

Preferably, the block accumulator is operative to combine plural blocks having
different sampling.

In accordance with s preferred embodiment of the present invention, the sampling
rate of a combined plurality of blocks is equal to the sum of the sampling rates of
individual ones of the plurality of blocks.

Preferably, the digital data receiver includes a wavelet decoder.

in accordance with a preferred embodiment of the present invention, the block
accumulator includes  a deguantizer which combines blocks each of which contain
quantized data of a different order, such that accumulation of multiple blocks provides
combined datz of greater precision than that contained in any single block.

There is additionally provided in accordance with a preferred embodiment of the

present invention a digital data transmitter actuator including.
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an organizer operative, when actuated, o access digital data representing an
original which is organized in plural blocks for subsequent transmission, each block being
an incomplete collection of data which includes parts of multiple frames, each frame
being viewable in a selectable order by the 2 receiver even when less than all of the plural
blocks have been received; and

4 receiver instruction interface responsive 1o interactive nputs from a receiver for
actuating the organizer to select a given block and at least one given partial frame within
the given block for transmission,

In accordance with a preferred embodiment of the present invention a first one of
the plural biocks contains digital data which represents a first approximation to the
original.

Preferably, additional ones of the plural blocks, when combined with the first one
of the plural blocks provide additionally accurate approximations to the original.

In accordance with a preferred embodiment of the present invention each of the
multiple frames includes a portion of data which can be independently and interactively
manipulated.

Preferably, the system also includes 2 block generator operative to receive digital
data representing the original and to provide the plural blocks.

There is also provided in accordance with a preferred embodiment of the present
invention a block generator including:

a producer interface; and

a digital data compressor, operative in response to producer control parameters
received via the producer interface for receiving digital data representing an original and
providing plural blocks, each block being an incomplete collection of data which includes
parts of multiple frames.

In accordance with a preferred embodiment of the present invention the block
generator is operative 1o provide plural blocks which are distinguished from each other
by their respective frequency bands.

Preferably, the block generator includes a fraceal compression engine.

In accordance with a preferred embodiment of the present invention, the block

generator is operative to decompose the digital data representing an original in relatively
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high frequency and relatively low frequency digital data portions, and wherein 2 first
plurality of blocks containing the relatively low frequency portion is transmitted by the
data transmutier prior to transmussion of a second plurality of blocks containing the
relatively high frequency portion.

Preferably, the block generator is operative to provide plural blocks by sampling
the received digital data.

In accordance with a preferred embodiment of the present invention the sampling
-rate of a plurality of blocks is equal to the sum of the sampling rates of individual ones of
the plurality of blocks.

Preferably, the block generator includes a wavelet encoder.

In accordance with a preferred embodiment of the present invention, the block
generator includes a quantizer which produces blocks each of which contain quantized
data of a different order, such that accumulation of multiple blocks provides combined
data of grester precision than that contained in any single block.

There is also provided in sccordance with another preferred embodiment of the
present invention, a method for encoding original digital video data to be siored on g
server computer for on-line delivery to client computers, including the steps of

encoding the digital video into a database including a series of encoded data
blocks, each block including a sequence of encoded frames, with the properny that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the video for on-line playback;

storing the database on a server computer,;

processing a request by a client computer for on-line delivery of the video in order
to determine which data blocks to transmit, 50 a5 to accommodate the client bandwidth;

transmitting the necessary data blocks to the client;

decoding the data blocks on the client computer,

imegrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital video, and

playing the reconstructed video on the client computer.
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Further in accordance with a preferred embodiment of the present invention, the
step of encoding includes a bit-rate control device enabling the producer to pre-select the
sequence of bandwidths or quality levels for the database.

Sull further in accordance with a preferred embodiment of the present invention,
the step of encoding is performed in such a way that the first blocks of the database
correspond to previews of the video.

Additionally in accordance with a preferred embodiment of the present invention,
the steps of transmitting, decoding, integrating and playing are repeated in succession a
number of times in order to transmit additional data blocks to the chient, thereby
upgrading the guality of the video while it is replayed.

There is also provided in accordance with another preferred embodiment of the
present invention 2 method for encoding original digital audio data to be stored on a
server computer for on-line delivery 1o client computers, including the steps of

encoding the digital audio into a database including a series of encoded data
blocks, each block including a sequence of encoded frames, with the property that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the audio for on-line playback;

storing the database on a server computer:

processing a request by a client computer for on-line delivery of the audio in order
to determine which data blocks to transmit, 50 as o accommodate the client bandwidth;

transmitting the necessary data blocks to the client;

decoding the data blocks on the client computer,

integrating the data blocks together on the client computer to reconsiruct an
appropriate version of the original digital audio; and

playing the reconstructed audio on the client computer,

Further in accordance with a preferred embodiment of the present invention, the
step of encoding includes a bit-rate control device enabling the producer to pre-select the
sequence of bandwidths or quality levels for the database.

Still further in accordance with a preferred embodiment of the present invention,

the steps of transmitting, decoding, integrating and playing are repeated in succession a
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number of times in order to transmit additional data blocks to the client, thereby
upgrading the quality of the audic while it is replayed.

There is also provided in accordance with another preferved embodiment of the
present invention, & method for encoding original digital object movie data to be stored
on & server computer for on-line delivery to client including, comprising the steps of

encoding the digital object movie into a database including a series of encoded data
blocks, each block including a sequence of encoded frames, with the propenty that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the object movie for on-line playback;

storng the database on a server computer,

processing a request by a client computer for on-line delivery of the object movie
in order to determine which data blocks to transmit, so as to accommodate the client
bandwidth;

iransmitting the necessary data blocks 1o the client;

decoding the data blocks on the client computer,

integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital object movie; and

playing the reconstructed object movie on the client computer.

Further i accordance with a preferred embodiment of the present invention, the
step of encoding includes a bit-rate control device enabling the producer to pre-select the
sequence of bandwadths or quality levels for the database.

Still further in accordance with a preferred embodiment of the present inveniion,
the steps of transmutting, decoding, integrating and playing are repeated in succession a
number of times in order to transmit additional data blocks to the client, thereby
upgrading the guality of the object mowvie while it is replayed.

There is also provided in accordance with another preferred embodiment of the
present invention a method for encoding an original digital panorama to be stored on a
server computer for on-line delivery to client computers, including the steps of’

encoding the digital panorama into a database including a series of encoded data

blocks, each block including a seguence of encoded frames, with the property that
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successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the panorama for on-line playback;

storing the database on a server computer;

processing a request by a client computer for on-line delivery of the panorama in
order to determine which data blocks to transmit, so 83 to accommodate the client
bandwidth;

transmitting the necessary data blocks to the chent;

decoding the data blocks on the client computer,

integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original digital panorama; and

playing the reconstructed panorama on the client computer.

Further in accordance with a preferred embodiment of the present invention the
step of encoding includes a bit-rate control device enabling the producer 1o pre-select the
sequence of bandwidths or quality levels for the database.

Still further in sccordance with a preferred embodiment of the present invention
the steps of transmitting, decoding, integrating and playing are repeated in succession a
number of times in order to transmit additional data blocks to the client, thereby
upgrading the quality of the panorama while it is replayed.

There is also provided in accordance with another preferred embodiment of the
present invention a method for encoding original digital large still image data to be stored
on a server computer for on-line delivery to client computers, including the steps of

encoding the large digital image into a database including a series of encoded data
blocks, each block including s sequence of encoded multi-resolution tiles of the image,
with the property that successive blocks when decoded and integrated together provide
successively higher quality versions of the tiles for display,

storing the database on a server computer:

processing a request by a client computer for on-line delivery of the image in order
to determine which data blocks to fransmit;

transmitting the necessary data blocks to the client:

decoding the data blocks on the client computer;
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integrating the data blocks together on the client computer to reconstruct an
appropriate version of the original multi-resclution image tiles, and

interactively displaying the reconstructed tiles on the client computer.

Still further in accordance with & preferred embodiment of the present invention
the step of encoding includes a compression control device enabling the producer to pre-
select the sequence of guabity levels for the database.

Additionally in accordance with a preferred embodiment of the presert invention
the step of encoding operates on a plurality of images forming an animation, and each
encoded data block is comprised of multi-resolution tiles from the plurality of images.

There 15 also provided in accordance with another preferred embodiment of the
present invention a video processing system operative on digital video data for encoding
the digital video, storing it on 8 server computer and delivering it to client computers on-
line upon request including:

an encoder for compressing the digital video into a database including 3 series of
encoded data blocks, each block including a sequence of encoded frames, with the
property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the video for on-line playback;

a storage device for archiving the database on a server computer;

z processing unit for accepting a request by a client computer for on-line delivery
of the video and determining which data blocks to transmit, s0 as to accommodate the
ciient bandwidth;

8 transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into video data on the client
compuler,

an accumulator for integrating the data blocks together on the client computer to
reconstruct an sppropriate version of the original digital video; and

a player on the client computer for playing the reconstructed digital video.

Additionally in accordance with g preferred embodiment of the present invention
the encoder includes a bit-rate controller enabling the user to pre-select the sequence of

bandwidths or quality levels for the database.
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Moreover in accordance with a preferred embodiment of the present invention the
encoder compresses the digital video in such a way that the first blocks of the database
correspond to previews of the video.

Further in accordance with a preferred embodiment of the present invention the
transmitter, decoder, accumulator and player repeatedly operate in succession a number
of times in order to transmit additional data blocks to the client, thereby upgrading the
quality of the video while it is being replayed.

There is also provided in accordance with another preferred embodiment of the
present invention an audio processing system operative on digital audio data for
encoding the digital sudio, storing it on a server computer and delivering it to client
computers on-line upon request including

an sncoder for compressing the digital audio into a database including a series of
encoded data blocks, each block including a sequence of encoded frames, with the
property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the audio for on-line playback;

a storage device for archiving the database on a server computer;

a processing unit for accepting a request by a client computer for on-line delivery
of the audic and determining which data blocks to transmit, 50 as to accommodate the
client bandwidth;

a transmitter for delivering the necessary data blocks to the client;

& decoder for decompressing the data blocks back into audio data on the client
computer;

an accumulator for integrating the data blocks together on the client computer 1o
reconstruct an appropriate version of the original digital audio; and

a player on the client computer for playing the reconstructed digital audio.

Further in accordance with & preferred embodiment of the present invention the
encoder includes a bit-rate controller ensbling the user to pre-select the sequence of
bandwidths or quality levels for the database.

Sull further in accordance with a preferred embodiment of the present invention

the transmitter, decoder, accumulator and player repeatedly operate in succession a
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number of times in order 1o transmit additional data blocks to the client, thereby
upgrading the quality of the audio while it is being replayed.

There is also provided in accordance with another preferred embodiment of the
present invention an obiect movie processing systemn operative on digital object movie
data for encoding the digital object movie, storing it on a server computer and delivering
it to client computers on-line upon request including:

an encoder for compressing the digital object movie into a database ncluding a
senies of encoded data blocks, each block comprising a sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the object movie for on-line playback:

a storage device for archiving the database on a server computer;

a processing unit for accepting a request by a client computer for on-line delivery
of the object movie and determining which data blocks to transmmit, 50 a5 to
accommodate the client bandwidth:

a transmitier for delivering the necessary data blocks to the client,

a decoder for decompressing the data blocks back inte object movie data on the
client computer;

an accumulator for integrating the data blocks together on the client computer 1o
reconstruct an appropriate version of the original digital object movie: and

a player on the client computer for playing the reconstructed digital object movie.

Further in accordance with a preferred embodiment of the present invention the
encoder includes a bit-rate controlier enabling the user to pre-select the sequence of
bandwidths or guality levels for the database.

Still further in accordance with another preferred embodiment of the present
mvention the transmitter, decoder, accumulator and player repeatedly operate in
succession a number of times in order to transmit additional data blocks to the client,
thereby upgrading the quality of the object smovie while it is being replayed.

There is also provided in accordance with another preferred embodiment of the
present invention a panorama processing sysiem operative on digital panorama data for
encoding the digital panorama, storing it on a server computer and delivering it to client

computers on-line upon request including;
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an encoder for compressing the digital panorama into a database including a series
of encoded data blocks, sach block including a sequence of encoded frames, with the
property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the panorama for on-line playback;

a storage device for archiving the database on a server computer,

a processing unit for acoepting a request by a client computer for on-line delivery
of the panorama and determining which data blocks to transmit, 50 as to accommodate
the client bandwidth;

a transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into panorama data on the client
compuier,

an accumulator for integrating the data blocks together on the client computer 1o
reconstruct an appropriate version of the original digital panorama; and

a player on the client computer for playing the reconstructed digital panorama.

Further in accordance with a preferred embodiment of the present invention the
encoder includes a bit-rate controller enabling the user to pre-select the sequence of
bandwidths or quality levels for the database.

Still further in accordance with a preferred embodiment of the present invention
the transmitter, decoder, accumulator and player repeatedly operate in succession a
number of times in order to transmit additional data blocks to the client, thereby
upgrading the quality of the panorama while it is being replaved.

There is also provided in accordance with another preferred embodiment of the
present invention an image processing system operative on large digital image data for
encoding the digital image, storing it on 2 server computer and delivering it to client
computers on-line upon request including:

an encoder for compressing the large digital image into a database including a
series of encoded data blocks, each block including a sequence of encoded muiti-
resolution tiles of the image, with the property that successive blocks when decoded and
integrated together provide successively higher quality versions of the image tiles;

a storage device for archiving the database on a server compuier;
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& processing unit for accepting a request by a client computer for on-line delivery
of the image and determining which data blocks to transmit;

& transmitter for delivering the necessary data blocks to the client;

a decoder for decompressing the data blocks back into image tile data on the client
computer;

an accumulator for integrating the data blocks together on the client computer to
reconstruct an appropnate version of the original multi-resolution image tiles; and

an interactive viewer on the client computer for displaying the reconstrucied image
tiles.

Additionally in accordance with a preferred embodiment of the present invention
the encoder includes a compression controller enabling the user to pre-select the
sequence of guality levels for the daiabase.

Moreover in accordance with s preferred embodiment the encoder operates on a
plurality of images forming an animation, and each encoded data block is comprised of
muiti-resolution tiles from the plurality of images.

There is also provided in accordance with another preferred embodiment of the
present invention 8 method for caching of data which gets transmitted from servers to
chients on a central hub within 3 network, including the steps of

encoding digital multimedia dats into databases including a series of encoded data
blocks, each block including a sequence of encoded frames, with the propenty that
successive blocks when decoded and integrated together provide successively higher
bandwidth versions of the media for on-line playback;

storing the databases on a multitude of server computers;

managing within the hub requests by client computers for on-line delivery of media
stored on server computers in order to determine which data blocks to transmit, so as to
accommodate the client bandwidth,

transmitting the necessary data blocks from the server and from the hub to the
client;

storing the data blocks delivered by the server in the cache residing in the central
hub;

processing within the hub the data blocks it receives;
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decoding the data blocks on the client computer,

integrating the data blocks together on the client computer {o reconstruct an
appropriate version of the original digitsl media; and

playing the reconstructed media on the client computer.

Further in accordance with a preferred embodiment of the present invention the
step of managing is performed by

setling inventory flags to indicate which data blocks are currently stored in the hub.

Still further in accordance with a preferred embodiment of the present invention
the step of managing further including the steps of’

communicating with the servers to monitor which media data is puidated;

removing from cache the blocks corresponding to the media data which is
outdated: and

resetting the inventory flags to indicate that the above blocks are no longer stored
in the cache.

Still further in accordance with a preferred embodiment of the present invention
the step of processing comprising the steps of

decoding the data blocks received;

mtegrating the dats blocks together to reconstruct appropriate versions of the
original digital media; and

encoding the reconstructed media versions into an intermediate database for future
transmission to the clients.

There is also provided in accordance with another preferred embodiment of the
present invention a proxy system operative on a server/client network for caching of data
which gets transmitted from servers to clients on a central hub, including:

an encoder for compressing digital multimedia data into databases inclading a
senies of encoded data blocks, each block including a sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the media for on-line playback;

server communication lines from the servers to the hub for sending data blocks;

client communication lines from the hub to the clients for sending digital data;

storage devices for archiving the databases on a multitude of server computers;
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& management unit within the hub 10 process requests by client computers for on-
line delivery of media stored on server computers in order to determine which data
blocks 10 transmit, o &5 to accommodate the client bandwidth;

a transmitter for delivering the necessary data blocks on the server communication
lines from the server to the hub, and on the client communication lines from the hub to
the client;

a storage device for saving the data blocks delivered by the server communication
lines in the cache residing in the central hub;

a processing unit within the hub for processing the data blocks which the hub
TECeIves;

a decoder for decompressing the data blocks on the client computer;

an accumulator for integrating the data blocks together on the client computer to
reconstruct an appropriste version of the original digital media; and

a player for playing the reconsiructed media on the client computer.

Further in accordance with a preferred embodiment of the present invention the
management unit operates by setting inventory flags to indicate which data blocks are
currently stored in the hub.

Still further in accordance with a preferred embodiment of the present invention
the management unit operates by monitoring from the servers which media data is
cutdated, removing from cache the blocks corresponding to the media data which is
cutdated, and resetting the inventory flags to indicate that the above blocks are no longer
stored in the cache.

Additionally in accordance with a preferred embodiment of the present invention
the processing unit compnsing:

a decoder for decompressing the data blocks received;

an sccumulator for integrating the data blocks togsther to reconstruct appropriate
versions of the original digital media; and

an encoder for compressing the reconstructed media versions into an intermediate

database for fiture transmission to the clients.
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There is also provided in accordance with another preferred embodiment of the
present invention a multi-casting unit (MCU) system operative on a broadcasting
network for caching of data which gets transmitted from stations to viewers, including:

an encoder for compressing digital multimedia data into databases including a
series of encoded data blocks, each block including a sequence of encoded frames, with
the property that successive blocks when decoded and integrated together provide
successively higher bandwidth versions of the media for on-line playback;

station communication lines from the stations to the MCU for sending data blocks;

viewer communication lines from the MCU to the viewers for sending data,

viewer receiver units for receiving the data sent by the MCU;
storage devices for archiving the databases on a multitude of station computers;

2 management unit within the MCU to process requests by viewers for on-line
delivery of media stored on station computers in order 1o determine which data blocks to
transmit, o a8 to accommodate the viewer bandwidth;

a transmitter for delivering the necessary data blocks on the station communication
lines from the station to the MCU, and on the viewer communication fines from the
MCU to the viewer receiver units;

a storage device for saving the data blocks delivered by the station communication
lines in the cache residing in the MCU,

a8 processing unit within the MCU for processing the data blocks which the MCU
TECeives;

a decoder for decompressing the data blocks on the viewer receiver,

an accumulator for integrating the data blocks together on the viewer receiver unit
10 reconstruct an appropriate version of the original digital media; and

a player for playing the reconstructed media from the viewer receiver unit.

Further in accordance with a preferred embodiment of the present mvention the
management unit operates by setting inventory flags to indicate which data blocks are
currently stored in the MCU.

Still further in accordance with a preferred embodiment of the present invention
the management unit operates by monitoring from the stations which media data is

outdated, removing from cache the blocks corresponding to the media data which is
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ocutdsted, and resetting the inventory flags to indicate that the above blocks are no longer
stored in the cache.

Additionally in accordance with a preferred embodiment of the present invention
the processing umt within the MCU including:

a decoder for decompressing the data blocks recetved;

an accumulator for integrating the data blocks together to reconstruct appropriate
versions of the original digital medis; and

an encoder for compressing the reconstructed medis versions into an intermediate
database for future transmission (o the viewers.

There is also provided in accordance with another preferred embodiment of the
present invention a method for streaming multimedia data over a network, including the
steps of:

encoding the media into a progressive datsbase indexed according to frame and
progressive block numbers;

serializing the encoded database;

storing the serialized database on g server;

streaming the serialized database to a client upon request;

creating a mirror copy of the encoded database on the cliemt computer from the
data which streams in; and

decoding the encoded database on the client computer into a sequence of frames
for real time display. '

There is also provided in accordance with another preferred embodiment of the
present invention a multimedia network streaming system, including:

an encoder for compressing the media into a progressive database indexed
according to frame and progressive block numbers;

a sequencer for serializing the encoded database;

a storage device for archiving the serialized database on a server;

a transmitter for streaming the serialized database to a client upon request;

a processor for creating a mirror copy of the encoded database on the client

computer from the data whech streams in; and
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