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2183121 IVETHCD FOR TRANSM TTI NG A HI GH- RESC]_UTI O\I I NAGE O\/ A NARROW BAND
COMVUNI CATI'ON CHANNEL 5 Thi s |nvent|on I$. a met hod for
transnlttlng a given relatively high-resolutyon imagé froma transmtter to
a receiver over a narrow band conmuni cati on channel for display of the

i mage at-"the receiver. 10 Ordinarily, a relatively high-resolution inmge
(e.g., *aa i mage cont aiMRIHOD EQR MTRANSMITTYNG! Al HIGH-RESOLUTEDN iIMAGE
transmitted to a recei veromrAeNARﬂ@WbWCOOHMUNEGAEGONCUMLfor

di Spl ay of the i rmge_at—l-h'e—ﬁ recerver™ Hov
cases in which transm ssion of the high-resolution |nage to a receiver is
restricted to a narrom#band comuni cati on channel. One such case is
so-called "teletex,"” in which successive pixels (which are nornally in
digitally-encoded sanple 2 form but could be in anal og forn) of a given
hi gh resol u& on i mage are THiHsHRYSREIOR| Felatefgtona Bethed KoF zont al

scan |ines of tfurausmntfdAQ'blgn#eﬂ pelativedy hﬁgh-ﬁésalﬁtﬂbﬂ uhkg@ffrom

successi ve tel ey case_is _so-called " t ex,

whi ch such 25 3%%&%&%%?%# é? %ﬁvﬁfe°X8Fn§IP9rFﬂwdb Paally encoded
sanpl e form buwommnnn¢n£10nfmhangp1ofu# displaygofr thel image atadhear e
transmtted (mt%§g gdigital or analog form over a voice-grade tel'ephone
line. A w de-ban téIeV|S|on channel transmits the entire 30 relatively
hi gh-resol ution video i mage contai ned in each NTSC television frame in only
33 mlliseq@ids (nms). Because a narrow band voi ce- grade t el ephone line only

s i L aves. ooty sSmORa A 1 S5 DAk bR RN, SR
at | east one m n4.gy.0vein aimage ceoritainéd! tnheaeh! sﬂecessrv’é- television
: frame), is transmitted to a receiver over a wide-band
- communication channel for display of the image at the
15 receiver. However, there are several cases in which
transmission of the high-resolution image to a receiver is
restricted to a narrow-band communication channel. One
such case is so-called "teletex," in which successive
pixels (which are normally in digitally-encoded sample
20 form, but could be in analog form) of a given high
resolution image are transmitted only during one or two
horiZontal scan lines of the vertically-blanked portion of
Y each of a plurality of successive television frames.
Another case is so-called "videotex," in which such
25 successive pixels (which are normally in digitally-encoded
sample form, but could be in analog form) of a
high-resolution image are transmitted (either in digital
or analog form) over a voice-grade telephone line. A
wide-band television channel transmits the entire
30 relatively high-resolution video image contained in each
NTSC television frame in only 33 milliseconds (ms).
Because a narrow-band voice-grade telephone line only has
about 1/2000th the capacity of a wide-band television
channel, the same image that takes only 33ms to transmit
35 over a television channel takes at least one mlnute over a
voice-grade telephone 11ne.
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"Usual |y the purpose of transmitting an inmage froma transmtter to a
recéiver is to display the image on the screen of a cathode-ray-tube (CRT),
<so that it nmay be observed and conpr'e%'énded by a viewer. Watching an 5 -
“mage appear slowy, one line at a tine, on the CRT screen is very

rustrating. This s tigularly so if _the viewer. ,is trying to finan '
Qertain i mage in aléﬂﬂgggge- ,9?%é@§§ ?ﬁrEFﬁPSPﬁEtFESSGﬁ FﬂggPhis i hat
when Lheﬁnunyaitranxﬂitt&ﬂ é piréctiv?riﬂEOtUB&ia?léyhthb ﬁmab@d ?ftﬁn),
it takes m ssi n ' Ut~k irst.one-third of the

I mage befotc';{r]gji%?%ge%?ergfsga%él‘%gég%?ﬁ'&&ggr’r&cﬁﬁga-8? 3{}}%{3 ¢ _p@‘agf pi cture
i nf or mat ibén absexorediard ¢comprehended. by Tai viewens t Watchingt ae case of a
Voi ce- gr g6k I ' t [ Sh ¥k a y k screen
for a 23‘5‘19‘€b%03ém%% Sy Sl EIRE BLoh, LLGH, “oRP IV CRY sceil

i nf or mat i36h &F¥ trakinpgs  ofhik®tisnRarkigulerdy e A§ &hepl ayed is one
in whi chvieway i tiyin@stedfind a certain imdge RHM AOBEglkntle o esent

i nvention is to ipmze L&E amount ﬁf |g%ornat[%£. vablablg quickly to a
vi ever of 8995 mgd AL 5 I LPIT  FRE 1 ke S fi5t thatalhep Fhe

hi gh-r esdmageoris reamprised nof ipictsriall informheipnoc¢which deing
comqni ¢ er er..qQvat r[QwW:
comuni cg“"ﬁ%r# c'h&%&%i%]r?%%%ﬁ#@g?%,&ﬁi %ngcgéfg%\%geo%i F‘ﬁ%p%e RS hod of
the presdirsthanatthird ef sthe i tmage cpefare thecviewesf is gblentoel atively
hi gh-1 esfalfiriedn ddHgIoidéa 08I WHLE type 6fpb5!&ﬁhkéyf.ﬁ?o§hlﬁiﬂ%t ig spatl al.
frequency bands ipcluding 30 . at least one spatial.Treguency bandpass \y
subspect CoRtAIRed | - thE SMaghant TR1S BeaRs uFhabmpins theoFaggacifala :
f r equenciven deslqadd osel ephery. bimelpathe subaveet mist Vel al hwstayl y the

ti ' | Syt 1 tted ' band
conhin c SR SCERERTE0 At 1AL LE P IAGE 2R 0eR, BT 5t ShaR. Bl chuBnrisy 1 b <
first tihas ewifidient sisablecdnpformationhhtondecide Wheghkerobranotne
interval if it ieidh IB8E diddfayed is one in which he may be

20 ' The purpose of the present invention is to
maximize the amount of information available quickly tc a
viewer of an image display, despite the fact that
relatively high-resolution image information is still in
the proceés_of being_communicated thereto from a QJ

25 transmitter over a narrow-band communication channel. More
specifically, in accordance with the method of the present
invention, the spatial frequency spectrum of a given
relatively high-resolution image is analyzed into a
plurality of_subspectra spatial:fréquency bands including

30 at least onefspatial-frequency-bandpass subspectrum and a
low-pass remnant subspectrum comprised of spatial
frequencies below those of any bandpass subspectrum.
Initially, only the entire remnant subspectrum is
transmitted to a receiver over a narrow-band communication

35 - channel during a first time-intervai.-'The length of this
first time interval is short compared to the minimum
length of a time interval sufficient to transmit the-
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-3- entire relatively high-resolution image fromthe transnmitter to the
recei ver over the narrow band communi cation channel. At the receiver, the
r enant subspectrumis stored, and a relatia8ty |lowresolution 5 display of
t he gi \)en i mage is derived therefrom Subsequent to the end of the first
time interval, the entire one bandpass subspectrumis transmtted fromthe
transnftter to EREiTEcZlatixyedy dHohrressiutien thﬁgmmmmothehannel

during a secondtrafemiteerdlo the Mlceivir R ﬂJ}t"r paagdpass
subspectrumis conbi ned W|th the stgred rermant subspectrumto provide a

synt hesi zed . speEPMEHALIERL themrecedand thel zempaptay of -
the given i rragesabspehrtg'hmr ise stlotiedyn ddiﬁra e dtslvad iy Sl oyl S Bl i | ON

di splay is deri fra I'n_t.he accojmpan dra FI GURE 1
is a generaSizegggRé%FnaEh%L gﬁn ABAGE i 7 %ﬁﬁ%ﬁ“ﬁ%ﬁﬁ%&%éhw coupled to
a hi gh-resol ut i Subsegyentetoi thle and oifsthey first rtame vimeety gD, Mtipe cat i on
20 channel ; F h | I | ch .t he
prior art di spl ga&gﬁcgg%s?\g?d 2 %r?sbs#%tﬂﬁﬁn ﬁ' %oﬁ@qﬁt?w '?h%ﬁ i's
bei ng sequenti altrynsma%ﬁrt t"—@dtbe mes: edivex wem/eme marm dvarhind 25

conmmuni cati on caaﬂmgh B SORECR s RY
nmet hod st e£6 Fﬁﬁfl rgf enbodi aﬁ% t he esent [ nvent I on; ﬁ% At
y

schemati ca sFpSeiverc the qpe bandpa Wn%tms@thmﬁd on
di spl ays succeswuzh phet seored’ remhagit- cudepectium o DradgEtd al |y

transmtted to ' [ nar ban corrrru cat on channel; FlI GURE .
5 schematical | ygyﬁr‘ﬁéggégésgégﬁ? r W-sﬁgﬁ |S(BF|‘§7snP'?n’Esf%1?9ﬁ d of
i mage di spl ay oand5a dpsplayi aff . thboQHNEMoumameae¢ommhughemtﬂesbnutlon
addi tional feat Hﬁﬁnof:héhfe%?ﬁ@@ly‘ ﬂ‘é@z”?e%’%luﬂ%n display is derived
15 therefrom.

~In the accompanying drawings:

FIGURE 1 is a generalized showing of a high-
resolution image transmitter coupled to a high-resolution
image receiver and display by a narrow-band communication

20 channel;

FIGURE 2 schematically illustrates the manner in
which the prior art displays successive portions of a
high-resolution image that is being'sequentially

U - transmitted to the display over the narrow-band
25 communication channel;

FIGURE 3 is a flow chart showing the successive
method steps of a first embodiment of the présent
invention; ; :

FIGURE 4 schematically illustrates the manner in

30 wh1ch the present invention displays successive portions
of a hlgh-resolutlon image sequentially transmitted to the
-display over a narrow-band communication channel;

FIGURE 5 schematically illustrates a preferred

spatial position-vs-time format of image display of

35 pictorial information in accordance with an additional
feature of the present invention; and



:4- FIGURE 6 is a flow chart showi ng the successive method steps of a
second enbodi nent of the present invention. 5 Referring to
FIGURE |, there is shown a generalizee4hi gh-resolution-imge transmtter «
108 coupled to a generalized.high-resolution image receiver and display 102
a narrow band communi cation channel 104. By way of exanple, the -
h(gh resol uti on | madel GURE 6T 18 eal fbow thartashowingr théOsuagessizet e'l-@t ex

i gt eaolT (8 %}*? feftondbimodqthtal Krotpriredgfeli? 2o T

nar r,ow- bardvensin catlon channel in either “digital ar analog form
“Narr ow band comruni cati.on channel 15 104 may . be a tel etex channel or a
voi ce-grade tel epho ne, by. way_ of. exanple h-resol uti on i mage
recei ver and d|SMz£hﬁ%ﬁFF&EgoF° JGURE- be FHFEFa i $BOWRL A transmtter

100. Knowgernerdkized high-resobukioh imageectansmitteragtboveouplednal s,

h of d | h
o oteed th AR Aod GRS PR ok R ge BRELTaR gl o0 &Y 1!
Ih| gh-r esoldxtspiray rk(g’é by ansmaxrrew-band commudécazidnt ehkankeli A0ghi ch a

/
ot ot & 3y Gf (€haitid oke Bl oiSresBiitibh indll SraRLRIRUNL 0
and &iOspl Mlmt%ﬁ%oh%t%ﬂ’(b? atteéa§exa1megephenaevsnyla'em ‘key

pad) ., SO igh¥tsNYoF edivCEhaGe aigbtanyl-ytbeew Eﬁga as%sl pahkandéiespl ay may
send appr riate digital address 3 VE? gr or nat, i to the central

i gh- 1 coolBgTF SARHELEon e as cRaB e BXARPRAGERGnBY: SFAPABAL e 1o
cause a sdlogteer rrmm-duaddloom:henﬂeaazbnnlthahnénelhl glithegol ut i On I mage

eauost | nigftar dOTIRLESS, RIE, | I8 RPbUOBoRA"HohRLERNANS o BB |
hi gh-lSesollf4 aray rkejea reelketex GhdnuelpbayafUpihergradbu&eieahnnnnry for
stori ng the dLC By Gshy 8 £C4£4b IBYC High-resolution image receiver
and display 102 may or may not be interactive with
transmitter 100. U
_ Known in the art is a network of remote
20 - interactive terminals, each of which includes a
| high-resolution image receiver and display that has accgsé
. through a narrow-band telephone line to a central
high~-resolution image transmitter that includes a data
bank in which a large number of different images of - )
25 pictorial-and/or-alphanumeric information are stored. In §\J 
- this case, each high-resolution image receiver and display
includes a computer (or at least a telephone tone-dial key
pad), so that any requesting high-resolution image-
receiver and display may send appropriate digital address
30 information back to the central high-resolution image
transmitter over a na;row-band-telephone line to cause a
selected image'stored in the data bank of the
high-resolution image transmitter=to be. forwarded over the
narrow-band telephone line to.the-requeéting
35 high-resolution image receiver for display thereby. Each
high-resolution image receiver and display further
includes a memory :for storing the-received selected image



-5- and nmeans for deriving therefroma display of the stored sel ected

i mge. For illustrative purposes in describing the present invention, it is
assuned,that transmtter 100 is a 5 high-reselution image transmtter

i ncludi'ng a data bank for storing a | arge nunber of images, of the type
descri hed above; high-resolution inmage receiver and display 102 is one of a

plural®™y of |naadameans foroderivingntheredironha Qispldgsof ik atwted
whi ch has accesgeigc 1h5§gsn1tter 100 over a narrow band conmuni cati on
channel 104. conprlse oi ce-grade tel ephone |ine. However, it should

be understood that the pr€9§nﬂllﬁﬂ§ﬁﬂtéﬁe|DuﬁDDSBSWunedeB@ru&EJussnmed

case. As knomn a Pe+Ok i f
central dat pﬁgé?ﬁglﬁ§;§§g§?h Qﬁegs gsgaﬁéé tggghQ&gﬁkha&tihe cata

age
is conprise éggeﬁﬁﬁa ofqpa §aEFénFW&§§erTH§°@“é%@S @ data bank
i nteractive rermon storing! acmargeSﬁdnmérhbghzmagehut b@th@ﬁ&?P’eECE| ver and

di spl 102 h I f
Mtoms ot 1t or ¢ 5ERLbEA Sbav e’ PHESh BB IRLEBR] iR R SectiTem 209 N 111 s
page of the'caldiﬁgheybbozrassoneteﬂ aopmusaletylmirzamérdntphayrh&bte In
the prior art, feFREARILS BExghs ggpghaegegfg{aagsgbuw“wh&% Crak iRess

sel ected page 2 are sequenti al over Aarrt ow
t el ephone-39ne %@nﬁﬁﬂnéﬁitﬁﬁrcbﬁﬂn@VeIOi nangovhband: sompunigadiop ayed as

they are recei veésahfiel hEo4eééinr5?§.séﬂdo§' aPv8icélgralie! Re1¢phdtle 14%e.
di scussed above_ it takes at Pfa hone a;gute topgransn1t ‘an entire
e

hlgb_/resolutlorr"@ﬂe eF gt 8he &r pBAepsRacHetBakotBe PRESER NI cati on
channel . Therewaenasoanennbtcaihxtéaow tnthQslBEea caklgr a short time

TL(5,0r 10 seconds) onl yag EBLh PRI LhRTAPL *HRGhLqBe" BROLMLGRD e of
di spl ay ofl%he Umé@ematnostsbbredrEnncenﬁrakndananbaakptyhclﬁﬂesefore at
time [err] the ¥iEuP6gli@s, VEhYwhith! 8ach page of the catalogue is
. comprised of a separately addressable image. The viewer
of an interactive remote terminal comprised of
high-resolution image receiver and display 102 may wish to
20 browse through such a catalogue, looking for items of
‘interest. Assume that the viewer initially requests that
the flrst page of the catalogue be transmitted to his
receiver and ‘display 102. In the prior art, successive
pixels of the high-resolution image of the selected page
% 25 are sequentially transmitted over narrow-band
" telephone-line communication channel 104, and then stored
"and displayed as they are received in the receiver and
display 102 of the viewer. As discussed above, it takes
at least one minute to transmit an entire high-resolution
30 image over a.narrow-bahd teleplione line communication
" channel. Therefore, as schematically shown in FIGURE 2,
after a short time Tl (5 or 10 seconds) only a small
portion of the high-resolution image of the requested
first‘catalogue page is displayed on CRT screen 200 of the
35 display of the viewer (moét of screen 200 remaining
empty). Therefore, at time Tl’ the viewer has very little
idea of the information included in the requested first
page of the catalogue. As indicated in FIGURE 2, at a

ogue



idea of the information included in the requested first page of the .

cat al ogue. As indicated in FIGURE 2, at a- -6- later tinme [err] (about
3@ seconds in the assuned exanpl e), aB5ut one- hal f portion of the -
hi gh-resol ution i mage is di spl ayed on screen 200 and the other halfof

20 till Fi nal till |at t 15
B rore o date SRR oo 0CoBRbhts. i, RuRe asPURRG eXega ) s
fills tlhe abo;ptt agne)-rha;bf geor 2D6n oDephedhmgheneebeut?oheﬁtnaqb t:.fse '
articul ar e ue i ewer
Iﬁave tch) wa‘?it% easérps%crr?eg %?%og %%een gO %8} gagg §r§d cﬁ'ﬁﬁnl \r/‘?ough 10
of the mgptxlixxemaxnslemgmy+s Bispliyedatnasetidd l2atefrotimee Tui dlder to
be ablg q.zﬂmdelmhewessaméa éﬂaﬁ{oﬁesemn heg sona%qt §:e%1ra&q%n1 of the

catalogue tn which aﬁél wal t's _un he "W 'shes to
cal | up fomagetiRely %%%e?hﬁagésﬁiaYhenc§F§PS§U8°°15 Depending This

prior a;t dﬂ(Ihﬁﬁ?oﬁtﬁn?eﬁﬁwﬂﬁélﬁ?rtg&ﬁl&bhhﬁbgeaﬂefﬂﬁéaaBQ F@% cost to %Ee
vi ewer for_usin an en in nost vi ewers. e
present i r{/’e'?ﬁt'%ia ?if @l? ceatalagner h%‘gemﬂf‘EHeﬁvgﬁgohéget O W8iFhl em. by
maki ng it askedse smewthermheeween 20chnd030 secendsi aiitdlherouyl fi Ci ent
| nfor ti th f di L d et her
g 8! e 00 e SO A0 2of | helt P URKES o BUORD! BBl 3ol

repl ace i tfa¥ t¥hey ﬂ%‘fﬁ%ytfbfbanébher tendgeideowbethert he data bank of

transm ttefntdd¥bsdd in the contéfitkN8¥NphBe! 102" thel BARATRIURN ( qﬁptalned
in a glven I age i s .defined by: the. s atlal frequency spectrum of ‘the given)
i mge , tGage f %(ﬁ%’ﬁ/ until; kimBelpd PhovheR ﬁ§| Bﬁaﬁlﬁ#etshé'—ocase of

a two- di rr&nal.brwp fdmghspPajﬂlﬂdﬂnéeéﬁhHrl pagenegethe dathleduly a spatial
[reduency 30 o TPer L IBHDG R BEeReE] ERRShE MRk | |,
spati al - fr«uhxnhnnayckncreasaetheaceetftetuhesvmewehefbrghsuagowwe<on
| mage, ‘M“déiétﬁiﬁkfﬂltends to be annoying to, most v1ewers The.
present 1nventlon is directed to a method which overcomes
‘this problem, by maklng it pos51b1e for the v1ewer to much
20 more qu1ckly have suff1c1ent 1nformatlon about the
- contents of the dlsplayed image to dec1de whether he wants
to view it and dlsplay it or, alternatlvely, whether he
wants to replace it with a display of another image stored
in the data bank of transmitter 100. ,
25 | As_known_ln_the art, 1nformatlon contalned in a. _;‘)
given image is defined by the spatial frequency_spectrum
~ of the given image, the spatial frequency spectrum being
. two dimensional in the case of a two-dimensional image. A
hlgh-resolutlon image is deflned by a spatial frequency
30 spectrum which includes both relatlvely low spatial
frequenc1es and relatlvely hlgh spat1a1 frequencies. The
relatlvely low ~spatial frequenczes deflne the coarse
features of the hlgh-resolutlon 1mage, while the hlgh
spatial frequenc1es deflne the fine detail of the
35 hlgh-resolutlon 1mage. It takes 51gn1f1cantly fewer
plxels to define only the coarse features of the
high-resolution image then 1t does. to define only the fine
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spatial frequencies define the fine detail of the 35 hi"gh-resol ution
image. It takes significantly fewer pixels to define only the coarse
features of the high-resolution inmage than=F+ does to define only the fine
-7- features or both the coarse and fine features of the high-resolution

I mage. . The present invention takes advantage of the above facts to first
transrtht and di Spatyres| ek betb| theogosrse| ande fineo flepturesc @ff thef eat ur es

defined by the hpghsgegbghtibﬁqyﬁagggs of the spectrum of the
hi gh-resol uti on i mage. Sigﬁg ége nupber of pixels making up the entire
t

| ow-resol ution inage is r

efgnEnAnventapn, takes edvantaser off thiexel s
gaki ng up t hedeamcbve ﬂa’ag’osrteotﬂbrégntizlﬁngﬁmea?ahgigg%yegoIlw_%siﬁmgﬁloqgn :
e transmtge t oy« band_t el ephope-lin Q ni cat i on _channe
Quring a tide. i HEss -0 E ALY ERE BoR B, PeRtives Sagined Mimthendow of a
time interval sspatiaknfrequenaiesi ofathedspettyuihefeither hilghstesedaitiicnon
i mge. Thereaft S highe i k engi el.t.her W .Qr
wi t hout the'Icwéﬁa%%éti%§H§?egggnéygge£o€kt%%ﬁgyghﬁkggB%UP%oﬁifnﬁbglﬁEy be
transmitted oveloitkeseivbirnatmage| tphoatativelyoamedilc gomparedatoeitheo
relatively sl Qvﬁwnb@ﬂré‘ﬂ?piﬁéléeﬁakﬂﬁg%oﬁhéh@n%‘?@' RYGH-r8RYT ULy the
entire 20 hi gh-resol utiop i mage | s i spl ayed. e tot ampunt 0
i nf or mat i otP whi %stéjlb% f‘?ﬁﬁ%’%f?héﬁ M inAge r aRpRAI tEIRFMALEEG Over
channel 104 is theai@rrow-band ptelephoneviihe OBomiaAithtisn ehiahgedr i or

art. Therefore,it:takes ger, (nor hap one nute) to 2 di splay an
entire hi gh-res%"{u{ﬁri%ngiﬁtlgg :f‘ﬂtéﬁ‘éagrél%%ﬁtl? n§glﬂf: oﬁgpﬁﬁﬁeat t8 I?ai n the
prior art. Howandnimumeléngthtbfitaatimerintetrval osufifiplieptotoetiransmitnge

i ilable t ' ' ] ible f h
Vemer to d scan IRy the enefre RoqhlreEaERs] ihagh) CRetettel)®
i nt erest ed3 n tHe ihkgher wpatial ofresierciesplajtherwith pr wishaututbe

exanpl e of lower spatial frequencies) of the high-resolution image
may be transmitted over the narrow-band telephone-line
communication channel to relatively slowly upgrade the
resolution of the displayed image until the entire
20 high-resolution image is displayed. :

The total amount of information which must be
transmitted over narrow-band communication channel 104 is
greater in the present invention than it is in the prior
art. Therefore, it takes longer (more than one minute) to

U 25 display an entire high-resolution image in the present
~ invention than it does in the prior art. However, the
" fact that a low-resolution display of entire image is
available to the viewer in 15 seconds or less makes it
_ possible for the viewer to discern in 15 seconds or less
30 whether or not he is interested in the image information
being displayed. Thus, in the assumed example of
catalogue pages; the viewer is much more quickly in a
position to call up another catalogue page if he decides
from the low-resolution image of the currently displayed
35 catalogue page that he is not interested in the contents
- thereof.

Referring to FIGURE 3, the first step a) of a

first embodiment of the method of the present invention is



cat al ogue "pages, the viewer is much nore quickly in a position to call up
anot her catal ogue page if he decides fromthe |owresolution i mage of the
currently displayed 35 cat al ogue ‘pagg-t hat he is not interested in the <
'contents thereof. Referring to FIGURE 3, the first step a) of a first

odi ment of the method of the present invention is -8- to analyze,the
h gh- resoltﬁ|mlmetlwahz.gh-fesqmaﬁd:pnsmmat;teuspa‘t'liaa-mlqﬁ%m y thee
place int er o) C
b of orrod AT HR] Bbts haelvERE ha%"oR8C1ARET Tk e R e 20D
so-cal | ed Burit mayntake|p cehapmawtmueghlseher Itty[isspm‘feflemgel Shadt r um
anal yzers &{@Vﬁé&e StHumPe P Fnui Qeanygeggcgkag?%gsxr 2hghe reference

is made to co-pendl nd Pat ent I call on Thi s

co- perili nFenrtked te?nYFﬂ‘éé apgarithme Alihoughi &ﬂ'»hﬁlf typesa@fd Si gnal

Processi ngi pfdyper s eetrumnsﬁa ﬁei:ssmoknsanofthér airg! ean deét hged or
co- authored in detail v r us as ects of the

b C I b
Burt Pyramnt él?f% ofﬂ?hfég%sa*'?gér s, rﬁﬁ?ﬁﬁnf@ af in
connect i orpatémttmbxeatmm NoenGi.8n, 2if430q6A .Lapl aC| arrhi& Pyr amd as a

Comni cartoRetifng iRfEEtidn, JhkisThgOhraatsTing BIRBRYIND .
may B i r’rﬁm@cSiﬂl'!arbaBSOGGSElbgr’rbBPGFaitnsm8n1n@8?lrmmelsn aadc@‘tdance
wth the t &ecé&fugéleé tSi€ngreache aBdahbBofed: Ibgtb'if %“f{‘éc'ot hil ted in

e 200y Lot et Lol g, PaLent opLLCat G, QA ather hana, the
teaCP: ng QinBéu t?f ca?gﬁ?gaﬂﬂwagentwnﬁagl gat b?fgpgglttzlgﬁu%(i' 1¥ﬁerﬁests le?t Al
1|‘3 ; :ague%&ya%%??% "’a"@ gié% 55&5@4’5 ?B‘VERE‘I’%P&I Q'@?‘%ﬁﬁ&&fdﬁ‘ spati al-
frequehcy Byrateid nas uali Gompastt Imagel €pdei, 3l byr Pedeacy. b&wuitiaset( Lapl aci an)
SUbSpeC”aaf whefgp TEa&é'aéEiSﬁEr Ha&bﬂﬂuﬁlcamons, Vol, COM-31, No.
4, 532-540, April 1983.: The Burt Pyramid may be
implemented by means of a computer ‘in non-real time in
accordance with the teachings of this article and the
20 other articles listed in the above-identified co-pending
patent application. On the other hénd, the Burt Pyramid
may be impiemented in real time in accordance with the

teaching of the co-pending patent application mentioned.

25 - Briefly, a Burt Pyramid analyzer may be employed A
to analyze the spatial frequency spectrum ¢6f a given image
into a plurality of contigﬁous spatial frequency bands
including a set of N spatial-frequency bandpass
(Laplacian) subspectra (where N-is an integer having a

30 value of at least one, but which is usually greater than
one) and a low~pass remnant (Gaussian) subspectrum’ '
cbmpriseduof spatial frequencies below those of any
bandpass subspectrum. Preferably, each of the bandpass
subspectra is about ‘one octave in bandwidth. 'That is, the

35 highest spatial-frequency bandpass‘subspectrum covers
about the top one-half of the spatial frequency spectrum
of the analyzed ‘given image in each of its two dimensions,
the next-to-highest spatial-frequency bandpass subspectrum
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are, of course, identical.
' In the Burt Pyramid, the analyzed image is
preferably sampled at a sampling density sufficiently high
20 to conform with the Nyquist criterion for all spatial
- frequencies within the spatial frequency spectrum of the
analyied image. However, each subspectrum of the analyzed
image below the highest bandpass subspectrum is subsampled
at a sampling density which is preferably one-half of the
N\ 25 sampling density of its immediately higher contiguous
subspectrum in each of the two dimensions of ‘the analyzed
image. The result is that the sampling density of each
subspectrum below the hlghest spat1al frequency
subspectrum is only one-fourth the sampling density of its
30 next higher contlguous subspectrum Therefore, even a
relatively small set of N spatial-frequency bandpass
subspectra permlts the entire area of the entire area of
the analyzed image to be defined at low resolution by a
relatlvely small number of remnant-subspectrum samples.
35 For 1nstance, a value of N of two reduces the number of
samples in ‘the remnant subspectrum by a factor of 16 (4 ).
" a value of N of three reduces the number of samples in a
remnant subspectrum by a factor of 64 and the value of N




i mage. The result is that the sanpling density of each subspectrum bel ow
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remnant subspectrum and some but not all of the bandpass
subspectra) are stored in a memory 1ncorporated in_
transmitter 100, as indicated by step b) of FIGURE 3.
| As further 1nd1cated in FIGURE 3, the next step
20 c) is to transmlt the entlre lowest (remnant) subspectrum
stored in transmltter 100 over narrow-band telephone-llne
communication channel 104 to recerver and dlsplay 102.
~ Since the number of stored plxels maklng ‘up the entire
- remnant subspectrum 1s qulte small (for reasons discussed E
25 in detail above), the length of the time 1nterval required -;J
. to transmit only the entlre remnant subspectrum from the
transmltter to the receiver over the narrow-band
communication channel is short compared to the minimum
length of a time 1nterval suff1c1ent to transmlt the
30 entire or1g1nal hlgh-resolutlon 1mage from the transmltter
to the receiver over the narrow-band communication
channel. '

In practlce, it usually takes only a few ‘seconds
(no more than 15) for the entlre transmltted remnant

35 subspectrum to be recelved and dlsplayed Spec1f1cally,
as 1nd1cated by step d) of FIGURE 3, at recelver -and
dlsplay 102 the remnant subspectrum is stored, and then a
relatively low-resolutlon d;splay of the analyzed image is



Srnce.the nuirber of stored pixels making up the entire remmant subspectrum
Is quite small (for reasons discussed 25 ¥_detail above), the length of
the time interval required to transmt onIy he entire remant subspectrum
fromthe transmtter to the receiver over the narrow band communi cation
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In the case of the Burt Pyramid, this is achieved by first
1ncrea51ng the sample den51ty of the lower sample-den51ty

~ subspectrum (e.g., remnant subspectrum) to the sample

20 density of the higher subspectrum (bandpass subspectrum),
and then summing spatially-corresponding samples of the
two subspectra. | As indicated by step f) of FIGURE 3,
receiver and display 102 receives the next-lowest
sﬁbSpectrﬁm that has been transmitted and combines it with

25 a preceding stored subspectrum (e.g., the remnant
‘subspectrum) to provide thereby a synthesized spectrum.

. And, as'indicated by step g) of FIGURE 3, a synthesized
spectrum is stored and a dlsplay of a hlgher-resolutlon

'entlre 1mage is derived therefrom

30 " "~ If the analyzed hlgh-resolutlon 1mage is
comprised of only a remnant subspectrum and a single
bandpassﬁsubspectrum, the "higher-resolution" image
displayed by step g) of FIGURE 3 corresponds to the full
analyzed hlgh-resolutlon image. Therefore, no further

35 steps are required. Usually, the "next-lowest"
subspectrum ‘that is transmltted in step e) of FIGURE 3 is
contiguous with the remnant subspectrum However, this
need not be_the case. It is possible to analyze a



: . : . . ¢
ahd then summi ng spatially-corresponding sanpl es of the two subspectra. As-
I ndi cated by step f) of FIGURE 3, receiver and display 102 receives the
next -1 owest subspectrumthat has beengpansnmtted and conbines it with 25 =«
a precedi ng stored subspectrum (e.g., ‘thée remant subspectrum to provide
thereby a synthesized spectrum And, as indicated by step g) of FIGUREx3, a
sint hesi zehii glveresolutiont mageamdta di Teimaantf sablsp@lwrmsmwta on eMire
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bandpass s é‘é T’ﬁ sﬁ?? to receiver and display 102 over
nar r ow band com‘rum cini thechasteusnal calkse,t hehugmm@ﬂnmrtma“gand a
single bar%pééﬁﬁ u 1 t e mant
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subspectra‘(’v\,here N. | a{_}a n‘> 8 great T than™ onege)u wth t
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indicated by step h) of FIGURE 3, each of steps e), f) and -
_ g) is repeated in order,. for each 1mmed1ate1y succeedlng
subspectrum of the ordlnally-arranged set that follows the
20 ° first subspectrum of the ordlnally-arranged set. This
- process contlnues unt:Ll the ent:Lre analyzed '
hlgh-resolutlon 1mage spectrum is d:x.splayed In this
case, each time step f) is repeated, the recelved
next-lowest subspectrum 1s comblned w1th a precedlng ,
25 stored synthesn.zed spectrum --i.e., the synthesized ' N/
spectrum that was stored in the precedlng step g) This
differs from the first time that step f ) is performed
wherein the first subspectrum of the ord:.nally-arranged
. set 1s combined with the stored remnant subspectrum.
30 Referrlng to FIGURE 4, there is schemat:.cally
shown the d1sp1ay on CRT screen 400 of recelver and
dlsplay 102 of each of suc..ess__:.ve tu_nes Tl’ Tz and T4 (T4
being longer ‘than T ). For illustrative purposes, it is
‘assumeéd that the analyzed image of the spatlal frequency
35 spectrum of the orlglnal hlgh-resolut:.on image has been
| analyzed 1nto three cont:.guous subspectra consisting of a
remnant subspectrum and fJ.rst ‘and- second ‘bandpass
subspectra At time Tl’ the remnant subspectrum prov:.des



sﬁb'spect(um of the ordinally-arranged set that follows t'he 20 first
subspectrum of the ordinally-arranged set. This process continues until
tke entire analyzed high-resolution inage <s{gctrumis displayed. In this
case, each tine step f) is repeated, the received next-lowest subspectrum
is conbined with a preceding 25 stored synthesi zed spectrum--i.e., the
synt hesi zed spéc@EPLAYaP &t e REek O ShRiINAI] A AoV Thi s
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subspectrum and first and second bandpass subspectra. At ti V&!S” , the
remant subsped@SHRYWHGR RIS screers 400 4; I JhePEIRF Akt r SO t he

i magehat | ow lr: Fq@um'zmmwhéqfiaﬁﬁ%_ luthion dikdge sdi’@pl@l-qnfsoneehezﬁoi or
art shown_in erein at,.t err]l.only . ril of .t he
entire ardd of & i rﬁ’é’gfes [ etdilgfﬁ%%rlmg{e %r}tzrﬁ%ha_zfééiﬁtﬁlgg %‘hgg%r%ie:n_ 200.
At a later ti mecifme %2 t Het daitesad staibhnlonger ftime Dardipbil thesentire
provides a dis t | ; [ b T I ate

regol uti on on g({'gaen 1-40%?e ﬁ'n%%éi iggr ?%:Féé%ét;@dshég\?mgg?ﬁéﬂ g}&r‘%ﬁi t he i
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until the conbitlrsl erermantinage for Sécreen second This banbeaasseubbpetotal
provides a hiQQﬁLﬁ§§4Lg£(¥E§2f§”§¥ gil of the subspectra of an analyzed
high-resolution image (all of which must be transmitted
over the narrow-band communication channel) is about
20 thirty percent greater than the total number of pixel of
the unanalyzed high resolution image itself. However, at
times Tl-and T2' the viewer of screen 400 can gain
significantly more useful information than can a viewer of
screen 200. _
U 25 It is conventional to transmit image information
' from bottom-to-top (as shown in FIGURE 2), or,
élternatively; from top-to-bottom.' This is fine in the
case of image information comprised of text. However, in
the case of an image comprised of pictorial information,
30 the most useful information to a viewer of a displayed
" image is usually at or near the'Center of the displayed
image. For this reason, the spatial position-vs-time
format of image display of pictorial information shown in
FIGURE 5 is to be preferred. In FIGURE 5, pictorial image
35 information'sfored in transmitter 100 (which may be either
the entire unanalyzed image or any one of the analyzed
image subspectra) is read out of storage and transmitted
to receiver and display 102 over narrow-band communication



the entire i mage on screen 400. This is because the total nunber of pixels
~of all of the subspectra of an anal yzedq ,high-resolution image (all of which
must be transmitted over the narrow bamd communi cation channel) is about 20
thirty percent greater than the total -nunber of pixel of the unanal yzed
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on screen resolutlon image display shown 1n FIGURE to provide
a viewer of the display with the most useful information
in the shortest time. - Thus, the viewer of a display in
which high-resolution pictorial image.information is being
20 received at a SIow rate over a narrow-band communication
channel can more qulckly determine whether or not he is
interested in the contents of the image belng received.
Referring to FIGURE 6, there is shown a second
embodiment of the present invention, which'ﬁéy be-employed
25 as an alternative to the above-described first embodiment ;;
shown in FIGURE 3. This alternative second embodiment
differs from the f1rst embodlment by deriving each '
synthesized spectrum (formed by the combination of the
remnant subspectrum with one or more bandpass subspectra)
30 at the transmittet,_rather than at the receiver.
~ As indicated in FIGURE 6, steps a), b), c) and
d) of the second embodiment are respectively identical to.
steps a), b), c¢) and d) of the first embec<iment shown in
FIGURE 3. However, each of steps e), f) and g) of the
35 second embodlment shown in FIGURE 6 are respectively
different from the steps e), £) and g) of the first
embodiment shown in FIGURE 3. Specifically, in FIGURE 6,
step e) consists of combining at the.transmitter-the
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It will be seen that the spatial position-vs-tine formnat "of inmage display
plctorlal 15 I nformati on shown in FI GURE-5 cooperates with the

| awresol ution i mage di splay shown in FIGURE5¢ to provide a viewer of the
display with the nDst useful information i'nthe shortest time. Thus, the
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al Lernat | vegseceaungiibedbaeRbolth! 53 LATGIIRIL SinatlP UIEYerrlpr 1 Vi 10

each syntheS|ze spe rum € conbi na
subspectrum wi t 18R axrlﬁarevsxna95§9wgbB@§e@pmmpnyyathgntqhanneim%ﬂﬁtew

1 U S e o sl S Sl e
stLeps, a

) o he ol ouEaE sRPReRE MO IRE, PriceikBd: Bt TR ) steps

e), f) and g) o&peberim) wimoweemmmmemmumdzls@d&:&mras it is

o | ' e buperoedibay | Al RheR B¥%ifng brtdlebon’'s B 9 B0 g

at the transmthegheneresolnmonezntllmesmawbspectrumwuth ei ther the

| owest subspectrum (or thgnpli_._ﬁgegag% TR RE S es ?H%s&l%ﬁlr&lv'l‘i’rﬁag%
cukrent synthesized spectrum consi sts sn1tt|ng the entire
curfent synt hesFEEGté'B@cﬂ-Fuﬁf‘ﬁﬂ-Uﬁ\eg 1nttPa|45|ﬁeF“Pé‘1n 1 eGtgm & @& i on

| mage receiver emﬁ desBhadpags eubeﬁe&mrrmw ,Dahe edHglY wndp"a@annel 104.
Step 9) co sts

subspect r u B$§8§8 lﬁgxcnlsl?'gr &%@Wﬁég’f%% é?ﬁﬁs% ¥ %(ch‘fl %St reht

synt hesi zed speprovmdesaltursent synthesized spectrum in step e) and the
higher-resolution entire image displayed in step g)
comprises the entire high-resolution image. Therefore,in
this case, step g) is the last method step of the second
20 embodiment of the present invention shown in FIGURE 6.
However, in those cases in which the high-resolution image
spectrum is analyzed into a remnant subspectrum and more
than one bandpéss spectra, it is necessary to repeat steps
e), £) and g), in order, for each immediately succeeding
\_ '25 analyzed bandpass subspectrum stored in the data bank of
transmitter 100 until the entire high-resolution image is
displayed by receiver and display 102, as indicated by
step h) in FIGURE 6. In these latter cases, each
successive next-lowest bandpass subspectrum (after the
'30 next-to-lowest subspectrum) is combined by step e) with
the preceding synthesized spectrum (not the lowest
subspectrum) te provide a current synthesized spectrum.
It is apparent that the second embodiment of the
present invention shown in FIGURE 6 requires that
35 substantlally more . image information be transmitted over
_narrow-band communication channel 104 than is required by
the first embodiment of the present. invention shown in
FIGURE 3. In the first embodiment of the present



10 recei ved, and then deri vi ng theref rom a °di spl ay of a higher-resol uti on
entire image. In the case in which the high-resolution i mage spectrumis
anal yzed into a remant subspectrum amd&r si ngl e bandpass subspectrum the «
singl e bandpass 15  subspectrumis conbined with the | owest subspectrum to -
paow de a cgurrent, synhhem zed spectrumin step_e) and the higher-resol«tion

tire i mgBVERSIOR, 8HOWR dne FIGURE, 3y ieach sHbspaqtrumiqh ol uti o

i mage. Theaﬁhmyaednhhhm:@mutifo@p ifades spectrad i@tfﬁhgﬁm@a the
second 20 t he Jnvention s |n Fl GURE 6. However,

i_nent resent & _
in those ng&ng%rﬁﬁﬁbﬁaPﬁb ﬂ&?ﬁ%&ﬁﬁ%ﬂﬂ qﬂﬁk& L% PBRByzed into
a remant ?herpéoreumthlecterrmsemhmdnmld:myimﬁamgmﬁmforﬁatﬁomecessary -
to repeat d 0 f or y succeedi ng 25.
anal yzgd bg% %xsngessa%}zpi rtgl)%st%re |n 1hs fd'elfsq]béﬁ%&xﬁahsmtter 100
until the EﬁWPVGrhl dn- theolcasieo o f ihge secatid mmbadingnt etwwrerimand di spl ay
102, as |np\1gg§gd5byegbgpslﬁbsb@dﬂrqyﬁlgx@e tn(ﬁ*@ élﬂég r cases, each

successi ve next,- h subs ectrum next -t o- | owest
subspect r uffparia o §P§|§ SSHanaRi ted spect rum

(not the | owest naurlmpebahmomwrmaﬁtiox? ctharrﬁﬁlt mt:ltnt heisrllic;ﬂ;épeﬁt rum It
is ap ren e nt..Q e nt_.i nvention shown in
FI GU iaﬁpgfg‘ EB§§§Q§%% g%g?’ J‘rﬁq:ree&) S%b the Mk i on be
transm tteneduadanayr omﬁrhanatesmlrtumsca:d'lam tdiaartuﬁa]l(mmtirm ofs timpli red by
the first Nk a0 t dti he
first enbo gﬁg@tga to gréggggﬁg%ﬁg eT%ﬁ |nveg¥fon 1Jé}£§%§§&é§?éeac
subspect r uwarovnhmﬁapymm%p@sm |1rﬁﬂgé'—93§¢;ﬂ:tﬁmrhﬂ slanges i tted
over narr oambaaﬁm mEnel eabbaa ehmaqknew @W@%&h%fﬂf& there
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as is normally the case, that data compression is employed
in transmission, so that the relatively few, samples of

- each lower-frequency subspectrum are transmitted at the
. same rate as.samples of each higheréfrequency-
20 subspectrum). o _

On the other hand, in the second embodiment of

FIGURE 6, the spectrum synthesizing hardware is confined
solely to transmitter 100. Therefore, 1n the assumed case
in which a central transmitter 100 cooperates with a large ‘
25 number of remote interactive terminals, each including a _gj
‘receiver and display 102, there is a cost advantage in
eliminating the need for the spectrum-synthesizing _
hardware in each remote terminal that is required by the
first embodiment of FIGURE 3. '
30 : Further, in those cases in which image
information is transmitted over narrow-band communication.
channel 104 in analog form, it is desirable that the
entire available bandwidth of the narrow-band
communication channel at all times be used as efficiently
35 - as possible in the transmission of image information
thereover from transmitter ioo'to-receiver and display
102. Since, the initially transmitted lowest subspectrum
band defines a low-resolution image comprised of the



FI'GURE 6, eath subspectrum except t he hlghest spatlal frequency subspectrum °
is redundantly transmitted over narrow band communi cation channel 104, with =
t he 10 | owest subspectrum being transmit+®d@=with the nost redundancy. -

The result is that the total anount of tinme required to transnit the entire
hi gh- resolutlon | mage over narrom#band connunlcatlon channel 104 tends to

be | otger enpl &8 (% srenttois Flesfrablenthatsthpelowestcase

enpl oying the fdyg ﬂlm fsﬂﬁg&ﬁuﬁa«sﬁUﬁheganaiyzédn%aeu Ket he
case, that dat co égflon |s quﬁg d in transm ssi on, SO t he
relatively few, %‘%Rr% HCURELS 223 e'&ﬁ%ﬂ%'plﬁ%gﬁe&{‘rﬁﬂi’ PE FPEHs&VFFed
at the sanme ratxmmowebm@scmmabimechamqnemoa,zeo thabspectannpe On

Synt hesi 2i g hAPRRIRE TSROy | 0 CUPERSsEoringnanie PRI nELBRo e i

the assumed casmployinghsubstantiallyaabli ofetheogvaidpblet bandiwidth bérge
25 number of ﬂé??&ﬁLﬁiﬁ&réﬁﬁ% ﬁiéé%f%ﬂaéﬁ @ihleC|“ bQGv@ regﬁhger and

di splay 102, there 1s cost vantage 1n e m nat | ng e nee
spectrun}syntmﬁﬁmﬁ¢ﬁﬁ EFQNEF%§$¥P%a§H°¥%ﬂ%?§ F@Pn?ﬁﬁbabh&PtYs°fe&EFP6§ by

the first embodiyento dolfd&RELS. 3@bwever, such Eztbbgrcannbéheaelqgses in
whi ch i nage i nfor t|on |s t{ﬁns&l d va ﬁéromf a conmuni cat i
e

channel 10# in* ?¥ 8 V’Fﬁ§°SHFFPE &WEFFangt
bandwi dt h of tf&r&wﬂiku&pahd bemoticeabbe tbaanviewerabf &i mes be used as

ﬁ] ficiently 35 Q%@ﬁ%ﬁ?f? t&fseéié‘géa‘ irﬁé&%l gfgl ‘r@E%gng“ Qhﬁﬁhhgglay

over from er an Si'nce
initrally transk@2t ed Iomest subspectrum band defines a | owresol ution

i mage conprised of the  pnd7erifMRssOUADER ShalbyC!torm bf' Y @%tha@l@ed
that the | owest spatial frequency, subspectrum of the analyzed

i
t enpor al | 1 TonFRESEEMR FepF 8FQRFLRY of Fﬁ99ﬁ§F6§SP&PFFBPe mage co%prlsed

of at least four times as many pixels requires a
relatively longer time to transmit over narrow-band
communication channel 104 than doés a lower-resoclution
image. Hence, any transmission error tends to have much
20 less effect on the lower spatial-frequency portion of the

higher resolution image. For this reason, the second
embodiment of FIGURE 6 replaces the stored lowest
subspectrum with the current synthesized spectrum as it is
received. Therefore, any errors in the stored lowest

\_/ 25 subspectrum cannot contribute to noticeable defects in a
displayed higher-resolution image (as would be the case if
the_first_embodiment of FIGURE 3 were employed).



. R R . F'd
narr ow- band communi cati on channel 104, so that it-'can be 5 transmitted in
the shertest tinme, this shortest tine enploying substantially all of the
avai | abl e bandw dt h of narrow band commggu cati on channel 104. However, thiss
t enporal conpression increases the probability of errors due to noise, etc.
However, such errors can be easily 10 tolerated in the display of a -
| &w-resol ution i mage, but are likely to be noticeable to a viewer of %
hi gher -resp| pgmgn. di spl ayed i mage at receiver and display 102. The
transm ssiom Tt anal og formof a synthesized 15 spectrumrepresenting a
hi gher-resol ution i mage .conprised of at |east four tijmes as many pixels

requires a relatively lo ' PR £ OMES : I
conmuni cat i Qn channelﬁ 1029%eaﬁr¥id£efs&a .‘l{ ower -#%?ﬁt?%{‘?#aggg?i%}%%}yany
transni ssi StgbrIssolutdon Jmade HiRm pEransmitier ke arreeeivever

- spati al - f r oeaN @y nadiriowsbaiid (dtnmrtitet i Ghkren if@ﬂedﬁ?la}héf reason,
the segond _enhodi nent of FI.GQJRE 6 replaces, { he stored | owes] subspectrum
with tRe c&#@ﬁ% I#si#sﬁfeﬁﬁ‘r‘{%’assqlt REThOQ GREPT ISR BR® any
errors in skepst @fed | owest: 25 subspectrum cannot contribute to .
Case 1T the first enbda el AeE YEIEECE S flbndl Spd8eniRof ' he: T
A net hod f &R Siyen dmagen it RIunality of gpatial ufreguenaye from a
transni tt epah@s? inRAYAMMHg A" Sadtld O AN b GUMAY Cé&é@ébﬁ&?ﬂ&ﬁa, for
di spl %é pf 5i ial d.i a%%é t sal dar cel ver: sal d met ho _Igorrprl sing the .
stepsi8f: Spigh P§§Fn§F 2|2 | RePiRk thigh of regneney ven i mge_,
i n'élo a pl ucaltiof\f ﬂlamoaki}ﬁ!oﬁtfé_nrll@%iﬁ%ﬂ;}aﬂuﬁdgmr@i%a@ﬁ?amfi rst band
P ghet requenEy e ekt defiling ' HorkWis< Remtheh AUGPEFCEIR Rf said
spatial frequency spectrum and said second band defining a
given spectrum; - T
i5 - b) initially transmitting only said entire
remnant subspectrum of said first band from said
transmitter to said receiver over said narrow~band
communication channel during a first time interwval, the
length of said first time interval being short compared to
20 the minimum length of a time interval sufficient to
transmit said entire given relatively high-resolution
image from said transmitter to said receiver over said
narrow-band communication channel; | o’/
c) at said receiver deriving from said
25 transmitted remnant subspectrum of said first band a
- relatively low-resolution display of said given image;
d) Subsequent to the end of said first time
interval, transmitting only said entire given spectrum of
'said second band from said transmitter to said receiver
30 over said narrow-band communication channel during a
second time interval; and
e) at said receiver employing at least said
transmitted given spectrum of said second band to derive a
display of said'given image at a higher resolution than
35 said relatively low-resolution dispiay.'
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first band defining a | ow pass remart subspectrum of said sSpati al
frequency spectrum and said second band defining a given spectrum 15
b)~initially transmtting only said entire-ggsnant subspectrum of said
first band fromsaid transmtter to said receiver over said narrow band
connqucatlon channel during:-a first tinme interval, the length of said
first tme interval being2shoThecmaphodddedined inhelaiim Eunmmﬂngﬁhlof a

time interval sufficient EQ:.argQ%th s%@b@rﬁﬂt b%esgéﬁegeré%l%t b&?xé!?' of spid

hi gh-resol ution |nf§e fromsai-d transmtter to sard réecerver
narrow band confRpt¥aedosPakaahefregpencysspactoum defines v bandpasssai d

25  transni ttedubsﬁaeﬁi-uﬁuaﬁaeshianbaﬁdﬁasﬂ Ehbggeéiﬁmaorfels%{]l'd\/@eé:onfd

| owresol ution g ﬁ% \Y; gag %uent to e en
said first Tine ?ﬂ&e 3Ia P?ﬂﬁgg#tiPﬁﬁ 999§SYdCHﬁP £e thaked ss gdc deastof
sai d second bandsfhnghsasdtheanemlnamrhighsardqﬁeﬁeyveutan o¥Vehesai d

narr ow band co o} e second L1 rval ; and e) at
said receiver enp 693%% afﬁﬁgggtnggékﬁaaﬁgnfﬁfgdféF§ n § it rum of - sai d
second band to derlve a dstepag)otomprilsgsvat samdereceavergstoriagoisatidon

N g femnretad SOl il S he  ned in ol a1 vner of

C L
sai d giveﬁ“&pectrun1of saFHeR R HnEOBREESEE EBFdS§ﬁRI9fe§°mPaDRBB ptegaddcy
spect rum defi nesece beet peasd sbds sééumeﬁeéardmbaﬂdaaia trRpBRRG ke of

i oe the norfSaRas Bind EFh % EpRnt SEREPREEEHRS O satdna toRed r um
of said first bﬁnnst§ba¢dc§oqpnpv1éesaa5ynahdsmzedlspECatumlnanaald
transmtted TirgloPdPfhg 804 synthesized spectrum to derive said display
15 of said given image at a higher resolution than said
relatively low-resolution display.

3. The method defined in claim 2, wherein:
step a) comprises analyzing the spatial
frequency spectrum of said given image into a plurality of
20 contiguous spatial frequency bands including said remnant
subspectrum first band and a set of N bands defining
spatial-frequency bandpass'subspectra, where N is an
integer having a value of at least one.

_ 4. The method defined in claim 3, wherein:
25 _ N has an integral value greafer than one, and
| said_contiguousfbandpass subspectra of said set of bands
are ordinally arranged starting with the bandpass
subspectrum of said set which is contiguous with said
remnant subspectrum; :
30 step 4) comprlses the steps of transmitting only
' the entire first bandpass subspectrum band of said set as
said second band during said second time interval, and
thereafter'transmitting in order each succeeding entire
bandpass subspectrum band of said set to said receiver
35 over said narrow-band communication channel during each of
separate,Successive time intervals; and

N R 0 0



10 step e) conprises the step of conmbining at said recei ver

~ sai d bandpass subspectrum of said traqf tted second band with the remant
subspectrum of said stored first band 90 provide a synthesized spectrum &

and enpl oyi ng said synthesized spectrumto derive said display 15 of said

‘given image at a hidhap (EPUfigAsddothSuteis! LI Loy ¢ {\‘?éP'é'f'O”’

display. 3. The megt?ﬁoad]F def ] nedyb cl aégrﬁ%sg%;&n ste rlstes‘h' '

anal yzi ng QORP I q ki resle \PaARARE ‘éﬂ‘\)@lﬂ oS8 '

pl gr alltya@‘fﬁf) is w&em%w&viswtsﬁdfsw%wgﬁ?mmﬁ SUsS lﬂﬂnﬁal d remant
subspectr i and a. o) ands, defini atlal -frequency
bandpass ﬁd: j%ﬁ’&f%&]&%mﬁ aaﬁ’?ﬁ%g%@%?ﬂ@e‘i &Ej‘ér‘ﬂ}? ban ‘geast one.
4. Thé netdndjtlrdn raatrbrmglm rmﬂd dém\amg erefrom a dlspl&psoﬁn i nt egr al
val ue gre '3 q’% %@é@lﬁ@ﬂﬂxﬁ’ gctra of said set

of bands gaé' o?d(} aafé‘ganfaé I N a%%ntgpass subspectrum of
said set welat tipn Jispkaniaand (therea

step d) cemw;&ﬁsﬂ% |’&c§ﬁ %ﬁe&iw%ﬁd 4 ddWsp é@tﬁﬁﬁ'lﬁ&h&'é?t bandpass

Chterval | SRI GRS AF A 18 dréce f\?éqﬂﬁfﬁﬁ’”ﬂa%?”d d“rééméaé’ Eedtire
bandp@szasﬁmmm lbadm(r)maﬁ inmediztely mcbdesgieueinférdeﬁvw sai dtI .
ot e val o BERAER Y i MR ed Sadee Rl e O ORE SLOLEAEE 11T
combi ni ngm @mmsmmmmd wndderiving thexefoenia is
recei ved \a& By ﬁbstﬁ% %ﬁf@}?r‘im SPECA 'RaRF Ste b1 On PER aa;,]de a fingy

synt hesi ze é\eaéi storl fﬂlt and deri vi n(g erefroma
di spl ay ofth&T®SALEH QRO Gk Y R 1 ¥he steEedel ativel y

| ow ngsol @mﬁ%@wpﬁ&ﬁmmtmméw@m&@cmeﬂh ng bandpass
subspectrum&aand of -

5. The method defined in claim 1 or 4 wherein:
each of steps b) and d) oomprises the step of
transmitting from said trahsmittersto said receiver over
20 said narrow-band communicetiOn channel those pixels which
~ spatially deflne image information closer to the center of
said given 1mage during each of said f1rst, second and
separate time intervals before the transmlsslon of those
pixels which spatlally define 1mage information farther
25 from the center of said given image during each of said
flrst second and separate time intervals; and
steps c) and e) comprlse respectlvely the steps
of displaying the plxels of those portlons of sald
low-resolution 1mage and :
30 higher-resolution image that spetially.define image
information closer to the center of said given image
befare dlsplaylng the plxels of those portlons of sa1d
low-resolution image and — : :
higher-resolution image that spatlally define 1mage
35 1nformatlon farther from the center of sa1d glven 1mage

A



sdid set as it.is received with that stored synthesized 10 spect rum band
that imedi ately precedes it in order to provide a new synthesized spectrum
band, then storing this new synthesized spectrum band and deri ving
therefroma display of said given i mge at'%lﬁigher resol ution than the
resol uti on provided by the display of the stored 15 synt hesi zed spectrum
that ifgredi ately precedes it in order. 5. The nethod defined in claim1 or
4 wherein: each of steps b) and d) conprises the step of transmtting from
said transmitter to said_receiver over 20 said narrow band conmmuni cati on
channel those pixels which spatially define imge information closer to the
center of said given inmage during each of said first, second and separate
time intervals before the transm ssi on of those pixels which spatially
define imade information farther 25 fromthe center of said given inmage
during each of said first, second and separate tine intervals; and steps c)
and e) conprise respectively-the steps of displaying the pixels of those
portions of said | owresolution i mage and 30 hi gher-resol ution i mage

that spatially define image information closer to the center of said given
i mage before displaying the pixels of those portions of said | owresol ution
i mge and higher-resolution inmage that spatially define inmge 35
informati @ farther fromthe center of said given inmage. 111111 111111
11111 11121 1111121 * C L. M s~ * -21- 5 10 15 20 6. The

met hod defined in-claim1, wherein: said given spectrum of said second band
deKLpes S : -

15

20

6. The method defined in claim 1, wherein:
_ _ .said given spectrum of said second band defines
\ a_low-pass_spectrum having a nominal high-frequency cutoff
25 higher than that of said first band; and '
’ step e) comprises the step of empioying at said
'réceiver'solgiy said transmitted low-pass spectrum of said
' second band to derive a display of said given image at a
higher resolution than said relatively low-resolution
30 display. ' '

7 .. The method defined in claim 6, wherein:
step a) comprises the step of analyzing the
spatial_frequeqqy_spectrum of said given image into said
first band and an ordinally-arranged-set of N low-pass
35 spectrum bands starting with said second band, where N is
an integer having a_value of at least two, and each band
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a | ow pass spectrum having a nomi nal high-frequency cutof f 25 hi gher. than
that of said first band; and step e) conprises the step of enploying at
said receiver solely sai d transmitted | ow pass spectrum of said second band
to derive a display of said given inagé-at a higher resol ution than-said
-relatlvely |OMFF€SO|UtI0n 30 dlsplay 7. The nethod defined in be m 6,
wher ei n: e ri ses the.ste nal yzi ng the spatlal frequen

spect rum %éﬁ%i ?“%g%a}ﬂtﬁeg Pﬁ g??@tﬁﬁﬁnﬂ BMLA&L or di nal | 'y- arr anged
set of Nnghffteqﬁﬁhcysputbfﬂnabeud31tsaimmeglatéhySprdceetﬂ@dbhﬁ@d wher e
Nis anidg) drgg%ng a value of at |east twd, and each band -22- of
sai d set aboveé sald Second band has a nominal high-frequency cutoff above
its i mrediately pregtepnd) beomprises theesteptof tiransmptting, t he step of
Lrangnl {ldfier St | OFanditi 44708 bR E R bneRld B0kLpAss OUbREERRPEE! T UM Of

sai d second, band durln salL.d second, time |nterva ng entire
| ow pass .Jﬁ?ﬁﬁqgwkﬁﬂﬂ @%Fﬁngeﬁahﬂoﬁﬁcgﬁﬂdtkﬁeohﬁtﬁéﬁﬁlrne%¢Her to said

recei vter sucteeding rmtﬁr? bw-ﬁmt éétion Bsﬁanef ﬂﬂidnge*@a&lblot h@é t t
separ at e succe i e er g) _conprises the steps a
san recglﬂc}‘eq’ =5t %%S%ﬁﬂglﬁtog ﬁ‘écﬁﬂ@ rgﬁ?kﬁﬁrs‘éﬁ'ﬁg{)?ﬁ ‘Sm tted P
IomfpasannﬂnW1hand Gnmmnnmcabndnnghaandlodusand sathabbvseparatsecond

band g 0 Ry fbéifim@yﬁﬁﬁeﬁaéﬂﬁglﬁﬁs ' i mage at a higher resol ution

t han the reso ution provi of the | ow pass spectrum of the
band of said set trﬁﬁePrﬁdxF@m5¥§sﬁ$eﬁhGe§ eps atosabd. receivear @€t hod

defined igmgllodifng . athe4 £l Nre€@fbepl s616D¢ @hanarsﬁs&@ﬁ@éases the step &/
20 tra sn1tt|n fron&sald ransmtter t&ksal ver .Qver said

ce
narr ow b REFTOM cAQnTiRE t FESESD E$sbﬁﬂ$cﬂ sPALfaP?y define i mage
infornatmmmvﬂ(namdtse¢¢ndcbmmértofprov1de a display of said given

15 image at a higher resolution than the resolution provided
by the display of the low-pass_spectrum of the band of
said set that immediately precedes it in oxrder.

& . The method defined in claim 7, wherein:
each of steps b) and 4) comprises the step of

20 transmitting from said transmitter to said receiver over
said narrow-band communication channel those pixels which
spatially define image information closer to the center of
said given image during each of said first, second and
separate time intervals before the transmission of those

25 plxels which spatially define 1mage 1nformatlon farther
from the center of said glven image during each of sald
first, second and separate time intervals; and

steps c) and e) comprise; respectivély, the
steps of displaying the. plxels of those portlons of sa1d

30 low-resolution image and of each succe551vely '

' higher-resolution image provided by each succeeding
low-pass spectrum band that spatially define image
information closer to. the center of said given 1mage
before displaying the plxels of those portlons of said

35 low-resolution image and of each successively
higher-resolution image-provided by ‘-each succeeding
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said given image during each of said first, second and separate tine
interval's before the transnission of those 25 _ pixels which spatially
define:inmage information farther fromthe center of said given inmge during
each of said first, second and separate tT#¥"intervals; and steps c¢) and e)
conprisse, respectively, the steps of displaying the pi xel s of those

porti.bns of s gy~ &_ﬁgl e_an each_successi vely
hi gher - resol ut |°gln%2%nage provi (l;ig%'?&]e s%%g)e%i% rﬁs‘é“asq}“ect rum band
that spatiall }Wl%gﬁarﬂi@ r@tmmrtlm cventew dhesaiahtgiverd imige gi ven

i mage before displaying ghe prre!fe@iod

| owresol uti on | r@%& and .of each succes%%f%’ﬁer-res?u&‘%ﬂ%ge

provi ded by ed § %ﬁﬁlﬁ%ﬂ%ﬂﬁ@lﬂﬁmﬂpluramY lafiv- pass
spect rum Band spmapanaiuencgefhms mysdid qwm{gnartéétr-t hifa T e%]
urt her

center of said given | The net hod. def in claimd,

i ncl uding the step of StOI’I }’eac ep(fl q’]‘ﬁ:ﬁl‘f smi ts’-ﬁlﬁl%lY
frequency ban§eidhesndiice rebonad tﬁrl:starhhnm&".'mm satigh ﬁr)amﬁtrﬁdiefto
initially tra t teld@ f ndfromS|d
transmtter t%ﬁsmgld reé'gu\/ﬁéros‘?\/"grﬂsig narro%%o ﬁ@'@ﬂ&ﬁﬁ %@rﬂ’rﬁ‘?’e
during a firsOUFiRg anddash time intervalof the demgth omsand i nstt er val
bei ng shaot gumar edttaevuleualm dﬁlgsdmﬁréal tﬁtd“i:liemn& ﬂ un Wit £nt 1o
transmt sai ntire gi wen re resal u |or1|rrage roms
transmitter t8% é ﬁ'?‘ éf\r}&rv&je “sé(ﬁ/ld”ﬁg&r léiatein(?ﬁ-r@hannel

angd 15 given reéptdy&dwbmmesaiuﬁmrﬁrima@‘e Fioth slaid ]'El me g
interval, tra t i spectr sai
E§Qh§fnh§%e%“ Lt:>z’> % YUIiS ? (r?)ér;%% %@]‘ﬁ; DRAFTOM- g,

second band from sai transm t0 sal r ow- band
comuni cat i onceﬁ’aﬁﬁéFa&&PPnghé%dn@m nme interval. 20 10. A

nmethod fps transmttingsked ¥YN subsequent to the end of said first time
interval, transmitting only said entire stored given
spectrum of said second band from said transmitter to said
receiver over said narrow-=band commun:.catlon channel
during a second time interval.

20 10. A method for transmitting a given
relatively high-resolution image from a transmitter to a
receiver over a narrow-band communication channel for
display of said image at said receiver, wherein the

U analyzed spatial frequency spectrum of said given image is

25 maintained in storage at said transmitter in the form of a
plurallty of spatial frequency bands 1nc1ud1ng at least a
first band and one other band, said first band having a
lower nominal high-frequency cutoff than any other of said
plurallty of bands, said first band defining a low-pass

30 remnant subspectrum of said spatial frequency spectrum and
said one other band défining a first given spectrum; said
method comprising steps of:

a) initially transmitting only said entire
- remnant subspectrum of said stored first band from said

35 transmitter to said receiver over said narrow-band
communication channel during a first time interval, the
length of said first time interval being short compared to

* c L L} S *




rel atively high-resolution inage froma transnitter to a recelver over a
nar r ow- band communi cation channel for display of said inmage at said
recei ver, wherein the analyzed spatigk frequency spectrum of said given ¢
image is 25 mai ntai ned in storage 4" said transmitter in the formof a
plurality of spati al frequency bands including at least.a first bandygpd

one ot he d h- frequenc

cut of f' t%%%aggnlﬁ er:"']:'ao%ﬁ1 %Iura |ty o#% 3§%T§§FSnF'$§t band defi ni ng
a IOMFpa§§aB€mltr§#ﬁ§n?U§GK§pS@Nﬁ@hﬂ@ﬂa§aN§1§pangabrESQQusnop spectrum and
sai d Onelﬂéférfbéﬂdséiﬁ'%t%&sﬁi&th&ttﬁ'%%&d?ﬁ%eE&VGk d%eg gpigod conprising

- steps of: a 1y transmtting_ only_sai ntire remant subspectrum of
p y % Yy

sai d st oReHEPYrefyy afgmpupicationsghanneldisitter to said receiver over
sai dsnarrow band chymati satiidoreceirves! déwiviaga firomSkatigme interval, the

1379111 bR R, £ Bl bBecEUA? 03 RRA A HIRRE Ba p . ¢ e

i nt er val relativedyt low-resodmitionaidd spdiayr efgisadd giveni image; _
hi gh-r esol ution | Tegeqbiaipdl & Hedohl bafl havaagd al §EBLHE" gQYEh Sald

narr ow band communi- Cation_c €cel ver

der|V|ngSP?GF¥§B|§rPWaﬁ§nﬂFB§G Fé#ﬁaﬁF°§G§s§§GtPﬁhﬁ§fb§§ﬂdaﬂﬁpst band a |
relpoi veéubisequéﬁtotut the énapb&ysa&dswﬂsw tehel HREBrva) ,deriving a second

band h d t t d st d th

band nortPdefulEERRG Hni§" sRAE" shtTrel B2cihng 5356n° apdctigred one ot her
transn1tsang setgndabdndnifirom saadndrgnsmnt&pectousadﬂ teceiveeond band &J
fr0n1Sa'gvéfaaéﬂathskrga-sahﬁ.& hﬁgeaﬁxgh gﬁaﬁngiraawahang communi cati on

channel durlng secon nter at said
recei verSeapn th@eaﬂnﬁéﬁgﬁlsaﬁ&dtransn1tted second gi ven spectrum of said

secpgid band to derjgyead diaghl #kcefived dmpleging ERIZedktashigher
transmitted second given spectrum of said second band to
derive a disélay of said given image at a higher
resolution than said relatively low-resolution display.

11. The method defined in claim 10. wherein:
20 said first given spectrum of said s red one
other band defines a bandpass subspectrum and -aid
bandpass_subspect:um of said stored one other nand has a
nominal low-frequency cutoff that is at least as high as
the nominal hlgh—frequency cutoff of the low-pass remnant
25 ‘spectrum of said. first band; _
step b) comprises at said receiver storing said
transmltted flrst band; _
' _ step c) comprises deriving a second band hav1ng
a second glven spectrum substantially identical to said-
30 flrst given bandpass subspectrum of said stored one other
band and . T '
step d) compris«z the steps of combining at said
receiver said bandpass subspectrum of said transmitted
- second band with the remnant subspectrum of ‘said stored
35 first band to provide a synthesized spectrum,- “and-
employing'said synthesized spectrum to derive said display
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résolution than said relatively lowresolution display. 11. The method
defined in claim10. wherein: 20 said first given spectrum of
sagid stored one other band defines a bandpﬁés subspectrum and ai d bandpass

subspectrum of said stored one other band @S a nominal |ow frequency

cutof f~that is at |east as high as the nom nal high-frequency cutoff of thg
| ow passS remed Lbid Qbe St do fy em St b).,conprises at sai
receiver storing said ranlgl.r;{%t % #[astﬁ{)%%?aig?%%f%ﬁf%r&?%e%aﬁirl ving a
second band hdARIRfVelstolrriFesel ubien iddsplags antial |y identical to said
30 first given bandpags subsmechétiod asithdt Al Sth Qie Pih%&% @ged
step d) conprigses.the, ste s.qLdEonbini%g at sal d recelver sai a as’
subspect r um o PEHYFSS ﬁ%#’t? EREVIRFH ARCTHUR 19€ saskth gkventigwrgs riem of
said stor & 3Mmaintaistedain dtoragyiite méymﬁe%%@_ﬁnﬁcél Iitlt?lﬁfzcli 111111
enpl oyi ng sai ¢ | r Lve sai | spl-a 1111
11111 11111 * cii%dﬁ_ﬁi{&%ﬁﬁ?ﬁ gﬂ&fegg_-bﬁié%fl%%#@%eﬁ?ﬁqmn%
hi gher resol uSubsPechrumfiret hand|and @vseds @ HitN mm&s]gdee&nm; The
met hod defi ne@pati@iaifhelfuentie B4 #L"s %?ﬁ]s\lﬁé’&: at s I e spectrum
of said gi ven.|pl e i Se]iiumai nt al ng I n stora erlsa?], %kgéﬁeorbfn_q%f%%
plurality of &B?é%@fo avdng |4 valug, /hat Bﬁﬂf& ioRe.udi ng sai d remant
subspectrum first band and a set of N bands defi ning spatlaL-freﬁuency
bandpassgubspectra, where N..s an..nt re.having a.val ue of at |east one.
10 10 13. The Let h?&‘%éﬁﬂ%&f?’eﬁf&“ﬁ%@t%ﬂb% h¥bege Mhhagr al
valksu‘%a gr eat er abhantegralavalse @reaten thas loaved p &Rl W%Eﬂt&g@fou%al d set
of ored bangdanapaser yggg : t Rass
subspectrum bangl,gf ssaig S tééﬁag??%%éo%ng?teuo%%s\gvéot@ﬁd; |a§'a;er?ﬁ"§nt
. ordinally arranged starting wi the bandpass subspectrum
band of said set which is contiguous with said remnant
15 subspectrum;
step q) comprises the steps of transmitting only
the entire first bandpass subspectrum of said set as said
second band during said second time interval, and
thereafter transmitting in order each succeeding entire
20 bandpass subspectrum band of said set to said receiver
over said narrow-band communication channel during each of

separate successive time intervals; and

step d) comprises the steps at said receiver of
W, combining said first bandpass subspectrum band of said set
25 as it is received with said stored remnant subspectrum
' first band to provide a first synthesized speétrum band
and then storing it and deriving therefrom a display of
said giveﬂ image at a higher resolution than said
relatively low-resolution display, and thereafter
30 combining each succeeding bandpass subspectrum band of
. said set as it is received with that stored synthesized
spectrum band that immediately precedes it in order to
provide a new synthesized spectrum band, then storing this
new synthesized spectrum band and deriving therefrom a
35 display of said given image at a higher resolution than
the resolution provided by the display of the stored
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15 - subspectrum step c) conprises the steps of transmtting only the
entire first bandpass subspectrum of said set as said second band during
said second tine interval, and thereafe% r transmtting in order each v
succeeding entire 20 bandpass subsp€tiTum band of said set to said

recei ver over said narrow band conmuni cati on channel during each of -

separate g_;;i%c&% i | 4 " i}'ﬂ& ﬁpﬁ : ' . st eps a‘(’*’,sai d
receiver of cO l\r%n%-{%éﬁllﬁés@%%n pascg£ su g{)ﬁ%ﬁ#%%ﬁl(# E)}T%sai d set 25

as it is o&&&@hred With said stored remant subspectrumfirst band to '
provide a first synthesized spectrum band and then storing it and deriving
therefroma display_ of said given | . at:a higher resolutjon than, said
rel atively | owresotfiti ontRf g’fﬁﬁ}f’& g‘ﬁ%&ﬁ%‘?e’éﬁ auy 10 R} i Heeeetm
succeedi ng bandpass eadispeftstepdany aid ¥) doiricses tthe stgeioed with

o pr v, o Leaney S R F LT R le! RE R LE e i Gty " O

g

synt hesi zsaishaannow-thant gomuinication channein thafe pikeld ashisth sai d

given im $ ' :y | Ofhé i dith 'S it i¢ é}ﬁgg he

di spl ay o%%t%agtl?r ?ﬁlﬁéi%l,élﬁhﬁlllﬁi}ﬁﬁ,llll,éE tEK‘ZfoH{és)y\ant es]{))zbe%

spect rum SiRdQ Gh¥an Anade FWahR L3ch qf Fapd first, HRCRA RE defined in

tcl ai m _1?t Qvéph_?:awrﬁ@nga tﬁm&rﬁ‘ : t1t§t1951§oﬁé _13‘[8' trasnidd 561 dhecldsw of b5 g
ran N rom,s.al I aNsS e 0O sal recelyer over sail narr ow- pan

commitl caPREELE ARG (TRE 14 % eSS ARAS (R ESTmANToR SHIEE nf or mat | on

cl oser to firom dhet erentfers il spidkrgiveycdmage riprioh edclsofl daidt, secokd/

0 o et srentiersa sk adcl e daidt,
ahi ch SpaliaFly S S S A o ceni or o sai d

gi ven i mage during &P kand rd) fompsmresrReateeli cthe ke erval s;
and of displaying the pixels of those portions of said
15 low-resolution image and | '
higher-resolution image . that spatially define image
information closer to-the center of said given image
before displaying the pixels of those portions of said
- low-resolution image and - ' :
20 higher-resolution image that spatially define image
information farther from the center of said given image.

A



sTeps b) and d) conprise respectively the steps of displaying the pixels of
t hose portions of said 15 | ow-resol ution i mage and hi gher-resol ution

i gage ( that spatially define image informappan closer to the center of said
gi ven 1 mage before displaying the pixels of those portions of said

| ow-resolution i mage and 20 higher-resolution inmage that spatially
definé.jmge information farther fromthe center of said given imge.

-27- 5 15. The nethod defined in claim1l, wherein: 10 S sai d
first given spectrumof said stored one other band defines a bandpass .
subspect rum and sai d bandpass subspectrum of said stored one other band has
a nom nal |owfrequency cutoff that i-s at |east as high as the nom na
high-frqu§ncy cutof f of the | ow pass remant 15 spectrum of said first
band; step c) conprises deriving a second band having a | ow pass second

gi ven spectrumthat is a synthesized conbination of said remant
subspectrum and sai d bandpass subspectrum of said stored one other band,
and 20 step d) conprises the step of enploying at said receiver
solely said transmtted I ow pass second gi ven spectrum of said second band
to derive a display of said given imge at a higher resolution than said

relatively lowresolution disglay. 25 . - 16. The net hod defi ned
in claim 15, wherein thésa’nalgﬁfed“%éﬂq Aefinad dn claim thlumwiersint gi ven
e, it e 1, smkack v amvbootenunlor dsa thsmqmes |
;gi;o? N bagdg%%ﬁ%%gl? é%céﬂ{sjép#;% ;tia-rﬂpe?cﬁferﬁ'ips&ﬁﬁfgt&g% ssf?é@( ra, where N
i s an int eger bARMPAGSsa splispeatirun dfeastidretorsd ohe ottdrobairf ihaed & n
gloﬁlt img aghs\/\hehéml?dnﬁis 13- fHieRfileticy Bt £F A iYL s UL %ﬁ'g% as
the nominal high-frequency cutoff of the low-pass remnant
15 spectrum of said first band; .
step c¢) comprises deriving a second band having
a low-pass second given spectrum that is a synthesized
combination of said remnant subspectrum and said bandpass
subspectrum of said stored one other band; ahd
20 step d) comprises the step of employing at said
receiver solely said transmitted low-pass second'given'
spectrum of said second band to derive a display of said
given image at a higher resolution than said relatively '
U low-resolution display.

25 - 16. The method defined in claim 15, wherein the
analyged spatial frequency spectrum of said given image is
‘maintained in storage in the form of a plurality of
contiguous spatial frequency bands including said remnant
subspectrum first band and a set of N bands defining |

30 spatial-frequency bandpass subspectra, where N is an
integer having a value of at least one.

17. The method defined in claim 16, where N has
an integral value greater than one, and said contiguous
bandpass subspectra of said set of stored bands are

35 ordinally arranged starting with the bandpass subspectrum
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"
bandpass subspectra of sai'd sét of -stored bands are 35 ordimnally arranged
starting with the bandpass subspectrum 111111111111112112111111111 -28- .
band of said set which is contiguous-agih said remant subspectrum step cf
conprises the steps of further deriving one or nore additional bands each

of which has a lowpass 5 spectrumthat is a synthesized conbi natlonsg o

each succtmxﬂ\mfcsah.d\%ebmhlpahasmergum abbylk sald fémsdn®andpa
subspectr, %B set and the | ow pass spectrumof that one of said
synt hesi z oW pass spectrum bands that inmmediately precedes it in order,
and transm tting, I1Btepte) comprises nthei vteposfofafurther réetimingss

spect r umefe so¥ %&ﬁ@%i’@i@n&‘yrb&gd§aé§cl§969nﬁhzféﬂ%é§t§ri’@b* ;@§h
succeeding entire |.0 pass S &sw_ed addi tjonal spectrum np sai d set
above sai %‘%’:’6‘”@1 +$| Jr 251284, ‘F%@-%Tﬂl%‘}e‘? s&®@h nar r ow- band
comuni lczﬁucnesskmedardﬁnal obunmwcéulﬁépé@aﬁmt&mcﬁﬁdvﬁfféﬂﬁ o
i nterva S recei ver _of enpl oyi ng at
sai d recelavérfiggso% EFh't%%% %E%nsgn %%%% %%é)v- ésélg?/d}?l‘és!?%% PR of each
add| ti on@f tﬁtﬁtcﬁn%awﬂ mdm&wmmm spegtoun deardsli spl ay of '
sal AR Thrd@frdly Precbss '£8 U oot Noind NEr Sl eli gy, Pr ovi ded

by the dis Qf the | OV\ilé)aSS spectr um o) sald se hat
med at e%ffﬁeg#/ g ransm %wérof 1921d Rtike NN RIS PSP LR 9f 17,

wher ein: sAfid second banéadlir Dig S§£1 s”éc&mi @imsmeml,t heagiep of
transmttln ﬁmsaldtra mtter tos rec over ald narrowband

communi c& SUEIES L QY SRIES FR %i)’a?? I'? et trum /
i nfor rrat |b@md @@rs&lﬂté&!tc&lmu sdid asecond dvandeipe Glrnlerlgt@ax&nd)f sai d

Ilr\g:te pi xe S, V\:hl ch spatlgﬁyﬁ#ﬁ%%@tgwﬁgﬁféﬁ #Qﬁ#e?nﬂno?nslﬁg °
cenddr ofduring gach ofeRRP mtmgsws%:vgatme intervals; and
step d) comprises the steps at said receiver of
employing at said receiver solely said transmitted
low-pass synthesized spectrum of each additional band of
_said set above said second band to provide a display of
20 said given image at a higher resolution than the
resolution provided by the display of the low-pass
spectrum of the band of said set that immediately precedes
it in order.

18 . The method defined in claim 17, wherein: o’
25 each of steps a) and c) comprises the step of o
transmitting from said transmitter to said receiver over
said narrdWeband,communication'channel those pixels which
spatially define image information closer to the center of
said given image during each of said first, second and
30 separate time intervals_before the transmission of those
ﬁixels which spatially define image information farther
from the center of said given image during each of said
first, second and separate time intervals; and
steps b) and d) comprise ‘respectively the steps
35 of dlsplay1ng the pixels of those portions of said
low-resolution image and of each successively
higher-résolution image provided by.said second and each
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First, second and separate tinme intervals; and steps b) and d) conprise
respectively the steps 35 of displ ayi ng-2% pi xels of those portions of
said Iowresolution i mage and of each successively higher-resolution inmage
provided by, said second and each 11111111111111111111111111111 ~ -29-
addi tjxonal | owdsbdsionad heew-rass Rynthesized speatmputband \thatine i nage

| nf orEt i on C's‘i‘:%ﬁfiéﬂg} e SIméde Sfﬁﬁo:fiﬁé/ﬁbﬂ Essdre iy enld %%]x?ééﬂ%f he
pi xel s of those portjons of said |owresolution inmage and of each 5
successi vel y Ifiaditerdian inagm befree ARplRng e @ Phrihesgn

addi tional | oygiadiony 6 HesavedlopecdsoTabion ilwde sred it leactef i ne i nage
i nf or mat i farther fromthe. genter of,salid agiven inage..19.. A nethod of
ransnitt g BnademslvRLY GRE et S0Len tnide R aed o B3 1
reference to MEegorgl ahd feach Gadditienak chowpepass Eynthesiged Hpectrum

Tel evi si on apparpf Y AJUY £61  Ply Lderi B Ifnd & EIESTL S ARG R r FBom

preceeding claim . ) .
' the center of said given image.

19. A method of transmitting an image
10 substantially as hereinbefore described with reference.to
Fig. 3, 4, 5 or 6 of the accompanying drawings.

20 . Television apparatus adapted for the image
transmission method of any preceeding claim.
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