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I nvention relates to a nethod and apparatus which may be used for freezing
@ television 5 pi cture of a scene which originally contained noving
portigpns. It is sonetinmes desirable to freeze the notion in a tel evision
picture to produce a still picture. A frozen olcture for_exanple, may be
traksmitted over a narrow 1METHOD, ANDAPEARS | ocation, or a
partisyl ar monent in a sequence<ﬁAemEnEVESKnMErIGTUREntted by the
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I's frozen by |Mﬂqi#qnﬁ}the witing process so that 20 t he data contai ned
Wi th n the store at the tlﬂ?wsldmm#%hdé&umm te fepeid tihelnotion fnr
subsequent transm ssion or displa |f the,store co ises_a single

store, then thi% trerslé? ‘Fféb'g%tte?i RTOQCS n?e??rﬁcpﬁﬂh%? to A ‘!":Iégég
produce the frqnin:mire,nfmm:tmm; aiiay sbe reramsni ttedroves ph ayaxrowf the

store conprq se teds r i fy,t ation
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repeatedly read out to form representing the frozen scene,

al
sone fllcker\Mﬂﬁ%iQﬁxﬁﬁu4ﬁﬁgt¥PtWRF?m§?g *Movenent flicker may be
i nQi pited by using only wicd aﬂspatmsmhﬂsh isec8pablendfi fireedingt age
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5 frame store into which the television information is
entered and from which the same information is retrieved
for subsequent transmission or display. The television
picture is frozen by inhibiting the writing process so that

20 the data contained within the store at the time writing was

inhibited is repetitively read for subsequent transmission

or display.
If the store comprises a single field store, then
this field may be repeated in an interlaced manner to
25 produce the frame 6f information which is transmitted or
displayed. If the store comprises'a frame store, it is
—/ necessary'to modify the read operation during a freeze
operation because, dun@ng the writing process that
proceeded the freeze operation, there may be some scene
. 30 content changes between the two fields, due to motion.
1f the stored frame were repeatedly read out to
form the video signal representing the frozen scene, some
flickef would occur due to the motion. Movement flicker
may be inhibited by using only one of the two fields. The
35 main disadvantage of such a solution is the reduction in
vertical resolution because usiﬁg a single field
effectively halves the vertical bandwidth. It is desirable



to produce a frozen picture which provides full ‘'vertical resolution wthout
introducing notion artifacts. In accordance with the principles of the
present invention, successive fields of television video 5 i nformati on
are generated by an interpolator responsive to a video input signal. These
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frozen In the drawings:

FIGURE 1 illustrates apparatus embodying the
principles of the present invention;

20 FIGURE 2 illustrates an 1nterpolator which may be
used in the apparatus as 1llustrated in FIGURE 1l; and

FIGURE 3 illustrates an alternate embodiment of
an interpolator which may be used in the apparatus
illustrated in FIGURE 1.

25 In FIGURE 1, a video 1nput terminal 5 is coupled
to a source (not shown) of at least one component of a N
comp051te video signal, e.g. the luminance component Y. '\J
The video input terminal 5 is'coupled to input ports of a
first field store 10 and an interpolator 30. The output

30- port of interpolator 30 is coupled to an input port of
another field store 20. The output ports of field stores
10 and 20 are coupled to respectiﬁe terminals of a .
sequencing unit 40, illustrated in FIGURE 1 as a
single-pole double-throw switch. The pole of switch 40 is

35 coupled to a video output terminal 45. A freeze input
terminal 55 is coupled a source (not shown) of a signal
which is generated when it is desired to produce a frozen
picture. This signal may, for example, be generated by a



5icture. This signal may,: for “exanpl e, be generated by a -3- switch
which is activated under user control .when it is desired to freeze the
television picture. The freeze signal inpo®~terninal 55 is coupled to
enabl e input termnals on both field stores 10 and 20. 5 In
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termnal 5-and the |n ut port store
phantom The detSRITHAORAUCIRCEYARIRFEEPALAERY ais sdesFribed tpudetaslt he
del ay introducaselywi nterpol ator 30 between the video signal input port 5

and the field store 20. \Wen a_fra f television |ctur i mation is
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t hg_gi ven td<aﬁnﬂu#|%ngnaﬂeiérmimhhnESIhﬁlehdesporeseHOtenév29|eacplsture
Coanons B1°,FOEE Shsbaieon! sndinlych cq| POgeedfiouty Hromucs
" them the stored field at their output ports. Field store 10 at
this time will hold a given television picture field and
field store 20 will hold an interpolated picture field
which corresponds to the given television picture field.
20 In order that corresponding fields are available at the
input ports of both field stores 10 and 20 simultanéqusly,
- an equalizing delay element 50, which generates a delayed
luminance signal Yd, may be required between the video
_ input terminal 5 and the input port of field store 10 as
25 illustrated in phantom. The delay introduced by equalizing
delay 50 will be equal to the delay introduced by
-/ . interpolator 30 between the video signal input port 5 and
the field store 20.
' When a frame of television picture information is
30 stored collectively in field stores 10 and 20, the
information from the given television picture field and the
interpolated television picture field are available at the
output ports of field stores 10 and 20. Sequencer 40 will
select lines from field stores 10 and 20 and sequence them
35 to generate a video signal representing the frozen picture.
Sequencing circuit 40 may for example, pass all of the
~ lines from field store 10 to generate a first television
picture field and then pass all of the lines from field



35 to generate a video signal representing the frozen picture. Sequencing
circuit 40 may for exanple, pass all of- the lines fromfield store 10 to
generate a first television picture fizfa and then pass all of the |ines

fromfield
lteIeV|5|on

store 20 to generate a second field formng an interlaced
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The interpolator illustrated in FIGURE 2
comprises an ihput terminal 31 for receiving the luminance
signal Y to be interpolated from the video input terminal 5
(of FIGURE 1). Input terminal 31 is coupled to the input
of a frame averaging circuit (indicated generally as 402)
comprising an adder 404 having'a first input connected
directly to terminal 31 and a second input connected to
terminal 31 via a cascade connection of three delay units
(406-410) having delays (from terminal 31) of 263 H, 1-H
and 261 H where H corresponds to the period of one .
horizontal line. The total delay is one frame period (525 W/
lines in the NTSC system) and the output signal (S3) from
adder 404 represents the sum of pixels one frame apart.
This signal (S3) is attenuated by a factor of two in unit
412 to normalize the sum signal and provide an average of

~the pixels one frame apart. Output signal S4 is an

estimate of pixels in the interstitial line in the
intervening field.

The delay of the interpolated signal S4 through
filter 402 is effectively equal to one-half of the total
delays of units 406-410 or 262.5 lines (NTSC assumed).
Signal S4 is additionally delayed by a 1-H delay unit 414

é



estimate of pixels in theinterstitial line in the intervening field. 35
The delay of the interpolated signal $4 through filter 402 is effectively
gqual to one-half of the total delays of Jgmts 406-410 or 262.5 lines (NTSC
assuned). Signal S4 is additionally delayed by a 1-H delay unit 414 - 5-

to produce a signal havi ng a _t,ot del.ay. frqm.input termnal 31 263. 5
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- estimate. ylg Orgfleibrfitlg dleld'6idT GendiatEAPOEG the average of the

| ' vertically adjacent lines within the intervening field.
This estimate has full temporal resolution, but has
‘essentially half the vertical resolution. Averaging
circuit 430 provides the vertically, intra-field

20 interpolated estimate of the pixels in the interstitial
line. Thus, there.are two estimates of each such pixel
which are spatially and temporally coincident. The frame
interpolated estimate has full vertical resolution but
essentially half temporal resolution; the vertically

25  interpolated estimate has full temporal resolution but
essentially half vertical resolution.

- The vertically interpolated estimate contains the
temporal resolution missing from the frame interpolated '
estimate. In order to extract the missing temporal

30 resolution from the vertically interpolated field, it is

necessary to equalize the vertical detail. This is done by
a further averaging circuit 440 which attenuates the
vertical detail of the frame interpolated signal. With
vertical detail suppressed in equal amounts in both the

35 frame signal and the vertically averaged signal, the
difference between the two signals will accurately
represent;motion. The difference signal S6é, is combined
with the frame averaged signal to correct motion artifacts



30 resolution fromthe vertically interpolated field, it is necessary to
equalize the vertical detail. This is: édone by a further averaging circuit
440 which attenuates the vertical detail of.the frame interpol ated signal.
Wth verti cal det aiI suppressed in equal anounts in both the 35 frame
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response fllter vi | f 25, 0.5 and 0.25. The
aver agi ng é"i fﬁ%w %&anéa%’gef{ilgﬁp %@%hg a first input coupled
via attenuator 442 td‘hméetmmi aexrging | ¢ircuilt 440 se¢vhch | egualizesl ed
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coupled to the output of delay |ine 445 via attenuator 444. Avera
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442 to the input of delay line 414, a second input coupled
to the output of delay line 414 via attenuator 443 and a

20 third input coupled to the output of delay line 445 via
attenuator 444.

Averaging circuits 430 and 440 are different

structurally. Filter 430 is a "two-tap" filter and filter
440 is a "three-tap" filter. The different filter forms or

25 types are used in order to ensure that the field-delayed
vertically interpolated signal S7 is in proper time .
registration with the frame interpolated and vertically- S
interpolated signal S8. The delay, for each filter is
263.5 lines relative to the video input signal Y. Filter

30 430 provides a vertically averaged signal S7 with

' attenuated vertical detail. Averaging circuit 440 provides
a frame averaged signal S8 with attennated'vertical detail.
The difference between signals S7 and S8 (e.g., signal S9
produced by a subtractor 461 in output circuit 460 e.g.,

35 subtractor 461, filter 462 and adder 450) thus represents
interframe motion without contamination by vertical detail
components of the luma input signal Y.



i nterpol ated signal S8. The delay, for each filter is 263.5 lines relative
to the video input signal Y. Filter 3Q- 430 provides a vertically averaged
gignal S7 with attenuated vertical detail.” "Averaging circuit 440 provides
a frame averaged signal S8 with attenuated vertical detail. The difference
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il lustratexrsin dh€pdE dirdlibt 2860. apparatus of FIGURE 3 includes field
stores 10 and 20, and

The interpolated luminance signal Yi, from sutput’
terminal 33, is coupled to field store 20 of FIGURE 1. The
delayed luminance signal Yd, from output terminal 32
corresponds in time to signal Yi and is coupled to field

20 store 10 of FIGURE 1. When these two fields are displayed
' " together, a picture with réduced motion artifacts and full
vertical resolution results. -
FIGURE 3 illustrates an alternate embodiment of a
~ freeze frame apparatus illustrated in FIGURE 1. The
25 apparatus of FIGURE 3 includes field stores 10 and 20, and
| interpolator 30. The elements in FIGURE 3 which are

o/ . similar to those in FIGURE 2 are identified with the same
reférence.numbers, operéte in the same manner, and are not
discussed in detail below.

30 o In FIGURE 3, the interpolator illustrated in
FIGURE 2 is modified in the following manner. The output
‘of delay unit 408 is coupled to a first input A of a delay
unit 411. The output of adder 450 is coupled to a second
input B of delay unit 411. Deiay units 406 and 411 both

35 consist of read/write memories and associated circuitry to
control addreséing, reading from, and writing to the
memories. '



i nterpol ator 30. The elenments in FI GURE 3 which are simlar to those in
FIGURE 2 are identified with the same rgference nunbers, operate in the
same manner, and are not discussed in etall bel ow. 30 o _ In
FI GURE 3, the |nterpolator |IIustrated in FIGURE 2 is nodified in the

fol | owm ng manner. C a first input
A of a dgl a uni t 411 T ut put, c?gﬁ'alé{;er jlkg%lqés csgu%é)%‘ggl?cg % s ond | nput
B of del ay© t4ffr"Béla&y 3ni thigs i FpPlabite 35 inpsiterminal

read/wuteonsemquemam aﬁﬁ@m@tw@mﬂ ry. t e Y Pu S efst %,g r eadi ng
from and vvr| The out put, of delay unit 4

coupl ed to AR %?‘[}utl (?Prlﬁ%ﬁ'nq ?ﬁ? Ao IRk 3 3n Whisgh JEﬁerm naI of
sequengi ngconpﬂ-elﬂOtof aRo®HeE Lnpulhdemmimal aff (ﬂ@en&mﬁg Airi & e ypl ed to

t ; d not her put termnal of
quagagrngkgﬁﬁgi Fﬁ%lﬁ‘&r &5%@*%&;%#?&% GfatP % BuREt 0 an
i nput portPSFta°§eIaa§ie&|¢LYt i 479 ansb@ rasntingiutingertritesmiciaded fiy uni t
411. The ou&ma{ Bait ah1del qmeuwtpw;soww'ﬂ ﬁf@&i-f&'lg nput

term nal of de I'n i on wnit 406
al so funct FBHE ﬁé ?—Peﬁdcgp&,rg 13y W%mofo&a—lm Lt ¢ vead/write
menor ¥0i n del ay uni t 1A0Gpkaration)s derlaar edt Wos-a¥dd eEuidSiondas i S, the

addr ess of I o ACON i xel i.ch i s .delayed, 263 |ine
i nterval s rEeLng:il \%g@%!e ?ﬁ ?ﬂﬂhﬁgﬁo a@e@pﬁr ong stqﬁer%i ; |
appl i ed t oMeReIYeadn/ deley modis: ¢06THangtiiosls iin tdqe:eardaa:rhén-omiﬁe

dd ed tio e BEadad ldped uni t
ZOSrG'SI'?le |i;tgg§$1 Bil;h% &rgom%?%ol?%a terrﬁsﬁﬁlp%% |lts°Q:tq?1°q'n Wt eaﬁ'qﬁﬂdqg t?%e sane.

| ocati on aR4Xe issdgsdayed. 263 ddne Wntervird siaiedatd vie dey &henput
signalsi s impetveddéoosignhay Yuist géherateldandidppidfed sapdi tioned to

witing torehD EEER BRBErRLT HnRs BRRAIC 15 theth soal BB difer atod (1 the
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and delay unit 408. The latest pixel from input terminal
31 is then written into the same location and the cycle is
20 repeated. When the delayed freeze input 51gna1 is received
from delay unit 470, delay unit 406 is conditioned to
recirculate the data previously stored in it. In this mode
of operation, writing to the memory is inhibited. Instead,
addresses are generated in the normal manner, but only read
25 operations are performed. The delayed information is
available at output terminal 34, which is coupled to one .
pole of switch 40 of FIGURE 1. W/
Delay unit 411 functions as field store 20.
Delay unit 411 includes a memory capable of storing 263
30 horizontal lines of information. During normal operations,
deiay unit 411 opetates in a modified read-then-write mode.
The address of the location containing the pixel delayed
261 horizontal line intervals relative to input term1nal A
is generated and applied to the read/write memory. The
35 pixel at the addressed location is. read from the memory and
supplied to adder 404. Then the address of the location
containing the pixel delayed by 263 horizontal line
' interva;s relative to input terminal A is generated and



25 operations are perforned: The delayed information is avail able at
output termnal 34, which is coupled to ong_pole of switch 40 of FIGURE 1.
_belay unit 411 functions as field.store 20.” Delay unit 411 includes a
menory capable of storing 263 30 hori zontal |ines of information. During
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menory is. . compensated estlmated 1nterst1t1al lines. At the end of
263 horizontal line intervals, delay unit 411 contains a
field of motion compensated estimated interstitial lines.
20 The second mode of operation is the repetitive
read only mode. In this mode, writing into the memory is
inhibited. 1Instead, addresses are generated in the normal
manner, but only read operations are performed.
Apparatus according to the present invention may
25 Dbe implemented in either continuous or sampled data form.
Sampled data implementati'ons may be in either digital or

U/ analog form.



I nhi bited. Instead, addresses are generated in theniﬂﬂﬂﬁ manner, but only

read operations are perfornmed. Apparatdgpaccordi ng H"EW venti on
may 25 be inplenmented in either continuous or sa "Rﬁnpled

data inplenentations may be in either digital or analog forn1 S CLAIMB: 1.
QA net hod otLar@gzi ng a tel evision picture conprising the steps of: storing

one of sucCesstve fiel ds ,of vi deé
signal; generating sgcCegsF\??!ﬁia%é %‘%]ee?iﬂ‘% g%%%fé%aﬁrame : o
interpolatedmpnnsnnglthelﬂtenssdfnn1sa|d i nput video signal; storing one
of said success: ve ! Lebeqndl 5}% dftéﬁéééééf«b e EfeSayhb ENag01 685ROBe! O

said stored field of "sa vi deo si gna repetitively sequencing |ines
from Sai d compenentepds ag inpuk iVisiRo \$HIALI gnal and interstitial Iines

to forma video S|Ee§%ngg@g1 tgdubéggiegeﬂlégagvégi@@tién picture. 2
The nethod of O aim erein sai st QP es_the steps of:
agq i d]rﬂ ’cf‘ ?f%%et&afpl&?? vﬁ&i‘ogmcgnal field

20 compengp
for inclusiaputnvided uu@mmjglgnal then selecting a I|ne fron1sa|d stored

generated {1610 17 W8P Uad OF fotd IFdoatiitts, BEELEEPGR. TRy Mot Ton
conped@atednteeb&atnalfdmmes[ﬂh&ﬁhﬂ@¢ﬂ%esnandvtde%asdgﬁﬁpreg fierddnetthod

of Claim1l éﬁgwen0|ng step conprises the steps of:
selectlng succeé??ve ?Pﬁgépfro ald stored |n£gt video field for inclusion
in said video si gnal repehiEiaeky | $RAYeRcRRY; banesnfXom saidaSEores ed

generat ed Fialidsf of isadld/Sinput wided yigealsagdaintapgdtitial lines to
form a video szgnal representing a frozen television

W/
15 picture. .
2. The method of Claim 1, wherein said
sequenclng step comprlses the steps of:
20 " selecting a line from said stored input video
signal field for inclusion in said video signal; then
selecting a line from said stored generated field
for inclusion in said video signal; and
repeating the above two steps for successive
25 lines in said stored input video and motion compensated
fields to form a progressive scan video signal. _
W

3. The method of Claim 1, wherein said
30 sequencing step comprises the steps of:
selecting successive lines from said stored input
video field for inclusion in said video signal; then
selecting successive lines from said stored
generated field for inclusion in said video signal; and
35 repeating the above two steps to form an
interlaced video signal.



35 , . repeating-‘the above two steps to form an—intertaced video

si gnal . * C L M S * generating4. The nethod re|n
_said generating step conprises the steps of. frane aver zlﬂmﬁl’ i "

video signal to forma signal possibly inchdding nntlo ¢l
ge: !?ally ayeraglng said frane averaged signal to attenuate vertlcal

etai ;- vertically avera |n afie y i,n eo si gnal
attendate verti cal deta| i B¢ 3 2 giGFFE §e&90%élphree st eps
;g 10 ?ene;atQ?ﬂmﬂﬁitﬁﬂgCﬂﬁppnedhpﬂzsésathelBtﬂppobtted vi deo signal. 5.

paratus for freezing v t 1 unce
1 nput video signal repre§%§+? béégggf*‘é gé&g g’ﬁ‘ &@é?&?e%gﬁl%qiqne%nsfgr&rh
coupl ed toI saatlstgmml gpoésxbkymncbudlngemtabmmztfdml.s| on picture;
means coupled to said s e

O%fﬁ:é 11 QGEEEFEP@S GG Frame %‘e‘i-%r?‘éf coupqrpéc.[l ‘o

conpensated frame interpola er st | i nes; second
- sai d gener at i rkp natbeneatesvertigaldataddsr at ed fleld 25 means

coupled to said first a t feq e | I pRas ueide
| ines fromsaid, stored Pﬁ%ﬁ?ie?gég gﬁéﬂazgag;?ééqegﬁgg?ggyffﬁfﬁé to for;?g

vi deo si gnal r%kﬂ%é%n??ng tenpgte verkic iure 6. The appar at us
of Caimb5, wherein sai debnbiflingnthet r&sua:waﬂ:m iabove ithree reteps to

COuPI 24 10531 Gu3BULEE o bthoR EoREMASaTRL SN ik Ll U adB
| signal. |

5. Apparatus for freezing a television picture

15 comprising:

a source of an 1nput video signal representzng
said television picture; . -

first means coupled to said source for storing a
field of said television pzcture,

20 means coupled to said source for generatlng
successive fields of motion compensated frame interpolated
interstitial lines;

second means coupled to said generating means for
storing said generated field;

25 means coupled to said first and second storing
means for repetitively sequencing lines from said stored
input video and motion compensated fields to form a video
signal representing a frozen television picture.



5 for providing a frame averaged out put signal tendjp tion
artifacts; second averagi ng neans coupled to said in !ﬁll m H‘Ew di ng
a vertlcally averaged out put signal Q3w.g picture e and
tenporal Iy coincident 10 wi th corresponding picture el ements of said frame

@veraged video output signal and having a vertical detail conponent S
suppressed by a givgn apRenappaPhtdsaeE TQidin BAVhORH Saiq 2pblaf | .St

b
aver agi ng neans, for attenuatln a_vertical det ai | conmponent 15 o? sai d i
frame avgﬁﬂﬁifg&QﬁmP%ﬁ? ?°§P§ﬁ§F By substantially said given anount to
provide a further vinbnmoueans eogpabdiﬁuiszﬂdnsouﬁgyﬁ for conbining the
i i . f 20
broviding & mot fon ShAPE-ACPEaGERl BRRER Rdted) <F AR ket CRERRe. 7.
Met hol offaxr pagreiding &oframecaveyagedeiontpitorsjynalireendimgt totially as
her ei nbef, %if Qo O£6n 2ar¥d F ctgference to Figure 1 of the acconpanying
g h

dr awi ngs. od or apparatus_ according to any precedi ng cl ai m wherein
the fields of |nteriﬁ#@ﬂédavﬁtégépgtﬂﬁaqﬁrﬁﬂ#R&Qﬂgﬁﬂmﬁ%&@dl&hﬂtstored by a

met hod Ohewwrféﬂ%ﬁavfabﬁgaatvakuc&alfyewsméaeb bf gath
referenc%at‘f)ufgl gi::l.ctu::e ,f,gg{,%s sgfatt:l.h ﬁ;ma% &pora{ﬂ\;\n coincident
10 with corresponding picture elements of said frame averaged
video output signal and having a wvertical detail component
suppressed by a given amount;
third averaging means coupled to said fixst
~averaging means for attenuating a vertical detail component
15 of said frame averaged video output signal by substantially
said given amount to provide a further video output signal;
and
output means for combining the video output
signals of said first, second and third averaging means for
20 providing a motion compensated frame interpolated video
output signal.

7. Method of or apparatus for freezing a
television picture, substantially as hereinbefore described
25 with reference to Figure 1 of the accompanying drawings.
: \/
8. Method or apparatus according to any preceding
claim wherein the fields of interpolated interstitial lines
are generated and stored by a method or apparatus
30 §ubstantia11y as hereinbefore described with reference to
Figure 2 or Figure 3 of the accompanying drawings.




