~1- TELEWI SI ON SYSTEM The present invention generally concerns the field of
‘tel evision systens. A nunmber of commercially avai $dbl e tel’évi sfon.5 sets
and video cassette recorders have picture-in-picture (also called
"pix-in-pix" or sinply P-1-P) and nulti- picture (also called "multi-pix")
provisions. In one formof the multiple-picture feature, es@QR{SS5D4H4
mul tiple "stiII" pi ctures derived fromthe 10 sane video source (e.g.
channel) "taken" at successively different tines are simultaneously

di splayed in a rectangul ar array and thereafter periodically and
.sequentlally up-dated. This provides a&%ype of static stroboscopic dlsptey
whi ch, ‘may be used to study the 15 progression of an action such as
smﬁnging a golf swing. In_one aspect the invention provides, a television
systemw th an "instant-replay" feature, conprising means for conpressing
successive input fields of a television signal to produce successive
conpressed 20 fields having fewe | t han respective ones of
said input fields; neans for sto es of said conpressed
fields in a predeterdThedpnesbat dnverdpian igenexably cencerps means

for retriewy %&@f%&i&gigﬂoﬁas rlolas ol essed fields stored in said 25

respective nenory sectors in petitive sequence, !o groduce 3 _gequence of
tel evision fields. |nhaRBmRer &?pé&@ﬂﬁﬁ?%#ﬁ%ynﬂYﬁﬂkﬁB edkeleyigion
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menory secmﬁst\mereapsodcagled Mensyldedt-ipdec 't (pm'eismnsrs of a nmultiple @
picture display produggd duriedgndor tHB' dd R 5 PLP1EEurP8atlirader-ation

appar at us
essentially multiple "still" pictures derived from the

10 same video source (e.g. channel) "taken" at successively
different times are simultaneously displayed in a
rectangular array and thereafter periodically and
sequentially up-dated. This provides a type of static
stroboscopic display which, may be used to study the

15 progression of an action such as swinging a golf swing.

In one aspect the invention provides, a
television system with an "instant-replay" feature,
comprising means for compressing successive input fields
of a television signal to produce successive compressed (L

20 fields having fewer lines and pixels than respective ones
of said input fields; means for storing successive ones
of said compressed fields in a predetermined number of
respective memory sectors; and means for retrieving and
expanding said compressed fields stored in said

25 respective memory sectors in a repetitive sequence to
produce a sequence of television fields.

In another aspect the invention provides in a
picture~in-picture television system including a memory
for storing compressed versions of respective input

30 fields of a television signal in respective memory
sectors, the compressed fields stored in said respective
memory sectors corresponding to respective picture
sectors of a multiple picture display produced during a



.conprising: neans for readlng and expandlng the contents of sald respectlve -

menory sectors in a repetitive sequence during en i’nst ant Pepkay ‘mode " of
Ooperation to 5 produce a sequence of expanded tel evision fields
corresponding to respective pictures |arger in size than said respective
pi cture sectors: Wth regard to the present invention, it has 10 been
recogni zed by the present inventors that is it desirable to sequentially

magni fy (or «mgléngwtdyah feae of b%r@tli!dﬁ)t pérabessnall i nset
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affect a picture size change. To _produce the "instant replay" operation
referred to above, theWkEROF9IREd| badthe Present Anvention, nikohdssect or s
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in order to "re-animate" the actlon in which may be

15 termed an "instant replay" mode.

Specifically, the disclosed embodiment concerns.
the structure for magnifying at least one picture insert,
particularly the context of a multi-picture memory arrange-

20 ment. More specifically, this structure comprises, in
cascade, subsampling unit which produces one sample for
a given number, N, of input video samples, a memory for
storing the subsamples, and'ah interpolator'for producing
interpolated samples from the stored subsamples. The

25 memory is operated so that the”subsamples are written-in a




each i mage correspondlng to a snaller | mage associated with a respective
section of the nenory. 15 The invention will be described with reference to

t he actonpanying drawing in which: FIGURE 1 is a bl ock diagram of a
picture-in- picture processor including a preferred enbodi nent of the 20
present invention; FIGURES 2a and 2b reprégent di spl aRaTIA|I 88850 useful in
under st andi ng vari ous operating nodes of the processor shown in Fl GURE 1,
and FI GURES 3a and 3b represent nenory arrangenents 25 useful in

under st andi ngpairiaés aaae&@huuauevdesaoaikhsraggcsaéef hgpgetp &l GURE 1.

The picture-in-picture processor shown in e 1 ncorpor at ed;-
e.g., in a t @leFEey$iZesCOAPIS. which includes a dlsplay devi ce such a5 a

teIeV|S|on set or noni try pﬁbddteaﬂh@ *inSit@nts tepl @y operadedsnnot |nclude
a di spl ay deV| e such as vi d cassette %ec rdgr/piayer
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displayed picture comprises a sequence of enlarged images,
each image corresponding to a 'smaller image associated
with a respective section of the memory.

15

The invention will be described with reference
to the accompanying drawing in which:

FIGURE 1 is a block diagram of a picture-in-
picture processor including a preferred embodiment of the

20 present invention;

FIGURES 2a and 2b represent displayed images
useful in understanding various operating modes of the
processor shown in FIGURE 1; and

FIGURES 3a and 3b represent memory arrangements -’

25 useful in understanding various operating modes of the
processor shown in FIGURE 1.

The picture~in-picture processor shown in
FIGURE 1 may be incorporated, e.g., in a television system
30 which includes a display device such as a television set
or monitor or in a television system which does not
include a display device such as a video cassette
recorder/player (VCR). In the former case, the output
signal of the picture-in-picture system is coupled to the
35 driver for display unit, e.g., a kinescope. 1In the latter
case, the output signal of the system is intended to be
coupled to a television system which includes a display
device such as a television set, either as a baseband
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10 ‘the col or dﬁfference S|gnals:"n h@mever t hat Iomefﬁsaﬁpling and
" clock frequencies are uti lized; and that . :ﬁnennry capability is required.
The picture-in-picture processor shown in-FI'GURE 1 includes a first video

.signal source 10, .e.g., 15 conprising the juner/deno tion of
tel evi sion systemin mhlch It is-incorporatfqd, and a g@t@hd&&sg 0 signal

source 12, e.g., conprising a baseband video input signal connector. The
baseband vi deo S|gnals progyced by sources 20 i®+and 12 are coupled to a
first swtchiviglemisignnl of ras amedwiaked RE carziene|theeugh @% portions

of the pi ct Urgy [ are controlled by a mcroprocessor
Cﬁ;ﬂmo &#%ﬁ Rgf&&ﬁ‘éé%r

{[erig}kP) contr unit croprocessor control circuit 16 generates
control signals for theThe V?Fé?BPeOPﬁrﬂFé?ﬁFeaﬁ?oE%§§%Fm?ﬂ cordance with

a stored set ImddddtfdaiSand -éhe ﬁrd‘é&ﬁ%&euﬂ{émﬂ&féj showesitpnse to
commands [ ecel ved fron1a user

entry unit 18, typically including a
keyboar d  notF 1§t %é’%ﬁ’cﬁﬁ% (fagh, cempRentsy Tﬁ}fs %@'ﬁﬂ
operating no 3514 mixﬁmiaxw (5 s & v alsr il ffleatbromemsiigtsald n part,
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circuit 16, i dﬁﬁ%ﬂﬁ‘%ﬂ& d¥6&ﬁ‘¥f¥hﬁéﬁtié§|é¥M'H£ﬁ¥¥HEHﬂddH1that less
f 5 Iguratlo%zmory capapility is required : - INES
_ The picture-ln-picture processor shown in
FIGURE 1 includes a first video signal source 10, e.g.,
15 comprising the tuner/demodulator section of television-
system in which it is incorporated, and a second video
signal source 12, e.g., comprising a baseband video input
signal connector.
The baseband video signals produced by sources
20 10 and 12 are coupled to a first switching unit 14. First
switching unit 14 as well as other portions of the
picture-in-picture processor are controlled by a
microprocessor (H{P) control unit 16. Microprocessor
control circuit 16 generates control signals for the
25 picture-in-picture processor in accordance with a stored
set of instructions, i.e., a computer program and in
response to commands received from a user command entry
unit 18, typically including a keyboard (not shown).
The picture-in-picture processor has several
30 operating modes selectable in respense to user entered
commands. In part, these operating modes are established
by the switching states of first switching unit 14, a
second switching unit 20, a third switching unit 22, and a
fourth switching unit 24.
35 First switching unit 14 has a first input IN1
and a second input IN2, to which the first and second '
" video input signals are respectively coupled, two outputs
OUT1 and OUT2, and, under the control of microprocessor



I N1 I N2 | N2 N2 Qut put OUT2 of first
switching unit 14 is coupled to the cascade arrangenent of an

anal og-to-digital 10 -converter (ADC) 26, a subsanpling unit 28 and a first
i nput IN1 of second switching unit 20. Second switching unit 20, has a
second input IN2, to which the output of A 26 is coCAd 853880 an out put
QUT. Second switching unit 20 has a single pole, double throw operation and
15 accordingly connects either of inputs INL and IN2 to output OUT as is

-indi cated by | ' S 0lg @Mdmlhi ond
swi t chi ng unf%ngﬁaﬁghggﬁgﬁédxgg-3#5°%§?@%§2%§??gﬁgéﬁgﬁPp§P°§!§%§%F35§o: an
20 i nt er porensection sonfigurations.i nput IN1L of third switching unit 22.
Third switching unit 24 has ggperond input |N2, pgpwi ch the output nenory
30 is coupled, and, |ike second switching unit 20_ _has a single pole,
doubl e throw operation. 25 IN1 Qut put ouFNdf third swi tching unit
22 is cogled to the cascade gz angenent of a digigNal to anal og converter
(DAC) 34 and a first inputl:ﬁbﬁﬁ fourth smﬁtchingngnit 24. Fourth
switching unit 24 has a seco nput N2, to whic i rst output OUTL of
first swtching 30 unit 14 iENZoupl ed, and al so ON2 a single pole, double

t hrow operation. The o i i .- DGt Yre (processor is
devel oped at out put QWW%M Sévﬁ téc%rFS ﬁ#{&\}ﬁ Ewcj{%:ocl::l'l:l gi%nerator 36
generat es cl couplgdate 3bet icaiscgdei grziangementarifoas poplpgntooflightal
pictureqi@- Bbhldreel! ARBEIORE, a RubsamplingRufi892858And aVEikstread

control unit 8, under the control of nlcroprgceéior contrql unit_ 16,
gener at es addPR¥E INGnQfs sgeengy Spdtehd nge 3918 60ki n§esPgRapYitEhRiABNDry
30. unit 20, has a second input IN2, to which the output of

ADC 26 is coupled, and an output OUT. Second switching
unit 20 has a single pole, double throw operation and

15 accordingly connects either of inputs IN1 and IN2 to
output OUT as is indicated by the switching symbol within
the block.

Output OUT of second switching unit 20 is

coupled to the cascade arrangement of a memory 30, an

20 interpolator unit 32 and a first input IN1 of third
switching unit 22. Third switching unit 24 has a second
input IN2, to which the output memory 30 is coupled, and,
like second switching unit 20, has a single pole, double
throw operation. gl

25 Output OUT of third switching unit 22 is
coupled to the cascade arrangement of a digital to analog
converter (DAC) 34 and a first input IN1 of fourth
switching unit 24. Fourth switching unit 24 has a second
input IN2, to which first output OUT1 of first switching

30 unit 14 is coupled, and also has a single pole, double
throw operation. The output signal of the picture-in-
picture processor is developed at output OUT of fourth
switching unit 24.

A clock generator 36 generates clocking and

35 timing signals for various portions of the picture-in-

picture processor.



Wite/read control unit 16 reCeiVegrpaTﬁéﬁéf;Hbrizontal 5 (H and
vertical- (V). synchronization signals fromboth video sources for o
synchroni zing the wite and read ‘operations of menory 30 in the various
operating nodes. Wth the arrangenent shown s Fl GURE 1, v rimry
nodes of operatiron are possible. These are: Réﬂlgs?gsrgrmal =
full screen display fromeither video source; 2. zoom = magni fi ed di spl ay

fromeither video source;, i j cture-in-picturessssmall . picture from15
ei ther video source inset® \M”{%q? i -°°§‘&‘%&n‘m - H”cﬂﬁprott&’@r cpngegl

source; 4. noft miproproeessdrspoayrol phitall6, ygehesates address i mages
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.relates the operating nodes_ w e conaggurations. 85, 550 ACTTVE

d
UNI TS SW TCH STATHSth tReppxrangement showpedg FEIGURE(de severalgy
sel ects sour cepglimgey! Modes ofSepéfstionl’apé Possible. These are:

connect ed ' N éiegggr%g&pgtfull screen dispig&e%%gmlgztgérz

ADC26; nefory 30; SW.
video source:;

~ 2. zoom = magnified display from either video
source; |
. 3. picture—-in~-picture = small picture from
15 either video source inset within full- .
screen display from other video source;
4. multi-picture = display of plurality of

small
_ _ "still" images in rectangular array (the
20 _ o "still" images are periodically

and sequentially updated); and
5. "instant replay" - sequential and

repetitive _
i‘; enlargement (e.g., full screen) of small
25 "still" images to form a re-animated form

of a corresponding multi-picture array.
These modes of operation correspond to
different configurations produced by controlling the
_ various switching units and other components and will be
30 explained in detail below. The following table briefly
relates the operating modes with the configurations.



I nt er pol at or 32; source; SW2 10
selects.IN2 to by-pass subsanpler 28; SWB sel ects 15
I N2; SWI selects INL 3. PICTURE-1 N Pl CTURE ADC26;

sel ects 20 subsanpl 28;

menory 30 (INL or IN2); (stores'every
subsanpl ed IN1;, SWB field in one . ™
sector), DAC3gonE to by-pass i I 32; S
30 : ' and I
ADC26; . SW sel ects%]_%g&wi%reo

30 stores se?ects I N1; 35 ectl

SWB sel ec§s subsampl ed s flel
i nt er pol ator respective sectors

40 5. | NSTANT REPLAY ADC26;
source; SW2 ngpoggoM0 stores gyﬁz%ctﬁehu}ysggce35|gﬁa selects
(subsanpl er 45 interp%!b%%%p source-?gﬁ ot fields
in 10 by- passed) successi DacC34 Smé sel f%éggnfﬁf as in
[ N1 to by-pass
-subsampler
28;
SW3 selects
15 IN1; SW4
selects IN1
3. PICTURE-IN-PICTURE ) ~
ADC26; SW1l selects

20 subsampler 28; main and inset
memory 30 (IN1 or IN2);
(stores every SW2 selects
subsampled IN1; SW3
field in one selects IN2

25 sector), DAC34 to by-pass

interpolator
32; SwW4
switches
between IN1
30 and IN2
4. MULTI-PICTURE ADC26; SW1 selects
' subsampler 28; source; SW2
memory 30 stores selects IN1;

35 successive SW3 selects
subsampled IN2 to by-pass '
fields in interpolator
respective 32; sSw4

40 sectors; DAC34 selects IN1

S. INSTANT REPLAY ADC26; SW1 selects
subsampler 28; source; SW2
memory 30 stores selects IN1l
successive (subsampler

45 subsampled 28 not.
fields in by-passed)
successive SW3 selects
sectors as in IN1
pix-in-pix; (interpolator

50 interpolator 32, 32 not by-

DAC34 passed); SW4
selects IN1
Now modes 2, 3, 4 and 5 will be described in
detail. The mode 1 (normal) is believed to be
55 sufficiently clear from the above table. It is only noted

SV& selec %c%ﬂUE%

" DAC34

SW
mai n and i nset
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selects I N2 25

Sm Eﬁgeg bet ween | N1
| CTURE

sou ce; SW2 nenory

oIS

ce
gﬁ SW4 elects |N1
| er.



,pi x-i n-pi x; T (|nterpolaton+ 3 - . |nterpolator
32; 32 not by- DAC34 passed) SVA sel ects I NI Now nodes

2, 3, 4 and 5 will be described in detall “ The nmode 1 (normal) i's believed
to be 55 sufficiently clear fromthe abové&able 't REANRY ‘ed RCA
85,550 that since the normal node only involves the selection of a video
source and does not involve any digital operations, the conversions to and
fromdigital forn1are not cessar% Zoo Nbde

The purpose of that since RPEHY r%ﬁqﬁ) oLy ¢ %PYE&NF? the selecripe ¢
entire i mage paodided $ovrce handeodees bt iievokverany digitalse, because

:E Egs ?EEL ? |yoﬁsg%$r?€f§%§gn+$$dﬁg+‘?r‘%€y?€# e@?léé%%tfsf%ga?%% spfay area (due

to the magnifinck imegessarynot be visible. Thus, only a portion of the

inage IS e5fective|y magni fied. In othghﬁmggggg t he viewer perceives a
zoon1ng In" on a portion of the original | mage . -ADC 25 is

used in all the nodes ex@bﬁtpﬂﬁﬁoﬁerﬁﬁlthﬁdé°°%£ﬂ?§6 eEnoperatine 18| ket ed

anal og vi deo shgh@d £ 0y P'Odlé@ up* é'éﬁiﬁ"'iﬂb‘é‘&b%ﬂﬁcé& £xomi @hd al

vi deo sanpl es occurring t he, sa I|n rate determ ned 2 cl ock
generator 36. S¢LQFt ?%évggﬂ$l$*@P§ eq cﬁPQﬁs?aI Qﬁsﬁréb?Lﬁ%

conmponent can dévicélthas P ef Dked eisplay sdxal(iies, ﬁmnasg:ﬂma)] or a
produced by AGRORE BEFLERT cof (P MEIATRY ieve d Shite SWEG TG
i nput 1 N2 of sthqmﬂbyvateﬂnt@penﬁ¢ 171 magntﬁﬁnaﬁiqnmtwtillnpnnbelzed |n
the/picture- iy pleiare ol il ¢ 4 SoA b 58 dtfe 'GRIGY 1PWBELively
magnified. 1In othei words, the viewer perceives a
“"zooming~-in" on a portion of the original image.
15 ADC 25 is used in all the modes except the

normal mode.

ADC 26 converts the selected analog video
signél.éoupled to it by first switdhing unit 14 to digital
video samples occurring at the sampling rate determined

20 by clock generator 36. E.g, the sémpling frequency or
rate for the luminance component can be a multiple of the
color subcarrier, such as 3féé' or a multiple.of'the
horizontal scanning frequency. The digital video samples
produced by ADC 26 are coupled to subsampler unit 28 and

25 to second input IN2 of second switching unit 20.

Subsampler unit 28 is utilized in the picture-
in-picture, multi-picture and instant replay modes of
operation. However in the zoom mode of operation, second
switching unit 20 is caused to connect second input IN2 to

30 output OUT, thereby by-passing subsampler unit 28 and
directly coupling the output of ADC 26 to the input of
memory 30.

Memory 30 is utilized in all but the normal
mode of operation. Memory 30 is capable of storing

35 samples for an entire field of complete (not subsampled)
video information, e.g., for luminance, 512 samples (or
pixels) per line and 256 lines. '



operation. However in the zoom rmde of operatlon second switching unit 20
I s caused to connect second input IN2 to 30 output OUT, thereby by-passing
subsanpl er unit 28 and directly coupling the output of ADC 26 to the input
of menory 30. Menory 30 is utilized in all gout the nornmal node of
operation. Menory 30 is capable of storing?35 sanpl RCABRE5Ontire field
of conplete (not subsanpled) video information, e.g., for l'um nance, 512
sanpl es (or pixels) per line and 256 |i nes. 9 RCA 85,550 In the
zoom node of operat i on:[naehaohodmahode,oswpef@tmnprué AStéd &owassed by

compl ete (noo sl s € dh IF W AR B prachd st é%ﬂ%tﬁlf. o
and 256 | i ne20ofandcthéreforemenany 3@ istiones tanerem:ime rﬂrﬂqoﬂn

t
P S?ﬁ@*"@m €o Iinot Subddiildd) vflo (dyrikeddit, Tudk s1LP (0
inthes esmt e&c!ab#mnd &,ﬁl}rms ofe eagh (fdedd wxes| over

readi ng rat es&?&@ﬁéiiﬁewﬁﬁﬂﬁsiﬁw menfsy eth%r part in
time and there ore to appear correspondi ngly separate fur her’ ap in

space in a .ang, Linechynl ing,. €.9.90 %00 ot tGom, at
m cropr ocess'b"!e c%ﬁﬁ?b*nirrFQtQGquéorﬂ APG r?é mme%nﬁamgmqardcat i on.

In th d tf dt t | ator unit 22.
|t er pol at oroTh 10 EhE Sete GRIRFY put, et a hoear, Faek Gkles e

mul ti - pl 6t ursebattizee $lover nggab;d:tmw lmauseis d:mamstamipllreg wud 1ineisn 20
those nodes., | nferd %ﬂﬂe&’@&r r%p%%cql et"fn{eh LRy y control

unit 38 provides mssing Inters S and I'nes.” I'nterpolator uniste
32 sequent i ARBRP¥ d.ng@sgqmdingly separated further apart in space in

a displayed image. The reading rate is controllable by
microprocessor control unit 16 to control the amount of
15 magnification.

In the zoom mode, output of memory 30 is
coupled to interpolator unit 22. Interpolator unit 32 is
not used in the picture-in-picture and multi-picture
modes, it being by-passed by third switching unit 22 in

20 those modes.

Interpolator unit 32 in concert with WRITE/READ
memory control unit 38 provides missing interstitial
samples and lines.

Interpolator unit 32 sequentially provides the -

25 "real" and “interpolated" samples in interleaved form to
third switching. unity 22 and thereby to DAC 34. The
analog signal produced by DAC 34 is coupled through fourth
switch 24 to the output of the picture-in-picture
processor. DAC 34, like ADC 26 (and memory 30), is used

30 in all but the normal mode, since the picture-in-picture
processor operates in digital form in all but the normal
mode.

Other possible zoom features are discussed in a
copending European application based on US application

35 No. 340,931 entitled "APPARATUS AND A METHOD FOR
AUTOMATICALLY CENTERING A VIDEO ZOOM AND PAN DISPLAY",
filed on April 20, 1989 in the names of B.A. Canfield,
D.J. Duffield and D.L. McNeely.



25 "real" and |nterpolated" sanp;es | |nterleaved formto third
switching unity 22 and thereby to DAC 34;?The anal og signal produced by DAC
34 is coupled through fourth switch 24 to the output of the

pi cture-in-picture-processor. DAC 34, like ADG 26 (and nenmory 30), is used
30 inall but*"the normal node, since the pifure-in-pi ROAe 85,58@ssor
operates in digital formin all but the normal node. O her possible zoom
features are discussed in & copendlng Eur opean appghki:cati on based on US
application 35 No. 340; 931 -enti tp g DELY 1AND Mydd=THOD FOR

AUTOVATI CALLY CENTERI NG A VI.DEO ZOONIAND PAN DISPLAY" filed on Apri
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confrol. In thehﬁﬁgfﬁp gPﬁ°pP§9§?é ﬁﬁémgsfgﬁﬁggg ?§ﬁ89§§ gngﬁérlégﬁF 28 is
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by a factor N and al so reduces the nunb scan |1 nes per

factor N. Thus, suhsaspipyt usikpl8 is p@%dhzeaaasedf%y é%@??thWﬁbilgﬁnples
and one SCQQ)Ilaﬁitszgroduced for every N scan lines. The factor N |s
controll ed by m croprocessor control qlt 16 to determ ne the S|ze ngth
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a factor N and also reduces the number of scan lines per
field by a factor N. Thus, one output sample is produced
15 for every N input samples and one scan line is produced
for every N scan lines. The factor N is controlled by
microprocessor control unit 16 to determine the size
(length and height) of the small picture inset in the
picture—in-picture'mode (and also determines the size and
20 therefore number of picture insets in the multi-picture
~ ‘mode.) :
' 'Subsampler unit 28 may, e.g., comprise a sample
averaging arrangement for averaging N samples'followed by
R a line averaging arrangement for averaging N lines.
25 o The subsampled fields of video information
- corresponding to the small or inset picture are written
into a predetermined area of memory 30 controlled by
microprocessor control unit 16. Since a subsampled field
contains fewer samples and lines (determined by N) than a
30 complete field, only a portion of memory 30 is'oecupied by
" the samples of the subsampled field and the rest of memory
30 may be considered as being empty.
" E.G., with reference to FIGURE 3a, in the
present embodiment, writinq of the subsampled field begins
35 at the "top-left" memory location (indicated by the dot),
corresponding to 1ine 1, sample 1 of the complete field
- and ends at some memory location (indicated by the X)
dependent on N, thus “filling-in“ only the top-left



node.) Subsanpler unit 28 may, e.g., conprise a sanple averaging
arrangenent for averaging N sanples followed by a |line averaging
arrangenent for averaging N lines. 25 ‘ The subsanpl ed fiel ds of
vi deo information corresponding to the s I\I or inset_picture are witten
into a predeterm ned area of nmenory 30 cormtrol | ed by cﬁﬁé@@ssor control
unit 16. Since a subsanpled field contains fewer sanples and |ines
(determned by N) than a 30 conplete field, only a portion of nmenory 30 is
occupi ed by seeternnpl The oéirdtle scapregents fthe dmmt'xt hls:castomfatrrermry 30

may be consi &5 K 3a, in the
prgsent enbo rrentgéa&f*'ggbgg?ﬁ¥h Fﬁ£bs ar%#ﬂ# g| ns at. the ™
“top-left" WWIbeqctbOn(thcﬁhﬁechtW&ﬂge l&gi)ns dm:rimmmli apdo |ine 1,
sanple 1 of I f ,Mqagpﬂmz ( at ed
byn{)he X deégﬁ%igﬁitgroﬁiﬁe aﬁt%ﬁﬂﬁ I ng-1n" on t he ﬂ%a%d&rt fl%%%‘gS 550
sect or. g‘éF@aFéﬁ?egﬁn%%aq HRGe ﬂ%(ﬂﬂ%’dﬁ’ é!°m§i?9'?‘¥?a(ﬁmg begi ns.
By changi ng naeiadﬂtsxsma m&.mrspdm isHlftls ¥ Qhe ckifldtg begins

hori zont al vert| re introduced before the inset field 5
i nf or nmat i on ?g Y“éﬁﬁ th‘fﬁ% M‘:ﬂ/ A% esponds to horizontal and
vertical spatial shi ftsnothehpicmne-m-epwmtel mdsdeﬁislpéageﬂté-nhge In the

pi cture-in-pj r [ At 0 d-out rate
(related to %#églgsngg w%\;:h?h l'ai@alect';o]”ri o% S:a%e V\@.r [ on ge‘;“ t he inset
pi ct ur el Bei ngulps@unbédgaﬁaat¢:e§lﬂl.t tdfe rqﬂdmg:ions ﬁmr Ithe inmesd, in the

pi Ctur e- i - P 446 € "BOEng { DLW e Leliite 3 ISuriid Dideed by

m croprocessor contro 6 to connect seco I nput 'N2 to out put ~/
OUT, thereby by- passi n@sl ﬁ?éi[bBFa{'%Fe%m%nSQhﬁrﬂi%‘Wé%ﬁ‘}'E%ﬁ'b‘ﬂﬁg t he
out put of nefede, 3€hi 8dD&NGiSdhing unit 22 is controlled by

microprocessor control unit 16 to connect second input IN2
15 to output OUT, thereby by-passing interpolator unit 32 and
directly coupling the output of memory 30 to DAC 34.
Thus, interpolator unit 32 is not available for
controlling the size of the inset picture in the present
embodiment, that function being accomplished by
20 contfolling the sub-sampling factor N of subsampler 28.
The analog output signal of DAC 34 and the
unconverted analog signal préduced at first output OUT1 of
first switching unit 14 are coupled to first input IN1 and
second input IN2, respectively, of fourth switching unit ~
25 24. Fourth switching unit 24, under the control of
microprocessor control unit 16, replaces the main video
signal with the inset video signal (produced at the output
of DAC 34) in the appropriate time interval corresponding
to the desired location of the inset picture within the
30 main picture. In this regard, the operation of fourth
switching unit 24 is synchronized with the read operation
of memory 30.
Other features concerning the positioning and
sizing of the inset picture are described in a copending
35 PCT application based on US application No. 341,123
entitled "INSET PICTURE CENTERING IN A PIX-IN-PIX
SYSTEM", filed on April 20, 1989 in the names of B.A.
canfield and D.J. Duffield.



Thus, interpolator unit 32 is not available:for controlling the size of the
inset picture in the present enmbodi ment, that. function being acconplished
by .20 controlling the sub-sanpling factor N of subsanpler 28. The anal og
out put signal of DAC 34 and the unconverted al og signal produced at first
out put OUT1 of first switching unit 14 are c#pled to fRCA 85850 | N1 and
second input IN2, respectively, of fourth switching unit 25 24. Fourth
switching unit 24, under the,control of microprocessor control unit 16,

repl aces the main video signal w tMuitib-pisaire iMiste si gnal (produced at the
out put.of DAC 34) in the_appropriate ti I nteryal ,corresponding to the
desi red | ocation of the FR€ePY Fﬁr@émggﬁiﬂufﬁi’QECtﬁﬁfngﬁaﬁtEgeF° In this
oo oper at | N ey e e e s o 0y g
P i . u | i tioni
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fields of the 5 sane video signha I'fferent "fiel of different, video
signal's, such 23R4 eEadeoRk f deepeRy AG AL dif farantematess the prite-in

pi gt ure. | ho%qaﬁee vetiey ; 0§1_&mt airbaaﬂ'ungt h:%ta'iis”mf Mate .g(r)owtdi&dr_ féfw, t
subsanpl er are, witten-intp and read-,out of nenor at differen
ares, the wr iHRLHIE 4 §he R URGRACHARE TS e FRSFEGIRR Che
However, unli lsubsariplepi o esucequsitve  imlds afreomotatirditt eimel rich saiepl es
from successi Vsean(é ezlzdesa_ AF rﬁ'e%ow,' tbtuet:n xja'%th%rt,hQnto different respective

areas or sectors, such as shown in FIGURE 3b, under the

15 control of microprocessor control unit 16. In addition to
controlling the storage location of the different fields
within memory 30, microprocessor control unit 16 also
determines the rate at which subsampled fields are written
into respective memory sectors. The number of small

20 pictures in the rectangular array is related to the size
of the pictures and therefore subsampling factor N.

If the field sampling rate is relatively slow,
~ the small pictures will appear as still images. 1In the

25 case different fields of the same video signal are sampled
at a slow rate, the small pictures will appear as
stroboscopic "snap-shots" of an event taken at different
times (see FIGURE 2a) and as such, may be useful to study
the various states of the event in detail.

30 When the fields are to be derived from
different video sources such as different television
channels, microprocessor control unit 16 has the .
additional function of coordinating the channel changes
and is therefore coupled'to'the Channel'selecﬂion control

35 input of the tuner of the appropriate video source, as is
shown in FIGURE 1. - - ' '

The stored subsampled fields are repetitively
read-out of the respective sectors of memory 30 between



sane area of nenory, but rather, into different respective areas or
sectors, such as shown in FIGURE 3b, under the 15 control of m croprocessor
control unit 16. In addition to controlling the storage |ocation of the
different fields within nenory 30, mcroprocessor control unit 16 al so
determ nes the rate at whi ch subsanpl ed fivdbds are wRCOA8S S50 r espective
menory sectors. The nunber of small 20 pictures in the rectangular array
is related to the size of the pictures and therefore subsanpling factor N.

If the field ' ' | ki | Al |
appeare a!sest FFFW%E&? Eilbﬁ tt %gi?SQLigggiéH% ?#%éﬁf# ;SgeEF% sc%’k&%ﬁ%eés%\rlpekéi ‘deo
signal are sdfiptbgonghatbisd- puitching unit?2pi A3rin the cagpcef the -

stroboscopi cpjegaresinl-picthra mede)! 1h€kepoPat ol fdeiEeni2 tisms,ﬁ see FI GURE
2a) and as such, may he uggfulé%g_éiggz t he various, stafes of the event in
|

detai|. 30 Passed.” In,khg my £¢ MeqR o ARikke ctp rhe, RAGERF QT
vi deo so@r ceinspibtazedmbde], cfbuttheswit eming antt s24 nesiiiweesEpr control

unit 16 has the - additional fungtjion coordi nati ng the ch el changes
and is ther eF8P8188ug?‘§d°PgPPﬁe° hgﬁﬁeﬁxge:%c'i? or}ﬁ’%oﬁftr%‘?t ﬁtarmfenput of the
tuner of thepipponepria-pictdee poacessors is shown in FIGURE 1. The stored
subsanpled fields are repetitiv raead ty wQf respective sectors of

menory 30 between 13 : e respective field sanpling
interval s and coupl ed tRheDaapabidityugf therpistnrehinppleture. As in the

case of {i(le BrekEs8okNtBl chipte"BEBsamPiEF NA £ 028 Uhémcxdy | $0 dnd passed. In
the multi-picture nmpde, unlike_in, the glcture- 5 n-pi cture node, fourth

d |
swi t chi ng untPteEPRIAEPRLYALFY3LolDI 63SERRe AIRNS OoFOF 1 F9MEBUIY the ~w
out put of theipsehdtereplay®t ibde PdHCOPELEL idmSphrentidiegll vyrddeterddieto

capability OLstaglgiggugg_ggigggagrﬁmosaic" mode of operation not
previously referred to.

15 The “"instant replay" mode of operation has in
common with the multi-picture operation the manner in
which different fields are stored in respective sectors of
memory 30 (see FIGURE 3b). However, unlike in the multi-
picture mode: (1) the read-out rate is the same as the

20  write-in rate; and (2) interpolator unit 32 is not by-
passed but is instead coupled between the output of memory
30 and the input of DAC .34 by means of third switching
unit 22,

In addition, in the "instant reply" mode, the ~

25 write operation is stopped after each sector has been
loaded, and thereafter the sectors are sequentially and
repetitively read out. The rate at which the sectors are
addressed to be read out is user controllable to provide a
range between slow motion reproddction and rapid motion

30 reproduction. Further, the sequence can be changed, e.qg.,
reversed under user control. The rate at which the sample
and lines are read out of an addressed sector determines
the expansion.

The result of this is that, as the subsampled

35 fields are sequentially read out the respective sectors of
memory 30 they are enlarged so that a sequence of
enlarged, preferably near full screen size, "snap-shots"
is repetitively displayed. This changes the previously



10 ‘processor to couple subsanpler Fanit 28, 1t C
32 in cascade allows for a so-called "instant. repl ay" node of operation
previously referred to as well as an artistic "npsaic" node of operation
not previously referred to. 15 The "instant replay” node of
operation has in comon with the multi-pictulbfoperatioR esgﬁﬂﬂbr in
which different fields are stored in respective sectors of nmenory 30 (see
FI GURE 3b). However, unlike:i:n the multi- picture.gpde: (1) the read-out
rate i s the sassseatihelz0stinilt enilti~pietureddidplagt angopadeidesi an32 is

the iwput of DRRLERtEg 1 SLRElpiesy ToodlsERBakbaRe" Bhbaf wdRERLY dF T
t he "inﬁtanéeéﬁhfgggggdepr&h?oﬂSlywstbeedperation is stopped after each
e s R ot 28 BeCieBlitaly iRy,

repetitivegy read out. Wh e sectors are addresse

read out |9 usthec§ields| sboredoipr $hedsegtenagefbeemesy 30 ceprrespend
reproduction apd H3ped-BRLI @RarRelkeProduction. Further, the sequence can
be changed, e.g., reversed under user ﬁonHroI[ Fhe rate at which the sanple
and lines are read out of an addresse erm nes the' expansion. The

result of this is that, ahd heledtadlel @éntigurhtebdsolr subsampleirauhycr ead
out e T e2PEchCuESSLel Su0boTRE D, APEK, Gh6: T 4958 katlaks ror o
repetitivély dmephiapemodéhbs opemgeiohhewherebyoasfyll strieen pict®WEALs

85, 550 essenti i, L- Rk r Lsp i t ed,
con¥i nuous Ioo%kég?g éséépggkébu§§3§§h?€?é§o%??ﬁggg% ?nggi?%ggﬁ§m§?ored.
The sane type béngphavei thecanebeoppsyi ddd Whis Mode hethe ctoRfLquwrationm t he

sectors of menpgy:RQ €QMECSBORH the zoom mode except that subsampler
unit 28 is not by-passed but instead, coupled between the
15 output of ADC 26 and input of memory 30. As a result,
subsampled fields of the input video signal will be
expanded, with each sample and line of the subsampled
field repeated (by interpolator unit 32).

1
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8,% menory 30 and i nt er pol ator unit



to different channels. Msaic Mde The sel ectabl e configuration of :
subsanpl er unit 28, nenory 30 and interpol atore urli t 32 al 8b psbvflUes for a
10 nosai ¢ node of operation whereby a full screen picture is produced in
whi ch image areas severals pixels hiqgsand | ong have the one color. In this
nmode, the configuration is the sane a2in the zoom node excReh 8p&HO
subsanpl er unit 28 is not by-passed but instead, coupled between the 15

out put of éﬁggégéand i nput of nmenory 30. As a result, subsanpled fields of
t he i nput ignal will be expanded, with each sanple and line of the
subsanpl ed fi el d.r ephatedepipion syatiem oritinian 32instantarepbagt CLAI MS:

1. A te'f&gﬁhg@ s&gh&g&g&h .an "instant-replay" feature, conprising:  w
means for conpress$ing succéssive input fields of a television signal to

produce successive cBepnssEor CoBPFresaing sUcsassivectnpwl £i92ds t han
respecti vegpngstah edsd ongignall®tds priodiite RiccddEive sonppessed ones of
sai d conpregsed frelds in a reqeternlned,nqugr of res ectége menory
sectors; ahdeh8gnbavdng, & vilddesh and Rl i than E%gﬁ?‘é ¥8 PPEFds
stored in g8 gai@spaputyEieAds;y sectors in a repetitive sequence to
produce a sequence of teley siaon fi.elds, 2. Lhe empreciked in claiml
wherei n: said means P§PRS &% n&%ﬁﬁ#ﬁ%ﬂﬁﬁ?Qﬂﬁfégknéﬁgé %# gﬁ#aof sai d

pr edet er mi conpressed ¢fieddisd incappriedetermmiored sumbex ofichespedtiveer al

of said prﬁQﬂB@& 'g@@n%%qbghdpf said respective nenory sectors contain said

successi ve ones”of sal d donpressed fields. 3. The systemrecited in claim
1, wherein: means for retrieving and expanding said -
compressed fields stored in said respective memory ~

sectors in a repetitive sequence to produce a sequence of
television fields.

2. The system recited in claim 1 wherein:
said means for storing maintains the contents
of all of said predetermined number of said respective
memory sectors unchanged after all of said predetermined
number of said respective memory sectors contain said
successive ones of said compressed fields.

3. The system recited in claim 1, wherein:
said means for compressing includes means for
deleting lines and pixels of said input fields; and
said means for expanding includes means for
interpolating lines and pixels of said compressed fields.

4. The system recited in claim 1 wherein:
said means for storing has a capacity
corresponding to one of said input fields.

5. In a picture-in-picture television system
including a memory for storing compressed versions of
respective input fields of a television signal in
respective memory sectors, the compressed fields stored
in said respective memory sectors corresponding to
respective picture sectors of a multiple picture display

it
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sald nmeans for conpressing |ncludes fearis: for deletlng l'i nes and plxels of
said input fields; and said neans for expandlngclneludes nmeans §or®"

i nterpol ating lines and pi xel s of said conpressed fields. 4. The systen1
recited in claim1l wherein: said neans for storing has a capacity
corresponding to one of said input- fields. 5. In a picture-in- plcture

. television systemincluding a nenory for ﬁpbring conpressed versions of
respective input fields of a television signal in respective nmenmory
 sectors, the conpressed fiel'ds stored in said respective nenory sectors

corr espondl pgoﬂncedsldm{unge a)l'ﬁﬁunrtﬂ.pm-tpiétﬁfe!& nodei pife opextationd spl ay
produced durhgg + rrulctlgg> i_cture"” node of operation, apparatus
conpri si ng he s, it djﬁﬁd expandi ng the contents of said respective

menory sect.ors in a rmeanst ifox sm:gdmtge amilegpandingsthat cottients afle of
operation t 0 UERGER éag§§P§ I pondi ng
to respectlgeggl %’tg%?e ﬁ'iarger In-size than salé égg%::fi% %?gﬁ rr{a&Zectors
6. A tel ednxiing aps'dnstant: yenlayy nede el me:etéoae?,@r m&alumet 1
reference tQe&h@n@%cGﬁpéﬁﬁdﬂaéﬁY%%IEﬁKSLOn fields corresponding to
respective pictures larger in size than said respective

picture sectors.

6. A television system substantially as
hereinbefore described wi;h reference to the accompanying
drawings.
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