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This invention relates to the field of television receivers having -
‘p| cture-i-m#picture capabili ty BACKGRCIJND OF THE | NVENTI ON The term

"tel evi si on receiver %Egggg ifed on receivers having a
di spl ay device (corrrrr)nf);‘ygE ﬁmE ﬁ\&zt and tel evision
receivers wthout a di splay d ocassette recorders

(VCR' s). The term "tel evision receiver” as used herein al so includes
tel evi sion nonitor/receiver and baseband signal i nput
circuitry. 15 oh recei vers have

pi cturé&-in- This mventron relates to the field of televisipn

receivers having picture-in-picture capability.
BACKGROUND OF THE INVENTION
The term "television receiver” as used herein
includes television receivers having a display device (commonly
10 known as television sets), and television receivers without a
display device, such as videocassette recorders (VCR's).
The term “television receiver” as used herein- also

~ includes television monitor/receivers having an RF tuner and
o baseband signal input circuitry.
15 Many modern television receivers have picture-in-

picture (PIP, or PIX-IN-PIX) capability, that is, the capability to

receive video signals from two different sources and combine

them to produce a signal which when displayed includes a first

program in a main viewing area, and a second pregram in a
20 secondary (inset) viewing area of the same display screen.

A PIP or PIX- IN-PIX unit is an IC deveIOped to _
produce digital features in a television receiver. While the PIP is
useful in producing a variety of special effects, perhaps the most
common or obvious use of the PIP is to produce a single ‘toving

25 = picture in picture feature in a television receiver.
v, SUMMARY OF THE INVENTION
A PIP system stores the location of the center point
of an inset picture with respect to a display screen center point.
When a ZOOM-IN or ZOOM-OUT command is received, the new
30 video is stored for display in an unused area of a different size,
the new inset center is computed, and a new read address is
computed, so that the displayed centers of the new inset area of
a different size, and the old inset area are substantially the same.
BRIEF DESCRIPTION OF THE DRAWING
35 FIGURES 1, 2, 3 and 4 illustrate physical and virtual
areas of the memory unit of FIGURE 5.
FIGURES 1a, 1b, 2a, 3a, and 4a illustrate display| TH|S SHEET HAS BEEN
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picture @RhBgs19502P! X-I N-PI X) capability, that is, the capabigdt/ysbesonegei ve
video signals fromtwo different sources and conmbine themto produce a
si gnal whi eh when di splayed includes a first programin a nain view ng
area, and a second programin a 20 secondary (inset) viewing area of the

same display screen. FARRETS RN X Wibbnd SobirdIChiaughaped to produce

“digital features in a evl. sl on recely the PIP is useful in
produci ng éuv@bi%tf;ﬂroflsép%’é'ihalthéf ?@‘fﬁrﬁm‘berhaps t he nost conmon or obvi ous

use of the PIPis to proqygsgalmww]?mmmﬂmhqcture in picture
LT3 o o % L R i bR B ARELET,
a di spl 8y dardetaicdnt e0ppmdmtg apipdicatiod Odbtket aunAesMRCA E5580d i s
received, (ﬁlfﬁ%‘f\& and McNeally) entitled "Television System With Zoom
Capability For At Least One Inset Picture" filed on 20 April 1989
and assigned to the same assignee’as the subject invention.
Briefly, this PIP system is based on a large digital memory which
10 can be thought of as 512 plxels by 256 lines. This memory is
circular (i.e. line 1 follows line 256 just as line 2 follows line 1.
Pixel 1 follows pixel 512 just as pixel 2 follows pixel 1). When in
the pip mode the PIP inpu‘t' circuitry writes small (or inset)
picture fields into the memory at a position within the memory
15 programmed into the PIP unit by the control microprocessor.
This position is specified as an upper left hand corner position.
The size of written small picture fields (both compression ratio
and percent cropping) is ‘also programmed into the PIP unit by
the control micro. When in the pip mode, the PIP output
20 circuitry begins reading the memory from a position
programmed by the control micro. This read position is the
position from which the PIP unit bcgihs reading -when the main
picture is at the start (or upper left corner) of a new field.. If the
position of the inset plcture on the main picture is to be changed,
25 the PIP output circuitry is programmcd to begin reading the
| memory from a different ‘position. If the size of the inset plcture
is to be changed, the PIP input c1rcu1try is programmed to begin
writing smaller or larger inset picture fields into the memory.
' When the PIP feature is turned on, the PIP input
30 circuitry initializes the memory under direction of the control
micro. This memory'initialization' is done to set up pip borders
and fast switching control. The PIP input circuitry is then
programmed by the control micro to begin writing compressed,
cropped inset picture fields into the memory. The PIP output
35 circuitry is programmed by the control micro to begin reading
the memory from a given position. Both the position to which
inset fields are written and the position from which the output
circuitry begins reading determine the position of the inset
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30 vi dewoibe/13ter ed for display in an unused area of a diffrrEnisosreaess
the new inset center is conputed, and a new read address is conmputed, so
that "the displ ayed centers of the new insgt area of a different si ze, and
the old inset area are substantially the $ane. BRI EF DESCRILPTI ON OF THE

DRAWNG 3 5 1cture 9n the l’l’ﬁlﬁljﬁé%.ll% 2f 'ﬁ'l@rif&efl dh'réé't%t £ e diysli efer@nd
vi rtual areas menor It of FI GURE 5. SWWLb 2a, 3a, and
t

4a i |l ustrat@ rapym gasféeagctaf%&ecedn?w H@é’é’r%’aﬁé’e A, Pigtieect
invention the ddfeSIEdicrb! ehdngdseshe posiibr fromi r whidtanthenPIP output

circuitry begins reading the memory. A change in inset picture

5 position can be caused by either changing the position " the inset
fields are written to or the position from which the output
circuits begin ‘reading. However if the input circuitry is to
change the position to which inset fields are written the memory
would. first have to be reinitialized, which could not be done

10 without a brief noticeable disturbance in the viewed small
picture. A very smooth movement of the inset picture upon the
main picture can be performed by changing the PIP read
position (read address). '

Movement of the PIX-IN-PIX inset about the display

15 screen will now be explained with reference to FIGURES 1, 1a,
1b, 2 and 2a. Video memory (VRAM) used by the PIP unit
under control of a microcomputer comprises approximately 1
Mbit of memory. It is organized in an array of 256 lines with

_ each line comprising 512 pixels (picture elements). This memory

20 is addressed circularly i.e. the addresses "wrap around" in both
horizontal and vertical directions. = . v

Referring to FIGURE 1, the physical memory VRAM is
-illustrated by a block 100 having an upper left corner at.a point
0, 0. Memory locations are numbered left to right in increasing

25 order from 0 to 511. Lines of the .
array are numbered top to bottom in increasing order from O to
255. Thus, the top left memory location in physical memory 100
~is 0,0 and the bottom right memory location is 255,511. Because
these memory locations are addressed circularly, the line
- 30 addressed after line 255 is line O, and the pixel addressed after
pixel 511 in any given line is pixel O.

This circular addressing scheme permits the
extension of fictional "virtual memories” 102, 104, and 106, as
shown in FIGURE 1. The virtual memory concept, in turn,

35 permits easier visualization of how a PIX-IN-PIX insert is moved
about a display screen.

A PIX-IN-PIX insert 110 is shown stored in physical
memory block 100. Insert 110 has an upper left corner at
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suitabl e YO%ER0%i th the invention. DESCR PTION OF THE | NVERFTEHEHR(@1485p
system of the subject invention is described 5 in detail in copending
appl i cation docket nunber RCA 85,550 (Dufffield and McNeally) entitled

(1 Tea. on 20meary 1ewsicma-besTipAa Mtent dneloeroRbl ofo VAN b} et
Wi h 10 oy E‘é“’%i’““m%gp“&mﬁ?mi T I A
circul ar (iﬁ?ﬁ.ﬂ |‘hﬂg€iﬂf %ﬁaé?me%féﬁj Be ié?%ﬁrﬁfeaé SBOVBAN | e 1. Pi xel
1 foll ows pFKBURE 213.usHomeverxehe Ankel cansbei displayed thaiffenente pi p node
momory. A aci5as; P el iy PihaShE oy JPlaihpfd 8 Clddicing (S0 BIRounit by
t he cont rol (neading)r of edatarat locations other than 0,0. By way of example,
a "wire frame" 120 is superimposed so that is overlays both
physical and vertical memory as shown in FIGURE 1. The upper
left corner of wire frame 120 is located approximately at
10 memory location 478, 244 of virtual memory 104. Of course,
this point doesn't actually exist because virtual memory 104 is
fictitious. However, that point does exist in physical memory
100, and if a memory read begins at that point, the display of
FIGURE 1b results. Note that the PIX-IN-PIX inset 110’ appears
15 to have moved slightly down and to the right with respect to its
position in FIGURE 1la. Note also that the position of the inset in
FIGURE 1b corresponds exactly to the position of the inset with
respect to fictitious wire frame 120.
‘ _ As a further example, consider FIGURE 2, wherein
20 inset 110 is stored in the same locations as in the previous
example, but wire frame 120 has been moved to a new position.
The upper left corner of wire frame 120 is
located approximately at memory location 163,93. If data is
read from VRAM 100 beginning at location 163,93 in physical
25 memory, then the display of FIGURE 2a will result. Note that the
inset 110' of FIGURE 2a is grossly offset with respect to the
position of the inset in FIGURES 1la and 1b.
It is important to note that the inset was apparently
moved from one display position to another without having to
30 move its actual stored location in VRAM 100. The change of
position was accomplished entirely by changing the stérting read
address. _
- If the user directs the control micro to change the
size of inset picture the control micro must first program the PIP
35 to reinitialize the memory and to begin writing inset picture
fields with the new compression ratio and percent of cropping.
If the center of the inset picture is to lie on the same point
within the main picture as the previous inset picture (before the
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Thi s posiwbYasiszespeci fied as an upper |eft hand corner posipcgmisddreideisze
of witten small picture fields (both conpression ratio and percent

cropping) ks also programmed into the PIR unit by the control mcro. Wen
in the pip node, the PIP output 20 Ci rcsuitry begi n$ readi ng the nenory

from a posj:Lio SRy : THET Qritd NhS e bhion i s the
‘posi ti onpf r%%#_v.\%l %rﬁ%gﬁg‘@%ﬁaﬁgﬁf nnééllil‘rP%aIaEﬂ.l % a'\mgnbts ﬁlgﬁf}rgiﬁo%ibé?ur e is at
the start (Rositippermust tbec ¢haagedof glalmémmrel t hand; I‘F@nﬂﬁfsi({’li of the
i nset pict UnGePhibtifteMiduld! féHam a3 e DAt gnaal. o 3he hiEinPpReawé put

posi 11 on it iR ewere dioss GoRE: HhectorFE el s dnrg BicwRangBatd o B p i nput
ci r cui t 5y I enpdiagaentid saméqmwsitivni ti ng smal I er or larger inset pi cture
fields into the Temor Xs Vr}yx]gnQiér?eed PII)rFévfi&%llfrr ediff%:ninugr noepc{i&% éxjge PIP 1 nput

available in the PIP system for maintaining a consistent center of

inset as the inset size is changed. The algorithm implemented in

our system is as follows:

10 Compressed, cropped inset picture fields are always
written to the same position within the memory, that is the
upper left hand corner of the inset picture field is always at the
same position within the'memory regardless of the compression
ratio or the percent cropped. Position of -the inset picture upon

15 the main picture is always controlled by varying the read

position. The control micro maintains a variable which holds
horizontal (HC) and vertical (VC) center positions of inset picture
relative to the main picture. The control micro calculates the
read addresses (both horizontal and vertical) from the HC and VC
20 variables and from information about the current size of the
inset picture. With this arrangement, if the contrél micro is
directed by the user to move the inset picture, the control ‘micro
changes the HC and VC variables and recalculates new read
addresses for use by the PIP unit. If the user directs the control
25 micro to change the inset picture size, the control micro 1)
directs the PIP unit to reinitialize the memory, 2) changes the
parameters relating to the inset picture compression ratio and
cropping, and 3) recalculates read address from current HC, VC,
and the new inset picture size information. This process keeps
30 the center of the new inset picture positioned over the same
point on the big picture.
Zoom (i.e. enlargement) of a PIX-IN-PIX inset will be
explained with reference to FIGURES 3, 3a, 4, and 4a. FIGURE 3
shows the physical and virtual memory arrangement explained
35 above with respect to FIGURES 1, 1a, 1b, 2, and 2a. An insert of
a first size is shown stored in VRAM 100. As explained above, a
fictitious wire frame 120 is positioned about the inset, and is
“used to determine the displayed position of the inset as shown in
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30 circuitry initializes the memory under direction of the control
mcro. Thi¥OM8M3292 i nitialization is done to set up pip bor dePGT/AISH0fEI985
swi tching control. The PIP input circuitry is then programed by the
control micro to begin witing conpressedg cropped inset picture fields
into the nenory. The PIP output 3 5 circuitry is programmed by the control
m cro to bedFiGURKIiZag tTHie ropperylefr orrrraergot‘/amrpoﬁ-ama)ri:?.OBin hotdtedposi ti on

to which 'nsi proxfindfeIQ" iy Mehidiy Bchrldif ACEAES DAL, 8 Ok 811 P

circuitry bedi‘ns rea on bf 3 plcture
clegasion |1n PhESIGQbﬂnQIHOG¥tﬁOImermh idata niscbegun to be

. read at the start of the display time. SRS

5 In FIGURE 4, a new larger sample of data 115 has
been stored in VRAM 100. It is desirable that the displayed
center of the new area 115' coincide with the displayed center of
previously displayed inset 110'. This is accomplished by moving
wire frame 120 to change the displayed position of inset 115'.

10 Accordingly, the upper left corner of wire frame 120 of FIGURE 4
is located approximately at memory location 383,193.

The equations used to ‘locate the first read location

(i.e. the upper left corner of frame 120) are:

on the main

15
HRP=51_2-[HC-SW| . (1)
2
“ and
20 ' ' ' .
- ) 2 ' This Sheet Has Been R

T

25 where SW = the inset picture width;-
SH = the inset picture height; .
HC = Horizontal center relative to the center
of the main picture;
VC = Vertical center relative to the center
30 - of the main picture; '
HRP = Horizontal read position; and
VRP = Vertical read position.
The system described above is capable of producing a
large number (e.g. approximately 80) different sizes of inset .
35 pictures, by varying the rate at which the data is read-in, and
the rate at which the data is read out of VRAM 100. As a
practical matter, however, it has been found that four or five
different inset sizes are sufficient.
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to nmove the inset picture to a new position on the nmain picture the control
m cro chafje90{1380bositi on from which the PIP output circuitrPChegsIdo108s
readi ng the*menory. A change in inset picture 5 position can be caused
by either changing the position the inset fields are witten to or the
position fromwhich the output circuits begin reading. However if the input
circuitry is to changeRefarpgsitoi BIGUREWS,ch comezoller e300 raceivesi tsern t he

oY Y2 Sl AMMEoK S A £ oRRE eYcafa S5U el b A%, 10,
snoot h novenimfrared {¥R) iraseivepi 310s e IRpaaceivernfl® picsives amh dmopiesf or med
B CTR08 20 o Rk, B kg B Bl SRLotlBLs,
ref erenc@ toepp@ }1 64 ol hich" may be a microprocessor or
microcomputer, causes a television tuner 120 to select a
particular RF signal to be tuned in response to data entered by a
user. Tuner 520 produces a signal at an intermediate frequency
(IF) and applies it to a processing unit 525 corhprising a first
10 section 525a including a picture (PIX) amplifying stage an AFT
circuit, and video detector, and a second section 525b including,
a sound amplifying stage, an audio detector and a stereo decoder.
Processing unit 525 produces a baseband video signal (TV), and
baseband left and right audio signals. The AFT circuit of |
15 processing unit 525 also produces a signal from which AFT
crossover .is detected and applies it via line 524 to controller
500. :
The baseband video signal (TV) is coupled via line
526 to one input of a four input video switch 530. The baseband
20 left and right audio signals are applied to one pair of inputs of an
audio switch 540 capable of selecting a pair of inputs from four
pairs of audio inputs. Video switch 530 and audio switch 540
each have three other inputs labelled AUX1, AUX2 and AUX3 for
receiving respective baseband video and audio signals from
25 external sources. Each of the inputs of video switch 530 and.

audio switch 540 is selectable in response to .binary signals
generated by controller 500 and applied to control inputs C, and

Cq via conductors. 531 and 532, respectively. For example, if C;
and CO are both caused to be at a low signal level (i.e. binary 00),
30 then the TV input is selected. If C, is low and Co high (binary
01), then AUXI1 is selected. If C1 is high and CO low (binary 10),
then AUX2 is selected. If both Cy and Cy are high (binary 11),

then AUX3 is selected. The selection of corresponding video and

audio signals is ensured because the control lines 531 and 532
35 are coupled to respective control inputs C; and C0 of both video

switch 530 and aundio switch 540.

D
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| b, 2 and o memory (VRAM used by the PIP unit under
mcrocomﬁ%@?"@ég@nses approxi mately 1 Mit of mermory. It sl;(gflé;aﬁ% 8 In
an array of- 256 lines with each line conprising 512 pixels (p| cture

eI ements). This menory 2 0 is addressed @ircularly i.e. the addresses

"wap around” in both horizontal and vertical dlrec I ons. ggerrlng to
FIGURE 1, the physi cal Thersiscteiarides s1gnadtisa@BBlsY ¥© B M€A00 having an

uppﬁ{ left 8§so’ﬁ uaupqidﬂ a@x,d Quumrferw dl@ mL san%narae disnpla edréeeft to
reg inin LN

nunber ed topP é)(n;g)ll%dqvhcq ﬁrgpeag\rp 00|S fr%ﬁ %(550 Qlé%d q‘?hgy Che top

left nenory depasatornunit [H65siwhichmetarivesl Oriical, sndinlotihentadt t om ri ght

-----

menory | 5; at .{)ﬂ]g:hﬁ“iéﬁg SdibnaRe GALRIréMES S THE MRE M cldf A 3BS si%rn%ls’"dﬂées sed

circul ar
applied to an audio processor unit 180 and ultimately
reproduced via speakers 590, 595. The above-described
circuitry is essentially known from the RCA CTC-140 television
receiver manufactured by Thomson Consumer Electronics,
10 Indianapolis, Indiana. -

In accordance with the present invention, a picture-
in-picture (PIP) unit 550 is shown inserted between video
switch 530 and video processor 560. The A signal input of PIP
unit 550 is connected to receive baseband signals from the built-

15 in tuner/IF circuitry of the television receiver, and the B signal
input is connected to receive the output signal of video switch
530. PIP unit 550 has a VS IN input for receiving vertical rate
synchronizing signals and an HS IN input for receiving horizontal
rate synchronizing signals from sync separator unit 565. Sync

20 separator unit 565 also couples vertical synchronizing signals to
a VERT SYNC IN terminal of controller 500 via a line 522. PIP
unit 550 has a control input C to which a serial control bus 533 is
coupled. Serial control bus 553 couples command data from
controller 500 which controls PIP unit 550 to produce an image

25 for display having a main (or primary) picture and an inset (or
secondary) picture. Under controller command, via serial bus
553, the PIP function may be enabled and disabled, and the inset
picture may be displayed, for example, in each of the four
corners, or in several other areas. PIP unit 550 includes a

30 control bus interface 550a, a latch 550b and a processing unit
350c. Latch 550b allows incoming processor commands to be
synchronized at the vertical rate. Also under controller
command via serial bus 553, PIP unit 550 may be controlled to
interchange (swap) the main and inset television images. The

35 sound reproduced by speakers 590, 595 desirably "follows" (i.e.,
is the sound associated with) the image displayed as the main
picture.
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3 0 addressed after line 255 is line O, and the pixel addressed after

pi xel 511 WQ MB3282ven line is pixel 0. This circul ar addressPRE/ ETI0LAI8S
permts the extension of fictional "virtual nemories". 102, 104, and 106, as
shown in FIGURE 1. The virtual menory congept, in turn, 3 5 permts easier
visualization of howa PIX-IN-PIX insert is noved about a display screen. A
PIX-IN-PI X insert 110 The sttowotusst of cHIGHRIBYS i pravidasnber, splasgion @, an | nser t

110 has an HARfib E%Cﬂ{ R8ipitise todcHRTBI Ysigh2R! applifd Oto |PardBER Were to

be cl ocked Ul Rlered dbntrol inputs C; and C; of video signal switch 130

and audio signal switch 540, and also in response to a-signal
5 indicative of whether the main and inset pictures are swapped.
This is accomplished by circuitry comprising resistors R531,
R532, diodes D531, D532, transistor Q531, and a SWAP control
line 541. The operation of the audio selection circuitry is not
relevant to the subject invention, and therefore does not need to
10 be described in detail.

IR receiver 510 receives IR signals transmitted by,
for example, a remote control handunit such as the one shown in
FIGURE 6 and designated 600. Referring to FIGURE 6, remote
control handunit 600 includes keys 602 for entering the digits O-

15 9, for entering “"channel-up" and "channel-down"” commands and
a key 604 for turning the receiver "on" and a key 605 for
turning the receiver "off." Remote control handunit 600 also
includes an array of keys 610 (labelled PIP/SURROUND

CONTROL) including' a key 608 (labelled ON/OFF), a key 611

20 (labelled MOVE), and arrow keys 614-617, for controlling inset
movement on the display screen. Remote control handunit 600
includes therein electronic circuitry (not shown) for encoding a
signal to be transmitted by an IR diode in accordance with the
particular keys pressed.
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100 begi nning at | ocay, endlng at location 511, 255 then the

Pl X- I N- Pwoswaezozmul d shown in FIGURE | a. HOWWUS90/04 685
"inset can ‘be displaye I I areas of the display screen by
beglnnlng t he clockln ta at | ocations other than O,O0.
By way of exanple, a "wire frane" 120 |s superlnposed so that is overlays
both physical and vertical nenory agLATMS: in FIGURE 1. The upper left

476, 243 of virtual remofy BSHTSCE-BBNTEe SYSRS 1 i TISYEOE otually
exi st _becatrsec_emetrt uad:mpemng 104 is flct_ltlous However, that point does
The di spl by of - FI GRS Finy fi¥ank & RIS el i 11 10
appears 1 3espensfaide mwm.'gyuayummﬂ and to the right with respect to
its tuner demodulator means having an input for

receiving a plurality of radio frequency signals, and having a

control input for receiving a first control signal, said tuner

demodulator means tuning one of said radio frequency signals in

response to said first control signal and producing a detected

video signal therefrom at a first output;

memory means for storing data representing a video

image;

picture-in-picture processing means coupled to said
first output of said tuner demodulator means for receiving said
detected video signal, for storing in said memory means data
representing a predetermined amount of said video signal in
response to a second control signal, and for producing a first
display signal by reading said data from said memory means
beginning at a first memory location, said first display signal
when displayed on a display screen produces a display image
having an image area of a first size displayed in one of a_
plurality of image locations, said image being related to sa1d
stored video signal,

control means for controlling said tuner demodulator
means and for controlling said picture-in-picture processing
means, said control means having a first input coupled to said
data entry means for receiving said data signals, having a first
output for developing said first control signal, and having a
second output for developing said second control signal;

said control means in response to said data signals
generates said second control signal causing said picture-in-
picture processing means to store data representing a different
predetermined amount of signal in said memory means
representative of a second display image having an image area
of a second size;

said control means computing a second memory
locauon from which to begin reading in response to said data

WM st | e




position in FIGURE I'a: Note also that "the position of the inset in FIGURE

| b correswgrgbalgngctl n of the inset with respesyu$sn/o108s
fictitious'wire fra Hm li EEML er exanple, consider FIGURE 2, wherein
20 inset 110 is sto oca |ons as in the previous exanple

but wire frame 120 has been noved to a n p05|t|on The upper |eft corner

of wire fr 0 | yra caf i 163, 93.
Gata s roapbreschie, AR, %“*%Sgﬁf*fntn?*a{gm*aﬁ P osigaIDLr A ﬁ%‘d%s
menory, theMEORAIYBERES, and ApCIfspopse wiq |sa|1 st-’tt cﬁﬂteé' PR&}IQ ﬂ&et 110’

of FI GURE 2¢hatStife Qﬁ%b}hyéﬁf eehtatk t 6f rs@efitst andheepondt divplafed he inset in
FIGURES | a and | b, onote that the inset was apparently

It t
noved from HR&BGi a4ty aﬁ%s%%ﬂngﬁu %et@MPt hout having to

2. The picture-in-picture system of claim 1 wherein
said control means is a microprocessor.

3. The picture-in-picture system of claim 2 - wherein
said data signal causing said control means to generate said
second control signal is a ZOOM OUT control data signal, and said
different predetermined amount of 31gnal stored for said display
image area of said second .size is a greater amount than stored
for said display image area of said first size.

4. The picture-in-picture system of claim 3 wherein
said data signal causing said control means to generate said
second control signal is a ZOOM IN control data signal, and said
different predetermined amount of signal stored for said display
image area of said second size is a lesser amount. than stored for
said display image area of said first size.

5. The picture-in-picture system of claim 4 wherein
said second memory location from which to begin reading, is
computed from the horizontal and vertical center positions of
said display image area of said first size relative to the center of
said display screen, and from said different amount of data
stored for said display image area of said second size.
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30 nove its actual "stored location in VRAM 100. The change of position

was accompbioghadorntir the starting read addrpss/usgﬁ)/mk;ss
user directs the cont ﬁmﬁﬁ&gjﬂﬂﬂ (Hm ge the size of inset picture the

control mcro nust fi toreinitialize the nenory
and to begin witing inset picture flel d]s W|th the new conpression ratio

and percent of croppi§g. Afpidifreifilp®itueé $fReinnI6f Pielewvigios to lie on
the sanme point,within the main picture as t'he previous inset picture

(bef or e .t heFeCEIVeTyj SOMPHINRE  was i npl ement ed) either the wite position or
read . data entry means for generating data signals in

response to activation by a user; o
| input means for receiving a video signal;
memory means for storing data representing a video
image;
picture-in-picture processing means coupled to said
input means for receiving said video signal, for storing in said
memory means- data representing a predetermined amount of
‘said video signal in response to a second control signal, and for
producing a first display signal by reading said data from said
memory means, said first display signal when displayed on a
display screen produces a display image having an image area of
a first size displayed in one of a plurality of image locations and
having a first center position relative to the center of said
display screen, sa1d image being related to said stored video
signal,
~ control means for controlling picture-in-picture
processing means, said.control means having a first input
coupled to said data entry means for receiving said data signals,
and having an output for developing said control signal;
said control means in response to said data s1gnals
generates said second control signal causing said picture-in-
picture processing means to store in said memory means data
representing a different predetermined amount of signal and
representative of a second display image having an image area
of a second size;
said control means computing the display position of
said display image of said second signal in response to said data
representing said different amount of signal stored in said
memory means and in response to said first center position, such
that the displayed centers of said first and second dlsplayed
image areas are substantially the same. T
This Sheet Has Been R,

T

- REPLAGED

SUBSTITUTE SHEET



positions nust be changed. ‘The upper-1eft hand corner of the inset picture
woul d remﬂ()/dﬁzﬂzhe nthe main picture if this RGRUSS0/00086%;
“t he center of the in mnﬁ ‘!H not 5 remain at the same position.
As mentioned previous i ionsgare available in the PIP system
for maintaining a consistent center of inset as the inset 'size is changed.
The al gori thm inpl eméht efini a wievision eysteanasppatatusscomprising:

Compressed. oroPped iiigireBhhiiicd ﬁt&scs%ﬁ@ aANANS YELLLERVEO dhe sane

position wthin the corner .of the inset
pi cture fi dimgtiandisegpnd awldehves |g¢@nramghuantm:d widen \sigeghr dl ess

of the CO”REﬁﬁe%bﬁﬁnr afaholﬁ‘{a Ehﬁ:cﬂﬁﬂﬁfg‘ta CaRPSitha eosaréaon Qf. the-inset
pi cture upon he main picture |5 s C d.by varying the
‘r ead orrespondmg to szudD first video 51gna¥ nd an mset image afea
corresponding to said second video signal within said main image
area;
control means coupled to said picture-in-picture
processing means for controlling the position of said inset image
area Wwithin said main image area and for changing the size of
said inset image area in response to a control signal;
said control means including means for calculating
the location of said inset image area within said main image area
as a function of of the size of said image area so that the
geometric center of said inset image area remains substantially
constant in both horizontal and vertical directions as the size of
said inset image area is changed.

8. The television system of claim 7 further including
memory means, coupled to said picture-in-picture processing
means for storing data corresponding to said second videg ‘signal

for display in said inset image area.

9. The television system of claim 8 wherein said

control means is a microprocessor.
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position. The control mcro nmaintains a variable which holds horizontal
(HO andawoesvizzek (VC) center positiogs of inset picture relPalvu$ed/o108se
-main picture. The control mcro calculates the read addresses (both
~horizontal and vertical) fromthe HC and VC 2 0 variables and from

i nformation about the current size of the inset picture. Wth this
“arrangenent, if the control mcro is directed by the user to nove the inset
picture, the control mcro changes the HC and VC varyg tes
new read addrggges for use by the PI unit. If the user directs the conFroI
25 mcro to dhange the inset pictuyre size the con icro 1) directs
the PIP finit to reinitializd the merfory, 2) chgnges }he pg},qqr@ters rel afing
to the ipset picture conpregsion ratio and crogpi ng,{ and 3) recal cul atep

. read addfess fromcurrent H, VC, and the new ijnset picture size
informat{on. This process kdeps '

0,0 120
\ (

o FIG. 12

\_110

110

L e l

\ N )
1OGJ 0,285 100 511,255

FIG. 1 FIG. 1b

FIG. 2

104 102

A—t
——

120
1~ ' 1100

0,0 \

N 1.0 FIG. 2a

110

{ 17 N
] \ { \
106 0, 255 100 511,255

e e T

“TIJ Chay Vif u‘BWEtLN
REPLACED

This Sheet Has Been Replaced g




30 the center of the new inset picture positioned over the same point on
the bi g PVOIMNB20Zoom (i.e. enlargem@®3 of a Pl X-1 N Pl X i nsBETALS0/0185
explained with reference to FIGURES 3, 3a, 4, and 4a.” FIGURE 3 shows the
physi cal and virtual nenory arrangenent explained 3 5 above with respect
to FIGURES 1, la, Ib, 2, and 2a. An insert of a first si.zeé is shown stored
I n VRAM 100. As expl ai ned above, a fictitious wire frane 120 is positioned
about the inset, and is used to det i ne the displayed position of the

i nset as showﬂOAq 6 FlI GURE 3a. Tﬁ@ghpper | eft corner of wire frame 120

I s | ocat ge

1204

110°

FIG. 3a

110

106 100

FIG. 3
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approximately at nenory |ocation 313,193, which, of course, is the |ocation
in physiW%4#B2y from which data is begun to be read at tPHel’d{SH0/019BSt he
“display-timme. 5 In FI GURE321 a new | arger sanple of data 115
“has been stored in VRAM 100. It is desi ‘ébl e that the displayed center of
the new area 115" coincide with the displayed center of previously

di spl ayed inset 110'. This is acconplished by noving wire frane 120 to

change the display ion of inset 115. 10 Accordingly, the upper |eft
corner of vvige Lrane &af FIGURE 4 is | ocated approxi mately at nenory
| ocation 3834198. Th tions used to locate the first read | ocation

(i.e. the upper It‘gft rner of frame 120) are: 1 5 HRP =512.- [HC - SW
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center
Hori zont a

where SW
= Hor i BeHUH906H88

HC

VC = Verti cal

HRP .
The system described above is

(2) 2 25
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‘pi cture;
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pi cture height;

t he i nset
of the main
read position.
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Vertical
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| arge nunber (e.g. approximately 80) different sizes of in
pictures, by varying the rate at which the data is read-i
at which thP@d a is redtPRRUNTBLETRANRITE LY REARZHPALL i cal & howeyer,
it has been found that four or five different inset sizes_ are_sufficient.
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(57) Abstract

A PIP system stores data indicative of the location of the center point of an inset picture with respect to a display screen
center point in a memory area (100, 102, 104, 106) of a first size (110). The inset image data is read out of the memory area begin-
ning v{lth the data stored in a memory location known as the “read address” (0, 0). When a ZOOM-IN or ZOOM-OUT com-
mand is received, data representing a new video image of a different size is stored for display in an unused memory area (120) of

a different size, a new inset center point is computed, and a new read address is computed, so that the displayed centers of the
new inset area of a different size, and the old inset area are substantially the same.
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m croconputer, causes a television tuner 120 to select a partiaﬂiﬁf’gﬁ"—")
signal to be tuned in response to data entered by a user. Tuner 520

produces a signal at an internediate frequency (I'F) and appl Rf tmf‘g:l uﬁ"

LT
processing unit 525 conprising a first 10 1section 525a i ncljl :é‘ti

(Pl X) anplifying stage an dnd a second

section 525b incl uding, I@FSE]-@PQ ‘ltj Irgg]%u‘gl o detiecf or.:"&nd7% }
stereo decoder. Processing unit eband vi deo{signal (TV), ‘
and baseband | eft and right audi o signals. The AFT circuit of 1 5 '

et eer ot nd gl o 1+ vl et EEL O 4R AIHORD AT Crpssoner e
signal (TY) .is coupl ed This inventb®t retateseta rthat field aoff eelevinipnt vi deo
switch 530. ThebassPa{fling picture-in-picture capability.
BACKGROUND OF THE INVENTION
The term “television receiver” as used herein
includes television receivers having a display device (commonly
10 known as television sets), and television receivers without a
display device, such as videocassette recorders (VCR's).
The term “television receiver" as used herein also

includes television monitor/receivers having an RF tuner and
baseband signal input circuitry.

15 Many modern television receivers have picture-in-
picture (PIP, or PIX-IN-PIX) capability, that is, the capability to
receive video signals from two different sources and combine
them to produce a signal which when displayed includes a first
program in a maln v1ew1ng area, and a second _program in a

20 secondary (inset) viewing area of the same display screen.

A PIP or PIX-IN- PIX unit is an IC developed to
produce digital features in a television receiver. While the PIP is
useful in producing a variety of special effects, perhaps the most
common or obvious use of the PIP is to produce a single ‘thoving e

25 picture in picture feature in a television receiver.

SUMMARY OF THE INVENTION

A PIP system stores the location of the center point

of an inset picture with respect to a display screen center point.
When a ZOOM-IN or ZOOM-OUT command is received, the new

30 video is stored for display in an unused area of a different size,
the new inset center is computed, and a new read address is
computed, so that the displayed centers of the new inset area of
a different size, and the old inset area are substantially the same.

RIEF DESCR N OF THE DRAWING

35 FIGURES 1, 2, 3 and 4 illustrate physical and virtual
areas of the memory unit of FIGURE 5.

FIGURES 1a, 1b, 2a, 3a, and 4a illustrate dlSplay
screens produced in accordance with thé subjegtrinventionziicrs 9
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20 left and right audio signals are applied to one pair of gnmuts of an
audi o switch 540 capable of selecting a pair of inputs fromfour pairs efgy
audi o inputs. Video switch 530 and audi o switch 540 each have three other

i nputs | abell ed AUX1, AUX2 and AUX3, for receiving respectivé paseband

wi deo and audi o signals from25 external Zources. Each of fhe inputs of

video swtch 530 and audi iLtch.540 is selectable in response . to binary’
si gnal s generated by coﬂ'{tlm&g %Gauﬁﬁﬁtcépﬁlfeéﬂoieoc(?&l[ﬁorloﬁgﬁ" Hilts err]

and Clerr] vi autmbtridioor as&3withndh&3ihvenemmect i vel y. For exanple, if ([err]

and C[err] are both caused FLE I.e. binary 00), 3
0O then the TV input is sel R Qi hi gh, (binary 01),

then AUXL is sel ected. [FheRIPr systemigh @ﬁds'@jéﬁ]inﬁ’éwi]@ﬂi hardeseppedt hen
AUX2 i s sebectipddetdil Hat Bofbrdink applichoR] deskethingmiidi RaCH $3)550 hen AUX3
, 's selected. T(}ifuf?i%llg Cztnluf) %A%Ne%?ﬁf)eéx?&{lga n'gl'e\,/lleg/%?m? ngystcm With Zoom
Capability For At Least One Inset Picture" filed on 20 April 1989
and assigned to the same assignee as the subject invention.
Briefly, this PIP system is based on a large digital memory which
10 can be thought of as 512 pixels by 256 lines. This memory is
circular (i.e. line 1 follows line 256 just as line 2 follows line 1.
Pixel 1 follows pixel 512 just as pixel 2 follows pixel 1). When in
the pip mode the PIP input' circuitry writes small (or inset)
picture fields into the memory at a position within the memory
15 programmed into the PIP unit by the control microprocessor.
This position is specified as an upper left hand corner position.
‘The size of written small picture fields (both compression ratio
and percent cropping) is also programmed into the PIP unit by
. the control micro. When in the pip mode, the PIP output
20 circuitry begins-reading the memory from a position
programmed by the control micro. This read position is the
position from which the PIP unit begihs reading when the main
picture is at the start (or upper left corner) of a new field.. If the
position of the inset picture on the main picture is to be changed,
25 the PIP output circuitry is programmed to begin reading the
memory from a different position. If the size of the inset picture
is to be changed, the PIP input circuitry is programmed to begin
writing smaller or larger inset picture fields into the memory.
When the PIP feature is turned on, the PIP input
30 circuitry initializes the memory under direction of the control
micro. This memory initialization is done to set up pip borders
and fast switching control. Thé PIP input circuitry is then
programmed by the control micro to begin writing compressed,
cropped inset picture fields into the memory. The PIP output
35 circuitry is programmed by the control micro to begin reading
the memory from a given position. Both the position to which
inset fields are written and the position from which the output
circuitry begins reading determine the position of the inset
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audi o signals is ensured because the control lines 531 and 532 3 5 are
coupl ed to respective control inputs (Jerr] and CJerr] of bogth vi8etliswigsch
530 and audi o switch 540. The sel ected video signal is appllied to a
vi deo processor unit 560 and ultimtely displayed on a display screen of &

di'spl ay device 570. Video signals are aIsoBappIied‘to a syn separator. .unit
565 whi ch derives vertical and horizont hr oni als

|
therefrom TREUEE 88 Lhe Maib RIFHHSEI s Ig @ b‘ﬁFf/ ¢S ali€a BPH%BrIB&Céé’sor
unit 180 and 1d thowd ethy ireyet opicted Yo 2a SEeakpositiofOon58te mdine picture

above-describggl Qe hifchs FRRGRL Ald oSREER R LREAEe 1P "

circuitry begins reading the memory. A change in inset picture

5 position can be caused by either changing the position the inset
fields are written to or the position from which the output
circuits begin reading. However if the input circuitry is to
change the position to which inset fields are written the memory
would first have to be reinitialized, which could not be done

10 without a brief noticeable disturbance in the viewed small
picture. A very smooth movement of the inset picture upon the
main picture can be performed by changing the PIP read
position (read address).

Movement of the PIX-IN-PIX inset about the display

15 screen will now be explained with reference to FIGURES 1, la,
1b, 2 and 2a. Video memory (VRAM) used by the PIP unit
under control of a microcomputer comprises approximately 1
Mbit of memory. It is organized in an array of 256 lines with
each line comprising 512 pixels (picture elements). This memory
20 is addressed circularly i.e. the addresses “wrap around" in both
horizontal and vertical directions.

Referring to FIGURE 1, the physical memory VRAM is
illustrated by a block 100 having an upper left corner at.a point
0, 0. Memory locations are numbered left to right in increasing

25 order from 0 to 511. Lines of the
array are numbered top to bottom in increasing order from 0 to
255. Thus, the top left memory location in physical memory 100
is 0,0 and the bottom right memory location is 255,511. Because
these memory locations are addressed circularly, the line

30 addressed after line 255 is line O, and the pixel addressed after
pixel 511 in any given line is pixel O.

This circular addressing scheme permits the
extension of fictional “virtual memories” 102, 104, and 106, as
shown in FIGURE 1. The virtual memory concept, in turn,

35 permits easier visualization of how a PIX-IN-PIX insert is moved
about a display screen.

A PIX-IN-PIX insert 110 is shown stored in physical
memory block 100. Insert 110 has an upper left corner at
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recei ver manufactured by Thonmson Consuner El ectronics, 10 del ana}go‘lzg‘,g,?m,\ '

I ndi ana. In accordance with the present invention, a picture-

(PIP) unit 550 is shown inserted between video switch 530 an

n-picture
video
proeéssor 560. The A signal input of PIP unjt 550 is connectdd to receive
haseband signals fromthe built- 1 5 in tuher/ I F ci rcuitry of the

output st gnal e 8CRT 8, SUP R, B 1§ ISR Rl B TP 1€
recei vi ng ver t1i00abeginningy at Hpeafion n0s agdarsding atnlogation i5r1§u¥ ¥ or
recei ving horiggemt e mxemmwiﬁaétlzivmmi %thﬁsvﬁlfm Z?snghﬁmagﬁitgirnunit
505 o1 1S 20 BRSO Bl R B Shob ke Y HEGREL 0
unit 550 h&is areamtofokhe rdisplag screehi by beghming thentclotkingsoB63 i s
(reading) of data at locations other than 0,0. By way of example,
a "wire frame" 120 is superimposed so that is overlays both
physical and vertical memory as shown in FIGURE 1. The upper
left corner of wire frame 120 is located approximately at
10 memory location 478, 244 of virtual memory 104. Of course,
this point doesn't actually exist because virtual memory 104 is
fictitious. However, that point does exist in physical memory
100, and if a memory read begins at that point, the display of
FIGURE 1b results. Note that the PIX-IN-PIX inset 110° appears
15 to have moved slightly down and to the right with respect to its
position in FIGURE la. Note also that the position of the inset in
FIGURE 1b corresponds exactly to the position of the inset with
respect to fictitious wire frame 120.
As a further example, consider FIGURE 2, wherein
20 inset 110 is stored in the same locations as in the previous
example, but wire frame 120 has been moved to a new position.
The upper left corner of wire frame 120 is :
located approximately at memory location 163,93. If data-is
read from VRAM 100 beginning at location 163,93 in physical
25 memory, then the display of FIGURE 2a will result. Note that the
inset 110' of FIGURE 2a is grossly offset with respect to the
position of the inset in FIGURES la and 1b.
It is important to note that the inset was apparently
moved from one display position to another without having to
30 move its actual stored location in VRAM 100. The change of

position was accomplished entirely by changing the starting read
address.

If the user directs the control micro to change the
size of inset picture the control micro must first program the PIP
35 to reinitialize the memory and to begin writing inset picture
fields with the new compression ratio and percent of cropping.
If the center of the inset picture is to lie on the same point
within the main picture as the previous inset picture (before the

b}



coupled. Serial control bus 553 couples command data from contfol I er 500

whi ch controls PIP unit 550 to produce an inmage 25 for di spl ay havingms
main (or primary) picture and an inset (or secondary) picture.:Under
controller comand, via serial bus 553, the PIP function rray| be enapledard
disabl ed, and the inset picture nay be disptayed, for exanple,_in each of
the four corners, or in several other areas. PIP unit 550 includes a 30 T
control bus i Bizér hengsswas mplarentsydbeHRar ather wdts Pagitien 059684 Lat ch

550b al | ows 'gﬁ@‘md’iﬁ m&qeswhaq%aandﬁhé%pﬁersxmhnm z&sinat dthehevertlcal
rate. Al so under controller comund via serial bus, 553, PIP unit 550 be

control | ed t olR§t ePIHUMGVPUlagSMaR 3nithe ofAMEnBRINt: 8 o thes BRI r?é@%ge The
3 5 sound repf aHisceeerbynepeivne; sthe90entedSofiethier atsey mtuirbowulzﬂlnet i's

t he sound 5assogm%hledatvmtﬁg)sénqg bgﬁ%‘% di spl ayed as the main
As mentioned previously differing options are
available in the PIP system for maintaining a consistent center of
inset as the inset size is changed. The algorithm implemented in
our system is as follows:

10 Compressed, cropped inset picture fields are always
written to the same position within the memory, that is the
-upper left hand corner of the inset picture field is always at the
same position within the memory regardless of the compression
ratio or the percent cropped. Position of the inset picture upon

15 the main picture is always controlled by varying the read
position. The control micro maintains a variable which holds
horizontal (HC) and vertical (VC) center positions of inset picture
relative to the main picture. The control micro calculates the
read addresses (both horizontal and vertical) from the HC and VC

20 variables and from information about the current size of the
inset picture. With this arrangement, if the contrél micro is
directed by the user to move the inset picture, the control micro
changes the HC and VC variables and recalculates new read
addresses for use by the PIP unit. If the user directs the control

25 micro to change the inset picture size, the control micro 1)
directs the PIP unit to reinitialize the memory, 2) changes the
parameters relating to the inset picture compression ratio and
cropping, and 3) recalculates read address from current HC, VC,
and the new inset picture size information. This process keeps

30 the center of the new inset picture positioned over the same
point on the big picture.

Zoom (i.e. enlargement) of a PIX-IN-PIX inset will be
explained with reference to FIGURES 3, 3a, 4, and 4a. FIGURE 3
shows the physical and virtual memory arrangement explained

35 above with respect to FIGURES 1, 1a, 1b, 2, and 2a. An insert of
a first size is shown stored in VRAM 100. As explained above, a
-fjctitious wire frame 120 is positioned about the inset, and is
used to determine the displayed position of the inset as shown in




pi cture.

si gnal
cont rol
si gnal

I n response to control signals applied to parallel- cdnnqcl ed,

inputs Clerr] and Cferr] of video signal swtch 130G gnd audr’
switch 540, and also in response to a signal 5 indiicadtive-—of

9 The structure of FIGURE 5 provides for sel ect |‘_o§n of aﬁ‘haum*o' '

T

whet her the main and inset pictures are swapéed. This is agconplished by

circuitry conprisi ng reS|stors R53 1, R532

i odes D531, D53£ tTansitstor

31, and a SWp b, | The ﬁéﬂesu Jete c‘?)?ﬁéxatdfo{im%f in‘xg t 95 96L& On

circuitry is not re evan to t

need to

10

15

20

25

30

35

ect |nv§n§| re ore daes not
approxlmatey at memory locanon 13,193, whlch of course, is

the location in physical memory from which data is begun to be
read at the start of the display time.

In FIGURE 4, a new larger sample of data 115 has
been stored in VRAM 100. It is desirable that the displayed
center of the new area 115 coincide with the displayed center of
previously displayed inset 110'. This is accomplished by moving
wire frame 120 to change the displayed position of inset 115,
Accordingly, the upper left corner of wire frame 120 of FIGURE 4
is located approximately at memory location 383,193,

The equations used to locate the first read location
(i.e. the upper left corner of frame 120) are:

HRP = 512 - [HC - SW] ) (1)
2

and

VRP = 256 - [VC - SH] (2)
- 2 !

where SW = the inset picture width;-

SH = the inset picture height;

HC = Horizontal center relative to the center
of the main picture;

VC = Vertical center relative to the center
of the main picture; ‘

HRP = Horizontal read position; and

VRP = Vertical read position.

The system described above is capable of producing a
large number (e.g. approximately 80) different sizes of inset
pictures, by varying the rate at which the data is read-in, and
the rate at which the data is read out of VRAM 100. As a
practical matter, however, it has been found that four or five

~ different inset sizes are sufficient.
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1 0 be described in detail. IR receiver 510 receives IR si gfé%,.‘tém

transmtted by, for exanple, a renote control handunit such asjthe one
shown in FIGURE 6 and designated 600. Referring to FIGURE 6, |renot® 1coniggl
handuni t 600 |ncludes keys 602 for entering the digits 0- 1

b
entering channel up" and "channel - dowmn" corrmands and a key 504 T or turnrng"
the receiver "on" and a key 605 for turnindg the receiver ff.  Renote

PI P/ SURROLAD. CONTROL) E%f%r%}rl»mq?ﬁi@l@{%a%’ 2, sF‘ﬁ%é“%ﬁ%éﬁLafg%Eg P13 20
(1 abel | ed I\/D\/Et)t,ered]obcmtr@hvskm@l%ﬂmmw loral ksyhroasd| 50§ amﬁefrorm\ﬁélrrent on
the display sgq Bﬂgpt&cew%rshoharﬁhl%pm@ 510! H@@évw%ﬁf rae%baegrom c
circuitry (not shown)” for ‘enco a si be transmtted an J
di ode i n accofuBAte Gantrel signals transmitted by a remote control- umt 1
5 Controller 500, which may be a microprocessor or
microcomputer, causes a television tuner 120 to select a
particular RF signal to be tuned in response to data entered by a
user. Tuner 520 produces a signal at an intermediate frequency
(IF) and applies it to a processing unit 525 comprising a first
10 section 525a including a picture (PIX) amplifying stage an AFT
circuit, and video detector, and a second section 525b including,
a sound amplifying stage, an audio detector and a stereo decoder.
Processing unit 525 produces a baseband video signal (TV), and
baseband left and right audio signals. The AFT circuit of
15 processing unit 525 also produces a signal from which AFT

crossover is detected and applies it via line 524 to controller
500. ' '

The baseband video signal (TV) is coupled via line
526 to one input of a four input video switch 530. The baseband
20 left and right audio signals are applied to one pair of inputs of an
audio switch 540 capable of selecting a pair of inputs from four
pairs of audio inputs. Video switch 530 and audio switch 540
each have three other inputs labelled AUXI1, AUX2 and AUX3, for
receiving respective baseband video and audio signals from
25 external sources. Each of the inputs of video switch 530 and

audio switch 540 is selectable in responée to bmary'mgnals
generated by controller 500 and applied to control inputs C, and

Cq via conductors 531 and 532, respectively. For example, if C;
and Cq, are both caused to be at a low signal level (i.e. binary 00),
30 then the TV input is selected. If C, is low and Cp high (binary
01), then AUXI1 is selected. If C, is high and Cp low (binary 10),
then AUX2 is selected. If both Cl and CO are high (binary 11),

then AUX3 is selected. The selection of corresponding video and

audio signals is ensured because the control lines 531 and 532
35 are coupled to respective control inputs Cl and CO of both video

‘switch 530 and audio switch 540.
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particul ar keys pressed. CLAIMS: 1. A picture-in-pictLre sy§ten1for “al
tel evision receiver, conprising: data entry means for gererlat ﬂaH@
signals in response to activation by a user; tuner denodul toh néans hav4
an input for receiving a plurality of radio frequency si gnals,—angd—haviag
control input for receiving a first control gsignal, said jtuner denodul ator
means tuni ng one of said radio frequency signals in responseto salrd TiTst
control signal and produTheicsededed ecided signal is applied to a video

processor unit 560 and ultimately displayed on a display screen
of a display device 570. Video signals are also applied to a sync
separator unit 565 which derives vertical and horizontal

5 synchronizing signals therefrom. The selected audio signals are
applied to an audio processor unit 180 and ultimately
reproduced via speakers 590, 595. The above-described
circuitry is essentially known from the RCA CTC-140 television

receiver manufactured by Thomson Consumer Electronics,
10 Indianapolis, Indiana.

.u,_.m-e———*~ '

In accordance with the present invention, a picture-
in-picture (PIP) unit 550 is shown inserted between video
switch 530 and video processor 560. The A signal input of PIP
unit 550 is connected to receive baseband signals from the built-

15 in tuner/IF circuitry of the television receiver, and the B signal
input is connected to receive the output signal of video switch
530. PIP unit 550 has a VS<IN input for receiving vertical rate
synchronizing signals and an HS IN input for receiving horizontal
rate synchronizing signals from sync separator unit 565. Sync

20 separator unit 565 also couples verucal synchronizing signals to
a VERT SYNC IN terminal of controller 500 via a line 522. PIP
unit 550 has a control input C to which a serial control bus 553 is
coupled. Serial control bus 553 couples command data from
controller 500 which controls PIP unit 550 to produce an image

25 for display having a main (or primary) picture and an inset (or
secondary) picture. Under controller command, via serial bus
553, the PIP function may be enabled and disabled, and the inset
picture may be displayed, for example, in each of the four
corners, or in several other areas. PIP unit 550 includes a

30 control bus interface 550a, a latch 550b and a processing unit
550c. Latch 550b allows incoming processor commands to be
synchronized at the vertical rate. Also under controller
command via serial bus 553, PIP unit 550 may be controlled to
interchange (swap) the main and inset television images. The

35 sound reproduced by sbeakers 590, 595 desirably “"follows” (i.e.,

is the sound associated with) the. image displayed as the main
picture.
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video signal therefromat a first output; nenory neans for tor‘i"’ﬁ“@""'ﬂ'ﬁt‘”é"‘"‘l ’
representing a video inmage; picture-in-picture processing [mgang 5coupligs t
said first output of said tuner denpdul ator means for recgiying sai-ld YL

detected video signal,- for storing in said nmenory neans dat "'T"epreseﬂt~L-ngja
predet erm ned anount of said video signal in response to &a_second control

signal, and for producing a first display si9gnal by reading sai d data from

sai d memory means begi nnifg GHudtuld ot FIGUKY 8 BV 152581ckiiont of | &P! ay
si gnal when di splayed on a di'splay sCreen produces a |_sgl ay |maﬂe avi ng
an i mage area didig signad i TespARSS 49 ceontobfdgnBRIsaapplied) ta pasallghage

| ocations, saicbrimeged beontgolr éhputsd G p andi €nstofr eideoi signabisyrizeh 130
and audio signal switch 540, and also in response to a-signal
5 indicative of whether the main and inset pictures are swapped.
This is accomplished by 'circuitry comprising resistors R531,
R532, diodes D531, D532, transistor Q531, and a SWAP control
line 541. The operation of the audio selection circuitry is not

relevant to the subject invention, and therefore does not need to
10 be described in detail.

IR receiver 510 receives IR signals transmitted by,
for example, a remote control handunit such as the one shown in
FIGURE 6 and designated 600. Referring to FIGURE 6, remote
control handunit 600 includes keys 602 for entering the digits O-

15 9, for entering "channel-up" and "channel-down" commands and
a key 604 for turning the receiver "on" and a key 605 for
tufnin-g the receiver "off." Remote control handunit 600 also
includes an array of keys 610 (labelled PIP/SURROUND

_ CONTROL) including a key 608 (labelled ON/OFF), a key 611

20 (labelled MOVE), and arrow keys 614-617, for controlling inset
movement on the display screen. Remote control handunit 600
includes therein electronic circuitry (not shown) for encoding a

sighal to be transmitted by an IR diode in accordance with the
particular keys pressed.
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control neans for controlling said tuner denodul ator neans gRFM LT N1 N;I..n:ui\

controlling said picture-in-picture processing neans, said clontrotr Eans
having a first input coupled to said data entry neans for regejving gai@o
dat-a signals, having a first output for developing said firs or;lt"r’b'l"‘

si-gnal , ' ond output for devel oping said secon e
si gnal ; mﬂ umwm'mﬁns in response tq said data signals generates said
second coentfolt signal  e€ausi ng sai d pict urldd i n- pi cture processi-ngmEans to

store data representing a different ggﬁ)‘(grm ned amount of signal in said
menory neans representative of a second diSplay inmage having an i mage area
of a second size; sai d-codt rRICtYEEAISPISWISUISYSEER EICcAndeR¥RIPY | ocati on
fromwhich tiecbpgir) £6affiridngh response to said data

data entry means for generating data signals'in
response to activation by a user;

tuner demodulator means having an input for
receiving a plurality of radio frequency signals, and having a
control input for receiving a first control signal, said tuner
demodulator means tuning one of said radio frequency signals in
response to said first control signal and producing a detected
video signal therefrom at a first output;

memory means for storing data representing a video
image;

picture-in-picture processing means coupled to said
first output of said tuner demodulator means for receiving said
detected video signal, for storing in said memory means data |
representing a predetermined amount of said video signal in
response to a second control signal, and for producing a first
display signal by reading said data from said memory means
beginning at a first memory location, said first display signal
when displayed on a display screen produces a display image
having an image area of a first size displayed in one of a
plurality of image locations, said image being related to said
stored video signal,
| control means for controlling said tuner demodulator
means and for controlling said picture-in-picture processing
means, said control means having a first input coupled to said
data entry means for receiving said data signals, having a first
output for developing said first control signal, and having a
second output for developing said second control signal;

said control means in response to said data signals
generates said second control signal causing said picture-in-
picture processing means to store data representing a different
predetermined amount of signal in said memory means
representative of a second display image having an image area
of a second size;

said control means computing a second memory
location from which to begin reading in response to said data



11 representing said different anount of signal stored in s ajifd: 3105

andi'n-response to said first center position, such that the d] Spt‘ yeﬁ""'"w"-
of said fi rst ‘and second di spl ayed i mage areas are su steinilﬁll

g tureln»-plcture system of claim 1 whgrgin sat

mmu croprocessor. 3. The picture-in-picture syst-e-m.af....______

cI ai m 2 wherei"™n §a| data signal causing said control neans {to generate

said second control signal is a ZOOM ClJTlcbntroI data si gnal T and-sard -~ ——-
di fferent predet er m ned aJTD 1?%er tsargnal red for said.di s;PIday

o =g arr et s

BN

reépresénting sal ount signal stored in §

memory means and in response to sa1d first center position, such
that the displayed centers of said first and second dlsplayed
image areas are substannally the same.

2. The picture-in-picture system of claim 1 wherein
said control means is a microprocessor.

3. The picture-in-picture system of claim 2 wherein
said data signal causing said control means to generate said
second control signal is a ZOOM OUT control data signal, and said
different predetermined amount of signal stored for said display
image area of said second.size is a greater amount than stored
for said display image area of said first size.

4. The picture-in-picture system of claim 3 wherein
said data signal causing said control means to generate said
second control signal is a ZOOM IN control data signal, and said
different predetermined amount of signal stored for said display
image area of said second size is a Iesser amount. than stored for
said display image area of said first size.

5. The picture-in-picture system of claim 4 wherein
said second memory location from which to begin reading, is
computed from the horizontal and vertical center positions: of
said display image area of said first size relative to the center of
said display screen, and from said different amount of data
stored for said display image area of said second size.
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claim 3 wherein said data signal causing said control neansi{to opney

te
said-s jgnal is a ZOOM IN control data signal nd _sa'l'~-§- 1996
di.fferﬂmmmﬁmluam,ﬂm anount of signal stored for said di spk —~+-nagga..ar.e_a}
of said*setond Sizé is a |l esser anount. than stored for said display i mage

area of said first size. 5. The picture-inl@icture system o&_ crarmma—-—-
wherein said second mempry |ocation.fromwhich to hegin reading, is
conputed fromthe horizdnt ak Qh(i)mVéH'lp&%\‘IurEeW%FmpSQ?t?OWECY)‘F‘ id display

i mage ar ea of recdidef,i reamprizimg:el ative to the center of said display

screen, and from said dyblereply HBAN (O ehérathfy ik Oightls il 5Pl 2y

di splay imge area. of said first size. 4. The picture-in-pic¢tirf g

i mage area of said second siz
response to activation by a user;

input means for receiving a video signal;

memory means for storing data representing a video
image;

picture-in-picture processing means coupled to said
input means for receiving said video signal, for storing in said -
memory means data representing a predetermined amount of
said video signal in response to a second control signal, and for
producing a first display signal by reading said data from said
memory means, said first display signal when displayed on a
display screen produces a display image having an image area of
a first size displayed in one of a plurality of image locations and
having a first center position relative to the center of said
display screen,-said image being related to said stored video
signal,

control means for controlling picture-in-picture
processing means, said control means having a first input
coupled to said data entry means for receiving said data signals,
and having an output for developing said control signal; -

said control means in response to said data siénals
generates said second control signal causing said picture-in-
picture processing means to store in said memory means data
representing a different predetermined amount of signal and
representative of a second display image having an image area
of a second size;

said control means computing the display position of
said display image of said second signal in response to said data
representing said different amount of signal stored in said
memory means and in response to said first center position, such
that the displayed centers of said first and second displayed
image areas are substantially the same.
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12 6. Apicture-in-picture systemfor a television recgi gp?__a___égzmﬁi
data entry neans .for-generating data signals in responseg tjo activation Ry
user; "input nmeans for receiving a video signal; menory r{ee{nsf]f@\@gggt@% ng

data re ' “o i mage; picture-in-picture progessing neans
coupl edmﬁmmmm“mw ans for receiving said video si gni:wf'or”st-orriﬂnﬁ [

sai d nenorycneans® data ‘representing a preldgt erm ned anount of

7. In a television system, apparatus comprising:

picture-in-picture processing means responsive to
first and second video signals for generating a third video signal
representing an image including a main image area
corresponding to said first video signal and an inset image area
corresponding to said second video signal within said main image
area;

control means coupled to said picture-in-picture
processing means for controlling the position of said inset image
area within said main image area and for changing the size of
said inset image area in response to a control signal;

said control means including means for calculating
the location of said inset image area within said main image area
as a function of of the size of said image area so that the
geometric center of said inset image area remains substantially
constant in both horizontal and vertical directions as the size of
said inset image area is changed.

8. The television system of claim 7 further including
memory means, coupled to said picture-in-picture processing
means for storing data corresponding to said second videq ‘signal

for display in said inset image area.

9. The television system of claim 8 wherein said

control means is a microprocessor.
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said video signal in response to a second control signal, and for produciﬁ%
a first display signal by reading said data from said nenorly SrTEdrT-ﬁ',j‘;,?gafi;:@i{:

first display signal when displayed on a display screen produces a display |
i mge having an image area of a first size displayed in onef of a plurality
of image | ocations and having a first center position rel atjive to the

———

center of said display screen, said inagea being related to said stored
video signal, control nmeans for controlling picture-in-picture processing
means, said control neans having a first input coupled to said data entry
means for receiving said data signals, and having an output for devel oping
said control signal; said control neadbstractesponse to said data signals
generates said second control signal causing said picture-in-

INSET PICTURE CENTERING IN A
BIX-IN-PIX SYSTEM

A PIP system stores data indicative of the location of the
center point of an inset picture with respect to a display screen
center point in a memory area (100, 102, 104, 106) of a first
size (110). The inset image data is read out of the memory area
beginning with the data stored in a memory location known as the
"read address" (0,0). When a 2Z00M-IN or ZOOM-OUT command is
received, data representing a new video image of a different size
is stored for display in an unused memory aregd (120) of a
different size, a new inset center point is computed, and a new
read address is computed, so that the displayed centers of the
new inset area of a different size, and the old inset area are
substantially the same.

Figure 3



pi cture processing nmeans to store in said nenory neans d

di fferent predeterm ned anount of signal

di splay i mage having an inage area of a second size;

conputing the display position of said di
Ln response to said data representing sai
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7. In a television system apparatus conprising: picture- |nypﬁqﬂQ?éfN] %H} T
processi ng neans responsive to first and second vi deo S|gnp S Fof-mmmn
generating a third video signal representing an inage |nclud|ng a mai

i mge area corresponding to said first video signal and an; |hsékv|ﬁﬁg§m§re
corresponding to said second video signal within said main i hege area.
control neans coupled to said picture- b? plcture processi ng neans for
controlling the position of said inset [nmage area wthin sa-d-vei-a-+rage
area and for changing the size of said inset inmage,area in response to a
control signal; said control neans including neans for calculating the

| ocation of said inset inage area MA in said main image area as a function
of of the size184]sa|d i mage area so hat t he
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