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This invention is related to the field of digital imge signal
processing. In particular, this invention concerns a |ine scan converter
system suitable for use with a high definition inmage - signal processing
.such as the high definition televisionysystem. proposed for use in the
United States. 1 0 Background of the Invention Recent devel opnents
in the field of video signal processing have produced digital high
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10 Background of the Invention

Recent developments in the field of video signal ﬁrocessing
have produced digital high definition television (HDTV) signal
processing and transmission systems. An HDTV terrestrial
broadcast system recently proposed as the Grand Alliance HDTV

15 system in the United States employs a vestigial sideband (VSB)
transmission format for transmitting a packetized datastream. The
Grand Alliance HDTV system is a proposed transmission standard
that is under consideration in the United States by the Federal
.Communications Commission (FCC) through its Advisory

20 Committee of Advanced Television Service (ACATS). A description
of the Grand Alliance HDTV system as submitted to the ACATS

" Technical Subgroup February 22, 1994 (draft document) is found
in the 1994 Proceedings of the National Association of |
Broadcasters, 48th Annual Broadcast Engineering Conference

25 Proceedings, March 20-24, 1994. -

The Grand Alliance HDTV system supports image
information in two raster line scanning formats. One format is a
2:1 line interlaced format with a 30 Hz frame rate. The other is a
1:1 non-interlaced, or progressive (line sequential) format with a

30 60 -Hz frame rate. The interlaced image display exhibits the
followmg characteristics:

2200 pixels x 1125 image lines (total)

1920 pixels x 1080 image lines (active).

The progressive image display exhibits the following

35 characteristics: :

1600 pixels x 787.5 image lines (total)
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I nvention  Summarynoficcies daiveativnt h the principles of the present
Invention it In accordance with the principles of the present invention it
is herein recognized as desirable to provide an adaptive scan
10 format converter at a transmitter as a function of what format is
desired for coding and transmission via an output channel.
Similarly, at a receiver, it is recognized as desirable to
automatically convert a received scan format to a ‘desired format
for display by an associated image display device. In such case,

15 for example, a received interlaced signal will be automatically
converted to progressive form if necessary to be compatible with
a progfessive scan display device, and ‘a received progressive
signal- will be passed to the display device without format
conversion. '

20 In accordance with a feature of the invention, automatic
scan conversion is performed seamlessly so that, for example,
conversion between progressive main program material and
interlaced commercial material, or vice-versa, is produced without
artifacts and is essentially invisible to a viewer.

25 Brief Description of the Drawings
In the drawings: : '

Figure 1 is a block diagram of a transmitter and receiver
television system .in which the invention may be employed.
Figure 2 shows details of a scan format converter system in

30 accordance with the principles of the present invention.

Figures 3A and 3B illustrate signal waveforms helpful in
understanding the operation of the system shown in Figure 2.

Figure 4 shows a portion of the system of Figure 2 in greater
detail.

35 | Detailed Description of the Drawings



i S hetein recognized as desirable to provide an adaptive scan 10 format
cenverter at a transmtter as a function of what format is desired for
codi ng and transmi ssion via an output channel. Simlarly,. at a receiver,
it is recognized as desirable to automatically convert a received scan
format to a desired format for display by an associ ated i nage displ ay
device. In such case, 15 for exanple, q%received.interlaced signal wll be
automatical ly converted to progressive formif necessary to be
conpatible with InaFpgwgr bsai yeurseahl difs prteslagrl ivideo signa riEcanden
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Det ai.l ed Desct igshieskesdi)t e thinkixagple only one of- these sources is active

at a time, although in some systems both may be active. In the
case where only one of the signal sources is active at a time,
converter automatically selects the input port with the active
15 video signal. If the scanning format of the active video signal is
the same as the format desired for a transmitted video signal,.the
scanning format of the input video signal is not altered by
" converter 14. If the input format is different, converter 14
automatically. converts the format of the input video signal so as
20 to be compatible with the desired output signal format. |
The 'output signal from scan converter 14 is data
compressed by an MPEG encoder 16, as known, before being
applied to a transport processor 18. Processor 18 formats
- compressed data from encoder 16 into data packets, prefaces the
25 data packets with header information which identifies the
contents of the respective packets, and adds synchronizing and
other information, for example. Data packets from transport
processor 18 are processed for transmission via a transmission. -
channel 25 by a tra_nsmission' processor 20. Processor 20 includes
30 data formatting, error coding, buffering, digital to analog
converter and RF (radio frequency) modulating networks for
conditioning the video signal for transmission via channel 25.
At a receiver/decoder, the signal from channel 25 is first
processed by a unit 30 including RF tuning and filtering networks,
35 IF (intermediate frequency) networks, demodulation- and error
processing networks, and an analog to digital converter, for



3 ! In Figure 1, a source 10 of interlaced video signal "I" and a
seurce 12 of progressive video signal "F" in a broadcast television
encoder/transm tter provide output video signals to respective I nput s of
an autonatic scan format converter 14 which operates in 5 accordance with
the principles of the present invention. Scan converter 14 will be shown
and described in greater detail with regard to. Figure 2. In this
exanpl e the tel evision systemis an ~4HDTV system of the type proposed by
the Grand Al lexampde.i Art lmitput Sigriad dfrBtatuatt &0 notmrdcedsedeby 19 unit 32 Vi deo
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a transmitted 720 line progressive video signal would appear.
MPEG decoder 34 also includes provision for deriving coded

information from the received data stream indicating whether a
15 received video signal exhibits interlaced or progressive form. A
television receiver includes an associated display device which
may be an interlaced scan type or a progressive scan type. These
possibilities are illustrated by means of an interlaced display
device 38 and a progressive display device 39. A practical
20 receiver will have one but not both of such display devices.

The receiver display device receives a signal to be displayed
from a format converter 36 (after processing by appropriate '
signal conditioffing and display driver circuits not shown to
simplify the drawing). Format converter 36 is programmed with

25 information (e.g., by the receiver manufacturer or via a locally
generated control signal) to indicate the type of the associated
display, i.e., interlaced or progressive, since in this example it is
assumed that an associated display device is able to display video
information in only one scanning format. Accordingly, format

30 converter 36 is arranged to automatically provide an output signal
in a format compatible with the display device, regardless of
which of the two video signal formats is received and decoded. If
the display is an interlaced device such as unit 38, converter 36
will bypass a received interlaced video signal from unit 34 to the

35 output of converter 36 without modifying its scan format. If a
received video signal is progressive, converter 36 will



contehts of the respective packets, and’ adds synchroni zi ng and ot her

I mf ormati on, for exanple. Data packets fromtransport: processor 18 are
processed for transm ssion via a transm ssion, channel 25 by a

transm ssion processor 20. Processor 20 includes 30 data formatting, error
codi ng, buffering, digital to anal og converter and RF (radi o frequency)
nodul ati ng networks for condi tioningdthe video signal for transm ssion
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1 0 discussion it is assumed that the converter of Figure 2
corresponds to unit 36 in the receiver of Figure 1. An input
network 42 and an input network 44 respectively receive digital
interlaced (I) and digital progressive (P) output signals from MPEG
decoder 34. The input networks each include circuits for
15 separating the video component and synchronizing components.
The sync components include a horizontal sync component (H), a
vertical sync component (V), a frame reference pulse (FRP) and a
pixel clock CLK. The frequency of the pixel clock is derived from
the product of the total number of pixels, the total number of
20 lines, and the number of fields/second. Frame reference pulse FRP
is a reference signal developed by MPEG decoder 34. It appears in
a prescribed portion of the vertical blanking interval, and
. provides a reference point from which subsequent circuits count
clocks to the first pixel. of an interlaced field or a progressive
25 frame. _
Converter 36 also-includes an analog input for receiving
~analog R, G, B (or Y, U, V) color video components and associated
horizontal and vertical synchronizing components H, V. These
components may be generated by a video cassette recorder (VCR)
30 or a video camera for example, and are converted to digital form
by an analog to digital converter 48. Video outputs from units 42,
44 and 48 are applied to respective signal inputs of an input
multiplexer (MUX) 46. : '
A synchronization and mode control unit 70 responds to
35 digital 'sync components H and V, frame reference pulses FRP, and
“clocks CLK for both interlaced and progressive source signals, as



10 pott at which a transnmitted 1080 line interlaced video signal woul d
appear, and a progressive video signal output port at which a -
transmitted 720 |ine progressive video signal woul d appear. MPEG decoder
‘34 al so includes provision for deriving coded i nformati on fromthe _
recei ved data streamindicating whether a 15 received video signal exhibits
interlaced or progressive form A t%levision recei ver includes an
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signal is progressjve
pixel clock 1/2 fs, and a Control signal. The Control signal is
15 applied to an output multiplexer 60 for conveying either
intetrlaced or a prdgressive video signal to an output, as will be
discussed. Network- 70 may include a phase locked loop (PLL)
network frame and field locked by means of the FRP signals.
The pixel. clock fs for an interlaced video signal is a 74.25
20 MHz signal (2200 pixels x 1125 lines total x 30 Hz field rate). The
pixel clock fs for a progressive video signal is a 75.6 MHz signal
(1600 pixels x 787.5 lines total x 60 Hz frame rate). These pixel
clock frequencies are related by a convenient divider ratio of
55/56 (e.g., 75.6 x 55/56 = 74.25), and are therefore readily
25 reproducible. Video information is transferred to the converter -
system via A/D unit 48 and input MUX 46, and from the converter
system via D/A unit 62, at full pixel rate fs. The subsystems
within the format converter operate in response to the 1/2 fs
clock. |
30 Progressive to interlaced format conversion (720 lines to
540 lines) is accomplished by means of a P-I Conversion Path
including input MUX 46, a horizontal and vertical pre-filter 54
which performs 4:3 decimation, an output MUX 60 and a digital to
analog converter 62. Interlaced to progressive format conversion
35 is accomplished by means of an [-P Conversion Path including
MUX 46, a line doubling de-interlacer 50, a horizontal and vertical



5 automatically sense this by sensing that the progressive outport of

MPEG decoder 34 is active, convert such signal to interlaced form and
provide such signal at its interlaced signal output. Thus an - interlaced
video signal will always be provided to an interlaced 5 display
regardl ess of the scanning format of a transmtted video Signal .
Anal ogous observations pertain to a recgiver with an associ at ed
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progreSS| ve 26irgyisseas known. Output port 64 is used only at a
transmitter/encoder format encoder, e.g., unit 14 in Figure 1, to
convey digital information to MPEG coder 16. D/A converter 62
15 includes a Programmable Logic Network (as known) with a
counter for generating the output H and V sync components. For
| this purpose the-FRP is applied to a reset input of the counter, and
the Programmable Logic Network operates in response to clock fs
and an output format select signal (derived from the Control
20 signal) for producing the H and V output sync components after
conversion to analog form.
In the case .of interlaced to progressive video conversion via
the I-P conversion path, input MUX 46 receives a digital video
signal, e.g., from units 42 or 48, at the pixel clock rate. MUX 46
25 then generates an oufput signal at one-half the input data rate.
Specifically, pixel data arriving in a time sequence A, B, C, D,.... are
converted to a datastream of two pixels i parallel, e.g., A, B then
C; D and so forth. This datastream is provided to an input of de-
interlacing unit 50, which also receives a FRP sync component
30 from unit 46. De-interlacing unit 50 operates as known by storing
odd field lines 1, 3, 5,... and even field lines 2, 4, 6,... A video
frame is generated by creating additional lines in every field so
that an output signal from unit 50 represents a progressive video
frame constituted by lines 1, 2, 3, 4, 5, 6,-... and so.forth. This de-
35 interlacing operation could be as simple as repeating lines, or as
elaborate as estimating motion in each field for each of the R, G, B



Convetter 36 al so includes an anal og input for receiving ‘analog R, G B
(er Y, U V) color video conponents and associ at ed hori zontal and
vertical synchronizing conmponents H, V. These conponents may be
generated by a video cassette recorder (VCR) 30 or a video canera for
exanpl e, and are converted to digital form by an analog to digital
converter 48. Video outputs fromunits 42, 44 and 48 are applied to
respective signal inputs of an input 8 mul ti pl exer (MJX) 46.
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10 video signal from unit 50 to 3:2 decimation in the horizontal
direction to generate 1280 output pixels from 1920 input pixels.
In the vertical direction, filter 52 decimates the output signal
from unit 50 by 3:2 to generate 720 output lines from 1080 input
lines. This progressive signal is routed via MUX 60 and DAC 62 to
15 subsequent signal processing and display circuits.
In the case of progressive to interlaced conversion via the P-
I Conversion Path, an output signal from MUX 46 and the FRP
component are applied to a horizontal and vertical pre-filter 54.
Filter 54 subjects the video signal to 2:3 interpolation in the
20 horizontal direction to generate 1920 output pixels from 1280
input pixels. In the vertical direction, filter 54 subjects the video
signal to 2:3 decimation to generate 1080 output lines from 720
| input lines. The interlaced output signal from unit 54 is routed via
MUX 60 and DAC 62 to subsequent signal processing and display
25 circuits. In the case of both P-I and I-P path processing, the FRP
_timing at the outputs of units 52 and 54 remains fixed.
~ The - format converter network continuously outputs video
information in the selected format regardless of the input signal
format. Output MUX 60 includes a frame memory (delay) network
30 in the Bypass Path to compensate for signal processing delays
associated with the P-I conversion path and the I-P conversion
pa'th. This frame delay also facilitates the seamless switching
between video signals of different format. Switching occurs at
frame boundaries. The frame delay allows the 'input video to
35 switch randomly betweéen the two formats and still provide an
output signal in the desired format in a continuous stream without



produced by network 70 include a frame reference pul se FRP(I) for .

I iterl aced signals, a franme reference pul se FRP(P) for progressive
signals, a picture elenment (pixel) clock fs, a half-rate pi xel clock 1/2
fs, and a Control signal. The Control signal is 1 5 applied to an output
mul ti pl exer 60 for conveying ei ther interlaced or a progressive video
signal to an output, as wll be disggssed. Network. 70 nay include a
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pixel rate fswhilbetelobikysi afiin progtdth Nnidt€rihlon§ein Qﬁféf?arckeécﬁp%"i‘gﬁft.'opmt

Conversion (730U thees f vided fntofination, whERCERRed dald A RudHer cican b
Conver si on Pdfoimat usiogudhe gseiangdess Mwitetengaféasnie coft ahe afedmeer ti cal
b O o TR eSO By o
cl)gl/fa?si E)g 3 @a}}r@l < gg{ﬁ??@h@(ﬁ B&ﬂ%éﬁg’fﬁatmwThPSCcfgW%imem h i ncl udi ng
MUX 46, a |i rehosonbdridndlistarssed einl a6sfiedifon avilr Faeneal3 and verti cal '
Consider the case when the output video signal format is
selected to be interlaced and the input video signal initially
15 exhibits a progressive format. Thus initially the format converter
operates to convert the incoming progressive format to the |
desired output interlaced format. Pre-filter 54 in Figure 2 exhibits
a processing delay of slightly more than one frame duration for
converting from progressive to interlaced format. The magnitude
20 of this delay is not critical, but should be ‘a known, fixed delay.
Assume that while the converted interlaced signal is being
transferred to output MUX 60, the format of the input signal
changed from progressive to interlaced (which is the desired
- output format). This change is' detected by mode control network
25 70. This can be accomplished by sensing a mode control signal
from preceding circuits such as decoder 34 in Figure 2, or by
detecting activity at the analog signal port (e.g., in the case of
format converter 14 in Figure 2). The Control signal provided by
network 70 to output MUX 60 indicates that this format change
30 has occurréd, causing output MUX 60 to begin storing the new
interlaced input video signal that is conveyed directly from the
output of input MUX 46 to output MUX 60 via the Bypass Path.
MUX 60 stores this interlaced signal in a frame buffer memory.
The frame buffer delay allows output MUX 60 to route the
35 processed progressive video signal from filter 54 in its entirety to



7 post-filter network 52 which perfornms 3:2 deci mation, output MJUX 60
and converter 62. Techni ques for performng |nterpolat|on and deci mation
are well known. In a bypass node where the scan format of an input

signal is not changed at the 5 output, the video signal is conveyed via a
Bypass .Pat h i ncl udi ng I nput MJX 46, output MJX 60 and digital to anal og
converter 62. At the output, ane Reference Pul ses FRP and vi deo

i nformation ar e i vel nve t g, sy mponent s H V
and anal og C(ﬂ R/%g‘gg:t ('J‘Bthﬁﬁe 38‘91 ﬂ’é" g‘b’PES‘Gdconverter 62.
These conponenteslaved tvideo cﬁomeytdad tfmme btyﬂehronl zation and vi deo signal
processing and di SlﬂleayeEl;dM?sr éﬂlt(ﬁ‘llflguk)l'éce%§ Eé‘é’c"x"[bedoéfbf? port 64 is used

only at a transmtter enco ncoder . Nt S14 in Figure 1,
to convey iHpgirated bys &W@Yﬂfoflﬁsl\ﬂl@@gb@eﬁ&ffor[ﬂm cespvafter 62 1 5

i ncl udes aSDL Gﬁlﬁﬂ’ﬁg?hﬁ hﬁeﬂ@ce&tmrets o8 d@n@vgﬁ IMWRvEform Cﬂzggg e Iﬁre e
erating the. outpu and.V sy 0

?gnappl i eg td strgge “?91&?[51%?“ &gf'%ﬁg‘r%t 3’5?6%?83 {)“tsﬁei:gll) gﬁ'&%ﬁﬁaﬁ he Logic

Net wor k oper ategticah bleskimgs énteovall peiorf o theaadtiaa thdlbbuunfeOEdfmtmﬁ$| ect

signal (deri ‘iﬁfi‘:r@ﬁpnﬁ‘hgelfn@ma'i Oﬁetmeﬁ' QQ@H )ERP rlspf)ﬁguﬁtg% thent! &0

out put sync conmponent s conversion to

case of int erqxé‘@ﬁbiet ol rwrefesmy dBYi qip-Q orrvbrrinoh mpaesentt reput- P

conver si o1l Pairogrésspes WHX04@rafrﬂ@sel THSsé ﬂr'aﬁtetsa baleQelaysd Qd”ta'thee g.,
fromunits 4 ugr 48 . at

t pi cl ock generates an
out put si gnal pup, g I%'F'fqueﬁ ?nﬁﬁ’tguagt %t{ raét Jrave O@beééh ‘I‘IQ/VPrﬁrQeI dat a
arrivi ng i n and hypeguerddter codveioD, to . interleced format, these frames :

respectively appear as output interlaced video iout-0 and iout-1
shown in waveform (E). In this example, output video information

15 jout-0 corresponds to input’ frame pin-0. Output video information
iout-1 corresponds to input progressive video pin-1, and- is the
last progressive-to-interlace converted frame to appear before the
input signal changes to interlaced format. At (1) in Figure 3A
output MUX 60 delays HVPRE filtered data,by a few lines as will -

20 be explained in connection with Figure 4. At (2) in Figure 3A the
output MUX delays the video information in the Bypass path by 2
frames, as will also be discussed in connection with Figure 4.

The input video signal changes to interlaced format at a time

TO. These new interlaced frames are labeled iin-0 and iin-1 in

25 waveform D. The interlaced video is subjected to a two frame
delay assoc1ated with -output MUX 60 as noted above respectwely
resulting in jout-2 as shown in waveform E. Thus the bypassed
.interlaced video appears at the output at time T1 and onward. In
the interlaced video output shown as waveform (E), interlaced

30 data iout-2, which appears just after a time T1 at a frame
boundary, is the first output data from the new interlaced input
video signal. From time T1 onward, i.e., from the first line of the
next image frame, the video lines continue seamlessly without
interruption. In the desired interlaced output signal (waveform E),

35 an interlaced format is produced seamlessly from data iout-0 to
data iout-2 etc. as the video input changes from progressive to

h’isn t he



convetted to a datastreamof two pixels in parallel, e.g., A B then C,
D.-and so forth. This datastreamis provided to an input of de-
interlacing unit 50, which also receives a FRP sync conmponent 30 from unit

46. De-interlacing unit 50 operates as known by storing odd field lines
1, 3, 5,... and even field lines 2, 4, 6,... Avideo frame i s generated
by creating additional lines in every f'#el d so - that an out put signal

fromunit 50 represents a progressive deo frame constituted by |ines

1, 2, 3, 4, sintgrlaced fanmaso TheosmitchrHiremda- pgograssiver faomay oper ati on

coul d be as s(yRlFodh mpe@tm@&wée@p%nﬂat az%vavet@.l.ﬁlbgr)a{a?ocﬁﬁzee%m' ng
notion in eac fleldm)fgr eac

8 col or si GisHhiecs ﬁb‘nt‘@ aFFd "lﬁ‘é‘PHﬁeflG@yd%rYWé’&rn&heorfOVEéft ors to
adj ust coef f i wansitioni Pcears aliprddercingd fivedr adoaat aslitimengdelay) pi xel s,

as known. 19 4. bt Siod@atee W tnSEEp NS AL L bamledlOl  ON Vect or

from anong nponent s used by

i nterpol at i ontfﬁé$lmﬂk§nﬂoag@lderaatdeSQ%WWIWelln a Jisplayedi omaghe derived
line. Thus unit 50 generates an out put signal with twice as many |ines
as the input sign

freld roFiepshi 3 ARESGAIEY | (s SAIBIoEF| PeHCBE RpeeTs 18 Beout put
10 vi deo si gnedsef ofnpraviding0 at prégr2ssieei vigeboouiputt signhbrfozmat.aThis is
10 accomplished in a manner analogous to that discussed with
respect to. Figure 3A for an interlaced output signal format. In the
case of Figure 3B there are included a waveform C associated ‘with
the output of de-interlacer 50 in Figure 2, and a waveform D
- associated with the output of HV Post filter 52 in the I-P path in
15 the Figure 2 system. Waveform D in Figure 3B is analogous to
waveform C in Figure 3A.

As in the case of Figure 3A, a delay of a few lines is
indicated by (1) in Figure 3B, and (2) indicates that the
progressive video from the Bypass path is delayed by two frames

20 by output MUX 60. Similarly, converted progressive data appears
in the interval TO-T1, while new progresswe data commences at
time TI.

Figure 4 shows details of output MUX 60. A multiplexer 80
receives an interlaced video input signal from a first FIFO buffer

25 82, a progresswe video input signal from a second FIFO buffer 86,

. and either an interlaced or a progressive video signal from a
frame buffer 84. Interlaced video signals are provided to buffer
82 from prefilter 54 (Figure 2) in the P-I conversion path, input
video signals are directly provided to frame buffer 84 from input

30 MUX 46 (Figure 2), and progressive video input signals are
provided to buffer 86 from post filter 52 (Figure 2) ‘in the I-P
conversion path. The size of buffers 82 and 86 is not critical, e.g.,
several video lines. Buffers 82 and 86 are used to compensate for
the different signal delays associated with the three different

35 input sources.



direction to generate 1280 out put pixels from 1920 i nput pi xel s. In the

vertical direction, filter 52 decimates the output signal fromunit 50
by 3:2 to generate 720 output lines from 1080 i nput lines. This :
progressive signal is routed via MJX 60 and DAC 62 to 1 5 subsequent si gnal
processing and display circuits. In the case of progressive to
interlaced conversion via the P- (IE)nverS| on .Path, an output signal
from MJX 46 and the FRP onent é e applied to a horizontal and
vertical pre-fil t EFamg. butfe;:, ?éﬁcswesuéjl@cﬁsresﬂa {iiode oinpuy iU X0 69: 3

i nterpol ati oy iFigube 20Bndfer 280 tenhibits of i@ fidmeadutaptia #A0ihpIL Pixel s

from 1280 pixels. ln the vertical direction, filter 54 sybjects
the video %‘?&1 b (5":3 fiame n%il%nmtag 8n3§eéfénlﬁ‘§i9r%?‘fﬁ|tw'l Pt from
. 720 i nput l'¢qu19@me![t$e of nothelragydemat fAutpsit gsighalsr fromnMUXA4 80s areut ed vi a

MUX 60 and sDRGn G 4 BUDIRIUBAYALOTY (PIARESS) r\ﬂaaﬁ@gggd?' ay 25 circuits.

In the case of bo P-- ssing timng at the
-outputs of units ’2 %ﬁi‘&t‘S@n %M%MUP&&@ in Flgure 2 meeeivss nidree dirame er

net vvo:‘jlk cont Puﬂm!ct Butsﬁ_slt(SFR/P)@&Q%e frcbrtﬂf e%}?tdffﬂ%s tﬂzeaﬁﬁlfﬁtdiﬂi f]9r mat
r S 0 e ipput si ' r gt . u i ncl,udes, a frame
:rggnilry ((azel a%’gﬂﬁrv&g&sﬁ 3%?%%% é@pa@%ﬁsﬁa{’}ﬁ&?& %%pgﬁsﬁ?%alfW%l gnal
processi ng dehmyrg eachseBuirabyda viiewh integePlinesorfer slark- pm:llataartdnh‘rga | -P
conversi of 0 mAPAtdlso Thd SmHaﬁ'ﬁeHehﬁ%fn% ftﬁ?éé Pﬁ?@e% t'i‘@

swi t chi ng ween vi de f er ent or it | n | occurs at
frame boundarbi“g TS THE USE todelc naI“IPovxénYhéellab{pﬂEl VFIHBBgt@lgﬂlnglbh

random y bet We€oret maetmmlesmwamgstopbfatmmvasdeclated withRUMUUK sgnal in
the desired fx?rlgﬂurén S S 91'11303 "Withars 83 QY 84 exhibit a small
delay of a few image lines to place processed data near a frame
15 boundary to facilitate seamless switching.

Seamless format switching by MUX 80 is facilitated by the
read/write clocking of buffers 82, 84 and 86, and by the
referencing of the FRP pulses. For example, when the scan
converter is in the progressive-to-interlaced conversion mode, the

20 data write clock for preceding buffer 82 (FIFO 1 WR CLK) is

' aligned with the 1/2 fs clock for filter 54. The write clock for
frame buffer 84 (FB WR CLK) is aligned with the 1/2 fs clock for
input MUX 46. The data read clocks for buffers 82 and 84 are the
same (RD CLK). The FRP pulse from the output MUX is referenced

.25 from the FRP pulse from the input MUX. Output data from buffer
82 and from frame buffer 84 are referenced to the same clock
edge. Analogous observations apply to buffers 84 and 86 when
the converter is in the interlaced-to-progressive conversion mode.

A unit 95 including a state machine (e.g., a prdgrammed

30 microprocessor) and a logic network develops the read clock (RD
CLK) and write clocks for buffers 82, 86 and 84 (FIFO 1 WR CLK,
FIFO 2 WR CLK, and FB WR CLK respectively) in response to
interlaced and progressive frame reference pulses LLP FRP,
interlaced and progressive pixel clocks I,P 1/2 fs, and the Control

35 signal from control network 70 in Figure 2. Unit 95 also outputs a
MUXSEL signal” which is applied to a control input of MUX 80. In



9 dropping any franmes. If the format converter is arranged to provi de
a-progressive scan output, the-input signal format can change between
progressive and interlaced format wi thout di srupting the signal data
flowor losing video information in the 5 output signal of the fornmat
converter. This feature allows, for exanple, a television comercial to
be in progressive scan fornmat whi | esjel evision main program nmaterial is
in interlace scan format. Bot h typel of video information, when nerged .
into a simnlaespense to thix signalsiMgX B selzntsess: kwiinphi eightedayrtheof t he

format 10 conypherry rﬁatguh‘:ér $ENSHTRd LB JrCEARKE buttls 82! (@h@ﬁeone

conti nuous stre eo | nformation feature W nd
di scussed i n VYRR Ofi BRTGS ¢ Iﬁirgﬁ‘ree§u§3“énﬂf zframe buffer 860er @he case

when thedout pmeots dmmegréﬁg%ﬁnﬁimgés in (:‘ae)lmdetﬁetm(be;hlomegr [Iaéggi iand the
i nput vi e%n ?%(? 0i tdha EgXhibi & Blogress ve for us
initially t MR&t ocﬂé'F §1g o) 'EﬂWe?tFetﬁ%q E%n?
progressive fwhicht signajhis in tdesideyelepadin HelspensfactedthfeoﬂmttrolPslgnal | ter
54 in Figure f?ox?xé Hebivbik 70 anFgﬁﬁésﬁngﬂﬁ% YorfttorS ki tlé %n a?e ‘?mhone

frame duratio r convertin rom progressi ve to 1nter ormat. The
magni t ude 20 Yt CORVErsiRS\P-I somdtP carer peeent.ngf Wﬁdc%'édlélol@ﬁohﬁ OF i xed

del ay. As spuFe viltert mbld(m\tehﬁﬁﬁo?vﬁcﬁtbi’d rma{tldi‘rAﬁcﬁdtp'illtgFlRl’l fr%nbﬁihrﬁg 4
1 om pr ogridtery b PR e i ConledleTite O Pl T *' Sl but forma
This change is detlacthel Q@}en@ﬂenp@htdlgltalnétgmﬂk e mtertmﬁd aadh be
acconpl i Shedoﬁﬁb ?éaé%%é‘@frﬁm@o‘i'@fe?&fﬁer ul§dsOFRP(I) ddPRIPESEdtag circuits
such as decoder gure or .b
prov1deci r}‘rom preceding circuits, e.g., decoder 34 of Figure 1 in
the case of a receiver, for example. In the case of analog input
15 signals R,G,B and H,V, network 70 of Figure 1 may for example
include a phase locked loop (PLL) responsive to the input analog H
sync component for producing related input and output clocks.
The output clock may be applied to a counter, a reset input of
which receives the V sync component. The counter outputs H and
20 V sync signals as well as FRP(I) and FRP(P) signals at '
predetermined times suitable for use by the elements of the
system of Figure 2.
Although the invention has been described in the context of
a high definition television system, the principles of the invention
25 are applicable to other video signal processing systéms such as
standard definition television systems. -



det ect i ng écti-vity at the anall og signal port (e.g., in the case of

fermat converter 14 in Figure 2). The Control signal provided by net wor k
70 to output MJX 60 indicates that this format change 30 has occurred,
causi ng output MJX 60 to begin storing the new interlaced input video

signal that is conveyed directly:fromthe ~—eutput—ef—input—MIX 46 to

out put MJX 60 via the Bypass Path. IMJX 60 LSietpe! aced si gnal
in a frame buffer nmenory. The frane bufferligﬂlﬁgl(u;7 ﬂﬁ%iﬂﬂput MJUX 60 to
route the 3 5 processed progressive video sig cf iITser«54 inits

entirety to Claims: P 10 out put DAC unit

62 for display, followed by t he bypassed :i nterl acéd video fromthe frane
buf fer. . he seam ess _switchin rocess, descri bed above is -
illustrated by th -maf?’eflo?%ﬁf‘e’a‘f W‘#‘i é’ﬁ?%g% & & Vidro éb%’é?o?rubl%cl,p%vi di ng an
interl aced viedbabidimgpeithsr gmafirst\Vnagorline Acanning fetmat €F) fohe position of
Frane Refere ; ' . | 4.ng ¢l V, prior to
t he active v%ggeéﬁﬁlﬁglyggzr#ﬁ%m E?ﬁ%nedr \}\érfigteTﬁfg{e,l lr%’% gﬁ{f/‘éﬁ% tgg{}ﬁmgééﬂgach FRP
i s one i mage APPRAFALYSH ltni‘iil%fim_giexa_rrp_l e. In waveform (B), pin-0 and pin-1
represent input 1 pepaegso¢essordeonpatifts withese preddRemiiEdne At ayed
at the outsp}l.ié tcé;f_ tpre-fl I tgrf54 (tF‘I gure 2) as wavéform (C)-:data hvpre-O
and hvpre- 1. At At BhEPEPBN YT Bt er | aced format, these franmes _

' a an automatic scan format converter responsive to said

signals exhibiting either said first or second formats for
automatically providing an output signal with a ‘predetermined
one of said first or second-line scanning formats so as.to be
compatible with the format requirements of said output processor;
and characterized by
a switching network associated with said converter

exhibiting seamless switching between said first and second

- formats. '

2. A system according to claim 1, characterized in that said
converter comprises: - _

a controlled output selection network having an input for
receiving a signal from a first path (P-I conversion path) for
converting a signal exhibiting said first format to a signal
exhibiting said second format, an input for receiving a signal from
a second path (I-P conversion path) for converting a signal
exhibiting said second format to said first format, and an input for
receiving a signals with said first or second format from a third
path - (bypass path) for conveying a signal without format
conversion; and _

a memory device in said third path for conveying signals to -
said third input of said selection network; wherein

said memory device exhibits a delay that is significant
relative to an image frame interval.
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respectively appear 'as output interlaced video iout-0 and iout- 1 shown
I m waveform (E). In this exanple, output video information 15 iout-0.
corresponds to input frame pin-0. Qutput video information iout-1
corresponds to input progressive video pin-1, and is the Iast
progressive-to-interlace converted frame to| ,mﬂﬂjﬂmgmﬁu "ﬁ I nput
signal changes to interlaced format. AS (1):i L mﬁ t put MJX 60
del ays HVPRE filtered data by a few |ines ag will® 26 b® eXpl#ined in
connection with Figure 4. At (2) in Figure 3A the out put MJX del ays the
vi deo i nformati on3i n A h/stpadecasding kg ¢laim 2, ghawacterszed pp thako pe

di scussed in connesid @ferdbfn doviel eexhibits at least Theonenpiiagei flagesi gnal

changes to igt rlaced format at a tine TO. These new.interlaced franes
are I abel ed “h% and iin-1 in 25 waveform D. The interlaced video is
subjected to a two frane del ay associated with output MJX 60 as noted .

above, respectively A £fsiﬂht5&9>rhfhg' QYL c12iAS3 S AW kEriNGY §hOfhaL E. - Thus the
bypassed .interlaced video appears at the output %a]'ijjteiqr;elTl d onward.
rantt

I'n the interl ased JiraeandyspeAnd RS £XhiRif et HER BYS &3 30 data

i out -2, whi chhépgslay sof uaid amkfforg HevizeTl at a frane boundary, is the
first output data fromthe new interlaced input - video signal. Fromtine
Tl onward, i.e., fromthe first line of the next image frame, the video
lines continue se&m eAssysteint hoearding itat elaimpi eharagtenized dasihagd
interlaced output (§ifRA4ed V@%’@ilofsmaaele?’isﬁ)@%iér{ﬂl?” aced format is produced
seam essly fromdata iput-OYo ., data iqQut-2 f)tf as th(af vi deo i nput
changes from prog,sgggifyét tfgrmat is an interlaced (I) line scan format; and

said second format is a non-interlaced, line sequential

progressive (P) scan format.

6. A system according to claim 2, characterized in that
, said converter automatically converts the format of an input
signal to said predetermined format if said input signal does not
exhibit said predetermined format; and

said converter passes an input signal without format
conversion if said input signal exhibits said predetermined format.

7. A system according to claim 2, characterized in that said
system ‘is a receiver system further including _

a decoder network coupled between a receiver input and
said format converter; and o

an image display device compatible with said
predetermined line scan format. '

8. A system according to claim 2, characterized in that

said memory device in said third path (Bypass) exhibits at
least a one image frame delay; ' _ | '

said first and second paths each include a storage device
exhibiting a delay significantly less than said memory device in
said third'path;



interiaced format. The switch froma progressive format - (waveform B) to
interlaced format (waveform D) produces ng — visibteartifaects and is
-unnoticed by a viewer. The formt transi't| et er mi ned
fi xed anmount of tinme (delay) 5 after the apHMﬁmﬂH""fmnmﬂRP to
facilitate the seanl ess transition and avord @ i saontsinWity in a

di spl ayed i nage. _ Figure 3B illé ustirates the seanl ess switching
]procefs ITE the is%ﬁﬁ@rﬂheﬁh@ﬁﬁ%ﬁyﬂ@ie&iw Qfr e5idl Ylfi‘ir&i fam @HEipbl%idZ! gnal |

or mat . isis acco i shed.in a manner .an oys to,that discusse
Wih respSterags BFEGPeTANG T Ao cE A OSKhAOT BARE I n ¢ he-
case of Fi guomt3Batahane aapeogmessivdend-mtoelactdrsnal avnversaordmadeh andt he
out put of de-inter, i L qQur d.a o] soci ated with
The out put of 1B el pibiBbl. idEvieq A7 s WRNTRH ang 88077 TC O
Wavef or m D i $to5ag6r Bevise; &n 53¢ otpseadt path aggemylanle ¢lackedios 3A.

As in the casea®ing i @itr dadh ind deliaverdiced-{@Progressivies scani BEh¢éisesh by (1)

in Figure 3B, _and (2) indicates that the progressive video fromthe
Bypass path i®°8& ayed by two frames 20 by output MJX 60. Sinilarly,
converted progressive data appears  in the interval TO-T1l, while new

progressive data n i lai j 4. details
of out put MJX 60. Q&% g?gﬁegriearc-cg%dﬁg tr-%ggll_l\l}less’a%h%}rg%%ﬁzggeﬂls\?? leo i nput
signal from a firs@ig storager deyvices pp said phiesgr ardsgeond dpaths npxhibit gnal
froma seconcﬁdﬁf(bfbuf few @Page lineed €ither an interlaced or a progressive
vi deo signal from a frame buffer 84. Interlaced video signals are :
provi ded to buffer ' )



b ’ . -

82 fromprefilter 54 (Figure 2) in the P-1 conversion path, ‘i nput vi deo
stgnals are directly provided to frame buffer 84 frominput 30 MJX 46
(Figure 2), and progressive video input signals are provi ded to buffer
86 frompost filter 52 (Figure 2) in the I-P conversion path. The size
of buffers 82 and 86 is not critical, e.g.,  several video lines. Buffers
- 82 and 86 are used to conpensate for theldi fferent signal del ays
associated with the three different 3 5 input sources.

12 Fr amaulroMhen C8 4MAGEC SCRANNINGt FORMA®C CONVERDERI nput MUX 60

in Figure 2. Buf WarH3S$EAMLESSt SWATCHANGr ane delay in this exanple.

However, a one frane delay nay be used iqA@gﬁg?gance with the

requi renents of other systens. Qutput signals fromMJX 80 are 5 cgnveyed
to DA converter 62 (Figur&npdptive scan umat converter (ki.pFigt lcigo@put

MUX 60 in Figureat ar efssv@ister/¥rROdEr 26F a vidEsT SipAAL eproeksaag ( K¥tem Xikh
fromeach of filters

pul ses may be ni%&3 ﬁéﬁa&%“ﬁﬁﬂgﬂgﬂﬁ‘g@i&ﬂg@@/r%%}eléarp:é%aﬁ “IIH%H'QQTQE'?]Z
cl ock-to-data tiwhay fodnrmyisaldesired f(irsgzloidmchmtmmsmiesidmr oda Sar Geput
m sl gnment . ctiutit, SRRl A6 WeeriVefr R HEc A ol Sl 1 0 WP,
MUX 80 i n Fi getomaticatly convertpdr (s eFiguf FeFég.82) aliod agdesized fiormat sfeal |
display as needed. For example, a received interlaced signal (I)
will be automatically converted to progressive (P) format to be
compatible with a progressive scan display device (39). A
received progressive signal will be passed to the display device
without format conversion. Automatic scan conversion is
performed seamlessly so that, for example, the conversion
between progressive main television program material and
interlaced commercial material is produced without artifacts and

is essentially invisible to a viewer.

FIG. 2



‘del ay* of a few image lines to place processed data-near a frame 1 5

boundary to facilitate seam ess sw tching. Seanl ess format
switching by MJX 80 is facilitated by the read/ wite clocking of
buffers 82, 84 and 86, and by the referencing of the FRP pul ses. For
exanpl e, when the scan converter is in the progressive-to-interlaced
conversion node, the 20 data wite clock/For preceding buffer 82 (FIFO 1 WR
CLK) is aligned with the 1/2 fs clock for filfer 54. The wite clock
for frame buffer 84 (FB WR CLK) is aligned w&h the 1/2 fs clock for

o sanme

i nput MJUX 46. The data read clocks for buffers 8% and 84

(RD CLK). The FRP pulse fromthe output MUX is rg&ferepgced®5 frpmthe FRP
pul se fromthe input MJX. Cutput data from buffe& 2| apgEdu pm frane
buffer 84 are referenced to the sane cl ock edge. % g DSy vat i ons
apply to buffers 84 and 86 when the corfgerteN is L
interlaced-to-progressive conversi Qe & e @CF)? ncl uding a
state machine (e.g., a programed i - Esieh c. network
devel ops the read clock (RD 3Lk SBirks for
and 84 (FIFO 1 WR CLK, FIFO 2WE@ &S BR| CLK T
response to interlaced and prodres8ifve & apt- e en(
interlaced and progressive pixel , =1/ 2—=f=sapd {
signal fromcontrol network 70 in_FEiglre 2."Unit(95 a
EL signal which i i | in f )
MUXS si gnal ic |sapp|edtcz%age§g£o |pgo§/LP
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13 *“response to this signal, MJX 80 selects as its input either (a) the
output frombuffer 82 or the output of frame buffer 84, or (b) the

out put of buffer 86 or the output of frame buffer 84. MJX 80 sel ects

bet ween the two choites in (a) and the two choices in (b) in 5 response to

the MUXSEL control signal fromstate zgne 95, which signal is in-turn
devel oped in response to the Control gag fromnetwork 70 in Figure 2.
These control signals indicate whlLch of conversions-P-1 or 1-P are
present, or bypass conditionsgy - P:G-?L"GQP-P where no conversion is to be
made. An output FRP fromunjt \10 pplT"éd "6 "/ A converter 62 in

Fi gure 2. ‘In the cgse | i gnal s, the interlaced and
progressive frane referenc P ar (P) g provi ded from
.preceding circuits, e.g., decoder IF O the case of a

recei ver, for exanple. In t4& alo npjt 11 5 signals R G B and
H V, network 70 of Fi

re 1 may f e___.Inchude a phase |ocked | oop
(PLL) responsive to t I nput an& I-gm sync conponent for producing
related i nput and out pyl peck-acls | ock jmay be applied to a
counter, a reset ingaut Jf whi cH5gcei ves thelV s%& conponent. The

counter outputs H V sync S|&rrals as wel | (1) and FRP(P)

~signal s at predetermijned tines table for {§se the el ements of the
system of Figure 2. ' i on Ras been described in
t he context of a hi gl n system the principles of
the invention 2 5 are a@I G signal processing systens
such as standard defiRi}i i si BEisysEens.
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14 Cains: 1. In a systemfor processing a video signal subject to
exhibiting either a first inage |line scanning fornmat (1) or alternatively a
different second inmage |ine scanning format (P), apparatus including:

an out put processor conpati-ble with a predeterm ned one of said first or
second formats; an automatic scan format converter responsive to said
signals exhibiting either said first or3gecond formats for automatically -
provi ding an out-put signal with a predeterm ned one of said first or second
line scanning formats so as to be conpatible with the format requirenents
of said output processor; and chapact ereged A2 swi #chignig net wor k
associated with said converter f ' i ngRRiAefn )sai d i rs and second
formats at inmage franme boundari epNg Nt i a ut introfici ng data

di scontinuities at said frlame bo | 8 systern;&or ding to
claim1, characterized in {fhat Sg 'aes: =2 controll ed
out put sel ection network hjavi ng B /g a sijgngd froma
first path (P-1 conversion| path) = '
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converting a signal exhibiting said first format to a signal exhibiting
said second format, an input for receiving a signal froma second path (I-P
conversion path) for converting a signal exhibiting said second fornmat to
said first format, and an input for receiving a signals with said first or
second format from a third path (bypass, path) for conveying a signal

- W thout fornat conversgﬁﬂ;
et net wortk; apher ein
i | relatijvezgo an

conveying signals to s
cor di & claim?2

sai d nmenory device exh
I mage frannme interval

characterized in that : 4 : ht | ead&2 83 one i mage
frame del ay. 4. A systgn et 3 / hr act erji z in that

said first and second paths &XJi bi ] si QS DS : t han tlhe&lel ay of
sai d menory devi ce. —1-5-) Rl acdup 44 DGR~ clyar et eri zed
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!
sai d video signaly s?a tel evision signal; said first format is an
interlaced (I) line scan format; and sai-d second format is a
non-interlaced, |ine sequential progressive (P) scan formt. 6. A
system according to-claim 2, characterized in that said converter
automatically converts the format of an_input signal to said predeterm ned
format if said input signal does not exR¥Bit said predeterm ned for-mat;
and said converter passes an input signal w thout fornmat conversion if
sai d input signal exhi'bits said predeterm ned format. 7. A system
according to claim?2, characterized in that said systemis a receiver
system further including a decoder network coupl ed between.a receiver
i nput and said format converter; and an i mage di spl ay device
conpatible with said predeterégagd | ine scan fornat. 8. A system

according to claim2, charactggazed in that said menory devi gy n

said third path (Bypass) exhi Bl at least a one | mage frane delay; .,
said first and second paths e

, rst ar gﬁi ncl ude a storage device exhibitiggn
delay significantly Igss thangaggd menory device in said third pat i
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16 . said
i'n said first
progre55|ve t
device in sai

simlarly clocked for reading”out datajign an interlaced-|ta

et

device in said third path and saEﬂlmMEﬁ@ebx@Faw (;e

i simlarly clocked for reading out] datat1m=a miy ‘
o} conversi on node; and da ry
dmm@_&! wm!Ial d storage device in saild{s ZO“néﬁWq e%

__p.r_o.g.r.es.s-t-u-e—-elc

conver si on node. 9. A systemaccording to claim§ characterized i

t hat said storage devices in said first and second-paths—exhrbrt—a

del ay of a feflaimge Iines. 960980 |-F
1Fog copy

N S

. In a system for processing a video signal subject to
exhibiting either a first image line scanning format (I) or
alternatively a different second image line scanning format P,
apparatus including: .

an output processor compatible with a predetermined one of
said first or second formats;

an automatic scan format converter responsive to said
signals exhibiting either said first or second formats for
automatically providing an output signal with a predetermined
one of said first or second line scanning formats so as to be
compatible with the format requirements of said output processor;
and characterized by

a switching network associated with said converter for

switching between said first and second formats at image
frame boundaries substantially without introducing data
discontinuities at said frame boundaries.

2. A system according to-claim 1, characterized in that said
converter comprises:

a controlled output selection network having an input for
receiving a signal from a first path (P-I conversion path) for
converting a signal exhibiting said first format to a signal
exhibiting said second format, an input for receiving a signal from
a second path (I-P conversion path) for converting a signal
exhibiting said second format to said first format, and an input for
receiving a signals with said first or second format from a third
path (bypass path) for conveying a signal without format
conversion; and . )

a memory device in said third path for conveying signals to
said third input of said selection network; wherein

said memory device exhibits a delay that is significant
relative to an image frame interval.



