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EMPLQYI NG 2-2 AND 3-2 PULL DOWN SEQUENCES 5 This invention relates of video
signal processing and particularly to nethods and apparatus for identifying
whet her a video signal originated by neans of a filmsource or a video
canmera source. \Wen receiving video information that was originally 1 0
produced on film there is an opportunijty for performng essentially
error-free de-interlacing of the signal. This is because each frane of the
filmsource is used in generatl ng at |east two video fields, representing
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correspon mg to a single instant in time can be generated by merging
two of these fields. Other uses of film source identification include
identification of redundant fields (which occur in 3-2 pull-down

20 sources) to be deleted in digital transmission systems for improving
channel coding efficiency.

Unfortunately, no special information is included in
broadcast video signals to indicate which fields may have originated
on film and which fields may have originated in a video camera, so the

25 presence of film-based material must be inferred by examining
"differences between the luminance information of fields. This,
however, can present a number of problems. For example, a strong
similarity between successive video fields could indicate that they
were generated from the same film frame; it could also be due to a lack

30 of movement in the program material. Likewise, a difference between
fields may indicate that the fields did not come from the same frame of
information, but the difference could also be due to vertical spatial
detail or transmission noise.

A practical film detector must distinguish between the

35 foregomg situations by appropriately processing the field difference



i nformation and then exanining a sequence of field differences, |ooking for
distinctive patterns that are characteristic of known film sequences. In
addition to di stingui shing between notion/no-notion, noise, spatial detail,
etc. this problemis further conplicated by the fact 5 that there are two
patterns generally encountered in videQ material derived from filmsources.
These include what is comonly known ag "2-2 pul | down" and "3-2 pull
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20 pull down patterns and in wh1ch ambiguities (due to factors such as
scene motion (or its absence), vertical spatial detail, transmission
noise or the like) are resolved to provide highly reliable identification
of film originated video material.

A method of film mode detection of an interlaced video

25 input signal, in accordance with the invention, comprises generating a
binary number for each field of a video input signal representing net
motion during one field interval and analyzing said binary numbers
for detecting patterns representative of film sourced fields. The
analyzing step comprising forming a field-to-field difference signal

30 from the binary numbers to provide for each field difference a sign bit
and a group of magnitude bits; comparing the group of magnitude bits
with a thresold value to provide a threshold indicating signal;
applying the threshold signal and the sign bit to respective first and
second inputs of each correlator of a group of five correlators;

35 addressing the correlators sequentially at a field rate; and detecting



3 when one and only one of the correlators indicates a count indicative of
fil mnode operation. In a preferred application of the principles of the

i nvention, the nethod further conprises conparing the binary nunber 5 with
a second treshol d val ue to provi de a second threshold indicating signal;

and applying the second threshold indicating signal via a third bus to
third inputs of each of said five correfators. In accordance with a further
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desi gnat ors, eemtainingdieldscirom a film or camera source; a motion detection
circuit for generating a binary number for each field of the video signal
20 representing net changes in pixel values of adjacent fields during at
least one field interval; and a pattern analyzer for analyzing the
binary numbers for detecting patterns representative of film sourced
fields. The pattern analyzer comprises a subtraction circuit for
forming a field-to-field difference signal from the binary numbers to
25 provide a sign bit and a group of magnitude bits; a comparator for
comparing the group of magnitude bits with a thresold value to
provide a threshold indicating signal; first and second bus lines for
applying the threshold indicating signal and the sign bit to respective
inputs of each one of five correlators; an address generator for
30 addressing the correlators sequentially at a field rate; and a logic unit
for detecting when one and only one of the correlators indicates a
count indicative of film mode operation.
The invention is illustrated in the accompanying drawing,

wherein like elements are denoted by like reference designators, and in
35 which:




4 FIGURE 1 is a block diagramof a television receiver including film node
i denti,fication apparatus enbodying the invention, FIGJURE 2 is a

vertical /tenporal diagramuseful in 5 explaining the invention; FIGURE 3 is
a detailed block diagramof a filmdata accumul ati on apparatus suitable for
use in the identification apparatus of FIGURE 1; FIGURE 4 is bl ock diagram
of filmdata reduction unit 10 suitable4for use in the identification

appar atus of FIGURE 1; FIGURREH issadbloekadiagtain ofla télevisionafeceivei cal

correlator su | 4; Fl GURE
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14 and 15 are spati o-t eFolURED isca ditailednbladk dsa n@fmfdm Kdadai ons of
enbod nent 203?‘*?%%”“?’%&5‘*" ARSI for e e e o e
illustrating GOR (gt i ]%E‘a]m ons of appar at us of FIGURE 1. Film node
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signals. illustration operation of the data accumulation apparatus of FIGURE
3; ' .

FIGURES 11, 12 and 13 are block diagrams of suitable
implementations of a pixel selector unit of FIGURE 1;

20 FIGURES 14 and 15 are spatio-temporal pixel diagrams
illustrating modifications of the data accumulation apparatus of
FIGURE 3 in accordance with further embodnnents of the invention;
and

FIGURES 16 and 17 are block diagrams ﬂlustratmg certain

25 modifications of apparatus of FIGURE 1.

Film mode video field identification in accordance with the
present invention is of general utility. It may be used, illustratively,
for identification of redundant fields in data compression transmission
systems for identifying redundant fields to be dropped or deleted from

30 the data stream. It may also be used to identify video fields derived
from a common film frame to facilitate essentially error free de-
interlacing of a video signal (i.e., progressive scan conversion of
interlaced video signals). It may also be used for identifying the five
fields common to a film frame for purposes of field rate doubling in the

35 flicker reduction processing of video signals.



5 The television receiver of FIGURE 1 illustrates two of the foregoing
uses, .nanely, for facilitating de-interlacing or flicker reduction in

di spl ayed i mages. The receiver conprises a video signal and timng signal
source 102 which provides an interlaced |um nance 5 output signal Y and a
group of timng signals (e.g., horizontal, vertical, pixel, etc.) indicated
generally by the letter T. The video signal Y wll be assuned to be
originated by mxed filmand camera soufces and to be interlaced. Since al
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Film mode detection apparatus 100, embodying the
20 invention, comprises three principal elements, namely a video signal
selection unit identified in the drawing as unit 108, a film data

accumulation (or comparison) unit 110 and a film data reduction unit
112,

The input of unit 108 is coupled to receive the interlaced
- 25 luminance signal Y provided by the source 102 and which comprises
interlaced fields at a standard field rate (e.g., 50 Hz for PAL or
'SECAM or about 60 Hz for NTSC). From the input video signal Y,
unit 108 concurrently selects three output video signals. These signals
-comprise pixels that are concurrently produced by source 108 and in
30 which pixels YC are delayed by a field less half a line relative to pixels
YA and pixels YB are delayed by one field plus a half line relative to
pixels YA. .
The spatio-temporal arrangement of pixels YA, YB and YC
is shown in FIGURE 2 where it is seen that each first pixel (e.g., YA)
35 from a given field (e.g., the current field N)is concurrently produced



6 with second and third pixels (e.g., YB and YC, respectively) having the
sane horizontal position of the tenporally adjacent field (e.g., the

adj acent field NN1) To restate the timng of this trilogy of pixels, one
field less a half line corresponds to a delay of 262 lines in 60 Hz (i.e.,
5 field per second) television standards (NTSC) or 312 lines in 50 Hz
systens (e.g., PAL or SECAM. One field plus a half line corresponds to 263
lines in 60 Hz systens or 313 lines in 50 field per second systens. FlI GURES
11, 12 and 13 illustrate suitable inpl dentations of unit 108. In FI GURE 11
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Film data comparison and accumulation unit 110
provides, as a first function, a comparison of the values of the selected

20 pixels (YA, YB and YC) on a pixel by pixel basis to produce for each
first pixel (YA), a pixel difference signal having a value of zero if the
value of the first pixel (YA) is intermediate the values of the second

~ (YB) and third (YC) pixels, the difference signal otherwise having a
. value equal to the absolute value of the difference between the value

25 of the first pixel (YA) and the value of one of the second and third
pixels (either YB or YC) having a value closest to that of the first pixel
(YA). FIGURES 7-10, discussed later, illustrate this unique form of
pixel difference generation for the specific embodiments of unit 110
shown.

30 A second function provided by unit 110 comprises
accumulating non-zero values of the pixel difference signals over a
predetermined portion (e.g., the active lines) of one field of the video
signal to provide a field difference signal. The film data reduction unit
112 receives the field difference signal Sn provided by unit 110 and

35 analyzes the accumulated field difference signals field by field for a




3 5 analyzes the accunul ated field difference signals field by field for a
7 pattern indicative of a filmsource which may be operating, for exanple,
ina 2-2 pul | -down node or in a 3-2 pull down node. As a result of this
analysis two signals are produced for controlling the processor 104. One of
these signals is a flag identifying filmnode and 5 the other is an
identifier pointing out which field wasy froma filmsource. In brlef
sumary, unit m m)de ectory which cal cul ates
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Unit 110 To si I| tlon go
been drawn thf E@Brmg) Elfﬁlrd iwhich adjacent

fiel came from the same ﬁhn frame, a s1gn" signal which indicates
whether (1) the material originated from film and (2) to identify the
20 position of the field in the film sequence. This section contains several
correlators operating in parallel that compare stored references
sequences (representing candidate film sequences) with the pattern of
the Sn field difference data. When one of the correlators indicates that
film material is being processed, the Film Mode status signal (FM, onc
25 bit) is activated. Further, a film field identification status signal FF is
produced which identifies which adjacent field will be used by the Y
interpolation circuits of the processor 104.
With the foregoing description in mind, attention will now
be given to more detailed examples of the invention.

30

Discussion of Comparison and Accumulation Unit 110
To simplify description of Unit 110, a diagonal dashed line
has been drawn through FIGURE 3 separating the block diagram into

a film data comparison unit 300 and a film data accumulation unit
35 350.



a filmdata conparison unit 300 and a filmdata accunul ation unit 35 350.
The overall function of unit 110 is to accunul ate data representative of
field differences, producing a single result Sn, an eight bit nunber in
this exanple, at the end of each field. This 8-bit nunber, as will be
expl ai ned, corresponds to the 8 highest bits of a 20 5 bit accunul ation for
each field. To reduce the effect of vertical spatial information, the .
accunul ated sum renmains unchanged if tBe-present field |umnance level lies
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circuit 308 thus producing an initial field d1fference value D1.

20 Concurrently, one-half of the absolute difference between the
previous field adjacent pixels, provided by subtractor 310, absolute
value circuit 312 and attenuator 314, is then subtracted in subtractor
316 from D1. This subtraction produces a negative result whenever YA
is intermediate between the values of YB and YC. To compensate for

.25 the different signal processing delays leading to subtractor 316, the
signals applied thereto are re-timed by respective ones of a pair of
pixel clocked retiming latches 318 and 320 respectively. The output
difference signal D2 (8 bits) of subtractor 316 is then limited by limiter
322 to remove negative values, and the resultant signal D3 is gated by

30 AND gate 324 responsive to a blanking signal (from signal T of source
" 102) which is retimed by pixel rate latch 328. This gating confines the

pixel difference signal to the active portions of a video field producing
thus eliminating the effects of synchronizing signals and other signals
which may be present in the vertical blanking interval on the final

35 pixel difference signal PD produced by AND gate 324. A further




whi ch may be present in the vertical blanking interval on the final 3 5

pi xel difference signal PD produced by AND gate 324. A further 9

regi ster 326 provides retimng of the signal PDin synchronization with the
pi xel rate to conpensate for gate delays as do registers 318, 320 and 328
as previously described. FlI GURES 7-10 ve specific exanples of the

processed 5 pixel difference signals P rowded the co arl,son unit 300
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advant age of d %WQ*W@ ‘based on the cl osest of YB and YC to the
value of YA, values areltisanimportant feature of the present invention that in

the above and following examples of determination of the pixel

20 difference values in unit 300, that the method always produces a
minimum result for a change. In other words, of the two differences
between YA and the pixels YB and YC, only the smallest difference is
used. The advantage of this is that it minimizes the potential
distortions of very large vertical differences between YB and YC

25 which tends to prevent one pixel difference measurement from unduly
weighting the final accumulated field data sum. In other words, very
large changes (due to vertical detail, motion, abrupt horizontal edges,
noise, etc.) are reduced to a minimum difference so that the
accumulated field total is not skewed or unduly influenced by a few

30 abrupt brightness changes.

As an example of the advantage of selecting differences
based on the closest of YB and YC to the value of YA, values are
selected in FIGURE 9 wherein in field N-1 there is a 80 IRE transition
between pixel YB (90 IRE) and pixel YC (10 IRE). Since, in accordance

35 with the invention, the pixel difference PD is always based on the




selected tn FIGURE 9 wherein in field N1 there is a 80 IRE transition

bet ween pixel YB (90 IRE) and pixel YC (10 IRE). Since, in accordance 3 5

'with the invention, the pixel difference PDis always based on the 10

cl osest- of YB and YC to YA, the resultant pixel difference for this large

change in field n-1 for a value of YA of 5 IRE, is equal to only 5 IRE for
the 80 IRE change in field n-1. Note that a nuch | arger result would occur
i f pixel YA were to be conpared with I%bor with some formof 5 average of

YB and YC. Accordlngly the eneratio i xel differences PD in unit 300
avoi ds undul Floges§iafi ¥B and ¥edo Y4, dhetresultanmpveelfdxéferemcEfferethmeln
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The enbodiq rqe F%gj pgnparison unit 300 in FIGURE 3 i's presently preferred.
over that o ~17 for, the pixel difference generation for reasons of

circuit econony since uhithisqoudds issstrugtivectonetethetadifferestti on.
O her circui tphysieabstrititareer dfcEitireafgenmdntdnt B@ used k9PY as they

nter ned at ;%@Eﬁ%ﬁgﬁﬁ%%cgﬁaﬁ" GOl D 1] EoiRefiie Pralatifitshoen,

di fference be&lgﬁahﬂmérmmthequehe A, r¥B qrid CY3uehan alterabtiveof the one

of the seqondstpnchirdl islilpustthted ArRBafistHl HAICH 9. 8!
RN e G RI e
active pixel snetlianfvalti¢ sedectdori602)cubtdracting Y Aofronithe Medbah Yesult in
subtractor 1604 and taking, in unit 1606, the absolute value of the
difference provided by the subtractor 1604 to produce signal PD.
20 The embodiment of comparison unit 300 in FIGURE 3 is
presently preferred over that of FIGURE 17 for the pixel difference
. generation for reasons of circuit economy since unit 300 does not
require median value selection. Other circuit arrangements may be
employed, if desired, as long as they produce a similar result of
25 yielding zero for cases where YA is intermediate YB and YC and
yielding otherwise the absolute value of the difference between the
value of the first pixel YA and the value of the one of the second and
third pixels having a value closest to that of the first pixel.
As noted above, the pixel difference signal produced for
30 each pixel is an 8-bit number. The accumulation of this 8-bit number
over all active pixels of a field could produce a result more than 25 bits
wide. In accordance with a feature of the accumulator 350 of FIGURE
3, such complexity is avoided by a combination of an accumulator and
a counter of less than 25 bits total with an overflow inhibit of counter.




wi de. In accordance with a feature of the accunulator 350 of FIGURE 3, such
conplexity is avoided by a conbination of an accunul ator and a counter of

| ess than 25 bits total with an overflow inhibit of counter. 111n nore
detail, the output signal PD of conparison unit 300 is applied to an 8 bit
accurnul ator conprising an 8-bit adder 352, and AND gate 354 and an 8-bit
regi ster 356. Adder 352 adds the 8 bit signal PD to the previous sum stored
inthe 8 bit latch 356 thereby adding PD 5 to the latch output for each

pi xel difference value neasured in a E i.el d. The AND gate 354 couples the
sum of adder to the Iatch to éﬁ§l|lta d clearing of the accumul ator. once

each field in responselndngregatadath %QMéEUG\SFm]tPR afcempanisan unit 300i s
inverted by iiguppléed 86an Obit accemhilatek c ah SAbitsedder Bszpéﬂauced
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st ops gounéI i B@S@t—Sﬁé)mm applicelvia aNbAN%ef%@'d Y({ztlhﬂﬁ Héi‘VB@z andl
5 e, o il AR QR To b e o i Lide,
E NVEB) og (I\:/lég n;é ﬁ?ﬁctn;g\gh m;lg&@ dmcgg thnevennqaitpuclge erind: Regtségz
i e, 2t é capyPbltisighhD Wlfh%ﬁeju el (BR'GaRI 3644 at
e o s B e o PO
and an overflow inhibit signal applied to its other two inputs. With
regard to overflow prevention, recall that the pixel difference signal is
20 capable of producing an accumulated result of more than 25 bits wide
in a field interval. The maximum accumulated count, however, is 20
bits (i.e., the 8 bits of accumulation plus 12 bits of counting).
Accordingly, to prevent overflow when a large difference between
frames occurs (e.g., at a scene change), the counter 370 "saturates" or
235 stops counting at a maximum count. More specifically, the overflow
signal is produced by an 8 input AND gate which disables gate 364 and
thus inhibits further counting by counter 370 when the 8 most
significant bits (MSB) of counter 370 are high. A portion of the output
of counter 370 (i.e., 8 MSB of the 12 bit count) is stored in an 8-bit
3 0 register 374 at the end of each field in response to the vertical pulse
and the counter is reset for accumulation of the pixel difference
signals PD in the next field.

Discussion of Data Reduction Unit 112



signals PDin the next field. Discussion of Data Reduction Unit 112 12
The data reduction unit 112 of FIGURE 4 uses the field difference

i nformati on Sn which arrives each field fromaccunul ator 350 to identify
the presence of a particular filmsequence. One potential problemis that
noi se and vertical spatial detail increase the 5 value of Sn, possibly
maski ng the desired information. Fortunately, a distinguishing
characteristic of filmmaterial is a pattern of small and large field

di fferences which occurs as fields are successively generated fromthe sanme
or different filmframes. By determ ni2g the change in the Sn signal on
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are compared requiring the use of only two of the correlators; in
which case the remaining three correlators are not used. When one of
the correlators detects the presence of a particular film sequence, it

20 signals this fact to the de-interlacing and 100 Hz (flicker reduction)
processors 104 in FIG. 1 and additionally indicates which adjacent
field was derived from the same film frame. Thus the end result of the
correlation produces two signals, providing (1) the presence of film
originated material and (2) the identity of which of the two adjacent

25 fields to use for line-doubling or field rate doubling. .

In more detail, in data reduction unit 112 of FIGURE 4 an
8-bit latch 402 (enabled by the same vertical pulse used in
accumulation unit 350) delays the field difference signal Sn by one
field. This delayed signal is subtracted from the un-delayed field

30 difference signal Sn in subtractor 404 to form a two's-compliment
signed 9-bit signal D2FLD signal which indicates how much change
.there is between the field difference signal Sn of successive fields. The
sign bit of D2FLD, labeled "sign bit" indicates whether Sn increased
(zero) or decreased (one); it forms a one-bit per field sequence which is



sign bit of D2FLD, | abeled "sign bit" indicates whether Sn increased (zero)
or decreased (one); it forns a one-bit per field sequence which is 13
conpared with candi date film sequences (2-2 pull down or 3-2 pull down) in
the correlators 401-405. Since useful information is available only when
there is appreciable notion in the video signal, a determination is nade 5
whet her sufficient change occurred to nmake the polarity data significant.
In other words, the polarity data, taken alone, has been found to be

i nsufficient to un-anbiguously and reliably determ ne the pull down
patterns. It is for this reason that thd field difference nmagnitude . data
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such as scrol é Lﬁ&a st af Q rence
signal Sn nayS ‘?’&@ %WW%%?%PVQE? aystery isinat required in a
particular application. If the ‘magnitude of the D2FLD exceeds the

"first" threshold TH-1 of source 410, the correlators 401-405 are
enabled for material which may contain 3-2 pull-down film mode
20 sequences, otherwise only correlators 401 and 402 need be enabled for
processing film mode material containing 2-2 pull-down sequences.
The signal TH-1 is gated in an AND gate 411 by the vertical pulse VP
delayed by two clock periods (by registers 412 and 414) so that
information from the latest field is used in the following correlation
- 25 calculations. This threshold control signal T1 is distributed to each of
the five correlators 401-405 via bus 413.
At this point it is instructive to note that the use of the
D2FLD alone in sequence identification by the correlators 401-405
may not be absolutely reliable. For example, if film material is
30 followed by very regular non-film (i.e., video camera generated)

- material, such as scrolling text on a stationary background, the field
difference signal Sn may be large but nearly constant, producing little
change from field to field. In this case the magnitude of D2FLD might
not exceed the threshold TH-1, allowing the system to continue in the

35 film mode operation. To detect this, and similar situations, the field




change fromfield to field. In this case the magnitude of D2FLD m ght not
exceed the threshold TH 1, allowi ng the systemto continue in the 3 5 film
node operation. To detect this, and simlar situations, the field 14
difference signal Sn is conpared in conparator 420 with another threshold
TH 2 provided by another programmabl e source 422. As before, the sour ce 422

may be of a fixed binary val ue but the programrablllty feature allows "fine

tuning" or optimzation of the 5 overa{ system The val ue of the threshold
TH 2 is typi caIIy set to a _nmuch | arger §al ue that the other threshold TH 1.
That is TH 2 sifference signaliSn a&nonmpamchm@mmmrmm&ﬁrmthmqimarl em
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I dentified which lve sequen |a pattern
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manual |y oper ¥Rifhsig eermmen to alli of te soprelatgrs: correlator ROM
address signal ADDR is generated by a 3-bit variable modulo counter
424 having synchronous enable (E) and reset (R) inputs. The counter is
20 enabled or clocked once per field by the delayed vertical pulse provided
by registers 412 and 414. When receiving 50 Hz (field per second)-
signals only 2-2 pull down film sequences (which repeat every other
field) are identified by two of the five correlators. The counter 424 is
then reset following a count of 1 addressing only two ROM locations.
25 When receiving 60 Hz signals, 3-2 pull down sequences are identified
which have a five field sequential pattern. In this case the counter 424
is reset following a count of 4 thereby addressing five ROM locations.
Variation of the modulo of counter 424 for controlling
selection of 2-2 pull down and 3-2 pull down operating modes is
30 controlled by means of a control source 426. This source may comprise,
illustratively, a manually operated switch for providing a binary "one"
output for one pull down mode and a binary “zero" output for another
pull down mode. Alternatively, automatic system operation may be
provided by selecting a field rate detector as control source 426 for
35 providing a control signal C to thereby automatically select modulo 2



output for one pull down node and a binary "zero" output for another pul
down node. Alternatively,automati c systemoperation may be provided by
selecting a field rate detector as control source 426 for 3 5 providing a
control signal Cto thereby automatically select nodulo 2 1 5 counting
for 50 Hz field rate signals to enable two of the five correlators and to
automatically select nodulo 5 countingl'n counter 424 for enabling all five

of the correl gouRéing éor 50 Hz fielderateisignnls to enpble éwto ofrthé fisid i t at e t he
vari able nmoduborraytis and tohrufdinaichlly stletiicdul?s dditihgiA o

| t bit 0 d d 4 ) tY trol
s onal G wneA2E TP dnabiing sIiye oidihe (Orelaiors subendd Hayideo signals: 494
on a count of ape presend Tatfacilitate the OArigble mddulo chuneerpobf théd ehees biler
output to thke : ' towWb&bits (94l r.at:.on,
dgcgger 42851Cgﬁ?\@§€%24gggtrhlg§)e i&zalﬁg' 10a coun]tgs g?%ﬂ?ﬂﬁérggaegﬁlaﬁ in

correl ation ofleragr 1 respRnseto the captrolisignal 6. Whem(l indisates/5Qeo
fields. The piipfietdatate, dedddendR8 réSéts courntePPHATH E6uhbof O6ROANTRS

tput with t ti | - VP, teq 432 ,.0'S™ d I d
an oi'ternati vEAoasp R DR AR i Wil co Pl 0 der gt s thel ot o 1
5 reset” whi cﬁoﬁﬁebéeiﬁi@) inprute WieneCtindicaties60 operationy deebdes #28em
AUt omat  cal Ty T uaiter HLORMGLY of 3 it é-*%%?ﬂ%ﬁ&%!ﬁ%of&‘f% figld
ot her suitabl Eﬁggﬁgﬁ%s gﬁ%@%ﬁﬂ%ﬁfgtﬁpéﬁg%%v?%ﬁlg irldsn rpese of
| © e is20Gs ive 42800

R P e e A N PR
fil mnode oper gttel on, shou ge sel ect eg( or_inter pofatl 0 1'el'd repeating
in the proces@berngiivegesetinpid to eouptarsd24 of sosignaldenoted Bronyelatord2
to provi deltheeset which tnay Berusedfor’ éximple rotinitialize theGvdfa0ls m.
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error has occgonts odhér sl ISOFCBISF i 4 | | eared by neans of
gat e 444 whi ch coupl esréﬁetd'?ége.ateret gﬁﬁ?ﬂlﬁﬁgﬁggﬁ@%gié uni.t 440 to the
3 0 clear all reset busSIASIHRING ROW thegveralboperatinn ehthe fiveock 440
detects 20 correlators 401-405, each of these correlators has two outputs, F and

M. The output F indicates which field in film mode operation should
be selected for interpolation or field repeating in the processor 104. All
of the F outputs are combined in an OR gate 442 to provide the film
field or FF identifier output signal. The M output signifies when a
25 correlator has detected a "match" to an expected pattern. A
combinatorial logic block 440 detects if more than one correlator is
producing a high M value; if so, it means that a correlation error has
occurred and all correlators are immediately cleared by means of gate
- 444 which couples the "greater than 1" output of logic unit 440 to the
30 clear all reset buss of the five correlators. If the logic block 440 detects -
that exactly one M is high, then the Film Mode Status Flag (FMSF)
is activated. When flag FMSF is so activated, the Film Field
identification signal FF indicates to the processor 104 which one of the
adjacent fields should be used, for example, for interpolation: a zero
35 indicates the field N containing YA pixels and a one indicates the




that exactly one Mis high, then the Fil m-Mdde Status Flag (FMSF) is
activated. Wien flag FMSF is so activated, the FilmField identification
signal FF indicates to the processor 104 which one of the adjacent fields
shoul d be used, for exanple, for interpolation: a zero 3 5 indicates the
field N containing YA pixels and a one indicates the 1 6 adjacent field.
As previously noted, a correlation reset control signal is used for
resetting the variabl e nodul o counter g4 This same signal is conbined in

OR te 444 with the [ t t put _af | ogi it 440 initializ th
Systam (1. "afacetit HERE, R Blefonsty ot hstiteltion TeseCeoRidlos ©
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As shown in FIGURE 6, the internal ROM 502 of each of
the correlators 401-405 contains seven addresses. One bit of the
20 address is provided by the 50/60 Hz field rate signal "C" produced by
control source 426. Three additional bits are provided by the variable
modulo counter 424. The first two of the address locations correspond
to 2-2 pull down and are addressed when signal "C" is low (50 Hz
operation) by counter 424 (ADR) values of 000 and 001. The other five |
25 addresses correspond to 3-2 pull down sequences and are addressed
when "C" is high ("1") by counter 424 ADR values of 000 through 100
(i.e., 0-4 in decimal). ' -
Two bits of information are stored at each address as
shown in the ROM data table 600 of FIGURE 6. One bit represents
30 "reference sign" (RS). This represents the expected polarity of the field
difference signal Sn. A logic zero indicates a positive polarity
signifying that the last two fields are from different film frames. The
other bit represents "reference magnitude" (RM). This bit is equal to
logic zero when the expected magnitude of D2FLD is zero, logic one
35 when expected to be non-zero. A zero expected magnitude actually




3 0 "reference sign" (RS). This represents the expected polarity of the
field difference signal Sn. A logic zero indicates a positive polarity
signifying that the last two fields are fromdifferent filmfranes. The
other bit represents "reference nmagnitude” (RM. This bit is equal to logic
zero when the expected magni tude of D2FLD is zero, logic one 3 5 when
expected to be non-zero. A zero expecldd magnitude actually 1 7 occurs-
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is inverted by inverteWhen aperatinggsub0dieldnperyseconstyideoisignalsnif then
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A A i o e i AN RS
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512 and st oppl ng ) .
generated from a single film frame.

20 When 60 Hz signals are being processed, the counter 504 is
reset (via inverter 524, OR gate 526 and AND gate 518) at any time the
reference magnitude RM signal is low (indicating that the last three
fields should have come from the same film frame) and either of the
threshold signals TH-1 or TH-2 is active.

25 If the counter 504 reaches a full scale count of 63 (all 1's in
binary) AND gate 506 is enabled indicating a sequence match thus
setting the correlator's output to "1". This signal is also inverted by
inverter 530 thus disabling AND gate 512 and stopping further
counting. The field flag ("F") output (AND gate 535) is also enabled

30 (via inverter 536 which inverts signal RS and AND gate 506 that
provides the M output signal). Enabling of the field flag output "F"
indicates (during the next field) which adjacent field came from the
same film frame. For the sequences detected by this system, the field to
be used can be obtained by inverting the "reference sign, RS" signal

35 from the read only memory (ROM). If the "clear all" signal is high



counting. "The field flag ("F") output (AND gate 535) is also enabled 3 0
(via inverter 536 which inverts signal RS and AND gate 506 that provides
the Moutput signal). Enabling of the field flag output "F" indicates
(during the next field) which adjacent field cane fromthe sane filmfrane.
For the sequences detected by this system the field to be used can be
obtai ned by inverting the "reference di&n, RS" signal 3 5 fromthe read
only nenory ((REtfjcatirig that tedbeathath lIchescorrelator hag blmulﬂaﬁ'teiom dfhurid at hat
1

o e at ol Ayt (e douifer Y "‘”’éo‘?“*ﬁ“?ﬁe (FATORBatd S GRIHET, oo
Hz reference é@&éﬁGksWhﬁpsgelﬁ%t Z Wﬂ%‘)‘elﬂeﬁs ¢ rtm EOWS
{rﬁg {n : ﬁge RMdfi ROM cehtdrits) the refereénceasia fw&ah% egtaisoée&r e elg?v" f6r Ql‘lélrllgles
TH1 or throohs] H%%%ﬁéﬂ‘%ﬁ% ﬁ?%ﬁ\gﬁﬁs #ﬁ%%ﬁ;%ﬁ\d%‘fe ﬁﬁﬂfﬁ SHBHRRS i s
arbitrary in theysare resef when mgn €01 bnx nts of
the 1 0 inverTipg 1§3ﬁ*"e%éhﬁdt}{é“9§ldé‘bf r pé legeé@Nrgragﬂher RSliEdrh 1%@'&5&@9&@ .

case where the |er YA is taken tfrom
pi xel s YB and@88ar e taken fromthe f|eI d N+1 rather than field N
Di scussi on of Four - Pi xeVaPiauschangessay demvadsd tetheeivibodiments bethé eI d

e shoun 0 PRsRRR %jﬂ% 1y e Rl BIOEREIMAMEERG &',
and P3 are t#fas¢ wheredt tlsﬂ'ii en fropnfield N aathepthan M#liand zﬁhen
fromthe ngxtpﬁtﬁésmblngin’gﬁ?afé‘iakéﬂ iffor tlee ﬁ@ld\Nﬂ-lthtgréie' }tﬁfu% f(i)éléklﬂfe?g' >S<e|
g;gg?i%zgangai/?og :om(;vi de t@%@%ﬂé’%%ﬁ‘pﬁﬁ?é’oc% &d P4 rel at i ze to
P1. The nedian sel ect orAs ap®@then adt@masione; a firther fieldimaydse usedtia exarrpl e
o 71 ORE 18 éompadese300toEner BRIl AlHfirkake %afgs shBvhd
ey, e fend D DT P e TR S Rl g
FDis pr oducemre)takﬂrbfmhhagad;acbm fiedd. Neand redfongrthnpixel it istdiert frome
fa' cul ation X 1 §? adj E&Qﬁt q%la'N‘-’Ml FHRUIRSHUIY, h@ijé%&‘iér Ydud-prker due
0 noise which ten
processmg may be unplemented as shown in FIGURE 17 wherein
20 delays 1702, 1704 and 1706 provide the delays for pixels P2, P3 and P4
relative to P1. The median selector 1708 and subtractor 1712 function
as in the example of FIGURE 16 to produce the difference D1 from
pixels P1, P2, and P3. Similarly, median selector 1710 and subtractor
1714 produce the pixel difference D4 from P2, P3 and P4. A resultant
25 pixel difference signal FD is produced by subtracting D4 from D1.
Extending the pixel difference calculation over two fields as shown
advantageously reduces artifacts due to noise which tends to cancel in
subtractor 1720 at the cost of one additional field of memory.
As a further alternative to the example of FIGURE 17, the
30 same value for D may be calculated for four-pixel processing in
different hardware by use of the following relationship:

D=MAX [ABS(P1-P23avg); P23dif] - MAX[(ABS(P4-P23avg):P23dif]
wherein P23avg= (P2+P3)/2 and P23dif=ABS(P2-P3)/2
35



subtractor 1720 at the cost of one additional field of nenory. As a further
alternative to the exanple of FIGURE 17, the 3 0 sane value for D nay be
cal cui ated for four-pixel processing in different hardware by use of the
foll owi ng rel ationshi p: D=MAX [ ABS(Pl- P23avg); P23dif] -

MAX[ ( ABS( P4- P23avg) : P23di f] wherein P23avg= (P2+P3)/2 and

P23di f =ABS( P2- P3) /2 35 19 The above equation for "D' states that Dis
the difference between two maxi rmm valjups (MAX). The first maxi rumvalue is
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further fiel db@ﬁlv%ﬁn P2 GRAUPSCH w?H'Bé Bﬁg@%ﬁmwﬁﬁ%l PaLRs $p2
alternativ [ OCEésSi ng rence signal D
i s summed §§ ﬁgﬁ‘:ﬁ B‘%ﬁgﬁ&e‘flwrm&dlﬁﬁ% Wi Wféﬂe r%ﬁl ated sum
- Sn, for fiel dilterfediate hetnaeroP2 Jnid PS wihileP4 ip catside thisranpe. dabath
reducti on uni py1iy iFhrd BeSRIPAR rah POBE vilubg of 152 RREVPSLHEXIERIE Blis
determined by whether P1 or P4 are further from P2, P3. The
advantage of using the four (4) pixel approach to generation of the
20 pixel difference signal D is that one obtains a first-order cancellation
of the effects of vertical spatial detail and channel noise. The cost, as
previously noted is that a further field delay is required.
Continuing with the discussion of the alternative 4 pixel
. group processing of FIGURE 17, the difference signal D is summed
25 pixel-by-pixel over the field producing an accumulated sum, Sn' for
field N. This sequence of Sn' is further processed in the data reduction
unit 112 much the same as signal Sn in the previous example of the
invention. Briefly, unit 112 processes signal Sn' to determine whether
the material originated from film or from a video camera. Since the
30 value of Sn' changes only once per field, the calculation which follow
could be performed by a micro-computer rather than the dedicated
"hardware" implementation shown for unit 112.
For film data reduction, the magnitude of signal Sn' is first
compared to a threshold TH1 to determine if a significant change
35 occurred. If the threshold is not exceeded (possibly indicating a lack of



invention: Briefly, unit 112 processes signal Sn' to determn ne whether the
material originated fromfilmor froma video camera. Since the 30 val ue of
Sn' changes only once per field, the calculation which follow could be
performed by a m cro-conputer rather t han the dedi cated "hardware”

I mpl enentation shown for unit 112. For filmdata reduction, the magnitude
of signal Sn' is first conpared to a threshold THL to determine if a
significant change 3 5 occurred. |If thgthreshold is not exceeded (p055|bly
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pul | - down seq@@m& sapgg erence signals to one correlator m the form
of alternating sign and the opposite polarity to the other. Each
20 correlator compares the sign of its reference to the sign of Sn'. When
the signs match, the correlation counter is incremented. If the signs
_oppose, the correlation count is reset to zero. If the count reaches a
predetermined limit (e.g., 63, as shown) the counter is inhibited from
incrementing further and a signal is generated indicating that a film
25 sequence has been detected by that correlator.

The detection of 3-2 pull-down sequences is accomplished
in a similar manner except that all five of the correlators are used
corresponding to the five possible phases of 3-2 material. Here, the
modulo of counter 424 is changed to "5" to provide five references

30 sequences to the correlators, each with a different phase offset. These
phases are compared with the stored ROM phases as previously
explained for identifying the 3-2 material. As in the previous examples
» when exactly one of the,correlators indicates that film is detected, the
source is assumed to be of the type and phasing corresponding to the

3 5 reference for that correlator. If a correlation count of L exists in more



in a simtar manner except that all five of the correlators are used
corresponding to the five possible phases of 3-2 material. Here, the nodulo
of counter 424 is changed to "5" to provide five references 30 sequences to
the correlators, each with a different phase offset. These phases are
conpared with the stored ROM phases as previously explained for identifying
the 3-2 material. As in the previous exanples , when exactly one of the
correlators indicates that filmis detected, the source is assunmed to be of
t he type and phasi ng correspondi ng to 3 5 reference for that
correlator. If,a correl atlfm coynt I n 21 than one
correl ator si r#bﬁpa%slgqrye alpr Stmy PE?PHﬁ F§T£?]:?tlm tslarer eset to
zero. Since thmmahatel jotdo zemyynber of fields containing significant
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THe. 1T Sn+ exgeifiPat Bifferent pixels on successive fields. Accordingly, let:

Sn+ = XY MAX (0, +D);
. Sn- =3 MAX (0, -D); and
20 Sn' = [Sn+] - [Sn-]

The implementation of circuitry for Sn' as defined above
requires only a pair of maximum value detectors and one subtractor
for taking the difference between their outputs. This produces.the

25 same value for Sn', which is used as previously described.
Additionally, since Sn+ and Sn- are separately available, each may be
compared to a second, higher threshold TH2. If Sn+ exceeds TH-2
while the reference is "-", or if Sn- exceeds TH-2 when the reference is
“+", the correlation count of the corresponding 2-2 pull-down

30 correlator is reset; if either Sn+ or Sn- esceeds TH-2, the correlation
count of the 3-2 pull-down correlator is reset; if either Sn+ or Sn-
exceeds TH-2, the correlation count of the 3-2 pull-down correlator
receiving a reference of "0" is reset. This ensures that the cessation of
film material in the "four pixel" embodiment of the invention will be

35 quickly detected under all conditions where significant motion is



while the reference is "-", or if Sn- exceeds TH 2 when the reference is
"+", the correlation count of the corresponding 2-2 pull-down 30 correl ator
is reset; if either Sn+ or Sn- esceeds TH 2, the correlation count of the
3-2 pull-down correlator is reset; if either Sn+ or Sn- exceeds TH 2, the
correlation count of the 3-2 pull-down correlator receiving a reference of
"0" is reset. This ensures that the cessation of filmmaterial in the "four
pi xel " enbodi ment of the invention mnli be 3 5 qU|ckIy detected under al
condi tions where sigpificant mptiqn is rese |s co ectlon | S
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conprising: formng a field-to-field difference signal (Sn) fromsaid

bi nary nunbers to provide foreach field difference a sign bit (SIGN BIT)
and a group o“mmmlﬂmﬁ)mw fDZFL_D); 15 conparing said group
of magni tude bis J mathreshold value (TH 1) to provide a first
t hreshol d i ndi cat fng5si'bnaﬂ (*T1); applying said first . .threshold signal (T1)
and said sign bit (SIGN BIT) to respecggve first and second i nputs of each
20 correl atorcffinR. group of five correlators (401-405); addressing said

correlators séquentially at a field rate; and detecting when one and only
one of said correlators (401-405) indicates a count indicative of film node

operation 2 5d( FM. 2. A ngie'ftﬁaﬁodsof Efﬁlinﬁe:ﬂoae (gjlt?bﬁbﬂhéilllginh@l:iteﬁl@??_ﬂ ;I) ntg:
conparing sai in nunbe Wi a_secon es val ue 0
provi de a sec‘(’)lﬁgot ﬁ{ﬁ/éghﬁllg&aﬁ’ngaa)aﬁ?{bog 6°§'ip§1r§é?g Eﬁ‘?) ?&z?ﬁdog'ppl ying said
second t hrelhol d i ndi capriovidisigganl int¥dpaced avideohinpiitbsign@al 16¥) to third

i nputs of eactoithiniag dfibidse ffRh' £/ BIR" 8r cAthera éurde; A Method as recited in
Claim1 further conpFising: provi déin a bi ngr%/ contrql silgnal (q%; varyi ng
sai d addressing of sai BAEFRENGt ®r ngmoln% of ifer 4 diglechis@d sai d

bi _ngry conlt ro#idebg?naﬂomyreyérﬁmg iiétr fiotfors adiuréng cond feldr eﬁ;ieeeap]f aﬁ&\pdof
said correlators and a seguen esses fo . fiye of sai
correlators. 4. A net ho%&gggl?l&:iﬁ%gcg ﬁﬁ‘%&alﬁﬂ]ﬂg’?grf?llfer&f:ctg%?ési)ﬁg?ms

provi di ng hObrepaesensative oof Sikmasoyrced figlds, said analyzingystep sai d

addr essing of cgmipfigiag- el ators in accordance wi.th said binary control

STgnal Lo ProvTae & T Rl 39U R Pl AR W] (s S 07

said binary numbers to provide for each field difference a sign bit
(SIGN BIT) and a group of magnitude bits (D2FLD);

15 comparing said group of magnitude bits (D2FLD) with
a threshold value (TH-1) to provide a first threshold indicating
signal (T1);

' applying said first threshold signal (T1) and said sign
bit (SIGN BIT) to respective first and second inputs of each

20 correlator of a group of five correlators (401-405);

addressing said correlators sequentially at a field rate;

and
detecting when one and only one of said correlators

(401-405) indicates a count indicative of film mode operation
25 (FM).

2. A method as recited in Claim 1 further comprising:
comparing said binary number (Sn) with a second
threshold value (TH-2) to provide a second threshold indicating
30 signal (T2); and
applying said second threshold indicating signal (T2)
via a third bus (415) to third inputs of each of said five
correlators.
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sequence ‘of addresses for all five of said correlators. 1 5 5.
Appar atus for_providing—fitm node detection of an interlaced video inpu

signal (Y), co | S g ' signal source (102) for providing an

i nterlaced vi dgﬁ“\mmi“m“wml) containing fields froma filmor camera
sources; 20 * ¢ L ®m noti‘on detection circuit (110) for generating a
bi nary nunber (Sn) for .each field of said video signal representing net
changes in pixel values of adjacent fiye}ds (N, NOL) during at |east one
field interval; and a pattern anal yzerz_ 112) for. analyzing said_ binary 25
nunbers for detecting BathemeshodAscegited i eClainy il FIEber cOmpriEngs, sai d
pattern anal yzer conpripsbviding $WihaAe idoakroti sigHal ((3P4) for formng a

field-to-field difference signal LD). from said binary nu rovi de

e bt (oo Bl atyiled Bia aflmSing S, 384’ Lordatord TRET -4o%)P]

conpar at or ( 4083cdardanespuithnsaidabihagyoceniso! segmalt taleprovide b first _

threshol d »salseﬁué&é gedferseagf&f fwbNbESRN dcdri’@lg | B ) ﬁebg&“): first
d I t hresho I'n

(413) and seco 409) buys i nes. for_applyipng sal I cati ng
signal (T1) éﬁaue'g?ed qfi @Hdmsses( doenalh) gyesog Saifd ; t9T¥e Tnputs of each
one of five correlators (401-405); 25 an address generator (424) for

addressing said correl gtons 1-405) s ent jal.l tea.field rate; and a
| ogic unit (440) for d:di‘eé'g P#égﬁﬂe?'? Jﬁ‘éﬁ%ﬁdnoﬁ%}‘%rz fgfthgéi%plggl;lﬁl&gat ors
(401-405) indicates a quomidingdachinare asntfoll sighahd@d; oper ati on. 6.

Appar at us recited i ' : Eoi | $4;:89, conpar at or
(420) for 12@(5 ar i sairvc??giﬁirg;rséujiqu%n%dgreg%ﬁghnag s;dlgoﬁ?jﬂ?ﬁaﬁss (C)ilnd val ue (TH 2)
to provide a’ 85‘5:%’% W‘fhr%ﬂob@#ﬁd‘?%ﬂ'?h@%ﬂ"@n% Rreyide gndirst ¢ hird bus
(415) for appeqguegncs asfd addeesses toft ewbobfl sHidnedrrélatgrst and es pseeconde t hird

Inputs of eacgéq%négigf Talg¥fe 508 "for2hR" five 23 49®) correlators.

15 5. Apparatus for providing film mode detection.of an
interlaced video input signal (Y), comprising:

a video signal source (102) for providing an interlaced
video input signal (Y) containing fields from a film or camera
sources; '

20 a motion detection circuit (110) for generating a
binary number (Sn) for each field of said video signal
representing net changes in pikel values of adjacent fields
(N,NO1) during at least one field interval; and

a pattern analyzer (112) for analyzing said binary

25 numbers for detecting patterns representative of film sourced
fields, said pattern analyzer comprising:. |

a subtraction circuit (404) for forming a field-to-field
difference signal (D2FLD) from said binary number to provide a
sign bit (SIGN BIT) and a group of magnitude bits;

30 a comparator (408) for comparing said group of
magnitude bits with a threshold value (TH-1) to provide a
threshold indicating signal (T1);

first (413) and second (409) bus lines for applying
said threshold indicating signal (T1) and said sign bit (SIGN BIT)

35 to respective inputs of each one of five correlators (401-405);



15 ) 7. Apparatus as recited in Clainb further conprising: a
bi nary control signal source (426) for providing a binary control signal
(O; a vari ablclmllimﬂujw(rﬂlg:uﬁl circuit (424) for varying said addressing of
said correl at with said binary 20 control signal to

. . * C L * .
provide a first sequence of addresses of two of said correlators and a
second sequence of addresses for all five of said correlators. 8. Apparatus
as recited in daim 6 further conprizgng: 25 a binary control
signal source (426) far, pravkdi j na Ot O | I i a variable
modul o control circui ?d éggo;ﬁ\}%{%{loggt%%@d%éd#%@s??g%go%%%i d
correl at or s arrelatersd 4H3E-40Dhsequentialharat @odieldl rateyrend to provide a

first sequ]cencedof addrafe&légfcl Qhit w@if fér Qig%@dt&gcﬁﬁﬁ@{' ¥ and@nény omeond
sequence o (?fd satd Sceosrrel(zi{org1 k461‘-\485? in%?clzatesc % rceou(illttOlrnsdicative of film

5 mode operation.

6. Apparatus as recited in Claim 5 further comprising:
a second comparator (420) for comparing said binary
number with a second threshold value (TH-2) to provide a second
10 threshold indicating signal (T2); and
a third bus (415) for applying said second threshold
signal (T2) to respective third inputs of each of said five
correlators (401-405).

15 7. Apparatus as recited in Claim5 further comprising:
a binary control signal source (426) for providing a
binary control signal (C);
-a variable modulo control circuit (424) for varying
said addressing of said correlators in accordance with said binary
20 control signal to provide a first sequence of addresses of two of
said correlators and a second sequence of addresses for all five of
said correlators.

8. Apparatus as recited in Claim 6 further comprising:
25 a binary control signal source (426) for providing a
binary control signal (C); _ |
a variable modulo control circuit (424) for varying
said addressing of said correlators in accordance with said binary
control signal to provide a first sequence of addresses of two of
30 said correlators and a second sequence of addresses for all five of
said correlators.



