1 DATA JRATE CONVERSION This is invention relates to data rate. conversion
and particul arl’y, though not exclusively, to video data fr&me/tiéf dir ’f’é]
conversion. The invention nmay be put into practice in a nunber of ways, one
of which will -now be described with reference to the acconpanying draw ngs
in which: Figure 1 illustrates -Breshenhapli-s line drawing algorithm Figure
2 is a block diagramillustrating the data flow through a vi deo decoder;

and Figures 3 to 6 and flow E%TASRNTEagmiﬁﬁ'Of t he inventi on.
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There are various ways of compressing video information. In particular, there are
three standards under which compression may be carried out: JPEG, MPEG AND H.261.
These are discussed, for example, in US 5212742, .

Video information is commonly formatted as a series of fields. The original
information which is to be converted into, and displayed in, a video format may not be
immediately compatible with the field rate at which the information is to be displayed. For
example, a celluloid film is shot at a rate of 24 frame/sec. (24Hz) while, for example, the
NTSC television system has a ﬁeld rate of almost 60 Hz. The technique of increasing the
frame rate of the film images to @tch that of the television system film rate is known as
pulldown conversion.

Continuing with the above example of displaying a film in aNTSC standard format, a
'2/3 pulldown' conversion could be used m which each film frame is repeated for either two or
three consecutive field periods at the video field repetition rate. The number of repetitions

| alternates so that the first frame is displayed twice in two consecutive field periods, the
second frame is displayed three times in three consecutive field periods and so on. Thus, in .
one second twelve film frames at 24 Hz will each have been generated twice (i.e. for 24 field
periods) while the other twelve film frames will each have been generated three times (i.e. for
- 36 field periods). The total (24 + 36) equals the 60 fields in one second at a 60 Hz field rate.

- Pulldown instructions may be generated remotely and signalled to the video decoder
associated with the displaying device or be generated locally at the video decoder. In the
signalled pulldown, the encoder performs the pulldown calculations and signals specifically
which frames are to be repeated, for example using the ‘repeat-first-field' flag in the MPEG-2
vidéo syntax. The decoder simply obeys the remotely generated instructions received.
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repeated- for either two or three consecutive field periods at the video
field repetition rate. The nunmber of repetitions alternates so that the
first frame is displayed twice in two consecutive field periods, the second
frame is displayed three tinmes in threeaconsecutive field periods and so
on. Thus, in one second twelve filmfranes at 24 Hz will each have been
gener at ed W gflo6il fildhh, 6 ehicdbreRBALAYIS Hl it fndelh A IARSLUE (G | m
frames wl | eacﬁ hglﬁé bgg’n gener at e%%t ree ti rresﬁ?#% Por #t\éﬁ]jé

peri ods) rec@iving devide. (Théretis 16 information ih ftiee Bdhsiittddosigniah tootel theedeeoderait the 60 Hz
field rate., Pulldown instructions nay be generated renotel y and signalled .
to the vicseyingdeyirshoxstonerigrm dheanprontiate phlidowayconversien (2.6 the %pgﬁmm ed

| ocal |y V| iy

per forns 2 agaéﬁ |’#’§§é\}n qglgl(ag%fdgf #ng‘)ﬁ‘[% m;eﬁegt%r gdrl\%lﬁ%e 2’ ;Hjlé)é |g $ p@%ﬁ &%\ﬂﬁ B‘gq%gﬁearres
are to bgofveRic S6m thotrasined ik Sant raleo HeagMyclifiefi rafd. e d' flag in the
MPEG- 2 vi deo syntax. The decoder sinply obeys the renotely generated

i nstructi-ons Heandy pulidown canversiandoth the24 Ho fimmetrate tea 60 dficld vseiwere he film
| nf o mat PPl ot SER A Avdestr rsion epnid P st B it ccei i ng
O | e AR SR SRR LR FUMInGINE D G0
per f or m hésd tobercopverteddo a 50 Hz field rate for the PAL television format.
'. Furthermore, an additional complexity in the NTSC television system is that the -
actual field rate is not 60 Hz but 60000/1001 Hz. Thus, the regular alternating 2/3 pulldown
yields a field rate that is actually too high.

According to the invention there is provided a method of converting frames of data

-

received at a slower rate into fields of data generated at a faster rate, the method comprising:

determining a basic integer number of repetitioné of fields in a frame period;

calculating a differential of the field repetition rate from the difference between
the ratio of the faster to the slower rates and the ratio of the basic repetition number of fields
in the frame period to the slower frame rate; |

additionally repeating or deleting selected ones of the repeated fields, when the
differential of the rate of repeating fields is substantially 5t variance with the calculated
differential of the field repetition rate, to maintain the repetition of the fields at the faster rate.

The terms ‘frame' and 'field' are used for convenience. Both are intended to refer to
any frame, field, packet or other discreet quantity of data sent, received and/or constructed as
aset. The invention allows the selected repetition .rate to be modified by the inclusion or '
extraction of frames of repeated and, therefore, redundant data to fulfil the faster field data
rates. Preferably, the selected basic integer repetition rate is less than the faster field rate. In

 this case, the method will add additionally repeated frames at the repetition rate. The

repetition rate may be less than half the field rate.

The method does not have to select a slower basic integer repetition rate. In the
alternative, it could equally weli seiect a faster rate and then the method would be arranged to
delete fepeated frammes where necessary.



conversion fromthe transmtted filmfranme rate to the displayed field
rate. If-only pulldown conversion fromthe 24 Hz frane rate to a 60 Hz
field rate were required, the single 2/3 pulldown conversion would be
relatively easy to inplenment. However, other pulldown schenes are required.
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Preferably, the apparatus includes means for generating a repeat or delete frame signal
for actuating the means for repeating or deleting selected ones of the repeated frames.

The present invention provides a generalized solution to the pulldown cé,lculatiohs
that allow data at 23.98 Hz, 24 Hz and 25 Hz frame rates to be displayed at 50 Hz field rate
and 23.98 Hz, 24 Hz, 25Hz and 29.97 Hz to be displayed at 59.94 Hz field rate.

Breshenham's line drawing algorithm is a method of drawing lines of arbitrary slope
on display devices which are divided into a series of rectangular picture elements (pels). A
description of Breshenham's algorithm can be found between pages 433 and 436 of the book

“'Fundamentals of Interactive Computer Graphics' by Foley et al., published by Addison-
Wésley. |

In the line-drawing case illustrated in Figure 1 (for lines that have a slope between 0
and 1) the algorithm approximates the desired line by deciding, for each co-ordinate in the X
axis, which pel in the Y axis is closest to the line. This pel is illuminated or colored in as
appropriate for the application.

As the algorithm moves from left to right in the diagram from say (n-1) to (n) it
decides whether to select the pel in the same Y coordinate as for (n-1) or whether to
increment the Y coordinate. In the diagram the Y coordinate is incrementeti at (n) and (n+2)
but not at (n+1). -

The decision of whether or not to increment the Y éoordinate is used, in its application

. to the current invention, in the decision of whether to display the current frame for 3 field



extraction of franes of repeated and, therefore, redundant data to fulfil
the faster field data rates. Preferably the sel ected basic integer
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Plotting a line with slope 1/2 will then allow us to calculate the pulldown pattern.
Clearly, for a line of slope 1/2 the Y coordinate is incremented once for every other step of
the X coordinate. this is the expected result since we know that we display alternate film
frames for 3 field times in order to perform 3/2 pulldown.

Our Patent Application No. 9415413.5 filed on 29 July 1994 entitled 'Method and
Apparatus for Video Decompression’ describes a multi-standard video decoder and is
incorporated herein by reference. the present invention can be implemented in relation to this
decoder receiving the MPEG-2 standard.

Referring to Figure 2, in a preferred embodiment of the decoder described in the
above patent application coded MPEG data (MPEG-1 or MPEG-2) is transferred into the
device via a coded data input circuit 200. This data is then transferred via signals 202 to the
Start Code Detector (SCD) 204. The SCD 204 recognizes a number of start codes which are
unique patterns of bits, these are replaced by corresponding Tokens that may easily be
recognized by subsequent circuitry. The remainder of the data (other than the start codes) is
carried by a DATA Token. Thxs stream o “start code" and DATA Tokens is transferred via
signals 206 to formatting cn'cu:try 208 that arranges the data into a suitable format for storage
in external memory. This data is transferred via signals 210 to the Synchronous Dynamic

- Random Access Memory (SDRAM,) interface circuitry 212. ’

The SDRAM interface circuitry 212 deals with a number of streams of data which are
multi-plexed over a single set of interface signals 230 in order that they may be written to or
read from the external SDRAM device (or devices) 228. In each case data is temporarily



differentials of the field repetition rate, to maintain the repetition of
the fields at the faster rate. Preferably, the apparatus includes neans for
generating a repeat or delete frame signal for actuating the nmeans for
repeating or deleting selected ones of the repeated frames. The present
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but not &k transférred to the SDRAM mterface circuitry 212 via the signals 210 where it is stored
' temporarily in the swing buffer 214. This data is written into the area of the external
SDRAM 228 that comprises a Coded Data Buffer (CDB) 234. This buffer has the function of
a FIFO (First In, First Out) in that the order of the data is maintained. Data Mg from
the CDB 234 is stored temporarily in the swing buffer 216 before leaving the SDRAM
interface circuitry via signals 236. The data on the signals 236 is the same as that on the
signals 210, except that it has been delayed by a (variable) time in the CDB 234.

The data returning from the CDB is unformatted in the circuitry 238 which undoes the
formatting, suitable for storage in the external SDRAM, previously performed by the
formaﬁer 208. It should however be noted that there is no restriction that the bus width of the
signals 206 be the same as the signals 240. In the preferred embodiment a wider bus width is
used by the signals 240 in order that a higher instantaneous data bandwidth may be supported
at this pomt then by the signals 206.

The data (still comprising the "start code" tokens and the remainder of the data carried
as DATA tokens) is passed via the 51gnals 240 to the video parser circuitry 242. This
circuitry as a whole has the task of further processing the coded video data. In partidular the
structure of the video data is "parsed" in order that its component parts are identified. The

video parser comprises a Microprogrammed State Machine (MSM) 244 which has a stored
program. Instructions are passed via signals 250 to a Huffman decoder 246. some parts of
the instruction are interpretéd by the Huffman decoder 246. The remainder.of the instruction,
together with the data produced by the Huffman decoder is transferred via signals 255 to an
Arithmetic and Logic Unit (ALU) 248. Here again some parts of the instruction are
interpreted by the ALU itself whilst the remainder of the instruction and ihe data produced by



The deci sion of whether or not to increment the'Y coordinate is used, in
its application to the current invention, in the decision of whether to

di splay the current frane for 3 field 4 periods rather than the nornmal
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frames f Ostargcodedtokens effectivelyanneuncedhetype of data (contain DATA tokens) that
follow. This allows the MSM to decide which instruction sequence to follow to decode the

data. In addition to this gross decision based on the Tokens derived from the start codes the
finer structure of the video data is followed by the mechanism, previously described, of
storing that information that defines the structure of the video data in the register file within
the ALU and using this to perfonh conditional "JUMP" instructions depending on the value
of the decoded data to choose alternative sequences of instructions to decode the precise
sequence of symbols in the coded data. . '

The decoded data, together with the remaining instruction bits (that are not used by
the Huffman Decoder) are passed via signals 256 to the Token Formatter 258. The data is
formatted in response to the instruction bits, into Tokens, which can be recognized by
subsequent processing stages. The resulting tokens are transferred to three separate
destinations via the signals 260, 262, and 264. One stream of Tokens 262 passes to the
Address Generator 330 where it is interpreted to generate suitable addresses to maintain the
Coded Data Buffer and the framestores, as previously described. The second stream of
Tokens 264 is interpreted by Video Timing Genelfation‘circui‘try 326 in order to control
certain aspects of the final display of decoded video information. A third stream of tokens
260 is passed to the Inverse Modeller 266 and on to subsequent processing circuitry. It
should be understood that whilst each of the three streams of tokens (260, 262 and 264) is
identical the information that is extracted is different in each case. Those Tokens that are
irrelevant to the functioning of the specific circuitry are discarded. The tokens that are
usefully interpreted in the cases of streams 262 and 264 are essentially control information
while those usefully interpreted in the circuitry connected to the stream 260 .may more

| usefully be considered as data.

The Inverse Modeller 266 has the task of expahding runs of zero coefficients present

in the data so that the resulting data c_on:sists of blocks of data with precisely 64 coefficients,

2
e



Qur Patent Application No. 9415413.5 filed on 29 July 1994 entitled ' Met hod
and Apparatus for Video Deconpression' describes a nulti-standard video
decoder and is incorporated herein by reference. the present invention can
be inplenented in relati-on to this decoder receiving the MPEG 2 standard.
~ Referring to Figure 2, in a preferred erpodi nrent of the decoder described

I n the above patent application coded MPEG data (MPEG 1 or MPEG 2) is

transf er g thinsferfe vitesibidls Y6$t0ahs Riverse J3¢-Zap Bivellit T70. CEHiS ciffit rf?&ﬂj?'s 5}%2 a

is then transferred via signals 202 to the Start Code Detector
The SCD 2f¢am of data acoosding taiomeeef ted predefined pattesnsidnidabsults én data that npighttber ns  of

bits, these are repl aced, b rrespongi Tqokeps that .may_ easily be
recogni z een%ier%mmwsﬁ gﬂqetlpyé)rse?ﬂilg- FCHY é@ctl‘é‘ﬁ’slaﬁ@agﬁaé‘d?@tws% han

t he star [ L . ' . "start code”
and DATAM%ﬁe 1'S %@f@??lgéatgwgna sagﬁg%@s?%éﬁ%go?éneﬁi?{ceui try 208
that arr mﬁﬁlgtdm id adafisferted via sighialsPTU ao iR IARérsé Quaritiser 2062 Héte thel er nal

menory. This data is transferred via signals 210 to the Synchronous Dynam c
Random Aceefisicntsiase ynquemkized)and seturred @ theirproper nymerical viilve isprepasation forfanc e

circuitry 212 deal i th er. of st reans data which are nultj-nl exed
over a siREFE el Ch TR, B IEFe BT 425 Sontpeic s fopt sosharh
witten isPhe aiidd twite) SritR if ¥ veFtioal dirRoVaritPorice $n & Abrisiital Giddticte dn this each
case data Is tenporarily

embodiment a single one dimensional Inverse DCT function is used twice to perform the full

two dimensional transform. The data first enters an Inverse DCT circuit 280 via signals 278.

The resulting data is transferred via signals 284 and stored in a Transpose RAM 282. The

data is read out of the transpose RAM, but in a different order to that in which it was written

in order that the data is transposed (i.e. rows and columns are swapped). This transposed data

is transferred via signals 286 to the Inverse DCT 280 where it is processed a second time, the

data resulting from this second transform being transferred via signals 288 to Field/Frame

circuitry 290.

The Field/Frame circuitry again reorders data in certain cases such that the data that is
transferred via signals 294 is in the same organization (Field or Frame) as that read as
prediction data from the framestores in the external SDRAM. The Field/Frame circuitry 290
stores data temporarily in a RAM 292 for the purpose of this reordering. |

Prediction data is read from the framestores that are maintained, as previously
described, in the external SDRAM. Predictions are read via two paths (one nominally for
"forward predictions" and the other nominally for "backwards predictions" although this is
not strictly adhered to). One path comprises the swing buffer 222 and signals 296 whilst the
other comprises thé swing buffer 224 and signals 298. The data is filtered by the Prediction
Filters 300 where the two predictions ("forward” and "backward”) may be averaged if
required by the particular prediction mode indicated for that data. The resulting prediction is
transferred via signals 302 to a prediction adder 304 where it is added to the. data transferred
from the Field/Frame circuitry via the signals 294. The resulting decoded pfcture information
is written back into a third framestore via signals 306 and the swing buffer 220,

In order to produce a video signal the decoded information is read from the SDRAM



5 stored in a swing buffer (214, 216, 218, 220, 222, and 224) each
conprising two separate RAM arrays. Addresses for the SDRAM ar e gener at ed
by the address generator 330 and transferred via signals 332 to the SDRAM
interface circuitry 212 where they are further processed by the DRAM
interface controller 226 before being agplied via the SDRAM i nterface 230
to the external SDRAM 228. The address generation is such that such that a
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Timing Generation (VTG) circuitry 326. This information is simply extracted from one of
the Tokens supplied to the VTG via signals 264. |

The data produced by the horizontal upsampler is transferred via signals 322 to an
Output Multiplex 327. The multiplexes the actual video data signal arriving via the signals
322 with synchronization, blanking and border information produced internally by the output
multiplex in response to timing signals 328 generated by the Video Timing Generator (VTG)
circuitry 326. In order for the correct timing signals to be generated, particularly in the aspect
of generating the correct amount of border information, the VTG uses information transferred
in Tokens via the signals 264.

The final resulting video signal, together with a number of strobes, synchronization
and blanking signals are transferred via signals 334 to a video output interface 336. The
video signal may then be transferred to some suitable video display device.

A number of other interfaces are pmﬁded. A microprocessor int&face 340 enables an
external microprocessor to be connected to the signals 338. Signals 342 connect to many of
the blocks of circuitry alloWing the current status of the video decoding device to be read by
the eternal microprocessor. In addition, certain features may be controlled by the external

. microprocessor writing to various control registers via this interface.

A JTAG (Joint Test Action Group) interface 346 allows various aspects of the device
to be controlled via an external device connected to signals 344. The JTAG interface 346 is
often used only for printed circuit board testing (after assembly) in which it is only necessary
to control the external signals of the video decoding device. In this embodiment additional



used by the signals 240 in order that a higher instantaneous data bandw dth
may be supported at this point then by the signals 206. The data (stil
conprising the "start code" tokens and the renai nder of the data carried as
DATA tokens) is passed via the signals 240 to the video parser circuitry
242. This circuitry as a whole has the pask of further processing the coded
video data. In particular the structure of the video data is "parsed” in
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Format t er 258In thewohiekf ofithe sideo decoderidescribedsin ghezibowe patentapplicationtbe t o t he
N 24 e B 2 i S S B e e
iAE lth r uCt 5894 Ay S0°HE Gidflal 101 is Bing'BlodulR. e HiRIRaTE A § tallimitel i 4R The
MPEG-2 video stream as the frame-rate parameter.
Ih the normal course of events any progressive frame will be displayed for two field
times. A bit in the PICTURE-TYPE token controls the repeating of the first field to make the
frame display for three field times. |

15 0 d X f p s s t t
TABLEL
where .
d  double height (i.e., repeat frame into both fields)
X  top_field_first (undefined in field pictures)
f repeat_first_field '
p progreésive__frame
ss  picture structure:
00 Top field
01 Bottom field
10 Frame

il (not used)
" tt picture type:
00 I-picture
01 P-picture



includes within it a register file in order that selected information may
al so be .stored. The "start code" tokens effectively announce the type of
data (contained in the DATA tokens) that follow. This allows the MSMto
deci de which instruction sequence to follow to decode the data. In addition
to this gross decision based on the Tokgns derived fromthe start codes the
finer structure of the video data is followed by the nechani sm previously
descri bed, of stoyg n@Bpitdlrel Nformation that defines the structure of the
video data in the register file within the ALU and using this to perform
condi ti onal "JUVA1 i M4Picturtei ons dependi ng on the val ue of the decoded data
to choose alternative sequences of instructions to decode the precise

sequence of syRbd] bitisset o]’ o smnsatdhe first figld. dn tharage that the seqgaesisr with the

remai ni ' i ' . X are
passed viserBd dhd P2 s ok neBls bl B el S it bR IREES ) 0
r esponsesdqferidee (This fis the signal Rillddwnicase). FHolwenér, in'the cdbetiRd 'Pibgresivgni zed by
subsequent processi ng stages. The resulti ngﬂtokens are transferred to three

separ at esequenceh(as therterny issdefined iri the MREG stondadpis ‘onell imtljentingithat ther ssquense
Tokens 262 passes to_the Address nerat or . 330 eredt.ls.interpreted to
gener at o1 CORELEA RPiogTsBYs SAUPREnIocR Ao R i cghied ah e ‘Bbitis FIGHRR e

f ramest og rdiﬂggto%g‘ﬂ'@ﬁﬁhﬂdéﬁﬁ%&fi’&ﬁn. The second stream of Tokens 264 is
interpreted by " Video Timng CGeneration circuitry 326 in order to control

certai n aspecThe algotithm isiexetutetl eiptheymicfoprigrammdble isthteomackine (MSM)and s t hi r d

stream of tokens 260 js passed to the Inverse Mde|ler 266 and on to
subs equetherefors spedfieindnic ?W%&ﬁéﬁ@orséamﬂa@&pmmmwteéach

of the t &E%fgo?ﬁﬂﬁ%ecgppgm ﬂéreﬁo%.G Yhe REMIH 16 8P mdchine and this causes some

minor complications because of the limited number range that can be represented in 16 bits.

This is dealt with by reducing the size of the denominator and numerator of the slope
by common factors. In the example program given at the end of this document this is done
by cancelling any common factor of 1001 and then dividing by 2 until either the numerator or
the denominator is odd. Even this simple case yields numbers, dx and dy which will not
exceed 16-bit number range as indicated by the 'min' and 'max’ values shown in the resulits.

In the said video decoder, the numbers dx and dy are precalculated and stored in tables that
are indexed to determine the correct dx and dy values. As a result, the ratios can be further

reduced by the smallest possible numerator and denominator as shown below:



i dentical the information that is extracted is different in each case.
Those Tokens that are irrelevant to the functioning of the specific
circuitry are discarded. The tokens that are usefully interpreted in the
cases of streams 262 and 264 are essentially control information while
those usefully interpreted in the circuiltry connected to the stream 260 may
nore usefully be considered as data. The Inverse Mdeller 266 has the task

of expandi rns qero coerircie eNt. 1 n _ne data so tnat |t he
resul ting g&%{‘ﬁﬂéﬁr@]?% s of bl ocks of})&?iaé’eﬁfﬁﬂm )sely 64 coeffigients,
7 -this ils transferred via sign 268 to the Inver ag circgit 270.
This cirquit re-orderg_the stre:{rﬂsof data at¢cordin g@%’%éﬁbé%of t WO
predefingd patterns afd gy i n e
- two- di nensi : =Zag kandgm Access
Menory ( Ra¥bo@ 1601 N ich data is :
reordered. The resul tiind%380) i s, tIansﬂerre b | nver se
Quanti se 276. Here the 4800 icienfs o488 ung o their
proper nynerical valug¢ in preparatjon for a e (DCT)
function] The Inverse]DCT is a sepprable tr#§ be
appl i ed qwi ce,” once i a verti cal pjlrectlon ql
directi of—Lln this enodinent a si| ' functi on
' ed tiy4qce to perf rmthefll
is used gy perf & 2u n 60000 a8
24 12 1001 x 24 1001
25 50, 0 60000 398
25 1001 x 25 1001
30000/1001 Not Supported 60000 x 1001 _, 0
30000 x 1001
JABLE 2

The variable "d" is a decision variable which is updated at each x coordinaté (or each
film frame). At each x coordinate fhe ideal value of y (represented by the line in Figure 1)
lies between two pels (one black and one white). d is proportional to the difference between
the distance to the upper pel and the distance to the lower pel. '

If d is negative than the ideal line lies closer to the lower pel.

If d is positive then the ideal line lies closer to the upper pel.

~ Ateachx coordinate the algorithm must choose either the lower or upper pel and then

update the value of d in readiness for the next x coordinate (next frame).

If d is negative, the lower pel is chosen. d is updated by adding on incrl. Since incrl



two di nensional transform The data first enters an Inverse DCT circuit 280
via signals 278. The resulting data is transferred via signals 284 and
stored in a Transpose RAM 282. The data is read out of the transpose RAM
but in a different order to that in which it was witten in -order that the
data irs transposed (i.e. rows and colunpys are swapped). This transposed
data is transferred via signals 286 to the Inverse DCT 280 where it is

rocesse i " 1y ' rm
bei gt r SYEPARECY beBme 1R egie ey B ol i PP b ipRie
Fi el d/ Fr fiom the leweripe) (at g next R cosidinate) & valu¢) certain cases such that the

data that is transferred via signals 294 is in the same organi zation (Field
or Frane) as Thfhis nositivecthe ppparipel ishossar 4 is npdatedtey addingen ierks Since.iner

external ;S h L el d/Frane..cir [V .2 res,.dat g, tenporanily in a
Rt 202 FIepRes ST Beortd et i o e areShet65 ¢ ol GBS Pt ¢ om

t he f ranﬁ%hﬂh@%p%&%elé&ﬁm‘ﬁxﬂk%éﬁﬁmﬁs previously described, in the
external SDRAM "Predictions are read via two paths (one nomnally for

"forward prediner]l embincetherefore pepresentthechanigk yn d i.e., the change ds therdifferen¢eons ™
al though this is pot styictly, adghered,t,0). e path copprises the sw ng
Dut f or 2 bstes s dftance thors e jra motial Uik in the Smben L &5 B diencs o e, 224
and sign . ' il fl?@ﬂ ot Io| 0 where
the two g#lgglg@? il%%és}%(e %?tﬁg?gbpgﬁﬁlggg%ﬁam ?ﬂlgrrglf% E‘gggve a(i:]thgegi iI'T required
by the phating chesen pibasic diteger valndof repetitiosast thefieldliah fidaiesperibl ¢he mstional ng
prediction is transferred _via signals 302 to a prediction adder 304 where

it is addpeobthemetigaaldingisdeterminedintaceordance with-eqpatipn hrfrom whishthe via the
signals %Pg%mlyf fs ised % hddidk \gﬁe(iﬂ&etg alld gh%fdereb&ft B ABhdnd rfxerio'd or not to maintain

the running average rate of the repetiton of fields at the faster field rate.

Dy

In the examples in Table 2 the basic integer value of repetitions of the field in a frame

period is conveniently chosen as 2. Because of this repetitions of fields have to be added
“according to the pulldown pattern to maintain the runmng average. However, a basic integer

value resulting in an overall excess of repetitions of the fields could be chosen, such that

selected field repetitions are deleted according to the pulldown pattern established. |

It will also be noted that, as an alternative to storing dx and dy in the table and
calculating incrl and incr2 it will be equally valid to store precalculated values of incrl and
incr2 in the table directly. '

Figure 3 illustrates the procedure for decoding and displaying a field for an
appropriate number of times.

Figure 4 shows an example algorithm to determine dx and dy from field-rate and
frame-rate. In this example, values of field-rate and frame-rate that are larger than 1000 are
interpreted as representing a multiple of 1 001, e.g. a frame-rate of 24000 actually represents a
frame rate of 24000/1001 Hz. ' _

Figure 5 shows an algorithm to initialize incr1, incr2 and d. The algorithm is used
before the first frame. The values of dx and dy are integers such that the fra-ction dy/dx
represents the "slope of the line". | |

Figure 6 shows an algorithm to determine Whether to display a frame fof two or three

field times. The algorithm is used once for each frame. The values of incrl and inc2 are



is witten back into a third franestore via signals 306 and the sw ng
buffer 220. In order to produce a video signal the decoded information is
read fromthe SDRAM 8 via the swing buffer 218 and is.then transferred
via one of two signal paths. The chrom nance data is transferred via
signals 308 to a vertical upsanpler 31213hi ch up-sanples the data so that
there are the sanme nunber scan lines as used for the | um nance signal. The

verti cal (4B adtBinGhe BBy tiRlifftBHzAHR8 I MRe 94luE8£8 ithat }16diiced by fiﬁigm' nance
signals in the line store 314. ‘The two resulting chromnance signals (the
bl ue col algorithir for éimcpresioys frame od thednitiabisartimie dlgerithnrina the casalof therfirst
transferEed via signals 316 and 318 to a Horizontal upsanpler 320. The

| um nanc gnhal (that did not require vertical upsanpling) is also

transferred vi eéh?ﬁ@ilsad egoﬁ"ﬂﬁs {H'oa al upsanpl er. The horizontal
a tas

upsanpl er 320 resanpl’ing the data by one of a nunber of

preset scal e fact Alloftke regaitsdysulidoficoavarsion b perfermedaisingfthe sdnte i nal
scan line. The scale factor is selected via signals 324 which are provided

by the \amthmetitni ng Generation (VTG circuitry 326. This information is
sinmply extracted Arom,one of the Tokens supplied, to the,VIG vj.a si S
264" The. dat a2pr oS BoreRciech by AR Y S BB RLhSeleRf b v . )
signal s ggdultplRations dtdividehs dllr&quikd/- The multiplexes the actual video
data signal arriving via the signals

3.  The algorithm works for arbitrarily long sequences of frames - none of the
numbers grow indefinitely (which would eventually lead to number representation problems
irrespective of the word width).

4.  The frames which have the repeated field are distributed evenly throughout the
sequence of frames.

5. Very little state needs to be maintained in order for the algorithm to operate.
Just a currént value of 'd' and probably INCR1 and INCR2 (although these could be
recalculated or looked in a table each frame period). '



322 with synchronization, blanking and border information produced
internally by the output nultiplex in response to timng signals 328
generated by the Video Timng Generator (VTG circuitry 326. In order for
the correct timng signals to be generated, particularly in the aspect of
generating the correct amount of borden4information, the VTG uses .
information transferred in Tokens via the signals 264. The final resulting
vi deo signal tquﬁ&bﬁl?rﬂ% uf? i5 BrdBEnta'Shinedi@wingsalgoith@ani zati on and
bl anki ng si gr-lrelﬂ s are transferred via signals 334 to a video out put _
i nt er f aweid Bidthenhbingxlyyded, ¥3)gnal may then be transferred to sone suitable
vi deo di{spl ay device. A nunber of other interfaces are provided. A
m cr opr ocdstsdx; dy.ninerdf inesd 840 Yerh®Bl es an external microprocessor to be
connected to the signals 338. Signals 342 connect to many of the bl ocks of
circuitry @If@ba(’#gdghe current status of the video decodi ng device to be.
read by th&y ® Dipi croprocessor. In addition, certain features may be -
control | edd By2 f ey H¥ernal m croprocessor witing to various control
registers via this interface. A JTAG (Joint Test Action Goup) interface
346 all ows!“g%rj gusdyaspects of the device to be controlled via an external
devi ce conf®tte® to signals 344. The JTAG interface 346 is often used only
for pri nte(il &Egc%ﬂ' t board testing (after assenbly) in which it is only
necessary Fo on 90I the external signals of the video decoding device. In

this enbod 'n;n;txz?ddi tional

Yy = Y2
xend = x1;

}

. else

" x =xl;
y=yh
xend = x2;

}

printf (" (%d, %d)\wn", X, y);

while (x < xend)
{
X ++
if d <0)
d += incrl;
else
{
y +
d += incr2;

}
printf("(%d, %d)\wn", x, y);



9 test capability is provided and for this reason the JTAGinterface 346 is
connected via signals 348 to all blocks of circuitry. Grcuitry 352 is
provi ded for the generation and distribution of clock signals 354 fromthe
external clock signals 350. This includ $ vari ous Phase Locked Loops (PLLS)
t hat enabl e hi gher speed int er nal cl ocks”to be generated from ext er nal

| ower eﬁﬁt hocks In th t ext t he w&g decode scr b(éd in the
above pat Py nePaPFEm grs "S‘BP ﬁ 3€Fs 1
conf i gur felcylatgwhichifrowsadisplayifonthres tn@ss vﬁ%qhtmsxhlemnmlpe liﬁhesbid-lz
di spl ay romt by testing beérrome mitltbmdedlch frﬁtm toiensnré thatthefteld rates deesamdeei apprdacn t he
MPEG- 2 vnﬁefeqﬁiré@aﬂuas the frame-rate paraneter. In the normal course of
events any progressive frame will be displayed for two field times. A bit
in the PlglRF=lofgReigken controls the repeating of the first field to make
t he frane;,dgluapkﬁmtyf,gljpt hree field tines. E 7 6 5 4 3 2
1 | #include kstdlib.nb> 1 0 I I I | 15 0 d X
f p #iftlude <sidio.h> t t TABLE | where d doubl e height (i.e., repeat
frame into both fields)

Boolean three_fields(int dx, int dy, int *d, Boolean initalise)

( :

int incrl, incr2, X, y, xend;
" int r = False;

incrl = 2 * dy;
incr2 = 2 * (dy-dx);

if (initalise)
{
*d = incr2;
}
else

if (*d <0)
*d += incrl;

else

{
r = True;
*d += incr2;

}

}

return r;

}

double check_ratio(int dx, int dy, int limits[2])
{
int d;
int frame, field=0, num_| ﬁ'ames—10000000
double ratio, field rate;
int three = 0, two =0;

(void) three_fields(dx, dy, &d, True. )
limits[0] = limits[1] = 0;

if (d < limits[0]) limits[0}=d;
if (d > limits[1]) limits[1}=d;



X top_field_first (undefined in field pictures) f . repeatfirst field p
progressive-fiame ss picture structure: 00 Top field 01 Bottomfield 10
Frame 11 (not used) tt picture type: 00 I-picture 01 P-picture 10 10
B-Picture 1 1.D-Picture The "f' bit is ﬁft to "1l to repeat the first
field. In the case that the sequence is'interlaced, the '"f' bit in this

token diregt!|y match the 'r eat first-field bit in the MPEG 2 sequence.
(This is t%g fhal Fd%%ﬁ‘ 9ﬁm¥5ﬁkver in the case that 'progressive-

if ( three_fields (dx, dy, &:d,- False ) )

field +=3;
three ++;

}

else

{
field += 2;
two ++;

}

if (d < limits[0]) limits[0] =d;

if (d > limits[1]) limits[1] =d;
}

ratio = ((double)field) / ((double) frame);

return ratio;

}

" static int frame_rates[ ] = /* input frame rates */
{ .
-1,
24000, /* numbers > 1000 express a numerator - denominator =
1001 %/
24,
25,
30000,
30,
50,
60000,
60,
-1,-1,-1,-1,-1,-1-1};

static int field_rates[ ] = /* output display rates */
{

50, 60000
|

double real_rate (int rate)
{
if (rate > 1000)
return ( (double) rate) / 1001.0;
else
return ( (double) rate);
}

void main (int arge, char **argv)

{
int dx, dy, field_index, frame_index;
int limits[2];
double ratio, field_rate;

for (field_index = 0; ﬂeld__index < 2; field_index++)

for (frame_index = 1; frame_rates[frame_index] > 0; frame_index



‘'sequence' (as the termis defined in the MPEG standard) -is 'one',
i ndicati.ng that the sequence is coded as a progressive sequence, | ocal
pul I'”down is enabled and the 'f' bit is calculated according to the

al gorithm descri bed herein. The algorit i s executed on the

m cropr ogranmabl e state nmachine (MSM a is therefore specified in

m cr ocode srather than the nore famliar 'C programe that illustrates the

al gorithrﬁ"‘ n the appendix heret o) The MSMis a'16-bit machine and this

causes sone r%g qngxe Lhe limted nunber range that

can be represe eld gi% t wth by reducing the size of
e by comon factors. In the

t he denom nat or, and numer'a
exanpl e prograr% | Y Q\d Hites tﬂfx’lﬁ .of thls docurment this is done by

cancel I i ng any aﬁi %,% 01 and then dividing by 2 until either

t he nunerator or the denom nator is odd. Even this sinple case yields
nunbers, dx and ldx(mﬁu aruhlmda,qt <exgecfll 16-bit nunber range as indicated
by the 'nmin' and ' nayfaméartedfanfehiad) i< f0be)resul ts. In the said video
decoder, the nun®eNB iftiuth hive the YO0A tin Ponk betheglU*At ed and stored in tables that
are indexed to determne the correct dx and dy values. As a result, the
rati os can be furt ifeffield galesffielll odex] re 18600RI | est possi bl e nuner at or and

denom nat or as showndb&Fd001; Frame Rate (Hz) Di spl ay
Field Rate (Hz) S50if (frame_rates[frame_index] > 10000000/ 1001
dy *=1001;
}
dy -= @2 * dx);

/* limit ratio by dividing by two */
while ( ((dx &1)==0) && ((dy & 1)==0))
{

dx >>=1;
dy >>=1.
}

ratio = check ratio (dx, dy, limits);

printf("output field rate = %d%s, input frame rate =
%d%s\n",
field_rates[field_index],
( (field_rates(field_index}>1000) ? "/1001":""),
. frame_rates[frame_index],
( (frame_rates[frame_index]>1000) ? "/1001":"") ):

printf("dx = %d, dy = %dw", dx, dy);
field_rate = frame_rates[frame_index] * ratio;
if (frame_rates[frame_index]>1000)
field_rate /=1001.00;

printf ("ratio = %#4.12g, field_rate = %4.12g\n", ratio,
field_rate);
printf("(field_rate = %4.12g/1001)\n", field rate*1001);
printf("min = %d, max = %d\n\n", limits[0], limits[1]):
}
}
}
}



Ful I Form Reduced Ful I Form Reduced (SOx1001) 41

60000 X -1001 2 1 24000 2 480 24000 x 1001 2 24
45 - 2 4 60000 2 498 24 12

1001 x 24 . 1001 25 o | -

60000 2 398 25 18 1001 x 25 1001
30000/ 1001 Not Support ed 6000 x 1001 2 30000 x 1001

TABLE2 T variable "d" is,.a decisj vari abl e ich is updated at each x
coor di nat 3@693%‘&&% qprﬁgqqx%gg_esx&eﬁgégﬁ ollowing o4tPli ¢ t he i deal value of y
(represented by the line in Figure 1) lies between two pels (one black and
one whi t eytputfield sty SAonnut el rate o 24000/W0% f er ence bet ween the distance to the
upper peldX aPPKAY §il82%nce to the lower pel. Ifd is negative than the ideal
| ine |ie&tig|H38854145, ikl rate i dP- 999984016 ( | s positive then the ideal Iine
lies cl o$@d rafe 7380498PR4(1001| . At each x coordinate the al gorithm nust
choose eMh&r21R% M\t upper pel and then update the value of d in
readi ness for. the next. x coordinate (next frane). If d is negative, the

| ower pelg;?__'glﬁ lgﬁeﬁ%d"'?%gﬂ’ﬁdﬁtfe' %y adding on incrl. Since incrl

- ratio = 2.0833333, field_rate = 49.9999992

(field_rate = 50049.9991992/1001)

min = -22, max = 0

output field rate = 50, input frame rate = 25
dx = 25,dy = 0

ratio = 2, field_rate = 50

(field_rate = 50050/1001)

min = -50, max = 0

output field rate = 60000/1001, input frame rate = 24000/1001
dx = 750,dy = 375

ratio = 2.5, field_rate = 59.9400599401

(field_rate = 60000/1001)

min = =750, max = 0

output field rate = 60000/1001, input frame rate = 24
dx = 3003,dy = 1494

ratio = 2.4975024, field_rate = 59.9400576
(field_rate = 59999.9976576/1001)

min = -3018, max = 2982

output field rate = 60000/1001, input frame rate = 25
dx = 25025,dy = 9950

ratio = 2.3976023, field_rate = 59.9400575
(field_rate = 59999.9975575/1001)

min = -30150, max = 19850

output field rate = 60000/1001, input frame rate = 30000/1001
dx = 1875, dy = 0

ratio = 2, field_rate = 59.9400599401

(field_rate = 60000/1001)

min = -3750, max = 0



12 is positive d will becone |ess negatlve reflectlng the fact that the
line wil.l now be farther fromthe | ower pel (at the next X coordi-nate) in

value. If d is positive, the upper pel is chosen. J di ng on
incr2. Since iincr2 is negative d wll fgorre less p J"m mjfrﬂ g’ﬂ& t he
fact that the line will now be farther ffomthe upper* pel (a

coordinate). incrl and incr2 therefor@% esent the change in d (i.e., the
change in the difference between the ce fromthe ideal notional |ine
to the upper pel and the distance fromthe line to the |lower pel) for the
two possible decisions that the algorithm may take. Thus, having chosen a
basi ¢ i nt egerA wrthod aficonegriing frames ofidata teeeivedbtch slower rhtednte fiedds afdlatahe

noti onal sl ope of },@e not i onal e is determ ned in accordance with
equat i on 8eneratgdabp Fﬁrﬂtecam§6$msam$@sused to deci de whether to add a

field repe average rate
of the repzcgetétrﬂiﬁﬁgéQ%F%Q%#qﬁ%#ﬁrfé&%&dﬁé %ﬁlmgﬁgﬁgiianpl es in
Tabl e 2 t hecalufdtingiandifferehtiadf e fidld i%ieﬁtmﬁ tafefroMithé Oiffetnct Betwed terati®
period is convenlently chosen as ecause of this re etitions of fields

have to 1€ thefaster t@db@slewagram md@hqnatlo obthe basic infeger of figlds intke framai ng
epet 11 BREOBI P raBaIB Bbe chosen. such that o o O
additionally repeating or deleting selected ones of the repeated fields, when the
differential of the rate of repeating fields is substantially at variance with the calculated .
differential of the field repetition rate, to maintain the repetition of the fields at the faster rate.

2. A method as claimed in claim 1 wherein the selected repetition rate is less than the

faster field rate, the selected ones of the frames being additionally repeated.

3. A method as claimed in claim 1 wherein the selected repetition rate is faster than the
faster field rate, the selected ones of the repeated frames being additionally deleted.

4, A method as claimed in claim 1 wherein the basic integer number of repetitions of

fields in a frame period is 2.

5. A method as claimed in claim 1 wherein the calculation and addition or deletion of

selected ones of the repeated fields is conducted according to Breshenham's algorithm.



selected field repetitions are del eted accordi ngsto the pultTdown pattern

established. It will also be noted that, as an alt t | Nng dx
and'dy in the table and calculating incrl and i ncrlﬂlﬂllmm‘!ﬁ“ﬂgm Iy
valid to store precal culated values of jncrl and incr2 1im the ¢able
directly. Figure 3 illustrates the pro ure for decoding and displaying a

field for an appropriate nunber of tines. Fiqure 4 shows_ an exan}gle
o

al gori t hm e Arpamtys fapconverting frames of datireqeived at a slower ratainto figlds of dafat hi s
exanpl e, | 0 ' - af e fr -rate that are larger than 1000 are
interpreg%%r#a{g&?te%%%{seglﬁa??’%%p%ﬂfsicﬁﬁﬁ%@fnglom, e.g. a frane-rate of 24000
actual |y r eidag$ sitidetedmining'® basié ftépler RAHBE itiéns of fiEldSina

algorithmto initialize inerl, incr2 and d. The algorithmis used bef or e

the first fmeansforralsulatingedlifférential afithedieldirepetitinnagterfoom thehdiffierence between

fraction_dy/d resents the "slope of the line!. .Fiqure 6 shows_an

L oor i ¢ et of B R s slGerrael adfhs ot of GF basicePEUEr iy 26 8p1ds)

tinmes. Tﬂﬁh@'f%&féé}%ﬂitétﬂé%&f%ﬁ}gﬁfe'%h frame. The values of incrl and
e t e y

incr2 ar ose determn the Initialization algorithm The val ue
of d is thaheans Gshadditionylly fepeating or deleting selected ones of the repeated fields, when the

differential of the rate of repeating fields is substantially at variance with the calculated

differentials of the fields repetition rate, to maintain the repetition of the fields at the faster
rate.

7. Apparatus as claimed in claim 6, further comprising means for generating a repeat or
delete frame signal for actuating the means for repeating or deleting the selected ones of the

repeated frames.



algorithmfor the previous franme or the initial is atine algorithmin the
case of .the first frame. The principal advantages of this nmethod are: 1.
Al'l ‘of the required pulldown conversions are perfornmed using the sane
arithmetic. 2. Once the paraneters dx and dy are known (and these can be
stored in the table) no nmultiplications or divisions are required. 3. The
al gorithmworks for arbitrarily long segyences of frames - none of the
nunber s grow i ndefi ni teIYy évvhi ch woul d eventually | ead to nunber .
repr esent at YO pFobF eMRNYFREMctive of the word width). 4. The frane
whi ch have the repeated field are distributed evenly throughout the
sequence of frames. 5. Very littlesgsatgaQgeds to be naintained in order
for the algorithmto operate. Just a current value of 'd and probably
| NCR1 and ANfiftRod fdrtdonverting frasre datadta sheverastalintol fielddatant 4 fasteecate ma t abl e
each franme periqd). 14 The fol |l ow ng}_e%ocedure S BLesher}h?gd s line

icti 1eld 1

dr awi ng ifepdgcpder comprises determining a bas repetition rate such that a s repeated
an integer number of times in a frame period, calculating a ratio differential of the repetition
rate by subtracting from the speed-up ratio of the faster to the slower rate, the ratio of the
fields per frame period to the slower rate, comparing the ratio differential with the differential
of the field repetition rate and adding or subtracting extra fields when the two are

substantially at variance.

Figure 2
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voi d breshenham(xl, yl, x2, y2) int dx, dy, incrl, incr2, d, x, y, xend; dx
= abs(x2-xl); dy = abs(y2-yl); d =2 * (dy-dx); incrl =2 * dy; incr2 = d;
if (xI >x2) {. x =x2; vy =y2;, xend = xl; else x = x|l ;-y—="yt;—xend-=%x2;
) printf(" (%, %)\n", X, y); while (x < xend) { ' ThisShectHasBeenReilaced
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l,a

o/d)\n",

i

Ff

b
In

printf("(%d,
h> #i ncl ude <pddtypes.

i ncr2;

elsey ++, d +
15 The foll.ow ng program shows the nodified algorithm (as the
procedure threefields[err]) to calculate which frames te-display.far three

field-tines.

Each possi bl e conversion is checked out by
#i ncl ude <conpiler.

if (d <0) d +=1incrl;

)

y);
mllion filmframes to ensure that the field rate does

required val ue.
<stdlib. h> #include <stdio. h>

X ++;
X,
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Bool ean threefields(int dx, int dy, int *d, Bool ean ini t_&L_I_SE) { int incrl,

incr2, x, y, xend; int r = False; incr 2 * dy; incr2 2 * ( acedlf
(initalise) { *d=incr2; else if (*d < 0) *d += |nchhlls *d +=
incr2; return r; double checkratio(int dx, int dy, |n t d;
I nt frane, field= o] numfrarresIOOOOOOO gouble ratio, '

d=d+incrl d=d +incr2
Display for Display for
2 ficld times 3 Hcld times

P Flg 2




int three = 0, two = 0; (void) three fields(dx, dy, &, True ); limts(Q..=
limts[l)] =0; if (d<limts[Q) linmts[O=d; if (d > limtsft])
limts[I|]=d; 16 for (frame 0; franme < num franes; frg;dgg Bdeﬂiglaced

three-fields (dx, dy, &, False ) ) field +=3; three ++T‘z\ “‘W\

two ++; if (d<||mts[0]) limts[O0].=d; |4/éd>||mts[l]
ratio = ((double)field) / ( ne) ; return ratio;
Start

Y

incrl =2 ¢ dy

K}

incr2 =2 * (dy-dx)
Y
d=incr2 E@ 4_

=D




} static int frame rates[] =/* input frane rates */ { -1, 24000, /*
nunbers, > 1000 express a nunerator - denom nator = 1001 */ 24, 25, 30000,
30, -50, 60000, 60, static int field-rayrd[] =/*output disptay-—+ates */ {
50, 60000 }; double real rate (int rate) { if (rate ?ﬂlg'Q‘QQ)HasBee

(1)

dy = field_rate

Y

dx = frame_rate

dx = dx x W01

Y,

dy = dy x 1001

J

dy=dy-(ixdr)

reduce dy and dy so ]
thut dyldz is ximpleat “f ,lf

fractivn

‘ ) End ,




return ((double) rate) / 1001.0; else return ((double) rate); } void
mai n(i ntdrgc, char **argv) { int dx, dy, fieldindex, franeindex; int
limtsl2]; double ratio, field rate;.for (field index .-_-0;_1‘.4;@441 i—ndex4~-
2; field index++) for (frame-index = 1; franme- rates[fra Relaced
frame-i ndex 17 ++) { if ((realrate(frarre rates[frarre

real _rate(field rates[field index])) { fﬁ m

- 6/6

Start

Deteamine dx and dy

Y

Calculate incrl? and
ince2 and initialisc d

l(——\

Decode a frame

Y

Determine whether
to display for2oc 3
ficld imes

Y

Display foc the
appropdiate number
of ficlds




dy = fleld rates[field index]; dx = franerates[frane index]; ff;“ P oLwpt
({fieldrates[field index] <= 1000) (frarrerates[frarre i ndex] <= 1000)) /*f l\iB .
if both have the 1001 then don't bother! */ if (fieldrates[fieldindex] >
1000) dx * = 1001; if (frammerates[franeindex] > 1000) dy *1001; } dy -= (2
* dx); /* limt ratio by dividing by two */ while ( ((dx & 1)==0) && ((dy&
1)==0)) dx >>=1; dy >> = 1. } ratio = check ratio(dx, dy, limts);
printf("output field rate = %od%, inputg frane rate = [err] field
rates[field index],

D .
_/
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mn  -21950, max = 2000 output field rate 50, input firne rate = 24 dx =
12, dy = 1 ratio = 2.0833333, field rate = 49.9999992 (fieldrate =

50049. 9991992/ 1001) mn = -22, max = 0 output field rate = 50, input frane
rate = 25 dx = 25, dy = 0 ratio = 2, field rate = 50 (fieldrate =

50050/ 1001) mn = -50, max = 0 output fieldrate = 60000/1001, input frame
rate = 24000/1001 dx = 750,dy = 375 ratio = 2.5, fieldrate = 59. 9400599401
(fieldrate = 6000011001) mn = -750, max = 0 output field rate = 60000/ 100
1, input frame rate = 24 dx = 3003,dy 1494 ratio = 2.4975024, field rate =
59. 9400576 (fieldrate = 59999. 99765761/6001)

d =d + incrl d =d + incr2
Display for | Displ-ay for
2 field times 3 field times

J
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mn = -3018, max = 2982 output field rate = 60000/ 1001, input franme rate =
- 25 dx = 25025, dy = 9950 ratio = 2.3976023, field_rate = 59.9400575 (field
rate = 59999. 9975575/ 1001) mn = -30150, max = 19850 output field rate =
60000/ 1001, input frame rate = 30000/ 1001 dx = 1875, dy = 0 ratio = 2,
fieldrate = 59. 9400599401 (fieldrate = 60000/1001) mn = -3750, max = 0
CLAIMS 1. A nmethod of converting frangs of data received at a slower rate
into fields of data generated at a fa {®r rate conprising the steps:
determ ning a basic integer nunber of repetitions of fields in a frane
period; calculating a differential of the field repetition rate fromthe
di fference between the ratio of the faster to the slower rates and the
ratio of the basic integer nunber of fields in the frame

FIG. 4

incrl = 2 & dy.

Y

incr2 = 2 & (dy—dx)

T eies g -
1333 ES “‘t"
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period to the slower frame rate; and additionally repeating or deleting

sel ected ones of the repeated fields, when the differential of the rate of
repeating.fields is substantially at variance with the cal cul ated
differential of the field repetition rate, to maintain the repetition of
the fields at the faster rate. 2. A nethod as clainmed in claim| wherein
the selected repetition rate is | ess t9ygn the faster field rate, the

sel ected ones of the frames being additionally repeated. 3. A nmethod as
clainmed in claiml1 wherein the selected repetition rate is faster than the
faster field rate, the selected ones of the repeated franmes being
additionally deleted. 4. A nethod as clained in claim1 wherein the basic

i nt eger nunber of repetitions of fields in a frame period is 2. 5. A nethod
as claimed in claiml wherein the cal culation and addition or deletion of
sel ected ones of the repeated fields is conducted according to Breshenham s
al gorithm 6. Apparatus fQq onverting franes of data received at a
slower rate into fields of ated at a faster rate, the apparatus
conprising: neans for deterwn -- a-Pasi c i nteger nunber of repetitions of
fields in a frame period; rreans or calculating a differential of the field
repetition rate fromt he—d betwgen the ratio of the faster to the
slower rates and the rafidy ok ffgldbaate repetition nunber of fields

v

dx = frame_rate

= dx x 1001

dy x 1001

reduce dy and dx so
that dy/dx is simplest
fraction

FIG. 5
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in.the frame period to the slower.franme rate; and neans for additionally
r-epeating or deleting selected ones of the repeated fields, when the
differential of the rate of repeating fields is substantially at variance
with the calculated differentials of the fields repetition rate, to

mai ntain.the repetition of the fields at the faster rate. 7. Apparatus as
claimed in claim6, further conprising neans for generating a repeat or
del ete frane signal for actuating the ﬁ@%ns for repeating or deleting the
selectgd ones of the repeated franes.

Determine dx and dy

Y

Calculate incrl and
incr2 and initiolize d

Y )
Decode__a frame
v
Determine whether

to display for 2 or 3
. field times

v

Display for the
appropriote number
of fields

Any more
frames?
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