. 2267008 1 A METHOD OF AND APPARATUS FOR DI-SPLAYI NG | MAGES The invention
relates to a nmethod of and apparatus for displaying i mges. The

i nvention has particular, but not exclusive, application to the 5

di splay of ima @ one frame rate on a nonitor at another frame
rate, for exanmm‘ 8 ‘at video frane rate.of inmages captured at
filmfrane rate. During post production ork it is conmmon for 10

i mpages captured on film to be converted into electrical video
signals for storage and nodification in an el-ectronic environnent. Once
converted into electrical signals the i mages can be edited, conbined with
ot her images andRoMERQL (OF AND ARBARATUS FOR DISPLAXINGCEMAGEScat ures. i n
t he iyage or adjusting the col our bal ance of the inmage. One of the probl ens
ass(’i(g}iat ed with converting between filmand video is that the display rate
differs between the,tw pnedia.. Filmps usually 20 captured . at a
rate of 24 franmes pt eseﬁ%ﬁ%”%%‘?ea’ée??hsﬁ accor nd“?tc}‘?‘%e &ETVaE‘Fandard

s displayed af g a6 3oLl ATERIR01SUHIbes. WIBRCUNGLIL NG, fram 111 m to

video it is us 0 naintain gri e anes by converting
each filmfragg 0 &ilar, but not exclusive, application to the
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5 display of images captured at one frame rate on a
monitor at another frame rate, for example the display
at video frame rate of images captured at film frame
rate.

During  post productibn work it is cdnunqn for

10 images captured on film to be converted into
electrical video signals for storage and modification
in an electronic environment. Once cénvérted into
electrical signals the images can be edited, combined
with other images and/or modified for example by

15 retouching features in the image or adjusting the
| colour balance of the image.

One of the problems associated with converting
between film and video is that the display rate
~differs between the two media. Film is wusually

20 captured at a rate of 24 frames per second whereas
. video according to the HDTV standard is di”splaYed'.at
a rate 30 frames per s.'econd. When converting from
film to video it is usual to maintain the integrity of

the frames by converting each film frame to a



2 corresponding single video franme. This enables each frame in the filmto
be accessed for editing and/or nodification which is essential for exanple
where nattes are to be produced electronically for use in 5 comnbi ni ng
two images on a frane by frane basis. Al so, editing can be work out in an
el ectroni c environment, thereby avoiding the need actually to cut film and
enabling many different edit conbinatiohs to be tried. Once the editor is

satisfied with the result of_ an 10 edit list can be produced which

i dentifies tH?ﬁﬁﬁﬁﬂgnq#ﬂWWﬁ%ﬁﬁ¥?aﬁééear@r69#b|n&@lﬁfﬁﬁﬁ%ﬁﬁﬁlﬁﬁshcuttlng

of the filmto match exactly_the video edit ng work i s usually done

on a frane- bytEaBGelHathe gﬁ&meltt-ﬁ:tt?%n?ﬁcﬁﬁﬁ? n§°€qlﬁ%ﬂgl angdyQr| abl e 15
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conver3|on t in the video mage 1s seen §peeded up
as conpar ed gy A% Hd dH B GrdTR B tin Man el dtron 18 0énvLBonment Jhe reason

for this will be explained with reference to Figure 1 of the acconpanylng
drawi ngs. As tHexby Navoiding the need actually to cut film and
enabling many different edit combinations to be tried.
Once the editor is satisfied with the result of an
10 edit list can be produced which identifies the manner
in which frames are combined, thus enabling cutting of
the film to match exactly the video edit.
Editing work is usually done on a frame-by-frame
basis and electronic editing equipment is available
15 which is able to display simultaneously several frames
of one or more video clips at respective display areas
of the monitor. Thus, during editing there are
usually no significant problems caused by the
different display rates of the two media because ~
20 frames are viewed as stills on the monitor.
However, during playback of the video one effect
of the one-to-one conversion from film is that
movement in the video image is seen speeded up as
compared to corresponding movement in the film image.
25 The reason for this will be explained with reference

to Figure 1 of the accompanying drawings. As shown in



.3 Figure 1 a filmclip 1 conprises-a plurality of filmframes F1 to F5. As
mentioned hereinabove a filmclip conprises a plurality of image frames
captured at a rate of twenty four franmes per second. The human eye 5

is sensitive to the fundanental frequency at which noving i nages are

di spl ayed and when filmis displayed at twenty four frames per second a 24

Hz flicker can be seen in the displayed i3mage. In order to reduce the
perceived flicker filmprojectors are provided 10... ~ wtha _
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at twenty four frames per second a 24 Hz flicker can
be seen in the displayed image. In order to reduce
the perceived flicker film projectors are provided
10 with a double-shuttered arrangement whereby each frame
is displayed twice. This double-shuttered projection
arrangement increases the fundamental frequency of
display to 48Hz which is less detectable by the human
eye.. This double shuttered disp-laying of film is
15 represented in Figure 1 by the clip 2 in which each
frame is displayed twice, eg Fl1l, and Fl,;, with ‘the
displays F1, and Fl; being separated by an in-frame
blanking period 3 and the display of consecutive
\ frames, eg Fl1l; and F2, separated by an inter-frame
20 blanking period 4 corresponding to the frame pull down
period of the projector or other display apparatus
(not shown).
Next to the displayed clip 2 in Figure 1 there is
shown a video clip 5 comprising plural video frames Vi1
25 . to V5. The video frameés V1 to V5 correspond

respectively to the film frames F1 to F5. The



25 to V5. The video franmes V1 to V5 correspond respectively
tothe film frames F1 to Fb5. The 4 vertical length of each frane
in Figure 1 represents the length of tinme that the frame is displ ayed
during playback. As can be seen five franes of the video clips correspond
to the sane period of tinme as four 5 frames of the filmclip 1. Thus,
if the video frames V1 to V5 are output 4 or display at video rate (30

frames per second), the playback will be 25% qui cker than the display of
Cor T eapondi ng VARRICRLaARIGER (oF [RGR FTaRe; ShoFLoHTR dniamRAsSEond) and
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1. One way in which the above problem of different display rates can be
overcone is tgii gy ewse aree output for display at video rate (30
frames per second) the playback will be 25% quicker
than the display of corresponding film frames F1 to F5
at film rate (24 frames per second) and movement in
10 the image when displayed will be speeded up
accordingly. .

Video frames are formed from interleaved fields
which are displayed at twice the frame rate. Thus,
each video frame is formed from two interleaved

15 fields, one field corresponding to all of the even
numbered lines in the frame and the other field
corresponding to all of the odd numbered lines in the
field. The odd and even fields in each frame of video
V1 to V5 are represented by the symbols '0' and 'E' in -

20 Figure 1.

One way in which the above problem of different
display rates can be overcome is to increase the
number of fields used to represent video frames. hy
increasing the number of fields representing two

25 consecutive video frames from four to five, the time

period occupied by the two video frames will equal



-nunber of fields used to represent video franmes. By increasing the nunber
of fields representing two 25 consecutive video frames fromfour to
five, the time period occupied by the two video frames will equal t hat

of the corresponding two fil.mfranes. Thi's appr.oach is known as 3:2 pul
down and is illustrated by the display scan clip 6 shown in Figure 1 of the
acconpanying drawings. As can be seen irbFigure 1 the 5 first two
filmframes F1 and F2 are displayed as a first display frame 7 conprising
an odd field [ &hAat aff Sheyeprriespenddng &We of $bworfiradiep! ay Thiase 8

conprising two_odd fields [err] and an even field [err]. The second frane 8
i Srrgi spl aged b#PBE llﬁg[‘cﬂ%é‘t agp 3:2 PUlie dRWp fand dig ekklustcatefie even

i el d th h dd field, in. One problem
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Is correct. However, t ween the two S cau%eS a novi ng

‘an even field Vl1; and a second display frame 8
comprising two odd fields V2, and an even field V2.
The seeond frame 8 is displayed by outputting first
10 the odd field V2, then the even field V2; and then the
same odd field V2, once again.
One problem associated with 3:2 pull down is
. caused by the repeated display of one field in every
other frame in the clip. The extra field in every
15 other frame causes that freme eo be displayed for a
longer period of fime'and.thus motion in the frame
during. preview is slowed down by the presence of the
extra field. This slowing down of motion only occurs
U in every other field and over two consecutive fields
20 the average speed of motion is correct. However, the
difference between the two fields causes a moving
object to appear to move jerkily across the image.
The introduction of such unwanted movement artifacts
in the image is clearly undesirable. |
25 Furthermore as mentioned hereinabove, odd and

even fields making up a frame are interléaved and



obj ect to appear to nove jerkily across the inmage. The introduction of such
unwant ed novenent artifacts in the image is clearly undesirable. 25
Furthernore as nentioned herei nabove, odd and even fields nmaking up a
frame are interl eaved and 6 during the previewing of a clip the nonitor
al ternates between the display of odd and even fields. This creates a
probl emwhen a clip is displayed using 8:2 pull down; the probl em being

setond fr anedur e°f§1er°“mx%¥ewm=gb%acg£% LA kLRde . sEEs%h%?%ﬁ?”i’he
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control circ ry to control” the order ds are

deliveyed to dhach@ntierad Qﬁaldiﬁ?'@y the pliietnahiveetoniiheremesoh 3: 2 pul |
down is to increase the nunber of video franes in a clip to be displayed

usi ng techni s sisinl tyeadisplayed wlilp H.owIwtwbhl chéecsean thalt as t hose
described in our US
the correct sequence of display of odd and even fields
is maintained by reversing the order of display of the
two fields comprising the third frame 9. Moreover,
10 the order of the three fields comprising the fourth
frame 9a is even-odd-even, the reverse of the sequence
of the second frame 8. It will be appreciated that
3:2 pull down therefore requires complex control
circuitry to control the order in which fields are
15 delivered to the monitor for display.

An alternative to the use of 3:2 pull down is to
increase the number of video frames in a clip to be
displayed using technigues usually associated with
slow-motion effects, such as those described in our US N,

20 patent application no. 07/242,796, and corresponding
published European application no. 311268, the
teachings of which are incorporated herein by
reference. One problem with this approach is that the
one-to-one relationship between the film frames F1l to

25 F10 and the displayed frames is lost.

The present invention aims to overcome the above



. 20 patent application no. 07/242,796, .and correspondi ng published
European application no. 311268, ..the teachings of which are
i ncorporated herein by reference. One problemw th this approach is that
the one-to-one rel ationship between the filmframes F1 to 25 F10 and
t he displayed franes is lost. The present 7invention ains to overcone the
above 7 and associ ated problens by providing a schene by which video
frames correspditf RFIF iRyl ems Y rriresi ding & shersl by whiche
corresponding to, the display rate of the filmfranmes. 5 ) Accordi ng
to one aspect Oft48R IFBRPE | SATTREPONGIGIE %L neesReCHivEi §3layifikpmesi nput
I mage clip on an electronic_nonitor for displayin ,inage frames during
gh%ﬂr
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period which sl RAP6S L SESREF I dYEplaying image frames during

respective display frame periods at displaying frame

rate, the input image clip comprising a plurality of

Y 10 input. . image fraﬁes at an input frame rate, said
display frame rate being greater than the input frame

rate, which method comprises: providing each frame of

said plurality of input image frames to the monitor at

the inpuf frame rate;randldisplaying each iﬁput_image

15 frame on the monitor by  extending each of the
respective display frame periods to include at least
one overscan period which so increases said respective
display frame periods that the input image clip is
displayed on the monitor at the input frame rate.

20 | According to another aspect of the invention
there is provided an apparatus for displaying an input
image clip éomprising a pluraliﬁy of input image
frames at an input - frame rate, the apparatus
comprising: a monitor for displaying image frames

25 during respective display frame periods at a display

frame rate greater than the input frame rate; and a



di splay frame periods that the input inmage clip is displayed on the nonitor
at the input frane rate. 20 According to another aspect of the
invention there is provided an apparatus for displaying an input image clip
conprising a plurality of input image frames at an input frame rate, the
apparatus conprising: a nonitor for displéying i mage frames 25 during
respective dis Ia frame gerlods at a display frame rate greater than the

i nput frane ra %“ tR4ler Loy prAvierngr eash prpvtdimggeathamapue thage

frame to the nonitor at the input frame rate and for causing each display
frame period t%o?ﬁﬁ?ﬁdétatt?ﬂeeai'sﬂp%efwsEﬁﬁepéPﬁoéO\mlwwg neachses t he

respective dis |ods t hat he |nput image clipis
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| i nescan has Qﬁﬁﬂ1E8@CQ€dtﬁEd1ﬁ§ﬁE'%gﬁnéy ieoni zi ng signal s indicating
n has

that the end of a display sca een reached, and bei ng arranged
normal 'y to displayin a further aspect the invention provides a

system for displaying an image clip having image
frames captured at a first frame rate, the system
10 comprising: a linescan display, having a plurality of ~’/
display scanlines, which is responsive to 1line
synchronizing signals indicating that the end of a
linescan has been reached and vertical synchronizing
signals indicating that the end of a display scan has
15 been reached, and being arranged normally to display
images at a second frame rate greater than the first
frame rate, a source for supplying data defining a
plurality of lines of pixels representing said image
frames to said display, and a control circuit for
20 controlling the generation of said line synchronizing
signals and said vertical synchronizing signals
between consecutive vertical synchronizing signal such
that the vertical synchronizing signals are generated
at a reduced rate corresponding to the first frame
25 rate in order that said image frames are displayed on

said display at said first frame rate.



.images at a second franme rate greater than the first frame rate, a source
for supplying data defining a plurality of lines of pixels representing
said imge franes to said display, and a.control circuit for 20
controlling the generation of said line g}nchronizing signals and said
vertical synchronizing signals between consecutive vertical synchronizing
signal such that the vertical synchronizing signals are generated at a
reduced rate correspoitlidPY® 8RE fuxkhey fratwres ofy ghe jinvgnfeionhat
said i mge franes are digplayed on said display at said first frane rate.
The above and Fﬂ?ihéﬁtfeggﬁFés BLERhePRAVRRELBR1EYe tRt HR7 t RRAqNAeA
particularity in the a%%{ ded cl ains and.togetfher with %gyantgges I her eof
wi |l _becore cl éx ot HaY oV ¢ RAVERGaSRshg tereot gatit} ed

o, R ALY R ol Ao oo B S g
schematiC repr eqlidld L UeWe i bn of Qe By Lt PMient of the
invention given with reference to the accompanying
drawings.. |
In ﬁhe drawings:

Figure 1 is a schematic representation of known




Figure 2 is a schematic system di agram of a systemfor displaying an i mage
clip; and Figure 3 is a schematic representation of the 5 nmet hod of
display in the systemof Figure 2. Referring nowto Figure 2 of the
acconpanyi ng drawi ngs, there is shown an editing system 10 conprising a
bulk store 11 for storing data re?&isenting the frames of plural video
clips. The 10 bulk store may fo xanpl e be an array of disc drives
anong which the video franes are distributed, such as the store disclosed
in our co-peMEtRPAS iafi §H spd@it Appllcatlon No. 9122215. 8 t he teachi ngs

of which are incorporated hEFEIn reference. he data 15
representing the f&%@ fradfes? |§°%?’E ‘é%ﬁm-';Ystrﬁ“bthégaaat i 0 dAta, for

exanpl e 1125 es . , and t he bul k store 11 is able to deliver -
vi deo franes thl%(ﬁms%%gy‘i]ﬁ%g AheMfs i f daccordi ng to the @AV
standard. Data ma ec r d of %!@ r | e and
downl oaded into tﬁéa§ gtoge mh%ﬁkéggﬁgge%e égﬁﬁ?ﬁﬁﬁpoggenﬁﬂ?urther

expl agat i on ntai ns data
repr es%gntl ngln%r arégs Jgfedq' ??g tCr{]l p de |ve from respegl ve franes of a
filmelip. That Iazetf@ﬁ%gt %@5to Fidih& 5t e dde dladcRiy #\;gméu ns data

representing the video clip 5 conprising video frames V1 and
drawings, there is shown an editing system 10
comprising a bulk store 11 for storing data
representing the frames of plural video clips. The
10 bulk store may for example be an array of disc drives
among which the video frames are distributed, such as
the store disclosed in our co-pending British Patent
Application No. 9122215.8, the teachings of which are
incorporated herein by reference. The data
15 representing the video frames is preferébly high
resolution data, for example 1125 lines per frame, and
the bulk store 11 is able to deliver video frames at
display rate (30 frames per second) according to the
HDTV standard. Data may be recorded off-line on a VIR ~
20 for example and downloaded into the bulk store when
required. For the purpose of further explanation it
will be assumed that the bulk store 11 contains data
representing frames of a video clip derived from
respective frames of a film clip. That is to say the
25 bulk storé 11 at least contains data representing the

video clip 5 comprising video frames V1l and V5 as



.illustrated in Figure 1 of the drawings. Data fromthe bulk store 11 is
delivered via a buffer 12 to a franestore 13 and/or to an edit/effects unit
14 which enabl es for exanple individual or groups 5 frames to be
retouched or otherwi se nodified and enables two or nore video clips to be
conbined. That is to say, the unit 14 isj{able to performediting operations
simlar to those available in the system nmanufactured and sold by us under
the trade nmark 10 "HARRY". Pixel data fromthe franestore 13 are input
at display ratéliystrated) dp dicuze 15 of the drawingsiransfer of pixels

fromthe franestore_13 tqo the dlsplax driver 15 is controlled by a system
cl ock CLK 15 r DAk Pn&@%@cﬁ%%lﬁ? Fa§§°§ﬂu¥§1%ﬁ drd ivexred Vi i s

h he f 13
hathdi xel o o S'rﬁéa%%cﬁ? éé‘xﬁ%% SEURER @352‘%%@%%3{0%%20 SBFZ&G
sed Lo drive. ISP orRieR et ag b6k AR R S LS P ey ¢ e
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screen by scanning an el ectron.beam over he screen I'n raster sequénce. In

the case of a gRables €@bOBE RBEk! %afew R4 iRRAS Y d&ﬁﬂﬁé&i caupgat ed,
green and bl ue conponents formng a colour image to be
is to say, the unit 14 is able to perform editing
operations similar to those available in the system
nmanufactured and sold by us under the trade mark
10 "HARRY"™,

Pixel data from the framestore .13 are input at
display rate to a display driver 15. The rate of
transfer of pixels from the framestore 13 to the
display driver 15 is controlled by a system clock CLK

15 . running at display rate, which in the case of HDTV is
S54MHZ. Addressing circuits (not shown) within the.
framestore 13 ensure that pixels are read from the
framestore 13 in raster order. The display driver 15

L converts the pixel data into an analogue signal which

20 is used to drive a monitor 16 to display thereon the
image represented by the.data. '

As is well known, in a TV type monitor an image
.is displayed on a screen by scanning an electron beam
over the screen in raster sequence. In the case of a

25 colour monitor three beams are used to cause red,

green and blue components forming a colour image to be



di splayed on the screen. The or each beam is controlled by a

vi deo signal which varies continuously the intensity of the beam a

hori zontal scan signal which causes the beamto scan horizontally across
the 5 screen and to return quickly at the end of one scan line to the
begi nning of the next, and a vertical scan signal which causes the beamto
nove to the next scan |ine and when thd2ottom of the screen is reached to
return quickly to the top of the screen. 10 The display driver 15
conprises a @iifiplayed sl dpe caresner ciTheui priveach cbmedrtidg pixel s
into a video signal_ for varying the,intensity of the or each el ectron beam

a hori zont al Hged Ryt vi ePbﬁlgBﬁérHFFﬁB YaEies genreinuensi¥nt al scan
signal, 15 and a vertical ing circuit ,19 for. generat -
reqU|red verﬁhﬁﬂlﬁEﬁﬁﬁﬁﬁﬁnQ% rn%ﬁ##zoﬁt rizeptad 9ﬁﬂn?iigaéroddvés a

fo that "of 2 B Sauane S Bt 8 el To PR IR Ep B8 cBhe P2
ext er al Synw 4 St 8" 2bektr Sl cla b 2EhL, hfie ETdhE AR no

circui't 19 produces a signa roma m ni num Maxi mum i n

a period corngspoRy Rgel set;'ﬁtm% %ff 'tﬁ'edni‘k%“ 4h& &!verfBcaidsaagd 562 even
nunber ed I|nes In a 1125 |i"ne system IS reset to the m ni num
by an eXteranlgﬁﬁFW@!ﬁ'd&&Qrﬁhe\beaﬁin@o move to the next scan
line and when the bottom of the screen is reached to
return quickly to the top of the screen.
10 The display driver 15 comprises a digital to
analogue converter circuit 17 for converting pixels
into a video signal for varying the intensity of the
or each electron beam, a horizontal ramping circuit 18
for generating the required horizontal scan signal,
15 and a vertical ramping circuit 19 for generating the
required vertical ramp signal. The horizontal ramping
circuit 18 produces a signal which ramps up from a
minimum to a maximum in a period corresponding to that
of a single line scan and is reset to the minimum by ~
20 an external synchronising signal H. Sync.. Similarly,
the vertical ramping circuit 19 produces a signal
which ramps up from a minimum to a maximum in a period
corresponding to that of a field scan (ie all 563 odd
and 562 even numbered lines in a 1125 line system) and
25 is reset to the minimum by an external synchronising

signal V. Sync..



. The system 10 includes circuitry for generating the H Sync. and V. Sync.
signals uséd to control scanning in the nonitor 16. A pi xel counter 20,
driven by the clocking signal, CLK running at the rate 5 of display of
pi xel s on the nmonitor 16, ie 13.5MHz, counts cl ock pul ses each
correspondi ng to the outputting of a pi xB# fromthe framestore 13. A
regi ster 21 contains a value corresponding to the nunber of pixels in each
line. For a high definition 10. TV picture of the above nentioned
standard each |ine cBh@rsystencd0 adncdiusies o ircel iy uBorogeasgatding) to
that nunber is held in the register 21. The pixel counter 20 and the
regi ster 21 aretkenHect®Nto andortpar 8YBF -2 5kFRukY e ds€Gchte hgontxed t he
contents of 15 t he counter and the register are the sane, ie the
counigr has cou$f2WN1Rd 1480, thepMantiter oﬂrgput fo BiXehe cJRERY 29/and to
a reset input ip fhe pixel counter,20 causing e _pixel counter to.reset to
zero. It will b@r LYER Y Ry %ﬁ%‘?“’sﬁg a%g’a?geﬁiﬁnﬁﬁaﬁﬂnﬁoa%'ttg%’ Faf®e the
out put f omtheopiéggpigyng%r Qe 'lox?etﬂ%-rﬁ(&@éo%elfé ed%-__&olsh%lﬁﬂdress of
'S 0

the pi xel counter hérefore delivere he frankstore ™13 1 n ‘order

fjiosi dentify thec@&%&%c%ckheg%ﬁts%fsdefé;i%ﬂg.Ela‘%r@é SHEirY XCtol O th
pl ayed. 25 e output fromthe conparator 22 corresponds to

the abovenenti At EVRG- o 08alpided | ErbfiPUind O fildthestore 13. A

register 21 contains a value -corresponding to the

number of pixels in each line. For a high definition

10 TV picture of the above mentioned standard each line

comprises 1600 pixels and so a value corresponding to

that number is held in the register 21. The pixel

counter 20 and .‘-the register 21 are connected to a

comparator 22 arranged such that when the contents of

15 the counter and the register are the same, ie the

counter has counted to 1600, a pulse is output to a

line counter 23 and to a reset input in the pixel

- counter 20 causing the pixel counter to reset to zero.

W | - It will be éppreciat_ed that at any given instant

20 in time the ouﬁput from the pixel counter 20 will be

directly related to the address of the bixel counter

20 is therefore delivered to the framestore 13 in

order to identify the address of the data defining the

current pixel ﬁo be displayed.:
25 _ The output from the comparator 22 corresponds to

the abovementioned H.Sync. signal and is input to the



di splay driver 15 causing the horizontal ranping circuit 18 to reset to
m nimum Each time an H Sync. pulse is applied to the input of the line
counter 23 it causes the counter 23 to increment by one odd or 5 even
| i ne nunber depending on whether it is data for an odd or even field that
is currently being output to the nonitjeg for display. Each displayed video
frame is, of course, made up frominterlaced odd and even fields but for
t he purpose of sinplifying the 10 , follow ng explanation description
wi || be madeddsplisd cdrdviers dperaansingn tkepderizontal oddamping only.
The output frgmthe line counter 23 is,also directly related to the address
of the pixel SiFUHE ABakesFEFEL180 MIRATMEBLnt EACR BiMe AN | HneS¥RENnt er i s
therefore 15 delivered to the franestor in.,order to identify-the
vert i cal addPudseois PRLLA did | theglRRRECaE, B hiNe RRBEET 331 aycee A
second regi,ster 24 .. contai vaJ ue corrgesponding to.the highest
nunbered |iné ﬁﬂﬂﬁ?iﬁfhe °°?P§§5.2%|$%1%ﬁ§EFT?ﬂ g sﬂ&%ﬂ?é?r%ﬁister 24
woul d ccont ai vals qg@gﬁﬁpqﬂ%%gﬁ? t 1%25.5 T [ N ounter 23
and tﬁe seco% Fégfgﬁér are up %ﬁgtgﬁaaggﬁgéfa§§?jf%h§%+%h§%%tputs a
pul se when tRg e@WNby! BvefCribla €RNE! £6 ArFr@AEIPSHéifigVahtButitbne 25
regi ster 24. The signaP fronltﬁe conpar at or b§5 fﬁg
the monitor for display. Each displayed video frame
is, of course, made up from interlaced odd and even
fields but for the purpose of simplifying the
10 following explanation description will be made of the
circuits operation in respect of the odd field only.
The output from the line counter 23 is also directly
related to the address of the pixel in the framestore
13. The count Y from the line counter is therefore
15 delivered to the framestore 13 in order to identify
the vertical address of the data defining the current
pixel to be displayed.
A second register 24 contains a value
corresponding to the highest numbered line in the ~
20 field. 1In a 1125 line system the register 24 would
contain a value corresponding to the number 1125. The
line counter 23 and the second register 24 are coupled
to a comparator 25 which outputs a pulse when the
count in the line counter 23 matches the value in the

25 register 24. The signal from the comparator 25

corresponds to the abovementioned V.Sync. signal and



.cor?esponds to the abovenenti oned V.Sync.'SignaI'and 15 is used to reset
the line counter 23 ready to count lines in the next field and to cause the
horizontal ranping circuit 19 to reset to a mninmum Wen a video clip

derived froma filmclipis to 5 be di spl ayed the value in the
regi ster- 24 is increased by 25% ie to thgeevalue 1409 so that the nunber of
| i nes counted between V. Sync. pulses is imnCreased. The pixel clock rate

remai ns the sanme (54MHz) and the rate at which lines are scanned al so
remai ns unchangesl iSed to keseti rihe thineuagbantet |23naseddys tacceanasd, the
duration of each franme is increased accordingly. Since the vertical ranping
circuit 19 is akinemeint theamextp ficld naxd b, icause i tike phorddontal
corresponding to the full 1125 lines it will remain at the maxinumfor 15
any §yrther |i 7aPRING AFIRIL ok yto eceset nfowAeRinigumsync. pul se is
received. Thus, the electron beamof the ponitor 16 is, caused tgQ scan each
line in the field b&HRP @ SHASR FLIRI detved £xeR Rchilmcalipt A8 E8st |ine

System i ai sobf AhARIRYER Hha Valae I HHencesiptak 24ake: MnGoRRed el d
have been outpyf, T30 the AR Ofg1d48 920% ! eAZE2 ehe QuiMsL, UgE' I such
lines counted between V.Sync. pulses is inéreased.
' The pixel clock rate remains the same (54MHz) and the
rate at which lines are scanned also remains unchanged
10 but since the number of lines has increased, the
~duration of each frame is increased accordingly.
Since the verfical_ramping circuit 19 is arranged to
ramp up to a maximum in a time period corresponding to
the full 1125 lines it will remain at the maximum for
15 any further lines thereafter, only resetting when a V.
Sync. pulse is received. Thus, the electron beam of
the monitor 16'is caused to scan each line in the
field being displayed and then to scan repeatedly the
L/ ' last line until the V.Sync. pulse causes the ramping
20 = circuit to reset.

The system is also arranged so that once all
lines of data defining the field have been output from
the framestore 13 onlf null data is output until such
time as the line counter is reset to zero.

25 The effect that this increase in' the number of

lines between V.Sync. pulses has on the timing of the



time as the line counter is reset to zero. 25 The effect that
this increase in the nunber of |lines between V.Sync. pul ses has on the
timng of the di splaying of the clip is shown in Figure 3 of the
acconpanyi ng drawi ngs. Referring to Figure 3 it will be seen that the film
clip 1 and corresponding video clip 5 e'% i dentical to the filmand video
clips showmn 5 in Figure 1. Thus, deo franes V1 to V5 represent
respective ones of the filmfranes F1 to F5. For a given video field, eg

[err] which i aikpaagdtho it dewé Enape 1¥l, slibim Pixelrsidiire Chogred{& om t he

framestore 13 at video display rate for display on the nonitor. 10

Once data for agcdompangling drawdngsn f Reférrdngoeen Riguyxrs F ot dvisyd ay nul |
data is output for display until such tine as the V.Sync. pulse is .
gener at ed, thbeelseendditat! yhey fikm stkip bf andneoriiespbndifigusvideo pi xXeFs
represented by the null data are displayed 15 on the last line of the
moni t or . Theldpnbr apet identhcelite thetfilmandeidee qahips mhawn s
negligible and indeed in nost cases the |ast line is not seen on the

di spl ap at al in Fheune | }. daThusuppireq EFames nbhi £8r VPayraRrasSnk e have

any suitable value fqr 20 X I orresponding to say bl ack pixels
where the | asTeFPREYIYS, W85 é’ﬁr&?a&(f’arfﬁﬁ g gikete g?‘evgﬁ’rt a part

of the image displayed el seweie 90 48 ynich is the odd field of

frame V1, all pixels are clocked from the framestore
13 at video display rate for display on the monitor.
10 Once data for all pixels in a given field has been
output for display null data is output for display
until such time as the V.Sync. pulse is generated,
thereby identifying the start of a new field. Thus
the pixels represented by the null data are displayed
15 on the last line of the monitor. The contribution
that the last line .makes to the image is negligible
and indeed in most cases the last line is not seen on
the display at all. The null data supplied to the
monitor may therefore have any suitable value for ~
20 example corresponding to say black pixels where the
last line is visible or black or white pixels or even
to a part of the image displayed elsewhere on the
monitor where the last line cannot be seen on the
monitor.
25 By increasing the number of 1lines between V.

Sync. pulses whilst leaving unchanged the rate of



.nmonitor where the last |ine cannot be seen on the nonitor. 25 By
I ncreasing the nunber of |ines between V. Sync. pul ses whilst |eaving
unchanged the rate of whi ch i mage pi xels are output for display, the
system 10 generates a display output conprising odd and even video fields
[err] etc each separated by an overscan 2 iod 31.. The overscan periods
31 5 correspond approximately to th e.Broj ection bl anki ng periods 3 and
4 during the display of a filmclip as shown in Figure 1. Thus, video
fields are di spitebad fnage rsixebs doetgutpght foretilisppay,sthengyatén hus
corresponds to the 48 Hz rate achieved by double- 10 shuttered

proj ecti on. Thtgenexatesna display coutpwuhi chmphésingl ddd] end] esen are
di spl.ayed is reduced to the double-shuttered frame rate of the film 1.

Durigg- the ovekdRAEigkds o¥ike, e/t N@ve VRs, efc 1@ach separated hyf the
di splayed inmage and this affecgts flickering of the displayed _imge.
However, the T cRISEREAS RETisd, aﬁd is.T nmrrs&adbcﬁ’?réﬁﬁ a|3%-to t he
ok g esenlea Juile. SRS RACLT LR e dady BRI
percei ved levelpeqfiédé C&‘eénéSUSQPEES ﬁﬁnic{iis%alrg_}} Yof a £ilm clip as |
shown .in Figure 1. 'I‘_hus,'. video fields are dispiayed
at a rate of forty eight fieids per second and thus
corresponds to the 48 Hz rate achieved by double-
10 shuttered projection. That is to say, the rate at
which the fields DV1,, DV1lg, etc. are diéplayed is
reduced to the double~shuttered frame rate of the film
1.
During the overscan pefiods 31 there is no-
15 refresh of the displayed image and this affects
flickering of the displayed image. However, the
flickering is at 48Hz and is in many respects similar
to the flicker present in double-shuttered film
" displays. After a few minutes viewing the viewers eye
20 compensates for any flicker so that the perceived
level of flicker is reduced sié'nificantly'.
By introducing overscan periods 31 between the
display of consecutive fields the abovementioned
problem of jerky movement in the displayed image is

25 overcome and movement is seen to occur at the correct

speed.



By introduci ng overscan periods 31 between the display of consecutive
fields the abovenenti oned problem of jerky novenent in the displayed i mage
is 25 overconme and novenent is seen to occur at the correct speed.
Havi ng thus described the present inverd8ion by reference to a preferred
enbodinent it is to be well understood that the enbodiment in question is
exenplary only and that nodifications and variations 5 such as wll
occur to those posHaviag dthuppdeseribedkded epyesent sikivdretimay by made
wi t hout departure fromthe scope of the invention as set forth in the
appended cl ai K8fgRENEQuitPaleeREekigFedfembodgnent| it ig to e wedlMS: 1.
A net hod of displaying an input imge clip on an electronic nonitor for

di spl ayi ng i mBBEEFPEARY dhdy rEBpeceMpoddimgitay LRan@YRStinss ais .

di splaying frane 5 rate, the input i e cli,p conprising, a plural "&g of

i nput i mage eXPORLATY; _OA‘E’ryi rﬁﬂf’f tqgﬁnﬁ°gggf5?tl§£‘isdr%%pY%_gl?Fgﬂﬁsr ate

being greater { han kNG P Uedd Ao " hSse "Bosle TR &L OB L SE21 ate
knowledge and skills may be made without departure

from the scope of the invention as set forth in the

appended claims and equivalents thereof.



.providing each frane of said plurality of input 10 I mage frames to the
nonitor at the input frane rate; and displaying each input inage franme on
the nonitor by extending each of the respective disnlav frame periods to

i nclude at | east one overscan period which 15

respective display frane periods that the input |mag IIi'iu ﬂﬂim !ﬁ b}d on
the monitor at the input frame rate. 2. A net hod a 1
wherein each input inage frame is .dividedfnto an odd input field 20 -~

and an even input field and each display ffame period is divided into an
odd display fiefdrp:i od and an even display field period, each odd input
field being provided to the nonitor for display during a correspondi ng odd
dlspbay field period and each even.25 i nput field being provided to the
nDn|19¢ for display during a corresponding even display field period,

and each displ ay fi &l demhddbobeligplapingtan inputt heagexicldismmyariiel d
period by said overscan period. 3. A nethod as clainmed in claiml or 2,
wherein sai d 5electgoed cofmaax: i For cdigpl apingr émageg framest dugdisig one
overscan period by adding additional lines to increase the nunber of I|ines
representing eierPeciive dirplryafsamehperipdsn@bhcdisplayving fxaneabl e on
t he

5 rate, the input image ¢lip comprising a plurality of
input image frames at an input frame rate, said
display frame rate being greater than the input frame

— rate, which method comprises:
providing each frame of said plurality of input
10 image frames to the monitor at the input frame rate;
and
displaying each input image frame on the monitor
by extending each of the respective display frame
periods to include at least one overscan period which
15 so increases said respective display £frame periods
that the input image clip is displayed on the monitor

at the input frame rate.

2. A method as claimed in claim 1, wherein each
input image frame is divided into an odd input field
20 and an even input field and each display frame period
is divided into an odd display field period and an
even display field period, each odd input field being
provided to the monitor for display during a
corresponding odd display field period and each even

25 .input field being provided to the monitor for display



nonitor for display of each franme. 10 4. a nmethod as clained in claim-

3, wherein the additional |ines conprise null data and—-atre—provided_for

di splay during the at | east one overscan period. 5. Ialned
inclaim3 or 4, wherein the additional lines are prc“""ﬂﬂiﬂ'm

or off 15 the bottom of a screen of the nonitor

claimed in any preceding claim where@wp each display frane period |s
separated fromthe next display frame period by said at | east one overscan
period. 20 7. An apparatus for displaying an input image clip

conpri sing a guwiag twy corriespendimegevYemnksspl apnfiepdt péraod, rand t he
appar atus conpri si ng: a nonitor for displaying inmge frames during
respective di epchy dispkayefiieds geniddspednd raeparatedgrioaimer chiean | he
input frame rate; and a controller for providing each input inmage framfS
to the monitonext gieplaputf feldnpenied dryl $aidcaversganaperdioshl ay frane
period to include at | east one overscan period which so increases the
respective display frane periods that the input i mage clip is displayed on

t he nonitor at t he |npu%9frane [ate. An apparatus as clainmed in
claim7, further GoMSE ﬁn@saciFéWEddﬂﬁl8#ﬁ§“b?r€ﬁl? fUheHP%PdFﬁédeach
5 step of extending comprises creating the at least one

overscan period by adding additional lines to increase
the number of 1lines representing each frame to be
greater than the number of lines available on the

monitor for display of each frame.

10 4. a method as claimed in claim 3, wherein the
additional lines comprise null data and are provided

for display during the at least one overscan period.

5. A method as claimed in claim 3 or 4, wherein the
additiocnal lines are provided for display at or off

15 the bottom of a screen of the monitor.

6. A method as claimed in any preceding claim,
wherein each display frame period is separated from
the next display frame period by said at least one

overscan period.

20 7. An apparatus for displaying an input image clip
comprising a plurality of input image frames at an

input frame rate, the apparatus comprising:



PR

-inp[Jt i mage frame into an odd input field and an even input field and
wherein said controller is arranged to divide each drsptay—+anre—periaod

into an odd display 15 = field period and an even g ' i od,
to provide each odd input field to the nonitor- for d?“ﬂiﬁpﬂﬂi"!ﬁhﬂlgﬁi’

correspondi ng odd di splay+field period Qﬂd each even rnpu l'ed dst 0Ot he
noni tor for display during a correspondrhg even display field 20 g

period, and to separate each display field period fromthe next display

field period by said overscan period. 9. An apparatus as clainmed in claim
7 or .8, further conmi siomiterrt | Heraddiapleyiag t ihageadfiravgesi ndsring
“increase the nunber of |lines representing each frame 25 to be greater

t han,t.he nunberrefgpedtnicee adispdblye forame pariodsi tadr 4 odidpdplyayf xdmeach
framg, 10. An apparatus as clained in claim9, wherein the |ine adding
circuit is arr&ffed 9eeeRr | thes tbhapinpusg fmame cate wdnd are provi ded
for display 5 during said at | east one_overscan period. 11. An

appar atus as cl ai med® iGPRHIER A ex dron ProfitHiang eamh inputaddmade dranet is
arranged_to add lines for, display at or off_ the bottom of a screen of the

moni tor. 210  toiFhe Renilhon at,the inputframe rareend fiok cAusing
wherein the corétarcql | Sg.sgilé%resfz?gt%g .%ies.‘t@.loaé/ I:garg.enclud‘e. at least one
overscan peribd ‘which so increases the respective
display frame periods that the input image clip is

— displayed on the monitor at the input frame rate.

10 8. An apparatus as claimed in claim 7, further
comprising a frame dividing circuit for dividing each
input image frame into an odd input field and an even
input field and wherein said controller is arranged to
divide each displaf frame period into an odd display

15 field period and an even display field period, to
provide each odd input field to the monitor for
display during a _cérresponding odd display field
period and each even input field to the monitor for
display during a corresponding even display field

20 period, and to separate eéch display field period from

the next display field period by said overscan period.

9. An apparatus as claimed in claim 7 or 8, further
comprising a line adding circuit for adding lines to
increase the number of lines representling' each frame

25 to be greater than the number of lines available on



period to be separated fromthe next display frame period by said at | east
one overscan period. 13. A systemfor displaying an +mege-clip having 15

i mge franes captured at a first frame rate, the sy i sing: a

|l i nescan display, having a plurality of display scanggﬁwmmwlﬁ’m
responsive to |ine synchronizing signals indicating c o 18

| i nescan has been 20 reached and veysf i cal synchronizing signals

i ndicating that the end of a display sc has been reached, and being
arranged normally to display imges at a second frame rate greater than the
first frame r&he monigogoficse dimplsypm§ieachblataadefi ning a plurality of
lines of pixels representing said inmage franmes to said display, and a
control circuit for controlling the generation 5 of said line N
synchroni zing_signal s and said vertical synchronizing signals between “
consecutive véPticAP SpRI¥FEIMSiafy claipedl in sda@im Ghathereir theerti cal
synchroni zi ng si%nals re gengrated at a reduced rate corresponding to the
first frame r&t8%in t HATIt 183 ATTRREeYr akBs & di kphased on
said display at _said.first fra rate., 14. A syste s claiged in claim
13, wherein sSPEPESRARS Bk Tt%owgﬁﬁgﬁFEFpP%@VlgégnéﬁrfQﬁSE%ﬁKting

5 during said at least one overscan period.

11. An apparatus as claimed in claim 9 or 10, wherein
the line adding circuit is arranged to add lines for haad
display at or off the bottom of a screen of the

monitor.

10 12. An apparatus as claimed in any of claims 7 to 11,
wherein the controller causes each display frame
period to be separated from the next display frame

period by said at least one overscan period.

13. A system for displaying an image clip having
15 image frames captured at a first frame rate, the
system comprising:

a linescan display, having a plurality of display
scanlines, which is responsive to line synchronizing
signals indicating that the end of a linescan has been

20 reached and vertical synchronizing signals indicating
that the end of a display scan has been reached, and
being arranged normally to display images at a second

frame rate greater than the first frame rate,



o B ettt s o -

pi xel s between the Iine synchroni zing -signals and a_15 I i ne counter for-

counting Iines between the vertical synchronizing signals. stem as
claimed in claim14, wherein said pixel counter and gﬂlﬂ l" !I g"l"ﬁll each
out put a respective count which is supplied to said

synchroni ze the supplying of data therefromto said 1i ‘ne synchronl zing
signal s and said vertical synchroqr?lng signals. 16. A system as
claimed in claim15, wherein said controf circuit-further conprises a
conmparing circuit for conparing the count output from said pixel counter

with a predeterni ned véduecantof osugsIei A aataaaéfllmelgsxémﬁlﬁﬁralzl&g
signal s according to the result of the conparison. 5 A syst'em as
clai.ped in claicf Ihimes 16f phaedisn repiveé seordirag §aiduuhagen&mamabéto
conﬁéying circuit for conparing the count output fromsaid |ine counter
with a predet esaitkdispley anandlor  generating said vertical synchronizing
signals according to the result of the 10 conparison. 18. A system as
claimed in any of claigantsel cciFcuihefer ncentdodddnge thengensesitd ozt or e
having a _serial output for outputting data in display order. 19. A system
as clainBd in gﬁ@vQ§1@|b}ﬁg gynchregizing signals and said vertical

synchronizing signals between ¢onsecutive vertical
synchronizing signal such that the vertical
synchronizing signals are generated at a reduced rate

~ corresponding to the first frame rate in order that
10 said image frames are displayed on said display at

said first frame rate.

14. A system as claimed in claim 13, wherein said
control circuit comprises a pixel counter for counting
pixels between the line synchronizing signals and a
15 line counter for counting lines between the vertical

synchronizing signals.

15. A system as claimed in claim 14, wherein said

. pixel counter ahd said line counter each output a
respective count which is supplied to said source to

20 synchronize the supplying of data therefrom to said
| line synchronizing signals and said vertical

synchronizing signals.

16. A system as claimed in claim 15, wherein said

control circuit further comprises a comparing circuit



15 wherein said display conprises a dlsplay driver, responsive to
said data fromsaid source and to said |line synchnenhzrng‘”"lgnals and

said vertical synchronizing signals, for produci ls to
drive a nonitor for the display of the inage climw 20. A
systemas clained in claim19, wherein said disp vernm cadnprli ses a

hori zontal ranping circuit for produci an out put signal which resets to a

mninmumin response to a line synchronizing signal and ranps up to .a
maxi mum over the period between successive |ine synchronizing signals.

21. A system gortlcainpating ¢hdl @oldtobuPutVEdicn Baid pixed dodhngRay
driver conprises a vertical ranping circuit for producing an output

si gnal whi ch metdt sat predetemindd) vaipensnd ofarvesdrerdt RydcBadd ZI@
signal, ranps up to a maxi num over a period corresponding to a normal H#el d
di spl ay peri odisme spirchionizineighdlsneccardingntdor thai nesafl tsaifd

maxi mumuntil a reset occurs. 22. A systemas clainmed in any of clains 13
to 21, furthethsogampsarigsem: i mage processing circuit for processing said

i mage franes before said frames are 15 di spl ayed. 23. A nethod,
apparatus or system substantially as

5 17. A system as claimed in claim 15 or 16, wherein
said control circuit comprises a comparing circuit for
comparing the count output from said line counter with
a predetermined value and for generating said vertical
synchronizing signals according to the result of the

10 comparison.

18. A system as claimed in any of claims 13 to 17,
wherein said source comprises a store having a serial

output for outputting data in display order.

19. A system as claimed in any of claims 13 to 18,
15 wherein said display comprises a display driver, o
responsive to said data from said source and to said
line synchronizing signals and said vertical
synchronizing signals, for producing driving signals

to drive a monitor for the display of the image clip

20 thereon.

20. A system as claimed in claim 19, wherein said
display driver comprises a horizontal ramping circuit

for producing an output signal which resets to a



descri'bed herein. with references to Flgures 2 or 3 of he acconpanylng
dr awi ngs. : B

RO

25

minimum in response to a line synchronizing signal and

. ramps up to .a maximum over the period between

/

- successive line synchronizing signals.

21. A system as claimed in claim 19 or 20, wherein

5 said display driver comprises a vertical ramping
circuit for producing an output signal which resets to

a minimum in response to a vertical synchronizing

/ signal, ramps up to a maximum over a period
corresponding to a normal field display period at said

10 second frame rate, and remains at said maximum until

a reset occurs.

22. A system as claimed in any of claims 13 to 21,
further comprising an image processing circuit for
processing said image frames before said £frames are

15 displayed.

23. A method, apparatus or system substantially as
described herein with references to Figures 2 or 3 of

the accompanying drawings.



