METHOD AND SYSTEM FOR CHANG NG THE FRAME RATE TO BE OPTI MAL FOR THE

MATERI AL BEI NG DI SPLAYED WHI LE . MAI NTAI Nl NG A STABLE | MAGE THROUGHOUT 10 15
20 FIELD OF THE I NVENTI ON The present invention relates generally to frane
rate conversion and nore particularly to changing the frane rate of a

vi deo displa [ f j di ed.
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It is common to have material that was originally created at different frame rates for

display in a video presentation. Typically, content that have different frame rates are converted
to a common frame rate for display. For a description of issues associated with the display of
different types of video content and frame rate conversion, refer now to the following.
10 Display Characteristics
Displays can be broken down into two broad categories, analog and digital. Each
display type has its own assets and liabilities.
Analog Displays
Analog displays or CRTs (Cathode Ray Tubes) have two subcategories, progressive
15 and interlaced. Progressive displays, such as computer monitors, display complete frames.
They draw each line of the image consecutively. They draw line 1, line 2, line 3 etc. For
interlaced displays, such as a conventional television set, the image is divided up into 2 fields.
The first field contains the odd lines and is often called the odd field, and the second field
contains the even lines which is commonly called the even field. The interlaced display
20 performs a temporal interleaving of the odd and even fields to create the complete video

images.



contains the even lines which is commonly called the even field. The

interlaced display perforns a tenporal interleaving of the odd and even
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10 Digital Displays
Such devices as LCD panels and plasma panels are considered digital displays. These
displays are typically pixelated. That is, these display a specific number of pixels per line and
lines per frame. Digital displays typically display progressive images. Interlaced images must
usually be converted to progressive ones before the images can be displayed. Some typical
15 characteristics of such displays are the following;:
* Horizontal active video (number of active pixels) must remain constant,
*  Vertical active video (number of active lines) must remain constant,
»  The total horizontal timing can vary,
= The total vertical timing can vary.
20 Due to the sample and hold nature (high temporal fill factor) of the light output from
some digital displays (in particular LCDs), operation at a low frame rate is often possible
without the side effect of large area flicker.
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The total vertical timng can vary. Due to the sanple and hold nature (high
tenporal fill factor) of the light output fromsone digital displays (in
particular LCDs), operation at a low frane rate is often possible wthout
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Video content is displayed in two formats, interlaced and progressive. In an interlaced
10 format each video image or frame consists of two fields, an odd field and an even one. The
odd field consists of the odd lines of the image and the even field consists of the even lines of
the image. These fields are interleaved temporally and spatially. Figure 2 illustrates a video
frame 10 separated into fields 12 and 14.
The dotted lines in the frame snapshot are the odd sampled lines of the image. The
15 solid lines in the frame snapshot are the even sampled lines of the image. When an interlaced
display device draws the image, it draws the odd lines in the first fild time slot, and in the
second field time slot, it draws the even lines in such a way as to place the even lines in
between the odd lines.
For 60Hz countries like the USA, the video frame rate is 30Hz. For 50Hz countries
20 like Germany, the video frame rate is 25Hz. Typical interlaced video systems that use these
frame rates are 480i and 10801 (NTSC), 5761 (PAL) and 10801 (PAL).

For progressive images, each image is complete. Each line of the image, odd and even,

is drawn sequentially. This is similar to the way a film is displayed, except that it is done in a



between the odd |ines. For 60Hz countries |ike the USA, the video frane
rate is 30Hz. For 50Hz countries |ike Germany, the video franme rate is
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Frame rate conversion of the video in its simplest terms is the translation from one
image rate to another. There are many different types of frame rate conversions ranging from a
15 simple drop/repeat method to a sophisticated motion compensated method. The simple drop
and repeat method is commonly used because it is easiest to implement as a system and is most
cost effective.
To describe the simple drop and repeat method in more detail, first frame rates must be
discussed. There are many types of frame rates for video systems.  As mentioned previously
20 2 common frame rates used in video are 25Hz (PAL) and 30Hz (NTSC). Native video
material, such as sporting events or news programs, js created by taking a field snapshot every
1/50 sec or 1/60 sec. Each field contains an image of the subject at a unique point in time.

Since film material was originally created at 24Hz, it must be modified to be used in



and repeat nmethod is commonly used because it is easiest to inplenent as a
systemand is nost cost effective. To describe the sinple drop and repeat
method in nore detail, first frame rates nmust be discussed. There are many
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| same film sequence used above, in a 2:2 pulldown conversion scenario. The video sequence
10 would look like Aodd, Aeven, Bodd, Beven, Codd, Ceven, Dodds Deven.
Referring now to a 3:2 frame rate, different up and down conversions can be created
depending upon which frame is dropped or repeated. When up converting by a ratio of 6:5 a
3:2 sequence like AAABB may be converted to AAAABB or AAABBB. When down
converting by a ratio of 4:5 the same sequence possible outputs include AAAB and AABB.
15 These two up and down conversions are very different visually. For the symmetric up and
down conversion, AAABBB and AABB, the motion judder is decreased compared to the
input. Motion judder is the difference between where the eye expects the image to be and
where it actually is. In these cases each film image is displayed for exactly the same amount of
time. For the asymmetric sequences AAAABB and AAAB the motion judder is increased
20 compared to the input. So care must be taken when doing up and down conversions on

asymmetric film material so as to not increase the amount of motion judder. This procedure is

more fully described herein below.

Up Conversion



3: 2 sequence |ike AAABB nmaybe converted to AAAABB or AAABBB. \Wen down
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Down Conversion

When the display frame rate is slower than the input frame rate, we need to drop input

fields periodically. This is the method of frame rate down conversion. Figure 5 illustrates
15 frame rate down conversion.

For frame rate down conversion, one of the input frames is dropped from the output
sequence. This is done when two input frames are ready for reading before the last output
frame is fully displayed. Then only the latest input frame is used and the earlier one is dropped
as shown in Figure 5. It can be seen that input frame D, highlighted by shading, has been

20 dropped from the output frame sequence.
In the case of an input sequence conforming to a 3:2 pull down pattern, down

conversion is advantageously performed by dropping the frame, which occurs most frequently

in the input. Thus, the input sequence would be converted from 3:2 to 2:2, or even 1:1, for



sequence in this way reduces the detrinental appearance of notion judder.
For material not <conformng to the 3:2 pull dowaj pattern, such as video,
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10 frames are generated with precisely the correct temporal flow, as opposed to the stuttered

motion that is produced when frames are simply dropped or repeated. Although it may offer

better performance, this technique is less common in consumer devices due to its relatively

high cost.
15 Television programs and commercials may frequently contain a mixture of video and

film. For example, when a movie is broadcast to TV viewers, commercials or newsbreaks are

inserted during the movie presentation. Now we have a mixture of frame rate content. The

movie was film originally shot at 24Hz and converted to video, and the newsbreak is created as

native video. If the display device operates at the video frame rate, then the movie will be sub-
20 optimally displayed and motion judder will be apparent while the newsbreak will be displayed

shown perfectly. Conversely, if the display device operates at a rate optimal for the movie, then

the newsbreak will have motion judder.

Accordingly, when a film section is combined with a video section to provide a video



This information is then used to tenporally interpolate an entirely new
frame, which represents the state of the scene at a point sonewhere in
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present invention addresses such a need.
SUMMARY OF THE INVENTION
A video display system is disclosed. The video display system comprises a display
generator for providing a display timing signal and a frame rate converter for receiving the
15 input video data, input video timing, and for providing output video data. The system includes
control logic for receiving a frame rate indication signal, the video input timing signals and the
video display timing signals. The control logic changes the display frame rate of the display
generator in accordance with the native frame rate of the program, and in such a way as to
maintain a stable image throughout.
20 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates film content and displayed images.
Figure 2 illustrates a video frame separated into fields.

Figure 3 illustrates an active video window.



provide this optinmal delivery of the video presentation when content of
different franme rates is put together. The system and nethod nust be cost
effective, easily inplenented and adaptable to existing video presentation
systens. Accordingly, what is needed is a system and nethod for displaying
a video presentatiqn i n optimal manner when the content with different

n ptima

frame rates ird84¢ BJHUFEACE SGRERYEP UP 9P bsent i nventi on addresses such a
need. SUMVARY OF THE | NVENTI ON A vi deo di splay systemis disclosed. The

vi deo di spl ayFigys b ahustrotep fiame ate deive gpaKersigfener at or for providing a di spl ay
timng signal and a frame rate converter for receiving the input video
data, input \Higleectiitmstags 3@2nmbniasiopodfilnicgdent put vi deo data. The system
includes control logic for receiving a frame rate indication signal, the
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control logic anges the display .frane rate of the display generator in
accordance with th ative frame. rate of the program and in such a way as
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Figure 1 illustrates filmcontent and di S$| ayed.images. Figure 2

i I Tustrates digura8dilystcales apariighiar Bame FteUP FRIPVEEION £ e 3 illustrates an
active video window. Figure 4 illustrates frame rate up conversion. Figure
5 i1 ustrat eFigurafellushtates dsonond Sravsratc s conyargion ecepariq myshigkthednpit 35 the
conversion of filmto video. Figure 7 illustrates a systemfor seanl ess
frame raumeaoeciniignelsased material content in accordance with the
present invention. Figure 8 illustrates a particular frame rate up
conversion SqgRaE"81s a block diagram of control logic.
10 Figure 11 illustrates a frame rate conversion scenario in which the input is the same as
that in Figure 8, and the frame rate is changed during the B1 input frame.
DETAILED DESCRIPTION
The present invention relates generally to frame rate conversion and more particularly
to changing the frame rate of a video display system to be optimal for the material to be
15 displayed. The following description is presented to enable one of ordinary skill in the art to
make and use the invention and is provided in the context of a patent application and its
requirements. Various modifications to the preferred embodiment and the generic principles
and features described herein will be readily apparent to those skilled in the art. Thus, the
present invention is not intended to be limited to the embodiment shown but is to be accorded
20 the widest scope consistent with the principles and features described herein.
A method and system in accordance with the present invention displays a sequence of

images at a frame rate that is optimal for the material. In a preferred embodiment, material that

has an asymmetric film pattern is converted to a symmetric pattern much in the same way a



Figure 9 illustrates a second frane rate up conversion scenario in which
the input is the sane as that in Figure 8. Figure 10 is a block di agram of
control logic. 10 2U igure 1.1 illustrates a frame rate conversion scenario
in which the input is the sanme as that in Figure 8, and the frame rate is

changed during the B 1 input frﬁ‘re. [fE}AI LE%%E CRI PTI ON The pr.esent
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pri nci p'ﬁ%ﬁms.a”d features described herein will be readily apparent to those
skilled ©n the art. Thus, the present invention is not intended to be

limted to the e di ent _sho ut (1S I t i cope
consi st ent mﬁ?ﬂ“ﬁ&ﬁrﬂ%f ?%fgﬂgﬁgp%agﬁ %ﬁlggﬁ 8%%@5@%% tﬁgpgfv\éfogﬁﬁ%%%{hod and
systemin accordance with the present invention. displays sequence. of

i mges aftpradﬁcﬁlaﬁﬁfﬁ@flén-tl?%tﬁlmsp%@ﬁ?ﬁl chapging fhe fFP&’E‘%Eait%%. aljoy %%?%?@Fr ed
enbodi nent, material that has an asyametric filmpattern is converted to
a syrmetpuitenpabt displapetfromrihe heynwastec patjera af thespise pd ppisats dor HpcqniRnte
theater. Conversely for material where every image i s unique such as

vi deo, itferé Bredive paax@s ik niukSbdlaindled. Thé eonventioral A¥rehaehatduedcdeeks i pti on

of the features of the present invention, refer nowto the follow ng

descri ptj 0N A ApBeHCHS 5he 1 vikikibol 11823 CARRARKIAT0diQ 1i& AAABBCCDDD. In

10 either case, the output would be a symmetrical pattern displayed at a frame rate that is an
integer multiple for 24Hz (ie 48Hz, 72Hz etc.) For video material the algorithm keeps the
display at the native frame rate for the material, typically S50Hz or 60Hz as the case may be.
Transitions between the frame rates are performed in such a way as to be invisible to the
viewer.

15 Figure 7 illustrates a system 100 for seamless frame rate conversion of material
content. Three elements are inciuded in this system, a drop and repeat frame rate converter
(FRC) 102, a display generator 104 and control logic block 106. The various components and
their interaction are discussed herein below.
Drop and Repeat Frame Rate Converter (FRC) 102

20 The purpose of the drop and repeat frame rate converter 102 is to always provide a
symmetric output sequence for film material from the asymmetric input frame sequence. For

example, going from AAABB to AAABBB or AABB or even AB. The FRC 102 must also

switch back to no FRC mode, native rate, when the input is found to be video. This switching

10



20 figures. In short, the frane rate of the display is dynam cally changed
to allow for optinmal reproduction of notion. For film this nmeans changi ng
the frame rate to allow a synmetric pattern to be displayed fromthe
asynunetric pattern at the source. Typically, for filmcontent there are

two patterns that nust. . handl ed. The.conventiopal..3: 2 ere a sequence

| ooke Tt rnbeRee S D e i T P PR FRS: fediflintolis RO e
AAABBCCDDD. I n either case, the output would be a symretrical pattern

di spl aydbe BRCJogie hlogkd8¢e that is an integer nmultiple for 24Hz (le 48Hz,
72Hz etc.) For video material the algorithmkeeps the display at the

nati ve |DiaplanGenatter 1@k the material, typically 50Hz or 60Hz as the case
maybe. Transitions between the frane rates are performed in such a way as

to he invisi bR &igldyRnerdiod Vo4 deffried HeRinfink bF theloiffueEnbes YiSda Fhd}@ theor
seanl ess frame rate conversion of material content. Three elenents are

i opl agedehie YT o P Bh rERP L AETEA TR RERESEL Phe gt 102
Repoat  ReRrraRRME e Rrab L el B e TR SEE GRS A iR B ar

frame rate converter 102 is to always provide a synunetric output sequence
for fil mofeavse thelvidaodarbe Rarrenischerdhe 5léplah gemics oders ladguiihde impge.  exanpl e,
going from AAABB t o AAABBB or AABB or even AB. The FRC 102 nust al so

swi t ch back tTo thet drRRCGhreecharanmeadrs that camt e, chatged ardiethée opptt dleckf foegquendyothise
video. This switching 10 nust not create any visible picture disruption.

The conty@] nehibdr BEpiBE pRPRiAbE B8 taQIMREntef 6Minds Per frifke.| WHich dritagk 106.

10 parameters or combination of these parameters is changed is dependent upon the characteristics
of the display device. Digital display devices such as LCD panels are usually tolerant of
instantaneous changes in the time base of the input signal. For such a device, it may be
convenient to keep the clock frequency and the total number of lines per frame constant and
change the total number of pixels per line in order to achieve the desired frame rate. The

15 number of active pixels in a line would typically remain the same and the total number of
pixels per line would be altered by increasing or decreasing the number of pixels during the
inactive period (horizontal blanking). This change would be made instantaneously at an
opportune time, for example beginning with the first line following the vertical sync pulse.

In order to suit the timing requirements of some display devices, it may be more

20 convenient to keep the clocks per line and lines per frame constant and to change the clock
frequency in order to achieve the desired frame rate. In this case, the clock frequency may be
changed instantaneously at the boundary between two clock periods, or the clock may be

changed relatively slowly over a finite period of time. If the clock is synthesized using a PLL,

11



D splay Generator 1 04 10 ?0 The di splay generator 104 defines the timng
of the output image. It can change the I|ine tinning, the nunber of |ines
per franme and the nunber of franes per second. The display generator 106
must be able to switch between two different frame rates in such a fashion

as to npt cause.the video ta he corru or. the.di splay device to | ose
| ock wi tHe hBNTSEYE Woy effﬁ‘ﬂméqadl,ue?%ﬁlggﬁ‘gj?%ﬁng}”gﬂb‘hat can be changed are:
t he out put clock frequency, the total nunber, of pixels per Iic{1e, or the
total number e abprietechriguasmegye appigspssrellip diccase ol BT i1 de¥hbi nat i on
of these paraneters is changed is dependent upon the characteristics of
t he di sphayghdesieaaomBligs hayt oddinswhenthe fraine exte siavhtched depengingaben thee usual |y
tol erant of instantaneous changes in the tinme base of the input signal.

For suchharac@RAUiESf thespBBific DRT GABMRAI s§itbm! ORFeR AR sodtarak arkloemeraiieciotand
the total nunmber of lines per frame constant and change the total nunber

OF Pl X! S1eP to dfifiods/in RbASIA a@?g?gﬁg ﬁnﬁ@ R 8 dnirh ARt b e BGzontTDEr

of active pIxe ne wou pl ca remal n the sane a the total

nunber of . pixel.s per Jine uld be ered. by increasi.ng or decreasj ng the
nunber RSB RT e DTy chEleet i PR TS S Pune 5Pk BE SRR s
change woul d be made instantaneously at an opportune tine, for exanple
begi nni rdgflastion cirgwit Mmayde reschat anp nstial Thus. wae yay 19 guid Syme rafefRidching, or der
to suit the timng requirenents of sone display devices, it may be nore
conveni emtifate okagfRT htokkegeths ppet clbékniequoncyl andebe manberpéipelsgpushiznt and to
change the clock frequency in order to achieve the desired franme rate. In

this casgnshfiendRekhhhRAHE M niFBeld linedidRehd Gtk cHAREYS the raintenof
boundary between two clock periods, or the clock nay be changed relatively

E&E‘M {103%:?1{’6 finds'o b&%h&%ﬂﬂgqﬂe imbdr B8 inakfivd fifs Shfer GsSiY H}ag]%é L&S ‘ﬁeéb%éaﬁ‘ﬁ a

to make a proportional change in the beam current in order to maintain constant brightness. If

the number of active lines is changed, then it will first be necessary to digitally rescale the
image in the vertical dimension in order to create the required number of lines. It would further
be necessary to adjust the vertical deflection so as to maintain constant vertical size of the

15 image.
Control Togic 106

The control logic 106 has three inputs: a frame rate indication signal, the input video

timing, and the display video timing. The Jogic 106 will ultimately modify the FRC 102 and
the display generator 104. The frame rate indication signal is used to define what is the

20 optimal the frame rate of the content and in the case of film to define the input frame sequence.
Based on the frame rate indication signal, the input timing and the output timing, the control
logic 106 will manipulate the FRC 102 to guarantee that symmetric frame rate conversion

occurs. The control logic 106 also defines what the frame rate is for the display generator 104.
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10 15 then a finite tine Wuld be required due to the PLL | oop bandw dt h.
The above tecliniques may be applied as well in the case of a CRT display
devicc., though sonme anonaelies may occur when the lranct rate is swtched
dependi ng upon the characteristics of the specific CRT deflection system
CRT defl ection systems aregenerall ' 0] erant to changes in

hor i zonQpINHZIAE Hig-YipicH §PO-Hi%e eehEFACt eristics of the
horizontal o i | | ator. They nay, however be tol erant of changes in the
vertical ti nmiTogrsvidee syrumetrieioutiut & a pericutie asynesettic wubione af thrapsastions r eset
at any instant. Thus, one way to avoid franme rate switching I | | Z-1

artifactgy Q@taﬁmﬁﬁnbd@wha ik eeiReh hto e REIC gbmoly, friodifyevinyisacd frdie theiRGer of
pi xel s per line constant and then change the total nunber of |ines per

franic %lltn}fef?, PO at %Fﬁf t%&%&ﬁh&éﬂ{] e tharfe fate FGhd ¥ N@%hﬂ/@&ﬁ:ﬁ%m@ﬁhﬁl@@@g' ng

the nunber nes. 1ri case it maybe al so necessary to

| nake a I onal eint e t malntaln

cspnstant“[}{ﬁ‘fcﬁﬁﬁﬁ’ﬁ%?s‘ mofl fﬁ:aﬂinmﬁﬁgr ?ﬂf‘r?ﬁé%l {eg the %F?gg’ |slcbchanged then it

wll first be necessary to di '"tally rescalethe n n the

vertical di ndfAgmetely, thipbleek d@@l@ﬂ%ﬁawlaﬂr%ﬁ@dr@w IRt ﬁalﬁ*sésrfe!ﬂ \9 fHEE. 1t

woul d further be necessary to adjust the vertical deflection so as to

Ewlal Nt ai nspomsirianiput seduened. Itsvidlenaifyteitheri thaGRC vaitaor Bie FRGOuopil ¢o enpo that) e
co

the output is symmetric for film. In the case of vide it forces the display generator 104 into a
mode such that no frame rate conversion occurs and all of the input information is displayed at

10 the output. For a further description of the operation of the control logic 106, refer now to the
following discussion in conjunction with the accompanying figures.

In order to ensure proper conversion of the asymmetric input sequence, such as that
used by film which utilizes the 3:2 pulldown ratio, care must be taken with regards to which
frames are dropped and which frames are repeated. For a sample sequence like AAABB,

15 when dropping frames we want to drop one of the A frames. This yields an AABB
symmetric output sequence. When repeating frames we want to repeat one of the B frames.
This yields an AAABBB symmetric output sequence.

Because the frame rates are changing based on the optimal display frame rate for the

material, the temporal relationship between the input video and the output video is

20 constantly changing. It is this variability that affects how the frame rate converter will drop
or repeat frames. Figure 8 shows three video streams. The first stream is the input video. The
second stream is the output video when the frame rate is the same as the input. You will note

that there is a small temporal offset relative to the 2 streams. The output stream is about '

13



The control lo ic 106 has three inputs: a fianie rate indication sigiial th
IDPt vid 91 1 tirnin-, and the display video timng. The logic 106 w |
ultimately nodify the FRC 1021 and | gi the display generator 104. The
fi-arne rate indication sig ial is used to define what is the optimal the

fi-aine rate of the content ajid in the case offillmto defj.ne thlil Jpu ut
fi-ai - nfawedalesiedrelatBgde thednpithhe thimsireanag @epﬂmu&aﬂ%ﬁpw &Rt a RS nput

timng and the output timng, the control | guar ant ee t hat syrml ctric
ftai ne fae ratomverthe aput.lloghis cdsd Ghanialib 1n@Ai limhatcesetm @R@eq@@tt@mg}
occur,,. The control |loolc 106 al so definCS what the frane rate is lor the

di spl ay@ﬁ@@ﬁ@%@ﬁv&ﬁ@n ocdids 4t Bement is xplRied iviiee. ATty cawsts anccventpure for a
particular asyrmetrl c input. one of three actions can he taken: nodify what

IS wrlttenl itffy what is read fromthe FRC nmenory,
or nodi Vng{le H)%FE oun éhrey e frame rate of the displ ay gener at or

i s changed. h of these is | fications ated by
the control F §311%5t Isf“inﬁérfpéll M SEUEDET %%E)e ﬁglinﬁl%ﬁgigg er & ’ﬁ?e drop or
repeat frarre |s relative to the asynunetrl C input se uencE It wil It nodi fy
ei ther stvenkiae whdwsthe ol STRENIeSHRFTe Hiedrmy Big KAie Sattasdlt Pyt ey 1t1s
symetric for film In the case of vide it forces the display generator 104
into a yhaee delabed feiitivado flrednpntr Hieethordstrears ishewoHe 6 9r foanameptealyp COFVEESHEY. | nput
information is displayed at the output. For a farther description of the
oper at i @0uRf cdsb el frhROiCBIAR a §@hiBErB DM sédtence is created.
What the control logic block does is examine the timing relationship between the

10 input frame and the output frame, then based on the offset it will determine which field

should be repeated or dropped and then it will modify either what is written into the FRC,

what is read from the FRC, or when the frame rate of the display actually changes, so as to

ensure that the output pattern is symmetric. What follows is one embodiment of the control

logic block. In this embodiment the conirol block modifies when the display generator
15 changes frame rates to ensure the proper operation. The present mvention is not intended to

be limited to the embodiment shown but is to be accorded the widest scope consistent with the

principles and features described herein.

Figure 10 is a block diagram of control logic 106. The control logic 106 comprises a

relative input output frame offset detector 202, a zone detector 204, and a display change

20 logic 208. Each of the elements is discussed in more detail below.

14



foll ow ng discussion in conjunction with the acconpanying figures. In order
to ensure proper conversion of the asymmetric input sequence, such as that
used by filmwhich utilizes the 3:2 pulldown ratio, care nmust be taken with
regards to which franmes are dropped and which frames are repeated. For a
sanpl e sequence |ike AAABB, when dropping franmes we want to drop one of
the A frlapgéQuipe)Erape Oliset Batealapl’? symmet ri ¢ out put sequence. Wien
repeating franes we want to repeat one of the B franes. This yields an

AAABBB symMettiieloffiet ddtbctSIENRaNeRurdBaaAinpe: tb batput aamerdatasvidt pixehdodi ng
based on the optinmal display frame rate for the material, the tenporal

relatio I e . ! i : ty W I antly
changi nga%g%lgc)ﬁskwgalg}ggf%}io(ﬁ?%n? Iﬁlﬁég%fltél%tﬁ ggﬁ WMtwh'\e&S??éértr%é?oé"? éﬁa?ﬁ)nver ter
will drop qr repeat.franes. Figure 8 show% thneetv'd 0 S| eans. The First
st ream i1§SHES Wﬁﬂ&er%ﬁla‘éfame%ﬁél SECBRIISEY IR AR SOK UVt vi deo when t he
frame rate is the sane as the input. You will note that there is a snmall
tenporal of f SBie quipuitviertical Bmingespenal, TowsYBS, 1TFRSYRRHrPRIECGIortBE PUECIaPbUt 4 13
10 15 20 frane delayed relative to the input. The third streamis the

out put vivdgh, dpeimtd aeidinemstabditgr At thedatting adge ¢ffthis sigrel, ithgppixel dcaumate s case
the ratiois 6:5. In this case you can see that if sinple fi.-ant rate

conver si QRnRE ¢S id 1ARhed. I BRElafdthed $alde i aycAthstaniotRet Aty the eansdgcat Z04en
nore asynmmetric output pattern than at the input. Figure 9 shows the sane

i nput film seguen I { i i : ;. 504 dik&e
shgws t he ou%ﬁcoggaegg%@g%lt ﬂél? géf%l#e)gﬁlrcgén%énr@ea{%rg?gﬁ% E%Slssgageo pgs thgéﬁr{]éblut

only it is . o
Y basis. When doing this care must be taken to ensure that the input/output timing is never

10 within a line of the change point, otherwise an error could be created. Alternatively, an

asynchronous clock or the output clock could be used as opposed to the input clock.

Zone Detector 204
The zone detector 204 examines the relative timing of the input and the display

frames. When the frame rate signal goes high, the offset value is latched. These are

15 compared to the predetermined values to determine the timing situation at the onset of a
frame rate mode. Each zone refers to which particular frame would be dropped or repeated
in the subsequent sequence of frames. Once the zone is determined, in this embodiment,
sometime after entering a particular frame rate mode the display change signal tells the
display generator to use the appropriate frame rate.

20 Consider the streams of Figure 11. The first two streams are the same as in Figures 8
and 9. In the third stream, the frame rate changed during the B1 input frame. In Figure 11, it

is illustrated that the control logic defines when the frame rate changes. In this case, the

15



?,~ frame delayed relative to the input. The third stream shows a 6:5 frane
rate up conversion. |In this case the repeated frane is B 1. and a
symmetric out put sequence is created. What the control |ogic block does is
exanm ne the timng relationship between the input frane and the out put
frame, then based on the offset it w.ll qfter ine which.field should be

r epeat edowrol dogip pleansas thet fane 1ate dYring 1Y asm“e]gl'&@rdo 15 A SYPTEYEN into the
FRC, what is read fromthe FRC, or N hen the frane rate of the display

act ual | yupphepaesy issoeasl.t 0 ensure that the output pattern is synmmetric.
What follows is one enbodi nent of the control logic block. In this

enbodi ; ock nodifies when the display generator changes
frame rates 'to ensure the proper operation. The present invention is not

i ntended 10 e ol fighdeGodilSn e BAQAITER theSRAVTebubd, e e beiRFEatted the

w dest scope Cconsrsten principles and features descri bed herein.

Figure 10 is a plock dLagram of ntrol, logic 1 -k Ol ic 106
corpr | a8 e e et [ga et B oS [Fr et e pRAERgR6R nt Bk
detector 204, and a display change ogjc. 208. Each of the ehe Is is

di scuss eaic conversian ehsration. bEagwelinywhigh yileo drapes age writierip{o ¢ ¢ FECymemotcy or
202 neasures the input to output franme delay with pixel clock accuracy. At
t he fal lahdgyhedge didplayhfeanamatet chaeges; it mlay tdlhthe framie gata conyertss/which filgmes Bunt er
is reset. The counter is increnmented in synchronismwth an input clock,

w_cl k. They Mk Rémorehtd %Bén the Bispliy $4t6 Bidnged orismag just eiltiesdinghy goezédt to t he

input clock, well,” domain to avoid netastability. At the falling edge of
this si qrvr}l%ln’to Eﬁ]a%gg hféedispw fate.
10 Embadiments

The core logic described above can be used by itself or it can be coupled with other
components to provide a system. The system may take the digitized raw data, or decoded
video or video from an MPEG decoder. The system may take a progressive input or an
interlaced input. The system may receive its change frame rate indication signal (in the

15 described embodiment a film indication signal) from an external source, from an internal
MPEG decoder or an internal detector. Motion adaptive de-interlacing for interlaced inputs
may be performed before the frame rate conversion, or it may be done after the frame rate
conversion. Optionally, scan converters could be added to change the number of pixels per
line, lines per frame or even the shape of the image. The system output could be digital or

20 analog.

A method and system in accordance with the present invention displays the best image
possible depending upon the content by dynamically switching the frame rate. In a preferred

embodiment, an asymmetric film pattern, where one image is displayed for 3/60 seconds and
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counter value is latched. The |l atched value is passed as an offset into the
/.one detector 204. The counter could alternatively be increnented on a

| ine basis as opposed to a pixel. basis. INIlen doing this care nust be
taken to ensure that the input/output timng is never wthin a line of the
change point, otherw se an error could be crsated. Al ternativel a

asynchr eaest image ks Gsplaved o/ %%ecem%cﬁ COBYATEY K2 SERGeYS P3 %é’@ﬁ% EC?CH he

input clock. and 9. In the third stream the frame rate changed during the
B 1 i npithaderiadiplaydd foEthgisrme amouit dftiste stchds 2H4Stseeands epdi/? secopdyibetiief i nes
when the frame rate changes. In this case, the |one Detector 201 The zone

det ect o0 16 A eeshdb NFret @V ed} shvetefingtt BI2x0dr xhaudhnipdlte snt wiyea flinsisl ay
frames. When the frame rate signal goes high, the offset value is |atched.

These ar Feselftgc{rﬁlgarrﬁgvig %efa&?)aﬁfo?l@&%ay W6 thatdH U G Bele@veaStiRaEE Remidue id | M ng

situati 8h & onset © rame’rate node. Each zone refers to which
particular_ frame woul d gﬁ dropped or repeated in the subsequent sequence
of framdSPLFRLY ISHBUYHHE | s deternined, in this enbodi ment, sonetime after
entering a particular frame rate node the djspl ay cgan e.signal tells the
di spl ay generdthongh hepsescrtiavenppn Bisrhegp descply raﬁ?%.afégﬁ‘gﬁ’&g? the streans
of Figure 11. The first two streans are the sane as in Figures 8 15 10 20
cont rol chgilienentsahged, drivef brdimay skitlén therartrwillireqsily reqogmiae that there e t hi s,
a symmetric output pattern is created. D splay Change Logic 208 The

di spl ay yghatas d #8icmbdfighenama dhosp o iridtioas wonld hdetitdh e, spiriiend yapeof thei | t h

pattern and where the current frane resides relative to the film sequence
pattern ’pré@rﬂiime%ﬁoﬁ.he frame
10 For example, the frame rate can be controlled using a constant frequency clock and by
changing the value of HTOTAL. The frame rate can be controlled using a constant frequency
clock and by changing the value of VTOTAL. The frame rate can be controlled by using a
constant HTOTAL and VTOTAL and by changing the clock rate. In addition, the video
display system can be an LCD, DLP, PDP or other pixelated display means in which the frame
15 rate can be switched instantaneously without artifacts.
Frame rate conversion may be modified to ensure a symmetric output by modifying
what is written into the FRC, what is read from the FRC or when the change in frame rate
OCCUTS.
The video display system can also be a CRT or other rastered display means in which
20 the frame rate can be gradually switched over a finite time interval without artifacts. In
addition, the frame rate control can be based on whether the source material is film or video

originated. Finally, the frame rate converter can convert from an asymmetric pattern to a

symmetric one. Accordingly, many modifications may be made by one of ordinary skill in the
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rate conversion operation. It may define which video frames are witten
into the FRC nenory and when the display frame rate changes, it may tel
the frame rate converter which franes to read fromnenory and when the

di splay rate changes or it may just tell the display generator when to
change the display frame rate:_EnbodinEFég Igﬁtiqre | ogi c descri bed above
can be agevithept depsesing fm the spislh apdscopapl B8 MRTHCOERES conponent's to
provi de a system The systemnay take the digitized raw data, or decoded
vi deo or video froman MPEG decoder. The system nay take a progressive
input or an interlaced input. The systemnmay receive its change franme rate
i ndication signal (in the described enbodinent a filmindication signal)
froman external source, froman internal MPEG decoder or an interna
detector. Mdtion adaptive de-interlacing for interlaced inputs may be
perfornmed before the frame rate conversion, or it nmay be done after the
frame rate conversion. Optionally, scan converters could be added to
change the nunber of pixels per line, lines per frame or even the shape of
the image. The system output could be di ggital or analog. A nethod and
systemin accordance with the present invention displays the best inmage
possi bl e dependi ng upon the content by dynam cally switching the franme
rate. In a preferred enbodinent, an asyn>tnetric filmpattern, where one
image is displayed for 3/60 seconds and 16 10 15 ?0 the next inmage is

di spl ayed for 2/ 60 seconds, is converted to a symetric pattern where each
image is displayed |:or the sanme anount of time, such as 2/48 seconds or
3/ 72 seconds (both
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anount to 1/) 4 seconds, effectively shuttering it at 2x or 3x nmuch in the
sane way a filmis presented in a novie theater). Conversely video
material where every inmage is unique is displayed at its native rate.

Al t hough the present invention has been described in accordance with the
enbodi nents shown, one of ordinary Mn the art will readily recognize
that there could be variations to odi ments and those vari ations
woul d b it hi .spirit and scope of'the present invention. For

exanpl e%é@?gﬁgﬁfate can be controlled using a constant frequency clock
and by changing the value of HTOTAL. The frane rate can be controlled
using a constant frequency, clock and.by changing the value of VTOTAL.. The
flrame rate can be/cY F?@Fﬂ’léﬂswr%ngsé‘yg'constant HTOTAL and VTOTAL and by
changing the clock rate. In addition, the video  display systemcan be an
12CD, DLP, PDP or etdisplaygenstatoafas@renidipt aismtaytaning sightlech the frame rate
can be switched instantaneously without artifacts, Frame rate conversion
may be nodified ta feRsuae nsytemidrreaiving the tnfuy video dathj thg inpwheided Bmng t t en
into the FRC, what is read fromthe FRC or when the change in frane rate

ccurs. The videandbsplendsyslignngan al so be a CRT or other rastered
gli spl aya%earl{i”ﬁﬁ \nl\gl?ﬁ the frame rate can he gradually sw tched over a

finite time interval w.th Is o ale (BN 1t fde8 Tk Bt
control can he bas(;%trc\(’l)mo%{ﬁg(%rﬁ%{é‘{ gtggﬁﬂ%a{ele mat eﬁ’%?@ll%’t?lglvmeoﬁﬁp\% ceog
originated. Finally, the frame rate converter can cpnyert fro

dsynmet g thsyideerdisplay ténmgﬁ’rﬁ%]t‘?’]i‘?elﬁﬁtée. oﬂ(‘f(’ﬁﬁﬁeﬁ e;}ﬁSp n@a%rc?lﬂ%&g%?i ons nay
be made by one of ordinary skill in the 17 art w thout departing fromthe
spirit displaygeperatof intdveordpprerveithuthe nafivegTamegrate of the program, and in such a way as

8 to maintain a stable image throughout.

1

1 2. The video display system as in ¢laim 1 in which frame rate is controlled using a
2 constant frequency clock and by changing the value of HTOTAL.

1

1 3. The video display system as in claim 1 in which frame rate is controlled using a
2 constant clock and by changing the value of VTOTAL.

1

1 4. The video display system as in claim 1 in which frame rate is controlled using a
2 constant HTOTAL and VTOTAL and by changing the clock rate.

1

1 5. The video display system as in claim 1 in which the display device is an LCD,
2 DLP, PDP or other pixelated display means in which the frame rate can be switched

3 instantaneously without artifacts.
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CLAI M5 What is claimed is: 1. A video display system conprising: a display
generator for providing a display timng signal; a franme rate converter for
receiving the input video data, the input video timng, and for providing
out put video data; and control logic for receiving a franne rate indication
signal, the video input tinning and the video display timng sig-rial
wherein the | ogic changes the display frame rate of the display generator
in accordance with the native frane rate of the program and in such a way
as to maintdin a Btaide dispaysysthimaggmelaim 1 hwhighdeadisplapieeeds a(dih a5 i n
claim1 in which frame rate is controlled using a constant frequency clock
and by GRangistged dieplyamemsah wHHTAL framb eaty tatelee diasgddawesy Shidertims iitervel ai m |
in which frame rate is controlled using a constant clock and by changi ng
the val %th%ﬁtéﬁgﬁg L. The video display systemas in claiml in which frame
rate is controlled using a constant HTOT 1L, and VTOTAL and by changing the
clock rate. 5. The video display systemas in claim1l in which the display
device is an LCD, DLP. PDP or ot her pi xel ated di spl ay neans in which the
frame rate can be switched _instantaneously . w g}guté artiLgﬁis. 19 6t .The

vi deo di spl ay’- syst e vadeo displayssysiemn asAn Glate f g pich;thg,pappro g framg rdle oy o
ot her rastered display nmeans in which the frame rate can be changed over a
finite thasel dnnwhaethexithe sdurdeouaterial i filaversvideprarigmagesdh di spl ay systemas in
claiml in which the control of the frane rate is

i

1 8. The video display system as in claim 1 in which the frame rate converter can
2 convert from an asymmetric pattern to a symmetric pattern.

1

1 9. The video display system of claim 1 wherein data written into the FRC is

2 modified to provide a symmetric output.

1

1 10.  The video display system of ¢laim 1 wherein data read from the FRC is

2 modified to provide a symmetric output.

1

1 11. The video display system of claim 1 wherein the frame rate change point is
2 modified at an appropriate field or frame boundary to provide a symmetric output.

l

1 12. The video display system of claim 1 wherein the frame rate indication comprises a
2 film indication signal.
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based on whether the source material is filmor video originated. The video
display systemas in claiml1l in which the franme rate converter can convert
froman asymetric pattern to a sNuunetric pattern. The video display
systemof claim1l wherein data witten into the FRCis nodified to provide
a symmetric output. 10. The video dispJaY yst em of clain11 wherei n data
ead from t h&3.FRCThe videe ffsplay sysserp pbeai é@’s‘ﬁﬁ%ﬂ‘?ic@m‘&} PHEFOMRSS The vi deo
di splay systemof claim1 wherein the frame rate change point is nodified
at an appropriate fi el dnoffsétdatetobotivianeastres {hedviudeo eitpytrfrmededayput put .
12. The video display systemof claim1l wherein the fi-anme rate indication
gonprises a Filmindi catbpd&bdnalhicixaides thetelativéeimidg opihaynsy sdtie of
claiml wherein the control logic conprises: an offset detector which
neasur e .tGe i%%%%nho out put frane delay; a zone detector which exani nes

the rel %ﬁfﬂ ng of the input and the display franes; and di splay change

| ogi ¢ which defines when the frane .rate.changes. , i i spl ay
system of claun 1 Mer5i${WﬁB%ﬁg$8W ng(igﬁn e‘?’lé%ntjtfsjiegltglgerééﬂd“iﬁ%gg%'enporaI
relati onship between the input and output timng and adaptively adjusts the
frame rate responsive thereto. ?I

1 14. The video display system of claim 1 wherein the control logic detects a specific
2 temporal relationship between the input and output timing and adaptively adjusts the frame rate
3 responsive thereto.
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