S04P0667 DESCRI PTI ON MOTI ON COVPENSATI ON DEVI CE AND METHOD Techni ca
Field This invention relates to a notion conpensation device and nethod

and is suitably applied to a case of perform ng notion conpensat?&&w%%7a
vi deo signal subjected to doubl e-speed conversion. Background Ar en a
tel evision receiver displays inmages of a relatively lowrefresh rate, such
as a PAL (Phase Alternate Line) signal of 50 fields per second, a
phenonenon cal |l ed screen flicker occurs. By doubling the field frequency
fromb50 fields per second to 100 fields per second (hereinafter, this

conversion technique is called a-fﬂé§dkf#¥faﬂ ng technique), the television
" receiver can reduce the screen flicker.” Fig. 7 shows a tel evision receiver

100 adopting the above field doubling technique. For exanple, an input
video signal S1 of 50 fields per second, such as a PAL signal, is input to

afield doubling cirayiirohboubii@ihhRnP RARE SORYE Siraopni ¢ 102 of the
(0] (6]

field doubling circuit 101 converts a scanning neth the i nput video
signal  Si frominterlace scanning (interlace scanning) to progressive 1
S04PC667 scanni ng (noninterlace scanning) to create an internediate video

Technical Field

| This invention relates to a motion compensation device and
method and is suitably applied to a case of performing motion
compensation on a video signal subjected to double-speed

conversion.

Background Art.

| When a television receiver displays images of a relatively
~low refresh rate, such as a PAL (Phase Altefnate Line) signal of
50 fields per second, a phenomenon called screen flicker occurs.

By doubling the field freduency from 50 fields per second to
100 fields per second (hereinafter, this conversion technique is
called a field doﬁbling technique), the television receiver can
reduce the screen flicker.

Fig. 7 shows a television reéeiver 100 adopting the above
field doubling technique. For example, an input video signal S1
of 50 fields per second, such as a PAL signal, is input to a field
doubling circuit 101.

A.double—speed conversion unit 102 of tﬁe field doubling
circuit 101 converts a scanning ﬁethod of the input video signal

S1 from interlace scanning (interlace scanning) to progressive




signal S2 of 50 franes per second, and wites this in an inmage menory 103.
Then t he doubl e-speed conversion unit 102 reads the internedi ate video
signal S2 fromthe image nenory 103 at a double speed of mﬁitingségggg | e
the field frequency of the internmediate video signal S2 to 100 fi er
second, changes the scanning nethod fromthe progressive scanning to the
interlace scanning, and inputs the created double-speed video signal S3 to
a CRT (Cathode Ray Tube) 104. At this tine, the CRT 104 is receiving a
hori zontal /vertical serrate wave S4 of 100 fields per second froma
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method from the progressive scanning to the interlace scanning,
-and inputs the created double-speed video signal S3 to a CRT
(Cathode Ray Tube) 104.
At this time, the CRT 104 is receiving a horizontal/vertical
serrate wave S4 of 100 fields per second from a
- horizontal/vertical deflection circuit 105, and displays the
k double-speed video signal S3 at 100 fields per second based on the
horizontal/vertical serrate wave 84.
Fig. 8 shows a positional relation between fields and
_séanning lines of a video signal before and after being subjected
to the above-described field double-speed conversion. A
horizontal axis represents time and a vertical axis represents a
vertical direction of a screen. Each white circle represents a
scanning line. Reference numerals la, 1lb, 2a, 2b, ... shown in
Fig. 8(A) represent field numbers, numeréls 1, 2, ... represent
frame numbers, and a and b represent an qdd field'and an even
field.
The'double—speed conversion unit 102 (Fig. 7) of the field

doubling circuit 101 first doubles the number of scanning lines of -




a field la of the input video signal Si conprising an interlace inage
shown in Fig. 8(A) (progressive conversion), thereby creating a frane |a
shown in Fig. 8(B). Simlarly, the double- speed conversion unit é%% 667,
sequentially perforns the progressive conversion on the fields 1 Eg
of the input video signal Sl to create franes ib, 2a, 2b, ..., thereby

creating an internediate video signal S2 of a progressive inmage of 50
frames per second. The doubl e-speed conversion unit 102 wites the frame
la shown in Fig. 8(B) in the inmage nmenory 103, and reads it every other
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second. sAs tdeseeiaed rabmuve, 1bhe2dpubbe- spe dtﬁ@ﬂ&ﬁfr%?@aﬁ'ﬂh% &92 Of the
field doubling circuit 101 doubles the field frequency of
- intermediate video signal S2 of a progressive image of 50 frames
per second.

The double-speed conversion unit 102 writes thé frame 1la
shown in Fig. 8(B) in the image memory 103, aﬁd reads it every
other scanning line. At this time, the double—speed conversion
unit 102 first reads the odd-numbered scanning lines of the frame
la to create a field la shown in Fig. 8(C). Then 1/100 second
later, the unit 102 reads the even-numbered scanning lines of the
frame la to -create a field la' shown in Fig. 8(C). 1In this way,
the double-speed conversion and the interlace conversion can be

. performed.

Similarly, the double-speed conversion unit 102 sequentially
performs the double-speed conversion and the interlace conversion
on the frames 1b, 2a, 2b, .... of the intermediate video signal S2
to create fieldé ib, 1b', 2a, 2a', 2b, 2b"', ... , thereby creating
a double-speed video signal S3 of an interlace image of 100 fields
per second.

As described above, the double-speed conversion unit 102 of

the field doubling circuit 101 doubles the field frequency of the



S04P0667 i nput video signal Si from50 fields per second to 100 fields per
second, so as to suppress screen flicker. The fields la and Ia'" of the
doubl e- speed vi deo signal S3 shown in Fig 8(C) are both fields cr%2ﬁ5§%7
fromthe field la of the input video signal SI shown in Fig. 8(Aﬁ.
Simlarly, the fields |b and Ib', the fields 2a and 2a', fields 2b and
2b', ... of the double-speed video signal S3 are fields created fromthe
‘same fields of the input video signal S1. A novement of an inmage subj ect ed
to the doubl e-speed conversion will be described with reference to Fig. 9.
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Simlarly, since the fields Ib and |Ib", a an 2a
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fromthe field Ib" to the field 2a, and fromthe field 2a" to the
2b. Theaehbaépsbééddeﬂaba-SQQEQIVBQEQréiEﬂéld§3c§HQ£@§tEﬂoﬁotﬁgesame
- fields of the input video signal Sl1.
A movement of an image subjected to the dougle—SPeed
conversion will be described with reference to Fig. 9. In Fig. 9,
a vertical axis represents time and alhorizontal axis represents.a
horizontal direction of a screen. An entity 110 on aﬁ image moves
from the left to the right of the screen with time.
In the input video signal S1 shown in Fig. 9(A), the entity
110 smoothly movés in the right diréction between fields. In the
.déuble-speed video signal S3 shown in Fig. 9(B), on the other hand;
the entity 110 is displayed at the same position in the fields la
and la' because the fiéids are created from the same field. Then
since the next field lb is created from a different field, the
entity 110 moves greatly from the field la' to the field 1b.
Similarly, since the fields 1b and lb', the fields 2a and
2a', the fields 2b and 2b' are created from the same fields, the
entity 110 moves greatly from the field 1b' to the field 2a, and

from the field 2a' to the field 2b.

Therefore, the double-speed video signal S3 subjected to the



4 S04PC667 doubl e- speed conversion has a problemin that noving imge
cannot be displayed snoothly. In a case of displaying a cinema film
conposed of still images of 24 frames per second, on a normal teI§¥%§%7
receiver, the cinema filmis converted into a video signal with 8 §7eqd
tel ecine conversion. In this case, as shown in Fig. 10(A), in an input
video signal Si of a filmmterial created by performng the tel ecine
conversion on the cinema film fields la and I'b, fields 2a and 2b, ... are
created fromthe sane segnents of the filmwth the telecine conver si on.
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fields | ; a created fromthe sane segnent. Simlarly,
four fields %gla%@d QQBBQh} are created fromthe sane segnent. Therefore,
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In this case, as shown in Fig. 10(A), in an input video
signal S1 of a film material created by performing the telecine
conversion on the cinémarfilm, fields la and 1b, fields 2a and
2b, ... are dreated from thé same segments of therfilm with the
telecine conversion. Therefore, in a double-speed video signal S3
(Fig. 10(B)) created by performing the double-speed conversion on
the input video signal S1, four fields la, la', 1lb énd 1b' are
created from the same segment. Similarly, four fields 2a, 2a‘', 2b,
2b' are created from the same segment.

Therefore, in the double-speed video signal S3 shown in Fig.
10(B), an entity 110lis displayed at the same place in the four
fields la to 1lb', and moves greatly when shifting to the nekt

field 2a. | |

As a result, the double-speed video signal S3 created by

‘performing the double-speed conversion on the input video signal
51 for the film material has a problem in that a movement of an
1 moving image is considerably non-smooth.
To solve the above non-smooth movement problem of a double-

speed video signal, a motion compensation method has been proposed



speed video signal, a notion conpensation nethod has been proposed 5
S04P0667 to realize snooth novenent between fields by detecting notion
vectors of an image and shifting the image with the notion vectors for7
exanple, refer to patent reference 1). In the notion conpensation H@@t
notion vector of an inage is detected on a pixel basis or on a block basis
between the field la' and. the field ib', which is one frame |ater, of the
doubl e-speed vi deo signal S3 shown in Fig. 11(A) with, for exanple, a

bl ock natching nmet hod. The detected notion vector is taken as A Then, as
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notion vector is taken as A. Then &s shown'in pi xe s of the
fields l®uble-speed video signal $3 shown in Fig. 11(A) with, for example,

a block matching method. The detecfed motion vector is taken as A.

Then, as shown in Fig. 11(3), the pixel of the field la:
from which the mévement of the block is detected is shifted by
Ax1/2. Similarly, a motion vector B of the image betweeﬁ the
field 1b' and the field 2a', which is one frame later, is detected,
.and,the pixel of the field 1b*' from which the movement of the
block is shifted_by Bx1/2. By shifiing the image with motion
vectors detected as described above, the image'can be moved
smoothly between fields as shown in Fig. 11(C).

In a case where the double-speed video signal S3 is a film
material created with the telecine conversion, a motion vector of
the image in the double-speed video éignal 83 shown in Fig..12(A)
is detected on a block bésis between the field la and the field 2a
that is two frames later, with the block matching method. The
detected motion vector is taken as A.

| Then as shown in Fig. 12(B), the pixels of the fields 1la‘,
o ib, and 1b' from which the movement of the block is detected are

shifted by Ax1/4, Ax2/4, and Ax3/4, respectively. By shifting the



ib, and I b" fromwhich the novenent of the block is detected are shifted
by Axl/4, Ax2/4, and Ax3/4, respectively. By shifting the 6 S04P0667

i mage with notion vectors detected in this way, the inage can be §%D¥ed
smoot hly between fields as shown in Fig. 12(C). Patent Reference SV4P0667
JP- A- H10- 501953 Actually, in many cases, a lum nance |evel and color vary
as an inmge noves. in such cases, the above-described notion conpensation
met hod causes a little unnaturalness in a conpensated image. This is a
probl em Further, notion vectors which are detected with the above-
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case where background and foreground noves in different directions, where
an image is turning, or where an image is zooned or deforned. Since the

above- desgldie G JHY é%%epoq&mﬁgﬁfqyg §9d perfornms notion conpensati on by

3/4, at maxinmum. of a notion ~vector Ields I b" and 2b' of Fig. 12), the
unnat ural ness of a conpensated i mage becones renarkabl e when a notion
vector is detected erroneously. This is also a problem Further, as shown

in Fig. 13, iRcRuBa3§, "BR' RafyCladedyNdM ini ARNEACILvEE 4R4CXGEEE FatFaLEh
range of the block matching nethod
an image moves. In such cases, the above-described motion
compensation method causes a little unnaturalness in a compensated
" image. This is a problem.

Further, motion vectors which are deteéted with the above-
described block matching method are not always appropriate and
motion vectors that are greatly different from actual movement of
an image may be detected. For example, such erroneous detection
of motion vectors is easiiy caused in a case where two movements
exists in a block, such as a casé where background and foreground
moves in different directions, where an image is turning, or whére
an image is zoomed or deformed.

Since the above-described motion compensation method
performs motion compensation by 3/4, at maximum, of a motion
vector (fieldsllb' and 2b' of Fig. 12), the unnaturalness of a
compensated image becomes remarkable when a motion vector is
détected erronéously.' This is also a problem..

Further, as shown in Fig. 13, in a case where such a dynamic
movement as fo exceed a search range of the block matching method

exists in an image, a correct motion vector cannot be obtained,



exists in an inmage, a correct notion vector cannot be obtained, 7 S04P0667
whi ch causes unnatural ness in a conpensated inage. This is also a problem
Di scl osure of the invention Exanpl e enbodi nents nmay provide a notion
conpensation device capable of nore appropriately perform ng noti ofC4P0667
conpensation on a video signal subjected to doubl e-speed conversion. In
accordance with a first aspect of the present invention, there isprovided
a. notion conpensation device conprising: notion vector detection neans
for detecting a notion vector between a detection pixel of a current field

~and a det | L reference field, fromimage information of the
current f‘?lg%%l??%&)%ég%/i"ﬁgnoa sqrﬁé]esdgot]ﬁ‘i Fe F BP PSS nilpdfoubTBispdedalso a
conver si - &y, Vi deo signal and inmage information of the reference field
that is one frame later than the current field; inmage shifting neans for
shifting the detection pixel of the current field by 1/2 of the notion
vector and shifting the detection pixel of the reference field by -1/2 of

the noti @ MEGRve P +ARCEAYLNE ;Rans for ‘performing notion conpensation
on the video signal of the curréent filed by weighting and conbi ni ng pi xel

data of  the detection pixel of the current field and pixel data of the
.detection pixel- of the reference field shifted by the image shifting

nmeans. ‘ )
L . Example embodiments may provide a motion compensation

device capable of more appropriately performing motion
compensation on a- video signal subjected to double-speed

conversion.

In accordance with a first aspect of the present invention,
there is. provided a. motion compensation device comprising: motion
vector detection means. for detecting a motion vector between a
detection pixel of a  current field and a detection pixel of a

- reference field, from image information of the current field in a
video signal obtained by performing double-speed conversion on a
video signal and image information of the reference field that is one
frame later than the current field; image shifting means ‘for
shifting the detection pixel of the current field by 1/2 of the
motion vector and shifting the detection pixel of the reference
field by -1/2 of the motion vector; and averaging means for
performing motion compensation on the video signal of the
current filed by weighting and combining pixel data of the
detection pixel of the current field and pixel data of the
-detection pixel of the reference field shifted by the image

shifting means.
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8 I n accordance with. a second aspect of the present invention, there is
provi ded a notion conpensation device, conprising: notion vector detection
means for detecting a notion vector between a detection pixel of a current
field and -a detection pixel of a reference field, frominmage information
of the current field in a video signal obtained by performng telecine
conversion and doubl e-speed conversion on a filmand i nage i nformation of

the reference field in a reference signal obtained by delaying the video
etection pixels

signal by two franes; | e, shi.fting neans for _shifti
of three fieldgﬁ?o ?%ﬂf%g Fﬁewgﬁbre t FEPE FRPERe VA e5g§ig%5?s 1/ 4,
2/ 4, and 3fidvehtidwe, nién isveatosridedespeabityehy conpansai f&n ngedtect i on
pi xels of three fields follown thg reference field in the reference
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of the three fields following the current field by weighting and conbi ning
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current fiehtoangt Rinxelr ddMea cufehle rdet8CEH0R PiYELSs Phnal Neptdyeey fiel ds
followwng the reference field shifted by the image shifting nmeans. 8a In
accor dancePW t PeF i Widdaspbetesinge he reesmion nventi ondowhbeesreedr ovi ded
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detecting a _
E ‘field in a -reference signal obtained by delaying the video

signal by two frames; image shifting means for shifting
detection pixels of three fields following the current field
in the video signal by 1/4, 2/4, and 3/4 of the motion
vector, respectively, and shifting detection pixels of
three fields following the reference field in the reference
‘video signal by -3/4, -2/4, and -1/4 of the ﬁotion vector,
respectively; and  averaging means for performing motion
compensation on the video signal of the three fields following the

- current field by weighting and combining pixel déta of the detection
"pixels of the three fields following the éurrent field and pizxel data
- .of the detection pixels of the three fields following the reference

field shifted by the image shifting means.
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notion vector between a detection pixel of a current field and a detection
pi xel of a reference field, frominage information of the current field in
a video signal obtained by perform ng doubl e-speed conversion on a video
signal and image information of the reference field that is one frame
.later than the current field; an image shifting step of shifting the
detection pixel of the current field by 1/2 of the notion vector and
shifting the detection pixel of the reference field by -1/2 of the notion

vector; and an averaging step of performng notion coppensation on the
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S the motion vector and shifting the detection pixel of the
reference field by -1/2 of the motion vector; and an
averaging step of performing motion compensation on the video signal
- of the current filed by weighting and combining pixel data of the
detection pixel of the current field and pixel data of the detection

pixel of the reference field shifted by the image, shifting means.

In .accordance with a fourth aspect of.the present
invention, there is provided a motion compensation method
comprising: a motion vector detection step of detecting a motion
vector between a detection pixel of a current field and a detection
pixel of a reference field, from image information of the. current-
field in a video signal obtained by performing telecine conversion and
double-speed conversion on a film and image information of the
reference field obtained by delaying the video signal by two frames;
an image shifting step of shifting detecticn pixels of three fields
following the current field in the video signal by 1/4, 2/4, and 3/4 of
the motion vector, respectively, and shifting detection pixels of
three fields following the reference field in the reference video

signal by -3/4, -2/4, and ~1/4 of the motion vector, respectively;



9 and an averaging step of perform ng notion conpensation on the video
signal of the three fields following the current field by weighting and
conbi ning pi xel data of the detection pixels of the three fields foll ow ng
the current field and pixel data of the detection pixels of the three
fields followng the reference field shifted by the imge shifting neans.
As a result, in exanple enbodi nents, the novenent of a doubl e-speed video
signal between fields can be conpensated so as to be snpot her than
conventional cases. In addition, the averagi ng neans perforns wei ghted
average o' &acH dRYEAIINY pibesl ,of heexkdnghngd ravtsicagedagicng at n¥er sl v
proporti onalhet @i@eshisf t i shifti neans, By perform ng
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per f or mi ng fABtAoAndomierdatdata af arhd\- détecsneet mideo st opab Kb ect ed
to N-tine-gpeedscenyersion By ins tin% N-1 pieces of interpolation
screens created from an ofi g nal*“¢EF&BAC o151 Féd ftedghy et wemage he

ori gi nal . sehéEhimndnemnsext ori gi nal screen, the notion conpensation device
conprising: notion vector detection

As a result, in example embodiments, the movement of a
double-speed video signal between fields can be compensated

S50 as to be smoother than conventional cases.

In addition, the averaging means performs weighted average

on each detection pixel, the weighted average being inversely
proportional to a shift amount by the image shifting means.
By performing the weighted a&erage inversely proéortional to

.the ghlft amount of a.pixel, the movement of an image between

Sa




means for detecting a notion vector between a detection pixel of the
original screen and a detection pixel of a reference screen, fromimge
information of the original screen and image information of the reference
screen that is an original screen next to the original screen; in§8ép0667
shifting means for shifting by mi N of the notion vector a detection pixel
of an mth interpolation screen (1 < mS N 1) corresponding to the
detection pixel of the original screen, and shifting by -(N- m/N of the

notion vector a detection pixel of an mtN interpolation screen
e reference pixel; conpensation

.correspondi t he detection, pixel of  t
means fo?qgﬁ%%u% %ng? SOTPRBSARLA RSP n B oI 2% | BRCR cFMRRERRK i on- conpensat ed,
‘a resultant obtained by perform ng weighting by a value inversely

fproportional'tdna shebrdamoeintwinh t he Eimfige shéféding areanseangresembi ni ng

he mth interpol ation screen and

‘on pixel d .1he detecti.on pixel of t
' pi xel dataagﬁeﬁ%lggétg% rSnﬁ&>é§°Yﬁde4rﬁaTﬁ%ﬁ?hcﬁﬁFBFﬁ °ht ABH-CEcFekn
- shifted bypet@riitggenstiicht | cgpen®atsn 18 |4n accomdapgRdW Fited Sighln aspect

e ectl

rovi ded a notion conpensation net hod

. of the pregent _inventjon thereis .
' for perfor%@ﬂﬁcﬁ% i 'goﬁﬂ%ﬁgﬁ?ﬁoﬁoﬁ‘“§ﬁ°$+ ¥ men$pedddviMgéo PigFefart

subj ected imtelpdlatbors pRAEeEHNYLI:3LON LB | 1S EHRiigAHa N dcrePh €6€S 30fyideo

interpolation_screens created froman original screen of a video signal
bet ween t hselg8?fgl? HPe e RTadid2d -Aesden BRY gf ntxts Ordinalt peraspt i bhe
conpensat i mitioRtdphet8APLbiS| ViR comprising: motion vector detection
. means for detecting a motion vector between a detection pixel
of the original screen and a detection pixel of a reference
screen, from image information of the original screen and
image information of the reference screen that is an original
screen next to the original screen; image shifting means for
shifting by m/N.of the motion vector a detection pixel of an
m-th interpolation screen (1 £ m £ N-1) corresponding to the
detection pixel of the original screen, and shifting by =-(N-
m})/N of the motion vector a detection pixel of an m#+N
interpolation screen corresponding to the detection pixel of
the reference pixel; compensation means for outputting, as the
m-th interpolation screen motion-compensated, a resultant
obtained by performing weighting by a wvalue inversely
proportional to a shift amount by the image shifting means and
combining on pixel data of the deteétion piﬁel of the m~th
~ interpolation screen and pixel data of the detection pixel of

\t

means.

he m#+N-th interpclation screen shifted by the image shifting
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notion vector detection step of detecting a notion vector between a
detection pixel of the original screen and a detection pixel. of a

ref erence screen, frominage information of the original screen and inage
information of the reference screen that is an original screen next to the
original screen; an image shifting step of shifting by miN of the notion
vector a detection pixel of an mth interpolation screen (1 < m< N1)
corresponding to the detection pixel of the original screen, and shifting

by -(N-m/N of -the iLQn_vector .a detectjon pixel of_ an mN interpol ation
screen correspgﬁﬁiﬁgeggg?%%edépégiign Sbfk%l %%p?%% Fﬁ?eFEﬁcepﬁ?i%Tg and a
conpensat iigrvesttépnef tlmuepulsi pEovasietihes Mubbiomt ecRPEAL L OB ChEERodDt | ONn-

conpensatq%u.awgqgultant oht.ai ned by gerforning wei ghtiing by a value

i nver sel y progortionar ot ¢x 18R f RhBaAt T h ?ﬂeapn§g$1m§ﬁFP??%gvé@%% and

conbi ni ng sdanpl xeubgdatedf t& hg-detecien dqRinielksofnt B&%&Erkmfrﬁﬂi ation
screen and.gixel%gata of the detection pixel of the MrN-th interpolation
screen shifft&a®i it AHEPREYE ThiSCEPRES SHERTEC0ATPH R coriddned FFteen

seventh asgect ofiatbe NHASENbethB¥ANIHRN, of NEF 1 SsPFOM] dgfya armﬁéﬂ?
conpensati on device for caonpensating noverment of an inmage signal of new
N-1 pi eceSToFINht BF It i GIF JMtéons qompeRsal Petiridwdasonpr bt : streen of

a video sbgigh 8@@rdrN&leRELGh NAeBCrEEN LA MY 1 QN nSOMMEnsaLion device

conprisin%f otion vector detection means for detecting a notion vVector
between aPEEY@R | Gn PEkeftintéxel of the original screen and a

detection pixel of a reference screen, from image information
of the original screen and image information of the reference
screen that is an original screen next to the original screen;
an image shifting step of shifting by m/N of the motion vector
a- detection pixel of an m-th interpolation screen (1 £ m £ N-1)
corresponding to the detection pixel of the original screen,
and shifting by -~(N-m)/N of the motion vector a detection pixel
of an mtN interpolation screen corresponding to the detection
pixel of the reference pixel; and a compensation step of
outputting, as the m-th interpolation screen motion-
compensated, a resultant obtained by performing weighting by a
value inversely. proportional to a shift amount in the image
shifting step and combining on pixel data of the detection
pixel of the m-th interpolation screen and pixel data of the
detection pixel of the m+N-th interpolation screen shifted in

- the image shifting step.
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original screen and a detection pixel of a reference screen, frominmage
information of the original screen and inage information of the reference
screen that is an original screen next to the original screen; inmge
shifting means for shifting a position of pixel data corresponding to the
detection pixel of the original screen by miN of the notion vector and
shifting a position of pixel data corresponding to the detection pixel of
the reference screen by -(N-m/N when an mth (1 -<_ m<_ N1)

i nterpol ation re ens and conpensation ns for

conpensat i ng tﬁg f%%ﬁ%ﬁgﬁlnal Eﬁthe SﬁY%?g% p@ﬁtsc?ggﬁge by~ ettt or ni ng
prescri bed nveinghbnpgthade cosbproniHan Pimceli odatampensdtespoadiviget foit he
detectlonc% éghsgflthe ori ginal _screen and ‘§Eggl data corres gondin to t he
det ecti on F R EOTEFY e Rl e 28 FBRFE T neHe N hagecst 125 n

means. lObntErﬁchﬁHQEHGQIWBhB fmbéﬁﬁﬁd|be@ﬁ@@ﬁta@foﬁﬂyin@&e%éﬂéenl@NQﬁtlOn
there is grgvnded a gftlon conpensatlon net hod for conpensating novenent

of an i mge sPgnarIBeL ne®PRL 13pi &S o 1PAPRE poFSERRY scERRnsMPHERT t ed

bet ween anompemitaﬂonsﬂeﬁﬁﬂeof:o?rﬂdﬁﬁo abei vabthra qeexdtiehi Mial rSer een,
t he nDtIOB nﬁgnsatlon met hod conprising: a notion vector detection step
of det ect PR t Por"AFéeR oepettnelpt weatet actdrqiiival wixehe oforihs nal

screen andr@gﬁﬂle%dx%npla?iﬁi apfdé‘céc%fl%he@%esﬁ%@e@ reffégghégaggréé}f or mat i on
of the original screen and inmage information of the reference scréen that

i's an ori §FFBI WEeeninfexpation hefor Heg nairigdéneén; serednmagedshifadeng st ep
- of information of the reference screen that is an original screen

next to the original screen; image shifting means for shifting
a position of pixel data corresponding to the detection pixel
of the original screen by m/N of the motion vector and shifting
a positiQn of pixel data corresponding to the detection pixel
of ‘the reference screen by -(N-m)/N when an m~th (1 £ m £ N-1)
interpolation screen is compensated; and compensation means
for compensating the image signal of the interpolation screens
by performing prescribed weighting and combining on pixel data
- corresponding to the detection pixel of the original screen and
pixel data corresponding to the detection pixel of the

reference screen shifted by the image shifting means.
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shifting a position of pixel data corresponding to the detection pixel of
the original screen by nmi N of the notion vector and shifting a position of
pi xel data corresponding to the detection pixel of the reference screen by
(NNmM/Nwhen an mth (1 S m< N 1) interpolation screen is conpensat ed;
and a conpensation step of conpensating the image signal of the

i nterpol ati on screens by perform ng prescribed weighting and conbining on
pi xel data corresponding to the detection pixel of the original screen and

pi xel data corre ondigﬁ?to the, detection pixel of the reference screen
shifted in the iTfageC3Hi3Fhg"stRp aras et dsuf tPSFh etart|R ePERBERIT nent s,

the novemeniveditiash, ivhege het weenihbal dsmbid dsmbbﬂgaw?@%e\eh@aof@f gnal
subj ected to N—tlne speed conversi on can be conpensated so as to be

snoot her . CBRDFAPERE YT HHtoPIDARWLHGEe FFignall iof aem dck @iagean?Showi ng

the construpdd@i9tien SOMMENRSAhELP LW AERRCARALPH 1T 'yc%eleHVSPté on. 11
S04PC667 Fugxéz is a_schematic diagram show ng inprovenent of novenent

when a doubt pedd@ngildednsi grial Hextotor dinkh mecsepal . theg. m8tisna
schemal | ¢ Hi@halt $he Ui J Lk EIEM, 0 m%%ysm@écm%d&e%%heﬁé%eng .

video signal is a filmmateria Fig.” 4 is a schemafic diagrams
- case wher &fa dasecsing vecroliex cesdorabseneeh a atgemctiiog. p5xe$ af btloek

d'agfa”?Shﬁﬂkﬁgaih§c§8&§téﬂﬁtéogefgcéion pixel of a reference screen,
from image information of the original screen and image
information of the reference screen that is an original screen
next to the original - screen; an image shifting step of
shifting a position of pixel data corresponding to the
detection pixel of the original screen by m/N of the motion
vector and shifting a position of pixel data corresponding to
the detection pixel of the reference screen by (N-m)/N when an
m-th (1 £ m £ N-1) interpolation screen is compensated; and a
compensation step of compensating the image signal of the
interpclation screens by performing prescribed weighting and
combining on pixel data corresponding to the detection pixel of
the original screen and pixel data corresponding to the
detection pixel of the reference screen shifted in the image

shifting step.

As a result, in example embodiments, the movement of an
image between fields in an N~time-speed video signal subjected to
N-time-speed conversion can be compensated so as to be smoother.

Brief Description of Drawings
Fig. 1 is a block diagram showing the construction of a

compensation device according to this invention.
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noti on conpensati on device according to another enbodinent. Fig. 6 is a
schemati ¢ di agram show ng i nprovenent of novenent when a doubl e-speed vi deo
signal is a filmmterial, according to another enbodinment. Fig. 7 %s a

bl ock di agram showi ng the construction of a field doubling circuitP4PRfy s
I's a schematic di agram expl ai ni ng doubl e-speeding of a video signal. Fig.
9 is a schematic diagram expl ai ni ng novenent when a doubl e-speed vi deo
signal is not a filmmterial. Fig. 10 is a schematic di agram expl ai ni ng
novenent when a doubl e-speed video signal is a filmmterial. Fig. 11 is a

h tic di . hQw i provement. _of _novenment when a doubl e-speed
Video signal Fadiof % M ACHGFBILS diaBrgn $HONIng IRRERNEMENR: Qbram
how ' f t doubl.e-speed vi deo si.gnal is a film

pelegl Rl L Wt i oS A LN A A EI D R SR L TS S
t dses LGh . r S I.0.. 14.is_a _schepatic di agram
Z§S|g{n$ﬁ§e§u§3§§;§2&%n§ %?agmaéggegéggggél?ﬁégé9gléhpgoge§8ﬁgﬁﬁ%ic higgram

he. cona R B - s v kbOs 1l C 1808 2 nahBeREEhior deo”
si gnal . Fig. 4 is a schematic diagram showing a case where a motion
vector exceeds a search range.

Fig. 5 is a block diagram showing the construction of a

- motion compensation device according to another embodiment.

Fig. 6 is a schematic diagram shéwing improvement of
movement when a double-speed video signal is a film material,
according to another embodiment. |
| Fig. 7 is a block diagram showing the construction of a
field doubling circuit.

Fig. 8 is a schematic diagram explaining double-speeding of
a video signal.

Fig. 9 is a schematic diagram explaining movement when a
double-speed video signal is not a film material. |

Fig. 10 is a schematic diagram explaining moﬁement when a
double-speed video signal is a film material.

Fig. 11 is a schematic diagram showing improvement of
movement when a double-speed video signal is not a film material.

Fig. 12 is a schematic diagram showing improvement of
movement when a double-speed video signal is a film material.

Fig. 13 is a schematic diagram showing a case where a motion

vector exceeds a search range.
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Fig. 17 is a schematic di agram show ng i nprovenent of novenent of a
quad- speed video signal. Best Mdde for Carrying out the Invention
Herei nafter, one enbodinment of this invention will be described with
reference to the acconpanying drawings. Referring to Fig. 1, ref&04Rees7
nuneral 1 shows a notion conpensation device according to this invention. A
field doubling conversion circuit (not shown) of a former stage inputs a
doubl e- speed video signal S3 of 100 fields per second created by
perform ng doubl e-speed conversion on a PAL signal of 50 fields per

| The ,i mage nenory 2 del ays the doubl e-speed

second, to an _j.mage ,nenory 2 , jel .
vi deo si gnal §g’b§4oﬁ§ Frgﬁgeﬂét&FeQgégéaﬂnEXPiéﬁﬁlaglayéé‘aBﬁﬁﬂéngpéﬁda
vi deo fgfagg éﬁ-aq? inputs this to an image nenory 3 of the | ater stage.
The i mage nennrfn? ‘urt her del ays the one-frane-del ayed doubl e- speed vi deo

signal $S4 by fr tQ create a two-frane-delayed doubl e-speed video
signal S5 and%ﬁ%ﬁuggnﬁﬁig FSggﬂaFﬁﬁgggéﬂFP?iﬁﬁpiégP&BEta4qaﬁé“§PﬁB@iBhdeo
chion circuit 5. 13 S04P0667 On the other hand, a film

vect or gﬁh%

detection™ircuit 6 deternines based on a correl ati on between the

doubl e- 1o JEVAP i . - f - del d b| e- d vid
i anal S whethdr LRe S8R HEosR i a0EaRCERoH S ERgnipRetretionloh " 1
. teri t qf A thha.lBput | | e- i,d i | S3 i film
mat or 1 Aot iA coper At ioh Beb IR 88 R BB R S Bhe P TRAL - cont i nue | n
Fig. 17 is a schematic diagram showing improvement of

movement of a quad-speed video signal.

-Best Mode for Carrying out the Invehtion

Hereinafter, one embodiment of this invention will be
described‘with reference to the accompanying drawings.

Referriﬁg to Fig. 1, reference numeral 1 shows a motion
compensation device according to this inﬁention. A field doubling
conversion-cifcuit (not shown) of a former stage inputs a double-
speed video signal S3 of 100 fields per second created by
.performing'double—speed conversion on a PAL signal of 50 fields
per second, to an imége memory 2.

The image memory 2 delays the double-speed video signal S3
by one frame to create a one-frame-delayed double-speed video
'signal 54 and inputs this to an image memory 3 of the later stage.
The image memory 3 further delays the one-frame-delayed double-
speed video~signal S4 by one frame to create a two-frame-delayed
QOublefspeed video signal S5 and inputs this to an image shifting

circuit 4 and a motion vector detection circuit 5.
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t he doubl e-speed vi deo .signal S3. Therefore, a periodical correlation can
be detected between the doubl e-speed video signal S3 and the
one-frame-del ayed doubl e-speed video signal S4 that is one franeégﬁ%ﬁ%%.
The filmdetection circuit 6 calculates each differential value of

signal levels of corresponding pixels of the double- speed video signal S3
and the one-frame-del ayed doubl e-speed video signal S4. \WWen the
differential values are alternatively a prescribed value or higher/a
prescri bed value or |ower every frame, the correlation bet ween t he

d del. d eed vfdeo
S gnal Sh s Brghoend PRE Banfilel BiacHREREE TR S PRE Befefhihcn e o
i1 Thldided onlBeRok B8 10k BhOBLeGHLAN LRk Glib18- EROLLOLT 85 EuERE Skt Ch 7

according to this determ nation resu t hat

t he dOUQh@r%m%5@néLQQ9mesﬂgmﬁ&e§3dbﬁb@@t eEH'Gl@E%egiabaltgﬁ Ph eFdEhesd

detection circuit 6 switches the sel ect MAtCh ern1na

as to inpgut deaneesbeanrviakayedqaaubks- igeﬁd;Xiﬂeﬂaﬁngﬁg 5 ek G,

reference video signal to an inagé reverse-s ting circu

motion ¥hefi04RE6EApureabanldekaebiogi@bbCyifnRl §@61§D5'emlgeﬁseérﬁsiect'0“
circuit 5 sequentially detects  notion vectors between one-Trane-sepafated

frames dbuanfiedde QBwd fphiek)bagkated ehom @h@cgaﬁésf§amge&$ﬁ€fnﬁgeln

fields of the two- frane-del ayed doubl e-speed video signal S5 as

current theeddeble-speed video signal S3. Therefore, a periodical
correlation can be detected between the double-speed video signal
53 and the 6ne-frame—delayed double-speed video signal S4 that is
one frame before. |

The film detection circuit 6 calculates each differential

-value of the signal levels of corresponding pixels of the double-
speed video signal 83 and the one-frame-delayed double-speed video
signal S4. When the differential values are alternatively a
prescribed value or higher/a prescribed value or lower every frame,
the correlation between the double-speed video signal S3 and the
one—frame—delayed_doublé-speed video signal S84 is high and the
double-speed video signal $3 is determined as a film material.
Then the film detection circuit 6 controls a seiect switch 7 |
according to this determination result.
| That is, when it is. determined that the double-speed video
signal S3 is not a film material, the film detection circuit 6
switches the select switch 7 to a terminal 732 side, so as to input

the one-frame-delayed double-speed video signal S4 as a reference

video signal to an image reverse-shifting circuit 8 and the motion

14



and the fields of the one-frane-del ayed doubl e-speed video signal S4 as
the reference fields. At this tinme, the notion vector detection circuit 5
searches each pixel or each block to find where a target pixel gB@%E%Ixe
is referred to as detection pixel), of a current field is in the énce
field, and detects a nmotion vector fromthe detection pixel of the current
field to the detection pixel of the reference field. That is, as shown in
Fig. 2(A), a notion vector between the field la" (two-frane-delayed
doubl e- speed video signal S5) as a current field and the field ib’

(one-fr?ggtgglg ggcgggglglgﬁ g video signal S4) as a reference fjeld t hat

is one franme Ia tion vector be;mefg tEe field Ibf as a
' f t ame
Cater i b TR nob i bEctor el fidg %E@Sﬁ | : RETA T fc%coi?
as or on__a oc
et ect eflogspesertBed BboveRelyger Lyarks %ﬂ%g‘?‘ﬁaé%am‘?%v% S8 Hitee th S

ci Toui tp8:89 BRLYRNoKEGHOL HIOOKMBALOD. D&euwena%tf% S5 SRt

circuit 4 and the inmage reverse- clircul I‘ECE %atlon

I fiel t
not. showneo edhPedatE e HnlE Vioed %lg WS tASZ %eﬁﬁé&” Fldf

rever seagdi théngisiasubt &é%ﬂé%ﬁﬁel%ﬁ'é &Iﬁédé t%&l

pi xel of the two-franme-del ayed doubl e d video S|g

one- flrame asletay efle £OHON € SPRENY] daQ ngralyjrd ,2%nd MBEELENGRAES
ot ona detection circuit 5 searches each pixel or each block to find
where a target plxel (thlS pixel is referred to as detectlon
plxel) of a current field is in the reference field, and detects a
motion vector from the detection pixel of the current field to .the
detection pixel of the reference field.
That is, as shown in Fig. 2(A), a motion vector between the
field 1la’ (two—frameudelayed double-speed video signal S5) as a
current field and the field 1b' (one-frame-delayed double-speed
video signel S4) as a reference field that is one frame later is A,
and a motion vector between the field 1lb' as a current field and
-the field 2a' as a reference field that is one frame later is B.
The motion vector detection circuit 5 gives motion vectors
detected as described above betweeh frames on a pixel basis or on
a block basis, to the image shifting circuit 4 and the image
reverse-shifting circuit 8 as motion vector information D1. In
addition, the image shifting circuit 4 and the image reverse-
shifting circuit 8 receive a compensation timing control signal D2

for every field from a field detection circuit not shown.
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according to a correspondi ng detected notion vector, based on the notion
vector information D1 and the.conpensation timng control signal D2. That
is, as showmn in Fig. 2(B), the image shifting circuit 4 shifts e%%ﬂp |

of the field Is, of the two-frame-del ayed doubl e-speed video sig _
the current field by 1/2X A and gives the resultant to the averagi ng unit
9 of the later stage. In addition, the inage reverse-shifting circuit 8
shifts each pixel of the field Ib'" of the one-franme-del ayed doubl e- speed
video signal S4 as the reference field by -1/2X A and gives the resultant

I he i i fti t ft
boch b i‘éfrag'@%e‘*%“ T TPY RETER% MaAee §oFagBaTaotEY L EpeEl otdbg
' d h ul
si gnal ?pglg#ﬁg 3; fleh%a%% %ﬂ%%t B an |ve H%F? re Pﬁ%% 0% §ﬂefts

averaglng un| hé |nag I J oo e
Y
g?;EaFI @ X aInEag dre{a aSJregin(%:i? il g?%f/e%n%lﬁif% %% SL?I\?}"g ggﬁ tﬁ&s%f’feaﬁ:traf“gl Lge
t igel, . 0
?Yﬁ{ﬁglggﬂg§¥%%?kgghh plecg 0 gg?xgﬁagglpSﬁron1?hgg% naﬁggsﬁng%nga % &dll

4.and { bR dditity QLS eotebbbRdifl Atbcled! Aokls a\ésgeshngbﬂe'ea 3n 1Re
S04P0C667 I n thi's way, the ifage shifting circuit

rever semaRiifdn We oo tihtf&m%%qeﬁnbuahhn %hkaf Eémgﬁgsaltishst@{mhgecontrol

t wo- f r anme- del ayed doubl e- speed vi deo si gnal t he one-
signal D2.

That is, as shown in Fig. 2(B), the image shifting cifcuit 4
shifts each pixel of the field la' of the two-frame-delayed
double-speed video signal S5 as the cufrent field by 1/2XA and
gives the resultant to the averaging unit 9 of the later stage.

~In addition, the image reverse-shifting circuit 8 shifts each
pixel of the field 1b' of the one~frame-delayed double-speed video
signal S4 as the reference field by-—1/2><A and gives the
resultant to the avéraging unit 9. Similarly, the image shifting
‘circuit‘4 shifts each pixel of the field 1b' of the tﬁo—frame—
delayed double-speed video signal S5 as fhe current field by 1/2X
B and ines the resultant to the averaging unit 9. In addition,
the image reverse-shifting circuit 8 shifts each pixel of the
field 2a' of the one-frame-delayed double-speed video signal S4 as
the reference-field.by -1/2XB and gives the resultant to the
averaging unit 9. This shifting of each pixel is performed by
controiling timing to output each piece of pixel data from the
image shifting circuit 4 and the image reverse-shifting circuit 8

to the averaging unit 9.
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del ayed doubl e-speed video signal S4 according to the motion vector
information DI, and gives the resultants to the averaging unit 9. A first
weighting unit 10 of the averaging unit 9 weights the pixel data oa eaqp
pi xel of the field la" of the two-frame- del ayed doubl e-speed v!dé@ BPgfial
S5 by 1/2 as shown in Fig. 2(B) and gives the resultant to a signal

combi nation unit 12. A second weighting unit 11 weights the signal |evel

of each pixel of the field Ib" of the one-frame-del ayed doubl e- speed vi deo

signal S4 by 1/2 and gives the resultant to the signal conbination unit
hts the pixel data of each

S : i aht | Lt 10 L :
o kel of the BrelG eg ERe aSE: ShiLainay atavati d- specineviBages; gnal
S5 by 1/ i t. resul t.ant, to the signal  conbination unit . The

e T Wi S o Silaf b
the resimiand ame- B YRS MEhn (U BB T an ﬁlggaillﬁgt apé“atﬁé chfetFrRer

[ [ ' ' [ it we e si.gna eve
of sach ot F%?%%E‘é*%%%???Sf%e@?aﬁ?%ih%%b‘éﬁbgaééagv%_ﬁg%hei fﬁﬂgi‘-lg%a as the
| : . - del. d | e- speed videop. signa 1 as

oot vk Mg g 48e g, 28R ad5l U HRUBLE, RRRY ARy ARk 413
S04P0O66¢4nigomhi nati on unit 12. The signal conbination unit 12 cqnblnes t he

t wo- f r ame-
A first weighting unit 10 of the averaging unit 9 weights

the pixel data of each pixel of the field la' of the two-frame—

- delayed double-speed video signal S5 by 1/2 as shown in Fig. 2(B)
and gi&es the resultant to a signal combination unit 12. A second
weighting unit 11 weights the signal level of each pixel of the
field 1b' of the one-framé—delayed double-speed video signal S4 by
1/2 and éives the resultant to the signal combination unit 12.
Similarly, the first weighting unit 10 weights the pixel data of
each pixel of the field 1b' of the two-frame-delayed double-speed
video signal S5 by 1/2 and gives the resultant to the signal
combination unit 12. The second weighting unit 11 weights the

_pixel data of each pixel of the field 2a' of the one-frame-delayed
‘double-speed video signal S4 by 1/2 and gives the resultant to the
signal combination unit 12.

In this way, the first weighting unit 10 and the second
weighting unit 11 weight the signal level of each pixel of the
two—frame—delayed double-speed video signal S5 as the current
field and the Qne—framendelayed double-speed video signal S4 as

the reference field, by 1/2, and give the resultant to the signal
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del ayed doubl e-speed vi deo signal S5 and the one-frane-del ayed

doubl e-speed video signal S4 and outputs the created conpensated . .
doubl e-speed video signal S6 to a CRT 104 not shown. The signal cqnbination
unit 12 outputs .an i mage obtained by averaging and combining t he “9APPE&H
field la" and one field I'b", as a notion-conpensated new field |la'.
Simlarly, this unit 12 outputs an inmage obtained by averaging and
combining the shifted field Ib' and field 2a’, as a notion-conpensated new
field Ib'. Wien it is determ ned that the doubl e-speed video signal S3 is

N - .. - - - - - tChes
afile i lf%ﬁ@‘%ﬂﬁ-Q5her hand, the filmdetection circuit 6 sw
ch 0.

the sel ect Sw a“t'ermnal 7B side, to input the double-speed

Vi i . i . to th [ : : -shifting
b reait 8 and t82%%39%22%é§%§§e¥ééﬁieﬁ#§2?5cFﬁeb%ﬁeg!@REEE%§¥ BATG3Ct or

[ ' [ i al:l,y _det. n,yectors _.between
o fr o eyt oy 1RSI B o GRS e R L he D B8RS e RRArdR ay g

So ns (IO Rt ERCCH, SiaeohRa TR ShoRin IRBNES, PREocERIRER cdnbERpRES"

S5 as the current fields an -S

referen el hat 3ks, h Ln_Fj ) | Qn vector between
t he fie?%uFég(?ag?Efﬁéﬁgﬁdg? 933 §§GBFe?sgg£d§éﬁdgggsgg%g *S5) as a current

field and thentisignda ceAHBhersBRCHNYEIED Shopats 3) Bade! SEELERSS fic! d
that is two franes later is A and a notion vector between“the 67
field 2avazagiayr aaat cbmshdiagdchbeshi eLda3pi 883147 ghENGRefEELTd 17,
as a motion-compensated new field la'. Similarly, this unit 12
outputs an image obtained by averaging and combining the shifted
field 1b' and field 2a', as a motion-compensated new field 1b'.
When it is determined that the double-speed video signal S3
.is a file material, on the other hand, the film detection circuit
6 switches the select switch 7 to a terminal 7B side, to input the
double-speed video signal S3 as a reference video signal to the
image reverse-shifting circuit 8 and the motion vector detection
.circuit 5; |
| The motion veétor detection circuit 5 sequentially detects
motion veétors between two-frame-separated frames of an image on a
pixel basis or on a block basis, between fields of the two-frame—
delayed double-speed video sigﬁal S5 as the current fields and the
- double~speed video sigﬁal S3 as the réference fields. That is, as
shown in Fig. 3(A), a motion vector between the field la (two-
frame-delayed double-speed video signal S5) as a current field and
the field 2a (double-speéd video signal S3) as a reference field

that is two frames later is A, and a motion vector between the
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that is two frames later is B. The notion vector detection circuit 5 gives
notion vectors detected as described above between frames on a pixel basis
or on a block basis, to the image shifting circuit 4 and the |nagf .
reverse-shifting circuit 8 as notion vector information Di. in additP8f
the image shifting circuit 4 and the image reverse-shifting circuit 8
receive a conpensation timng control signal D2 for every field, froma
field detection <circuit not shown. The inage shifting circuit 4 and the

i mge reverse-shifting circuit 8 shift the pixels of the two-frane-del ayed

the  Gerostoh JhiEoR GREPEPT A280RaRg. LOS hiotat PBnages: SFLPAFOFRaELORS DI
3(5) e A ags i FerhEer LaEBE 1] g PR i oY rerten Sefeltion | 1 %o
by 114 XA oo h AP RE TPk BB TR as e BRyLb8a abPEE PERRRER: o
over Sooanir e o @ PAR BUSARTE oR BPB1pLR BASLN) DBy KRS, HHEEE ppircing

doubl e eheeditl deandl Al iRdedSrbUE-LELERERELLT &1 SuRY 330dXnofson2l 4X A

and -1/4X A, respectively, and gives the resultan he~averagi ng unit

9 of theebaber istaghatkbnt Bis V‘@d’a&cﬁ@tidﬂg%tﬁéﬂj&ﬁ%@ %{'{fé‘ix{q %ﬁé&iﬁ!‘% 1o

i mage reverse-shifting circuit 8 sequentially shi t pi Xels o e

S04PC66é4nd the image reverse-shifting circuit 8 receive a compensation
timing cohtrol signal D2 for evéry field, from a field detection
‘circuit not shown.

‘The image shifting circuit 4 and the image reverse-shifting
circuit 8 shift the pixels of the two-frame-delayed double-speed
video signal S5 and the double-speed video'signal S3 based on the

: defected mqtion-vectors according to the motion vector information
.Dl and the compensation timing control signal D2.
That is, as shown in Fig. 3(B), the image shifting circuit 4
.shifts the fields la', 1b, and 1b' of the two;frame-delayed
double-spéed video.signal S5 as the current fields by 1/4Xa, 2/4
Xa, and 3/4XA, respectively, and gives the resultants to the
éveraging_unit 9'of the later stage. In addition, the image
reverse~shifting circuit 8 shifts the fields 2a', 2b and 2b' of
the double-speed video signal $3 as the reference fields by -3/4X
A, -2/4XA, and -1/4XA, respectively, and gives the resultants to
the_averaging unit 9 of the later stage.
| In this way, the image shifting circuit 4 and the image

reverse-shifting circuit 8 sequentially shift the pixels of the
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t wo- f ranme- del ayed doubl e- speed video signal S5 as the current fields and
t he doubl e-speed video signal SS3 as the reference fields according to the

notion vector information D with time, and gives the resultants§b8P@$§
averaging unit 9. As shown in Fig. 3(B), the first weighting unit t he
averaging unit 9 weights the pixel data of each pixel. of the fields |a',

| b, and Ib" of the two-frame-del ayed doubl e-speed video signal S5 by 1/2
and gives the resultant to the signal conbination unit 12. The second

wei ghting unit 11 weights the pixel data of each pixel of the fields 2a',

b, d - pl | a- d.si . by.1/2 ' h I
R e e e e §%X?33%F§E%§ﬁ5 LF?E |
Lot he dt1on tnr € 72" n "CAIS Ay gheFR
he twor 1o SHE, A0kbEP -4 Bkkd, iRt ehdt, Bt an ot SagbbPellneca ©

vi deo_ sirapalisSadisrlifednd h¥ChoklBn! FRULLANLAELANLDELAT 813 cROFPROAL T On

unit 12. The signal conbination unit 1 I nes rang-—derayéd

doubl e- speediviedeensi 48ah18anaBdbhendoybLes ideg signal S3 and
out puts theééreated conpensa?ed doung-ggégaégﬁgg%xig'ghal S6 to the CRT

104 not shownasTBAbwhSinapighowpsin &Q-f%&@,w@i’%l%%”ﬁﬂﬂttbﬁ éﬁ‘??%ﬁ‘éed-

t wo- f ranme- del ayed doubl €- speed vi deo signal S5 an | e-speed Vi deo

signal &9eralféngi gRat Qoﬁéi@ﬁiéoﬂhén?ix 2 48KESoRNedERIS: xQP 8k NEfle DY

averagi ng and conbining the shifted field la" and 20
fields la', 1lb, and 1lb' of the two-frame-delayed double-speed
video signal S5 by 1/2 and gives the reéultant to the signal
combination unit 12. The second weighting unit 11 weights the
pixel data of each pixel of the fields 2a', 2b, and 2b' of the
double-speed signal S3 by 1/2 and gives the resultant to the
signal combination unit 12.

Ip this way, the first weighting unit 10 and the second
weighting unit 11 weight the pixel data of the pixels of thertwo—
frame-delayed double-speed video signal 55 and the double-speed
video signal S3 by 1/2 and gives the resultants to the signal
combination unit 12.

The signal combination unit 12 combines the two-frame-
delayed doﬁble-speed video signal S5 and the double-speed video
signal S3 and outputs the created compenéated double-speed video
signal 56 to the CRT 104 not shown.

That is,‘as shown in Fig. 3(B), by combining the weighted
two-frame-delayed double-speed video signal S5 and double-speed

video signal 53, the signal combination unit 12 takes an image

obtained by averaging and combining the shifted field la' and -
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S04P0667 field 2a', as a notion-conpensated new field la', takes an imge
obt ai ned by averagi ng and conbining the shifted field Ib and field 2b, as
a notion-conpensated new field ib, and takes an i nage obtai ned by averagi ng
and combining the shifted field b’ and field 2b', as a notion- colBh ed
new field ib'. As described above, the notion conpensation device 1 shifts
the current fields and the reference fields which are one frane or two
frames later, in opposite directions, with notion vectors between franes
detected by the notion vector detection circuit 5 and then conbi nes and
aver ages:.t he, rgsul t ant s, thereb conpensating the novenent of the inmage
bet vveen%clondl nzﬁaods Hé gL tlgg—g§mpgnl§g%§,c}0&eweff;eid| hat hetak6¥e aPedMabGue,
the fil f.2GCt ] ' i t. 6 of .the .not.ion, co nsation.device 1 .
doter m B, By Hdetddind 8, PmolRind sPReatirond asTas 1B Apnfield
mat er i al,. bl e- i,d si.gnal IS no filmmterial,

t he nntFgﬁwegﬂf%Bﬁﬁggg%fﬁgﬁgggg%égt%gwdgggggs§ﬁﬁtPBH %@g?ﬁrén BEEHEen

one- f r apRrSERAA f | .het n_the, two- .f - del ayed

vi deo signal S5 o t5&%@55398d8ﬁ§yFﬁ%ggﬁéggoﬁﬁge?hégésﬁoé%aigninnaPés3 by
two fragggiandyhe ;.ang- =d LdeqQ..  Si | ,obt ai ned by del ayi ng
t he doubl e-sped Jigéo sﬁgﬁa " géﬁégqgﬁéb rgﬁg.kgﬁgﬁ ?ﬁe'nntion conpensati on

Cear Lo, 1 BeserRbkalabye) henk o CooA=-AebaNEL. MDA 1REST HhCER,
the onethea#@rrent fields and the reference fields which are one frame or
two frames later, in opposite directions, with motion vectors
between frames detected by the motion vector detection circuitlS,
and then combines and averages thé resultants, thereby
compensating the movement of the image between continuous fields
80 as to be.smoother. |
In the above technique, the film detection circuit 6 of the
motion compensation device 1 determines whether the input double-
speed video signal S3 is a film material.
When the double-speed video signal S3 is not a film material,
| ~the motion vector detection circuit 5 detects motion vectors
between one-frame-separated frames of an image, between the two-
frame-delayed video signal S5 obtained by delaying the double-
speed video signal 83 bf two frames and the one-~frame-delayed
video signal S4 obtained by delaying the double-sped video signal
83 by one frame.
Then the motion compensation device 1 shifts each pixel of
the twouframe-delayed double~speed video signal S5 by 1/2 of the

détected motion vector, and shifts each @ixel of the one-frame-
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21 S04P0667 del ayed doubl e-speed video signal S4 by -1/2 of the detected
notion vector, and then averages and conbines the resultants to create the

conpensat ed doubl e- speed vi deo signal S6. When the doubl e-speed vi

S|gﬁal S3is a flln1gater|al the notion vector detection C|rCU|§O§80667
detects notion vectors betmeen two-frame-separated franes of an inage,
bet ween the two- frane-del ayed doubl e-speed video signal S5 obtained by
del aying the doubl e-speed video signal S3 by two franes and the doubl e-
speed vi deo signal S3. Then the notion conpensation device 1 shifts the

by 3/ 2, U P donP) % Eockl vl B3TRaLr ST Buc 3/ hubin thenaetaRBedsn fts
LT ast %PA o S bl AR BB o BB, chRbRReRERE nRULRERC A EPages
and coniianel bhd eabLABLs LOABLEILe bl GONRSNSaLET, dgubl e- speed vi deo

si gnal carren hﬁ }nage of a

t t .|
L%ﬁﬁ%%%%%%@%%%#%%%%ﬂ@?mﬁmd
t he res%hba&thBnCQgghﬁknae%@gtESEré@keglkhﬁsgetéctgrﬁg£fgna§eggof ge of

. the conpensated field, thereby beln capab ensati ng nnve

bet weenpkiGkdn %ﬂoa§rhﬁeb§epﬁfgte§”?QEHQE SBaQﬂCQH¥SQE'BQ@$eQRS€ﬁe ngﬂ an

i mage has a dynam c novenent exceeding a sear
frame- delayed double-speed video signal S5 obtained by delaying

the double-speed video signal S3 by two frames and the double-—
speed video signal S3. |

Then the mbtion compensation device.l shifts the pixels of
each field of the two-frame-delayed double-speed video signal S5
by 1/4, 2/4, and 3/4 of the detected motion vector with time, and
rshifts the pixels of each field of the double-speed video signal
83 by -3/4, -2/4, and -1/4 of the detected motion vector with time,
and then averages and combines the resultants to create tﬁe
compensated double-speed video signal S6.

In this way, the image of a current field and the image of a
"reference field that is one frame or two frames later are shifted
in opposite directions based on a detected motion vector between
frames, and the resultant of combining and averaging these is
treated as an image of the compensated field, thereby being
capable of compensating movement between fields so as to be much
smoother thanrconventional cases.

When an image has a dynamic movement exceeding a search

. range of the motion vector detection circuit 5, a motion vector A2
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range of the notion vector detection circuit 5, a notion vector A2 22
S04P0667 to be detected by the nmption vector detection circuit 5 is

smal ler than an actual notion vector Al of the inmage, as shown IQﬁFEgGGT
4(A). If a current field and a reference field are shifted with t &
detected small notion vector A2, a conpensated field is displayed such
that two m smatched i mages are superinposed at an al nbst center of the
novenent of the inmage between the fields, as shown in Fig. 4(B). _
Therefore, according to this invention even when an inage has a dynamc

o e sy e S AP e85, SeckR R RE ol e Bep e B o Ama 1 18

5, the novenent tween ds can

snoot hery Menhi 5 G2 a i n_the abgve, enbodi t he
first meﬂkﬂﬁgﬁgqﬁhlt]'%gﬁ; t§§%§€g?§§|%3 %Hﬁtl@agﬁmaﬁg ﬁBPgHténnﬁégS|gnal
| evel ofg@ach pixel of the two-frane-del ayed doubl e-speed video signal S5

by 1/2 an t he second wei ghting unit 11 always wei ghts the pixel data of

each pixel of righg %ﬁ%r%h%”?lgghaﬁﬁg dou gkgﬁéﬁsg ¥Eg§oa§%?gﬁ£f§§d Qitﬁhe

~doubl e- speed vi deo signal by 1 at a I'X€E

shi f t ed w2y @e\&@c&e@v%@qqdmét&@oﬁoq‘ewé@ ﬁb”phy o;ﬁgbﬁsa’t Me? L9R. ;Bovever,
is not limted to this and wei ghting of pi xél can ange

accor di g sipd alyed shicht tagRURloOhigAGRcREYCinadbat at-a. shgefiﬂ oée gtea %he
sane reference nunerals are applied to parts correspon |ng ose 0
Fig. 1, algbereeefter of the movement of the image between the fields, as
- shown in Fig. 4(B).
| Therefore, according to this invention, even when an image
has a dynamic movement exceeding the search range of the motion
vector detection circuit 5, the movement between fields can be
compeﬁsated so as to be much smoother than conventional cases.
Note that, in the above émbodiment, the first ﬁeighting unit
10 of the averaging unit 9 always weights the signal level of each
pixel of the two-frame-delayed double-speed videp signal S5 by 1/2
'fénd the second weighting unit 11 always weigﬁts the pixel data of
each pixel of the one-frame-delayed double-speed video signal S4
or the double-speed video signal S3 by 1/2, and the pixel data of
each pixel shifted are always averaged and combined simply. This
invention, howevef, is not limited to this and weighting of pixel
data can be chénged‘according to the shift amount of each pixel.
That is, in Fig. 5 where the same reference numerals are
applied to parts corresponding to those of Fig.-l, reference
numeral 20 shows a motion compensation device of another

embodiment of this invention, and is different from the motion
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nuneral 20 shows a notion conpensation device of another enbodi nent of
this invention, and is different fromthe notion 23 S04PC667 conpensation
device 1 of Fig. 1 in a point where a first weighting unit 14 and.a segond
wei ghting unit 15 of an averaging unit 13 perform weighting i nvers
proportional to the shift ampunt of each pixel on the pixel data of the.
pi xel . \WWen a doubl e-speed video signal S3 is not a filmnaterial, the
shift amount of a pixel is always 1/2 and -1/2 of a detected notion
vector. Therefore, the first weighting unit 10 and the Feconq melgrflgg
unit 11:al ways performthe I ght i ng iy,llz ang its explanation w be
omi t t ed SOWRE SP%&°8088Vé9§pE§89v%ago i gRaf BR1PE %h?¥?n?n£%§??a¥?tgh?kﬁg
not i on or, ,d ction_circuit se uent'2£gy getects notion vectors
betmeenﬁg%%- #a%%gsépg?g?ga YPARRELD ﬂﬂl# oy %Y%%?gl%%s?ngrl%n a
bl ock basi e F | e-speed video signal . .S3 and the e
tmo-fraﬁ%gzgfgygggggﬁ% g-g§§§ﬁ§$?§e8rgPaﬁ§}°%%f ﬁ%aﬁh:|l,15§ %%%%?tI%ﬁFlg.
6(A), a i QR cLAr t ajfield.l (tmo-%rane- el aye oubl e- spee
vi deo s?§E§|Bé§§§aﬁg 59§iﬁfﬁgﬁa¢5%§0§£|§@§p%@ﬁe I'deo signal SBé th?p :3 gmo
frames | ater j m% Df | V, % e he, field 2a. an 1.e a
which is two w??@ngs glt)%?‘)l%é’%q %&é&{’m J?‘%n V(rabc or> i cilgjnf%lf‘f% xiadl,
gives {he driect ghonRtiop P DELURCD, L T APPs, o & P xot bagis,ar.pn  a
bl ock basis, to an i%age sh%??%ng C?FCUItQ% and an 1 mage” Tevarsere |%4“ng
Circui tm@t 86n"Peé&OFr ¥ e GHYT Y, "HO T iRlert: Weighting unit 10 and the
second weighting unit 11 always perform the weighting by 1/2 and
its explanation will be omitted.
When the double-speed video signal $3 is a film material,
the motion vector detection circuit 5 sequentially detects motion
 -vectors between two-frame-separated frames of an image on a pixel
basis or on a block basis, between the double-speed video signal
S3 and the two-frame-delayed double-speed video signal S5. That
is, as shown in Fig. 6(A), a motion vector between a field la
(two-frame-delayed double-speed video signal S5) and a field 2a
(double—speed.video signal S3) that is two frames later ig A and a
‘motion vector between the field 2a and a field 3a which is two

- frames later is B. The motion vector detection circuit 5 gives
the detected motion vectors between frames on a pixel basis or on
a block basis, to an image shifting circuit 4 and an image
reverse-shifting circuit 8 as motion vector information Dl. 1In
addition, the image shifting circuit 4 and the image reverse-

shifting circuit 8 receive a compensation timing control signal

for every field, from a field detection circuit not shown.
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addition, the image shifting circuit 4 and the image reverse shifting
circuit 8 receive a conpensation timng control signal for every field,
froma field detection circuit not shown. 24 S04P0667 The i mage shlftlng
circuit 4 and the imge reverse-shifting circuit 8 serving as |na§@
shifting nmeans shift each pixel of the two-frane-delayed doubl e-speed
video signal S5 and the double- speed video signal S3 based on the detected
vector, according to the notion vector information D1 and the conpensation
timng control signal D2. That is, as shown in thle(Bg, Lhe i mage
shifting circ fs S S A he fi of the

tmg frage delggﬁd “ﬁ@&bﬁ§l§%é88 9%6881§|6napg Sgﬁle?ﬂ%AFeﬁﬁﬁﬁﬂ‘saﬁﬁtBFQXA
respect iy | the r.esultant.s t.o the averaging un

add:otl on lq%elﬁan@;d%r\r(’g\?’ r glés SAPEE ﬁg‘ ?Itll&gl f“e§n§h?%?§tt ﬁ@‘:hf Péi"&% 95 t?QbA .
and 2b o tH1E L0 e nal, .S3 b / 2/ 4xA, 1/ 4x
respectlgély gﬁth?%gg ﬁeuﬁggugpa Vlggotﬁéggeg gé ﬁﬂduﬁp? f?uggﬁ thlf .
way, thedJud of ;! i RQU a rever e-shifting.cir
sequent?%%ly gﬁi t %hggaﬁxgﬁ bEFéFhBQ Hiig P?g%§t53I5§8 CHeuBFEOLpERY ?deo

signal $heARplile %utab%. ﬁ@%‘?ﬂa’é&gﬁoni' 908 rid BSEBLALAPIOR LIRAARL LI L g

vector information and gives the res
unit 1SCOBQQOﬁ|@§§nw§|gbtlng unit 14 of t he averaging unit 13 perforns
wei ghting inversely proportional to a shift amount, on

That is, as shown in Fig. 6(B),‘the image shifting circuit 4
shifts the fields la', 1b, and 1lb' of the two—fraﬁe—delayed
double-speed video signal S5 by 1/4xA, 2/4xA, and 3/4xAa,
'respectively, and gives the resultants to the averaging unit 13.
In'addition, the image reverse-shifting circuit 8 shifts the
'fields 2a;, 2b, and 2b' of the double-speed video signal S3 by -
3/4xa, -2/4xA, and -1/4xA, respectively, and gives the resultants
to the averaging unit 13. |

In this way, the image shifting circui£ 4 and the image
reverse-shifting circuit 8 sequentially shift_the pixels of the

 two-frame-delayed double-speed video signal S5 and the double-
speed video signal 83 according to the motion vector information
DIl with time, and gives the re?ultants to the averaging unit 13.

The first weighting unit 14 of the averaging unit 13
performs weighting inversely proportional to a shift amount, on
the pixel data of each pixel of the fields 1a', 1lb, and 1b' of the
two~-frame-delayed double-gpeed vide§ signal 85, as shown in Fig.

_6(B). |

That is, the first weighting unit 14 weights by 3/4 the
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the pixel data of each pixel of the fields [a', Ib, and Ib" of the

t wo- f r ame- del ayed doubl e-speed video signal S5 as shown in Fig. 6(B).
That is, the first weighting unit 14 weights by 3/4 the 25 S04PCg ZP field
ib' shifted by 1/4xA, weights by 2/4 the field I'b shifted by 2/4xXA
weights by 1/4 the field | b" shifted by 3/4xA, by 1/4. Simlarly, the
second wei ghting unit 15 perfornms the weighting inversely proportional to a
shift anmount, on the pixel data of each pixel of the fields 2a', 2b, and
2b' of the double- speed video signal S3. That is, the second weighting

el o oo ST Bt A di by "/ S By P Ik Buel TRty ©
per 1 or mAne i Gt 150 S e e ot AR Y o SEREEEY. Boddne of b 1 fage
idoo s gnal SBTengTe dhenrecehBeishiThel LERE: T85PYRatRR ber ho

Conbi nes L e e ST RIERoRR AR, sk RISE EPGhar”sanaRhel Rt 7

ol & 380 o o e BB 3 UL RRTBT I ot
Fig. 6(Bpeddeizicdnadlig@Ibigration unit :

That is, the second weighting unit 15 weights by 1/4 the
field 2a' shifted by -3/4xA, weights by 2/4 the field 2b shifted
by -2/4xA, and weights by 3/4 the field 2b' shifted by -1/4xA.

Thus the first weighting unit 14 and the second weighting
unit 15 perform the weighting inversely proportional to shift
‘amounts of an image, on the pixel data of the pixels of the two-
frame-delayed double—speed'video signal S5 and the double-speed
video signal S3, and gives the resultants to a signal combination
unit 12.

o The signal combination unit 12 combines the two-frame-
'delayed double-speed video signal S5 and the double-speed video
signal S3 and outputs the created compensated double-speed video
signal S6 to a CRT 104 not shown.

: That is, as shown in Fig. 6(B), the‘signal combination unit
12 combines the weighted two-frame-delayed double-speed video
signal S5 and double-speed video signal 53, thereby taking the
average of the shifted field la' and field 2a' that is two frames
iater, as a motion-compensated new field la', taking the average

of the shifted field 1b and field 2b that is two frames later, as
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12 conbi nes the wei ghted two-frane-del ayed doubl e-speed video signal S5
and doubl e-speed video signal S3, thereby taking the average of the
shifted field la" and field 2a" that is tw frames later, as a p

not i on- conpensated new field la', taking the average of the shi f 5849669 ¢
| b and field 2b that is two franmes |ater, as 26 SO04P0C667 a _

not i on- conpensated new field ib, and taking the average of the shifted
field Ib' and field 2b' that is two franes later, as a nption-conpensated
new field Ib'. In this way, the nDtion conpensation device 20 shifts a

[ g | at ' te

oL BB PR A el B r S it o R
' | ed av e inversely

bropor t PEASHED gt Snd] BER180 %‘” s YRORkaEeF) THEEE. | REraby

bei ng C%B%gbﬁ_%%mgng%Qﬁathgg Eggldnggenent of an inmage between conti nuous

fields so as to snoot Even if an erroneous notion vector is

Qotpoted due uA,ths WRYOTEAL Abe36n! UBABCRXGEEON Mok lCe o760 £l £RROE OF (e

notion vector detectionh circult | evel vVarieS as an

i mage Npyesd EBEb@DE%EEEESQEeanahHBQef?@&ﬁegﬂaﬁOQE' ﬁufr h&édfnggﬁn bg

conpensated w t hout causi ng unnatural ness urther ove envodl nent

‘has desgpbbedta @aseceishs ﬁlﬂeh Mbemoﬁo{}%@éetbgﬂwé npfférgé%E&eQQ?
doubl e- speed vi deo signal of 100 fields per second obtain y performng
the doubketRpefBtion vector detection circuit 5, then performs the
weighted average inversely proportional to the shift amount, and
‘combines the resultants, thereby being capable of compensating the
movement of an image between continuous fields 80 as to be much |
smoother. |
Even if an erroneous motion vector is detected due to the
movement df'an image exceeding the search range of the motion
vector detection circuit 5, or even if a signal level varies as an
image moves, the movement of an image between continuous fields
can be compensated without causing unnaturalness.
Further, the abdve embodiment has described a case where the
motion compensation is performed on a double-speed video signal of
100 fields per second obtained by performing the double-speed
| conversion on a PAL signal of 50 fields per second. This
~ invention, however, is not limited to this and can be applied a
case of performing the motion compensation on a double-speed video
~signal of 100 fields per second obtained by performing the double-

speed conversion on an SECAM (Sequential a Memoire) signal of 50

fields per second, or on a double-speed video signal of 120 fields
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conversion on a PAL signal of 50 fields per second. This nventi on,
however, is not limted to this and can be applied a case of performng

t he notion conpensati on on a doubl e-speed video signal of 100 fig&%iggg{
second obtai ned by perform ng the doubl e- speed conversion on an
(Sequential a Menoire) signal of 50 fields per second, or on a
doubl e- speed vi deo signal of 120 fields 27 S04P0667 per second obtai ned by
perform ng the doubl e-speed conversion on an NTSC (National Tel evision
System Conmittee) signal of 60 fields per second. In addition, when the

NTSC si SO t 4 [ f. 3Q. Lr S per second,
this i n\g%'%!t:i on ca%scg%t&app itg{:l Rte%ra calgi?aJ &?i%gg?’ %rlr%_%geteﬁg%ﬁ&%fegﬁmn on
conpensagh ofirsm O e [ i . fii el er. .seco

obt ai ned by per?ﬁ?ning]iﬁggdou£¥ég§g?§ g@@k@@#&%ﬁgean%ﬁgga%Tgé g@g%gp}ds

Fur t her 9 sddindAbovs GABOULBRN! WiBR URSCHEBETs 2qAAs CodREE ol NEoMBLLLP

conpensation is perfornmed on a doubl e-speed video™ sign S 1n on,

however ,gi@phiats |intidead dro 3tohisy st sB@oWdeln 18PRhived £i8na cGaSEenher
the notion conpensation is perfornmed on an N-tine-speed video S|gnaF

subj ect exbploi et tHoTRr cHRRe @ FCPRYFoTAMg( NheSmdthiedl cBHpRaLhtibAWonaacase of
performng the notion conpensation on a quad-speed video signal wll be
descri bethutie-spendwddespeddnag PEOILSS f9b1dsVbe@0ssbenal o¥thinBl by
described with reference to Fig. 14. The progressive conversion is
per f or mgek rfio rittimon teiee oab 1ecapRiedd cbnves s@bnachi €hd hesef s@gnal.
Furthermore, the above embodiment has described a case where
- the motion compensation is performed on a'doubleéspeed video
Signal. This invention, however, is not limited to this and can
be widely applied to a case where the motion compensation is
?erformed on an N-time-speed video signal sﬁbjected to N-time-
speed conversion.(N is a real number). Now, a case of performing
- the motion compensation on a quad-speed video signal will be
déscribed.
_ First a quadéspeeding'process of a video signal will be
describéd with reference to Fig. 14. The progressive conversioﬁ
'~ is performed on the number of scanning lines of a field la of an
input video signal‘81 shown in Fig. 14(A) to create a frame la
shoWn in Fig. 14(B)}. Similarly, the progressive conversion is
séquentially performed on fields 1b, ;.. of £he input video signal
51 to create frames 1b, ..., thereby creating an intermediate
~ video signal‘SZ of a progressive image of 50 frames per‘second.

Then the frame la shown in Fig. 14(B) is written in an image

memory (not shown), and by reading this four times every other
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I nput video signal Si shown in Fig. 14(A) to create a frane la shown in
Fig. 14(B). Simlarly, -the progressive conversion is sequentially
performed on fields Ib, ... of the input video signal Si to create franes.
ib, ..., thereby creating an intermediate video signal S2 of a pPeHiieE3i ve
i mage of 50 frames per second. Then the frame la shown in Fig. 14(B) is
witten in an image nenory (not shown), and by reading this four tines
every other 28 S04P0667 scanning |line for every 1/200 second, four fields

la, la', Ia" and Ia"' are created fromthe frame la. Simlarly, four
fields _ib b' "' g creaigd fromthe frane | b of the
interne5|5?8199dé8nglﬁﬂﬁle§ErYAé/ 0 e§%??n %@%ﬁ?v%%eol%lgn51'323 of

t i, f 20 a b ted. This tech
"0 upbida  TodEe kxdRPet; FoR PR RESRD 1os i) r‘é‘fyﬁmfwrl)?fle?%ﬁg' .

I 'LL, o d f
égiﬁggﬁ %ﬁe %?lg?nal’ %ﬁ e£8(¥Pe?ﬁ§ ?EggT ée?éé@ E#é”% ﬁgﬁgl ﬁagbngggnal
-S!. The ggﬁgg&agé ﬁgg 6n@9§%g£ %%us creat ed quad-speed V|deo s!gnal g?S

will be scrl Forer Fig. 15. In an input video signa

:Eg\g?h:; Fllg a. qé?despee’d w‘%i% 1%gnal Jé%:? £ r];% be%ween fou’{'?@fcl?(na!t ?tsy
[ oseapt riroveson e ot iy bt oxdfce, S Bl B
equivalent to a case of inserting N-1 pieces of interpolation
images (fieldsrla' to la''', 1lb' to 1b''', ...) ereated from an
'original image between the original images (fields la, 1b, «..) oOf

£he input video signal S1. |

The movement of the image of thus created quad-speed video
signal S23 will be described with reference to Fig. 15. In an
~input Qideo signal S1 shown in Fig. 15(A), anrentity 110 moves to
the right between four fields smoathly. In a gquad-speed video
signal S23 shown in Fig. 15(B), the entity 110 does not move
because the fie;ds la, la', la'', and la''' are created from a
same field. Then the entity 110 moves gréatly from the field la‘

" and the next field lb because the field 1b is created from a
 different field.

In Fig. 16, reference numeral 21 shows a motion compensation
device for quad-speed video signals. A quad-speed video signal
.823 of 200 fields per second obtained by performing quad-speed
conversion on a PAL signal of 50 fieldé per second is input into
an image memory 22.

The image memory 22 delays the gquad-speed video signal 523

29




and the next field |Ib because the field Ib is created froma different
field. In Fig. 16, reference nuneral 21 shows a notion conpensation device
for quad-speed video signals. A quad-speed video signal S23 of 200 flelds
per second obtai ned by perform ng quad-speed conversion on a PAL SOHEPEA7 of
50 fields per second is input into an inmage nenory 22. The inage nennry 22
del ays the quad-speed video signal S23 29 S04P0C667 by two frames to
create a two-frane-del ayed quad-speed video signhal S24 and input this to an
i mage nmenory 23 of the later stage. The inage nenory 23 further delays the

four- {1 % df'a%aﬁe“a&aodsg%%&@“ G- Slome-oedaTEAaaRAguPEeER Yitkoan i mage
ot ect | G 4?%{#. oﬂ u%”%‘@?x%eé&%ﬁ%%%%ﬁr%{ 23h oot st AtiE stage.
onar e it MRy 2% Aol delaye, R, tePghkAne 4 atBar BpAa-"°
bor + od, &R V&ES?% e%ai. nt 210821 pRFEER, & %%%m BFRECE AL BpEE G aMBEe 5\ ghal
e oo Gt AN RR BRI S, 483 ThANEL PR Le" BB abT anbiE o
fields i@y @Bt e?ueqnhrg BtiBRE vERUBENhetdBE 1 bh! By UELEE! L8N

circuit 26 cal cul ates ferential values
A film detection circuit 26 determines based on a

_correlation between the quad-speed video signal 523 and the two-

' frame-delayed quad-speed video signal S24 whether the input quad-
speed video signai 523 is a film material. When the input quad-
speed video signal $23 is a film material, a periodical
correlation can be detected between the quad—speéd video signal
523 and the th-frame—delayed-quad—speed video signal S24 that is
two frames before, because the quad-speed video signal $23 has

~continuous 8 fields (four frameé) created from a same segment.

The film detection circuit 26 calculates differential values
. of the signal levels of corresponding pixels of the quad-speed
video signal S23 and the two-frame-delayed quad-speed video signal
524. When the differential values are a prescribed threshold
value or higher/a.prescribed threshold value or lower
alternatively every two frames, the correlation between the quad-
speed video signal S23 and the two-frame-delayed quad-speed video
signal S24 is high and it is determined that the quad-speed video
signal 823 is a film material. Then the film detection circuit 26

controls a select switch 27 according to this determination result.
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of the signal levels of corresponding pixels of the quad-speed video
signal S23 and the two-frame-del ayed quad-speed video signal 324. Wen the
differential values are a prescribed threshold value or higher/a ,
prescribed threshold value or lower alternatively every two franmex4Ppegs
correl ation between the quad- speed video signal S23 and the _
two- frame- del ayed quad-speed video signal S24 is high and it is determ ned
that the quad-speed video signal S23 is a filmmaterial. Then the film
detection circuit 26 controls a select switch 27 according to this

determ nation result. 30 S04P0g67 . That s, when it is determ ned that the
quad- speed vi &‘ré’oa%si’&nmw i A6t deTEHmhngs: &hakl Fh?hﬁu\aﬂrﬁPG@S’eé’tlFlQﬁ_
27A side, to input

The. tws TP 51 PG 00 b BRR-a < ka1 4D dagostAene CARED i 60
Getoct i chEHAT el SHRE SIS 60 Rot-eFRiBA L 7 BuPi o825  S0qaoREEathy
an oo oh 7 i R HBERo R VD, i Ml bidche! RopTeraaceor ioRe
Sor eon) Aot P daegr” FREeF B Pt Re 25240550k, Ehhca pRtOncFBREP"
g, 17ON ko AR YRE 8B T a prescri bed pixel or bl ock between the

fieldla (fourner ageidal d¥edoratadeansst ¥ideQ:si 95alegiehe 2813, CHLLENE
field and the field Ib
' motion vectors between two-frame (four-field)-separated frames of
an image on a pixel basis or on a block basis, between the fields
of the four-frame-delayed quad-speed video signal S25 as current
fields (current screen) and the fields of the two-frame-delayed
.quad—speed video signal 524 as reference fields (reference screen).
That ié, as shown in Fig.-17(A), a motion vector in a
prescribed pixel or block between the field la (four-frame-delayed
quad-speed video signal S25) as a current field and the field 1b
(two-frame-delayed quad-speed video signal S$24), that is two .
frames later, as a reference field is A, and é motion vector in-a
prescribed pixel or block between the field 1b as a current field
and the field 2a, that is two frames later, as a reference field
is B. The motiqn vector detection circuit 25 gives thus detected
motion'vectors between frames on a pixel basis or on a block basis,
‘to the image shifting circuit 24 and the image reverse-shifting
circuit 28 as motion ﬁector informatiqn D21. In addition, the
image shifting circuit 24 and the image reverse-shifting circuit

28 receive a compensation timing control signal D22 for every
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(two-frane-del ayed quad-speed video signal S24), that is twd. frames

| ater, as a reference field is A and a notion vector in a prescribed

pi xel or block between the field Ib as a current field and the field 2a,

that is two frames later, as a reference field is B. The notion \RE4FEE67

detection circuit 25 gives thus detected notion vectors between franmes on

a pixel basis or on a block basis, to the inmage shifting circuit 24 and

the inmage reverse-shifting circuit 28 as notion. vector information D21.

In addition, the image shifting circuit 24 and the inmage reverse-shifting
control signal D22 for every 31

%62&&%7&8‘?# f?,r\/q%f ??mcfgﬁpﬁ%{%%ttl?%f%ét@b{ﬁﬁg%ep%yPPFnSi""_&’ﬁovm: The i mage
hi 11 ng meand nen R S BE BATEHG<r d Anflr KHE. 4BREpeReyERECTEBLALYRECO
Fef or en A S AtalZ Ao TR YA Gy BRGE PG 8¢ BIPLBELooRNENB0uT
o1t Xl 03 VB S PSR 15 RA! 892V ERhoL L LanRLLD D21
TR0 Sl Shilecd! AOLEL S IIPEAE 860 n B EL 18! 81 0nh ciofl
cpoci AP AECRcBaaRELSOPBL o U8, Bhedy BY I RuefuA pBfon?)
_Iater stageor HBCcbIRIR g e¥C A8 RBLELhNGeELbEVL he6fmation D21 and the
compensation control signal‘DZZ.‘

| That is, as shown in Fig. 17(B), the image shifting circuit
24 shifts the pixels of the fields la', la‘', and la''' of the
four-frame-delayed quad-speed video signal S25 as the current
‘fields, from which the movement is detected, by 1/4xA, 2/4xA, and
3/4xa, respectively, and gives the resultants to an averaging unit
29 of the later stage. The image reverse-shifting circuit 28
shifts the pixels of the fields 1b', 1b'', and 1b'‘* of the two-
frame-delayed quad-speed video signal §24 as £he reference fields,
from which the movement is detected, by —3/4XA; ~2/4xA, and -1/4xa,
'respectively, and gives the resultants to the averaging unit 29 of
the later stage.

In this way,-the image shifting circuit 24 and the image

reverse-shifting circuit 28 sequentially shift the pixels of the
lfour—frame—delayed quad-speed video signal 525 as the current
fields and the two-frame-delayed qguad-speed video Signal 523 as

the reference fields, according to the motion vector information

D21 with time, and gives the resultants to the averaging unit 29.
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shifts the pixels of the fields ib', Ib"', and Ib"'" of the two-

frame-del ayed quad-speed video signal S24 as the reference fields, from
whi ch the novenent is detected, by -3/4xA, -2/4xA, and -1/4xA,
respectively, and gives the resultants to the averaging unit 29 ofS04PRE67

| ater stage. In this way, the inmage shifting circuit 24 and the inmage
‘reverse-shifting circuit 28 sequentially shift the pixels of the
four-frane-del ayed quad-speed video signhal S25 as the current fields and

t he two-frane-del ayed quad- speed video signal S23 as the reference fields,

according to H?e tion vector information, 6 D21 wth tine, and _gives the
resul tants to ‘the ai‘gﬂ‘rii"gm{rni]'(7 (39 3pesFipede we i tdmenmnis ﬁggpfl?—@s),

mmans. vet At BRI 2% A 2 SOMRR A e et e, PiFel Heva
and [ oe adf LA o |G AR ed aUaepsed 1 g 3010 929, 412 and
FESPa VAR AN S R it 1) s b g
507, SR 3 DR R R U8 SR ERT e
oL et OB (L9, OUGHT o0k B B gl B S B o
two- framgrededianes quadggpeedpuideq g gpal S24 %ﬁetQ%o—frame—deléyed quad-

speed video signal S24 by 1/2 and gives the resultants to the

Signal combination unit 32. |

In this way, the first weighting unit 30 and the second
weighting unit 31 weight the pixel data of the pixels of the four-
.framé—delayed quad-speed video signal S25 as the current fields
and the two—frame~deiayed quad-speed video signal S24 as the
reference fields, by 1/2, and gives the resultants to the signal
combination unit 32.

The signal combination unit 32 combines thé four-frame-
delayed quad-speed video signal S25 and the two-frame-delayed
quad—speed video signal 524, and‘oﬁtputs the created compensated
quad-speed video signal S$26 to a CRT not shown.

That is, as shown in Fig. 17(B), the signal combination unit
32 combines the weighted four-frame-delayed quad-speed video
signal $25 and two-frame-delayed quad-speed video signél 524, thus
taking the average of the pixel data of the shifted field la' and

field 1b' that is two frames later, as a motion-compensated new -

field la', taking the average of the pixel data of the shifted
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reference fields, by 1/2, and gives the resultants to the signal

conmbi nation unit 32. The signal conbination unit 32 conbines the
four-frane- del ayed quad-speed video signal S25 and the two- franesgghﬁ%gd
guad- speed vi deo signal 524, and outputs the created conpensated

guad- speed video signal S26 to a CRT not shown. That is, as shown in Fig.
17(B), the signal conbination unit 32 conbines the wei ghted
four-frane-del ayed quad-speed video signal S25 and two-frane-del ayed
guad- speed vi deo signal 524, thus taking the average of the pixel data of

;2$|22|§%E%énsa gd%%gw%ngl lgld'tRFELE%;tVﬂg 59@?§ggeg?rth@ép?x@?gﬁ%?é of
fgfes?lf e%%a§%§?g§§zﬁé%§§tga néw PaeFakfﬁg ngnav?ﬁﬁ?ﬁg %mghﬁv%+§%£ of
the pixgl ata %%atﬂg EHE Ehfkﬁglﬁ' gd Iaand f?g}% FL?.}b us ?ﬁ w%;{$%ﬁks

franes ater, as a m)fz' i on- corrpensat ed new

conpens ieay df dQui GendiiShL T:Bﬁn BnBUEERThey' EeLflaang. 2. et erence f1e) d 1 hat

IS two rames l'ater, in op II‘EC Ions W't a nbtion vector between

t wo- f r ame- SepﬁhﬁkeghérﬁaﬁﬁondEBﬁgéﬁﬁaPXOﬁ e@PEéoflvgﬁi s ASLECEL O Clrcult

25, and then wei ghts and conbi ne e resultants, thereby being capabl e of

conpensgtiknd hh@ EPYEFEREneE Qﬁlela‘iﬂﬁa@eimCPP&Ihé'ﬁoﬂétéf,elijﬁ Sbpodite
guad- speed vi deo signal so as to be snoother. Note t a
‘directions with a motion vector between two-frame-separated frames
detected by the motion vector detection circuit 25, and then
weights and combines the  resultants, thereby being capable of
compensating the movement of an image between continuous fields of
a quad-speed video signal so as to be smoother. Note that a
| process to be executed when the quad-speed video signal S23 is a -
film material will not be described.

A case of performing the motion compensation on a quad-speed
video signal has been described. Similarly, the motion
compensation can be applied to an N-time-speed video signal. That
is, the motion vector detection circuit 25 of the motion
compensation device 21 detects a motion vector between an original
screen which is used to create N-1 pieces of interpolation screens,
ﬁnd an original screen {(hereinafter, referred to as a reference
screen) that is one later, to perform the mofion compensation on
the N-1 pieces of interpolation screens (that is, fields la' to
ia'**, 1b®’ to 1b''', ...) which are created.from the original
screen (that is, fields la, 1b, ...) with the an N-time-speed

- conversion and are inserted between the original screen and the
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process to be executed when the quad-speed video signal S23 is a film
material will not be described. A case of perform ng the notion ,
conpensati on on a quad-speed video signal has been descri bed. Sigil rl¥,
the notion conpensation can be applied to an N-tine-speed video P@%§6
That is, the notion vector detection circuit 25 of the notion
conpensati on device 21 detects a notion vector between an original screen
which is used to create N-1 pieces of interpolation screens, and an
original screen (hereinafter, referred to as a reference screen) that is

| at t Rj th ti conpensation on the N-1 pieces of
?Efergoﬁ%?ﬁbg’é%ﬁé%ﬁggﬁfﬁﬁg?i;?nfiergs Ia'lto la"'', Ib ?B b, ...)
whi ch d.f t .1 gi nal that i ields la, ib, ...
W h the an NAPEranegR AR 0], BRpruahuZE st ivite 134 ThELBaeseh Drvida

d the. 34 S04P066 t _original . The i hifti
o1 T cul t IR AR5 He PraGETRPLEFA" RERRSTSH] Fos Mam i) BY WA of

croumt ot | SHf ! shi {2 o
mage rooet B3 FRstozr Ehe e el PaRbrak PRTPREE STERRR 2l cen by
- (N / Nyafedshe g ; DRI i |
1wl oo BRRAST S SheSepelAt S REeed By ol IR FELohe BRbFS, °°

time f Or dugh t ' r ' f ce
beroen VECLRR OLtBLE RS SR, | £ A LI ¥d O SRIREMADNE IR S,

from aninReepBehRibANs8EE8RN1E0sh DBLERT BE CACEAE£8 §5Foportional to time
| from an original screen to an interpolation screen and a reference

screen isrshifted in an opposite directibn at a ratio proportional
to time from an interpolation screen to the reference screen
because the ratio "m/N" to shift an interpolation screen is
proportional to "time from original screen to interpolation
‘screen/time from original screen to reference screen" and the
ratio "(N-m)/N" to shift a reference screen is proportional to
"time from interpolation screen to reference screen/time from
original screen to reference screen".

Then the averaging unif 29 serving as the compensation means
takes ah image obtained by weighting by 1/2 and combining the
.pixel data of each pixel of a shifted m-th interpolation image and

. m+N-th interpolation image, as a motion-compensated m-th
'interpolation iﬁage.

According to the above configuration, the movement between
‘fields in an N-time-speed video signal can be compensated so as to
be smoother. Note that a motion vector can be detected between

interpolation screens which are N-screens away from each other. -
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. because the ratio "mN' to shift an interpolation screen is proportional
to "time fromoriginal screen to interpolation screen/tinme fromoriginal
screen to reference screen” and the ratio "(Nm/N' to shift a rgfg&ggce

screen is proportional to "tinme frominterpolation screen to ref 7

screen/time from original screen to reference screen". Then the averagi ng

unit 29 serving as the conpensation neans takes an inmage obtai ned by

wei ghting by 1/2 and conmbining the .pixel data of each pixel of a shifted

mth interpolation inmage and mtN-th interpolation inage, as a

not i on- ensated mt i pnterpol ation i nage. Agcordin o_t he above
configu%&gggﬁ ’tﬁénﬁﬁvghﬁn%nggg zﬁtl??e?ﬁ CFRh S $¥??g d shed® th®leo signal

et oot ol RERMBEn SCFRER, RO Bt FBR BCFSRAcPRRPEn ot oke (o ochh® ABGLPR om cach
The ori §eaEPranele el RuPeek, PR Sefubih Lof0ufts oind tHE Teefeftidecion "
ccur acy AP orag: PsPhE S EBhedg oF AF Lt T sl 3‘?%3%2?5%?%9
o xel | VRETELEERCRY RSESBERTT gL e A4 A S ety < onal can be
conpensglggosesdfial 0chC Ry EFLOMGEne | O A dhd L O 1 I RISP] Gk of an

mth interpol ation screen
movement between fields in the N-time-speed video signal can be

compensatéd'so as to be much smoother.

In addition, the pixel data of an m-th interpolation screen
created with the N-time-speed conversion corresponds to the pixel
data existing at the same position in the original screen, and the
pixel data of an m+N-th interpolation screen corresponds to the
pixel data existing at the same position of the reference screen.
Therefore, to compensate the m-th (1 £ m = N-1) interpolation
screen, a signal obtained by shifting the position of the pixel
‘data corresponding to the original screen by the image shifting

circuit 24 and a signal obtained by shifting the position of the
pixel data corresponding to the reference screen by the image
reverse-shifting’circuit 28 are given to the averagin§ unit 29,
By dping 80, the same results can be obtained.

- In addition, the above embodiment has described a case of
using a CRT as a display means. This invention, hoWever, is not
limited to this and movement between fields can be compensated so
as to be smoother as well in a case where a static pixel device

such as a liquid crystal panel, a plasma display panel, or an
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created with the N-tine-speed conversion corresponds to the pixel data
existing at the sane position in the original screen, and the pixel data
of an mN-th interpol ati on screen corresponds to the pixel data istin

at the sane position of the reference screen. Therefore, to conp§ﬁ§%9%3the
mth (1 < m< N1) interpolation screen, a signal obtained by shifting the
position of the pixel data corresponding to the original screen by the
image shifting circuit 24 and a signal obtained by shifting the position
of the pixel data corresponding to the reference screen by the inmge

reverse-shjft.ing.cirquit 28 _are given to the averaging uniit 29. By doing
so, thecég#%uf%g%1ﬂ fﬁﬁlﬁéLgﬂﬁQgﬁgﬁpCFﬁ B&B?&i&ﬁ, fRE 8BofeddABéaynBRADRas

d i bed f [ CRT .. Spl . This,i ion,
nowever . i o nal eGELEEd aBpKFe ARGOROVERCHD BRERCLREREHOR: caR DRége of
t . th LI wh tati i xel
A T S L o S U A T T
S04PC66 i L ' ] ' d di spl
moans. AL oo b Apcue AAreHRREBRRERLe"EAThpbPaNEE LT RlntoRP FLen

current of lgehdcrRd i gﬁeggog Egiﬁégﬂc?réhgkd EH?LCL@bggggc%égnﬁgg%gﬁgg;

franmes later are shifted in opposite directions w

vector hatwess FeaiBEantndsCoARERCYs 2R BNELATE e E@Q}&Petﬁ§§&£§?ﬂéi§§
taken as a conpensated field, thereby bein capabl e of conpensating e
novenentapabmees sl tehdansat &gt PndCmoPURENE MROLHEEN t PRSY §ONYENL & OpgI Lgases.
much smoother than conventional cases.
In addition( by performing the weighted average inversély

proportional to the shift amount of an image, the movement of an

image between continuous fields can be compensated so as to be

much smoother.
Industrial Applicability

This invention can be applied to a video display device such

as a television set.
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In addition, by perform ng the weighted average inversely proportional to
the shift anpunt of an imge, the novenent of an i mge between continuous
fields can be conpensated so as to be nuch snoother. Industria
Applicability This invention. can be applied to a video display deP#ReEJuch
as a television set. 37 S04P0C667 C ains 1. A notion conpensation device
conprising: notion vector detection neans for detecting a notion vector
bet ween a detection pixel of a current field and a detection pixel of a
reference field, frominmage information of the current field 1in a video
si gnal obtained by perform ng doubl e- sReed conversion on a video signal
and i mage i nformati on of the referenc&lf®Ed that is one frane later than
the current field; imge shifting nmeans for shifting the detection pixel of
the current field by 1/2 of the notion vector and shifting the detection
notion vector; and averaging

g;gﬁ; ?Lrtggrrg%ﬁgﬁg&ﬁS%#BEHEB 8ﬂs§??6ﬁe ﬁoPHElS%Pﬂeo signal of the
of the. currenPoF ST YaehBE; 887 EETan %R R F ik, atfrErthe @imeridhevectl:
referenggfdethd aShy EE%QlQ% bggeingge SNLEELD9£ YRS ang a detection pixel
' of a reference field, from image information of the current field
in a video signal obtained by performing double-speed conversion
on a video signal and image information of the reference field
that is one frame later than the current field;
image shifting means for shifting the detectioﬁ pixel of the
current field by 1/2 of the motion vector and shifting the
detection pixel of the reference field by -1/2 of the motion
vector; and
averaging méans for pgrforming motion compensation on the
video signal of the current filed by weighting and combining pixel
data of the detection pixel of the current field and pixel data 6f
the detection pixel of the reference field shifted by the image

shifting means.

2. The motion compensation device according to claim 1, wherein
the averaging means performs weighting inversely

proportional to a shift amount by the image shifting means and

combining on the detection pixels.

3. The motion compensation device according to claim 1, wherein
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2. The notion conpensation device according to claim11, wherein the
averagi ng neans perforns weighting inversely proportional to a shift
anount by the imge shifting means and conbining on the detection pixels.
3. The notion conpensation device according to claimil, wherein S84P0667
S04P0667 the notion vector detection nmeans detects the notion vector wth
a bl ock matching nethod for every block conprising a prescribed nunber of

pi xel s. 4. A notion conpensation device, conprising: notion vector
detection neans for detecting a notion vector between a detection pixel of
a current fieIgFand a _detection- a reference field, frominage

i xe|l ., of
i nfor mati on of "EhECEGPPeNEC Pﬁlgg%éﬁtépgiﬁ%ﬁn§i AEEChHBt B P HIPHEFEGFN ng
tel eci . ' doubl e- [ fil d
ot or i 5 ppe% PRfepiREeneEERe Faf cVErE, Bhedh s Suptr Thava: hea by

del ayin yi.de L.gnal by . frames; image shifting neans for shifting
det ecti ﬁ%%?£é ggoﬁuﬁhggeOff¥é%§gsfolIomﬁng the current field in the video

signal by 1/4, 2/4, and 3/4 of the notion vector, respectively, and
shifting detection pixels of three fields following the reference field in

the refqrence,VadeQod! dBftbefi¥at 2o dedide, Wnpd{dipl, the motion vector,
g ne g not

respectively; and aver agl ans for perform on conpensation on the

video signal @btibs (BEEErThetds {Oh VAW £68 SMNLEN NS T8 b on vector

between a detection pixel of a current field and a detection‘pixei
of a reference field, from image information of the current field
in a ﬁideo signal obtained by performing telecine conversion and
double-speed conversion on a film and image ihformation of the
reference field in a reference signal obtainéd by delaying the
video signal by two frames;

image shifting means for shifting detection pixels of three
fields following the current field in the video signal by 1/4, 2/4,
and 3/4 of the motion vector, respectively, and shifting detection
pixels of three fields following the reference field in the
reference video signal by -3/4, -2/4, and -1/4 of the motion
vector, respectively; and .

averaging_means for performing motion compensation on the
video signal of the three fields following the current field by
weighting and combining pixel data of the detection pixels of the
three fields following the current field and pixel data of the
detection pixels of the £hree fields following the reférence field

shifted by the image shifting means.
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wei ghting and conbi ning pi xel data of the detection pixels of the three
fields following the current field and pi xel data of the detection pixels
of the three fields following the reference field shifted by the_i e
shifting means. 39 S04P0667 5. The nption conpensati on device acéh%%&ﬁﬁ to
claim4, wherein the averagi ng neans perforns wei ghted average inversely
proportional to a shift anpbunt by the inmage shifting means, on each of the
detection pixels. 6. The notion conpensation device according to claim4,
wherein the notion vector detection neans detects the notion vector wth
a bl ock gmat chi net hod for ever onprising.a presggibed nunber of

. bl k .
Dixels. 57 A MOE BRtE8R,ERTRENSALIBRNGAY EOPEPEPRING HOt § bR D et apheredn
d i f ti ti t . b det ecti i
o ront o of G 288k 86  nBTnRaHY LERFXERS Oei IELAT D2 LGL EhyR Bl el Of 2
i.nf i . f.i-el i i i | bt ai db f i
houn o ot IGITHET BMbnie®) Anolify "y PRE ThibR SRPERLAS mOXaBElb9) T M

ref eren Li el h i : | ater than-the current field; an image
shiftin%ﬁgPé%ngh%h?%Fkﬁag?ﬁebéggggfion pi xel of the current field by 1/2

of the notion vector and shifting the detection pixel of the reference
field by -1/2 of the notion vector; and an averagi ng step of performng

ot i on gQnpenggki A8+ 9Hnt BBmpensation device according to claim 4, wherein
the motion vector detection means detects the motion vector
with a block matching method for every block comprising a

prescribed number of pixels.

7. A motion compensation method comprising:

a motion vector detection step of detecting a motion vector
‘between a detection pixel of a current field and a detection pixel
of a reference fiéld, from image information of the current field
in a video signal obtained by performing double-speed conversion
on a video signal and image information of the reference field
-that is one frame later than the current field;

an image shifting stép of shifting the detection pixel of
the current field by 1/2 of the motion vector and shifting the
detection pixel of the reference field by -1/2 of the motion

- vector; and

an averaging step of performing motion compensation on the
video signal ofrthe current filed by weighting and combining pixel
data of the detection.pixel of the current field and pixel data of

the detection pixel of the reference field shifted by the image
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video signal of the current filed by weighting and conbi ning pi xel data of
the detection pixel of the current field and pixel data of the detection
pi xel of the reference field shifted by the i mage 40 S04PC667 Shiftié%%
means. 8. The notion conpensation nethod according to claim?7, wh 07 in
t he averagi ng step, weighted average inversely proportional to a shift
anpunt in'the imge shifting step is perforned on each of the detection
- pixels. 9. The notion conpensation method according to claim?7, wherein,
in the notion vector detection step, the notion vector is detected with a
bl ock na}ﬂnhpgﬁgethod for every block conmprising a prescribed nunber of
pi xel s COnpensatlon nmet hod conprising: a notion vector
detection step of detecting a notion vector between a detection pixel of a
current field and a detection pixel of a reference fieId fron1inage

€0 s ta| ¥ éfornlng

|l'

f field.
tel eci nd “contes R8s 18h, EOhpthBat LohcnlthrdcPeRaRaona ate | Fhadia v ribere.n,
by ¢ &o”m 'f Phredn Bfe, BELERGTAG, bLEb( RIBMIEH, BYeRRed it R 1Y ol s of
(e EPbER e A0 DS Bglal ShOchD OB SRFCELASY, 14, 2

and 3/4 0 I on vec respecti vel y

of thregelirgkfgd’ 8h! @4ERIoENENE CAELERESOh! Bidei D, the

9. The motion compensation method according to claim 7, wherein,
in the motion vector detection step, the motion vector is
- detected with a block matching method for every block comprising a

prescribed number of pixels.

iO. " A motion compensation method comprising:

a motion vector detection step of detecting a motion vector
-between a detection pixel of a current field and a detection pixel
of a reference field, from image information of the current field
in a video signal obtained by performing telecine conversion and
double-~speed cenversidh on a film and image information of the
reference field obtained by delaying the video signal by two
frames; |

én image shifting step of shifting detection pixels of three.
fie;ds following the .current field in the video.signel by 1/4, 2/4,
‘and 3/4 of the motion vector, respectively, and shifting detection

- pixels of three fields following the reference field in the -

reference video signal by -3/4, ~2/4, and -1/4 of the motion
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reference video signal by -3/4, -2/4, and -1/4-of the notion 41 S04PC667
vector, respectively; and an averagi ng step of perform ng notion
conpensation on the. video signal of the three fields follow ng the
current field by weighting and conmbining pi xel data of the detectP&H667
pi xels of the three fields followng the current field and pi xel data of
the detection pixels of the three fields following the reference field
shifted by the inmage shifting nmeans. 11. The notion conpensation net hod
according to claim10, wherein, in the averaging step, weighted average
i nversel proportional. to a shift anount by the image shifting nmeans is
perforn@yc&ﬁréaEﬁSBFcﬁﬁgeggﬁeEPﬁon pi xel s. 12. The notion conpensation

t hod cording to claiml erei in the nption vector detectiaon
Cep  t e ot PBaab8xagihaL 2tup, SEr e B rnind Hrolkonere o Rt F chheyer y

bl ock i.Si i bed f.pixels. 13. A noti ti
devi e FaResesEapRtnBEnEhroRnreB b inLafi 6RLSfivane nEbe nateiRRt $TOEG 57 gnal
bi ect . Co ) . . 1 pi
her por stk ok, 853, SBEBEAERR"FLARETaRte) BT nEhe corbede Dot B xdle ot e
betveenhbge 2569402k03Eh6SHGAPHe AcREXEL  FOLTG! AR §80e1 L 48 054 O, 42
‘_detection pixels of the three fields follpwing the reference field

shifted by the image shifting means.

- 11. The motion compensation method according to claim 10,
wherein, |
in the averaging step, weighted average inversely
propdrtional to a shift amount by the image shifting means is

performed on each of the detection pixels.

12, The motion compensation method according to claim 10,
wherein,

in the motion vector detection step, the motion vector is
detected with a block matching method for every block comprising a

prescribed number of pixels.

13. A motion compensation device for performing motion
coﬁpensation on an N-time-speed video signal subjected to N-time-
speed conversion by inserﬁing N-1 pieces of interpolatibn screens
created from én original screen of a video signal between the

original screen and a next original screen, the motion
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S04PC667 conpensation device conprising: notion vector detection nmeans for
detecting a notion vector between a detection pixel of the original screen
and a detection pixel of a reference screen, frominmage informati 82?@&;the
original screen and inmage information of the reference screen t hat"

original screen next to the original screen; imge shifting nmeans for
shifting by mMmN of the notion vector a detection pixel of an mth

i nterpol ation screen (1 <m N 1) corresponding to the detection pixel of
the original screen, and shifting by -(Nm/N of the notion vector a
detecti ibnerflatQbon ARvTEN c%hﬁ&&%' élon screen corresponding to the

detection pixel of the reference pi conpensati on neans for outputting,

as the mh | aioesBsl 9b08; BELEERBR' hOBHCORBENIALed: 1f." yhl gy ooLaned

by performng weighting by a value inverse propor

Canount  petvided h”&ﬁ%eé@h%h'ﬁgx€§a8§ and SPgEiHéfgsggeBhX§+dd§tgegécé%%%

detection pixel of the mth interpolation reen and data~o

det ect i ixeilxelf @frbh@r@h@etQck@éﬁrp?kéﬁ'Qﬁaﬁﬁogﬁfo§ﬁééi§or8¥ thoe |mage

shifting means. 14. A notion conpensatlon m ng notion
conpensatriiginall 80r&ehi BRASRARHeViAEOrRLkOIG) éPbtﬁét?QféPéﬁﬁé'Q@r?éﬁefﬁ

conversion by insefting N-1 pieces of interpolation screens creéa
an origiisaknsorsginal scybdAonekfned PREVWEIGIAS 9&i€éRal screen and a

next original screen, the notion 43
image shifting means for shifting by m/N of the motion
vector a detection pixel of an m-th interpolation screen (1 S m =
N-1) corresponding to the detectidn pixel of the original screen,
and shifting by - (N-m)/N of the motion vector a detection pixel of
an m+N interpolation screen corresponding to the detection pixel
of the reference pixel;
compensation means for outputting, as the m-th interpolation
- - screen motion- compensated, a resultant obtained by performlng
weighting by a value lnversely proportional to a shift amount by
the image shifting means and combining on pixel data of the
detection pixel of the m-th interpolation screen and pixel data of
_the detection pixel of the m+N-th interpolation screen shifted by

the image shifting means.

14. A motion compensation method for performing mdtion
compensation on an N-time-speed video signal subjected to N-time-
- speed conversion by inserting N-1 pieces of-interpolation screens
created from an original screen of a video signal between the

original screen and a next original screen, the motion
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S04PC667 conpensation nethod conprising: a notion vector detection step of
detecting a notion vector between a detection pixel of the original screen
and a detection pixel of a reference screen, frominmge infornati82Eof t he
original screen and inmage information of the reference screen t hattVth &6,
original screen next to the original screen; an inmage shifting step of
shifting by mMN of the notion vector a detection pixel of an mth

i nterpol ation screen (1 <m N 1) corresponding to the detection pixel of
the original screen, and shifting by -(Nm/N of the notion vector a
detection _pixel .of an interpolation screen corresponding to the

det ect i &PFERESATLISP Fﬁggggfgpgﬁfgsbpﬁel; and a conpensation step of

out putting, a .mth interpolatjon screen.nptjon-conpensated, a

resul t ant obt%ihggl ¥ H$F£8Fn$ﬁgecké?ﬁh?fﬁﬁ 8§n§e SF EENY n} SPORTSN vector
proporti 0_a.shi . LN _ .t | mage.shifting step.and.conbj ni ng on
pi xel d%@%athtﬁedaagggéﬁggﬁl%F;ePfogg?h@rggfﬁa'n?%F %Pa?ggnasg?g%ﬁ{éﬂﬁ

pi xel dat; f ¢t he L.an_pl o] e. th i tien reen

G 11 cabized; pf ArzEReEEhealsBEgh, b ERe ! InkobRaRRed P8neBEl ce for

conpensatiiig nABYVeRBBEnOhnaNinkBISneSHARR oA o P LePLEERSe %bcreen that
I gi Aa Geo

I nt er'pol atrron screens 1 nserte bet ween an or screen ol a Vi

signal 380.3 BRthifhlobBRbenSHEREN 0! DR TBELOMERBERSA ) ON devi ce
conprising: notidon vector detection neans fo etecfing a notion vector 44
' an image shifting step of shifting by m/N of the motion
vector a detection pixel of an mnth‘interpolation screen (1 S m S
N—l).corresponding to the detection pixel of the original screen,
and shifting by —-(N-m)/N of the motion vector a detection'pixel of
an m+N interpolation screen corresponding to £he detection pixel
~ of the reference pixel; and
a compensation step of outputting, as the m-th interpolation
75creen motion-compensated, a resultant obtained by performing
weighting by a value inversely proportional to a shift amount in
the image shifting step and combining on pixel data of the
detection pixel of the-mch interpolation screen and pixel data of

the detection pixel of the m+N-th interpolation screen shifted in

the image shifting step.

15. | A motion compensation device for compensating movement of an
image signal of new N-1 pieces of interpolation screens inserted
between an original screen of a video signal and a next original
screen, the motion compensation device comprising:

motion vector detection means for detecting a motion vector
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S04PC667 between a detection pixel of the original screen and a detection
pi xel of a reference screen, fromimge information of the original screen
and inmage information of the reference screen that 1is an original_screen
next to the original screen; image shifting neans for shifting a n
of pixel data corresponding to the detection pixel of the original screen
by MmN of the notion vector and shifting a position of pixel data
corresponding to the detection pixel of the reference screen by - (NNM/N

when an mth (1 < m< N1) interpolation screen is conpensated; and
[ the imgge signal of the interpolation

comensARIPY SddCOPS T Le g sidia of Lhe ) 1L erpelal
corr espanding 45 4 AR I 3385icrton iaoRei eBRREtLoRcOE ERPTtod by
e | Tegs i DRI S 10" B HG SATRETSEL! BB doiee gecord ng Lo
cor respond iy Sa e aacaetronea i Bbo P pha%iPRy REPOeBicon na the
m;s;s%;g&%& g%éhi’f*&%nl}%égﬂsc%BPeBﬁi‘ElcQHgdg"bSSi%fSRr9% ng;£81C48LY 16,
corresponding to the detection pixel of the original screen by m/N
of the motion vector and shifting a position of pixel data
corresponding to the detection pixel of the reference screen by -
(N-m)/N when an m-th (1 £ m < N-1) interpolation screen is
compensated; and
compensation means for compensating the image signal‘of the
interpolation screens by performing prescribed weighting and
combining on pixel data corresponding to the detection pixel of

the original screen and pixel data corresponding to the detection

pixel of the reference screen shifted by the image shifting means.

16. The motion compensation device according to claim 15,
wherein

| the compensation means performs the prescribed weighting and
combining based on a shift amount of the position of the pixel
data corresponding to the detection pixels of the original screen

and the reference screen.

17. The motion compensation device according to claim 16,

wherein
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t he conpensati on neans perforns weighting inversely proportional to a shift
anount by the image shifting neans, on pixel data corresponding to the
detection pixels of the original screen and the reference screen. 18. The
nmoti on conpensation device according to claimi16, wherein the cofpéh&i7i on
means perfornms weighting by (NNm/N on pixel data corresponding to the
detection pixel of the original screen and weighting by m N on pixel data
corresponding to the detection pixel of the reference screen. 19. A notion
conpensati on nethod for conpensati ng novenent of an inage signal of new
N-1 pieces of interpolation screens inserted between an original screen of
a video signalthgngoargegatdppgnaans rertermstvelgbting toveesebyi on net hod
conprising: a notiqn vectog_detection steE of_detecting a notion vector

bet ween PXOREEEILNGT P8 S8 ftnameprny; Ryl ther évpganghafttngchedns, ppiel of
a reference.screen, fromi e information of ,.the  original screen and

i mage iﬁﬁgf&aﬁﬁgﬁ SPrFﬁépPgangnEE Egge@ﬁt?ﬁﬁ%oniElﬁﬁlﬁr?ﬁiﬁ%$ QEtgEMAhext
to the qriginal _screen; an inmage shifting step of shifting a position of

pi xel d§F§%E§OFP§S5§ﬁdFﬁgef8nF%esﬂﬁ?%Etion pi xel of the original screen by
m N . of the notion vector and shifting a position of pixel data
corresponding to the detection pixel of the reference screen by 46

- S04PO86{g (N IhENZ S E0n ABob bl ditich ev b d) ad B8 S P0) AL QMY SREFD, TS
wherein | | |

the compensation means performs weighting by (N-m)/N on
pixel data corresponding to the detection pixel of the original
screen and weighting by m/N on pixel data corresponding to the

detection pixel of the reference screen.

19. A motion compenéation method for compensating movement of an
image signal of new N-1 pieces of interpolation screens inserted
between an original screen of a video signal and a next original
screen, the motion compensation method comprising:

‘a motion vector detection'step of detecting a motion vector
between a_detection pixel of the original screen and a detection
pixel of a reference screen, from image information of the-
original screen and image information of the reference screen that
is an original screen next to the original screen;

an image shifting step of shifting a position of pixel data
corrésponding to the detection pixel of the original screen by m/N
of the ﬁotion vector and shifting a position of pixel data

corresponding to the detection pixel of the reference screen by -
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conpensat ed; and a conpensation step of conpensating the inmage signal of
the interpolation screens by perform ng prescribed wei ghting and

conbi ni ng on pixel data corresponding to the detection pixel of ;ih
original screen and pixel data corresponding to the detection pi x¥4F8F6% he
reference screen shifted in the inmage shifting step. 47 Abstract To realize
a notion conpensation device capable of nore appropriately conpensating

t he novenent of a video signal subjected to doubl e-speed conversion. A
notion vector between an image of a current field in a

double-srﬁe -anverted V|dq? é{ <and_an |na%e of a refefence field that
is one frane YRR 13 st Ts dgféétéﬂte RelptiepssereeReisur r ent
field arg, dedog on the notion vector and the pixels of the-
reference @$%$ ar aﬁ%ﬁlfted in an opposite direction based on the nDtion
vector. Then gi enaceordi n he sh

L o B 85 iRl B ey

anount i s performe on t he pl xe curren

the ref efenogdi Al thi SGUBENIY SR GUHE Yrd LR el capabl e

of conpensating the novenent gg;%e fi en(?eri) s?ogcgjs}%teg %‘%%ﬁgl ﬁ‘ngm? er t han

ConVentléﬁﬁﬁlﬂEﬁﬁﬁbn pixel data corresponding to the detection pixel of
the original screen and pixel data corresponding to the detection

pixel of the reference screen shifted in the image shifting step.
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Abstract

To realize a motion compensation device capable of more
appropriately compensating the movement of a video signal
subjected to double-speed conversion. A motion vector between aﬁ
image of a current field in a double-speed-converted video signal
~and an image of a reference field that is one frame or two frames
later is detected, the pixels of the current field are shifted
based on the motion vector and the pixeis of the reference field
are shifted in an qpposite direction based on the mﬁtion vector.
Then simple averaging or weighted.average according to the shift
amount is performed on the pixels of the current field and the
pixels of the reference field to compensate the current field,
£hereby being capable of compensating the movement between fields

so as to be much smoother than conventional cases.
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