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1. TITLE OF THE INVENTION
O FREQUENCY CONTENT MOTION DETECTION

2. DETAILED DESCRIPTION OF THE INVENTION

BACKGROUND

Field of the Invention

[0001]0 O The invention relates to display devices.O More specifically, the inve

ntion describes a method and apparatus for enhancing the appearance of motion.

Background
[0002]0 O Motion estimation primarily involves frame motion detection. However,

in regions of high frequency content, particularly high frequency vertical and
high frequency both along vertical and horizontal results in aliasing of the spa
tial content. Motion detection from the aliased data results in false motion de
tection adversely affecting the quality of the output progressive video.

[0003]0 O One approach to addressing this problem relies upon frame based motion

detection where the motion data is used to de-interlace the interlaced video.O
Frame based motion detection primarily involves detecting motion values by evalu
ating the absolute difference of adjacent same parity fields (i.e, odd and odd o
r even and even). Based upon the magnitude of the absolute difference, the fiel
ds are merged in case of low motion values or spatially interpolated for the out
put progressive video.

[0004]0 O However, high frequency spatial transitions can greatly reduce motion

detection performance by "tricking"” conventional motion detectors into ascribing
true motion to the energy associated with the spatial transition resulting in r
educed quality of the resultant de-interlaced output video.

[0005]0C O Therefore, what is required is an adaptive method and apparatus for ad
aptively modifying motion detection in the presence of high frequency spatial tr
ansitions.

SUMMARY OF THE INVENTION
[0006]0C O In one embodiment, a method of frequency content motion detection is p
erformed by decomposing a raw field luminance data in to a number of frequency c

ontent sub-bands, detecting motion using the raw field luminance data in paralle
I with the decomposing, generating a motion correction value by multiplying abso
lute values of the sub-bands by weighting factors, and applying the motion corre
ction value to detected motion.

[0007]0C O In another embodiment, an apparatus for frequency content motion detec

tion, includes a sub-band processor for decomposing a raw field luminance data i

n to a number of frequency content sub-bands, a motion detector for detecting mo

tion using the raw field luminance data in parallel with the decomposing, a moti

on correction value generator for generating a motion correction value by multip
lying absolute values of the sub-bands by weighting factors, and an operator for
applying the motion correction value to detected motion.



(11) JP 2006-140994 A 2006.6.1

[0008]0C O In yet another embodiment, computer program product for frequency cont
ent motion detection includes computer code for decomposing a raw field luminanc
e data in to a number of frequency content sub-bands, computer code for detectin
g motion using the raw field luminance data in parallel with the decomposing, co
mputer code for generating a motion correction value by multiplying absolute val
ues of the sub-bands by weighting factors, computer code for applying the motion
correction value to detected motion, and computer readable medium for storing t
he computer code.

[0009]0C O Other aspects and advantages of the invention will become apparent fro
m the following detailed description taken in conjunction with the accompanying
drawings which illustrate, by way of example, the principles of the invention.

Description of an Embodiment
[0010]0C O Reference will now be made in detail to a particular embodiment of the
invention an example of which is illustrated in the accompanying drawings.O Whi

le the invention will be described in conjunction with the particular embodiment
, it will be understood that it is not intended to limit the invention to the de

scribed embodiment.O To the contrary, it is intended to cover alternatives, modi

fications, and equivalents as may be included within the spirit and scope of the
invention as defined by the appended claims.

[0011]0 O In the described embodiment, a input raw field luminance datastream is

decomposed in to a number of frequency content sub-bands concurrently with dete
cting motion using the input raw field luminance data.d A motion correction valu
e is subsequently generated by multiplying absolute values of the sub-bands by p
re-determined weighting factors.O The motion correction value is then applied to
the detected motion.O In this way, motion detection performance is improved whi
ch subsequently improves the quality of the resultant de-interlaced (progressive
) output video.

[0012]0 O FIG. 1 shows an exemplary high frequency spatial transition 100 in the
region of a vertical feature edge 102 and a horizontal feature edge 104.0 A hig
h frequency spatial transition can occur whenever there is an abrupt change in p
ixel values as, for example, as represented by the horizontal line 108 that incl
udes the vertical feature edge 102.0 In this example, at the feature edge 102, a
pixel 110 located at an X co-ordinate x, has a pixel value of 32 whereas an imm
ediately adjacent pixel 112 located at an x co-ordinate X, has a pixel value of
240 resulting in the pixel value transition 114 having a fast rise time ty,.0 In
this case, the energy represented by the pixel value transition 114 may be suffi
cient to mimic frame to frame motion and induce errors in frame based motion det
ection schemes.O By identifying and adaptively compensating for these high frequ
ency spatial transitions, the invention improves motion detection and the result
ing output video.

[0013]0 O FIG. 2 shows a schematic block diagram of a motion detection system 20
0 having a motion detection block 202 and a frequency content motion correction
value generator 204 in accordance with an embodiment of the invention.O As shown
, an input raw luminance data stream 206 (Y, for a frame n and Y,.; a frame n-1)
is received at the system 200. In the described embodiment, the raw luminance
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data Y, for the frame n and the raw luminance data Y,_,0 for the frame n-1 are b
oth passed to the motion detection block 202 in parallel whereas only the raw lu
minance data Y, is passed to the frequency content motion correction value gener
ator 204.0 In the described embodiment, the frequency content motion correction

value generator 204 is arranged to provide a motion value correction factor MCF

to the output of the motion detection block 202 in parallel with the operation o
f the motion detection block 202 by the operation of a spatial sub-band processo
r 210 that decomposes the raw luminance data Y, into a number of frequency sub-b
ands.O In the embodiment shown, the processor 210 includes a number of low and h
igh pass filters consistent with the number of sub-bands.

[0014]0 O Accordingly, in one arrangement, the raw luminance data Y, is processe
d by the processor 210 into four frequency sub-bands: vertical low horizontal hi
gh (V. Vy), vertical low horizontal high (V_ H ), vertical high horizontal high (V
wHH), and vertical high horizontal low (V4H_ ).0O Once the sub-band processor 210

generates the appropriate sub-band values, the absolute value of the sub-band va
lues are multiplied by empirically determined weighting factors W; to derive the
motion correction value MCV. This motion correction value is later subtracted f
rom the absolute difference value from field motion detection in order to correc
t the detected motion.

[0015]0C O In one case, the weighting factors W; are such that the vertical-high

(Vy) and horizontal-low (H_) sub-band weight is approximately one-third of the s
um of weights X W; and the weight for vertical low horizontal low L, sub-band is
zero, while the weights for vertical high horizontal high H; and vertical-low a
nd horizontal-highO Ly sub-band is about one-sixth of the sum of weights X W; .0
Accordingly, the motion correction value MCV estimated using the sub-band analys
is of the spatial content helps in reducing the pseudo or false high motion valu
es usually exhibited by regions in video streams having high H_ and Hy sub-band

energies.

[0016]0 O In addition, an enabling block 212 uses thresholds (both minimum and m
aximum) to enable or disable motion correction based upon the minimum and maximu
m thresholds. For example, if any of the sub-band energies are beyond the thresh
old range then motion-correction is disabled. This threshold based motion correc

tion is necessary to overcome special instances in which the sub-band energies a
re abnormally high while the motion values detected by frame motion as described
earlier are nonetheless accurate.

[0017]0 O FIG. 3 shows a flowchart detailing a process 300 in accordance with an
embodiment of the invention.O The process 300 begins at 302 by receiving a inpu
t luminance signal Y, for an nth video frame at a sub-band processor unit and a

motion detection unit in addition to a luminance signal Y,_.; for a previous vide
o frame n-1 at the motion detection unit.O It should be noted that in the descri
bed embodiment, motion detection is based upon frame subtraction performed by th
e motion detection unit.O At 304, the sub-band processor unit generates a number
of content frequency sub-bands each associated with a pre-determined energy lev
el from which a motion detection correction value for the current video frame n

is generated using the various frequency sub-bands. at 306.



(13) JP 2006-140994 A 2006.6.1

[0018]0 O Concurrent with the generation of the motion detection correction valu
e, the motion detector unit generates a frame motion value based upon, for examp
le, a frame subtraction provided by a frame subtractor unit at 308.0 At 310, the
motion detection correction value is applied to the generated motion detection
value.O It should be noted that the application of the detected motion correctio
n value can take any form deemed appropriate.d For example, the application can
be a subtraction operation.Od At 312, the corrected (if necessary) detected motio
n value is output.

[0019]0 O In a particular embodiment, a number of pre-determined energy threshol
d values determine whether or not the detected motion correction value is applie
d to the detected motion value.O It is contemplated that the energy threshold va
lues describe a region of spatial transition energies determined to be the most
effective for application of the detection motion protocol.

[0020]0 O Fig. 4 shows in more detail a particular implementation of the sub-ban
d generation operation 400 described above in reference to the sub-band processo
r unit at 304.0 In particular, the operation 400 begins at 402 by concurrently a
pplying a vertical low pass filter and a vertical high pass filter followed at 4
04 by applying a horizontal low pass filter to the result of 402.0 At 406, a num
ber of pre-determined weighting factors are applied in parallel to the result of
404.0 For example, at 408 a VHHL weighting factor is applied, at 410 a V_H_ wei
ghting factor is applied, at 412 a VHHL weighting factor is applied, and at 414

a VyVy weighting factor is applied.O The result of 406 is then summed together t
0 provide the motion correction value at 416.0 It should be noted, that in some

cases, a number of pre-determined energy threshold values are applied that enabl
e or disable the application of the detected motion correction value based upon
whether or not the spatial transitions fall within the prescribed energy region

defined by the energy thresholds.

3. BRIEF DESCRIPTION OF THE DRAWINGS

[0021]0 O

O FIG. 1 shows an exemplary high frequency spatial transition in the region of a
vertical feature edge and a horizontal feature edge.

O FIG. 2 shows a schematic block diagram of a motion detection system having a m
otion detection block and a frequency content motion correction value generator

in accordance with an embodiment of the invention.

O FIG. 3 shows a flowchart detailing a process in accordance with an embodiment

of the invention.O

O Fig. 4 shows in more detail a particular implementation of the sub-band genera
tion operation described above in reference to the sub-band processor unit.

0 1.0 A method of frequency content motion detection, comprising:

O decomposing a raw field luminance data in to a number of frequency content sub
-bands;

O detecting motion using the raw field luminance data in parallel with the decom
posing;

O generating a motion correction value by multiplying absolute values of the sub
-bands by weighting factors; and

O applying the motion correction value to detected motion.
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0 2.0 The method as recited in claim 1, further comprising:

0 using both a minimum threshold and a maximum threshold to enable or disable mo
tion correction based upon the minimum and maximum thresholds wherein if any of
the sub-band energies are beyond the threshold range then motion-correction is d
isabled.

0 3.0 The method as recited in claim 1, wherein the sub-bands include a vertical

low horizontal high (V_ Vy) sub-band, a vertical low horizontal high (V_ H_) sub-
band, a vertical high horizontal high (V4Vy) sub-band, and vertical high horizon
tal low (VyH_) sub-band.

0 4.0 The method as recited in claim 1, wherein the generating a number of sub-b
ands comprises:
O using vertical and horizontal low and high pass filters.

O 5.0 The method as recited in claim 1, wherein the weighting factors are such t
hat the vertical-high and horizontal-low (V4yH_) sub-band weight is around one-th
ird of the sum of all the weighting factors.

0 6.0 The method as recited in claim 5, wherein the vertical low horizontal high
(VL H_) sub-band is zero.

0 7.0 The method as recited in claim 5, wherein the weights for the vertical hig
h horizontal high (V,4V,) sub-band and vertical high horizontal low (VyH_ ) sub-ba
nd is approximately one-sixth of the sum of weighting factors.

0 8.0 The method as recited in claim 1, wherein the detecting motion using the r
aw field luminance data comprises:
O generating the absolute difference of adjacent same parity fields.

0 9.0 The method as recited in claim 1, wherein the applying the motion correcti
on value to detected motion comprises:

0 subtracting the motion correction value from the absolute difference value the
reby correcting the motion detected by reducing the pseudo or false high motion

values usually exhibited by regions in video streams having high vertical high h
orizontal high (V,4Vy) sub-band and vertical high horizontal low (V4H_ ) sub-band

energies.

0 10.0 An apparatus for frequency content motion detection, comprising:

0 a sub-band processor for decomposing a raw field luminance data in to a number
of frequency content sub-bands;

0 a motion detector for detecting motion using the raw field luminance data in p
arallel with the decomposing;

0 a motion correction value generator for generating a motion correction value b

y multiplying absolute values of the sub-bands by weighting factors; and

O an operator for applying the motion correction value to detected motion.

0 11.0 The apparatus as recited in claim 10, further comprising:
0 a threshold unit for using both a minimum threshold and a maximum threshold to
enable or disable motion correction based upon the minimum and maximum threshol
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ds wherein if any of the sub-band energies are beyond the threshold range then m
otion-correction is disabled.

0 12.0 The apparatus as recited in claim 10, wherein the sub-bands include a ver
tical low horizontal high (V_Vy) sub-band, a vertical low horizontal high (V_H.)
sub-band, a vertical high horizontal high (V,Vy) sub-band, and vertical high ho
rizontal low (V4H_) sub-band.

0 13.0 The apparatus as recited in claim 10, wherein the sub-band processor incl
udes vertical and horizontal low and high pass filters.

0 14.0 The apparatus as recited in claim 10, wherein the weighting factors are s
uch that the vertical-high and horizontal-low (VyH_ ) sub-band weight is around o
ne-third of the sum of all the weighting factors.

0 15.0 The apparatus as recited in claim 14, wherein the vertical low horizontal
high (V_H_) sub-band is zero.

0 16.0 The apparatus as recited in claim 14, wherein the weights for the vertica
I high horizontal high (V4Vy) sub-band and vertical high horizontal low (V4H,) s
ub-band is approximately one-sixth of the sum of weighting factors.

0 17.0 The apparatus as recited in claim 10, wherein the detecting motion using
the raw field luminance data comprises:
0 generating the absolute difference of adjacent same parity fields.

0 18.0 The apparatus as recited in claim 10, wherein the applicator includes:

0 a subtraction unit for subtracting the motion correction value from the absolu
te difference value thereby correcting the motion detected by reducing the pseud
o or false high motion values usually exhibited by regions in video streams havi
ng high vertical high horizontal high (V4,Vy) sub-band and vertical high horizont
al low (VyH_) sub-band energies.

1. ABSTRACT

O Frequency content motion detection is performed by decomposing a raw field lum
inance data in to a number of frequency content sub-bands, detecting motion usin
g the raw field luminance data in parallel with the decomposing, generating a mo
tion correction value by multiplying absolute values of the sub-bands by weighti
ng factors, and applying the motion correction value to detected motion.

2. REPRESENTATIVE DRAWING
00O Fig. 3
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