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1. Field of the Invention. This invention relates in
general to a notion estimation nethod, and gore 5 particularly to a nethod
for reducing the nenory requirenents and conputati onal conplexity for
notion estinmation. 2. Description of Related Art.

In recent years, the information transmtting nedia such as newspaper, TV,
10 and radio have been flooded with information relative to nultinedia.
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conpressing the data of a notion picture in accordance with the correl ation
bet ween two pictures (occasronally referred to as franes) partly
formng the notion pict urlgescription gfdiglated Aflg notion in i mage sequences is
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However, thg mat of ar ce bl ock . n. 1 mage_ 25 wth
respect to l% %8&8@ %‘3?‘8 with }%Olgfiaﬁlpg\pﬁﬁug tp F&%%“F@ﬁui"?‘é%medla

significant Cortpmt‘safblmfmrmatlon presented in the combination of text, graphics, video, sound and

the like. Since such information is general handled by a computer, and thus the data
representative of the video and sounds as well as text and graphics are required to be
digitized.

15 When data representative of a video such as a motion picture are digitized, the
amount of digitized data is extremely large in comparison with data indicative of
sound, text or graphics. For this reason, the data of a motion picture to be handled by

- the computer are required to be compressed when the data is stored in a storage device
or transmitted over a communication line.

20 There have been a proposed wide variety of data encoder-decoders for
compressing the data of a motion picture in accordance with the correlation between
two pictures (occasionally referred to as frames) partly forming the motion picture.
Estimating motion in image sequences is one of the most important functional blocks
of a video coder-decoder. However, the matching of a reference block of an image

25  frame with respect to a much larger search area in a previous frame requires
significant computation,

« A full motion video sequence usually contains a significant amount of frame-
to-frame redundancy. For video-phone or teleconferencing, motion in an entire scene
~ is usually low and successive frames are highly correlated. In such a case, interframe

30 coding techniques can reduce the information redundancy in video sequences and
achieve high data compression.

The block matching motion compensation algorithm is widely used in many
video coder-decoders to remove interframe redundancy. The block matching motion
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unreasonable number. Thus, this alternative method makes the implementation costly
20  and infeasible.

Further, as mentioned above, motion estimation requires the matching of a
reference block of an image frame with respect to a much larger search area in the
previous frame. However, the memory required for the search area becomes very
large. Further, the computation power is too large since each pixel in the reference

25 block has to be subtracted from the corresponding pixel in the search block, and the
absolute difference value must be accumulated, and the SAD values for all motion
vectors must be compared to find the minimum value.

It can be seen then that there is a need for a motion estimation method that
reduces the memory bandwidth requirements.

30 * It can also be seen that there is a need for a motion estimation method that
simplifies the computatibns for performing block matching.

SUMMARY OF THE INVENTION

To overcome the limitations in the prior art described above, and to overcome

35  other limitations that will become apparent upon reading and understanding the
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the present invention is that the step of converting muitibit pixel values of frames to

single bit pixel values further comprises the step of thresholding the value of a

reference pixel with respect to a low-pass filtered average value around the reference

pixel.

20 Another aspect of the present invention is that the reference pixel is substituted

by the average value of the neighboring pixels.

Ancther aspect of the present invention is that the step of comparing a sum-of-
abselute differences of pixel values between the reference frame and 2 block in the
previous frame to find a best matched block in the previous frame further comnprises

25  the steps of calculating the absolute difference values between pixel values in the
reference block and pixel values in the block in the previous frame, accumulating the
calculated absolute difference values between pixel values in the reference block and
pixel values in the block in the previous frame and identifying the best matched block
in the previous frame as a block in the previous frame which results in a lowest

30 accumulation of calculated absolute difference values.

' Another aspect of the present invention is that the multibit pixel values
corprise eight bit intensity values.

Still another aspect of the present invention is that the reference block
comprises an 8 by 8 block of pixel values.

35 Another aspect of the present invention is that the search area comprises a 136
by 136 block of pixel values.



15 invention may include alternative or optional additional aspects. One

such aspect of the present invention is that the step of converting
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apparatus in accordance Will.fhe . nc o omon OF THE INVENTION

In the following description of the exemplary embodiment, reference is made

to the accompanying drawings which form a part hereof, and in which is shown by
20 way of illustration the specific embodiment in which the invention may be practiced.
It is to be understood that other embodiments may be utilized as structural changes
may be made without departing from the scope of the present invention.
The present invention provides a simplified technique for implementing
motion estimation in image sequences. The computation required for block matching
25  isreduced by constructing a single bit version of both the reference block and the
previous frame. The present invention also reduces the memory bandwidth
requirement for retrieving the search area.
Fig. 1 illustrates a reference pixel block 110 and a search area in a previous
irame 120. Typically, motion estimation requires the matching of the reference block
30 110-of an image frame with respect to the much larger search area in the previous
~ frame 120. The best match is output along with the computed distance between the
reference block 110 and the best matched block within the search area of the previous
frame 120.
In a standard motion estimation algorithm, a block of 8X8 pixel values 112 in
35 the current frame 110 is matched over a search area 120, typically 136X136 in
MPEG-2 applications, and the best matched block in terms of the Sum-of-Absolute-
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tes

average value around that pixel 210. The average value of the neighboring pixels is
substituted for the reference pixel value.
After the multibit pixel values have been reduced to a single bit by the filter,
all frames are stored 220. Thus, instead of having to retrieving 8-bit numbers for each
20 pixel, only a single bit needs to be retrieved. This reduces the memory bandwidth
requirement by a factor of 8.
Next, the best matched block in terms of the SAD is output by comparing the
SAD values for all motion vectors to find the minimum value 230. The computation
of the SAD according to the present invention is reduced to bit-wise exclusive OR
25  operations followed by an accumulation of the difference bits. This also reduces the
computational burden. Then, a motion vector representing the difference between the
reference block and the matched previous block is coded 240.
In summary, the present invention initially reduces luminance frames to single
bit values via a simple 2-D low pass filter and stores the resulting bit image for
30  motion estimation purposes. The motion estimation is performed by comparing bits
between the reference frame and the search frame, instead of integers. By reducing all
‘image frames to single bit frames for the purpose of doing motion estimation, an order
of magnitude reduction in the memory bandwidth requirement for motion estimation
is achieved. Further, the block matching step is reduced to bit-wise convolution and
35  is therefore computation is greatly simplified.
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flow chart 200 abptrhied hefetorat ched notion estimation net hod accordi ng
to the present .invention. The present invention reduces all pixels to a
single 15 bit by thresholding the value of a reference pixel with respect

to a lowpass filtered average val ue around that pixel 210. The

aver age val ue of the neighboring pixels is substituted for the
reference pixel val ue. After the nultibit pixel values have
been reduced to a single bit by the filter, all frames are stored 220.

Thus, instead of having to retrieving 8-bit nunbers for each 20 pi xel ,
only a single bit needs to be retrieved. This reduces the nenory bandw dth

requi renent by a factor of 8. Next, the best matched block in
terms of the SAD is output by conparing the ~ SAD values for all notion
vectors to find the mni numval ue 230. The conputation of the SAD

according to the present invention is reduced to bit-w se exclusive OR 25
operations followed by an accunul ation of the difference bits. This al so

reduces -t he conput ati onal burden. Then, a notion vector representing
the difference between the ref erence bl ock and the natched previous
bl ock is coded 240. In summary, the present invention
initially reduces |um nance frames to single bit values via a sinple

2-D low pass filter and stores the resulting bit imge for 30 noti on
estimation purposes. The notion estinmation is perforned by conparing bits
between the reference frane and the search frane, instead of integers. By

reduci ng all image franmes to single bit frames for the purpose of
doi ng notion estimation, an order of magni tude reduction in the nenory
bandw dt h requirenment for notion estimation is achieved. Further, the

bl ock matching step is reduced to bit-w se convolution and 35 is therefore
conputation is greatly sinplified.
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2. The net h%‘i‘oc‘?(fin%eaﬁr@%i%ué’\ﬂﬁﬁgiaﬂdthe val ue of the reference pixel is,

calculating a motion vector representing the difference between the referenm

10 block and the best matched block in the previous frame.

2. The method of claim 1 wherein the step of converting multibit pixel
values of frames to single bit pixel values further comprises the step of thresholding
the value of a reference pixel with respect to a low-pass filtered average value around

15  the reference pixel.

3. The method of claim 2 wherein the value of the reference pixel is
substituted by the average value of the neighboring pixels.

20 4. The method of claim 1 wherein the step of comparing a sum-of-
absolute differences of pixel values between the reference frame and a block in the
previous frame to find a best matched block in the previous frame further comprises
the steps of:

calculating the absolute difference values between pixel values in the reference
25  block and pixel values in the block in the previous frame;
accumulating the calculated absolute difference values between pixel values in
the reference block and pixel values in the block in the previous frame; and
identifying the best matched block in the previous frame as a block in the
previous frame which results in a lowest accumulation of calculated absolute
30 difference values.

5. The method of claim 1 wherein the multibit pixel values comprise
~ eight bit intensity values.

35 6. The method of claim 1 wherein the reference block compnses an 8 by
8 block of pixel values.



~substituted by the average val ue of the neighboring pixels. 3.
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results in a | V\ﬁgt ac‘éumﬂ ation of calcul ated absolute di'fference Vval ues.
4, The met hBA%%Pf RIKiVAlUES-wher ei n the nultibit pixel val ues conprise

eight bit intensity val ues. The nethod of claim1 wherein

5.
t he reference bl ock;co | ses. a b bl ock, of pi.xel val ues.
6. The ot hod o1l‘<g'cl %wéﬁg@‘%ﬁgﬂalﬁhﬁwgg@@p sgeel LFAROPIREEES 213587 B36 136
bl ock of pi xelbloel efguxel values. 7 The method of claim| wherein the

search area conprises a 136 by 1 6 bl ock of pixel val ues. 8 A

met hod for performng notion estinmation, conprising: - converti hg
mul tibit pixel val uds ofAfreghpdgon periormiyigemdtion gsiimetions gbmpssibg: t hr eshol di ng

the val ue of a ref eao%o&ﬁngmmibiﬁ(gsm vhREOECharhQ 18 s PATRel Valiegred average

val ue around the reference pixel; , L
10 storing a previous frame of single bit pixel values and a reference frame of

single bit pixel values;
calculating the absolute difference values between pixel values in the reference
block and pixel values in the block in the previous frame;
accumulating the calculated absolute difference values between pixel values in
15 the reference block and pixel values in the block in the previous frame;
identifying the best matched block in the previous frame as a block in the
previous frame which results in a Jowest accumulation of calculated absolute
difference values; and
calculating a motion vector representing the difference between the reference
20 block and the best matched block in the previous frame.

.10, The method of claim 9 wherein the step of converting multibit pixel
values of frames to single bit pixel values further comprises the step of thresholding
the value of a reference pixel with respect to a low-pass filtered average value around

25  the reference pixel.

11.  The method of claim 10 wherein the value of the reference pixel is
substituted by the average value of the neighboring pixels.

30 « 12 The method of claim 9 wherein the multibit pixel values comprise
eight bit intensity values.

13.  The method of claim 9 wherein the reference block comprises an 8 by
8 block of pixel values.
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‘Storing a previous franE~of-s+nglewbit pi xel values and a reference frane
of single bit pixel val ‘g ul ati ng the absolute difference
!mgﬂ EEEHEEQ Fence bl ock and pi XRIT/AIBGHEE3I n t he

val ues beww@maﬁﬁbxel vaj g

bl ock i'n the previous frahér L accunul ating the | cul at ed absol ute
di fference val ues between pi xel values i not he referenceriibaers K
values in the block in the previous frang; |dqnt|fyq P %@%5

mat ched bl ock in the previous frame as a block in the ‘prew

results in a 'O‘A’esﬁdacc‘f“ﬂyhéiﬂofi%fafauﬁ%%ﬂe?e&r’?ﬁ%e@@ﬁ&lé&’eﬁ &hfy{x s@NGE b a' ues,
and calculatlng tion vector representing t erenc betmeen
the ref erenceldf blork ghaixehalusest mat ched bl ock in the previous frane

9. The. net hod of cIa|n18 mhereln the value of the reference pixel is

substituted by the_aver e of . t he nei oring pixels
The method of cl ai K8 wiBs BERO wécwgwe@lﬁﬂs@éﬁaw P‘iﬁé§°‘é‘8ﬁiﬁslas]é5é?"g‘r§t5 b|t
intensity yaIbRﬁkijumlvﬁuﬂ;ll The nmethod of .claim8 wherein the

reference bl ock conprises an 8 by 8 block of pixel values. =~~~ - 12.
The method of claim 11 wherein the search area Cﬁﬂm%&%g&BQm%r Qy 136 bl ock

of pixel val ues. 13. The et hod i perein the
search area conprises a 136 by 136 bl ock of pi xel i j




