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(57) ABSTRACT 
A motion estimation method is provided. The method has the 
following steps of determining a start searching point 
according to multiple neighboring macroblocks of a current 
macroblock, wherein the current macroblock corresponds to 
a searching window; determining a best candidate pixel 
according to a first line segment where the start searching 
point is located, and a second/third line segment above/be 
neath the first line segment; determining whether the best 
candidate pixel is located at the first line segment; if so, 
setting a candidate motion vector corresponding to the best 
candidate pixel as a first motion vector of the current mac 
roblock; and if not, dynamically adjusting the second line 
segment or the third line segment in the searching window to 
update the best candidate pixel, and retrieving the first motion 
vector of the current macroblock corresponding to the 
updated best candidate pixel. 
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MOTION ESTIMATION AND IN-LOOP 
FILTERING METHOD AND DEVICE 

THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This Application claims priority of China Patent 
Application No. 2012 10046566.9, filed on Feb. 27, 2012, the 
entirety of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003) The present invention relates to video processing, 
and in particular relates to a motion estimation acceleration 
circuit and in-loop filtering acceleration circuit by using data 
in the overlapped portions of neighboring macroblocks recur 
sively to reduce memory bandwidth. 
0004 2. Description of the Related Art 
0005 Video compression standards, such as MPEG2, 
H.264 or VC-1 standards, have been widely used in the video 
codec (coding/decoding) systems on the market. However, in 
a Video codec system, calculation of motion estimation and 
de-blocking filtering may have the largest amount of opera 
tions. If a video codec system performs motion estimation 
and de-blocking filtering by software only, it may cause a 
serious burden to the processing unit. In addition, when a 
conventional hardware circuit performs motion estimation 
and de-blocking filtering, some previously used macroblock 
data may be read from the external memory repeatedly, so that 
the memory bandwidth for accessing the external memory is 
wasted. 

BRIEF SUMMARY OF THE INVENTION 

0006. In an exemplary embodiment, a motion estimation 
acceleration circuit applied in a video encoding system sup 
porting multiple video codec standards is provided. The cir 
cuit comprises: a start searching point prediction unit, con 
figured to determine a start searching point according to 
multiple neighboring macroblocks of a current macroblock, 
wherein the current macroblock corresponds to a searching 
window; and an integer pixel estimation unit, configured to 
determine a best candidate pixel according to a first line 
segment where the start searching point is located, a second 
line segment on the first line segment, and a third line segment 
beneath the first line segment, wherein the integer pixel esti 
mation unit further determines whether the best candidate 
pixel is located at the first line segment, if so, the integer pixel 
estimation unit sets a candidate motion vector corresponding 
to the best candidate pixel as a first current macroblock 
motion vector; if not, the integer pixel estimation unit 
dynamically adjusts the second line segment or the third line 
segment in the searching window to update the best candidate 
pixel, and retrieve the first current macroblock motion vector 
corresponding to the updated best candidate pixel. 
0007. In another exemplary embodiment, a motion esti 
mation method is provided. The method has the following 
Steps of determining a start searching point according to 
multiple neighboring macroblocks of a current macroblock, 
wherein the current macroblock corresponds to a searching 
window; determining a best candidate pixel according to a 
first line segment where the start searching point is located, 
and a second/third line segment on/beneath the first line seg 
ment; determining whether the best candidate pixel is located 
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at the first line segment; if so, setting a candidate motion 
Vector corresponding to the best candidate pixel as a first 
motion vector of the current macroblock; and if not, dynami 
cally adjusting the second line segment or the third line seg 
ment in the searching window to update the best candidate 
pixel, and retrieving the first motion vector of the current 
macroblock corresponding to the updated best candidate 
pixel. 
I0008. In yet another exemplary embodiment, an in-loop 
filtering acceleration circuit applied in a video codec system 
supporting the H.264 standard and the VC-1 standard is pro 
Vided. The video codec system comprises a processing unit to 
perform video processing to generate at least one recon 
Structed macroblock and a value of boundary strength corre 
sponding to each edge of the reconstructed macroblock. The 
in-loop filtering acceleration circuit comprises: multiple one 
dimensional (1D) filters configured to perform a filtering 
process; and a filter selection unit configured to select one of 
the 1D filters according to the value of the boundary strength 
to perform the filtering processing to the reconstructed mac 
roblock, wherein the in-loop filtering acceleration circuit fur 
ther divides the reconstructed macroblock into multiple 8x8 
blocks and multiple 4x4 blocks, performs the filtering process 
to horizontal edges of the 8x8 blocks, the reconstructed mac 
roblock row by row according to a first predefined order, and 
performs the filtering process to horizontal edges of the 4x4 
blocks row by row from top to bottom, wherein the in-loop 
filtering acceleration circuit further performs the filtering pro 
cess to vertical edges of the 8x8 blocks column by column 
according to a second predefined order, and performs the 
filtering process to vertical edges of the 4x4 blocks column by 
column from left to right. 
0009. In yet another exemplary embodiment, an in-loop 
filtering method applied in an in-loop filtering acceleration 
circuit of a video codec system supporting the H.264 standard 
and the VC-1 standard is provided. The video codec system 
comprises a processing unit to perform video processing to 
generate at least one reconstructed macroblock and a value of 
boundary strength corresponding to each edge of the recon 
structed macroblock. The method comprises the following 
steps of dividing the reconstructed macroblock into multiple 
8x8 blocks and multiple 4x4 blocks; selecting one of multiple 
1D filters according to the value of the boundary strength to 
perform the filtering processing to the reconstructed macrob 
lock; performing the filtering process to horizontal edges of 
the 8x8 blocks the reconstructed macroblock row by row 
according to a predefined order, and performing the filtering 
process to horizontal edges of the 4x4 blocks row by row from 
top to bottom; and performing the filtering process to vertical 
edges of the 8x8 blocks column by column according to 
another predefined order, and performing the filtering process 
to Vertical edges of the 4x4 blocks column by column from 
left to right. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0010) The present invention can be more fully understood 
by reading the subsequent detailed description and examples 
with references made to the accompanying drawings, 
wherein: 
10011 FIG. 1 is a block diagram illustrating a video encod 
ing system according to an embodiment of the invention; 
I0012 FIG. 2 is a diagram illustrating prediction of the start 
search point in the motion estimation method according to an 
embodiment of the invention: 
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0013 FIG. 3 is a diagram illustrating the motion estima 
tion method according to an embodiment of the invention; 
0014 FIG. 4 is a diagram illustrating overlapped search 
ing windows of horizontally neighboring macroblocks 
according to an embodiment of the invention; 
0015 FIGS.5A-5D are diagrams illustrating the architec 
ture of the searching window buffer according to an embodi 
ment of the invention; 
0016 FIG. 6 is a schematic diagram of the motion estima 
tion acceleration circuit 122 according to an embodiment of 
the invention; 
0017 FIG. 7 is a block diagram illustrating the hardware 
architecture of the integer pixel estimation unit 151 according 
to an embodiment of the invention; 
0018 FIG. 8 is a structure diagram illustrating a process 
ing element in the integer pixel estimation unit 151 according 
to an embodiment of the invention; 
0019 FIGS. 9A and 9B are portions of a diagram illustrat 
ing the hardware architecture of the halfpixel estimation unit 
152 according to an embodiment of the invention; 
0020 FIG. 10 is a diagram illustrating the in-loop filtering 
sequence in the H.264 standard according to an embodiment 
of the invention; 
0021 FIG. 11 is a diagram illustrating the in-loop filtering 
sequence in the VC-1 Standard according to an embodiment 
of the invention; 
0022 FIG. 12 is a diagram illustrating the architecture of 
the de-blocking filter buffer 145 according to an embodiment 
of the invention; 
0023 FIGS. 13 A-13D are portions of a diagram illustrat 
ing the sequence of data accessing in the de-blocking filter 
buffer 145 according to an embodiment of the invention; 
0024 FIGS. 14A and 14B are portions of a diagram illus 
trating the hardware architecture of the in-loop filtering accel 
eration circuit 124 according to an embodiment of the inven 
tion; 
0025 FIGS. 15A and 15B are diagrams illustrating the 
working principle of the filter selection unit 1410 according to 
an embodiment of the invention; 
0026 FIGS. 16A-16F are diagrams illustrating the archi 
tecture of each H.2641D filter according to an embodiment of 
the invention; 
0027 FIGS. 17A-17B are portions of a diagram illustrat 
ing the architecture of the VC-1 filter in the in-loop filtering 
acceleration circuit 124 according to an embodiment of the 
invention; 
0028 FIG. 18 is a block diagram illustrating a video codec 
system according to an embodiment of the invention; 
0029 FIGS. 19A and 19B are portions of a flow chart 
illustrating the motion estimation method according to an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0030 The following description is of the best-contem 
plated mode of carrying out the invention. This description is 
made for the purpose of illustrating the general principles of 
the invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 

A. System Architecture 
0031 FIG. 1 is a block diagram illustrating a video encod 
ing system according to an embodiment of the invention. The 
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Video decoding system 100 may comprise a processing unit 
110, an encoding module 120, an external storage unit 130 
and a DMA controller 160. During the video encoding pro 
cedure (e.g. MPEG2, H.263, and MPEG4 standards), the 
processing unit 110 may be a controller configured to execute 
a hardware accelerator control program, and execute an 
entropy encoding program, a bit rate control program, and a 
boundary extension program. For example, the processing 
unit 110 may be a central processing unit (CPU), a digital 
signal processor (DSP) or other equivalent circuits imple 
menting the same functions. 
0032. The encoding module 120 may comprise a hardware 
accelerator controller 121, a motion estimation acceleration 
circuit 122, a DCT and quantization accelerator 123, an in 
loop filtering acceleration circuit 124, and an internal storage 
unit 140. In an embodiment, the encoding module 120 can be 
divided into a hardware encoding unit and a software encod 
ing unit (not shown in FIG. 1). That is, each component in the 
encoding module 120 may be implemented by hardware or a 
DSP (i.e. software) configured to perform encoding pro 
cesses, such as motion estimation, motion compensation, dis 
crete cosine transform/inverse transform (DCT/iDCT), quan 
tization/inverse quantization, Zig-Zag scan, and in-loop 
filtering. However, the motion estimation acceleration circuit 
122 and the in-loop filtering acceleration circuit 124 are dedi 
cated digital logic circuits or hardware to implement encod 
ing processes, such as motion estimation and in-loop filtering 
processing. 
0033 For ease of explanation, the hardware accelerator 
controller 121, the motion estimation acceleration circuit 
122, the DCT and quantization accelerator 123, and the in 
loop filtering acceleration circuit 124 in the encoding module 
120 of FIG. 1 is implemented by hardware. The hardware 
components, such as the processing unit 110 and the encoding 
module 120, may utilize a frame level flow control method 
indicating that the CPU may decode the next frame when the 
hardware components of the encoding module 120 decodes 
the current frame. The data flow between each component 
(e.g. all hardware, or integrated by hardware/software) in the 
encoding module 120 may be macroblock level flow control. 
The external storage unit 130 is configured to store reference 
frames, reconstructed frames, decoding parameters, and run 
last-level codes (i.e. RLL codes). For example, the external 
storage unit 130 may be a Volatile memory component (e.g. 
random access memory, such as DRAM, SRAM) and/or a 
non-volatile memory component (e.g. ROM, hardware accel 
erator, CDROM). The DMA controller 160 is configured to 
retrieve macroblock data and encoding parameters corre 
sponding to the encoding process. The hardware accelerator 
controller 121 in the encoding module 120 may read the 
required macroblock data (e.g. the current macroblock and 
reference macroblock) from the external storage unit 130 to 
the internal storage unit 140 through the DMA controller 160. 
0034. In an embodiment, the processing unit 110 may 
control each component in the encoding module 120. First, 
the processing unit 110 may set and check register values 
associated with the hardware accelerator controller 121, and 
then activate the encoding module 120 to encode the current 
frame. It is necessary for the processing unit 110 to request 
and register a corresponding DMA channel, check status of 
the DMA channel, and set registers associated with the DMA 
controller 160 to activate the DMA controller. After activat 
ing the encoding module 120 and the DMA controller 160 by 
the processing unit 110, the encoding module 120 may start to 
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encode the current frame. It should be noted that, the encod 
ing module 120 and the processing unit 110 is controlled by a 
frame level flow. Before finishing the encoding procedure of 
each current frame by the hardware accelerator, the process 
ing unit 110 (i.e. software) may pre-execute an encoding 
program (e.g. program codes) for performing calculation of 
entropy encoding and bit rate control of the previous frame. 
The encoding program may detect whether the hardware 
encoding unit has completed the encoding procedure of the 
current frame. When the encoding module 120 has not fin 
ished the encoding procedure of the current frame yet, the 
processing unit 110 may execute other programs having 
higher priority and being ready for execution. Specifically, 
when the encoding module 120 has finished the encoding 
procedure of the current frame, the encoding module 120 may 
generate an interrupt signal. Accordingly, an interrupt service 
program executed by the processing unit 110 may send an 
event completion signal to the encoding program. Then, the 
encoding program may retake control of the processing unit 
110 to encode the next frame. 

0035. In another embodiment, the processing unit 110 
may further execute various programs to perform encoding 
post-processing, such as executing an entropy decoding pro 
gram, a bit rate control program and a boundary extension 
program. The entropy encoding program may indicate that 
the processing unit 110 read encoding parameters and RLL 
codes from the external storage unit 130 to perform entropy 
encoding, and output a video bitstream of an image. The bit 
rate control program may indicate that the processing unit 
110 may calculate quantization parameters of the next frame 
according to encoding results of the current frame, the total 
bit rate, and the frame rate. The boundary extension program 
may indicate that the processing unit 110 performs boundary 
extension to the reconstructed frame, which is used for cal 
culation of motion estimation of the next frame, outputted by 
the hardware encoding unit. 
0036. In an embodiment, the internal storage unit 140 may 
comprise a residue macroblock buffer 141, a first-in-first-out 
(FIFO) buffer 142, a current macroblockbuffer 143, a search 
ing window buffer 144, and a de-blocking filter buffer 145. 
The residue macroblock buffer 141 is configured to store 
residue values of macroblocks for motion compensation. The 
FIFO buffer 142 is configured to store encoding parameters 
and RLL codes, wherein the encoding parameters are from 
the hardware accelerator controller 121, and the RLL codes 
are from the DCT and quantization accelerator 123. The 
current macroblock buffer 143 is configured to store the cur 
rent macroblock. The searching window buffer 144 is config 
ured to store macroblocks in the searching window for motion 
estimation. The de-blocking filter buffer 145 is configured to 
store reconstructed macroblocks after motion compensation 
and filtered macroblocks generated by the in-loop filtering 
acceleration circuit 124. In addition, the in-loop filtering 
acceleration circuit 124 reads reconstructed macroblocks, 
which are generated by the DCT and quantization accelerator 
123, from the de-blocking filter buffer 145, and performs 
in-loop filtering to the reconstructed macroblocks to generate 
filtered macroblocks, and writes the filtered macroblocks into 
the de-blocking filter buffer 145. 
0037. The hardware accelerator controller 121 may set 
and manage each component in the encoding module 120. For 
example, when the motion estimation acceleration circuit 121 
in the encoding module 120 has completed encoding of a 
macroblock, the motion estimation acceleration circuit 121 
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may send a first interrupt signal to the hardware accelerator 
controller 121. Meanwhile, the hardware accelerator control 
ler 121 may set and activate Subsequent corresponding accel 
erators and acceleration circuits. When hardware (e.g. the 
in-loop filtering acceleration circuit 124) in the encoding 
module 120 has completed encoding of a frame, the hardware 
accelerator controller 121 may send a second interrupt signal 
to the processing unit 110. Then, the processing unit 110 may 
write the encoding parameters to registers (not shown) inside 
the hardware accelerator controller 121 directly, so that the 
hardware accelerator controller 121 may set each hardware 
component in the encoding module 120. 

B. Motion Estimation Method 

0038 B-1. Prediction of Searching the Start Point 
0039. The motion estimation acceleration circuit 122 in 
the invention may use a prediction-based 12-point line 
searching algorithm to complete motion estimation of integer 
pixels (i.e. details will be described later), and to perform 
motion estimation of half pixels. The motion estimation 
acceleration circuit 122 may search for eight points while 
performing motion estimation of halfpixels, and the interpo 
lation and motion estimation of halfpixels can be executed in 
parallel. The motion estimation method for integer pixels 
provided in the invention may comprise the following four 
steps of: (1) predicting the start searching point; (2) 12-point 
line searching based on a 8x8 block; (3) motion searching of 
16x16 macroblocks; and (4) determining the macroblock 
mode for motion estimation. 

0040 FIG. 2 is a diagram illustrating prediction of the start 
search point in the motion estimation method according to an 
embodiment of the invention. FIGS. 19A and 19B are por 
tions of a flow chart illustrating the motion estimation method 
according to an embodiment of the invention. Referring to 
FIGS. 2, 19A and 19B, the motion estimation acceleration 
circuit 122 may confirm the start searching point for every 
macroblock before performing motion estimation. The 
motion estimation acceleration circuit 122 may predict the 
start searching point by using motion vectors of neighboring 
macroblocks. As illustrated in FIG. 2, motion vectors MVa, 
MVb. MVc and MVd of a left neighboring macroblock A, a 
upper neighboring macroblock B, a upper-right neighboring 
macroblock Canda upper-left neighboring macroblock D of 
the current macroblock E are referenced to predict the start 
searching point. First, the four pixels pointed by the motion 
vectors MVa, MVb. MVc, and MVd of the four neighboring 
macroblocks of the current macroblock E are checked, and 
the sum of absolute difference (SAD) corresponding to each 
of the four points is calculated. The point with the least SAD 
value is regarded as the start searching point for motion esti 
mation. It should be noted that Some neighboring macrob 
locks may not exist if the current macroblock is located at the 
boundary of the image. Meanwhile, a Zero-valued motion 
vector may be used to substitute the motion vectors of the 
non-existing neighboring macroblocks, and the predicted ref 
erence point is set to Zero-point. 
0041 B-2. 12-Point Line Segment Searching of Integer 
Pixels 

0042 FIG. 3 is a diagram illustrating the motion estima 
tion method according to an embodiment of the invention. 
The motion estimation method used in the motion estimation 
acceleration circuit 122 is based on searching the 12-point 
line segments of integer pixels. FIGS. 19A and 19B shows a 
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flow chart illustrating the motion estimation method accord 
ing to an embodiment of the invention. 
0043. Four steps are described in the motion estimation 
method. Step 1: as illustrated in FIG. 3, the current macrob 
lock is divided into four 8x8 blocks. For each 8x8 block, the 
motion estimation acceleration circuit 122 may search for 
three 12-point line segments p-1, p and p--1 taking the pixel 
word at which the start point S1 is located as center, and thus 
there are 36 candidate pixels, such as the white points illus 
trated in FIG. 3. Then, a SAD value of a candidate point 
can be obtained by Summarizing four SADss values corre 
sponding to the same candidate point (i.e. 36 SAD values 
in total). If the reference point corresponding to the least 
SAD value (e.g. the best reference point, Such as the gray 
point illustrated in FIG. 3) is located on the line segment p+1. 
step 2 is performed. If the best reference point is located on 
the line segment p-1, Step 3 is performed. Otherwise, step 4 is 
performed. 
0044 Step 2: the motion estimation acceleration circuit 
122 sets the value p-p+1, and searches for 12 candidate points 
on the line segment p. Furthermore, the locations of 12 can 
didate points on the line segment p--1 should be adjusted 
horizontally according to the location of the best reference 
point on the line segment p, and thus it can be ensured that the 
pixel word of the middle four points and the pixel word of the 
best reference point on the line segment p are located in the 
same row. Then, the 12 candidate points on the line segment 
p are searched, and the SAD value of each candidate 
point can be obtained by summarizing four SADss values 
corresponding to the same candidate point. If the reference 
point corresponding to the least SAD value (i.e. the best 
reference point) is located on the line segment p, step 4 is 
performed. Otherwise, step 2 is performed repeatedly until 
the reference point corresponding to the least SAD value 
is located on the line segment p or the boundary of a 48x48 
searching window is reached. 
0045 Step 3: the motion estimation acceleration circuit 
122 sets the value p-p-1, and searches for the 12 candidate 
points on the line segment p. Furthermore, the locations of 12 
candidate points on the line segment p--1 should be adjusted 
horizontally according to the location of the best reference 
point on the line segment p, and thus it can be ensured that the 
pixel word of the middle four points and the pixel word of the 
best reference point on the line segment p are located in the 
same row. Then, the 12 candidate points on the line segment 
p are searched, and the SAD value of each candidate 
point can be obtained by Summarizing four SADss values 
corresponding to the same candidate point. If the reference 
point corresponding to the least SAD value (i.e. the best 
reference point) is located on the line segment p, step 4 is 
performed. Otherwise, step 3 is performed repeatedly until 
the reference point corresponding to the least SAD value 
is located on the line segment p or the boundary of a 48x48 
searching window is reached. 
0046 Step 4: the motion estimation acceleration circuit 
122 may set the motion vector MV of the 16x16 mac 
roblock to the motion vector corresponding to the least 
SAD value, and set the motion vectors MVss of the four 
8x8 blocks to the motion vector corresponding to the least 
SADss value. 
0047 Referring to FIGS. 19A and 19B, details of the 
aforementioned steps 1-4 can be described with the steps 
illustrated in FIGS. 19A and 19B: 
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0048 (a) In step S1901, the current macroblock is divided 
into at least one 8x8 block. For each 8x8 block, taking a pixel 
word comprising four pixels at where the start searching point 
is located as center, 36 initial candidate points can be retrieved 
from a first line segment, a second line segment and a third 
line segment (i.e. the first/second/third line segments are 
aligned, as shown in FIG. 3), wherein the first line segment 
comprises the pixel word and four neighboring pixels at the 
right and left sides of the pixel word, and the second line 
segment is on the first line segment, and the third line segment 
is beneath the first line segment; 
0049 (b) In step S1902, a first SAD value of each initial 
candidate point relative to each 8x8 block is calculated, 
thereby obtaining an initial current macroblock SAD value 
corresponding to each initial candidate point. Thus, a first 
least current macroblock SAD value can be obtained accord 
ing to the initial current macroblock SAD values: 
0050 (c) In step S1903, it is determined whether a best 
reference point corresponding to the first least current mac 
roblock SAD value is located on the second line segment or 
not. If so, step (d) (i.e. step S1905) is performed. If not, it is 
further determined whether the reference point correspond 
ing to the first least current macroblock SAD value is located 
on the third line segment (step S1904). If so, step (g) (i.e. step 
S1909) is performed. Otherwise, step () (i.e. step S1912) is 
performed: 
0051 (d) In step S1905, it is determined whether the sec 
ond line segment is located on a boundary of a searching 
window corresponding to the current macroblock or not. If so, 
step () (i.e. step S1912) is performed. If not, the second line 
segment is moved down by a pixel, and the moved second line 
segment is adjusted horizontally to generate 12 first refined 
candidate points according to a pixel word where the best 
reference point is located (step S1906), and step (e) is per 
formed; 
0052 (e) In step S1907, a second sub-macroblock SAD 
value of each first refined candidate point relative to each 8x8 
block is calculated, thereby obtaining a second current mac 
roblock SAD value corresponding to each first refined candi 
date point. Then, a second least current macroblock SAD 
value can be obtained according to the second current mac 
roblock SAD value corresponding to each first refined candi 
date point; 
0053 (f) In step 1908, it is determined whether the second 
least current macroblock SAD value is larger than the first 
least current macroblock SAD value. If so, step () (i.e. step 
S1912) is performed. If not, the second least current macrob 
lock SAD value is set to the first least current macroblock 
SAD value, and step (d) (i.e. step S1905) is performed. 
0054 (g) In step S1909, it is determined whether the third 
line segment is located on a boundary of the searching win 
dow corresponding to the current macroblock. If so, step () 
(i.e. step S1912) is performed. If not, the third line segment is 
moved up by one pixel, and the moved third line segment is 
adjusted horizontally to generate 12 second refined candidate 
points according to a pixel word where the best reference 
point is located (step S1913), and step (h) (i.e. step 1910) is 
performed: 
0055 (h) In step S1910, a third sub-macroblock SAD 
value of each second refined candidate point relative to each 
8x8 block is calculated, thereby obtaining a third current 
macroblock SAD value corresponding to each second refined 
candidate point. Then, a third least current macroblock SAD 
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value can be obtained according to the third current macrob 
lock SAD value corresponding to each second refined candi 
date point; 
0056 (i) In step S1911, it is determined whether the third 
least current macroblock SAD value is larger than the first 
least current macroblock SAD value. If so, step () (i.e. step 
S1912) is performed. If not, the third least current macrob 
lock SAD value is set to the first least current macroblock 
SAD value, and step (g) (i.e. step S1909) is performed; 
0057 (i) In step S1912, the current macroblock integer 
pixel motion vector is set to a first motion vector correspond 
ing to the first least current macroblock SAD value, and 
multiple sub-macroblock motion vectors corresponding to 
the 8x8 blocks in the current macroblock are set to multiple 
motion vectors pointing to the second sub-macroblock SAD 
values or the third sub-macroblock SAD values. 
0.058 B-3.8-Point Searching Based on Half Pixels 
0059. The motion estimation acceleration circuit 122 may 
take the reference point corresponding to the least SADog 
value as center, and searches for eight half pixels around the 
center. If the SADss or SAD value corresponding to the 
halfpixels is smaller than the SAD value of integer pixels, the 
motion estimation acceleration circuit 122 may update the 
motion vectors corresponding to the 8x8 blocks or the 16x16 
macroblock. 
0060 B-4. Decision of Macroblock Mode for Motion 
Estimation 
0061 For the MPEG4 standard, the motion estimation 
acceleration circuit 122 may determine whether an INTER 
mode (i.e. for 16x16 macroblocks) or an INTER4V mode (i.e. 
for 8x8 blocks) is used for encoding the current macroblock 
according to a rate distortion optimization (RDO) value. The 
mode with a smaller RDO value may have a higher priority, 
and the motion estimation acceleration circuit 122 may select 
the mode with a smaller RDO value as the encoding mode for 
the current macroblock. 

C. Storage Format of Current Macroblock Buffer and 
Searching Window Buffer 
0062. In an embodiment, the current frame and the refer 
ence frame for motion estimation are stored in the external 
storage unit 130, and the current macroblock and the search 
ing window are stored in the internal storage unit 140. When 
starting the encoding process, the hardware accelerator con 
troller 121 may read the current macroblock and the search 
ing window from the external storage unit 130, and write the 
current macroblock and the searching window to the internal 
storage unit 140. The current macroblock is stored in the 
current macroblockbuffer 143, and the pixels of the searching 
window are stored in the searching window buffer 144. For 
the current macroblock and the searching window, each pixel 
may have an 8-bit accuracy, and neighboring pixels in the 
horizontal direction are placed into the same pixel word. 
0063 FIG. 4 is a diagram illustrating overlapped search 
ing windows of horizontally neighboring macroblocks 
according to an embodiment of the invention. In an embodi 
ment, a search range for motion estimation used in the motion 
estimation acceleration circuit 122 is (-16, 15.5), and the size 
of the corresponding searching window may be 48x48 pixels. 
As illustrated in FIG. 4, the overlapped portion between the 
searching windows of the two horizontally neighboring mac 
roblocks is 32x48 pixels. 
0064. In order to reduce the memory bandwidth for 
accessing the external storage unit 130 by using the over 

Aug. 29, 2013 

lapped portion effectively, the searching window buffer 144 
in the invention is implemented in the architecture of four 
memory banks. Each memory bank may store a region of 
16x48 pixels. The motion estimation acceleration circuit 122 
may access a 48x48 searching window comprising three 
memory banks, whereas the remaining memory bank is 
accessed by the DMA controller 160. That is, the DMA 
controller 160 may read the region of 16x48 pixels for motion 
estimation of the next macroblock from the external storage 
unit 130 to the searching window buffer 144. Since there are 
four memory banks in the searching window buffer 144, it can 
be ensured that the calculation of motion estimation and 
accessing of the searching window of the next macroblock 
can be performed in parallel. 
0065 FIGS.5A-5D are diagrams illustrating the architec 
ture of the searching window buffer according to an embodi 
ment of the invention. Given that four neighboring macrob 
locks are MB1, MB2, MB3 and MB4, when the motion 
estimation acceleration circuit 122 performs motion estima 
tion of the current macroblock by using the respective mac 
roblocks MB1, MB2, MB3, and MB4, the searching window 
comprises three different memory banks in the searching 
window buffer 144 alternately. Meanwhile, the DMA con 
troller 160 may write the region of 16x48 pixels for motion 
estimation of the next macroblock into the memory bank 4. 
memory bank 1, memory bank 2 and memory bank 3 sequen 
tially, as illustrated in FIGS.5A-5D. Accordingly, the motion 
estimation acceleration circuit 122 may read the 48x48 
searching window from the external storage unit 130 when 
starting calculation for motion estimation of the first macrob 
lock in each row. For calculation of motion estimation of the 
remaining macroblocks in each row, the motion estimation 
acceleration circuit 122 may only have to read a region of 
16x48 pixels from the external storage unit 130. Therefore, 
the invention may reduce the memory bandwidth for access 
ing the external storage unit 130 effectively. 

D. Architecture of Motion Estimation Acceleration Circuit 

0066 FIG. 6 is a schematic diagram of the motion estima 
tion acceleration circuit 122 according to an embodiment of 
the invention. The motion estimation acceleration circuit 122 
may comprise a start searching point prediction unit 150, an 
integer pixel estimation unit 151, a half pixel estimation unit 
152, and a prediction difference calculating unit 153. Each 
component in the motion estimation acceleration circuit 122 
may execute a calculating procedure associated with its 
name, respectively. For example, the start searching point 
prediction unit 150 may search for and predict the start point 
for motion estimation, as described in section B-1 and illus 
trated in FIG. 2. After the motion estimation acceleration 
circuit 122 is activated, the start searching point prediction 
unit 150 may read pixels of the searching window and the 
current macroblock from the searching window buffer 144 
and the current macroblock buffer 143, respectively, accord 
ing to motion vectors of the neighboring macroblocks of the 
current macroblock. Then, the start searching point predic 
tion unit 150 may further calculate SAD values of the candi 
date points, and select a start searching point prediction value 
by comparing all the SAD values. Further, the start searching 
point prediction unit 150 may transmit the start searching 
point prediction value to the integer pixel estimation unit 151, 
so that the integer pixel estimation unit 151 may perform a 
12-point line segment searching process for motion estima 
tion. 
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0067. The integer pixel estimation unit 151 may read pix 
els of the searching window and the current macroblock from 
the searching window buffer 144 and the current macroblock 
buffer 143, respectively. Then, the integer pixel estimation 
unit 151 may calculate SAD values of all candidate points, 
and determine motion vectors of integer pixels by comparing 
all the SAD values. The integer pixel estimation unit 151 may 
transmit the motion vectors of integer pixels to the half pixel 
estimation unit 152. 

0068. The half pixel estimation unit 152 may perform 
calculation of interpolation and motion estimation of half 
pixels. The half pixel estimation unit 152 may read pixels of 
the searching window and the current macroblock from the 
searching window buffer 144 and the current macroblock 
buffer 143, respectively, and generate reference macroblocks 
by interpolation. The half pixel estimation unit 152 may fur 
ther calculate SAD values of all candidate points, and deter 
mine motion vectors for halfpixels by comparing all the SAD 
values. 

0069. The prediction difference calculating unit 153 may 
read pixels of the best reference macroblock from the search 
ing window 144 according to the motion vectors for half 
pixels generated by the half pixel estimation unit 152. The 
prediction difference calculating unit 153 may further obtain 
residue values by subtracting pixels of the best reference 
macroblock by pixels of the current macroblock, and write 
the residue values into the residue macroblockbuffer 141. 

E. Hardware Architecture for Searching Integer Pixels 

0070 FIG. 7 is a block diagram illustrating the hardware 
architecture of the integer pixel estimation unit 151 according 
to an embodiment of the invention. In an embodiment, the 
integer pixel estimation unit 151 may implement the afore 
mentioned 12-point line segment searching algorithm by 
using a systolic array comprising 12 parallel processing ele 
ments (PE). As illustrated in FIG. 7, the 12 processing ele 
ments of the integer pixel estimation unit 151 may be divided 
into four Sub-arrays, wherein the first Sub-array comprises 
processing elements PE1, PE5 and PE9; the second sub-array 
comprises processing elements PE2, PE6 and PE10; the third 
sub-array comprises processing elements PE3, PE7 and 
PE11; and the fourth sub-array comprises processing ele 
ments PE4, PE8 and PE12. Each processing element may 
have two input terminals, and pixels in the searching window 
buffer 144 can be broadcasted to all 12 processing elements. 
Pixels of the current macroblocks may be reordered into four 
sets of input data, and the four sets of input data are transmit 
ted to the four Sub-arrays, respectively. In addition, the trans 
mission path of the input data is sequential in each Sub-array 
(e.g. PE1->PE5->PE9). Also, eight 32-bit flip-flops are used 
as delaying units in four transmission paths of pixels of the 
current macroblock. 

0071 Since the current macroblock and the searching 
window are respectively stored in the current macroblock 
buffer 143 and the searching window buffer 144, the integer 
pixel estimation 151 may access these two buffers simulta 
neously via two different physical channels (e.g. memory 
channels). In addition, pixels are stored in the format of pixel 
words in the current macroblockbuffer 143 and the searching 
window buffer 144, and thus a pixel word of the current 
macroblock and a pixel word of the searching window can be 
read simultaneously from the current macroblock buffer 143 
and the searching window buffer 144 every clock cycle, 
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wherein each pixel word is divided into four pixels to be 
written into the register arrays (e.g. RA0, RA1, RA2, and 
RA3). 
0072. In the first clock cycle, the integer pixel estimation 
unit 151 writes pixels b0-b3 of the searching window into the 
register array RB, and writes pixels ato-a;3 of the current 
macroblocks into the register array RA. In addition, pixels 
a0-a3 are arranged into different orders and written into the 
register arrays RA1, RA2 and RA3, as illustrated in FIG. 7. 
0073. In the second clock cycle, the integer pixel estima 
tion unit 151 may broadcast the pixels b0-b3 of the searching 
window stored in the register array RB to all the 12 processing 
elements, and transmit pixels of the current macroblock 
stored in the register arrays RA0-RA3 to the four sub-arrays 
through four transmission paths. In the second clock cycle, 
the processing elements PE1-PE4 have received pixels of the 
current macroblock and the searching window for calcula 
tion, the processing elements PE5-PE12 are idling since they 
have not received the pixels of the current macroblock yet. 
Meanwhile, the integer pixel estimation unit 151 may keep on 
reading the current macroblock buffer 143 and the searching 
window buffer 144, store pixels b4-b7 of the searching win 
dow to the register array RB, and store pixels a4-a7 of the 
current macroblock to the register array RA0. The integer 
pixel estimation unit 151 may further reorder the pixelsa4-a7 
of the current macroblock and substitute some pixels in the 
register arrays RA1-RA3 with the reordered pixelsa4-a7, as 
illustrated in FIG. 7. 
0074. In the third clock cycle, the integer pixel estimation 
151 may broadcast the pixels b4-b7 of the searching window 
to all the 12 processing elements. Pixels of the current mac 
roblock stored in the register arrays RA0-RA3 are transmit 
ted to the four sub-arrays via four different transmission 
paths, so that the pixels can be transmitted sequentially in the 
processing elements in each Sub-array. In the third clock 
cycle, the processing elements PE1-PE8 have received pixels 
of the current macroblock and the searching window for 
calculation, but the processing elements PE9-PE12 are idling 
since they have not received the pixels of the current macrob 
lock yet. Meanwhile, the integer pixel estimation unit 151 
may keep on reading the searching window buffer 144, and 
store the pixels b8-b11 of the searching window into the 
register array RB. The integer pixel estimation unit 151 may 
further reorder pixelsa4-a7 of the current macroblock stored 
in the register array RA0, and substitute some pixels in the 
register arrays RA1-RA3 with the reordered pixels, as illus 
trated in FIG. 7. 
0075. In the fourth clock cycle, the integer pixel estima 
tion unit 151 may broadcast the pixels b8-b11 of the search 
ing window to all the 12 processing elements. Pixels of the 
current macroblock stored in the register arrays RA0-RA3 
are transmitted to the four sub-arrays via four different trans 
mission paths, so that the pixels can be transmitted sequen 
tially in the processing elements in each Sub-array. Mean 
while, the integer pixel estimation unit 151 may keep reading 
the searching window buffer 144, and store the pixels 
b12-b15 of the searching window into the register array RB. 
Therefore, all processing elements on the four transmission 
paths have received pixel data for calculation in the fourth 
clock cycle. 
0076. In the fifth clock cycle, the integer pixel estimation 
unit 151 may broadcast the pixels b12-b15 of the searching 
window to all the 12 processing elements. Also, the process 
ing elements PE1-PE4 are idling since they do not receive 
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any new pixels of the current macroblock, and the processing 
elements PE5-PE12 have received pixels of the searching 
window and pixels of the current macroblock from the delay 
ing units FF0-FF7 for calculation. Meanwhile, the integer 
pixel estimation unit 151 may keep reading the searching 
window buffer 144, and store the pixels b16-b19 of the 
searching window into the register array RB. 
0077. In the sixth clock cycle, the integer pixel estimation 
unit 151 has completed calculation of difference values of a 
pixel row (e.g. 12 integer pixels). Further, each processing 
element may comprise an accumulator, and the integer pixel 
estimation unit 151 may accumulate and store the difference 
values corresponding to the 12 candidate points, and calcu 
lation of a SADss value of the 12 candidate points can be 
completed by repeating the aforementioned steps 8 times. 
Then, the least SADss value can be obtained by using the 
comparators, and thus a corresponding motion vector MVss 
can be obtained. The integer pixel estimation unit 151 may 
keep calculating the SADss value of the 12 candidate points 
in the other three 8x8 blocks, thereby obtaining twelve 
SAD values. The integer pixel estimation unit 151 may 
further obtain the least SAD value by using the compara 
tors, thereby obtaining the corresponding motion vector 
MV, 6x6 

0078 FIG. 8 is a structure diagram illustrating a process 
ing element in the integer pixel estimation unit 151 according 
to an embodiment of the invention. As illustrated in FIG. 8, 
the processing element may comprise four SAD calculating 
units and an accumulator. In every clock cycle, the processing 
element may receive four pixels of the current macroblock 
and four pixels of the searching window, and calculate abso 
lute difference values of the four pixel pairs. The processing 
element may selectively accumulate the four absolute differ 
ence values. For each processing element, the corresponding 
control signal is a fixed 4-bit value in clock cycles for per 
forming calculation of motion estimation. Control signals 
between neighboring processing elements in the same set 
may have a one-clock-cycle delay. Accordingly, eight 4-bit 
flip-flops are used as delaying units in the integer pixel esti 
mation unit 151 to distribute the control signal of each pro 
cessing element. 

F. Hardware Architecture for Half-Pixel Interpolation and 
Searching 

0079. In the MPEG4 and H.263 video codec standards, a 
motion vector point of an integer pixel is often taken as a 
center, and eight candidate half pixels around the center are 
searched while performing searching of half pixels. The ref 
erence macroblock corresponding to the eight half pixels is 
generated after linear interpolation of integer pixels. There 
are three modes for interpolation of half pixels, such as hori 
Zontal interpolation, Vertical interpolation, and diagonal 
interpolation. Given that h, V, d denote the half pixels in the 
horizontal direction, Vertical direction and diagonal direction, 
respectively; A1 and A2 denote the integer pixels horizontally 
neighboring to the half pixel h; A1 and A3 denote the integer 
pixels vertically neighboring to the half pixel v; and A1-A4 
denote the integer pixels neighboring to the half pixel d, the 
interpolation for half pixels in different directions can be 
expressed as the following equations: 
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0080 FIGS. 9A and 9B are portions of a diagram illustrat 
ing the hardware architecture of the half pixel estimation unit 
152 according to an embodiment of the invention. The half 
pixel estimation unit 152 may comprise 4 sets of 10-bit adders 
and 3 sets of rounding and shifting units to implement inter 
polation of halfpixels. The halfpixel estimation unit 152 may 
further comprise eight parallel processing elements to imple 
ment searching of half pixels, as illustrated in FIGS. 9A and 
9B. As described in aforementioned embodiments, pixels are 
stored in the format of pixel words in the current macroblock 
buffer 143 and the searching window 144. The half pixel 
estimation unit 152 may read a pixel word of the current 
macroblock from the current macroblock buffer 143 and a 
pixel word of the searching window from the searching win 
dow buffer 144 simultaneously. Each pixel word is unpacked 
into four pixels, and the unpacked four pixels are written into 
the register arrays (e.g. RA10 and RA11). In an embodiment, 
the current macroblock register comprises two ping-pong 
register arrays RA10 and RA11, and each of the register 
arrays RA10 and RA11 may comprise eight 8-bit registers. 
The searching window register is comprised of two ping 
pong register arrays RB10 and RB11, and each of the register 
arrays RB10 and RB11 may comprise ten 8-bit registers. 
I0081. When the half pixel estimation unit 152 starts to 
perform interpolation of half pixels, the half pixel estimation 
unit 152 may read eight pixels in the first row of the current 
macroblock from the current macroblock buffer 143, and 
write the eight pixels in the first row into the register array 
RA10. Similarly, the half pixel estimation unit 152 may read 
eight pixels in the second row of the current macroblock from 
the current macroblock buffer 143, and write the eight pixels 
in the second row into the register array RA11. The half pixel 
estimation unit 152 may read 10 pixels in the first row of the 
searching window from the searching window buffer 144, 
and write the 10 pixels in the first row to the register array 
RB10. Similarly, the half pixel estimation unit 152 may read 
10 pixels in the second row of the searching window from the 
searching window buffer 144, and write the 10 pixels in the 
second row to the register array RB11. When the half pixel 
estimation unit 152 has completed calculation of interpola 
tion and searching of half pixels in a row, the half pixel 
estimation unit 152 may further read pixels in a subsequent 
new row of the current macroblock from the current macrob 
lockbuffer 143, thereby substituting a prior row stored in the 
register array RA10 or RA11 with the new row. The halfpixel 
estimation unit 152 may further read pixels in a subsequent 
new row of the searching window from the searching window 
buffer 144, thereby substituting a prior row stored in the 
register array RB10 or RB11 with the new row. While calcu 
lating interpolation of half pixels, the half pixel estimation 
unit 152 may simultaneously generate 9 halfpixels in a row in 
the horizontal direction, 8 half pixels in a column in the 
vertical direction, and 9 half pixels in a row in the diagonal 
direction, so that the criterion to search for eight candidate 
halfpixels simultaneously can be satisfied. Further, two lines, 
which each comprises 10 integer pixels, are required when 
the half pixel estimation unit 152 generates the aforemen 
tioned half pixels in different directions. In addition, the half 
pixel estimation unit 152 may read the two lines from the 
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searching window buffer 144, and write the two lines into the 
register arrays RB10 and RB11, respectively. Since pixels are 
stored in the format of pixel words (i.e. each comprises four 
integer pixels) in the searching window buffer 144, the half 
pixel estimation unit 152 has to read three pixel words con 
tinuously from the searching window buffer 144 while read 
ing 10 integer pixels in a line. The half pixel estimation unit 
152 may further unpack the three pixel words into 12 integer 
pixels, and align the integer pixels according to the locations 
of the motion vectors of integer pixels in the pixel words, 
thereby truncating two invalid integer pixels. 
0082. The half pixel estimation unit 152 may comprise 8 
parallel processing elements PE21-PE28, and the processing 
elements PE21-PE28 are divided into 3 groups. The first 
group comprises the processing elements PE21-PE24, con 
figured to calculate SAD values of four candidate half pixels 
in the diagonal direction. The second group comprises the 
processing elements PE25 and PE26, configured to calculate 
SAD values of two candidate half pixels in the vertical direc 
tion. The third group comprises the processing elements 
PE27 and PE28, configured to calculate SAD values of two 
candidate half pixels in the horizontal direction. When the 
half pixel estimation unit 152 calculates interpolation of half 
pixels in the first row, the half pixel estimation unit 152 may 
broadcast the pixels of the current macroblock stored in the 
register array RA10 to the processing elements PE23, PE24 
and PE26 through a first broadcasting path, and broadcast the 
pixels of the current macroblock stored in the register array 
RA11 to the processing elements PE21, PE22, PE25, PE27 
and PE28 through a second broadcasting path. Then, When 
the half pixel estimation unit 152 has completed calculation 
of interpolation of halfpixels in a row, the broadcasting paths 
from the register arrays RA10 and RA11 may be inter 
changed. The nine halfpixels d0-d8 in the diagonal direction 
generated by the half pixel estimation unit 152 are divided 
into two groups. For example, the halfpixels d0-d7 are trans 
mitted to the processing elements PE21 and PE23, and the 
half pixels d1-d8 are transmitted to the processing elements 
PE22 and PE24. Similarly, the nine half pixels h0-h8 in the 
horizontal direction generated by the half pixel estimation 
unit 152 are divided into two groups. For example, the half 
pixels h0-h7 are transmitted to the processing element PE27. 
and the half pixels h1-h8 are transmitted to the processing 
element PE28. In addition, the eight half pixels v0-V7 in the 
vertical direction generated by the half pixel estimation unit 
152 are transmitted to the processing elements PE25 and 
PE26 simultaneously. 
0083. In an embodiment, each processing element in the 
half pixel estimation unit 152 may comprise four SAD cal 
culating units and an accumulator (as shown in FIG. 7), and it 
may take two clock cycles to complete calculation of SAD 
values of half pixels in a line. The half pixel estimation unit 
152 may accumulate the SAD values of half pixels in 8 lines 
to obtain eight SADss values. The half pixel estimation unit 
152 may select the least SADss value of halfpixels by using 
the comparators, and compare the least SADss value of half 
pixels with the least SADss value of integer pixels, thereby 
obtaining the resulting motion vector MVss (i.e. the least 
SADss value after comparison). 
0084. The half pixel estimation unit 152 may sum up the 
four SADss values corresponding to each of the 8 candidate 
half pixels, thereby obtaining 8 SAD values. Then, the 
half pixel estimation unit 152 may select the least SAD 
value of half pixels by using the comparators, and compare 
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the least SAD value of halfpixels with the least SAD 
16 value of integer pixels, thereby obtaining the resulting 
motion vector MV (i.e. the least SAD value after 
comparison). 

G. Definition of Loop Filtering Sequence 
I0085 Encoding processes and decoding processes in 
video codec standards, such as the H.264 or VC-1 standards, 
are controlled in a frame level flow, and the order for process 
ing the boundary in the in-loop filtering processes are defined 
in the video codec standards. In addition, the hardware accel 
erators in the encoding module 120 may perform the encod 
ing process by macroblock. In the invention, a filtering order 
of the boundary of 4x4 blocks in a 16x16 macroblock is 
further defined based on the definition in the video codec 
standards, thereby using the overlapped portion of neighbor 
ing macroblocks effectively to reduce the memory bandwidth 
for accessing the external storage unit 130. 
I0086. It should be noted that an in-loop filter is a necessary 
component in a video encoding system and a video decoding 
system for the H.264 and VC-1 standards. The in-loop filter 
may reduce the discontinuity between neighboring macrob 
locks generated by the processes, such as DCT/iDCT and 
quantization/inverse quantization, thereby enhancing the 
image quality after motion compensation and increasing the 
efficiency for video encoding. 
I0087 FIG. 18 is a block diagram illustrating a video codec 
system according to an embodiment of the invention. Refer 
ring to FIG. 1 and FIG. 18, the in-loop filtering acceleration 
circuit 124 is not only applied in the video encoding system 
100, but also applied in a video codec system 1800. The video 
codec system 1800 may comprise a processing unit 1810, a 
codec module 1820, and an external storage unit 1830. The 
processing unit 1810 may be a controller, configured to 
execute a hardware acceleration control program, and execute 
decoding pre-processing and post-processing, such as an 
entropy decoding program and a decoding parameters calcu 
lating program, respectively. For example, the processing unit 
1810 may be a central processing unit (CPU), a digital signal 
processor (DSP) or other equivalent circuits implementing 
the same functions. 
I0088. The codec module 1820 may comprise a hardware 
accelerator controller 1821, a codec processing unit 1822, an 
in-loop filtering acceleration circuit 1823, an external storage 
unit 1830 and an internal storage unit 1840. In an embodi 
ment, the codec processing unit 1822 can be implemented by 
hardware circuits (i.e. hardware) or DSPs (i.e. software) con 
figured to perform decoding processes, such as motion com 
pensation, intra-frame prediction, inverse DCT, inverse quan 
tization and Zig-Zag scan. The functionality of the in-loop 
filtering acceleration circuit 1823 is identical to that of the 
in-loop filtering acceleration circuit 124, and the details will 
not be described here. In the following sections, only the 
details of the in-loop filtering acceleration circuit 124 will be 
described. 
I0089. The external storage unit 1830 is configured to store 
reference frames, reconstructed frames, decoding param 
eters, and RLL codes. The external storage 1830 may be a 
Volatile memory component (e.g. random access memory, 
such as DRAM or SRAM) and/or a non-volatile memory 
component (e.g. ROM, hard disk, CDROM). 
0090 The internal storage unit 1840 may comprise a 
searching window buffer 1841, a first FIFO buffer 1842, a 
de-blocking filter buffer 1843, and a second FIFO buffer 
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1844. The searching window buffer 1841 is configured to 
store reference macroblocks for motion compensation. The 
first FIFO buffer 1842 is configured to store RLL codes. The 
de-blocking filter buffer 1843 is configured to store recon 
structed macroblocks after motion compensation executed by 
the codec processing unit 1822, and filtered macroblocks 
generated by the in-loop filtering acceleration circuit 1823. In 
addition, the in-loop filtering acceleration circuit 1823 may 
read the reconstructed macroblocks generated by the codec 
processing unit 1822 from the de-blocking filter buffer 1843, 
perform in-loop filtering to the reconstructed macroblocks, 
and write the filtered macroblocks into the de-blocking filter 
buffer 1843. The second FIFO buffer 1844 is configured to 
store decoding parameters generated by the processing unit 
1810. 

0091 G-1. In-Loop Filtering Sequence in H.264 Standard 
0092 FIG. 10 is a diagram illustrating the in-loop filtering 
sequence in the H.264 standard according to an embodiment 
of the invention. As illustrated in FIG. 10, Y denotes a lumi 
nance macroblock, and U and V denote a respective chromi 
nance macroblock. The filtering sequence for an in-loop filter 
in the H.264 standard is defined as following: for each frame, 
the vertical edges of all 4x4 blocks are filtered first, and the 
vertical edges are filtered from top to bottom and from left to 
right. Then, the horizontal edges of all 4x4 blocks are filtered, 
and the horizontal edges are also filtered from top to bottom 
and from left to right. 
0093. The in-loop filtering acceleration circuit 124 may 
perform video encoding/decoding by macroblock, and the 
edges to be filtered in each macroblock are the black bold 
lines illustrated in FIG. 10. The blocks filled with diagonal 
lines represent the current luminance macroblock and current 
chrominance macroblocks, and the white blocks represent 
neighboring luminance macroblocks and neighboring 
chrominance macroblocks of the current luminance macrob 
lock and current chrominance macroblocks, respectively. 
0094 Based on the filtering sequence defined in the H.264 
standard, the in-loop filtering acceleration circuit 124 may 
re-define the filtering sequence for filtering edges of 4x4 
blocks in a 16x16 macroblock as the order of numbers illus 
trated in FIG. 10. First, the in-loop filtering acceleration cir 
cuit 124 may filter the vertical edges of all 4x4 blocks from 
left to right and from top to bottom, and filter the horizontal 
edges of all 4x4 blocks from top to bottom and from left to 
right. Briefly, the in-loop filtering acceleration circuit 124 
may use the neighboring macroblocks having overlapped 
edges effectively to reduce the memory bandwidth for access 
ing the external storage unit 130 by using the filtering 
sequence defined for the H.264 standard in the invention. For 
example, when filtering a vertical edge of a 4x4 block, the 
in-loop filtering acceleration circuit 124 may read two 4x4 
blocks located at the left/right side of the vertical edge from 
the de-blocking filter buffer 145, and write the two 4x4 blocks 
to the transposition register arrays TA and TB (as shown in 
FIG. 14A, and details will be described later). When the 
in-loop filtering acceleration circuit 124 has completed filter 
ing of a vertical edge, it is not necessary for the in-loop 
filtering acceleration circuit 124 to write the 4x4 block, which 
is located at the right side of the vertical edge, back to the 
de-blocking filter buffer 145. That is, the 4x4 block can be 
preserved in the de-blocking filter buffer 145, so that the 4x4 
block can be used as the macroblock located at the left side of 
the next vertical edge. Accordingly, accessing (i.e. writing 
and reading) of a 4x4 block can be saved when the in-loop 
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filtering acceleration circuit 124 performs filtering to a verti 
cal edge. Similarly, another accessing operation (i.e. writing 
and reading) of a 4x4 block can be saved when the in-loop 
filtering acceleration circuit 124 performs filtering to a hori 
Zontal edge. 
0.095 G-2. In-Loop Filtering Sequence in VC-1 Standard 
0096 FIG. 1 is a diagram illustrating the filtering sequence 
for an in-loop filter in the VC-1 standard according to an 
embodiment of the invention. As illustrated in FIG. 11, Y 
denotes a luminance macroblock, and U and V denote a 
respective chrominance macroblock. For each frame, the fil 
tering sequence in the in-loop filter defined by the VC-1 
standard can be expressed as the following criteria of 
(0097 (a) horizontal edges of all 8x8 blocks are filtered 
from left to right and from top to bottom; 
0.098 (b) horizontal edges of all 4x4 blocks are filtered 
from left to right and from top to bottom; 
(0099 (c) vertical edges of all 8x8 blocks are filtered from 
top to bottom and from left to right; and 
0100 (d) vertical edges of all 4x4 blocks are filtered from 
top to bottom and from left to right. 
0101. When the in-loop filtering acceleration circuit 124 
encodes or decodes a frame by macroblock, Some edges of the 
current macroblock are not filtered by the in-loop filtering 
acceleration circuit 124 due to the limitation of the filtering 
sequence of the VC-1 standard, wherein the limitation may 
indicate that the right edge and the bottom edge are not 
filtered while performing in-loop filtering for each macrob 
lock. Accordingly, the edges can only be filtered while the 
in-loop filtering acceleration circuit 124 performs filtering of 
the next macroblock or the macroblock exactly on the next 
line (i.e. the line beneath the current line). Therefore, when 
the in-loop filtering acceleration circuit 124 performs filtering 
of each macroblock, the edges to be filtered may comprise 
Some internal edges of the current macroblock, and some 
edges of the up, left, and upper-left neighboring macroblocks, 
such as the black bolded lines illustrated in FIG. 11. In addi 
tion, the blocks filled with diagonal lines are the luminance 
macroblock and chrominance macroblocks of the current 
macroblock, and the white blocks are the luminance macrob 
lock and chrominance macroblocks of the neighboring mac 
roblocks. 
0102 Based on the filtering sequence defined in the VC-1 
standard, the in-loop filtering acceleration circuit 124 may 
re-define the filtering sequence for filtering edges of 4x4 
blocks in a 16x16 macroblock as the order of numbers illus 
trated in FIG. 11. First, the in-loop filtering acceleration cir 
cuit 124 may filter horizontal edges. That is, the in-loop 
filtering acceleration circuit 124 may filter the horizontal 
edges of 8x8 blocks from bottom to top, and filter the hori 
Zontal edges of 4x4 blocks from top to bottom. Then, the 
in-loop filtering acceleration circuit 124 may filter vertical 
edges. That is, the in-loop filtering acceleration circuit 124 
may filter the vertical edges of 8x8 blocks from right to left, 
and filter the vertical edges of 4x4 blocks from left to right. 
Briefly, the in-loop filtering acceleration circuit 124 may use 
the neighboring macroblocks having overlapped edges effec 
tively to reduce the memory bandwidth for accessing the 
external storage unit 130 by using the filtering sequence re 
defined for the VC-1 standard in the invention. 

H. Storage Format of Pixels for In-Loop Filtering 
0103) The reconstructed macroblocks generated by the 
in-loop filtering acceleration circuit 124 may compose a 
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reconstructed frame, which is stored in the external storage 
unit 130. The pixels of the reconstructed macroblocks before 
in-loop filtering and pixels of the macroblocks after in-loop 
filtering are stored in the de-blocking filter buffer 145 of the 
internal storage unit 140 with the format of pixel words (e.g. 
word32 format). Briefly, each pixel has an 8-bit accuracy, and 
four horizontally adjacent pixels are placed into the same 
pixel word. Before performing in-loop filtering, the DCT and 
quantization accelerator 123 may write the reconstructed 
macroblock after motion compensation or spatial compensa 
tion into the de-blocking filter buffer 145. Then, the hardware 
accelerator controller 121 may read the required neighboring 
macroblocks for in-loop filtering from the external storage 
unit 130, and write the macroblocks into the de-blocking filter 
buffer 145. When in-loop filtering has completed, the hard 
ware accelerator controller 121 may copy the reconstructed 
macroblocks and neighboring macroblocks after in-loop fil 
tering to the external storage unit 130 by using the DMA 
controller 160. 

0104 Referring to FIG. 10 and FIG. 11, left, upper, and 
upper-left neighboring macroblocks of the current macrob 
lock are used while performing in-loop filtering for the cur 
rent macroblock. FIG. 12 is a diagram illustrating the archi 
tecture of the de-blocking filter buffer 145 according to an 
embodiment of the invention. For convenience to read neigh 
boring macroblocks, the de-blocking filter buffer 145 may 
have an architecture of four memory banks, so that the opera 
tions of reading, writing and filtering macroblocks can be 
executed in parallel to increase performance of the video 
encoding system 100. Each memory bank may store the cur 
rent macroblock and certain lines of luminance/chrominance 
pixels above the current macroblock. For example, the de 
blocking filter buffer 145 may store four lines of luminance/ 
chrominance pixels above the current macroblock for the 
H.264 standard. Alternatively, the de-blocking filter buffer 
145 may store 8 lines of luminance/chrominance pixels above 
the current macroblock for the VC-1 standard. Two neighbor 
ing memory banks (e.g. memory banks 1 and 2) in the de 
blocking filter buffer 145 are configured to store the current 
macroblock, the left neighboring macroblock, and two upper 
neighboring luminance and chrominance macroblocks, and 
the in-loop filtering acceleration circuit 124 may read the two 
neighboring memory banks simultaneously to perform the 
in-loop filtering process. Other hardware accelerators or the 
DSP processor (e.g. DCT and quantization unit 123) in the 
encoding module 120 may write the reconstructed macrob 
locks into a memory bank (e.g. memory bank 3) of the de 
blocking filter buffer 145. In addition, the hardware accelera 
tor controller 121 may further read the upper neighboring 
macroblock of the reconstructed macroblock from the exter 
nal storage unit 130, and write the upper neighboring mac 
roblock into a memory bank (e.g. memory bank 3) of the 
de-blocking filter buffer 145. Also, the hardware accelerator 
controller 121 may further copy the reconstructed macrob 
lock and the upper neighboring macroblock after in-loop 
filtering, which are stored in a memory bank (e.g. memory 
bank 0) of the de-blocking filter buffer 145, to the external 
storage unit 130. 
0105 FIGS. 13 A-13D are portions of a diagram illustrat 
ing the sequence of data accessing in the de-blocking filter 
buffer 145 according to an embodiment of the invention. In 
order to perform reading, writing and in-loop filtering of 
macroblocks simultaneously, different hardware accelerators 
or the DSP processor of the encoding module 120 should 
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access different memory banks of the de-blocking filter buffer 
145 circularly via the DMA controller 160, as illustrated in 
FIGS. 13A-13D. In order to synchronize reading, writing and 
in-loop filtering of macroblocks, three different indices are 
used in the de-blocking filter buffer 145 to prevent different 
hardware accelerators and the DMA controller 160 from 
accessing the same memory bank of the de-blocking filter 
buffer 145. The three aforementioned indices, such as a read 
ing index rd index, a filter index filter index, and a writing 
index wr index, are configured to control different hardware 
accelerators and the DMA controller 160 to access different 
memory banks of the de-blocking filter buffer 145. The con 
trol mechanism of the indices can be expressed in the follow 
ing steps: 
0106 (a) When the reading index rd index is pointing to a 
memory bank accessed by the DMA controller 160, the read 
ing index rd index is set to 0. When (rd index+1) is smaller 
than the filter index filter index, the DMA controller 160 may 
read the memory bank to which the reading index rd index is 
pointing. Every time when the DMA controller 160 has com 
pleted reading a macroblock and its upper neighboring mac 
roblock, the DMA controller 160 may add the reading index 
rd index by 1. 
0107 (b) When the filter index filter index is directing to 
a memory accessed by the in-loop filtering acceleration cir 
cuit 124, the filter index filter index is set to 0. When the filter 
index filter index is Smaller than the writing index Wr index, 
the in-loop filtering acceleration circuit 124 may access two 
memory banks directed to by filter index and (filter index 
1). Every time when the in-loop filtering acceleration circuit 
124 has completed in-loop filtering of a macroblock, the 
in-loop filtering acceleration circuit 124 may add the filter 
index filter index by 1. 
0.108 (c) When the writing index wr index is pointing to 
the memory bank read by other hardware accelerators, the 
DSP processor, and the hardware accelerator controller 121, 
the writing index wr index is set to 0. When the writing index 
Wr index is larger than (rd index+2), other hardware accel 
erators/the DSP processor, and the hardware accelerator con 
troller 121 may write macroblock data to the memory bank to 
which the writing index Wr index is pointing. Every time 
when other hardware accelerators/the DSP processor and the 
hardware accelerator controller 121 have completed writing 
of a macroblock and its upper neighboring macroblock, the 
aforementioned components may add the writing index 
wr index by 1. 

I. Hardware Architecture of In-Loop Filtering Acceleration 
Circuit 

0109 FIGS. 14A and 14B are portions of a diagram illus 
trating the hardware architecture of the in-loop filtering accel 
eration circuit 124 according to an embodiment of the inven 
tion. In the invention, the filtering parameter. Such as 
boundary strength (BS), in the H.264 standard is calculated 
by the processing unit 110. In addition, the processing unit 
110 may control the in-loop filtering acceleration circuit 124 
by the hardware accelerator controller 121. For the VC-1 
standard, the processing unit 110 may determine whether 
each edge should be filtered or not. For the H.264 standard, 5 
levels of boundary strength, such as BS-0-4, are defined for 
edges of a macroblock. However, boundary strength is not 
defined in the VC-1 standard, and thus there are only two 
conditions, specifically, to be filtered or not, for each edge in 
the VC-1 standard. For convenience in selecting the type of 
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filters, two cases of boundary strength are defined for the 
VC-1 standard in the invention. That is, if the processing unit 
110 determines that the edge should be filtered, the value of 
boundary strength is set to 0. Conversely, if the processing 
unit 110 determines that the edge should not be filtered, the 
value of boundary strength is set to 5. Accordingly, the in 
loop filtering acceleration circuit 124 only has to read mac 
roblock data from the de-blocking filter buffer 145, and select 
an appropriate one-dimensional (1D) filter according to fil 
tering parameters, such as the value of boundary strength, to 
perform in-loop filtering of the corresponding edge. 
0110. As illustrated in FIGS. 14A and 14B, the in-loop 
filtering acceleration circuit 124 may comprise two transpo 
sition register arrays TA and TB, a filter selection unit 1410, 
and multiple 1D filters (e.g. G FILTER0-G FILTER1, 
S FILTER0-S FILTER3 and V FILTER). Since the recon 
structed macroblock to be filtered is stored in the de-blocking 
filter buffer 145 with a format of pixel words, the in-loop 
filtering acceleration circuit 124 may read one pixel word 
from the de-blocking filter buffer 145 every clock cycle, 
unpack the pixel word into four pixels, and write the four 
pixels into the transposition register arrays TA and TB. 
Accordingly, only four clock cycles are taken for the in-loop 
filtering acceleration circuit 124 to read pixels of a 4x4 block 
from the de-blocking filter buffer 145 to the transposition 
register arrays TA and TB. Pixels should be read column by 
column or row by row while filtering horizontal edges and 
Vertical edges, respectively. However, the accessing of the 
de-blocking filter buffer 145 is more effective only when data 
is read or written row by row. The in-loop filtering accelera 
tion circuit 124 may read pixels in a 4x4 block column by 
column, or row by row, freely by using the transposition 
register arrays TA and TB, so that the same hardware circuit 
(e.g. 1D filter) can be used to filter horizontal edges and 
vertical edges. When two 4x4 blocks are written into the 
transposition register arraySTA and TB, the in-loop filtering 
acceleration circuit 124 may start to perform in-loop filtering, 
and the procedures for in-loop filtering are described as the 
following steps: 
0111 (1) Four pixels p0, p1, p2 and p3 are read from the 
transposition register array TA and four pixels q0, q1, q2 and 
q3 are read from the transposition register array TB column 
by column or row by row according to the current filtering 
direction (e.g. horizontal direction or vertical direction). The 
processing unit 110 may determine the boundary strength of 
the current edge. If BS-0, the current edge is not filtered, and 
step (1) is repeated. 
0112 (2) If the processing unit 110 determines that the 
boundary strength BS of the current edge is equal to 5, it may 
indicate that the filtering process is to filter the current edge in 
the VC-1 standard, and step (4) is performed to select a 1D 
filter of the VC-1 standard. Otherwise, step (3) is performed. 
0113 (3) The in-loop filtering acceleration circuit 124 
may calculate filter selection parameters d0=p0-q0, 
d1=p1-p0, and d2=q0-q1, and compare the parameters 
d0-d2 with threshold values C. and B. If the in-loop filtering 
acceleration circuit 124 determines that the criterion (d0<C. 
&& d1<C. && d2<B) does not stand, the current edge is not 
filtered, and step (1) is performed. If the criterion stands, the 
in-loop filtering acceleration circuit 124 may further deter 
mine whether the current macroblock is aluminance macrob 
lock in the H.264 standard. If so, the in-loop filtering accel 
eration circuit may calculate filter selection parameters 
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d3=lp2-p0 and d4-q2-q0, and step (4) is performed to 
select a 1D filter of the H.264 standard. If not, step (4) is 
performed. 
0114 (4) The in-loop filtering acceleration circuit 124 
may select a 1D filter according to the value of boundary 
strength to perform filtering of input pixels p0-p3 and q0-q3. 
When the value of boundary strength BS is 4, the in-loop 
filtering acceleration circuit 124 may select a H.264 strong 
filter(S FILTER). When the value ofboundary strength BS is 
between 1-3, the in-loop filtering acceleration circuit 124 
may select a H.264 general filter (G FILTER). When the 
value of boundary strength BS is 5, the in-loop filtering accel 
eration circuit 124 may select a VC-1 filter (V FILTER). If 
the filtering of edges has not been completed yet, Step (1) is 
performed. When the filtering of edges has completed, the 
in-loop filtering acceleration circuit 124 may write output 
pixels p0'-p3' back to the transposition register array TA, and 
write output pixels q0'-q3" back to the transposition register 
array TB. 
0115 (5) When the filtering of edges has completed, the 
in-loop filtering acceleration circuit 124 may write 4x4 
blocks, which are above the horizontal edge or located at the 
left side of the vertical edge, back to the de-blocking filter 
buffer 145. If a horizontal edge is processed, the in-loop 
filtering acceleration circuit 124 may read pixels by column, 
and four adjacent pixels in a column are packed into a pixel 
word to be written into the de-blocking filter buffer 145. If a 
Vertical edge is processed, the in-loop filtering acceleration 
circuit 124 may read pixels by row, and four adjacent pixels in 
a row are packed into a pixel word to be written into the 
de-blocking filter buffer 145. 
0116. In an embodiment, the filter selection unit 1410 of 
the in-loop filtering acceleration circuit 124 is configured to 
calculate filter selection parameters (e.g. d0, d3 and d4) 
according to the input pixels, select a corresponding 1D filter 
according to the calculated filter selection parameters. There 
are three types of 1D filters in the in-loop filtering accelera 
tion circuit 124, such as H.264 strong filters, H.264 general 
filters, and a VC-1 filter. For example, four filters are included 
in the H.264 strong filters, such as S FILTER0, S FILTER1, 
S FILTER2, and S FILTER3. Two filters are included in the 
H.264 general filters, such as G FILTER0 and G FILTER1. 
Only one filter V FILTER is included in the VC-1 filter. The 
parameters received by the filter selection unit 1410 may 
comprise boundary strength BS, a chrominance parameter 
chroma, a clipping parameter c0, a bit rate parameter alpha, a 
quantization parameter PQuant, and filter selection param 
eters d0, d3 and d4. For example, the boundary strength BS is 
determined by the processing unit 110. The chrominance 
parameter chroma may indicate that the current macroblock 
is a luminance macroblock or a chrominance macroblock. If 
the chrominance parameter chroma is 1, it may indicate that 
the current macroblock is a chrominance macroblock. Other 
wise, it may indicate that the current macroblock is a lumi 
nance macroblock. Further, c0 is a clipping parameter, which 
is obtained from a look-up table according to the boundary 
strength BS, used in H.264 general filters. Also, alpha is a bit 
rate parameter generated by the processing unit 110 while 
decoding a bitstream. The quantization parameter PQuant is 
generated by the processing unit 110. As described in the 
aforementioned embodiment, the filter selection unit 1410 of 
the in-loop filtering acceleration circuit 124 may calculate 
filter selection parameters d0, d3 and d4 according to the 
input pixels. 
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0117 The working principle of the filter selection unit 
1410 is shown in FIGS. 15A and 15B. First, the filter selection 
unit 1410 may select the filter type according to the boundary 
strength. Then, the filter selection unit 1410 may determine 
the 1D filter(s) to be used according to other parameters. 
0118 FIGS. 16A-16F are diagrams illustrating the archi 
tecture of each H.2641D filter according to an embodiment of 
the invention. In another embodiment, when the filter selec 
tion unit 1410 has determined the 1D filter(s) to be used, the 
in-loop filtering acceleration circuit 124 may start to perform 
filtering. It should be noted that a filtering procedure is gen 
erally completed by a certain amount of 1D filters. Each 1D 
filter may select a portion of input pixels p0-p3 and q0-q3 as 
an input, and perform calculation of the selected input pixels 
to obtain 1 or 2 results (i.e. filtered pixels), and substitute one 
or two pixels of the input pixels with the filtered pixels, 
thereby generating output pixels (e.g. pout, pout1 or pout2 in 
FIGS. 16A-16F). Then, the output pixels are written back to 
the transposition register arrays TA or TB. 
0119 Four H.264 strong 1D filters (e.g. S FILTER0, 
S FILTER1, S FILTER2, and S FILTER3) and two H.264 
general 1D filters (e.g. G FILTER0 and G FILTER1) are 
illustrated in FIGS. 16A-16F, respectively. Each 1D filter 
comprises a certain amount of adders, shifters and clipping 
units, wherein pin 0-pin4 denote input pins in different 1D 
filters, and pout, pout1 and pout2 denote the output pixels of 
the different 1D filters. 

0120 FIGS. 17A-17B are portions of a diagram illustrat 
ing the architecture of the VC-1 filter in the in-loop filtering 
acceleration circuit 124 according to an embodiment of the 
invention. As illustrated in FIGS. 17A and 17B, the VC-1 
filter V FILTER may comprise two parts. The first part may 
perform calculation of eight input pixels p0-p3 and q0-q3 to 
generate four internal parameters a(), lad, a3 and delta. The 
second part may perform filtering by using the four internal 
parameters and a quantization parameter PQuant to generate 
two output pixels p0' and q0'. Then, the second part may 
further substitute the input pixels p0 and q0 with the output 
pixels p0' and q0', and write the output pixels back to the 
transposition register arrays TA and TB. When the in-loop 
filtering acceleration circuit 124 performs filtering of hori 
Zontal edges, the horizontal edges of a 4x4 block in the third 
row should be filtered first. Similarly, when the in-loop filter 
ing acceleration circuit 124 performs filtering of Vertical 
edges, the vertical edges of a 4x4 block in the third column 
should be filtered first. If the input pixels p0-p3 and q0-q3 are 
located on the horizontal edge of a 4x4 block in the third row 
or the vertical edge of a 4x4 block in the third column, the flag 
3rd pel pair is set to 1. Then, the VC-1 filter should further 
determine another flag filter other 3 pixels. If the flag fil 
ter other 3 pixels is 1, pixels in the remaining three rows or 
columns should be further filtered. Otherwise, the filtering 
process of the pixels in the remaining three rows or columns 
can be skipped. 
0121 For those skilled in the art, it should be appreciated 
that the in-loop filtering acceleration circuit 124 is used to 
perform filtering processes of horizontal edges, Vertical edges 
and diagonal lines. Also, the in-loop filtering acceleration 
circuit 124 may comply with the H.264 standard (e.g. Base 
line profile) and the VC-1 standard (e.g. Simple profile and 
Main profile). In addition, the 1D filters in the in-loop filtering 
acceleration circuit 124 can be upgraded to comply with other 
Video codec standards. 
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I0122) While the invention has been described by way of 
example and in terms of the preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed 
embodiments. To the contrary, it is intended to cover various 
modifications and similar arrangements (as would be appar 
ent to those skilled in the art). Therefore, the scope of the 
appended claims should be accorded the broadest interpreta 
tion so as to encompass all Such modifications and similar 
arrangements. 
What is claimed is: 

1. A motion estimation acceleration circuit applied in a 
Video encoding system Supporting multiple video codec stan 
dards, comprising: 

a start searching point prediction unit, configured to deter 
mine a start searching point according to multiple neigh 
boring macroblocks of a current macroblock, wherein 
the current macroblock corresponds to a searching win 
dow; and 

an integer pixel estimation unit, configured to determine a 
best candidate pixel according to a first line segment at 
where the start searching point is located, a second line 
segment on the first line segment, and a third line seg 
ment beneath the first line segment, 

wherein the integer pixel estimation unit further deter 
mines whether the best candidate pixel is located at the 
first line segment, 

if so, the integer pixel estimation unit sets a candidate 
motion vector corresponding to the best candidate pixel 
as a first current macroblock motion vector; 

if not, the integer pixel estimation unit dynamically adjusts 
the second line segment or the third line segment in the 
searching window to update the best candidate pixel, 
and retrieves the first current macroblock motion vector 
corresponding to the updated best candidate pixel. 

2. The motion estimation acceleration circuit as claimed in 
claim 1, wherein the start searching point prediction unit 
further calculates multiple macroblock reference pixels 
pointed by multiple second neighboring macroblock motion 
vectors, and calculates multiple neighboring macroblock Sum 
of absolute difference values corresponding to the macrob 
lock reference points, wherein the start searching point pre 
diction unit further assigns one of the macroblock reference 
points corresponding to the least one of the neighboring mac 
roblocksum of absolute difference values as the start search 
ing points. 

3. The motion estimation acceleration circuit as claimed in 
claim 2, wherein when the current macroblock is located at a 
boundary of a current frame, the start searching point predic 
tion unit further Substitutes the second neighboring macrob 
lock motion vectors with a Zero motion vector, and sets the 
start searching point as the Zero point. 

4. The motion estimation acceleration circuit as claimed in 
claim 2, wherein the integer pixel estimation unit calculates 
the first current macroblock motion vector by executing the 
following steps of 

(a) dividing the current macroblock into at least one 8x8 
block, taking a pixel word having four pixels, including 
the start searching point as center for each 8x8 block, 
and retrieving 36 initial candidate points from the first 
line segment, the second line segment and the third line 
segment, wherein the first line segment comprises the 
pixel word and four neighboring pixels left and right to 
the pixel word; 
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(b) calculating a first sub-macroblock sum of absolute dif 
ference value of each initial candidate point relative to 
each 8x8 block to obtain an initial current macroblock 
Sum of absolute difference value corresponding to each 
initial candidate point, and obtaining a first least current 
macroblock Sum of absolute difference value according 
to the initial current macroblock sum of absolute differ 
ence values; 

(c) determining whethera best candidate point correspond 
ing to the first least current macroblock Sum of absolute 
difference value is located at the second line segment, 
if so, executing step (d); 
if not, determining whether the best candidate point 

corresponding to the first least current macroblock 
sum of absolute difference value is located at the third 
line segment, 
if so, executing step (f); and 
if not, executing step (); 

(d) determining whether the second line segment is located 
at a boundary of the searching window corresponding to 
the current macroblock, 
if so, executing step (); and 
if not, moving down the second line segment by 1 pixel, 

adjusting the moved second line segment in a hori 
Zontal direction to generate 12 first refined candidate 
points according to a pixel word at which the best 
candidate point is located, and executing step (e); 

(e) calculating a second Sub-macroblock Sum of absolute 
difference value of each 8x8 block relative to the first 
refined candidate points to obtain a second current mac 
roblock sum of absolute difference value corresponding 
to each first refined candidate point, and obtaining a 
second least current macroblock sum of absolute differ 
ence value according to the second current macroblock 
Sum of absolute difference value corresponding to each 
first refined candidate point; 

(f) determining whether the second least current macrob 
lock sum of absolute difference value is larger than the 
first least current macroblocksum of absolute difference 
value, 
if so, executing step (); and 
if not, setting the second least current macroblock Sum 

of absolute difference value as the first least current 
macroblock sum of absolute difference value, and 
executing step (d); 

(g) determining whether the third line segment is located at 
the boundary of the searching window corresponding to 
the current macroblock, 
if so, executing step (); and 
if not, moving up the third line segment by 1 pixel, 

adjusting the moved third line segment in the horizon 
tal direction to generate 12 second refined candidate 
points according to the pixel word at which the best 
candidate point is located, and executing step (f); 

(h) calculating a third Sub-macroblock Sum of absolute 
difference value of each 8x8 block relative to the second 
refined candidate points to obtain a third current mac 
roblock sum of absolute difference value corresponding 
to each second refined candidate point, and obtaining a 
third least current macroblock sum of absolute differ 
ence value according to the third current macroblock 
Sum of absolute difference value corresponding to each 
second refined candidate point; 
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(i) determining whether the third least current macroblock 
sum of absolute difference value is larger than the first 
least current macroblock sum of absolute difference 
value, 
if so, executing step (); and 
if not, setting the third least current macroblock sum of 

absolute difference value as the first least current mac 
roblocksum of absolute difference value, and execut 
ing step (g); and 

() setting a first motion vector corresponding to the first 
least current macroblock sum of absolute difference 
value as the current macroblock integer pixel motion 
vector, and setting multiple motion vectors pointing to 
the second sub-macroblock sum of absolute difference 
value or the third sub-macroblock sum of absolute dif 
ference value as multiple Sub-macroblock motion vec 
tors corresponding to the 8x8 blocks in the current mac 
roblock. 

5. The motion estimation acceleration circuit as claimed in 
claim 4, further comprising: 

a half pixel estimation unit, configured to search for eight 
halfpixels around the best candidate point as the center, 
wherein when multiple half pixel sub-macroblock sum 
of absolute difference values or a half pixel current mac 
roblock sum of absolute difference value corresponding 
to the half pixels are smaller than the sub-macroblock 
motion vectors or then current macroblock motion vec 
tor, the half pixel estimation unit further sets the half 
pixel sub-macroblocksum of absolute difference values 
or the half pixel current macroblock sum of absolute 
difference value as the sub-macroblock motion vectors 
or the current macroblock motion vector, respectively. 

6. The motion estimation acceleration circuit as claimed in 
claim 1, further comprising: 

a prediction difference calculating unit configured to deter 
mine an encoding mode of the current macroblock 
according to a rate distortion optimization value. 

7. The motion estimation acceleration circuit as claimed in 
claim 1, wherein the motion estimation acceleration circuit 
further reads pixels of the searching window from a searching 
window buffer having four memory banks, wherein the 
motion estimation acceleration circuit further reads three of 
the four memory banks sequentially, and pixels of the search 
ing window, which are used for filtering a next macroblock, 
are read by a DMA controller from an external storage unit to 
the one of the four memory banks which is not being read by 
the motion estimation acceleration circuit. 

8. The motion estimation acceleration circuit as claimed in 
claim 4, wherein the integer pixel estimation unit comprises 
12 processing elements in parallel, and multiple flip-flops, 
wherein the processing elements are divided into four groups, 
wherein the integer pixel estimation unit further broadcasts 
pixels of the searching window to the processing elements, 
and the pixels of the current macroblock are reordered into 
four sets of data, which are transmitted to the processing 
elements through four transmission paths. 

9. The motion estimation acceleration circuit as claimed in 
claim 5, wherein the half pixel estimation unit further com 
prises 4 sets of 10-bit adders, 3 sets of rounding and shifting 
units, and 8 processing elements in parallel, wherein the 
10-bit adders and the round and shifting units are configured 
to calculate interpolation of the halfpixels, and the processing 
elements are configured to search for the half pixels. 
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10. The motion estimation acceleration circuit as claimed 
in claim 1, wherein the video codec standards Supported by 
the motion estimation acceleration circuit comprise MPEG2, 
MPEG4 and H.263. 

11. A motion estimation method applied in a motion esti 
mation acceleration circuit in a video encoding system Sup 
porting multiple video codec standards, comprising: 

determining a start searching point according to multiple 
neighboring macroblocks of a current macroblock, 
wherein the current macroblock corresponds to a search 
ing window; 

determining a best candidate pixel according to a first line 
segment where the start searching point is located, a 
second line segment on the first line segment, and a third 
line segment beneath the first line segment; 

determining whether the best candidate pixel is located at 
the first line segment; 

if so, setting a candidate motion vector corresponding to 
the best candidate pixel as a first motion vector of the 
current macroblock; and 

if not, dynamically adjusting the second line segment or the 
third line segment in the searching window to update the 
best candidate pixel, and retrieving the first motion vec 
tor of the current macroblock corresponding to the 
updated best candidate pixel. 

12. The motion estimation method as claimed in claim 11, 
wherein the step of determining the start searching point 
further comprises: 

calculating multiple macroblock reference pixels pointed 
by multiple second neighboring macroblock motion 
Vectors; 

calculating multiple neighboring macroblock sum of abso 
lute difference values corresponding to the macroblock 
reference points; and 

assigning one of the macroblock reference points corre 
sponding to the lea of the neighboring macroblock Sum 
of absolute difference values as the start searching 
points. 

13. The motion estimation method as claimed in claim 12, 
further comprising: 

Substituting the second neighboring macroblock motion 
vectors with a Zero motion vector when the current mac 
roblock is located at a boundary of a current frame; and 

setting the start searching point as the Zero point. 
14. The motion estimation method as claimed in claim 13, 

wherein the step of calculating the current macroblock 
motion vector further comprises the following steps of: 

(a) dividing the current macroblock into at least one 8x8 
block, taking a pixel word having four pixels including 
the start searching point as center for each 8x8 block, 
and retrieving 36 initial candidate points from the first 
line segment, the second line segment and the third line 
segment, wherein the first line segment comprises the 
pixel word and four neighboring pixels left and right to 
the pixel word; 

(b) calculating a first sub-macroblock sum of absolute dif 
ference value of each initial candidate point relative to 
each 8x8 block to obtain a initial current macroblock 
Sum of absolute difference value corresponding to each 
initial candidate point, and obtaining a first least current 
macroblock Sum of absolute difference value according 
to the initial current macroblock sum of absolute differ 
ence values; 
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(c) determining whethera best candidate point correspond 
ing to the first least current macroblock Sum of absolute 
difference value is located at the second line segment, 
if so, executing step (d); 
if not, determining whether the best candidate point 

corresponding to the first least current macroblock 
sum of absolute difference value is located at the third 
line segment, 
if so, executing step (f); and 
if not, executing step (); 

(d) determining whether the second line segment is located 
at a boundary of the searching window corresponding to 
the current macroblock, 
if so, executing step (); and 
if not, moving down the second line segment by 1 pixel, 

adjusting the moved second line segment in a hori 
Zontal direction to generate 12 first refined candidate 
points according to a pixel word at which the best 
candidate point is located, and executing step (e); 

(e) calculating a second Sub-macroblock sum of absolute 
difference value of each 8x8 block relative to the first 
refined candidate points to obtain a second current mac 
roblock sum of absolute difference value corresponding 
to each first refined candidate point, and obtaining a 
second least current macroblock sum of absolute differ 
ence value according to the second current macroblock 
Sum of absolute difference value corresponding to each 
first refined candidate point; 

(f) determining whether the second least current macrob 
lock sum of absolute difference value is larger than the 
first least current macroblocksum of absolute difference 
value, 
if so, executing step (); and 
if not, setting the second least current macroblock Sum 

of absolute difference value as the first least current 
macroblock sum of absolute difference value, and 
executing step (d); 

(g) determining whether the third line segment is located at 
the boundary of the searching window corresponding to 
the current macroblock, 
if so, executing step (); and 
if not, moving up the third line segment by 1 pixel, 

adjusting the moved third line segment in the horizon 
tal direction to generate 12 second refined candidate 
points according to the pixel word at which the best 
candidate point is located, and executing step (f); 

(h) calculating a third Sub-macroblock sum of absolute 
difference value of each 8x8 block relative to the second 
refined candidate points to obtain a third current mac 
roblock sum of absolute difference value corresponding 
to each second refined candidate point, and obtaining a 
third least current macroblock sum of absolute differ 
ence value according to the third current macroblock 
Sum of absolute difference value corresponding to each 
second refined candidate point; 

(i) determining whether the third least current macroblock 
sum of absolute difference value is larger than the first 
least current macroblock sum of absolute difference 
value, 
if so, executing step (); and 
if not, setting the third least current macroblock sum of 

absolute difference value as the first least current mac 
roblocksum of absolute difference value, and execut 
ing step (g); and 
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() setting a first motion vector corresponding to the first 
least current macroblock sum of absolute difference 
value as the current macroblock integer pixel motion 
vector, and setting multiple motion vectors pointing to 
the second sub-macroblock sum of absolute difference 
value or the third sub-macroblock sum of absolute dif 
ference value as multiple Sub-macroblock motion vec 
tors corresponding to the 8x8 blocks in the current mac 
roblock. 

15. The motion estimation method as claimed in claim 14, 
further comprising: 

searching for eight half pixels around the best candidate 
point as the center, and 

when multiple half pixel sub-macroblock sum of absolute 
difference values or a halfpixel current macroblocksum 
of absolute difference value corresponding to the half 
pixels are Smaller than the Sub-macroblock motion vec 
tors or then current macroblock motion vector, setting 
the half pixel sub-macroblock sum of absolute differ 
ence values or the half pixel current macroblock sum of 
absolute difference value as the sub-macroblock motion 
vectors or the current macroblock motion vector, respec 
tively. 

16. The motion estimation method as claimed in claim 11, 
further comprising: 

determining an encoding mode of the current macroblock 
according to a rate distortion optimization value. 

17. The motion estimation method as claimed in claim 11, 
wherein pixels of the searching window are read from a 
searching window buffer having four memory banks, and the 
method further comprises: 

reading three of the four memory banks sequentially; and 
reading pixels of the searching window, which are used for 

filtering a next macroblock, to one of the four memory 
banks which is not read via a DMA controller. 

18. The motion estimation method as claimed in claim 11, 
wherein the video codec standards supported by the motion 
estimation method comprise MPEG2, MPEG4 and H.263. 

19. An in-loop filtering acceleration circuit applied in a 
Video codec system Supporting the H.264 standard and the 
VC-1 Standard, the video codec system comprising a process 
ing unit to perform video processing to generate at least one 
reconstructed macroblock and a value of boundary strength 
corresponding to each edge of the reconstructed macroblock, 
the circuit comprising: 

multiple one-dimensional (1D) filters configured to per 
form a filtering process; and 

a filter selection unit configured to select one of the 1D 
filters according to the value of the boundary strength to 
perform the filtering processing to the reconstructed 
macroblock, 

wherein the in-loop filtering acceleration circuit further 
divides the reconstructed macroblock into multiple 8x8 
blocks and multiple 4x4 blocks, performs the filtering 
process to horizontal edges of the 8x8 blocks the recon 
structed macroblock row by row from bottom to top, and 
performs the filtering process to horizontal edges of the 
4x4 blocks row by row from top to bottom, 

wherein the in-loop filtering acceleration circuit further 
performs the filtering process to vertical edges of the 8x8 
blocks column by column from right to left, and per 
forms the filtering process to vertical edges of the 4x4 
blocks column by column from left to right. 
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20. The in-loop filtering acceleration circuit as claimed in 
claim 19, wherein the 1D filters comprises multiple H.264 
strong filers, multiple H.264 general filters, and a VC-1 filter, 
and the 1D filters further performs the filtering process to 
horizontal edges or vertical edges of one of the 8x8 blocks. 

21. The in-loop filtering acceleration circuit as claimed in 
claim 20, wherein when the value of boundary strength cor 
responding to an edge is 0, the in-loop filtering acceleration 
circuit does not perform the filtering process; 

wherein when the value of boundary strength correspond 
ing to the edge is between 1 to 3, the filter selection unit 
selects the H.264 general filters to perform the filtering 
process on the edge; 

wherein when the value of boundary strength correspond 
ing to the edge is 4, the filter selection unit selects the 
H.264 strong filters to perform the filtering process on 
the edge; and 

wherein when the value of boundary strength correspond 
ing to the edge is 5, the filter selection unit selects the 
VC-1 filter to perform the filtering process on the edge. 

22. The in-loop filtering acceleration circuit as claimed in 
claim 19, further comprising: 

multiple transposition register arrays, configured to store a 
portion of the reconstructed macroblock, and transpose 
pixels of the reconstructed macroblock, so that the trans 
posed pixels of the reconstructed macroblock are read 
by the 1D filters row by row or column by column. 

23. The in-loop filtering acceleration circuit as claimed in 
claim 20, wherein the filter selection unit further calculates 
multiple filter selection parameters according to the pixels of 
the reconstructed macroblock, and selects one of the H.264 
strong filters, the H.264 general filters and the VC-1 filter 
according to the value of boundary strength, a luminance 
parameter, a clipping parameter, a bit rate parameter and the 
filter selection parameters to perform the filtering process. 

24. An in-loop filtering method applied in an in-loop filter 
ing acceleration circuit of a video codec system supporting 
the H.264 standard and the VC-1 standard, the video codec 
system comprising a processing unit to perform video pro 
cessing to generate at least one reconstructed macroblock and 
a value of boundary strength corresponding to each edge of 
the reconstructed macroblock, the method comprising: 

dividing the reconstructed macroblock into multiple 8x8 
blocks and multiple 4x4 blocks; 

selecting one of multiple 1D filters according to the value 
of the boundary strength to perform the filtering process 
ing to the reconstructed macroblock; 

performing the filtering process to horizontal edges of the 
8x8 blocks, the reconstructed macroblock row by row 
from down to up, and performing the filtering process to 
horizontal edges of the 4x4 blocks row by row from top 
to bottom; and 

performing the filtering process to vertical edges of the 8x8 
blocks column by column from right to left, and per 
forming the filtering process to vertical edges of the 4x4 
blocks column by column from left to right. 

25. The in-loop filtering method as claimed in claim 24, 
wherein the 1D filters comprises multiple H.264 strong filers, 
multiple H.264 general filters, and a VC-1 filter. 

26. The in-loop filtering method as claimed in claim 24, 
wherein the step of selecting one of the 1D filters according to 
the value of boundary strength further comprises: 
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selecting the H.264 general filters to perform the filtering 
process on the edge when the value of boundary strength 
corresponding to the edge is between 1 to 3: 

selecting the H.264 strong filters to perform the filtering 
process on the edge when the value of boundary strength 
corresponding to the edge is 4; and 

selecting the VC-1 filter to perform the filtering process on 
the edge when the value of boundary strength corre 
sponding to the edge is 5. 

27. The in-loop filtering method as claimed in claim 24, 
further comprising: 

calculating multiple filter selection parameters according 
to the pixels of the reconstructed macroblock; and 

selecting one of the H.264 strong filters, the H.264 general 
filters and the VC-1 filter according to the value of 
boundary strength, a luminance parameter, a clipping 
parameter, a bit rate parameter and the filter selection 
parameters to perform the filtering process. 
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