
DESCRIPTION  ENCODING APPARATUS, ENCODING METHOD, PROGRAM FOR ENCODING
METHOD AND RECORDING MEDIUM WHICH RECORDS PROGRAM FOR ENCODING  METHOD
BACKGROUND OF THE INVENTION  TECHNICAL FIELD This invention relates to an
encoding apparatus, an  encoding method, a program for the encoding- method
and a  recording medium which records the program for the encoding  method,
capable of being applied to a video camera, an  electronic still camera, a
monitoring device and the like which  record imaging results by motion
pictures. The invention  detects the optimum mode of inter prediction modes
based on  a cost value with an integer pixel precision, calculates a cost
value with a precision less than one pixel in the optimum mode,  and
detects the optimum mode of intra prediction modes and the  inter
prediction modes, thereby detecting the optimum mode by  simple processing
when performing encoding processing of video  data by detecting the optimum
mode by a cost function. BACKGROUND ART Recently, concerning transmission
and recording of  moving pictures in broadcast stations, homes and the
like, an  apparatus which transmits and stores video data efficiently  1 by
utilizing redundancy of video data is becoming popular.  



Such apparatus complies with, for example, MPEG (Moving Picture  Experts
Group) systems and the like, which is configured so  that video data is
compressed using orthogonal transform such  as discrete cosine transform
and motion compensation. An MPEG2 (ISO/IEC 13818-2) which is one of such
systems  is a system defined as a general-purpose video encoding system,
which is defined so as to respond both to an interlaced scan  and a
progressive scan, and so as to respond both to standard  resolution
pictures and high definition pictures, thereby  widely used for broad
applications for professional use and  consumer use at present.
Specifically, according to the MPEG  2, for example, video data which has
the standard resolution  with the interlaced scan by 720x480 pixels is
compressed into  data of a bit rate of 4 to 8 [Mbps], and video data which
has  the high resolution with the interlaced scan by 1920x1088  pixels is
compressed into data of a bit rate of 18 to 22 [Mbps] ,  thereby securing
high compression rate with high video quality. However, the MPEG2 is the
high video quality encoding  method adapted to broadcasting, and does not
respond to a high  compression rate encoding method whose amount of code is
smaller than the MPEG1. On the other hand, as portable  terminals have come
into wide use in recent years, increase  of needs for the high compression
rate encoding method which  has smaller amount of code than the MPEG1 can
be predicted.  2 



Accordingly, the standard of the encoding system by the MPEG4  has been
approved as an international standard by ISO/IEC  (International
Organization for  Standardization/International Electrotechnical
Commission)  14496-2 on December, 1998. Also in such system,
standardization of H26L (ITU-T Q6/16  VCEG) which intended for video
encoding for a television  conference at first has progressed, and H26L has
become capable  of securing high encoding efficiency compared with MEPG2
and  MPEG4 though the calculation amount increases compared with  MPEG2 and
MPEG4. In addition, as one of actions of MPEG4,  standardization of an
encoding system which applies various  functions based on the H26L and
secures further higher encoding  efficiency has progressed as Joint Model
of  Enhanced-Compression Video Coding. These systems have been  set as the
international standard by the name of H264 and MPEG-4  Part 10 (AVC:
Advanced Video Coding) on March, 2003. Fig. 1 is a block diagram showing an
encoding apparatus  based on the AVC. The encoding apparatus 1 selects the
optimum  prediction mode from plural intra prediction modes and plural
inter prediction modes, generates difference data by  subtracting a
prediction value according to the selected  prediction mode from video
data, and orthogonal transform  processing, quantization processing and
variable-length  encoding processing are performed on the difference data,



3 thereby performing encoding processing of the video data  according to
the intra encoding and the inter encoding. Specifically, in the encoding
apparatus 1, an  analog-digital conversion circuit (A/D) 2 performs
analog-digital processing of a video signal SV to output a video  data Dl.
The video data Dl outputted from the analog-digital  conversion circuit 2
is inputted to a picture sorting buffer  3, where frames of the video data
Dl are sorted in accordance  with a GOP (Group of Pictures) structure
relating to the  encoding processing of the encoding apparatus 1 to be
outputted. A subtracting circuit 4 receives the video data Dl  outputted
from the picture sorting buffer 3, and generates and  outputs a difference
data D2 with respect to a prediction value  generated in an intra
prediction circuit 5 in the intra encoding,  whereas, the subtracting
circuit 4 generates and outputs a  difference data D2 with respect to a
prediction value generated  in the motion prediction/compensation circuit 6
in the inter  encoding. The output data D2 of the subtracting circuit 4 is
inputted to an orthogonal transform circuit 7, where orthogonal  transform
processing such as discrete cosine transform,  Karhunen-Loeve transform is
performed to output a transform  coefficient data D3 according to the
processing result. A quantization circuit 8 quantizes and outputs the  



transform coefficient data D3 based on a quantization scale  4 by rate
control of a rate control circuit 9. A lossless  encoding circuit 10
performs lossless encoding processing of  the output data of the
quantization circuit 8 by  variable-length encoding, arithmetic encoding
and the like,  and outputs the data. The lossless encoding circuit 10
acquires information concerning the intra prediction mode  relating to the
intra encoding, information concerning a motion  vector relating to the
inter encoding and the like from the  intra prediction circuit 5 and the
motion  prediction/compensation circuit 6, and sets these information  as
header information of an output data D4 to be outputted. A storage buffer
11 stores the output data D4 of the  lossless encoding circuit 10 and
outputs it at transmission  speed of a sequential transmission channel. The
rate control  circuit 9 monitors the amount of code generated by the
encoding  processing by monitoring available capacity of the storage
buffer 11 as well as switches the quantization scale in the  quantization
circuit 8 according to the monitoring result,  thereby controlling the
amount of code in the encoding  apparatus 1. An inverse quantization
circuit 13 performs inverse  quantization processing of the output data of
the quantization  circuit 8, thereby playing the input data of the
quantization  



circuit 8. An inverse orthogonal transform circuit 14  performs inverse
orthogonal transform processing of the output  5 data of the inverse
quantization circuit 13, thereby playing  the input data of the orthogonal
transform circuit 7. A deblock  filter 15 removes block noise from the
output data of the  inverse orthogonal transform circuit 14 and outputs the
data.  A frame memory 16 adds a prediction value generated by the intra
prediction circuit 5 or the motion prediction/compensation  circuit 6
suitably to the output data of the deblock filter  15 and records the data
as reference video information. Accordingly, the motion
prediction/compensation circuit  6 detects motion vectors of video data
outputted from the  picture sorting buffer 3 based on prediction frames
(reference  frames) from the reference video information stored in the
frame memory 16, and also detects the optimum mode of the inter  prediction
by performing motion compensation of the reference  video information
stored in the frame memory 16 by the detected  motion vectors. When
performing encoding processing by the  inter prediction, prediction video
information is generated  in the optimum mode and a prediction value
according to the  prediction video information is outputted to the
subtracting  circuit 4. The intra prediction circuit 5 detects the optimum
mode  of the intra prediction mode based on the reference video  



information stored in the frame memory 16 in the intra encoding.  When
performing encoding processing by the intra prediction,  a prediction value
of prediction video information is generated  6 from reference video
information in the optimum mode and  outputted to the subtracting circuit
4. According to the above, in the encoding method, a  difference data D2
according to motion compensation relating  to the inter prediction and a
difference data D2 relating to  the intra prediction are generated in the
inter encoding and  the intra encoding respectively, and the orthogonal
transform  processing, the quantization processing and the  variable-length
processing are performed on these difference  data D2 to be transmitted.
Fig. 2 is a block diagram showing a decoding apparatus  which performs
decoding processing of the encoded data D4  encoded as the above. In a
decoding apparatus 20, a storage  buffer 21 temporarily stores the encoded
data D4 inputted  through the transmission channel and outputs it. A
lossless  decoding circuit 22 performs decoding processing of the
outputted data of the storage buffer 21 by variable-length  decoding,
arithmetic decoding and the like, and plays input  data of the lossless
encoding circuit 10 in the encoding  apparatus 1. In the case that the
output data is the  intra-encoded data at this time, information of the
intra  



prediction mode stored in the header is decoded to be  transmitted to an
intra prediction circuit 23, whereas in the  case that the output data is
the inter encoded data, information  concerning motion vectors stored in
the header is decoded to  7 be transferred to a motion
prediction/compensation circuit 24.  An inverse quantization circuit 25
performs inverse quantization processing of the output data of the lossless
decoding circuit 22, thereby playing the transform coefficient  data D3
inputted to the quantization circuit 8 of the encoding  apparatus 1. An
inverse orthogonal transform circuit 26  receives transform coefficient
data outputted from the inverse  quantization circuit 25, performs
fourth-order inverse  orthogonal transform processing of the data, thereby
playing  the difference data D2 inputted to the orthogonal transform
circuit 7 of the encoding apparatus 1. An adder 27 receives the difference
data D2 outputted  from the inverse orthogonal transform circuit 26 and
adds a  prediction value according to prediction video generated in  the
intra prediction circuit 23 to output the data in the intra  encoding,
whereas, the adder 27 adds a prediction value  according to prediction
video outputted from the motion  prediction/compensation circuit 24 to
output the data in the  inter encoding. Accordingly, the adder 27 plays
input data  of the subtracting circuit 4 in the encoding apparatus 1. 



A deblock filter 28 removes block noise from output data  of the adder 27
to output the data, and a picture sorting buffer  29 sorts frames of video
data outputted from the deblock filter  28 in accordance with the GOP
structure to output the data.  A digital analog conversion circuit (D/A) 30
performs digital  8 analog processing of the output data of the picture
sorting  buffer 29 to output the data. A frame memory 31 records and stores
the output data of  the deblock filter 28 as reference video information. A
motion  prediction/compensation circuit 24 generates a prediction  value
according to prediction video by performing motion  compensation of
reference video information stored in the frame  memory 31 based on
information of motion vectors notified from  the lossless decoding circuit
22 in the inter encoding, and  outputs the prediction value to the adder
27. The intra  prediction circuit 23 generates a prediction value according
to prediction video from the reference video information stored  in the
frame memory 31 based on the intra prediction mode  notified from the
lossless decoding circuit 22 in the intra  encoding, and outputs the
prediction value to the adder 27. In the above inter encoding by the AVC
system, according  to Multiple Reference Frames, motion compensation for a
frame  Org as a processing target can be performed by selecting any  of
plural reference frames Ref, as shown in Fig. 3. Accordingly,  



when a portion corresponding to a motion compensation block  is hidden in a
preceding frame, further, even when all pixel  values are changed
temporarily in the preceding frame due to  a flash and the like, motion
compensation is performed with  high precision to improve data compression
efficiency. Concerning a block relating to the motion compensation,  9
motion compensation is performed based on a block of 16  pixelsxl6pixels as
shown in Fig. 4A1, however, tree-structured  motion compensation is
supported by the variable MC Block Size,  therefore, the macroblock of 16
pixelsx16 pixels is divided  into two in a horizontal direction and/or a
vertical direction  as shown in Fig. 4A2 to 4A4, and motion compensation
can be  performed by setting the motion vector and the reference frame
independently according to sub-macroblocks of 16 pixelsx8  pixels, 8
pixelsxl6 pixels and 8 pixelsx8 pixels. In addition,  the sub-macroblock of
8 pixelsx8 pixels is further divided into  sub-macroblocks of 8 pixelsx8
pixels, 8 pixelsx4 pixels, 4  pixelsx8 pixels, and 4 pixelsx4 pixels, as
shown in Fig. 4B1  to Fig. 4B4, and the motion compensation can be
performed by  setting the motion vector and the reference frame
independently. The motion compensation is set so as to compensate with  a
1/4 pixel precision using a 6-tap FIR filter. Accordingly,  in Fig. 5, for
allowing a sign "A" to represent a pixel value  



of 1 pixel precision, allowing signs "b" to "d" to represent  a pixel value
of 1/2 pixel precision and allowing signs "el"  to "e3 to represent a pixel
value of 1/4 pixel precision, the  motion prediction/compensation circuit
6, at first, performs  weighting of respective tap inputs of the 6-tap FIR
filter by  values 1, -5, 20, 20, -5, and 1 to execute calculation
processing  of the following expression, thereby calculating the pixel  10
value "b" or "d" with 1/2 pixel precision between continuous  pixels in the
horizontal direction or the vertical direction.  F=A_2-5A_,+
20Ae+20A1-5A2+A3 ...... (1)  b,d=Clipl((F+16)" 5) By using the pixel value
"b" or "d" with 1/2 pixel  precision thus calculated, weighting of
respective tap inputs  of the 6-tap FIR filter is performed by values 1,
-5, 20, 20,  -5, and 1 to execute calculation processing of the following
expression, thereby calculating a pixel value "c" with 1/2 pixel  precision
between continuous pixels in the horizontal  direction or the vertical
direction. F = b_2 -5 b_,+20 bo +20 b,-5 b2+b3  or F=d_2 -5 - d_,+20 do+20
d,-5 d2+d3 (2)  C=CIipl((F+512 "10) 



Furthermore, by using pixel values "b" to "d" with 1/2  pixel precision
thus calculated, calculation processing of the  following expression by
linear interpolation is performed,  thereby calculating pixel values el to
e3 with 1/4 pixel  precision. It should be noted that normalization
processing  relating to weighting addition in the expression (1) and the
11 expression (2) is performed after all linear interpolation  processing
in the horizontal direction and in the vertical  direction has been
completed. e,= (A+b+1) >> 1 e2= (b+d+1) >> 1 ...... (3)  e3= (b+c+1) >> 1
On the other hand of the above processing of motion  compensation with
respect to a luminance signal, motion  compensation with respect to a
color-difference signal is  performed by linear interpolation.
Specifically, as shown in  Fig. 6, a pixel value "v" is represented by the
following  expression, which is set at a sampling point relating to
respective internal dividing ratios dx, s-dx and dy, s-dy in  the
horizontal direction and the vertical direction with  respect to
neighboring pixels A to D according to a pixel pitch  .. s.. v_
(s-dx)(s-dy)A+dx(s-dy)B+(s-dx)dyC+dxdyD S 2 ...... (4)  



In the AVC, concerning the above information of motion  vectors as
information of encoding relating to the inter  12 prediction, the amount of
data transmission is reduced by  efficiently utilizing correlations between
continuous  macroblocks or sub-macroblocks. Specifically, in the AVC
encoding, it is possible to perform motion compensation  respectively by
dividing one macroblock into plural  sub-macroblocks, therefore, the amount
of code increases.  Accordingly, a prediction motion vector pmv is
generated at  each block in the horizontal direction component and the
vertical direction component respectively by median  prediction, and motion
vector information MVD (Motion Vector  Data) of a difference value
calculated by calculation  processing represented by the following
expression between the  prediction motion vector pmv and an actual motion
vector my  is encoded and transmitted. MVDi=mvi-pmvi;i=0,l ...... (5)
However, as shown in Fig. 7A, when a block relating to  the motion vector
my is a sub-macroblock "C" which is in the  right side of two
sub-macroblocks formed by dividing one  macroblock into two in the
horizontal direction and a reference  frame refIdxE relating to detection
of the prediction motion  vector my is equivalent to a reference frame
refIdxA of a  sub-macroblock "A" adjacent in the remaining left side, a  



motion vector mvA detected in the sub-macroblock "A" adjacent 13 in the
left side is set as the prediction motion vector pmv  as shown by the
following expression. pmv=mvA5 ...... (6)  Conversely, when a block
relating to the motion vector  my is the sub-macroblock "A" in the left
side, and the reference  frame refIdxE relating to detection of the
prediction motion  vector my is equivalent to a reference frame refIdxC of
a  sub-macroblock "C" adjacent in the remaining right side, a  motion
vector mvC detected in the sub-macroblock "C" adjacent  in the right side
is set as the prediction motion vector pmv  as shown by the following
expression. pmv=mvc ...... (7) As shown in Fig. 7B, when a block relating
to the motion  vector my is a sub-macroblock "C" which is in the upper side
of two sub-macroblocks formed by dividing one macroblock into  two in the
vertical direction, and a reference frame refIdxE  relating to detection of
the prediction motion vector my is  equivalent to a reference frame refIdxA
of a sub-macroblock  "B" adjacent in the remaining lower side, a motion
vector mvB  detected in the sub-macroblock "B" is set as the prediction
motion vector pmv as shown by the following expression. 14 pmv=mvB ......
(8)  



Conversely, when a block relating to the motion vector my is the
sub-macroblock "B" in the lower side, and the  reference frame refIdxE
relating to detection of the prediction  motion vector my is equivalent to
the reference frame refIdxA  of a sub-macroblock "A" adjacent in the
remaining upper side,  a motion vector mvA detected in the sub-macroblock
"A" is set  as the prediction motion vector pmv as shown by the following
expression. pmv=mvA ...... (9) In the case other than the above, as shown
in Fig. 8A,  a prediction motion vector pmv is generated for a block E
relating to motion compensation by motion vectors detected in  the adjacent
blocks. In this case, the adjacent blocks are  a block "A" which is
adjacent in the scanning start side of  the horizontal direction by a
raster scanning, a block "B" which  is adjacent in the scanning start side
of the vertical direction  by the raster scanning, and blocks "C", "D" of
right and left  of the block. The setting of the prediction motion vector
pmv  by these adjacent blocks is applied when the adjacent blocks  are
sub-macroblocks as shown in Fig. 8B, or even when a process  15 target
block is a sub-microblock. Specifically, according to values of reference
frame  indexes refIdxA, refIdxB and refIdxC relating to detection in
respective neighboring blocks, when there is an adjacent block  



whose reference frame coincides with the reference frame of  the block E
relating to motion compensation, a motion vector  mvN according to the
adjacent block (N=A or B or C) whose  reference frame coincides is set as
the prediction motion  vector pmv by the following expressions. mvB=mvA
mvc=mvA  refIdxB= refIdxA refIdxc= refIdxA ..... (10) In the case other
than the above, concerning respective  components in the vertical direction
and the horizontal  direction, components by processing results using a
median  filter are set as respective components of the prediction  motion
vector pmv in the following expression. pmv=mvN ...... (11)  When either
the block "B" which is adjacent in the  vertical direction or the block "C"
which is next to the block 16 "B" is not significant, and when the block
"A" which is adjacent  in the horizontal direction is significant, the
motion vector  mvA according to the block "A" and the reference frame index
refIdxA are substituted for the motion vector my and the  reference frame
index refIdx of these adjacent blocks "B" and  "C" in the vertical
direction as shown by the following  expression. 



pmv=Median (mvA, mvB, mvC ...... (12)  Furthermore, in the AVC, in the B
picture, a direct mode  including a temporal (time) direct mode and a
spatial (space)  direct mode is provided, and transmission of information
concerning the motion vector is stopped in the direct mode to  improve
encoding efficiency. Accordingly, in the spatial direct mode, decoding
processing is executed by setting the prediction motion vector  pmv as the
motion vector. On the other hand, in the temporal  direct mode, motions
vectors MV10 and MV11 relating to the B  picture of the process target are
created by the linear  interpolation using a motion vector mvcol of a block
(Co-Located Block) to which a prediction frame L1 whose  encoding
processing has been completed correspond, on the  assumption that motion is
linear, as shown in Fig. 9. In the  AVC video compression information, a
parameter TD relating to  17 time information between the pictures LO and
L1 does not exist,  therefore, a POC (Picture Order Count) is used instead
of that. In the AVC, concerning prediction modes relating to these  intra
and inter predictions, High Complexity Mode assuming the  multipass
encoding and Low Complexity Mode assuming the 1-pass  encoding are defined
according to Joint Model (AVC reference  encoding system) relating to the
AVC, and the optimum mode is  selected following these definition to
execute encoding  



processing. In the Low Complexity Mode in these modes, a cost  function
showing encoding efficiency is defined by the  following expression, and
the optimum mode is detected by  comparison of cost values (Mode) obtained
by the cost function.  Cost (Mode)=SA(T)D+SA(T)Dg ... ... In the above, SA
(T) D is an error value between an original  picture and a prediction
picture, and the sum of absolute values  of errors in difference values of
pixel values between the  original picture and the prediction picture is
applied.  SA(T)DO is an offset value which is given to the error value  SA
(T) D, based on the cost to be the weight at the time of deciding  a header
bit and a mode, and the amount of data for transmission  of additional
information such as the motion vector is shown. Specifically, the sum of
absolute values of errors SAD  is represented by the following expression
with respect to each  18 ---- ----------- -- - macroblock, and the
difference value between the original  picture and the prediction picture
in each prediction mode Mode  is applied. 15 15 SAD=~~ jOrg( i
,j)-Pred(Mode,i ,j )I ...... (14)  FO j=0 Instead of the sum of absolute
value errors SAD by the  expression (14), it is also preferable to use the
difference  



additional value SATD (Mode) obtained by the following  expression. 15 15
SATD(mode)=ZZj Hadamard (Org( i ,j )- Pred(Mode,i ,j ))I ...... (15)  ko
j=6 Hadamard() denotes Hadamard transform operation in which  a target
matrix is multiplied by an Hadamard transform matrix  as shown by the
following expression. The Hadamard transform  matrix is represented by an
expression (17), and HT is a  transposed matrix of the Hadamard transform
matrix. Hadamard (A)= HTAH ...... (16)  19 1 1 1 1  1 -1 1 -1 H 1 1 _1 1
(17)  1 -1 -1 1 The offset value SA(T)DO is represented by the following
expression in a forward-direction prediction mode. In this  expression, QPO
(QP) is a function which transforms a  quantization parameter QP into a
quantization scale, MVDFW is  a motion vector relating to the
forward-direction prediction,  and "Bit to code" is the amount of code on a
bit stream relating  to the motion vector. SA(T)Do  = QPo(QP)(2xcode_number
_of ref idx_fwd+Bit_to_code_MVDFW) ...... (18)  



The offset value SA(T) DO is represented by the following expression in a
backward prediction mode. In this expression,  MVDBW is a motion vector
relating to the backward-direction  prediction. SA(T)D0
=QP0(QP)xBit_to_code_MVDBW ...... (19) The offset value SA(T)DOis
represented by the following  expression in a bi-directional prediction
mode. In this  20 expression, Bit to code forward Blk size, Bit to code
backward  Blk size are the amount of code on bit streams necessary for
transmission of information concerning motion compensation  blocks relating
to the forward-direction prediction and the  backward-direction prediction
respectively. SA(T)D0 = QPo(QP)x(2xcode_number_ofref idx_fwd+
Bit_to_code_forward_Blk_size  + Bit_to_code_backward_Blk_size +
Bit_to_code_MVDFW + B it_to_code_MVDBW ) ...... (20) In the direct mode,
the offset value SA(T)D0 is  calculated by the following expression.
SA(T)D0 =-16xQPo(QP) ...... (21) In the intra 4x4 prediction mode, the
offset value  SA(T)DO is calculated by the following expression.
SA(T)D0=24xQPo(QP) ...... (22) In this connection, the cost function is
also applied  to search for the motion vector, and the motion vector which



allows the cost value Cost to be minimum is detected as shown  21 by the
following expression.  Cost= SA(T)D + SA(T) Do SA(T)D0
=QP0(QP)(Bits-tocode_vector+2xcode_number_ of_ ref_idex_fwd) ...... (23) As
described above, when the optimum mode is detected  in the Low Complexity
Mode, in the encoding apparatus 1, cost  values Cost in all prediction
modes in the intra encoding and  the inter encoding are calculated
respectively by using a  luminance signal in the intra prediction circuit 5
and the  motion prediction/compensation circuit 6, and the optimum mode  of
the luminance signal is detected by selecting the prediction  mode in which
the cost value Cost is minimum. According to  the detection, when the intra
encoding is selected, cost values  in respective intra prediction modes
with respect to a  color-difference signal are calculated, and the intra
prediction mode having the minimum cost value is set as the  optimum mode
of the color-difference signal by the comparison  of calculation results.
In the case that encoding processing  is performed by the inter prediction
by the judgment of the  cost value according to the luminance signal,
motion  compensation of the color-difference signal is performed by  the
motion compensation block, the motion vector and the  22 



--- - --- - ------- reference frame according to the luminance signal.
Accordingly, in the AVC, the optimum mode is detected from  plural intra
prediction modes and plural inter prediction modes  at each macroblock, and
video data is processed according to  the optimum mode to efficiently
encode the video data. Concerning the selection of the prediction mode by
the  cost function, various devices are disclosed in, for example,
JP-A-2003-230149 and the like. In the detection of the optimum mode
relating to the inter  encoding, it becomes necessary that motion
compensation is  performed with respect to all prediction modes of the
above  4x4 prediction mode, 16x16 prediction mode and the like by the
6-tap FIR filter and cost values are calculated respectively,  which causes
a problem that enormous calculation processing  is required for deciding
the optimum mode. DISCLOSURE OF THE INVENTION The invention is made in view
of the above and intends  to propose an encoding apparatus, an encoding
method, a program  for the encoding method and a recording medium which
records  the program for the encoding method which are capable of
detecting the optimum mode by simple processing when performing  encoding
processing of video data by detecting the optimum mode  using the cost
function. In order to solve the problems, the invention is applied  



23 to an encoding apparatus which detects the optimum mode used  for
encoding processing from plural intra prediction modes and  plural inter
prediction modes at each macroblock by comparison  of cost values according
to a cost function indicating encoding  efficiency, and performs encoding
processing of video data in  the optimum mode, which includes a rough
motion prediction  circuit detecting a motion vector with an integer pixel
precision and calculating the cost value in a rough motion  compensation
position by the motion vector in each inter  prediction mode, an inter mode
decision circuit detecting the  optimum mode in the plural inter prediction
modes based on the  cost value in the rough motion compensation position, a
minute  motion prediction circuit calculating the cost value by  performing
motion compensation with a precision less than one  pixel with respect to
the optimum mode detected by the inter  mode decision circuit and an
intra/inter mode decision circuit  detecting the optimum mode used for the
encoding processing  by comparison of the cost value by the minute motion
prediction  circuit and the cost value by the plural intra prediction
modes. According to the configuration of the invention, by being  applied
to an encoding apparatus which detects the optimum mode  used for encoding
processing. from plural intra prediction modes  and plural inter prediction
modes at each macroblock by  comparison of cost values according to a cost
function  



indicating encoding efficiency and performs encoding  24 processing of
video data in the optimum mode, and by allowing  the encoding apparatus to
include a rough motion prediction  circuit detecting a motion vector with
an integer pixel  precision and calculating the cost value in a rough
motion  compensation position by the motion vector in each inter
prediction mode, an inter mode decision circuit detecting the  optimum mode
in the plural inter prediction modes based on the  cost value in the rough
motion compensation position, a minute  motion prediction circuit
calculating the cost value by  performing motion compensation with a
precision less than one  pixel with respect to the optimum mode detected by
the inter  mode decision circuit and an intra/inter mode decision circuit
detecting the optimum mode used for the encoding processing  by comparison
of the cost value by the minute motion prediction  circuit and the cost
value by the plural intra prediction modes,  it is merely necessary to
calculate the cost value with the  precision less than one pixel only for
the optimum mode of the  inter prediction mode without calculating the cost
value by  performing motion compensation with the precision less than  one
pixel with respect to all inter prediction modes, thereby  detecting the
optimum mode by simple processing when video data  is encoded by detecting
the optimum mode using the cost  function. 



Also, the invention is applied to an encoding method  which detects the
optimum mode used for encoding processing  25 from plural intra prediction
modes and plural inter prediction  modes at each macroblock by comparison
of cost values according  to a cost function indicating encoding
efficiency, and performs  encoding processing of video data in the optimum
mode, which  includes a rough cost value calculation step detecting a
motion  vector with an integer pixel precision and calculating the cost
value in a rough motion compensation position by the motion  vector in each
inter prediction mode, an inter mode decision  step detecting the optimum
mode in the plural inter prediction  modes based on the cost value in the
rough motion compensation  position, a minute cost value calculation step
calculating the  cost value by performing motion compensation with a
precision  less than one pixel with respect to the optimum mode detected
by the inter mode decision step and an intra/inter mode decision  step
detecting the optimum mode used for the encoding  processing by comparison
of the cost value by the minute cost  value calculation step and the cost
value by the plural intra  prediction modes. According to the configuration
of the invention, it is  possible to provide an encoding method which is
capable of  detecting the optimum mode by simple processing when encoding
processing of video data is performed by detecting the optimum  



mode by the cost function. Also, the invention is applied to a program for
an  encoding method including an optimum mode detecting step  26 detecting
the optimum mode from plural intra prediction modes  and plural inter
prediction modes at each macroblock by  comparison of cost values according
to a cost function  indicating encoding efficiency, and an encoding
processing  step performing encoding processing of video data in the
optimum mode, in which the optimum mode detecting step includes  a rough
cost value calculation step detecting a motion vector  with an integer
pixel precision and calculating the cost value  in a rough motion
compensation position by the motion vector  in each inter prediction mode,
an inter mode decision step  detecting the optimum mode in the plural inter
prediction modes  based on the cost value in the rough motion compensation
position, a minute cost value calculation step calculating the  cost value
by performing motion compensation with a precision  less than one pixel
with respect to the optimum mode detected  by the inter mode decision step
and an intra/inter mode decision  step detecting the optimum mode used for
the encoding  processing by comparison of the cost value by the minute cost
value calculation step and the cost value by the plural intra  prediction
modes. According to the configuration of the invention, it is  



possible to provide a program for an encoding method which is  capable of
detecting the optimum mode by simple processing when  encoding processing
of video data is performed by detecting  the optimum mode by the cost
function. 27 Also, the invention is applied to a recording medium  which
records a program for an encoding method executed by a  calculation
processing means, in which the program for the  encoding method includes an
optimum mode detecting step  detecting the optimum mode from plural intra
prediction modes  and plural inter prediction modes at each macroblock by
comparison of cost values according to a cost function  indicating encoding
efficiency and an encoding processing step  performing encoding processing
of video data in the optimum  mode, and in which the optimum mode detection
step includes  a rough cost value calculation step detecting a motion
vector  with an integer pixel precision and calculating the cost value  in
a rough motion compensation position by the motion vector  in each inter
prediction mode, an inter mode decision step  detecting the optimum mode in
the plural inter prediction modes  based on the cost value in the rough
motion compensation  position, a minute cost value calculation step
calculating the  cost value by performing motion compensation with a
precision  less than one pixel with respect to the optimum mode detected
by the inter mode decision step and an intra/inter mode decision  



step detecting the optimum mode used for the encoding  processing by
comparison of the cost value by the minute cost  value calculation step and
the cost value by the plural intra  prediction modes. According to the
configuration of the invention, it is  28 possible to provide a recording
medium which records a program  for an encoding method which is capable of
detecting the optimum  mode by simple processing when encoding processing
of video  data is performed by detecting the optimum mode by the cost
function. According to the invention, the optimum mode can be  detected by
simple processing when encoding processing of video  data is performed by
detecting the optimum mode by the cost  function. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a block diagram showing an encoding apparatus  of an AVC
system. Fig. 2 is a block diagram showing a decoding apparatus  of the AVC
system. Fig. 3 is a schematic view used for explanation of  reference
frames of the AVC system. Fig. 4A1 to 4B4 are schematic views used for
explanation  of motion compensation of the AVC system. Fig. 5, is a
schematic view used for explanation of motion  



compensation precision of the AVC system. Fig. 6 is a schematic view used
for explanation of motion  compensation of a color-difference signal. Fig.
7A and Fig. 7B are schematic views used for  explanation of a prediction
value of the motion vector relating  29 to a sub-macroblock. Fig. 8A to
Fig. 8B are schematic views used for  explanation of a prediction value of
the motion vector  according to other examples. Fig. 9 is a schematic view
used for explanation of a  temporal direct mode. Fig. 10 is a block diagram
showing an encoding apparatus  according to an embodiment 1 of the
invention. Fig. 11 is a plan view used for explanation of calculation  of
an estimation value. Fig. 12 is a schematic view used for calculation of
the  estimation value by a linear function. Fig. 13 is a flowchart showing
processing procedures of  detecting the optimum mode in the encoding
apparatus of Fig.  10. BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, embodiments of the invention will be  described appropriately
with reference to the drawings. (1) Configuration of the embodiment 



Fig. 10 is a block diagram showing an encoding apparatus  according to an
embodiment of the invention. In an encoding  apparatus 40, the same
configurations as the encoding apparatus  1 described above with reference
to Fig. 1 are shown by putting  corresponding numerals and repeated
explanations are omitted.  30 Accordingly, in an encoding apparatus 40, the
intra  prediction circuit 5 calculates a cost value Cost (Mode) by  the
cost function described relating to the expression (13)  with respect to
all intra prediction modes of the luminance  signal in a unit of a
macroblock. The intra prediction modes  calculated as the above are all
modes of 4x4 prediction mode,  16x16 prediction mode and the like. The
intra prediction  circuit 5 notifies calculated cost values of the all
prediction  modes to an intra/inter mode decision circuit 45. According  to
the notification of the cost values, when intra encoding  is instructed and
the optimum mode is designated by the  intra/inter mode decision circuit
45, a prediction value of  the luminance signal is generated in the optimum
mode to be  outputted to a subtracting circuit 4. Concerning the
color-difference signal, the optimum mode is detected by  calculation and
comparison of cost values, and a prediction  value of the color-difference
signal is outputted to the  subtracting circuit 4 in the optimum mode. A
motion prediction/compensation circuit 41 detects  



motion vectors of video data outputted from the picture sorting  buffer 3
based on prediction frames (reference frames)  according to reference video
information stored in the frame  memory 16. In addition, cost values are
calculated by  performing motion compensation of the reference video
information stored in the frame memory 16 by compensated  31 positions
according to the detected motion vectors as well as  the minimum value is
detected based on the cost values, thereby  detecting the optimum mode of
inter predictions other than a  direct mode. When encoding processing is
executed by inter  prediction, prediction video information is generated by
the  optimum mode, and a prediction value according to the  prediction
video information is outputted to the subtraction  circuit 4. In the motion
prediction/compensation circuit 41, a rough  motion prediction circuit 42
detects motion vectors in all  inter prediction modes with integer pixel
precision, and  calculates cost values of rough motion vector positions
based  on the motion vectors. Specifically, the rough motion  prediction
circuit 42 detects motion vectors by performing  motion compensation
according to precision of one pixel in all  inter prediction modes of the
luminance signal. All inter  prediction modes are respective modes other
than the direct  mode, accordingly, the rough motion prediction circuit 42



predicts motion with respect to all reference frames, all  motion
compensation blocks including the macroblock and  sub-macroblocks, and
combinations of all prediction  directions including forward-direction
prediction,  backward-direction prediction and bi-directionnal prediction,
thereby detecting motion vectors with the integer pixel  precision. 32
---------- -  The rough motion prediction circuit 42 calculates cost
values Cost (Mode) by the above described cost function  relating to the
expression (13) as a unit of the macroblock  in all inter prediction modes
by using the motion vectors with  the integer pixel precision and output
them. In this case,  the cost value is represented by the following
expression.  Hereinafter, the cost value according to rough motion
compensation position is appropriately referred to as a rough  cost value.
Cost _int(Mode)=SA(T)D+QP2QuantMVintBit(Mode) ...... (24)  Here, "MV
intBit(Mode)" is the amount of code required  for transmission of motion
vector information by the prediction  motion vector pmv described with
reference to Fig. 7 and Fig.  8, and it is necessary to generate the
prediction motion vector  pmv based on motion vector values of neighboring
blocks for  calculation of the amount of code. When neighboring blocks  



A to C in Fig. 8 are macroblocks in this case, the optimum mode  has been
detected and encoded in these neighboring blocks A  to C, therefore, the
prediction motion vector pmv can be set. However, in the case that these
neighboring blocks A to  C belong to the same macroblock as a block E of a
processing  target, since the optimum mode has not been decided in these
neighboring blocks A to C, motion vectors have not. been fixed.  33
Accordingly, in this case, a motion vector value "mv intX"  detected with
the integer pixel precision by the rough motion  prediction circuit 42 is
set as a prediction motion vector "pmv  int" in the processing target
block, accordingly, a pseudo  prediction motion vector pmv is generated and
the cost value  Cost (Mode) is calculated. Furthermore, the rough motion
prediction circuit 42  detects, in addition to the rough cost value
according to the  rough motion compensation position, cost values of
neighbors  of the rough motion compensation position, that is, neighboring
compensation positions with the motion compensation precision  relating to
the rough motion compensation position and output  them in the same way.
Specifically, in the embodiment, since  the motion compensation precision
is one pixel, the rough  motion prediction circuit 42 compensates motion in
the same  way by changing values of X-direction components and  Y-direction
components of the motion vector relating to the  



rough motion compensation position by 1 pixel to calculate  cost values
Cost (Mode). An inter mode decision circuit 43 calculates an  estimation
value of a cost value in a motion compensation  position where the cost
value becomes minimum with a precision  less than one pixel based on the
cost value in the rough motion  compensation position detected in the rough
motion prediction  circuit 42, and detects the optimum mode in plural inter
34 prediction modes by comparison of estimation values in plural  inter
prediction modes. Specifically, as shown in Fig. 11,  on the assumption
that cost values Cost (Mode) in the rough  motion compensation position "E"
and neighboring compensation  positions "A" to "D" and "F" to "I" are
represented by Cost  int (X) : X= "A" to "I", when the following relational
expression  is true, it is judged that a minimum point of the cost value
when motion prediction is performed with a 1/4 pixel precision  exists
between the compensation position "B" and the rough  motion compensation
position "E". Cost_int (B)<Cost_int (H) ...... (25)  Accordingly, the inter
mode decision circuit 43  calculates an estimation value of the cost value
based on the  cost value according to the rough motion compensation
position  and the cost values according to neighboring compensation
positions. Specifically, the inter mode decision circuit 43  



detects a minimum value of the cost value by representing  variation of the
cost values by the linear function in which  the sign of the gradient is
switched at a minimum point with  respect to a direction in which the rough
motion compensation  position "E" is connected with two opposite
neighboring  compensation positions sandwiching the rough motion
compensation position "E" in between, thereby detecting the 35 estimation
value based on the minimum point of the cost value.  In this case, the
direction in which the rough motion compensation position "E" is connected
with two opposite  neighboring compensation positions sandwiching the rough
motion compensation position "E" in between can be set with  respect to
four directions of a horizontal direction, a  vertical direction, and
oblique directions passing through the  rough motion compensation position
"E". As shown in Fig. 12,  a point of the minimum cost value is detected
with respect to  each direction of these four directions according to
linear  approximation by the linear function. That is, the inter mode
decision circuit 43 selects a cost value having a larger value  by
comparing a cost value Cost int (B) of the neighboring  compensation
position "B" with the cost value Cost int (H) of  the compensation position
"H" with respect to, for example,  the vertical direction, thereby
detecting whether the point  of the minimum cost exists at the side of the
point "B" of the  



rough motion compensation position "E" or exists at the side  of the point
"H" of the rough motion compensation position "E". Also, a gradient "al" of
a straight line "Ll" is detected,  which connects the cost value Cost int
(H) which is the side  having a larger value selected as described above
and the cost  value Cost int (E) of the rough motion compensation position
"E". The inter mode decision circuit 43 detects the minimum  value Cost int
(BH) of cost values in the vertical direction  36 by the intersection
between a straight line L2 passing through  the cost value Cost int (B)
which is the side having a smaller  value by a gradient "a2" (=-al)
obtained by switching the sign  of the gradient "al" and the straight line
"Ll" passing through  the cost value Cost int (H) and the cost value Cost
int (E). Concerning the above detection of the minimum value of  the cost
value, instead of the method by the linear  approximation using the linear
function, various methods of  detecting the minimum value such as a case of
detecting by the  approximation using a quadratic function can be widely
applied.  When detecting by the approximation of the quadratic function,
the direction in which these three points "B", "E" and "H" are  aligned is
set as "x" and the cost value in these points "B"  "E" and "H" is set as
"y", and these "x" and "y" are substituted  for the following relational
expression, then, the obtained  cubic equation is solved and coefficients
"a", "b" and "c" are  



calculated to obtain a quadratic curve equation, and the  detection can be
executed by detecting the minimum value from  the quadratic curve equation.
y=axe+bx+c ...... (26) The inter mode decision circuit 43 calculates
minimum  values of the cost value Cost int (DF), Cost int (BH), Cost  int
(Al), and Cost int (CG) respectively with respect to four  37 directions of
the horizontal direction, the vertical direction  and the oblique
directions passing through the rough motion  compensation position "E" as
described above, and detects an  estimation value of the cost value Cost
est (Mode) with respect  to the mode by further detecting the minimum value
from the  four minimum values of cost values according to calculation
processing of the following expression. It is also preferable  to calculate
the estimation value Cost est (Mode) by processing  the minimum values of
cost values by three directions instead  of the calculation of the
estimation value Cost est (Mode) by  the processing of the minimum values
of cost values by four  directions. In this case, it can be considered
that, for  example, the minimum value of the cost value is detected with
respect to either direction of two oblique directions depending  on the
position in which the cost value becomes minimum in the  vertical direction
and the horizontal direction. When  sufficient precision for practical use
can be secured, it is  



also preferable that the estimation value is detected based  on only
combinations in which straight lines which connect the  rough motion
compensation position with two opposite  neighboring compensation positions
have relation orthogonal  to each other. Cost_est ( Mode)
=min{Costest(BH),Cost _est(DF),Cost_est(AI),Cost _est(CG)} ...... (27)  38
The inter mode decision circuit 43 decides the prediction  mode in which
the estimation value Cost est (Mode) is smallest  by comparison of
estimation values Cost est (Mode) of the cost  values relating to
respective prediction modes obtained as the  above, and detects the optimum
mode relating to the intra  prediction. The optimum mode to be detected is
the optimum  mode for reference frames described with reference to Fig. 3,
for all motion compensation blocks having different sizes  described with
reference to Fig. 4 and for respective  macroblocks according to
combination of the prediction  directions. The inter mode decision circuit
43 notifies the  decided result to a minute motion prediction circuit 44.
The minute motion prediction circuit 44 performs motion  prediction
processing according to the 1/4 pixel precision  described with reference
to Fig. 5 only in the prediction mode  relating to the notification and
calculates a true cost value  by the expression (13). When the direct mode
can be applied  



by performing bi-directional prediction in the prediction mode  detected as
the above, the motion prediction processing  according to the 1/4 pixel
precision is performed and the cost  value is calculated by the expression
(13) . The minute motion  prediction circuit 44 notifies the cost value
calculated as  the above to an intra/inter mode decision circuit 45. When
encoding by the inter prediction is instructed from the  39 intra/inter
mode decision circuit 45, prediction values of the  luminance signal and
the color-difference signal are generated  in the optimum mode according to
the instruction to be outputted  to the subtracting circuit 4. The
intra/inter mode decision circuit 45 selects the  minimum cost value from
various cost values outputted from the  intra prediction circuit 5 and the
motion  prediction/compensation circuit 41 and detects the optimum mode  by
executing calculation processing of the following  expression to decide
encoding by the intra prediction or the  inter prediction. When performing
encoding processing by the  inter prediction according to the decided
result, the  corresponding optimum mode is notified to the minute motion
prediction circuit 44 in the motion prediction/compensation  circuit 41,
and output of the prediction value in the optimum  mode detected in the
minute motion prediction circuit 44 or  output of the prediction value in
the direct mode is instructed.  



On the other hand, when performing encoding processing by the  intra
prediction, the optimum mode relating to the intra  prediction is notified
to the intra prediction circuit 5, and  output of the prediction value is
instructed. Best_Mode = argm in( Cost( Node )) Made Mode e {
Best_Inter_Node Direct (lode Intra4x4 , Intra16x16 ) .._.. (28)  40
Accordingly, Fig. 13 is a flowchart showing a series of  processing
procedures of the encoding apparatus 40 relating  to detection of the
optimum mode. The encoding apparatus 40  proceeds from step SP1 to step SP2
by executing the processing  procedures at each macroblock, and performs
motion prediction  with the integer pixel precision with respect to all
inter  prediction modes as candidates, and in the next step SP3,
calculates cost values respectively using motion vectors with  the integer
pixel precision by the motion prediction in step  SP1. In the next step
SP4, the estimation value of the cost  value using the cost values is
calculated as described above,  and in step SP5, the minimum value is
detected from the  calculated values of step SP4 to detect the optimum
inter  prediction mode. In the next step SP6, the cost value is  calculated
by interpolation calculation processing using the  actual FIR filter in the
optimum inter prediction mode. In the next step SP7, the cost values are
calculated in  



all modes of the direct mode, the intra 4x4 prediction mode,  the intra
16xl6 prediction mode, and in the next step SP8, the  optimum mode is
selected by comparison of cost values according  to the calculation in
steps SP6 and SP7, then, proceeds to step  SP9 to end the series of
processing. (2) Operation of the embodiment In the above configuration, a
video signal SV which is  sequentially inputted in the encoding apparatus
40 (Fig. 10)  41 is converted into a video data Dl by the analog/digital
conversion circuit 2, and the video data Dl is sorted in order  of
processing by the picture sorting buffer 3 to be inputted  to the
subtracted circuit 4. Here, the video data Dl is  subtracted between
prediction values according to the intra  prediction and the inter
prediction to generate a subtracted  data D2, the subtracted data D2 is
sequentially processed in  the orthogonal transform circuit 7, the
quantization circuit  8 and the lossless encoding circuit 10 to be
converted to an  encoded data D4, and the encoded data D4 is recorded in a
recording medium by, for example, a recording system. Also,  the output
data of the quantization circuit 8 is decoded into  video data and recorded
in the frame memory 16 as reference  video, and prediction values of inter
prediction and intra  prediction in the motion prediction/compensation
circuit 41  and the intra prediction circuit 5 according to the reference  



.video are generated. In the series of processing, cost values in the video
data Dl are calculated by the cost function indicating encoding  efficiency
with respect to respective prediction modes of the  inter prediction and
intra prediction respectively in the  motion prediction/compensation
circuit 41 and the intra  prediction circuit 5. Concerning the intra
prediction, the  optimum mode which is most suitable for encoding
processing  is detected by comparison of cost values in respective  42
prediction modes. Also in the inter prediction, the optimum  mode is
detected by comparison of cost values in the same way,  finally, the
optimum prediction mode is detected according to  the optimum modes in the
intra/inter mode decision circuit 45.  Accordingly, in the encoding
apparatus 40, it is decided that  the encoding processing is performed by
which prediction method  of the intra prediction or the inter prediction
according to  the optimum prediction mode. When the processing is performed
by the intra prediction, a prediction value according to the  optimum mode
is generated in the intra prediction circuit 5  and outputted to the
subtracting circuit 4. When the  processing is performed by the inter
prediction, a prediction  value according to the optimum mode is generated
in the motion  prediction/compensation circuit 41 and outputted to the
subtracted circuit 4. Accordingly, in the encoding apparatus  



40, the optimum mode is detected from plural prediction modes  of the
plural intra prediction modes and plural inter  prediction modes at each
macro block by comparison of cost  values by the cost function indicating
encoding efficiency,  and the video data D1 is sequentially encoded in the
optimum  mode. When detecting the optimum mode of the inter prediction
mode in the above processing, if the true cost value is  calculated in each
prediction mode, calculation processing  using the 6-tap FIR filter
relating to the motion compensation  43 with the 1/4 pixel precision
becomes necessary, which makes  calculation processing significantly
complicated. Therefore, in the embodiment, cost values in respective
prediction modes are calculated with the integer pixel  precision which
does not require calculation processing using  the FIR filter, and the
optimum mode of the inter prediction  mode is detected based on the cost
values. Then, cost values  with the precision less than one pixel are
calculated with  respect to the optimum mode to detect the optimum modes in
the  intra prediction mode and the inter prediction mode.  Accordingly, in
the embodiment, it is possible to detect the  optimum modes in the plural
inter prediction modes and the  plural intra prediction modes only by
performing calculation  processing using the FIR filter only with respect
to the optimum  



mode of the inter prediction, thereby detecting the optimum  mode by simple
processing when video data is encoded by  detecting the optimum mode using
the cost function. Specifically, in the encoding apparatus 40, motion
vectors are detected with the motion-vector detecting  precision of one
pixel in the rough motion prediction circuit  42, and cost values are
detected by the motion vectors in  respective prediction modes of the inter
prediction mode. And  the optimum mode in plural inter prediction modes is
detected  based on cost values according to rough motion compensation
positions relating the motion vectors in the inter mode  44 decision
circuit 43, and motion compensation is performed in  the optimum mode with
the precision less than one pixel in the  minute motion prediction circuit
44 to calculate the cost value.  In addition, the cost value by the inter
prediction and cost  values by the plural intra prediction modes are judged
in the  intra/inter mode decision circuit 45 to detect the optimum mode,
accordingly, the optimum mode of the inter prediction mode is  detected
based on the cost value with the precision of one pixel  or more, and the
optimum mode in the intra prediction mode and  the inter prediction mode is
detected by the cost value in the  optimum mode with the precision less
than one pixel. Concretely, according to the above processing, the  optimum
inter prediction mode is detected based on encoding  



processing by plural different block sizes, different  reference frames and
combination of forward-direction  prediction, backward-direction prediction
and bi-directional  prediction in the inter prediction mode, and the
optimum mode  in the intra prediction mode and the inter prediction mode is
detected from the cost value of the optimum inter prediction  mode. More
concretely, in the encoding apparatus 40, an  estimation value of the cost
value in the motion compensation  position where the cost value becomes
minimum with the  precision less than one pixel is calculated based on the
cost  value by the rough motion compensation position in each inter  45
prediction mode in the inter mode decision circuit 43, and the  optimum
mode in plural inter prediction modes is detected by  comparison of the
estimation values. Accordingly, in the  embodiment, when the cost value
with the motion compensation  precision less than one pixel is detected
from the cost value  with the pixel precision of one pixel or more,
calculation  processing used for calculating the estimation value is
variously set so as to secure sufficient precision for  practical use,
thereby detecting the optimum mode of the inter  prediction mode by simple
processing, which simplifies the  whole calculation processing. In
addition, when the cost value with the motion  



compensation precision less than one pixel is detected from  the cost value
with the pixel precision of one pixel or more,  in the embodiment, the cost
value in the rough motion  compensation position and cost values in
neighboring  compensation positions of the rough motion compensation
position are calculated in the rough motion compensation  position 42, and
the estimation value is calculated from the  cost value in the rough motion
compensation position and the  cost values of neighboring compensation
positions in the inter  mode decision circuit 43, accordingly, the
estimation value  is detected by reflecting variation of cost values
depending  on the motion compensation positions, thereby detecting the
inter prediction mode to be detected as the optimum mode by  46 the true
cost value accurately. In the inter mode decision circuit 43, the minimum
value  of the cost value is detected by representing variation of cost
values by the linear function in which the sign of the gradient  is
switched at the minimum point with respect to the direction  in which the
rough motion compensation position is connected  with two opposite
neighboring compensation positions  sandwiching the rough motion
compensation position in between,  then, the estimation value is detected
based on the minimum  value of the cost value, thereby detecting the
optimum mode  with sufficient precision for practical use by simple  



processing. By detecting the estimation value using the quadratic
function, instead of the above detection of the estimation  value using the
linear function, the optimum mode can be  detected with further higher
precision. Also, plural minimum values are detected by switching  two
opposite neighboring compensation positions, and the  estimation value is
detected from the minimum value of the  plural minimum values, thereby
detecting the optimum mode with  further higher precision. In the case that
sufficient precision can be secured for  practical use, plural minimum
values are detected by switching  two opposite neighboring compensation
positions between  combinations in which straight lines which connect the
rough  47 motion compensation position with two opposite neighboring
compensation positions have relation orthogonal to each other,  as a
result, the optimum mode can be detected by further simpler  processing.
When the cost value is calculated with one pixel  precision as described
above, in the embodiment, in the case  that an adjacent motion compensation
block and a motion  compensation block as a process target are the same
macroblock,  the motion vector relating to the rough motion compensation
position is set as the prediction motion vector and the cost  



value is calculated, thereby further simplifying the  processing.
Specifically, in this case, the prediction motion vector  is set by the
motion vector in the adjacent motion compensation  block which has been
already encoded, and information of the  motion vector is transmitted based
on the prediction motion  vector, consequently, it becomes necessary that
cost values  are calculated by setting prediction motion vectors with
respect to all motion vectors whose setting are predicted in  the adjacent
motion compensation block in actuality. However,  by performing the
processing as the above, the number of  calculation times for the cost
values increases exponentially.  Accordingly, in this case, the motion
vector relating to the  rough motion compensation position is set as the
prediction  motion vector to calculate the cost value, thereby securing  48
sufficient precision for practical use and further simplifying  the
processing. (3) Advantages of the embodiment According to the above
configuration, the optimum mode  of the inter prediction mode is detected
based on the cost value  with the integer pixel precision, and the cost
value with the  precision less than one pixel is calculated in the optimum
mode  to detect the optimum modes in the intra prediction mode and  the
inter prediction mode, thereby detecting the optimum mode  



by simple processing when video data is encoded by detecting  the optimum
mode using the cost function. Accordingly, when these inter prediction
modes are inter  prediction encoding processing which performs motion
compensation by different plural block sizes, inter prediction  encoding
processing which performs motion compensation by  using different reference
frames, further, the inter  prediction encoding processing by forward
direction  prediction, backward direction prediction and bi-directional
prediction, the optimum mode can be detected by simple  processing. At this
time, the estimation value of the cost value in  the motion compensation
position where the cost value becomes  minimum with the precision less than
one pixel is calculated  based on the cost value in the rough motion
compensation  position at each inter prediction mode, and the optimum mode
49 in plural inter prediction modes is detected by comparison of
estimation values in plural inter prediction modes, thereby  setting
calculation processing used for the calculation of the  estimation value
variously to detect the optimum mode of inter  prediction mode by simple
processing, which simplifies the  whole calculation processing. More
concretely, the cost value in the rough motion  compensation position as
well as cost values in neighboring  



compensation positions of the rough motion compensation  position are
calculated, and the estimation value is calculated  based on the cost value
in the rough motion compensation  position and the cost values of
neighboring compensation  positions, accordingly, the estimation value is
detected by  reflecting variations of cost values by motion compensation
positions, as a result, the inter prediction mode to be detected  as the
optimum mode by the true cost value can be detected  accurately. In the
inter mode decision circuit 43, the minimum value  of the cost value is
detected by representing variation of cost  values by the linear function
in which the sign of the gradient  is switched at the minimum point with
respect to the direction  in which the rough motion compensation position
is connected  with two opposite neighboring compensation positions
sandwiching the rough motion compensation position in between,  then, the
estimation value is detected based on the minimum  50 value of the cost
value, thereby detecting the optimum mode  with sufficient precision for
practical use by simple  processing. By detecting the estimation value by
using the quadratic  function instead of the linear function, the optimum
mode can  be detected with further higher precision. Also, plural minimum
values are detected by switching  



two opposite neighboring compensation positions, and the  estimation value
is detected from the minimum value of the  plural minimum values, thereby
detecting the optimum mode with  further higher precision. The above
switching is performed between combinations  in which straight lines which
connect the rough motion  compensation position with two opposite
neighboring  compensation positions have relation orthogonal to each other,
thereby detecting the optimum mode by further simpler  processing.
Accordingly, by detecting the inter prediction mode of  the estimation
value as the minimum value from estimation  values obtained as the above,
the optimum modes in plural inter  prediction modes can be detected by
simple processing. When the cost function used for calculation for the cost
value is the function which gives the amount of code used for  transmission
of the motion vector with respect to the error  value between the original
picture and the prediction picture,  51 and transmission of the motion
vector is the transmission of  motion vector in which the prediction motion
vector is set by  the motion vector adjacent motion compensation block
which has  been already encoded, and the transmission is based on the
prediction motion vector, in the case that the adjacent motion
compensation block and the motion compensation block as the  



process target are the same macroblock, the motion vector  relating to
rough motion compensation position detected in the  rough motion
compensation circuit is set as the prediction  motion vector to calculate
the cost value, thereby further  simplifying the processing. (4) Another
embodiment In the above embodiment, the case in which the cost value  is
calculated by the rough motion compensation position with  one pixel
precision to detect the optimum mode of the inter  prediction mode has been
described, however, the invention is  not limited to this, and it is also
preferable that the rough  cost value is calculated with the integer pixel
precision of  2 pixels or more when sufficient precision can be secured for
practical use. Also in the above embodiment, the case in which motion
compensation of the luminance signal is performed with the 1/4  pixel
precision by using the 6-tap FIR filter has been described,  however, the
invention is not limited to this, and it is widely  applied to a case in
which motion compensation is performed  52 with the precision less than one
pixel using FIR filters of  the various number of taps, and further, a case
in which motion  compensation of the color-difference signal is performed
in  the same way and the like. Also in the above embodiment, the case in
which the  



invention is applied to Low Complexity Mode in the AVC has been  described,
however, the invention is not limited to this, and  it is also preferable
that it is applied to High Complexity  Mode. Also in the above embodiment,
the case in which the  invention is applied to the encoding apparatus
according to  the AVC has been described, however, the invention is not
limited to this, and it is widely applied to a case in which  encoding
processing of video data is performed by detecting  the optimum mode from
plural intra prediction modes and plural  inter prediction modes at each
macroblock by comparison of cost  values according to the cost function
indicating encoding  efficiency. Also in the above embodiment, the case in
which the  invention is applied to the configuration of hardware has been
described, however, the invention is not limited to this, and  it can be
widely applied also to a case in which video data  is processed by
software. A program for such encoding  processing and decoding processing
relating to software can  be applied to, for example, a case in which the
program is  53 provided by networks such as Internet, and a case in which
it  is provided by various recording media such as an optical disk,  a
magnetic disk and a memory card. INDUSTRIAL APPLICABILITY 



The invention relates to an encoding apparatus, an  encoding method, a
program for the encoding method and a  recording medium which records the
program for the encoding  method, which can be applied to a video camera,
an electronic  still camera, a monitoring device and the like which record
imaging results by motion pictures. 54 Claims  1. An encoding apparatus
which detects the optimum mode used for encoding processing from plural
intra prediction modes  and plural inter prediction modes at each
macroblock by  comparison of cost values according to a cost function
indicating encoding efficiency, and performs encoding  processing of video
data in the optimum mode, comprising: a rough motion prediction circuit
detecting a motion  vector with an integer pixel precision and calculating
the cost  value in a rough.motion compensation position by the motion
vector in each inter prediction mode; an inter mode decision circuit
detecting the optimum mode  in the plural inter prediction modes based on
the cost value  in the rough motion compensation position; a minute motion
prediction circuit calculating the cost  value by performing motion
compensation with a precision less  than one pixel with respect to the
optimum mode detected by  the inter mode decision circuit; and 



an intra/inter mode decision circuit detecting the  optimum mode used for
the encoding processing by comparison  of the cost value by the minute
motion prediction circuit and  the cost value by the plural intra
prediction modes. 2. The encoding apparatus according to claim 1,  55
wherein the plural inter prediction modes is inter  prediction encoding
processing performing motion compensation  according to different plural
block sizes. 3. The encoding apparatus according to claim 1,  wherein the
plural inter prediction modes is inter  prediction encoding processing
performing motion prediction  by using different reference frames. 4. The
encoding apparatus according to claim 1,  wherein the plural inter
prediction modes is inter  prediction encoding processing by a
forward-direction  prediction, a backward direction prediction and
bi-directional prediction. 5. The encoding apparatus according to claim 1,
wherein the inter mode decision circuit calculates an estimation value of
the cost value in a  motion compensation. position where the cost value
becomes  minimum with the precision of less than one pixel in each inter
prediction mode based on the cost value in the rough motion  compensation
position, and 



detects the optimum mode in the plural inter prediction  modes by
comparison of the estimation values in the plural inter  prediction modes.
56 6. The encoding apparatus according to claim 5,  wherein the rough
motion prediction circuit  calculates the cost value in the rough motion
compensation position as well as the cost values in neighboring
compensation positions of the rough motion compensation  position in each
inter prediction mode, and wherein the inter mode decision circuit
calculates the  estimation value from the cost value in the rough motion
compensation position and the cost values in the neighboring  compensation
positions in each inter prediction mode. 7. The encoding apparatus
according to claim 6,  wherein the inter mode decision circuit detects the
minimum value of the cost value by representing variation of  cost values
by the linear function in which the sign of the  gradient is switched at
the minimum point with respect to the  direction in which the rough motion
compensation position is  connected with two opposite neighboring
compensation  positions sandwiching the rough motion compensation position
in between, and detects the estimation value based on the  minimum value of
the cost value. 8. The encoding apparatus according to claim 6,  



wherein the inter mode decision circuit detects the  57 minimum value of
the cost value by representing variation of  cost values by the quadratic
function with respect to the  direction in which the rough motion
compensation position is  connected with two opposite neighboring
compensation  positions sandwiching the rough motion compensation position
in between, and detects the estimation value based on the  minimum value of
the cost value. 9. The encoding apparatus according to claim 7,  wherein
the inter mode decision circuit detects plural  minimum values by switching
two opposite neighboring  compensation positions and detects the estimation
value based  on the minimum value in the plural minimum values. 10. The
encoding apparatus according to claim 8,  wherein the inter mode decision
circuit detects plural  minimum values by switching two opposite
neighboring  compensation positions and detects the estimation value based
on the minimum value in the plural minimum values. 11. The encoding
apparatus according to claim 9,  wherein the switching of two opposite
neighboring  compensation positions is the switching between combinations
in which straight lines which connect the rough motion  compensation
position with two opposite neighboring 58 



compensation positions have relation orthogonal to each other.  12. The
encoding apparatus according to claim 10,  wherein the switching of two
opposite neighboring compensation positions is the switching between
combinations  in which straight lines which connect the rough motion
compensation position with two opposite neighboring  compensation positions
have relation orthogonal to each other. 13. The encoding apparatus
according to claim 5,  wherein the inter mode decision circuit detects the
optimum mode in the plural inter prediction modes by detecting  the inter
prediction mode of the estimation value as the minimum  value from
estimation values in the plural inter prediction  modes. 14. The encoding
apparatus according to claim 1,  wherein the cost function is the function
which gives  the amount of code used for transmission of the motion vector
with respect to an error value between an original picture and  a
prediction picture, wherein the transmission of the motion vector is the
transmission of motion vector in which a prediction motion  vector is set
by the motion vector in an adjacent motion  compensation block which has
been already encoded, and the  59 transmission is based on the prediction
motion vector, and  wherein the rough motion compensation circuit, in the 



case that the adjacent motion compensation block and a motion  compensation
block as a process target are the same macroblock,  sets a motion vector
relating to rough motion compensation  position detected in the rough
motion prediction circuit as  the prediction motion vector to calculate the
cost value. 15. The encoding apparatus according to claim 1,  wherein the
minute motion prediction circuit calculates  the cost value by performing
motion compensation with a 1/4  pixel precision using a FIR filter having
the prescribed number  of taps. 16. The encoding apparatus according to
claim 1,  wherein the plural intra prediction modes are an intra  4x4
prediction mode and an intra 16x16 prediction mode. 17. An encoding method
which detects the optimum mode  used for encoding processing from plural
intra prediction modes  and plural inter prediction modes at each
macroblock by  comparison of cost values according to a cost function
indicating encoding efficiency, and performs encoding  processing of video
data in the optimum mode, comprising: a rough cost value calculation step
detecting a motion  60 vector with an integer pixel precision and
calculating the cost  value in a rough motion compensation position by the
motion  vector in each inter prediction mode; an inter mode decision step
detecting the optimum mode  



in the plural inter prediction modes based on the cost value  in the rough
motion compensation position; a minute cost value calculation step
calculating the cost  value by performing motion compensation with a
precision less  than one pixel with respect to the optimum mode detected by
the inter mode decision step; and an intra/inter mode decision step
detecting the optimum  mode used for the encoding processing by comparison
of the cost  value by the cost value calculation step and the cost value
by the plural intra prediction modes. 18. A program for an encoding method
including an  optimum mode detecting step detecting the optimum mode from
plural intra prediction modes and plural inter prediction modes  at each
macroblock by comparison of cost values according to  a cost function
indicating encoding efficiency, and an encoding  processing step performing
encoding processing of video data  in the optimum mode, wherein the optimum
mode detecting step comprises: a rough cost value calculation step
detecting a motion  vector with an integer pixel precision and calculating
the cost  61 value in a rough motion compensation position by the motion
vector in each inter prediction mode; an inter mode decision step detecting
the optimum mode  in the plural inter prediction modes based on the cost
value  



in the rough motion compensation position; a minute cost value calculation
step calculating the cost  value by performing motion compensation with a
precision less  than one pixel with respect to the optimum mode detected by
the inter mode decision step; and an intra/inter mode decision step
detecting the optimum  mode used for the encoding processing by comparison
of the cost  value by the minute cost value calculation step and the cost
value by the plural intra prediction modes. 19. A recording medium which
records a program for an  encoding method executed by a calculation
processing means,  wherein the program for the encoding method includes an
optimum mode detecting step detecting the optimum mode  from plural intra
prediction modes and plural inter prediction  modes at each macroblock by
comparison of cost values according  to a cost function indicating encoding
efficiency, and an encoding processing step performing encoding  processing
of video data in the optimum mode, and wherein the optimum mode detection
step comprises: a rough cost value calculation step detecting a motion  62
vector with an integer pixel precision and calculating the cost  value in a
rough motion compensation position by the motion  vector in each inter
prediction mode; an inter mode decision step detecting the optimum mode  



in the plural inter prediction modes based on the cost value  in the rough
motion compensation position; a minute cost value, calculation step
calculating the cost  value by performing motion compensation with a
precision less  than one pixel with respect to the optimum mode detected by
the inter mode decision step; and an intra/inter mode decision step
detecting the optimum  mode used for the encoding processing by comparison
of the cost  value by the minute cost value calculation step and the cost
value by the plural intra prediction modes. 63 




