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1. 

APPARATUS AND METHOD FOR 
INTERPOLATING BINARY PICTURES, 
USING CONTEXT PROBABILITY TABLE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an interpolation of binary 
pictures, and more particularly, to an apparatus and method 
for interpolating binary picture information based on a con 
text probable table, namely, by employing a context prob 
able value of a context based-arithmetic encoding. 

2. Discussion of Related Art 

There is some difference between an original picture and a 
picture down-sampled and up-sampled after the down 
sampling in case that the binary picture information is down 
sampled and then up sampled in performing a loss coding for 
picture information for the sake of a compression of binary 
picture information. Thus, in a process of the loss coding a 
picture of down-sampled Small size is coded and a decoder 
decodes the picture of the small size to thereby perform an 
up-sampling for the picture in an original size. The loss cod 
ing is executed like this through the down and up sampling 
process. In the up-sampling process, a binary picture block 
of 4x4 or 8x8 having a low resolution is converted into a 
sampled binary picture block of 16x16 having a high 
resolution, by applying an interpolation to the up-sampling 
process. 

There is presented a linear interpolating method, as a 
regularity of the existed interpolation process, in the Verifi 
cation Model (VM) 8.0 described on WG11 under the ISO/ 
IEC. In such linear interpolation method, in case the interior 
of an object is as 1 and the exterior of the object is as 0. 
and also in case that A, B, C and D in FIG. 1 are as known 
values, values of P1, P2, P3 and P4 should be decided. The 
P1, P2, P3 and P4 in FIG. 1 are pixels to be interpolated. 

In such process, the values of P1, P2, P3 and P4 are 
decided by the following method. 

P1: if (2*A+B+C+D>2) then 1 else '0' 
P2: if (A+2*+B+C+D>2) then 1 else '0' 
P3: if (A+b+2*C+D>2) the 1 else '0' 
P4: if (A+B+C+2*D>2) then 1 else '0' 
That is to say, in P1, a value of pixel A most neighboring 

to P1 is multiplied by 2, then added to the rest known pixels, 
B, C and D, and then if its sum is more than 2, P1 becomes as 
1, if not, P1 is as '0'. In P1, P2, P3 and P4, a value of pixel 
B, C or D most neighboring to P2, P3 or P4 is respectively 
multiplied by 2, then each of the multiplied values is added 
to the rest known pixels and then if its sum is more than 2, it 
becomes as 1, if not, P1 is as 0. 

In Such conventional linear interpolation method, among 
pixels neighboring to an interpolating pixel, the number of 
pixels such as the interior of an object is compared to the 
number of pixels such as the exterior of the object, it is 
decided according to more number in the comparison result 
whether or not it is the interior of the object or the exterior of 
the object. In order to use more accurate method, there is 
provided a method that nearer pixel more influences upon 
the interpolating pixel according to an additional value based 
on a distance between the interpolating pixel and referring 
adjacent pixels. 
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2 
Such linear interpolating method is to interpolate the pic 

ture information by considering the number of the interior 
and exterior pixels of four pixels adjacent to a coding pixel 
and multiplying its nearest pixel by 2. A correlation in Such 
linear interpolating method is not accurate. Thus, consider 
ing that the correlation among pixels of neighboring natural 
pictures is high, using a statistical method capable of charac 
terizing numerically the correlation among respective pixels 
is a method for performing more accurate interpolation, in 
case that a functional relation representing such correlation 
can not be defined. 

In the context-based arithmetic encoding, a probability 
which pixels of a coding binary picture can have a value of 
0 or 1, may be gotten by using pixels neighboring to a 
coding pixel. Namely, in case the coding pixel is 0, a prob 
ability that a current pixel may be 0 is experimentally got 
ten according to a distribution of the neighboring pixels. The 
arithmetic encoding is performed by employing Such prob 
ability. 

In order to get probable value of current pixels through a 
use of adjacent pixels, it is constructed context templates for 
deciding what adjacent pixels at which positions are used, to 
thereby get the probable values for the respective context 
templates. 

FIGS. 2(a) and 2Cb) show one embodiment of context 
templates. 

Supposing in FIG. 2(a) that parts of oblique lines are pix 
els for unknown values and checkered parts are 1 in its 
value, values of context indexes Cs may be obtained by the 
following, e.g., 

= 0:2 + 1 + 2 + 0 + 2 + 1 + 2 + 1 + 2 + 0 + 2 + 1 + 2' 

= 45 

The probable values are in general floating values 
between 0 and 1, but there is much difficulty to process the 
floating values between 0 and 1 by using only software and 
hardware. The floating values between 0 and 1 are thus nor 
malized to integer values, then used. Namely, the values 
between 0 and 1 are normalized to integer values between 1 
and 65535. The number of arrayals constituting the probable 
table is decided by the number of pixels constituting a con 
text template. If the number of pixels constituting the context 
template is N, the number of probable values is as 2'. In 
horizontal and vertical contexts used for scalable binary pic 
ture information, as shown in FIGS. 2(a) and 2Cb), each of 
templates is constructed by 7 pixels, the number of the prob 
able values thus is 128. Meanwhile, referring to the probable 
table on the ISO/IEC WG11 VM 8.0, it has the number of 
256 for the probable values. Therefore, the first number of 
128, context indexes from 0 to 127, is for the probable values 
of horizontal context template, and the rest number of 128, 
context indexes from 128 to 255, is for the probable values 
of vertical context template. 

Accordingly, as a calculating result by the aforementioned 
expression, the context index C in FIG. 2(a) is 45, it is thus 
read an index value 45 on the probable table for the calcu 
lated context index. Namely, the probable table is con 
structed such as scalable shape intra 256= {65476, 
64428, ..., 2412,35} on the ISO/IEC WG11 VM 8.0, and in 
reading the probable values, values between 0 and 127 are 
used in the horizontal interpolation and then values between 
128 and 255 are used in the vertical scanning. In Such a case, 
the scalable shape intra45 may become the probable 
value for the above-mentioned context. For such a value, 
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when the value is read from the probable table of VM 8.0 
presented on ISO/IEC WG11, the value becomes 22794. 
Since 22794 is the probable value for a probability of the 
exterior of an object, a probable value for the interior of 
object becomes '65535-22794=42741. 

Such probable value is previously decided and commonly 
stored at coding and decoding apparatuses, and coding data 
using coded probable value is transmitted to the decoding 
apparatus. The decoding apparatus decodes the probable 
value for the received data. 
As afore-mentioned, in a case of utilizing the context 

probable table used in the CAE, more accurate interpolation 
can be achieved than a conventional linear interpolation 
method. In using the context probable table used in the CAE 
coding method, when many experimental pictures have the 
same contexts for respective contexts, the number of cases 
that its pixels are as the interior and the exterior of an object, 
is checked in order to get a probability for which each of the 
contexts is as the interior of the object. In such context prob 
able table, thus, the probable table is made not only includ 
ing the number of pixels as the interior of object and pixels 
as the exterior of object, in adjacent pixels, but also includ 
ing information for positions and a correlation. That is, the 
method for using such context probable table is to interpo 
late more accurately than the method for using only the num 
ber of pixels as the interior and exterior of the object of 
neighboring pixels. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to an appa 
ratus and method for interpolating binary picture informa 
tion that substantially obviates one or more of the limitations 
and disadvantages of the related art. 
An object of the present invention is to provide an appara 

tus and method for interpolating binary picture information 
by using a context probable table, which is capable of 
together considering a distance between pixels, positions of 
pixels and a sort of neighboring pixels through a use of the 
context probable table of the CAE. 

Additional features and advantages of the invention will 
be set forth in the description which follows, and in part will 
be apparent from the description, or may be learned by prac 
tice of the invention. The objectives and other advantages of 
the invention will be realized and attained by the structure as 
illustrated in the written description and claims hereof, as 
well as the appended drawings. 

To achieve these and other advantages, and in accordance 
with the purpose of the present invention as embodied and 
broadly described, binary picture information is divided into 
blocks of a given size and a bordering on the divided blocks 
is executed by using its adjacent blocks. In case that a corre 
sponding block belongs to the uppermost or leftmost block 
of the inputted binary picture information, the uppermost 
row or the leftmost column of the corresponding block is 
copied and a bordering on it is performed. A context tem 
plate is constructed by employing pixels neighboring to cod 
ing pixels of a corresponding block. Values of indexes are 
also gained through a use of the constructed template, and a 
probability for the indexes is read on a probable table. Prob 
ability as the exterior of an object and the interior of object is 
gained from the read probability, and its two values are com 
pared with each other. If the probability as the interior of 
object is more than that of the exterior of object, an interpo 
lation is performed with the interior value of object. If the 
probability as the exterior of object is more than that of the 
interior of object, an interpolation is performed with the 
exterior value of object. 
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4 
It is to be understood that both the forgoing general 

description and the following detailed description are exem 
plary and explanatory detailed description are exemplary 
and explanatory and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the descrip 
tion serve to explain the principles of the invention. 

In the drawings: 
FIG. 1 shows an explanation diagram providing a linear 

interpolation process applied in an up-sampling of binary 
picture information. 

FIGS. 2(a) and 2Cb) represent one embodiment of a con 
text template applied to the binary picture information. 

FIG. 3 sets forth the construction for one preferred 
embodiment of an inventive interpolating apparatus. 

FIG. 4 depicts a method for bordering pixels of a neigh 
boring block in order for constructing a context of pixels 
corresponding to the leftmost column and the uppermost 
row of a current block. 

FIG. 5 offers a method for bordering a block positioned on 
the uppermost or leftmost side of a binary picture. 

FIG. 6 illustrates the construction for one embodiment of 
a bordering sector in accordance with the present invention. 

FIG. 7 presents one embodiment of an inventive horizon 
tal and vertical interpolating sector. 

FIGS. 8(a) and 8(b) are explanatory diagrams showing 
horizontal and vertical interpolation processes. 

FIG. 9 indicates a flow chart providing an interpolating 
method in the invention. 

FIG. 10 is a flow chart showing an inventive bordering 
process. 

FIG. 11 presents a flow chart for horizontal and vertical 
interpolating processes in the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings. 

FIG.3 shows one embodiment with the construction of an 
inventive interpolating apparatus. 
A block dividing sector 31 divides binary picture informa 

tion into blocks of a given size, e.g., 16x16, 8x8, etc. A 
bordering sector 32 executes a bordering on blocks output 
ted from the block dividing sector 31. A horizontal interpo 
lating sector 33 horizontally interpolates pixels of the blocks 
outputted from the bordering sector 32. A vertical interpolat 
ing sector 34 vertically interpolates pixels of the blocks out 
putted from the horizontal interpolating sector 33. 

Binary picture information of an object is divided into 
blocks of a given size in the block dividing sector 31. These 
blocks are bordered with columns and rows of blocks adja 
cent to its left, upper and upper-left sides in the bordering 
sector 32. In an interpolating process, a context template is 
constructed with pixels neighboring to an interpolating pixel 
as shown in FIGS. 2(a) and 20b), and its context indexes are 
calculated. Such context template is presented on the VM of 
the ISO/IEC WG11. 
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As shown in FIGS. 2(a) and 2Cb), the horizontal and verti 
cal contexts for respective pixels are constructed, and con 
text indexes C are computed. In case pixels adjacent to a 
current pixel form a context like the above, there may be 
constructed 27 kinds of contexts according to a distribution 
of pixel values constituting the context. 
The 27 kinds of contexts and its probable values constitut 

ing respective contexts correspond with each other in one to 
one by the indexes C gained by the following expression (1). 

(1) 

In a process for gaining a probable value, it is progressed 
that a context is constructed as shown in FIGS. 2(a) and 2Cb), 
and a value of context index is gotten through the above 
mentioned expression (1), and a probable value Pi corre 
sponding to the index is read on a context probable table. 
Such a probable value is a probability for the interior of an 
object, and according to a size of the value, '0' indicating the 
exterior of object or 1 indicating the interior of object is 
selected. 

In the context template constructing process as the above, 
a context template for outermost pixels positioned on the left 
and upper sides of a current block can not be constructed as 
shown in FIGS. 2(a) and 20b). In other words, when the 
leftmost column is interpolated in the horizontal interpolat 
ing process, there are no pixels corresponding to C0, C3 and 
C5 of FIG. 2(a), and when the uppermost row is interpolated, 
there are no pixels corresponding to C0, C1 and C2 of FIG. 
2(a). In the vertical interpolating process, also, for the left 
most column there are no pixels corresponding to C0, C3 
and C4 of FIG. 2(b), and when the uppermost row is 
interpolated, there are no pixels corresponding to C0, C1 and 
C2 of FIG. 2(b). 

Thus, in order to interpolate pixels corresponding to the 
leftmost column and uppermost row of a current block, a 
bordering should be done before the interpolation. As shown 
in FIG.4, pixel values of corresponding positions in an adja 
cent block are brought and the brought pixel values construct 
Such required pixels, and Such a process is said as, a border 
ing. 

In order to construct a context of pixels corresponding to 
the leftmost column and uppermost row of a current block, 
the pixels in the adjacent block are bordered on the current 
block as shown in FIG. 4. Since blocks positioned on the 
outermost side of an inputted binary picture have not neigh 
boring blocks, its own leftmost column and uppermost row 
are copied on the right and left sides in executing the border 
1ng. 
The bordering process is described more in detail as fol 

lows. 
First, in case the current block 41 is not the uppermost 

block and the leftmost block of binary picture, namely, in 
case blocks on its upper and left sides exist, a top border 42 
is made with the lowermost row of a top block 45 neighbor 
ing to the upper side of the current block 41, and a left border 
43 is made with the rightmost column of a left block 47 
adjacent to the left of the current block 41. A corner border 
44 is constructed with the rightmost-lowermost pixel value 
near to the top-left side of the current block 41. 

Next, in other case, namely, in case a current block 41 is 
the uppermost or leftmost block of the inputted binary 
picture, referring to FIG. 5 there is illustrated a method for 
bordering a block positioned on the uppermost or leftmost 
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6 
side of the binary picture. If the current block is the upper 
most block, a pixel value of a top block can not be used for 
the bordering as afore-mentioned since a block does not 
exist on the top side. 
A top border 52 is constructed by copying the uppermost 

row of a current block 51, which represents pixels known 
before an up-sampling and shown in a checkered type on a 
second row of FIG. 5. On the copied top border 52, pixels for 
unknown values 521,521, ... among pixels for known val 
ues 522, 522. . . . are constructed by copying the known 
pixels 522, 522. . . positioned on its right or left side. 

If the current block is the leftmost block of the inputted 
binary picture, a left border 53 is constructed by utilizing 
known pixels before an up-sampling, which are presented as 
a checkered type in FIG. 5, on the leftmost column of the 
current block 51, which are pixels known before the 
up-sampling and shown in a checkered type on a second 
column of FIG. 5. Pixels for unknown values 531,531, ... 
among pixels for known values 532,532, ... are constructed 
by copying the known values of pixels 532, 532 . . . posi 
tioned on its top or lower side. Like this, in case the current 
block is the leftmost or uppermost side of the inputted binary 
picture, the corner border may be determined as a value of 
“O or 1. 

Meanwhile, in case pixels on the rightmost column of the 
current block or on its lowermost side are interpolated, a 
context template for the rightmost and lowermost pixels of 
the current block can not be formed as shown in FIGS. 2(a) 
and 20b). Namely, there are no pixels corresponding to C5 
and C6 of FIG. 2(a) in case the lowermost row is interpolated 
in a horizontal interpolating process. In a vertical interpolat 
ing process, there are no pixels corresponding to C2 and C6 
of FIG. 2(b) in case the rightmost row is interpolated. In this 
case, but, the bordering is not executed, a Voluntary value is 
determined by a software, to thereby construct a context 
template, in a context calculating part 71 mentioned later. 

FIG. 6 provides one embodiment with the construction of 
an inventive bordering sector. 
A block position detecting part 61 receives an address of a 

current block 41 from the inputted binary picture and detects 
a position of the current block 41. A copy part 62 receives 
the position of current block outputted from the block posi 
tion detecting part 61 and borders on the top, top-left and left 
side of the current block 41 in a block of a given size. A 
memory 63 stores blocks from the copy part 62 and outputs 
blocks 45,46, 47 adjacent to the current block 41 to the copy 
part 62. 
The block position detecting part 61 receives addresses of 

pixels constituting the block inputted to the copy part 62, 
detects a position of the current block and outputs its posi 
tion signal to the copy part 62. The copy part 62 detects by 
the inputted position signal whether or not a block position 
of the currently inputted binary picture belongs to the upper 
most or leftmost block. 
As its detection result, in case it corresponds to the upper 

most or leftmost block, the uppermost row or the leftmost 
column of the current block is copied on its left or top, to 
thereby perform the bordering. For pixels for unknown 
values, namely, pixels before an up-sampling, 521, 521,..., 
531,531, ..., on the uppermost row or the leftmost column, 
the bordering is executed by copying pixels positioned on its 
right and left or its upper and lower sides as aforesaid. 

If the current block does not correspond to the uppermost 
or leftmost block, as above-mentioned the top border 42 is 
made with the lowermost row of the top block 45 neighbor 
ing to the upper side of the current block 41, and the left 
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border 43 is made with the rightmost column of the left 
block 47 adjacent to the left of the current block 41. The 
corner border 44 is constructed with the rightmost 
lowermost pixel value near to the top-left side of the current 
block 41. Under such a bordered state, the horizontal and 
Vertical interpolations are done. 

FIG. 7 sets forth one embodiment of an inventive horizon 
tal or vertical interpolating sector. 
A shape context calculating part 71 receives the bordered 

block from the bordering sector 32, constructs a horizontal 
context shown in FIG. 2(a) for each of the pixels, and calcu 
lates context indexes. A probable table referring part 72 
receives the context indexes from the context calculating 
part 71, reads probable values Pi corresponding to the 
indexes on a context probable table stored previously, and 
inputs the read values. A shape probability detecting part 74 
detects whether or not the object interior probable value Pi 
read in the probable table referring part 72 is more than /2 of 
probable maximum value. An interior/exterior interpolating 
part 75 interpolates binary information into the interior or 
exterior of an object in response to a detection signal output 
ted from the probability detecting part 74. 

The construction of the horizontal interpolating sector 33 
is equally applied to the vertical interpolating sector 34. In 
the horizontal interpolating sector 33, the context calculating 
part 71 constructs the horizontal context shown in FIG. 2(a) 
and gets context indexes. In the vertical interpolating sector 
34, the context calculating part 71 constructs the vertical 
context shown in FIG. 2(b) and gets indexes. 
A block bordered in the housing sector 32 is inputted to 

the context calculating part 71, and the horizontal context 
shown in FIG. 2(a) is therein constructed for respective pix 
els constituting the current block, and then context indexes C 
are calculated. 

By the way, in case that the context template shown in 
FIG. 2(a) is constructed in order to horizontally interpolate 
the rightmost column of the current block, an eighth column 
of the current block 51 shown in FIG. 5, and in case that the 
context template shown in FIG. 2(a) is constructed in order 
to horizontally interpolate the lowermost row of the current 
block, an eighth row of the current block 51 shown in FIG. 5, 
there are no pixels corresponding to C5 and C6. In the verti 
cal interpolation, also, in case the context template for the 
rightmost column of the current block 51 is constructed, 
there are no pixels corresponding to C2 and C6 of FIG. 2(b). 

However, the bordering for the rightmost column and the 
lowermost row of the current block 51 is not executed in the 
bordering sector 32, thus, the context calculating part 71 
copies neighboring pixels or determines Voluntary values 
through the software, for parts that there do not exist pixels, 
in constructing the context template shown in FIGS. 2(a) and 
2(b). The context sample template is constructed by Such a 
process in the context calculating part 71, to then get context 
indexes. 
The probable table referring part 72 reads and inputs the 

probable value Pithat the current pixel may be the interior of 
object, from the portable table stored according to the con 
text indexes. The probability detecting part 74 compares the 
object interior probable value Pi read by the probable table 
referring part 72 with /2 of the maximum probable value, 
and outputs a signal for interpolating with the object interior 
value to the interior/exterior interpolating part 75 in case that 
the object interior probable value Pi is more than /2 of the 
maximum probable value. In case that the objct interior 
probable value Pi is less than /2 of the maximum probable 
value, the probability detecting part 74 outputs a signal for 
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8 
interpolating with the object exterior value to the interior/ 
exterior interpolating part 75. The interior/exterior interpo 
lating part 75 interpolates the binary picture information into 
the interior or exterior of the object in response to a detection 
signal for interpolating with the interior or exterior value. 

FIG. 8(a) depicts a block of 8x8 completed in a horizontal 
interpolating process. 

Pixels shown in oblique lines in FIG. 8(a) are known pre 
viously before an interpolation, a context template of FIG. 
2(a) for pixels shown in checkered design in FIG. 8(a) is 
made to get context indexes, a probable value for an object 
interior is gotten from a probable table by using the context 
indexes and interpolated into the interior or exterior of the 
object. In the horizontal interpolating process, the horizontal 
context template of FIG. 2(a) from a pixel positioned on a 
second row and first column of the current block 51 is made, 
then the interpolation process is done successively in the 
right direction from that to an eighth row and seventh col 
umn of the current block 51. Interpolating from a pixel posi 
tioned on the top and left side like this has a reason why an 
order of a coding and decoding on pictures is executed from 
the left and upper side, thus pixel values of blocks on the 
upper and left side are known previously. 
When the pixels of checkered design are gotten in the 

horizontal interpolating process in FIG. 8(a), pixels of 
checkered design in FIG. 8(b), pixels on first, third, fifth and 
seventh rows, are interpolated in the vertical interpolating 
process. In the vertical interpolating process, the context 
template of FIG. 2(b) is constructed and the interpolation 
process is done Successively in the right direction, from a 
pixel positioned on a first row and first column of the current 
block 51 to a pixel of the first row and second column, ..., a 
pixel of the first row and eighth column, a pixel of a third 
row and first column, ..., a pixel of a seventh row and eighth 
column. 

Such interpolation in the right direction from the leftmost 
side of the current block is not only for a reason why the 
coding and decoding order of pictures is performed from the 
left and top side but also for a reason why the context tem 
plate of FIG. 2(b) is constructed by using pixels positioned 
on the left side of the current pixel X. 

FIG. 9 offers a flow chart showing an inventive interpolat 
ing method. 

In a step ST901, binary picture information is divided into 
blocks of a given size, e.g., 16x16, 8x8, etc., and bordering 
blocks 52, 53 are bordered on the top and left sides of 
respective blocks 51. In a step ST902, a horizontal interpola 
tion process is performed for pixels constituting the bor 
dered block. In a step ST903, a vertical interpolating process 
is executed for blocks completed in the horizontal interpola 
tion process. Herewith, it is not always necessary to execute 
the horizontal interpolation process first Surely, and there is 
not much difference even though the vertical interpolation 
first and the vertical interpolation next are done. 

FIG. 10 is a flow chart providing a bordering process in 
accordance with the present invention. 

In a step ST101, the binary picture information is divided 
into blocks of a given size, e.g., 8x8, etc. In a step ST102, a 
current block is extended in a given size. For instance, a 
block of 8x8 is extended into a block of 16x16, by selecting 
one pixel among 2x2 for pixels having known its value Such 
as the blocks 41, 51 of FIGS. 4 and 5 aforesaid. In a step 
ST103, it is detected whether or not one block is the upper 
most block of the binary picture information. If it is the 
uppermost block, in a step ST104 the uppermost row of the 
current block is bordered on the top of the current block. If it 
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is not the uppermost block, in a step ST105 the lowermost 
row of a block neighboring to the upper side of the current 
block is bordered on the top of the current block. In a step 
ST106, it is detected whether or not the current block is 
positioned on the leftmost side of the binary picture. In case 
the current block is positioned on the leftmost side, in a step 
107 the leftmost column of the current block is bordered on 
the left of the current block. In case the current block is not 
positioned on the leftmost side, in a step 108 the rightmost 
column in the left neighboring block of the current block is 
bordered on the left of the current block. In a step 109, a 
pixel on the rightmost and lowermost side of a block posi 
tioned on the top and left side of the current block is bor 
dered on a corner of the top and left side of the current block. 

FIG. 11 illustrates a flow chart showing horizontal and 
Vertical interpolating processes in the invention. 

In a step ST111, for respective pixels constituting the 
block bordered through a bordering process, the context 
template shown in FIG. 2(a) is made and context indexes are 
calculated. In a case of the vertical interpolation, the context 
template shown in FIG. 2(b) is used. In a step ST112, a 
probable value within an object, stored in the probable table 
referring part 72, is read and inputs the read values thereto 
by using the context indexes gotten in the step ST111. In a 
case of the vertical interpolation, the probable table referring 
part 72 is used. In a step ST113, it is detected whether or not 
the probable value Pi is more than /2 of the maximum prob 
able value. Herewith, a case that the probable value for the 
object interior, Pi, is more than /2 of the maximum probable 
value, represents that the probable value for the object 
interior, Pi, is more than the probable value for the object 
exterior, Po. If the probable value for the object interior, Pi, 
is more than /2 of the maximum probable value, in a step 
ST115 a value of the current pixel is determined as 1 and 
this value is given as a pixel value of the object interior. If the 
probable value for the object interior, Pi, is less than /2 of the 
maximum probable value, in a step ST114 a value of the 
current pixel is determined as '0' and this value is given as a 
pixel value of the object exterior. 

In a description of the present invention as 
aforementioned, the invention was applied to a case of divid 
ing picture information into blocks of a given size. 
Meantime, the present invention can be also performed by 
extracting a video object plane (VOP) and applying the con 
text index calculation, a computation of a probable value, a 
comparison of the probable values and exterior/interior 
interpolation processes thereto, for pixels constituting the 
VOP. Further, the unit for an interpolation may be a frame 
unit, a VOP unit, or a macro block (MB) unit. 

The practical field in employing the present invention has 
an MPEG-4 scalable binary picture information coding. In 
order to display a base layer in the MPEG-4 scalable binary 
picture information coding, an interpolation process for 
changing the base layer to a picture of a size Such as that in 
an enhancement is done. Since a CAE is utilized in coding 
the enhancement layer at this time, the probable table for 
respective contexts are arranged. Accordingly, in case that 
the same contexts used for the Scalable coding in the interpo 
lation process are employed, there is no need to make sepa 
rately the probable tables since the same probable table can 
be utilized in the interpolation. 
As above-mentioned, in accordance with the present 

invention, for an interpolating pixel a context template is 
made with its adjacent pixels, its context probable value is 
obtained, and probable values for the object interior and the 
object exterior are compared with each other. The binary 
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10 
picture information is then interpolated by a value provided 
from a case of more probable value as its comparison result, 
to thereby achieve an accurate interpolation. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the binary pic 
ture information interpolating method and apparatus of the 
present invention without deviating from the spirit or scope 
of the invention. Thus, it is intended that the present inven 
tion cover the modifications and variations of this invention 
provided they come within the scope of the appended claims 
and their equivalents. 
What is claimed is: 
1. A method for interpolating an original picture in a 

frame unit (a binary picture: BAB) by using a context prob 
ability table set previously in order to reconstruct the origi 
nal picture in the frame unit having low resolution as the 
picture having high resolution through an up-sampling, said 
method comprising the steps of 

dividing said original picture in the frame unit into a plu 
rality of blocks (each having a size of 8x8 pixels); 

extending each of said plurality of blocks divided to a 
double size; 

forming a context template for an interpolating pixel in 
each of the extended blocks; 

getting indexes of the context template to obtain a prob 
ability value indicating whether or not a pixel value is 
detected and obtaining the probability value of the 
interpolating pixel from the context probability table 
set previously by a use of the indexes of the context 
template obtained; and 

deciding the interpolating pixel value (0 or 1) based on 
the context probability value obtained of the interpolat 
ing pixel. 

2. The method of claim 1, wherein the context template 
forming step constructs the context template for a part hav 
ing no pixels by copying neighboring pixels or determining a 
Voluntary value, in case that the context template is con 
structed for pixels of 16 columns or 16 rows. 

3. The method of claim 1, wherein said context probable 
table includes the probable values previously gained for all 
context templates and is commonly stored at coding and 
decoding apparatuses. 

4. The method of claim 1, wherein a value of said interpo 
lating pixel is determined as an interior pixel value if the 
probability value for the interior is more than that for the 
exterior in said context probability template of said interpo 
lating pixel, and is determined as an exterior pixel value if 
the probability value for the exterior pixel is more than that 
for the interior therein. 

5. The method of claim 1, wherein the block extending 
step comprises the steps of interpolating pixels horizontally 
by using a horizontal context template; and after the horizon 
tal interpolation, interpolating pixels vertically by using a 
Vertical context template. 

6. The method of claim 1, further comprising the steps of: 
comparing the extended block with the original picture in the 
frame unit and detecting the position of the block; and selec 
tively bordering said plurality of blocks based on the 
detected position. 

7. The method of claim 6, wherein said bordering step 
comprises the steps of 

copying the uppermost row of the extended block and 
thereby forming a top border in case that the extended 
block is positioned on the frame top side border of the 
original picture in the frame unit, and copying the val 
ues of pixels positioned on the right or left side for 
unknown pixels on said top border; 



US RE40,469 E 
11 

constructing a left border by using the leftmost column of 
the extended block in case that said extended block is 
positioned on the frame left side border of the original 
picture in the frame unit, and copying the values of 
pixels positioned on the upper or lower side for 
unknown pixels on said left border; and 

forming the top border with the lowermost row of upper 
adjacent block and the left border with the rightmost 
column of left block neighboring to the extended block, 
in case that said extended block is not positioned on the 
frame border of the original picture in the frame unit. 

8. An apparatus having block dividing means, bordering 
means, and horizontal and Vertical interpolation means and 
for interpolating an original picture in a frame unit (a binary 
picture: BAB) by using a context probability table set previ 
ously in order to reconstruct the original picture in the frame 
unit having low resolution as the picture having high resolu 
tion through an up-sampling, said apparatus comprising: 

said bordering means being composed of block position 
detecting means for detecting a position of each of the 
divided blocks from said block dividing means in the 
original picture in the frame unit, copy means for 
receiving the position of the divided block outputted 
from said block position detection means and bordering 
the block of a given size on the top, left and upper side 
and left side of the block to be bordered, and memory 
for storing the blocks bordered from said copy means 
and outputting the information on the neighboring 
blocks of the block to be bordered to said copy means; 
and 

said horizontal and vertical interpolation means being 
composed of context calculating means for receiving 
the bordered blocks in said bordering means and calcu 
lating context indexes for respective pixels of the bor 
dered blocks, probability table referring means for 
receiving the context indexes from said context calcu 
lating means and reading and getting probability values 
corresponding to the index on/from the context prob 
ability table set previously, probability detecting means 
for detecting whether or not the probability value read 
and gotten on/from said probability table referring 
means is more than 0.5, and interior/exterior interpola 
tion means for interpolating a value “0” or “1” for the 
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respective pixels on the bordered block in response to 
the detection result signal of said probability detecting 
CaS. 

9. The apparatus of claim 8, wherein said bordering means 
copies 1 column and 1 row of each of the divided blocks on 
the left and upper side of the divided blocks, respectively 
and performs the boarding for the divided blocks, in case 
that the blocks divided in said block dividing means exist on 
the outermost of the original picture in the frame unit. 

10. The apparatus of claim 8, wherein said copy means 
borders a divided block with pixel values in 8 rows of its left 
and top block if the divided block exists on the top and left 
side of the block to be bordered divided in said block divid 
ing means, and borders the divided block with a value “O'” if 
the divided block does not exist on the top and left side 
thereof. 

11. The apparatus of claim 8, wherein said probability 
detecting means compares the probability value read and 
gotten from said probability table referring means with 0.5; 
controls so that said interior/exterior interpolation means 
interpolates a value “1” for the respective pixels on the bor 
dered block, in case the probability value is more than 0.5; 
and controls so that said interior/exterior interpolation 
means interpolates a value “0” for the respective pixels on 
the bordered block, in case the probability value is less than 
O.5. 

12. An interpolating method for reconstructing a restored 
picture having high resolution by up-sampling a binary pic 
ture having low resolution, said method comprising the steps 
of: 

forming context templates for target pixels to be interpo 
lated obtaining a context index of the context templates 
and a probability value of the target pixel from context 
probability table by using the context index of the con 
text templates, 

deciding a value for the target pixel based on the context 
probability. 

13. The method of claim 12, filrther comprising the steps 
of: 

searching a location of a target block having target pixels 
to be interpolated in the binary picture, and 

expanding a border of the target block at the searched 
location. 


