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CIRCUITRY AND APPARATUS FOR CONVERTING 
A DECODED IMAGE WITH A 

MACROBLOCK/RASTER SCAN CONVERSION 
CAPABILITY 

BACKGROUND OF THE INVENTION 

[0001] 2. Field of the Invention 

[0002] The present invention relates to circuitry, an appa 
ratus and a method for the conversion of a decoded image 
and also to a data recording medium capable of being read 
by a computer and storing a decoded image conversion 
program. The present invention is applicable to circuitry and 
an apparatus for decoding data coded by an MPEG (Moving 
Picture Coding Experts Group) 2 or similar standardiZed 
system and displaying an image represented by the decoded 
data. 

[0003] 2. Description of the Background Art 

[0004] It is a common practice With an image coding 
system based on the MPEG2 system to divide one frame of 
picture into macroblocks each having 16x16 piXels. Redun 
dant information included in the frame are compressed in the 
time domain macroblock by macroblock. In addition, to 
implement a random access function and a high coding 
ef?ciency, the MPEG2 type system de?nes three different 
picture types, i.e., an I (Intra coded) picture, a P (Predictive 
coded) picture, and a B (Bidirectionally predictive coded) 
picture on a frame basis. 

[0005] An I picture is coded Within a frame (intra coding) 
independently of the other pictures. All the macroblocks 
constituting an I picture are subjected to intra coding. By 
arranging such I pictures periodically, it is possible to effect 
random access or to use I pictures as error recovery pointers. 
While frequent appearance of I pictures loWers the total 
coding ef?ciency of the coding system, a higher coding 
ef?ciency is achievable With I pictures at scene sWitchover 
points and for images With a loW prediction ef?ciency. A P 
picture is a forWard predictive coded picture, i.e., subjected 
to predictive coding using an I picture or a P picture 
appeared in the past. A B picture is a bidirectionally pre 
dictive coded picture, i.e., subjected to predictive coding 
using I pictures or P pictures included in one or both of tWo 
pictures preceding and folloWing the B picture; the direction 
of prediction is selected macroblock by macroblock. Even in 
a region Where a certain object appears or disappears, B 
pictures alloW predictive coding to be accurately effected by 
use of preceding and/or folloWing pictures and noticeably 
enhance the coding ef?ciency. 

[0006] I, P and B pictures may be combined in any desired 
format feasible for the object of a coding apparatus. As for 
the coding order, I pictures and P pictures folloWing B 
pictures With respect to time are coded before the B pictures. 
FIG. 2 shoWs a speci?c original image represented by a 
sequence of pictures B0, B1, I2, B3, B4, P5, B6, B7, P8, B9, 
B10, P11, B12 and B13. These pictures are coded in the 
order of I2, B0, B1, P5, B3, B4, P8, B6, B7, P11, B9, B10, 
P14, B12 and B13, as shoWn beloW the above original 
sequence in FIG. 2. The coded picture sequence is Written 
to a recording medium and then decoded in the same order 
as it has been coded, as shoWn in the middle part of FIG. 2. 
Finally, the decoded sequence is rearranged in the original 
order, i.e., B0, B1, I2, B3, B4, P5, B6, B7, P8, B9, B10, P11, 
B12 and B13 and then displayed as a reproduced image. 
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[0007] FIG. 3 shoWs conventional decoding circuitry 
based on the MPEG2 system. As shoWn, a coded bit stream 
coming in through an input port 40 is Written to a receipt 
buffer 41. A VLC (Variable Length Code) decoder 42 
separates the coded data into various kinds of data. Among 
the separated data, quantiZed DCT (Discrete Cosine Trans 
form) coefficients are dequantiZed by a dequantiZer 43 to 
turn out DCT coef?cients. The DCT coef?cients are sub 
jected to inverse DCT transform by an inverse DCT 44. If 
the image data are representative of an I picture, then they 
are directly Written to one of tWo frame memories (FM1 and 
FM2) 45 and 46. 

[0008] Assume that the image data output from the inverse 
DCT 44 are representative of a P picture. Then, image data 
subjected to motion compensation by a motion compensa 
tion circuit (MCl) 47 in accordance With motion vectors are 
read out of the frame memory 45. Of course, such data may 
be those subjected to motion compensation by the other 
motion compensation circuit (MC2) 48 and read out of the 
other frame memory 46. The image data read out of the 
frame memory 45 are selected by a sWitch 34 and added, 
piXel by piXel, to the image data output from the inverse 
DCT 44 by an adder 50. The image data output from the 
adder 50 are Written to the other frame memory 46. When 
the image data output from the inverse DCT 44 are repre 
sentative of a B picture, image data respectively subjected to 
motion compensation by the motion compensation circuits 
47 and 48 in accordance With motion vectors are respec 
tively read out of the frame memories 45 and 46. In this case, 
an averaging circuit (A) 49 averages the image data read out 
of the frame memories 45 and 46 and outputs the resulting 
mean values in the form of piXel values. The piXel values are 
selected by the sWitch 34 and added, piXel by piXel, to the 
image data output from the inverse DCT 44 by the adder 50. 
HoWever, the reproduced image derived from the B picture 
is Written neither to the fame memory 45 nor to the frame 
memory 46. The frame memories 45 and 46 are assumed to 
be used alternately. 

[0009] The B picture reproduced by the above processing 
is directly output via an output port 36. The I and P pictures 
also reproduced by the above processing each is read out of 
the associated frame memory 45 or 46 and then output via 
the output port 36. As a result, a reproduced image is 
successfully displayed in the same order as the original 
image. AsWitch 35 selects one of the outputs of the adder 50, 
and frame memories 45 and 46 at a time. 

[0010] In practice, hoWever, the decoding circuitry based 
on the MPEG2 system is usually constructed to output 
display image data in the interlacing order. Therefore, the 
decoding circuit of the type outputting image data in the 
form of macroblocks must be folloWed by a memory for 
macroblock/raster scan conversion. Moreover, if the picture 
coding type has a frame structure, as distinguished from a 
?eld structure, then the above memory must be capable of 
storing at least half a ?eld of image data When image data are 
output by interlacing. 

[0011] To solve the above problem, Japanese patent laid 
open publication No. 590841/1995 discloses an image pro 
cessing system capable of dealing With compressed image 
data fed thereto in the form of packets. Speci?cally, as 
shoWn in FIG. 4, the image processing system taught in the 
above document includes three frame memory areas FM1, 
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FM2 and FM3 exclusively assigned to I pictures, P pictures 
and B pictures, respectively. With these frame memory areas 
FM1, FM2 and FM3, it is possible to output image data in 
the interlacing order even When the picture coding type has 
a frame structure. More speci?cally, the image processing 
system uses four picture pointers RP, FP, BP and DP (see 
FIGS. 5 and 6) in order to determine the frame memory area 
FM1, FM2 or FM3 Which a memory controller MCU should 
access. The picture pointers RP, FP, BP and DP respectively 
point at the frame memory areas Where a current reproduced 
picture, a forWard picture, a backward picture, and a current 
display picture are stored. 

[0012] FIG. 5 demonstrates the transition of the picture 
pointers RP, FP, BP and DP occurring When pictures of 
different types are decoded and displayed. At the time When 
the ?rst picture 10 is decoded, the image is not displayed yet. 
At this instant, the reproduced picture pointer RP points at 
an unoccupied area for storing the picture 10, e.g., the frame 
memory area FM1. 

[0013] When a picture P1 folloWing the picture 10 is 
decoded, the picture I0 is displayed Without fail. At this 
instant, the reproduced picture pointer RP points at, e.g., the 
frame memory area FM2 While the display picture pointer 
DP points at the frame memory area FM1 storing the picture 
10. Because a predictive picture for P1 needs the forWard 
picture 10 at the time of reproduction, the forWard picture 
pointer FP also points at the fame memory area FM1. 

[0014] When a picture B2 is decoded, it is also displayed. 
Both the reproduced picture pointer RP and display picture 
pointer DP point at the unoccupied frame memory area FM3. 
For the picture B2, the forWard image I0 and backward 
image P1 are necessary at the time of decoding. At this 
instant, the forWard picture pointer PP and backWard picture 
pointer BP point at the frame memory areas FM1 and FM2, 
respectively. 

[0015] It is a common practice With a display to delay an 
image by substantially half an image, so that the image can 
be displayed When decoded. Even When image data are read 
out every other line, i.e., by interlacing at the time of display 
despite that the picture coding type has a frame structure, the 
above delay of the image alloWs the decoding of image data 
located at a position to be read out for display to complete 
before display Without fail. 

[0016] A picture B3 is also displayed When decoded. 
Because the picture B3 needs the pictures I0 and P1 at the 
time of decoding, the forWard picture pointer PP and back 
Ward picture pointer BP point at the frame memory areas 
FM1 and FM2, respectively. The reproduced picture pointer 
RP points at the frame memory area FM3, so that the picture 
B3 is Written to the area FM3. The display 10 picture pointer 
DP points at the frame memory area FM3 as it did for the 
picture B2. 

[0017] The picture B2 stored in the frame memory area 
FM3 is displayed at the same time as the decoded picture B3 
is Written to the area FM3. In the case Where the reproduced 
picture B3 is about to be Written over the picture B2 to be 
displayed, a variable length decoder (VLD) 51 (see FIG. 4) 
delivering the data of the picture B3 to the frame memory 
area FM3 is deactivated by a sequencer (SEQ) 63 (see FIG. 
4). The sequencer 63 controls the variable length decoder 51 
With an enable signal such that the decoded macroblock 
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position of the picture B3 does not exceed the display 
position of the display picture B2. 

[0018] When a picture P4 is decoded, the picture P1 is 
displayed Without fail. The picture P4 is Written to the frame 
memory area FM1 Which become idle later. At this instant, 
the display picture pointer DP points at the frame memory 
area FM2 to store the picture P1. The picture P4 needs the 
forWard picture P1 at the time of decoding. The forWard 
picture pointer FP points at the frame memory area FM2. 

[0019] When a picture B5 is decoded, it is also displayed 
Without fail. The picture B5 is Written to the frame memory 
area FM3 Which becomes idle. At this instant, the repro 
duced picture pointer RP and display picture pointer DP both 
point at the frame memory area FM3. The picture B5 needs 
the forWard picture P1 and the backWard picture P4 having 
already been decoded. The forWard picture pointer PP and 
backWard picture pointer BP point at the frame memory 
areas FM2 and FM1, respectively. 

[0020] HoWever, the conventional image processing sys 
tem described above has the folloWing problem left 
unsolved. As shoWn in FIG. 6, to decode a B picture, the 
system must read out tWo frames of images (forWard pre 
dictive image and backWard predictive image) at maximum 
as reference images Within a single frame period, then store 
one frame of decoded image, and then read out one frame of 
image to be displayed. The system therefore needs a frame 
memory bus capable of transferring four frames of images 
Within a single frame period for the decoding of an image 
and the conversion (display) of a decoded image. A frame 
memory bus With such a capacity corresponds to a frame 
memory bus MBUS shoWn in FIG. 4. Consequently, it is 
necessary to increase the bus Width (bit Width) of the frame 
memory for implementing rapid access to the frame memory 
or to use a frame memory capable of being rapidly accessed, 
resulting in an increase in the cost of the system. 

SUMMARY OF THE INVENTION 

[0021] It is therefore an object of the present invention to 
provide circuitry, an apparatus and a method for the con 
version of a decoded image and capable of converting 
decoded image data to a sequence of image data for display 
(raster scan data) With a simple construction by reducing 
access to a frame memory and Without resorting to a greater 
bus Width. 

[0022] It is another object of the present invention to 
provide a data recording medium capable of being read by 
a computer and storing a decoded image conversion pro 
gram. 

[0023] In accordance With the present invention, decoded 
image converting circuitry converts, on receiving decoded 
image data produced by dividing a frame image represen 
tative of a picture rearranged in accordance With the picture 
type into a plurality of small areas of image data, coding the 
small areas of image data, and decoding the resulting coded 
image data, the decoded image data to raster scan data area 
by area. The circuitry includes a compressing circuit for 
dividing the decoded image data of each small area into 
pixel data sequences each extending in the horiZontal direc 
tion in a frame image, and compressing each pixel data 
sequence to thereby output compressed image data. A ?rst 
storage stores, among the compressed image data output 
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from the compressing circuit, compressed image data rep 
resentative of an I picture and compressed image data 
representative of a P picture. Asecond storage stores, among 
the compressed image data output from the compressing 
circuit, compressed image data representative of a B picture. 
An expanding circuit takes in the compressed image data 
stored in the ?rst and second storages in the order of the 
original picture and then expands them to thereby output the 
raster scan data. 

[0024] Also, in accordance With the present invention, a 
decoded image converting apparatus includes an inverse 
transforming circuit for executing, on receiving coded image 
data coded by rearranging a picture in accordance With the 
picture type and subjecting the resulting picture to quanti 
Zation and orthogonal transform, dequantiZation and inverse 
orthogonal transform With the coded image data to thereby 
output image data. A memory includes tWo memory areas 
for storing decoded image data respectively representative 
of an I picture and a P picture. An adder outputs, on 
receiving image data representative of an I picture from the 
inverse transforming circuit, the image data as decoded 
image data and Writes them in one of the tWo memory areas 
of the memory. On receiving image data representative of a 
P picture from the inverse transforming circuit, the adder 
reads image data representative of an I picture or a P picture 
preceding the above P picture out of one of the tWo memory 
areas, adds the image data read out to the image data output 
from the inverse transforming circuit, and outputs the result 
ing decoded image data While Writing them in the other 
memory area of the memory. Further, on receiving image 
data representative of a B picture from the inverse trans 
forming circuit, the adder reads image data out of the tWo 
memory areas, produces mean values, and adds the mean 
values to the image data output from the inverse transform 
ing circuit to thereby output decoded image data. A com 
pressing circuit divides the decoded image data output from 
the adder into pixel data sequences each extending in the 
horiZontal direction in a frame image, and compresses each 
pixel data sequence to thereby output compressed image 
data. A ?rst storage stores, among the compressed image 
data output from the compressing circuit, compressed image 
data representative of an I picture and compressed image 
data representative of a P picture A second storage stores, 
among the compressed image data output from the com 
pressing circuit, compressed image data representative of a 
B picture. An expanding circuit takes in the compressed 
image data stored in the ?rst and second storages in the order 
of the original picture and then expands them to thereby 
output raster scan data. 

[0025] Further, in accordance With the present invention, 
a decoded image converting method converts decoded 
image data produced by dividing a frame image represen 
tative of a picture rearranged in accordance With the picture 
type into a plurality of small areas of image data, coding the 
small areas of image data, and decoding the resulting coded 
image data to raster scan data area by area. The method 
begins With the step of dividing the decoded image data of 
each small area into pixel data sequences each extending in 
the horiZontal direction in a frame image, and compressing 
each pixel data sequence to thereby output compressed 
image data. Among the compressed image data output in the 
above step, compressed image data representative of an I 
picture and compressed image data representative of a P 
picture are Written to a ?rst storage While compressed image 
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data representative of a B picture are Written to a second 
storage. The compressed image data stored in the ?rst and 
second storages are read out in the order of the original 
picture and then expanded to thereby output the raster scan 
data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The objects and features of the present invention 
Will become more apparent from the consideration of the 
folloWing detailed description taken in conjunction With the 
accompanying draWings in Which: 

[0027] FIG. 1 is a block diagram schematically shoWing 
decoded image converting circuitry embodying the present 
invention; 
[0028] FIG. 2 demonstrates hoW I, B and P pictures are 
coded, decoded and reproduced by a conventional system; 

[0029] FIG. 3 is a block diagram schematically shoWing 
conventional MPEG2 type decoding circuitry; 

[0030] FIG. 4 is a block diagram schematically shoWing 
a conventional MPEG type decoded image display appara 
tus.; 

[0031] FIG. 5 shoWs the transition of fame memory 
pointers particular to the decoding circuitry of FIG. 4; 

[0032] FIG. 6 shoWs the numbers of times of access to a 
frame memory included in the decoding circuitry of FIG. 4; 

[0033] FIG. 7 is a block diagram schematically shoWing 
a decoded image converting apparatus also embodying the 
present invention and including the circuitry of FIG. 1; 

[0034] FIG. 8 shoWs a speci?c arrangement of macrob 
locks constituting a frame image in the apparatus of FIG. 7; 

[0035] FIG. 9 is a schematic block diagram shoWing a 
speci?c con?guration of a display image compression circuit 
included in the circuitry of FIG. 1; 

[0036] FIG. 10 is a schematic block diagram shoWing a 
speci?c con?guration of a display image expansion circuit 
also included in the circuitry of FIG. 1; 

[0037] FIG. 11 is a schematic block diagram shoWing an 
alternative embodiment of the decoded image converting 
apparatus in accordance With the present invention; and 

[0038] FIG. 12 is a schematic block diagram shoWing a 
speci?c con?guration of decoded image converting circuitry 
included in the alternative embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] Referring to FIG. 7, a coded image converting 
apparatus embodying the present invention is shoWn and 
generally made up of MPEG2 type decoding circuitry 19 
and decoded image converting circuitry 31. As shoWn, the 
decoding circuitry 19 includes a receipt buffer 21, a VLC 
decoder 22, a dequantiZer 23, and an inverse DCT 24. The 
receipt buffer 21 receives a bit stream representative of 
coded image data via an input port 20, stores the image data 
for a moment, and then delivers them to the VLC decoder 22 
at a preselected timing. The VLC decoder 22 executes 
variable length coding With the input coded image data and 
thereby outputs compressed image data. More speci?cally, 
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the VLC decoder 22 separates various parameters and com 
pressed image data contained in the coded image data in 
accordance With the MPEG decoding procedure. The com 
pressed image data are fed from the VLC decoder 22 to the 
dequantiZer 23. 

[0040] The dequantiZer 23 dequantiZes the input com 
pressed image data in order to produce DCT coef?cients and 
delivers the coefficients to the inverse DCT 24. The inverse 
DCT 24 executes inverse DCT With the DCT coefficients 
and feeds the resulting I picture, P picture or B picture to an 
adder 30 also included in the decoding circuitry 19. 

[0041] The adder 30 outputs, among the I, P and B pictures 
input thereto, only the I picture as it is and delivers it to, e.g., 
a frame memory (FM1) 25 and an input port 10 included in 
the decoded image converting circuitry 31. On receiving a P 
picture, the adder 30 adds it, pixel by pixel, to image data 
received from, e.g., a frame memory (FM2) 26 and sub 
jected to motion compensation by a motion compensation 
circuit (MC2) 28. The resulting sum data are also fed from 
the adder 30 to the frame memory 25 and input port 10. 
Further, When a B picture is applied to the adder, an 
averaging circuit (A) 29 averages image data read out of the 
frame memories 25 and 26 and respectively subjected to 
motion compensation by a motion compensation circuit 
(MC1) and the motion compensation circuit 28, thereby 
producing predictive pixel values. The adder 30 adds the 
predictive pixel values to the image data representative of 
the B picture pixel by pixel and delivers the resulting sum 
data to the input port 10. In this manner, the reproduced I, 
P and B pictures are fed to the decoded image converting 
circuitry 31 via the input port 10. In FIG. 7, the reference 
numeral 34 designates a sWitch. 

[0042] The decoded image converting circuitry 31 com 
presses, on a macroblock basis, each of the I, P and B 
pictures input via the input port 10. The circuitry 31 adjusts 
the timing of the compressed image data, expands the image 
data, and then delivers the expanded image data or raster 
scan data via an output port 15. 

[0043] More speci?cally, When the image data output from 
the inverse DCT 24 are representative of an I picture, they 
are Written to one of the tWo frame memories 25 and 26, e.g., 
the frame memory 25 and delivered to the decoded image 
converting circuitry 31 via the input port 10 (see FIG. 1 
also). When the image data output from the inverse DCT 24 
are representative of a P picture, image data are read out of, 
e.g., the frame memory 26, subjected to motion compensa 
tion by the motion compensation circuit 28, and then added 
to the image data output from the inverse DCT 24 pixel by 
pixel. The results of addition are Written to the other frame 
memory 25 and sent to the converting circuitry 31 via the 
input port 10. In the case of a B picture, image data are read 
out of both of the frame memories 25 and 26, respectively 
subjected to motion compensation by the motion compen 
sation circuits 27 and 28, and then applied to the averaging 
circuit 29. The averaging circuit 29 averages the input image 
data in order to calculate predictive pixel values. Again, the 
adder 30 adds the image data output from the averaging 
circuit 29 to the image data output from the inverse DCT 24 
pixel by pixel. The decoded image data representative of the 
B picture are Written neither to the frame memory 25 nor to 
the frame memory 26, but are simply delivered to the 
converting circuitry 31 via the input port 10. 
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[0044] As stated above, the decoded image converting 
circuitry 31 receives decoded macroblock-by-macroblock 
image data via the input port 10. The circuitry 31 converts 
the input image data to an interlacing picture as typi?ed by 
conventional television, as Will be described hereinafter. 

[0045] FIG. 8 shoWs a speci?c arrangement of macrob 
locks constituting a frame image in the illustrative embodi 
ment. As shoWn, assume that a frame image has 720 pixels 
in the horiZontal direction and 480 pixels in the vertical 
direction. Then, 1,350 macroblocks each being implemented 
as a 16x16 pixel matrix are present in the frame image. At 
the time of coding, the macroblocks are sequentially trans 
ferred in the raster scanning order. First, a roW of macrob 
locks M1 to M45 respectively positioned at the top left and 
top right of the image are sequentially transferred, the 
macroblock M1 being ?rst. Then, the next roW beginning 
With a macroblock M46 is sequentially transferred from the 
left to the right. Such a procedure ends after the transfer of 
a macroblock M1,350 positioned at the bottom right of the 
frame image. 

[0046] The image decoding operation of the decoding 
circuitry 19 and the operation of the decoded image con 
version circuitry 31 may be executed by a computer on the 
basis of a decoded image conversion program. The decoded 
image conversion program may be stored in a main storage, 
auxiliary storage or similar recording medium Which a 
computer can read. In practice, the above program may be 
stored in a ROM (Read Only Memory), a ?ash memory, a 
nonvolatile RAM (Random Access Memory), a magnetic 
disk device, an optical disk device, an IC (Integrated Circuit) 
memory card or a magnetic tape device. 

[0047] Reference Will be made to FIG. 1 for describing a 
speci?c con?guration of the decoded image conversion 
circuitry 31. As shoWn, the decoded image data representa 
tive of any one of the I, P and B pictures are input to a 
display image compression 11 via the input port 10 mac 
roblock by macroblock. The compression 11 compresses the 
image data by using the Huffman coding scheme. The 
compressed image data representative of the I picture and 
those representative of the P picture are fed from the 
compression 11 to an I and P picture compressed data 
memory 12. On the other hand, the compressed data repre 
sentative of the B picture are fed from the compression 11 
to a B picture compressed data memory 13. 

[0048] The compressed I picture data and compressed P 
picture data each is read out of the I and P picture com 
pressed data memory 12 at a preselected timing and fed to 
a display image expansion 14 to be transformed to raster 
scan data. Likewise, the compressed B picture data are read 
out of the B picture compressed data memory 13 at a 
preselected timing and fed to the expansion 14 to be trans 
formed to raster scan data. The expansion 14 expands the 
compressed I, P and B picture data With the same principle 
as the compression 11, thereby outputting image data iden 
tical With the image data not subjected to compression. Such 
image data are fed out from the expansion 14 via an output 
port 15 as raster scan data. 

[0049] The macroblocks shoWn in FIG. 8 are sequentially 
input to the compression 11 via the input port 10. The 
compression 11 compresses the image data With a prese 
lected compression ratio on a macroblock basis. The com 
pression 11 Writes the image data representative of I pictures 
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and the image data representative of P pictures in the I and 
P picture compressed data memory 12. The image data 
Written to the memory 12 are read out at a preselected timing 
allowing raster scan data to be formed. Likewise, the com 
pressed image data representative of B pictures and Written 
to the B picture compressed image data memory 13 are read 
out at a timing alloWing raster scan data to be formed. The 
expansion 14 expands the I, P and B pictures so as to output 
raster scan data. 

[0050] If desired, an arbitration circuit may be connected 
betWeen the compression 11 and the memories 12 and 13, so 
that the I and P pictures and the B pictures can be surely 
Written to the memories 12 and 13, respectively. Also, the 
storage areas of the tWo memories 12 and 13 may be allotted 
to the address spaces of a pair of large capacity DRAMs 
(Dynamic RAMs) together With the storage areas of the 
frame memories 25 and 26, FIG. 7, assigned to the reference 
frame pictures. This can also be done if an arbitration circuit 
is used to prevent the reading of a reference picture and the 
Writing of compressed image data from occurring at the 
same time. With the simple construction and procedure 
shoWn in FIG. 1, it is possible to transform the macroblock 
image data to raster scan data rapidly Without resorting to a 
greater memory capacity. 

[0051] A speci?c con?guration of the display image com 
pression 11 using the Huffman coding scheme Will be 
described With reference to FIG. 9. As shoWn, the compres 
sion 11 includes an input stage memory 91 for temporarily 
storing the macroblock pixel data decoded on a macroblock 
basis. The input stage memory 91 should preferably have a 
capacity suf?cient for storing one or more macroblocks of 
image data. The macroblock pixel data are read out of the 
memory 91 under the control of a sequencer (SEQ) 92 and 
fed to a ?rst register 93. The sequencer 92 controls various 
circuits constituting the compression 11, i.e., controls a 
procedure beginning With the horiZontal reading of the 
macroblock pixel data out of the memory 91 in the form of 
a frame image and ending With the output of compressed 
data from a byte aligning circuit (BA) 97 Which Will be 
described later. 

[0052] The register 93 stores the input macroblock pixel 
data for a moment and delivers them to a second register 94 
and a difference circuit 95. The second register 94 stores the 
macroblock pixel data for a moment and feeds them to the 
difference circuit 95. Speci?cally, the registers 93 and 94 
each temporarily stores pixel data adjoining each other in the 
horiZontal direction in a frame image. 

[0053] The difference circuit 95 produces a difference 
betWeen the macroblock pixel data output from the registers 
93 and 94 and then feeds the difference to a look-up table 
(LUT) 96. The LUT. 96 has a Huffman code table and 
outputs variable length coded data by using the above 
difference received from the difference circuit 95 as an 
address. The coded data are fed from the LUT 96 to the byte 
aligning circuit 97. The byte aligning circuit 97 arranges the 
coded data by, e.g., eight bits and outputs the resulting 
compressed data or byte data. Additional information 98 
necessary for expansion are added to the byte data output 
from the circuit 97. 

[0054] More speci?cally, the macroblock input to the 
compression 11 after image decoding is stored in the input 
stage memory 91 for a moment. When one macroblock is 
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fully stored in the memory, the sequencer 92 feeds a 
macroblock read command to the memory 91. In response, 
the top left pixel data and ?fteen successive pixel data of the 
macroblock are read out of the memory 91 in the horiZontal 
direction. When the top left pixel data is coded, the differ 
ence circuit 95 does not operate, so that the value of that 
pixel itself is subjected to variable length coding by the LUT 
96. The difference circuit 95 produces a difference betWeen 
the top left pixel data and the next pixel data by using the top 
left pixel data as a predictive value. The difference is also 
subjected to variable length coding by the LUT 96. 

[0055] As soon as the top right or sixteenth pixel data is 
coded by the LUT 96, the byte aligning circuit 97 performs 
a stuf?ng operation up to the end of the byte and then outputs 
compressed data. This is the end of transfer of the com 
pressed data on the top line of the macroblock. The above 
procedure is repeated With the other ?fteen lines folloWing 
the top line. Consequently, all the sixteen lines constituting 
one macroblock are fully compressed. 

[0056] While the compression 11 uses the Huffman coding 
scheme for compressing an image, it may use any other 
suitable data compression scheme, e. g., an arithmetic coding 
scheme. 

[0057] Referring again to FIG. 1, the data compressed by 
the compression 11 in the horiZontal direction are selectively 
applied to the I and P picture compressed data memory 12 
or the B picture compressed data memory 13. The memory 
13 assigned to B pictures is used not only to convert the 
macroblock to the raster scan data, but also to rearrange the 
image data input With a frame structure for the interlacing 
picture. The memory 12 assigned to I and P pictures is used 
not only to perform the above conversion of the macroblock 
and rearrangement of the image data, but also to match the 
order of the coded data to the display order in the manner 
described With reference to FIG. 2. In this sense, the 
memory 12 plays the role of a delay buffer at the same time, 

[0058] The display image expansion 14 determines, based 
on a picture type being decoded, a picture type to be 
displayed this time, i.e., an I picture, a P picture or a B 
picture. The expansion 14 reads the compressed image data 
of the determined picture type out of the memory 12 or 13 
in synchronism With the display timing. The expansion 14 
reads them in the interlacing order. Then, the expansion 14 
expands the image data by processing opposite to the 
processing of the expansion 11. The resulting raster scan 
data restored to the original order are output via the output 
port 15. 

[0059] The data sequence to be compressed by the com 
pression 11 in the horiZontal direction has been shoWn and 
described as having sixteen pixels like one macroblock. Of 
course, such a data sequence is only illustrative and may 
have any other suitable number of pixels. 

[0060] FIG. 10 shoWs a speci?c con?guration of the 
expansion 14. As shoWn, the compressed date and additional 
data are input to a division circuit 100. The division circuit 
100 divides the compressed data into variable length coded 
data each having eight bits and feeds them to an inverse 
transform LUT 101. The inverse transform LUT 101 trans 
forms the input coded data to a corresponding difference and 
delivers the difference to an adder 102. The adder 102 adds 
the difference and image data temporarily stored in a register 
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103 and feeds the resulting sum to the register 103 and a 
buffer memory 104 as macroblock pixel data. The buffer 
memory 104 stores the macroblock pixel data for a moment 
and reads it out at a suitable timing so as to output raster scan 
data. 

[0061] The compression and expansion executed by the 
display image compression 11 and display image expansion 
14, respectively, may be implemented as a coded image 
conversion program Which can be read by a computer. 

[0062] The construction and procedure of the decoded 
image conversion circuitry 31 shoWn in FIG. 1 is capable of 
executing macroblock/raster scanning (interlacing or nonin 
terlacing) or similar conversion. The illustrative embodi 
ment is therefore capable of decoding an image With tWo 
frame memories While the conventional circuitry needs three 
frame memories. This, coupled With the fact that the tWo 
frame memories can be exclusively used for image decod 
ing, reduces the number of frames Which should be trans 
ferred Within a display time corresponding to a single frame 
from conventional four frames to tWo frames. Consequently, 
it is possible to reduce the conventional bit Width of a 
memory bus for memory access and to use loW-speed access 
video memories, realiZing ef?cient processing. 

[0063] Further, assume that the compressed image data 
memories 12 and 13 respectively assigned to I and Ppictures 
and B pictures are implemented by a part of the memory 
space of a large capacity, I and P picture DRAM used to 
store reference frame images for image decoding. Then, a 
decoded image is stored in the DRAM after compression. 
This reduces the amount of display data transferred and 
displayed and the area of the DRAM Which they occupy, 
compared to the conventional system needing a memory 
capacity great enough to store a single frame for display. In 
addition, because the data to be Written to the memories 12 
and 13 have been compressed in the horiZontal direction in 
a frame image, raster scan data can be rapidly read out With 
a minimum of memory access time. 

[0064] Referring to FIG. 11, an alternative embodiment of 
the decoded image converting apparatus in accordance With 
the present invention Will be described. Brie?y, this embodi 
ment compresses and then expands only B pictures and 
adjusts the timing ofI and P picture data in order to produce 
raster scan data in the order of the original picture. In FIG. 
11, circuits identical With the circuits shoWn in FIG. 7 are 
denoted by identical reference numerals and Will not be 
described in order to avoid redundancy. 

[0065] As shoWn in FIG. 11, MPEG2 type image decod 
ing circuitry 19A includes a sWitch 32 to Which I picture and 
P picture image data are fed from the frame memories 25 and 
26, respectively. The sWitch 32 selects either one of the 
above picture data at a time and delivers it to a FIFO 

(First-In First-Out) memory 33. The FIFO memory 33 
temporarily stores the image data representative of an I 
picture or a P picture and then outputs them via the output 
port 15 at a timing alloWing raster scan data to be formed. 

[0066] Decoded image converting circuitry 31A receives 
image data representative of a B picture via the input port 10 
and compresses and then expands them so as to output raster 
scan data. The raster scan data derived from the B picture are 
output via the output port together With the raster scan data 
representative of the I and P pictures. In this manner, the 
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FIFO memory 33 and converting circuitry 31A cooperate to 
output raster scan data via the output port 15 in the order of 
the original picture. 

[0067] FIG. 12 shoWs a speci?c con?guration of the 
decoded image converting circuitry 31A. As shoWn, the 
display image compression 11 receives P picture image data 
via the input port 10, compresses the image data by the 
Huffman coding scheme With the con?guration shoWn in 
FIG. 9, and feeds the compressed image data to the B 
picture compressed data memory 13. The memory 13 stores 
the compressed B picture image data and then reads them 
out at a suitable timing in relation to I and P picture data. The 
compressed B picture data are fed from the memory 13 to 
the display image expansion 14. The expansion 14 expands 
the input B picture data With the con?guration shoWn in 
FIG. 10 and delivers the resulting raster scan data via the 
output port 15. 

[0068] The converting circuitry 31A is capable of reducing 
the conventional bit Width of a memory bus for memory 
access and using loW-speed access video memories for the 
same reasons as discussed in relation to the converting 
circuitry shoWn in FIG, 1. 

[0069] Further, if the B picture compressed data memory 
13 is implemented by a part of the memory space of a large 
capacity, I and P picture DRAM used to store reference 
frame images for image decoding, then a decoded image is 
stored in the memory 13. Again, this reduces the amount of 
display data transferred and displayed and the area of the 
DRAM Which they occupy, compared to the conventional 
system needing a memory capacity great enough to store a 
single frame for display, In addition, because the data to be 
Written to the memory circuit 13 have been compressed in 
the horiZontal direction in a frame image, raster scan data 
can be rapidly read out With a minimum of memory access 
time. 

[0070] Moreover, the con?guration and procedure shoWn 
in FIGS. 11 and 12 do not have to compress or expand I 
pictures or P pictures and are therefore simpler than the 
con?guration and procedure of FIG. 7 While reducing the 
compressing time and expanding time. In addition, the 
image decoding and decoded image converting procedure 
shoWn in FIGS. 11 and 12 may be implemented as a 
program Which can be read by a computer. 

[0071] While the illustrative embodiments have concen 
trated on image data coded by the standardiZed MPEG2 
system, they are similarly practicable With image data coded 
by, e.g., an MPEG1 system, a system prescribed by ITU-T 
Recommendation H.261 (compression of digital moving 
pictures) and sending a frame image in the form of blocks, 
or a JPEG (Joint Photographic Coding Experts Group) 
system. 

[0072] In summary, in accordance With the present inven 
tion, only tWo frame memories suffice, one for I pictures and 
the other for P pictures. This, coupled With the fact that the 
tWo frame memories can be exclusively used for image 
decoding, alloWs only tWo frames of access to be done 
Within a display time corresponding to a single frame from 
conventional four frames to tWo frames. Consequently, it is 
possible to reduce the conventional bit Width of a memory 
bus for memory access and to use loW-speed access video 
memories, realiZing efficient processing. 
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[0073] The entire disclosure of Japanese patent applica 
tion No. 301098/1997 ?led on Oct. 31, 1997 and including 
the speci?cation, claims, accompanying drawings and 
abstract of the disclosure is incorporated herein by reference 
in its entirety. 

[0074] While the present invention has been described 
With reference to the illustrative embodiments, it is not to be 
restricted by the embodiments. It is to be appreciated that 
those skilled in the art can change or modify the embodi 
ments Without departing from the scope and spirit of the 
present invention. 

What is claimed is: 
1. Decoded image converting circuitry for converting, on 

receiving decoded image data produced by dividing a frame 
image representative of a picture rearranged in accordance 
With a picture type into a plurality of small areas of image 
data, coding said plurality of small areas of image data, and 
decoding resulting coded image data, said decoded image 
data to raster scan data area by area, said decoded image 
converting circuitry comprising: 

a compressing circuit for dividing the decoded image data 
of each of said plurality of small areas into pixel data 
sequences each extending in a horiZontal direction in a 
frame image, and compressing each of said pixel data 
sequences to thereby output compressed image data; 

a ?rst storage for storing, among said compressed image 
data output from said compressing circuit, compressed 
image data representative of an I (Intra coded) picture 
and compressed image data representative of a P (Pre 
dictive coded) picture; 

a second storage for storing, among said compressed 
image data output from said compressing circuit, com 
pressed image data representative of a B (Bidirection 
ally predictive coded) picture; and 

an expanding circuit for taking in said compressed image 
data stored in said ?rst storage and said second storage 
in an order of an original picture and then expanding 
said compressed image data to thereby output the raster 
scan data. 

2. Circuitry in accordance With in claim 1, Wherein said 
compressing circuit comprises: 

a difference calculating section for producing a difference 
betWeen nearby pixels adjoining each other in each of 
said pixel data sequences; 

a transforming section for outputting a variable length 
code corresponding to a frequency of occurrence of the 
difference; and 

an outputting section for outputting variable length codes 
output from said transforming section by every prede 
termined number of bits as said compressed image 
data. 

3. Circuitry in accordance With claim 1, Wherein said 
compressing circuit comprises: 

a difference calculating section for producing a difference 
betWeen nearby pixels adjoining each other in each of 
said pixel data sequences; 

a transforming section for outputting a variable length 
code corresponding to a frequency of occurrence of the 
difference; and 
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a compressed image data outputting section for outputting 
variable length codes output from said transforming 
section by every predetermined number of bits as said 
compressed image data; 

said expanding circuit comprising: 

an inverse transforming section for taking in said 
compressed image data stored in said ?rst storage 
and said second storage, detecting said variable 
length codes, and producing differences betWeen 
nearby pixels corresponding to said variable length 
codes; and 

an expanded image data outputting section for deter 
mining said pixel data sequences by addition using 
said differences to thereby output the raster scan 
data. 

4. A decoded image converting apparatus comprising: 

an inverse transforming circuit for executing, on receiving 
coded image data coded by rearranging a picture in 
accordance With a picture type and subjecting a result 
ing picture to quantiZation and orthogonal transform, 
dequantiZation and inverse orthogonal transform With 
said coded image data to thereby output image data; 

a memory including tWo memory areas for storing 
decoded image data respectively representative of an I 
picture and a P picture; 

an adder for outputting, on receiving image data repre 
sentative of an I picture from said inverse transforming 
circuit, said image data as decoded image data and 
Writing said image data in one of said tWo memory 
areas of said memory, or reading, on receiving image 
data representative of a P picture from said inverse 
transforming circuit, image data representative of an I 
picture or a P picture preceding said P picture out of one 
of said tWo memory areas, adding said image data read 
out to said image data output from said inverse trans 
forming circuit, and outputting resulting decoded 
image data While Writing said decoded image data in 
the other memory area of said memory, or reading, on 
receiving image data representative of a B picture from 
said inverse transforming circuit, image data out of said 
tWo memory areas, producing mean values, and adding 
said mean values to said image data output from said 
inverse transforming circuit to thereby output decoded 
image data; 

a compressing circuit for dividing said decoded image 
data output from said adder into pixel data sequences 
each extending in a horiZontal direction in a frame 
image, and compressing each of said pixel data 
sequences to thereby output compressed image data; 

a ?rst storage for storing, among said compressed image 
data output from said compressing circuit, compressed 
image data representative of an I picture and com 
pressed image data representative of a P picture; 

a second storage for storing, among said compressed 
image data output from said compressing circuit, com 
pressed image data representative of a B picture; and 

an expanding circuit for taking in said compressed image 
data stored in said ?rst storage and said second storage 








