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(57) ABSTRACT 

A dynamic image encoding method and an apparatus there 
for Which apply to a hierarchical motion vector detection 
process using an SDRAM frame memory. A precedent 

( * ) Notice; This is a publication of a Continued pros_ process is executed sequentially for one rank of a reduced 
ecution application (CPA) ?led under 37 screen obtained after thinning out an input screen to memo 
CFR 1_53(d)_ riZe the result, and then a subsequent process is executed 

sequentially betWeen the input screens for macro blocks of 
(21) Appl, No; 09/127,610 the reduced screen having provided the result of the prece 

dent process so that the precedent and the subsequent 
(22) Filed: Jul. 31, 1998 process are repeated. 

4 \ 
MOTION VECTOR DETECTION 5 
43 q PROCESSOR \ ENCODED 

BIT STREAM 1 ARITHMETIC DETERMI 
OUTP JSJZEEN f PORTION " NATION "*ENCODER ——>UT 

——> PRE- r r A 
PROCESSOR ORIGINAL REFERENCE g 

PICTURE PICTURE 44 
RAM RAM 

41 42 

FILTERING/ 
THINNING-OUT 
PROCESSOR 

\ 2 
I 7 r 

S v 
10 

FRAME MEMORY 
/\_/ 3 

(SDRAM) 



Patent Application Publication Nov. 15, 2001 Sheet 1 0f 12 US 2001/0041013 A1 

FIG.1 
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DYNAMIC IMAGE ENCODING METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a dynamic image 
encoding method and an apparatus therefor, and in particular 
to a dynamic image encoding method and an apparatus 
therefor Which apply a hierarchical motion vector detection 
method. 

[0003] In accordance With a recent advance of a semicon 
ductor technology, a main function of a dynamic image real 
time encoder Which Was formed of a plurality of semicon 
ductor chips has been achieved by only a single chip. In the 
case Where the encoder is realiZed in the form of hardWare, 
a method of realiZing a motion vector detection process 
Which requires a huge amount of operation is an important 
point to determine cost performance. 

[0004] 2. Description of the Related Art 

[0005] Avariety of motion vector detection methods have 
been proposed to simultaneously achieve both of the expan 
sion of a motion vector detection area (range) and the 
reduction of the operation amount. One of the methods is the 
hierarchical motion vector detection method. In this method, 
as the ?rst stage (process) of the motion vector detection, 
reduced screens are generated in each of a current picture 
and a reference picture for the motion vector detection and 
then motion vectors are detected betWeen the reduced 
screens. Then, as the second stage detection betWeen screens 
With normal resolution, the detection is executed by center 
ing around the area Which results from the ?rst stage 
detection. 

[0006] This method Will be described referring to FIG. 6. 
For instance, assuming that With respect to a ?rst stage 
detection area (a) of an input dynamic image of a normal 
screen siZe be, the reduced screen of 16x16 pixels obtained 
at the thinned-out ratio (1/16) of 1:4 in length to breadth be 
a process unit (b) of the ?rst stage vector detection, a 
common offset vector (c) to 4><4=16 macro blocks (occa 
sionally abbreviated as MB) is detected in the ?rst stage 
vector detection. 

[0007] Then, by each macro block (d) as a second stage 
detection unit a vector search for a second stage detection 
area (e) is executed to obtain a second vector Both of the 
result vectors (c) and at the ?rst and the second stage are 
added to obtain a ?nal result vector 

[0008] In this method, the detection accuracy is someWhat 
loWer compared With that in a full search, While the opera 
tion amount Which is required for the same area detection 
process is remarkably reduced. 

[0009] One example of such a motion vector detection 
process Which is realiZed in the form of hardWare is shoWn 
in FIG. 7, in Which a preprocessor 1 Which executes a Wave 
shaping of an inputted picture data, a frame memory 3 
utiliZing an SDRAM Which can also be a DRAM and make 
a high-speed access With a large capacity, a motion vector 
detection processor 4, and an encoder 5 are mutually con 
nected With a bus 10. The motion vector detection processor 
4 is composed of a current picture RAM 41 Which stores a 
current picture data, a reference picture RAM 42 Which 
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stores a reference picture data, an arithmetic portion 43 
Which performs predetermined operations for the data stored 
in the RAM’s 41, 42 as local memories (cashes), and a 
determination portion (judging unit) 44 Which determines or 
judge the vector resulting from of the operations to be sent 
to the encoder 5. 

[0010] Namely, in each macro block, pixel data in rect 
angular areas of the current picture and the reference picture 
are read from the frame memory 3 in the local memories 
Which are the internal current picture RAM 41 and the 
reference picture RAM 42. Then, the arithmetic portion 43 
executes the motion vector detection process, and the 
motion vector thus obtained is determined at the determi 
nation portion 44 to be sent to the encoder 5 for the encoding 
operation. 
[0011] A vector search area serves as a parameter Which 
controls the encoding characteristics of the encoder. For the 
achievement of the Widest area search it is necessary to read 
the reference picture areas in the Widest area from the frame 
memory 3 in the RAM 42. 

[0012] HoWever, a bandWidth of the frame memory 3 (a 
data transfer performance) becomes a bottleneck, Which 
limits the search area. Therefore, hoW ef?ciently screen data 
on the frame memory 3 can be accessed is important to make 
the vector search area Wider and products more competitive. 

[0013] In an arrangement of a hierarchical motion vector 
detection process such as shoWn in FIG. 7, a reduced screen 
has to be read from a frame memory in a local memory for 
the ?rst stage process. Conventionally, from a normal-sized 
picture some pixels are thinned out in the frame memory and 
read in the local memory. 

[0014] HoWever, if the frame memory is an SDRAM, 
sequential address data of four or eight Words are read out 
at a burst by only one readout command, so that reading out 
only the thinned-out pixels extremely Worsens the memory 
access ef?ciency. 

[0015] Even With a normal DRAM, if a bus Width of the 
frame memory is larger (eg 32 bits) than 8 bits of the pixel 
data Which are required to be read in, pixel data Which are 
not required to read in single pixel data are also read in at the 
same time, Which also Worsens the ef?ciency. Moreover, 
there is a problem that a vector detection accuracy at the ?rst 
stage decreases only by thinning out the normal-siZed image 
due to the occurrence of a folded distortion. 

[0016] To solve such a problem, an arrangement has been 
proposed, as shoWn in FIG. 8, Which provides a ?ltering/ 
thinning-out processor 2 for executing a space ?ltering and 
a pixel thinning out process betWeen the RAM’s 41, 42 and 
the frame memory 3. 

[0017] In this arrangement, When the reduced screen area 
(b) at the ?rst stage detection in FIG. 6 is read in the RAM’s 
41, 42, sequential areas are once read in the ?ltering/ 
thinning-out processor 2 from the frame memory 3, and then 
the pixels are thinned out While executing the ?ltering 
process. 

[0018] At the folloWing second stage detection, the nor 
mal-siZed screen (a) in FIG. 6 is read in the RAM 42 by 
bypassing the ?ltering/thinning-out processor 2. 

[0019] HoWever, in the arrangement of FIG. 8, for reading 
in the reduced screens at the ?rst stage detection, it is 
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necessary to read in pixel data of area much Wider than the 
size of the original and the reference picture Which are 
originally required. For instance, in order to arrange the 
reduced screen thinned out at the ratio of 1:4 in length to 
breadth, 16 times the data amount is required because the 
surrounding pixels are necessary for the ?ltering process. 

[0020] With this method, the problem of memory access 
ef?ciency is not only solved but also may be Worsened. 

[0021] Also, assuming that the ?rst stage detection process 
be executed on the reduced screen thinned out at the ratio of 
1:4 in length to breadth, the process unit at the ?rst stage (a 
big macro block abbreviated as QMB) be 16x16 pixels on 
the reduced screen (i.e. 4 MB><4 MB=16 MB area in the 
normal-siZed screen), and the search area be 16x16 pixels on 
the reduced screen, the screen siZe to be read in as the 
reference screen Will be three times, ie 48x48, as shoWn in 
FIG. 9. 

[0022] Namely, 2/3 of reference picture areas QMB3 and 
QMB4 read in the current picture areas QMB1 and QMB2 
of adjacent big macro blocks are overlapped. Therefore, by 
storing only the overlapped areas in the RAM’s 41, 42, only 
the remaining 1/3 area RR has to be read in separately. 

[0023] A process schedule of the hierarchical motion 
vector detection Will be described in the folloWing. The 
encoding process by the encoder 5 is executed for each 
macro block. In the encoding order as shoWn in FIG. 10, the 
top rank of the screen is processed ?rst and the folloWing 
ranks are then processed to complete the bottom rank. In 
each rank the process is executed from left to right. 

[0024] Accordingly, as shoWn in FIG. 11, vector values 
Which are gained in the process units QMB1, QMB2, 
QMB3, and QMB4 at the ?rst stage are used for the second 
stage process of four ranked macro blocks in the ?rst process 
unit QMB, and are then saved in the RAM’s 41, 42. 
Subsequently, the ?rst stage process of the next right area 
Will be executed in the same manner. 

[0025] Speci?cally, as shoWn in FIG. 12, after the ?rst 
stage process for the big macro block QMB1, the second 
stage process is executed Within this big macro block QMB1 
for four macro blocks MB1-MB4 per a macro block unit 
MB. Thus, the folloWing motion vector detection processes 
are executed in the order of the big macro block QMB2+ 
macro blocks MB5-MB8, and so on. 

[0026] HoWever, the problem is that the reference picture 
data at the ?rst stage Which is desired to be stored in the 
RAM’s 41, 42 are overWritten and extinguished With the 
data at the second stage process because the processes at the 
?rst and the second stage are required to be alternately done. 
Namely, When the macro blocks in the next rank shoWn in 
FIG. 11 are processed after the second stage process for one 
rank of macro blocks MB1-MB18 has been executed, the 
?rst stage process must be again executed despite of the 
same ?rst stage process being not required to be done 
essentially because the big macro blocks QMB1, QMB2, 
QMB3, and QMB4 have the same data. 

[0027] Accordingly, every time the ?rst stage process is 
executed all of the reference area data must be reread in, 
resulting in inef?cient memory access. If the reference 
picture memories are provided separately for the ?rst and the 
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second stage process, the problem Will be solved, Which 
leads to an increase of a hardWare scale and electric poWer 
consumption. 

[0028] Thus, in the prior art, if the hierarchical motion 
vector detection method is realiZed in the form of hardWare 
Which uses the SDRAM as a frame memory, there is a 
problem that the access bandWidth of the SDRAM cannot be 
used efficiently to read out the reduced screen. Also, because 
of the process schedule in Which the ?rst and the second 
stage process are alternately executed, it is necessary to 
reread the area data of the overlapped reference picture at the 
?rst stage process every time, resulting in inef?cient 
memory access. 

SUMMARY OF THE INVENTION 

[0029] It is accordingly an object of the present invention 
to provide a dynamic image encoding method and an 
apparatus therefor Which apply to a hierarchical motion 
vector detection process using a frame memory in Which the 
frame memory can be ef?ciently accessed. 

[0030] In order to achieve the above-mentioned object, a 
dynamic image encoding method according to the present 
invention comprises the steps of; executing a precedent 
process sequentially for one rank of a reduced screen 
obtained by thinning out an input screen, storing a result of 
the precedent process in the frame memory; executing a 
subsequent process betWeen input screens sequentially for 
macro blocks in the reduced screen having provided the 
result of the precedent process; and repeating the precedent 
and the subsequent process. 

[0031] Namely, in the present invention, as a precedent 
process (the ?rst stage process), a motion vector detection 
process is executed betWeen reduced screens for Which a 
?ltering/thinning-out process is executed betWeen normal 
siZed input screens, and then as a subsequent process (the 
second stage process), a motion vector detection process is 
executed betWeen normal-siZed screens in each macro block 
based on the result of the precedent process, Whereby the 
hierarchical motion vector detection method is applied. 

[0032] On the assumption of such a hierarchical motion 
vector detection method, the precedent process is sequen 
tially executed for one rank of the reduced screen, and then 
the subsequent process is sequentially executed betWeen the 
input screens for the macro blocks in the reduced screen 
from Which the result of the precedent process is obtained. 
Thus, the precedent and the subsequent process are repeated. 

[0033] In this Way, at the precedent process, only for the 
reduced screen at the left end of the screen all of the areas 
of a reference picture screen are read from the frame 
memory (eg in a motion vector detection processor). Then, 
only a neW area appeared after shifting has to be read in. By 
devising the schedule of the precedent and the subsequent 
process, it becomes possible to avoid rereading in the ?rst 
stage overlapped area. As a result, the ef?ciency of the 
memory access improves. 

[0034] Also, in parallel With the process of storing the 
input screen in the frame memory, the ?ltering/thinning-out 
process of the input screen may be executed to store pixel 
data of the reduced screen in the frame memory so that the 
precedent process may be executed for the reduced screen. 
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[0035] Namely, by arranging the reduced screen for Which 
the ?ltering/thinning-out process is preliminarily executed 
on sequential addresses of the frame memory, access is made 
possible Which takes advantage of a characteristic of a frame 
memory such as an SDRAM or DRAM. 

[0036] Also, an encoding process may be executed in 
synchroniZation With the subsequent process. By generating 
and Writing staff bits in a memory Within a term of the 
precedent process the encoding process may be executed 
ef?ciently. 

[0037] Moreover, the encoding process may be executed 
asynchronously betWeen adjacent ones of the precedent 
process, Which can extend the encoding process term and 
correspond to a change of the precedent process term. 

[0038] To achieve the above-mentioned dynamic image 
encoding method according to the present invention, a 
dynamic image encoding apparatus according to the present 
invention comprises a motion vector detection processor in 
Which a precedent process is executed sequentially for one 
rank of a reduced screen obtained by thinning out an input 
screen, and after storing a result of the precedent process in 
the frame memory, a subsequent process is executed 
betWeen input screens sequentially for macro blocks in the 
reduced screen having provided the result of the precedent, 
and the precedent and the subsequent process are repeated. 

[0039] In this apparatus, in parallel With storing the input 
screen in the frame memory, the input screen may be ?ltered 
and thinned out to store pixel data of the reduced screen in 
the frame memory so that the precedent process may be 
executed for the reduced screen. 

[0040] Also, the apparatus may be provided With an 
encoder Which executes an encoding process in synchroni 
Zation With the subsequent process, and during the precedent 
process the encoder may generate and Write staff bits in a 
memory. 

[0041] Moreover, the apparatus may be provided With a 
buffer memory to execute the encoding process asynchro 
nously betWeen adjacent ones of the precedent process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a block diagram shoWing an arrangement 
(1) of an apparatus Which executes a dynamic image encod 
ing method according to the present invention; 

[0043] FIG. 2 is a diagram shoWing a hierarchical motion 
vector detection process schedule according to the present 
invention; 

[0044] FIG. 3 is a time chart shoWing a dynamic image 
encoding process schedule (1) according to the present 
invention; 
[0045] FIG. 4 is a block diagram shoWing an arrangement 
(2) of an apparatus Which executes a dynamic image encod 
ing method according to the present invention; 

[0046] FIG. 5 is a time chart shoWing a dynamic image 
encoding process schedule (2) according to the present 
invention; 

[0047] FIG. 6 is a block diagram shoWing an outline of a 
hierarchical motion vector detection method as generally 

knoWn; 
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[0048] FIG. 7 is a block diagram shoWing a general 
arrangement of a one chip video encoder; 

[0049] FIG. 8 is a block diagram shoWing an arrangement 
of a conventional dynamic image encoding apparatus; 

[0050] FIG. 9 is a block diagram explaining sequential 
readin areas of the ?rst stage reference picture; 

[0051] FIG. 10 is a diagram shoWing an encoding order of 
a macro block in one screen; 

[0052] FIG. 11 is a block diagram illustrating process 
units on a screen of the ?rst and the second stage process; 
and 

[0053] FIG. 12 is a diagram shoWing a conventional 
hierarchical motion vector detection process schedule. 

[0054] Throughout the ?gures, like reference numerals 
indicate like or corresponding components. 

DESCRIPTION OF THE EMBODIMENTS 

[0055] An embodiment of a dynamic image encoding 
method and an apparatus therefor according to the present 
invention Will noW be described referring to the attached 
draWings. 
[0056] FIG. 1 shoWs an arrangement of the apparatus for 
the execution of the dynamic image encoding method 
according to the present invention. In this embodiment, it is 
different from the prior art shoWn in FIG. 8 that the 
?ltering/thinning-out processor 2 is not provided in the 
motion vector detection processor 4 but is connected 
betWeen the output of the preprocessor 1 and the common 
bus 10. 

[0057] An operation of this dynamic image encoding 
apparatus Will be described in the folloWing. 

[0058] First of all, in parallel With the process of Writing 
input image data in the frame memory 3, the input image 
data is sent to the ?ltering/thinning-out processor 2 in Which 
the ?ltering and the thinning-out process are executed. Then, 
the reduced screen data after the ?ltering and the thinning 
out process are Written in another area of the frame memory 
3 Which is different from the area Where the input screen data 
of a normal siZe is stored. 

[0059] The hierarchical motion vector detection processor 
4 reads current picture data and reference picture data from 
the reduced screen data preliminarily stored in the frame 
memory 3 in the RAM’s 41, 42, respectively Whereby the 
?rst stage detection process is executed as mentioned above 
With reference to the prior art. In this case, the reduced 
screen data can be mapped in sequential areas of the RAM’s 
41, 42, Which enables an ef?cient memory access in the 
SDRAM frame memory 3. 

[0060] Also, as shoWn in FIG. 2, a process schedule is 
devised in order to increase the ef?ciency of readin access of 
the reference screen data at the ?rst stage process. First of 
all, the ?rst stage process is executed sequentially for one 
rank, and the result is reserved in the local memory. Then, 
the second stage process is sequentially executed. 

[0061] For instance, as mentioned above, if 16x16 pixel 
area of the reduced screen (180x120 pixels) thinned out at 
the ratio of 1:4 With respect to normal input screen of 
720x480 pixels is assumed to be a process unit (a big macro 
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block), in the screen shown in FIG. 11 the ?rst stage process 
is executed 12 times (@180/16) sequentially about the big 
macro blocks QMBl, QMB2, QMB3, . . . , and QMB12. 

Then the second stage process is executed sequentially for 
45 (z720/16)><4=180 macro blocks (MB1-MB12). Thus, 
about the folloWing big macro blocks QMB 13 . . . , the same 

process is repeated 

[0062] In this process, since the reference pictures neces 
sary for the ?rst stage process are overlapped in adjacent 
ones of the big macro block, the big macro block at the left 
end has only to read in all of the reference picture area While 
the other eleven big macro blocks have only to read in a neW 
area appeared after shifting (see the area RR shoWn in FIG. 
9). This enables the ef?ciency of the memory access to be 
enhanced. 

[0063] The schedule of the entire encoding process Which 
applies to the hierarchical motion vector detection process as 
above-mentioned Will be described referring to FIG. 3. 

[0064] In the above-mentioned screen siZe of 720x480 
pixels, if the 16x16 pixel area of the reduced screen (180x 
120 pixels) thinned out at the ratio of 1:4 is assumed to be 
a process unit (a big macro block) at the ?rst stage process, 
the ?rst stage process of one rank is executed 8 times(z120/ 
16) in order to complete the process for a single screen as 
inputted, as shoWn in FIG. 3 

[0065] Every time the second stage process for each macro 
block is completed as shoWn in FIG. 3 (3), (4), a ?nal 
motion vector is obtained as shoWn in FIG. 3 (5) so that the 
encoding process is executed as shoWn in FIG. 3 

[0066] Therefore, in a term for Which the ?rst stage 
process of the motion vector detection is executed, the 
encoding process is not executed, providing a margin for a 
bandWidth of memory. As shoWn in FIG. 3 (6), if staff bits 
for encoding rate adjustment are generated at a burst by 
utiliZing this term in the encoder 5, a higher efficiency Will 
be obtained. 

[0067] Also, if the process term of the ?rst stage is long 
enough compared With the second stage process term, the 
encoder 5 may have a bad in?uence because the encoding 
term of each macro block corresponding to the second stage 
process is shortened. 

[0068] Therefore, as shoWn in FIG. 4, if a buffer 6 is 
installed betWeen the motion vector detector 4 and the 
encoder 5 and vector values outputted from the vector 
detector 4 are sent to the encoder 5 after buffered and 
changed in speed, it becomes possible to conceal a dead 
Zone of the ?rst stage detection term and expand the encod 
ing process term, as shoWn in the encoding schedule of FIG. 
5 

[0069] As described above, a dynamic image encoding 
method and an apparatus therefor according to the present 
invention is arranged so that a precedent process is executed 
sequentially for one rank of a reduced screen obtained after 
thinning out an input screen to memoriZe the result, and then 
the subsequent process is sequentially executed betWeen the 
input screens for macro blocks of the reduced screen having 
provided the result of the precedent process so that the 
precedent and the subsequent process are repeated. There 

Nov. 15, 2001 

fore, it becomes possible to improve the memory access 
ef?ciency of a real time encoder Which applies to a hierar 
chical motion vector process method and to make the 
products more competitive. 

What We claim is: 

1. A dynamic image encoding method for executing a 
hierarchical motion vector detection process using a frame 
memory, comprising the steps of; 

executing a precedent process sequentially for one rank of 
a reduced screen obtained by thinning out an input 

screen, 

storing a result of the precedent process in the frame 
memory; 

executing a subsequent process betWeen input screens 
sequentially for macro blocks in the reduced screen 
having provided the result of the precedent process; and 

repeating the precedent and the subsequent process. 
2. A dynamic image encoding method as claimed in claim 

1 Wherein in parallel With storing the input screen in the 
frame memory, the input screen is ?ltered and thinned out to 
store pixel data of the reduced screen in the frame memory 
so that the precedent process is executed for the reduced 
screen. 

3. A dynamic image encoding method as claimed in claim 
1 Wherein an encoding process is executed in synchroniZa 
tion With the subsequent process. 

4. A dynamic image encoding method as claimed in claim 
1 Wherein during the precedent process staff bits are gener 
ated and Written in a memory. 

5. A dynamic image encoding method as claimed in claim 
2 Wherein during the precedent process staff bits are gener 
ated and Written in a memory. 

6. A dynamic image encoding method as claimed in claim 
3 Wherein the encoding process is executed asynchronously 
betWeen adjacent ones of the precedent process. 

7. A dynamic image encoding apparatus Which executes a 
hierarchical motion vector detection process using a frame 
memory, comprising; 

a motion vector detection processor in Which a precedent 
process is executed sequentially for one rank of a 
reduced screen obtained by thinning out an input 
screen, and after storing a result of the precedent 
process in the frame memory, a subsequent process is 
executed betWeen input screens sequentially for macro 
blocks in the reduced screen having provided the result 
of the precedent, and the precedent and the subsequent 
process are repeated. 

8. A dynamic image encoding apparatus as claimed in 
claim 7, further comprising a ?ltering/thinning-out proces 
sor in Which in parallel With storing the input screen in the 
frame memory, the input screen is ?ltered and thinned out to 
store pixel data of the reduced screen in the frame memory 
so that the motion vector detection processor executes the 
precedent process for the reduced screen. 

9. A dynamic image encoding apparatus as claimed in 
claim 7, further comprising an encoder for executing an 
encoding process in synchroniZation With the subsequent 
process. 
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10. A dynamic image encoding apparatus as claimed in 
claim 9 wherein the encoder generates and Writes staff bits 
in a memory during the precedent process. 

11. A dynamic image encoding apparatus as claimed in 
claim 9, further comprising a buffer memory for executing 
the encoding process asynchronously betWeen adjacent ones 
of the precedent process. 
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12. A dynamic image encoding apparatus as claimed in 
claim 10, further comprising a buffer memory for executing 
the encoding process asynchronously betWeen adjacent ones 
of the precedent process. 


