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(57) ABSTRACT 
The present invention relates to a motion vector detection 
system for detecting a motion vector for motion compensa 
tion in moving picture compression. It is the subject of the 
invention to provide With a motion vector detection system 
for reducing the amount of operations Without degrading the 
quality of an image. 
The vector memory 101 stores a motion vector having been 
obtained. The predicted motion vector calculator 102 pre 
dicts the motion vector of a block to be predicted based upon 
the motion vector of a block adjacent to the block to be 
predicted. The search range determiner 103 determines a 
search range based upon the motion vector predicted. The 
motion vector detector 105 performs block matching Within 
the search range. 
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MOTION VECTOR DETECTION SYSTEM 

[0001] This application is a continuation of International 
Application No. PCT/JP99/04063, ?led on Jul. 29, 1999. 

TECHNICAL FIELD 

[0002] This system relates to a motion vector detection 
system Which reduces the amount of operations for detecting 
a motion vector for motion compensation in moving picture 
compression With the quality of an image being maintained. 

BACKGROUND ART 

[0003] As a method conventionally used for digitiZing a 
moving picture and then compressing and encoding the 
digitiZed data, a picture frame is divided into mesh-type 
blocks to be subjected to a block based motion compensa 
tion, orthogonal transform such as Discrete Cosine Trans 
form (hereinafter referred to as DCT), quantization and 
variable-length encodation. 

[0004] For example, the above mentioned method is 
employed in such international standards as H.261 dealing 
With a camera-input signal of an existing television, 
MPEG-l (Motion Picture Image Coding Experts Group) as 
an improvement of H.261 designed for dealing With storage 
media such as CD-ROM, MPEG-2 designed for dealing 
With communication/broadcasting media, and MPEG-4 
designed for dealing With loW bit rate data and multi-media 
data. Motion compensation employed in this method is 
designed for high image quality compression and encoda 
tion, so that motion vector detection is needed to be 
involved. A typical motion vector detection method is noW 
discussed. 

[0005] FIG. 6 shoWs a full-matching method for detecting 
a motion vector 607 of a block 605 to be predicted in a 

current frame 601 through block matching based upon the 
information of a previous frame 602 having been encoded. 
The motion vector of the block 605 to be predicted is 
detected through matching of the block 605 to be predicted 
and individual blocks Within a search range 603 ?xed 
surrounding a block 608 in the previous frame 602 located 
at an equivalent position to that of the block 605 to be 
predicted. The motion vector 606 is only alloWed to express 
itself Within a range of :15 pixels, Which provides, in a 
general sense, a range of 30+M pixels vertically (in length) 
and 30+N pixels horiZontally (in breadth) With the block to 
be predicted at the center for searching the block, Where M 
designates the vertical pixel siZe of the block and N desig 
nates the horiZontal pixel siZe of the block. Each pixel based 
error of all or some of blocks Within the search range for the 

block to be predicted from the block to be predicted is 
calculated sequentially to detect a block having a minimal 
error Within the search range as a reference block 604 of the 

block to be predicted. Based upon the positions of the 
reference block 604 and the block to be predicted, the 
motion vector 607 of the block to be predicted is obtained. 

[0006] The aforementioned method having all the blocks 
Within the search range subjected to pixel based error 
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calculation to determine the reference block is called the 
full-matching method, Which is the most ef?cient approach 
of detecting a precise reference block. By detecting the 
reference block as precise as possible, a pixel based error 
betWeen the block to be predicted and the reference block is 
minimiZed, Which contributes to the prediction of the block 
to be predicted With a small amount of information. The 

full-matching method, hoWever, involving a large amount of 
operations for detecting a motion vector, requires a large 
amount of processing time for motion compensation. Fur 
ther, the full-matching method, With the search range being 
?xed, performs an inef?cient searching in an unnecessarily 
large area for a block to be predicted Whose motion is static. 
This may result in a failure in detecting an appropriate 
motion vector, Which may degrade the quality of the image 
or increase in the amount of bits for encoding. 

[0007] Among motion compensation methods other than 
the full-matching method, some approaches employ the 
same ?xed search range as that of the full-matching method 
and reduce the amount of operations for motion vector 
detection more than that of the full-matching method 
through thinning the pixels of the reference frame and the 
block to be predicted at the same ratio, sub-sampling or the 
like. Those approaches achieving the amount of operations 
reduced still fail to detect an appropriate motion vector due 
to the ?xed search range, Which then causes to degrade the 
quality of an image or increase the amount of bits for 
encoding. 

[0008] Another type of approach for motion compensation 
is disclosed in Japanese Unexamined Patent Publication No. 
7-107484, Japanese Unexamined Patent Publication No. 
8-9379, Japanese Unexamined Patent Publication No. 
8-32969, Japanese Unexamined Patent Publication No. 
9-55941, Japanese Unexamined Patent Publication No. 
9-65339, and Japanese Unexamined Patent Publication No. 
10-4554. According to this approach, the block to be pre 
dicted Whose motion is assumedly static is assigned a 
smaller area of the search range and the block to be predicted 
Whose motion is assumedly dynamic is assigned a larger 
area of the search range so that the motion vector is detected 

through an optimum amount of operations for the speci?c 
block to be subjected. 

[0009] According to Japanese Unexamined Patent Publi 
cation No. 8-9379, for example, the vertical and horiZontal 
sides of an initially set area of the search range is extended 
by the average of the absolute values of the motion vectors 
of blocks adjacent to the block to be predicted. This system, 
as the search range is alloWed to be set in accordance With 

the magnitude of the motion of a block, the search range is 
extended by the same distance from the block to be predicted 
on all sides vertically and horiZontally, so that the directional 
property of the motion is neglected. Consequently, in the 
case of the average of the absolute values of motion vectors 
being large, the amount of operations for detecting a motion 
vector becomes no less than that of the full-matching 
method, Which makes the detection of an appropriate motion 
vector dif?cult. 
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[0010] As aforementioned, in pursuit of detecting a pre 
cise motion vector, if the search range is set to a ?xed large 
area, then the amount of operations for detection becomes 
large. In particular, With a static moving picture, this is rather 
a Waste of searching, and may result even, on the contrary, 
in a failure to detect an appropriate motion vector. Further, 
in the method that a motion vector is detected With the 

search range being varied, the search range is extended by 
the same distance on all sides vertically and horiZontally 
based upon the average, maximum value or the like of the 
absolute values of adjacent motion vectors. Consequently, if 
the average or maximum value is large, then the extension 
margin becomes large, thereby posing the same problem as 
that of the full-matching method. 

DISCLOSURE OF THE INVENTION 

[0011] 1. In a motion vector detection system having a 
motion vector detector for obtaining the motion vector of a 
block to be predicted in a frame subjected to prediction 
through block matching of the block to be predicted and a 
search block Within a search range in a reference frame, and 
a motion vector memory for storing the motion vector 
obtained in the motion vector detector being mapped onto 
the position of the block to be predicted, a motion vector 
detection system of this invention may be characteriZed 
With, a predicted motion vector calculator for retrieving the 
individual motion vectors of a plurality of reference blocks 
adjacent to the position of the block to be predicted from the 
motion vector memory and calculating a predicted motion 
vector predicting the motion vector of the block to be 
predicted based upon the individual motion vectors of the 
plurality of reference blocks retrieved, and a search range 
determiner for determining the search range in the reference 
frame based upon the predicted motion vector. 

[0012] 2. The predicted motion vector calculator may be 
characteriZed With calculating an averaged vector of the 
individual motion vectors of the plurality of reference blocks 
as the predicted motion vector. 

[0013] 3. The search range determiner may be character 
iZed With determining the search range to be an area includ 
ing a source block Whose position in the reference frame is 
equal to the position of the block to be predicted and a 
destination block Whose position in the reference frame is 
obtained by shifting the position of the source block based 
upon the predicted motion vector. 

[0014] 4. The search range determiner may be character 
iZed With determining the search range to be an area 
obtained by adding a predetermined margin to a minimal 
rectangul including the source block and the destination 
block. 

[0015] 5. The predicted motion vector calculator may be 
characteriZed With calculating a motion vector error repre 

senting a prediction error of the predicted motion vector 
based upon the individual motion vectors of the plurality of 
reference blocks, and the motion vector detection system 
may be characteriZed further With a search range extension 
unit for extending the search range based upon the motion 
vector error. 
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[0016] 6. The predicted motion vector calculator may be 
characteriZed With calculating the motion vector error being 
composed of an X-element error representing the absolute 
value of a maximum difference betWeen individual X ele 
ments and a Y-element error representing the absolute value 
of a maximum difference betWeen individual Y elements 
When the individual motion vectors of the plurality of 
reference blocks are represented each by tWo orthogonal 
elements of the X element and the Y element. 

[0017] 7. The search range extension unit may be charac 
teriZed With extending the search range by an X-axis exten 
sion margin obtained by multiplying the X-element error by 
a predetermined value in an X-axis positive direction and an 
X-axis negative direction and extending the search range 
also by a Y-axis extension margin obtained by multiplying 
the Y-element error by the predetermined value in a Y-axis 
positive direction and a Y-axis negative direction. 

BRIEF DESCRIPTION OF DRAWINGS 

[0018] FIG. 1 shoWs a block diagram of a motion vector 
detection system. 

[0019] FIG. 2 shoWs a flow chart of the motion vector 
detection system. 

[0020] FIG. 3 shoWs a diagram exemplifying predicted 
motion vectors calculated by a predicted motion vector 
calculator. 

[0021] FIG. 4 shoWs a diagram exemplifying a search 
range determined by a search range determiner. 

[0022] FIG. 5 shoWs a diagram exemplifying a search 
range extended by a search range extension unit. 

[0023] FIG. 6 shoWs a diagram exemplifying a search 
range according to a conventional full-matching method. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0024] FIG. 1 shoWs a block diagram of a motion vector 
detection system of the present invention. A method for 
detecting the motion vector of a block to be predicted is noW 
discussed. Initially, a predicted motion vector detector 102 
receives the motion vectors of blocks adjacent to the block 
to be predicted from a motion vector memory 101 and 
outputs the errors of the motion vectors and the predicted 
motion vector of the block to be predicted. The predicted 
motion vector predicts the motion vector of the block to be 
predicted. Then, a search range determiner 103 receiving the 
predicted motion vector determines and outputs a search 
range for the motion vector of the block to be predicted. A 
search range extension unit 104 receiving the search range 
and the errors of the motion vectors extends the search range 
inputted and outputs an extended search range. A motion 
vector detector 105 receiving the expanded search range 
obtains a motion vector through block matching based upon 
the pixel data of the block to be predicted and the pixel data 
of a reference frame and outputs an obtained motion vector. 

Ablock matching range in the reference frame is the search 
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range inputted. A motion vector storage unit 106 stores the 
motion vector in an appropriate memory map. Individual 
blocks to be predicted are subject to the foregoing operating 
?oW. 

[0025] FIG. 2 shoWs a How chart illustrating a Whole 
course of operation for detecting the motion vector of the 
block to be predicted. 

[0026] FIG. 3 shoWs a frame exemplifying a predicted 
motion vector 319 and a motion vector error calculated by 

the predicted motion vector calculator. Initially, already 
detected motion vectors 317 and 318, respectively, of blocks 
320 and 321 adjacent to a block 316 to be predicted are 
obtained from the motion vector memory. According to this 
example, blocks are selected sequentially to be predicted 
each from the top left of the frame to the right. A block 
Whose motion vector has been obtained is alloWed to be used 
as a reference block. According to this example, blocks at 
the left side and at the upper side of the block to be predicted 
are used as the reference blocks. Alternatively, blocks at the 

upper left and the upper right may also be used as the 
reference blocks. In FIG. 3, When the motion vector 317 of 
the upper block is represented by MV1 and the motion 
vector 318 of the left block is represented by MV2, a 
predicted motion vector PMV of the block to be predicted is 
the average of MV1 and MV2. Speci?cally, When MV1= 

(X1,Y1) and MV2=(X2,Y2) are given, PMV=(PX, PY) is 
expressed by substituting PX=(X1+X2)/2 and PY=(Y1+ 
Y2)/2. Other than the arithmetic mean approach, it is also 
effective to use a function involving the directional property 
of the motion vector of the reference block for obtaining the 
predicted motion vector. It is particularly desirable to have 
an approach of obtaining the predicted motion vector based 
upon the tendency of the directional property of the motion 
vector. For example, various kinds of average such as the 
geometric mean and the harmonic mean may be utiliZed on 

an element basis. 

[0027] When the block to be predicted has no reference 
block (i.e. When having no adjacent block Whose predicted 
motion vector has been detected in such a case as a block 

301 at the top left of FIG. 3 is selected to be predicted), then 
no detection is performed of the predicted motion vector, 
and instead, the search range determiner utiliZes the full 
matching method. When blocks 302 through 308 in the ?rst 
roW of the frame of FIG. 3 are to be predicted, the respective 
blocks have their single adjacent blocks Whose motion 
vectors have been detected only at the left side. When blocks 
309 through 313 in the ?rst column are to be predicted, the 
respective blocks have their single adjacent blocks Whose 
motion vectors have been detected only at the upper side. In 
those cases, the motion vector of the single adjacent block 
is designated as the predicted motion vector of the block to 
be predicted. 

[0028] As aforementioned, by calculating the predicted 
motion vector, the motion vector of the block to be predicted 
is obtained based upon the tendency of the motion vectors of 
adjacent blocks. Further, in use of this predicted motion 
vector, the area of the search range and the directional 
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property can be predicted in an accurate manner. Conse 
quently, the block based accurate determination of the search 
range alloWs a reduced amount of operations for motion 
vector detection. 

[0029] When the reference block is of an intra-block (i.e. 
When the reference block is not of a block obtained through 
prediction but of a block obtained through encoding the 
pixel value of the block), although the motion vector of the 
reference block can conventionally be used, it is possible 
and effective to consider the motion vector a Zero vector or 

no motion vector. With the intra-block, it is indicated that the 
quality of an image appeared poor through prediction after 
detecting a motion vector or an amount of bits for encoding 

became too large as a result of prediction. Accordingly, it 
can be assumed that the motion vector of the intra-block has 
Weak correlation With the block to be predicted. Hence, 
treating the motion vector of the intra-block as a Zero vector 

or a detection failure may avoid Wasteful efforts to detect a 

motion vector or detecting an inappropriate motion vector. 

[0030] When there are tWo or more adjacent blocks Whose 
motion vectors have been detected, namely, reference 
blocks, the errors of the motion vectors of the respective 
reference blocks are calculated. Referring to FIG. 3, the 
X-axis error of the motion vector is represented by X1-X2 
and the Y-axis error of the motion vector is represented by 
Y1-Y2 . Consequently, in the case of N number of the 

reference blocks existed, the X-axis error of the motion 

vector is MIN (X1, X2, . . . , XN)-MAX (X1, X2, . . . , XN) 

and the Y-axis error of the motion vector is MIN (Y1, 

Y2, . . . , YN)-MAX (Y1,Y2, . . . ,YN) , Where MIN denotes 

a minimal value of arguments and MAX denotes a maximal 

value of arguments. 

[0031] The predicted motion vector is outputted to the 
search range determiner 103. An error betWeen the motion 
vectors of adjacent blocks is outputted to the search range 
extension unit 104. 

[0032] FIG. 4 shoWs an example of the search range 
determined by the search range determiner. The search range 
determiner, receiving a predicted motion vector 404 detected 
by the predicted motion vector detector 102, determines a 
search range 401 for the motion vector of the block to be 
predicted to be an area obtained by extending a rectangle 
including a block 402 locating at the same position as that 
of the block to be predicted and a block 403 obtained by 
shifting the block 402 based upon the predicted motion 
vector in the reference frame on every side by d vertically 
and horiZontally. Some encoding systems such as MPEG, in 
pursuit of an ef?cient transmission of a motion-less picture, 
employ a system Where information identifying the type of 
motion, static or dynamic, is transmitted on a block basis for 
transmitting a motion vector only With a dynamic block. 
According to another system also employed, if the motion 
vector is a Zero vector and the prediction error is Zero, then 

the block is not subjected to encodation. In those encoding 
systems, it is advantageous for reducing an overall amount 
of bits for encoding to select a Zero vector rather than a 

larger motion vector if the prediction error is similarly small. 
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Hence, this type of encoding system requires a zero-vector 
prioritized motion vector detection. It is effective, therefore, 
for detecting a zero vector prioritized to include the neigh 
borhood of the position of the block to be predicted as Well 
as the neighborhood of the predicted motion vector in the 
search range in the search range determiner 103. Further, the 
amount of operations for detecting a motion vector can be 
reduced by extending the search range in the direction of the 
predicted motion vector rather than on all sides vertically 
and horizontally by the same length from the block to be 
predicted, Which at the same time contributes to preventing 
an erroneous and inappropriate motion vector from being 
detected. 

[0033] The length of d is to be controlled so that the 
horizontal or vertical length of the search range does not 
exceed 15+L Where L designates the horizontal or vertical 
length of a block. When no predicted motion vector is 
detected, ie when the top left block is the block to be 
predicted in FIG. 3, the search range is an area obtained by 
extending 15 vertically and horizontally from the block to be 
predicted. The search range is outputted to the search range 
extension unit. 

[0034] FIG. 5 shoWs an example of the search range 
extended by the search range extension unit. When the 
X-axis and Y-axis errors of the motion vector of an adjacent 
block calculated in the motion vector detector 102 are edx 

and edy, respectively, a search range 501 determined by the 
search range determiner is extended by edx on the X-axis 
and edy on the Y-axis. The length of edx or edy has to be 
controlled so that the horizontal or vertical length, respec 
tively, of an extended search range 505 does not exceed 
15+L. It is also effective to multiply edx and edy by a given 
value (eg a decimal value over zero) each to obtain an 
X-axis extension margin and a Y-axis extension margin. The 
given value for multiplication may be different from each 
other. 

[0035] The value of an error betWeen the motion vectors 
of adjacent blocks can shoW the correlation betWeen the 
adjacent blocks. Speci?cally, it can be said that in the case 
that an error betWeen the motion vectors of adjacent blocks 
is large, then the adjacent blocks have Weak correlation With 
each other, and in the case that an error betWeen the motion 
vectors of adjacent blocks is small, then the adjacent blocks 
have strong correlation With each other. In addition to that, 
it can be assumed that in the case that a block has Weak 

correlation With an adjacent block, then the block has Weak 
correlation With a block to be predicted as Well, and in the 
case that a block has strong correlation With an adjacent 

block, then the block has strong correlation With a block to 
be predicted as Well. For that reason, in the case that the 
correlation can be assumed Weak betWeen a block and a 

block to be predicted, then the search range may be 
extended. This alloWs for ease in detecting an appropriate 
motion vector. The motion vector detector 102 determines a 
block having a minimal sum of pixel based errors With the 
block to be predicted through block matching Within the 
search range determined by the search range extension unit 
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104. The motion vector of the block to be predicted is 
detected based upon the position of the block determined 
and the position of the block to be predicted. 

[0036] The motion vector storage unit 106 stores the 
motion vector detected by the motion vector detector in the 
motion vector memory 101. Any storable medium may be 
employed as the motion vector memory. The motion 
memory may be so small in size as to store the motion 
vectors of a roW of blocks. The motion vector detection is 

performed on a roW basis from the top left block in the 
frame. Accordingly, having at least only one motion vector 
stored of a block among blocks in each column, the motion 
vector of a block adjacent to the block to be predicted can 
be obtained. 

[0037] In the case that a motion vector is detected through 
a multi-step approach involving various pixel units such as 
a sub-sampling-pixel unit, an integer-pixel unit and a half 
pixel unit, or that the motion vectors of a sequence of blocks 
are detected in an asynchronous manner, the various pixel 
units are to be uni?ed for storage to update a memory area 
allocated to the block With a current motion vector. Conse 

quently, the size of the memory can be minimized so as to 
store the motion vectors of a roW of blocks. 

Industrial Usability 

[0038] An effect of the motion vector detection system of 
this invention is the precise prediction of the area of the 
search range and the directional property for obtaining the 
motion vector of the block to be predicted made possible 
through calculating the predicted motion vector based upon 
the motion vector of a block adjacent to the block to be 
predicted. Thus, the block based accurate determination of 
the search range produces the advantage of reducing the 
amount of operations for detecting a motion vector. 

[0039] Further, the employment of the average of the 
respective motion vectors of the embodiment achieves the 
accurate prediction based upon the tendency of the respec 
tive motion vectors. 

[0040] Furthermore, the search range determiner deter 
mining that the search range includes the neighborhood of 
the position of the block to be predicted as Well as the 
neighborhood of the predicted motion vector of the embodi 
ment achieves an effective processing of the zero-vector 
prioritized detection. 

[0041] Still further, the search range extension unit 
extending the search range in the case of the correlation 
assumedly Weak betWeen the block to be predicted and the 
reference block of the embodiment contributes to detecting 
an appropriate motion vector. 

What is claimed is: 
1. A motion vector detection system having a motion 

vector detector for obtaining a motion vector of a block to 
be predicted in a frame subjected to prediction through block 
matching of the block to be predicted and a search block 
Within a search range in a reference frame, and a motion 
vector memory for storing the motion vector obtained in the 
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motion vector detector being mapped onto a position of the 
block to be predicted, the motion vector detection system 
comprising: 

a predicted motion vector calculator for retrieving indi 
vidual motion vectors of a plurality of reference blocks 
adjacent to the position of the block to be predicted 
from the motion vector memory and calculating a 
predicted motion vector predicting the motion vector of 
the block to be predicted based upon the individual 
motion vectors of the plurality of reference blocks 
retrieved; and 

a search range determiner for determining the search 
range in the reference frame based upon the predicted 
motion vector. 

2. The motion vector detection system of claim 1, Wherein 
the predicted motion vector calculator calculates an aver 
aged vector of the individual motion vectors of the plurality 
of reference blocks as the predicted motion vector. 

3. The motion vector detection system of claim 1, Wherein 
the search range determiner determines the search range to 
be an area including a source block Whose position in the 
reference frame is equal to the position of the block to be 
predicted and a destination block Whose position in the 
reference frame is obtained by shifting the position of the 
source block based upon the predicted motion vector. 

4. The motion vector detection system of claim 3, Wherein 
the search range determiner determines the search range to 
be an area obtained by adding a predetermined margin to a 
minimal rectangule including the source block and the 
destination block. 
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5. The motion vector detection system of claim 1, Wherein 
the predicted motion vector calculator calculates a motion 
vector error representing a prediction error of the predicted 
motion vector based upon the individual motion vectors of 
the plurality of reference blocks, and 

Wherein the motion vector detection system further 
includes, 

a search range extension unit for extending the search 
range based upon the motion vector error. 

6. The motion vector detection system of claim 5, Wherein 
the predicted motion vector calculator, When the individual 
motion vectors of the plurality of reference blocks being 
represented each by tWo orthogonal elements of an X 
element and a Y element, calculates the motion vector error 
composed of an X-element error representing an absolute 
value of a maximum difference betWeen individual X ele 
ments and a Y-element error representing an absolute value 
of a maximum difference betWeen individual Y elements. 

7. The motion vector detection system of claim 6, Wherein 
the search range extension unit extends the search range by 
an X-axis extension margin obtained by multiplying the 
X-element error by a predetermined value in an X-axis 
positive direction and an X-axis negative direction and 
extends the search range also by a Y-axis extension margin 
obtained by multiplying the Y-element error by the prede 
termined value in a Y-axis positive direction and a Y-axis 
negative direction. 


