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(57) ABSTRACT 

In the case where an image of a document or the like is taken 
by an economical camera in a TV conference System and the 
image is transmitted and received through a communication 
line, when an image of the whole of the document is taken, 
Small characters are defaced and illegible, and, when an 
imaging operation is performed with a resolution at which 
characters are readable, it is impossible to take an image of 
the whole of the document. An image F1 at time T1 which 
is taken while moving an imaging Section is captured into an 
image Storing Section and a feature point extracting Section. 
The feature point extracting Section extracts feature points of 
the image F1. An image F2 at time T2 when the Subsequent 
frame is started is captured into the image Storing Section 
and the feature point extracting Section. The image F2 in a 
region designated by a Search range determining Section, 
and the feature points of the image F1 are Subject to a 
calculation in a correlation calculating Section, to obtain a 
motion amount, and then a high-resolution image is Synthe 
sized. 
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IMAGE SYNTHESIS AND COMMUNICATION 
APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an image synthesis 
and communication apparatus which continuously captures 
images by using an imaging apparatus Such as a Video 
camera, detects a motion amount of an object image on an 
imaging plane, Synthesizes a wide-angle and high-definition 
image on the basis of the detected motion amount, and 
transmits and receives data required for the Synthesization. 
0003 2. Description of the Related Art 
0004. As a prior art, a technique is well known in which, 
in order to transmit a document image in a TV conference 
System, an imaging apparatus dedicated to a drawing, using 
a facsimile apparatus, a Scanner, or the like is used in 
addition to an imaging apparatus for taking an image of 
attendants. 

0005. As another prior art, a technique is well known in 
which, in order to obtain a wide-angle image in a TV 
conference System or a TV phone System, the field angle of 
a lens itself is changed as in the case of a Video camera, an 
imaging apparatus is rotated So as to pan the field of view, 
or a plurality of Still pictures are combined together to be 
Synthesized into one total Screen as disclosed in Japanese 
Unexamined Patent Publication JP-A 59-44184 (1984). 
0006 As a further prior art, a technique is well known in 
which, in order to obtain a high-definition and wide-angle 
image by an economical imaging apparatus, as disclosed in 
Japanese Unexamined Patent Publication JP-A 5-260264 
(1993), an image of a part of an object is taken with a desired 
resolution, the object is Scanned by rotating or moving the 
imaging apparatus, and the obtained images are Synthesized 
together. 
0007 When images are to be synthesized together, the 
motion amounts of images must be calculated. This calcu 
lation can be performed by Several methods. 
0008. The representative point method is used mainly in 
compensation of motion Such as a Shake of a Video camera. 
0009 FIG. 19 diagrammatically shows the representa 
tive point method. In the method, for continuously captured 
images, a representative point is Set at a fixed position in the 
image of the previous frame, and, for an image of a current 
frame, a correlation calculation and an accumulative addi 
tion operation are performed on corresponding pixels while 
conducting a two-dimensional shifting operation. An 
amount from which the highest calculation value is obtained 
is detected as a motion amount. 

0010) Japanese Unexamined Patent Publication JP-A 
6-86149 (1994) discloses a technique in which a Laplacian 
filter or the like is applied at a preset representative point, a 
luminance gradient is obtained, and a calculation is per 
formed by using the obtained value, thereby enhancing the 
accuracy. 

0.011) A motion amount may be detected also by using the 
block matching method in which a correlation calculation is 
performed on duplicated portion of images to determine a 
position where synthesization is to be conducted. FIG. 20 
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diagrammatically shows the block matching method. In the 
method, a Specific region which is to be referred is Set in the 
image of the previous frame, a correlation calculation is 
performed on the image of the current frame while conduct 
ing a two-dimensional shifting operation, and a motion 
amount is obtained in the same manner as the representative 
point method. In the representative point method, it is 
required only to obtain correlations from Several points and 
then perform an accumulative addition. By contrast, in the 
block matching method, an accumulative addition must be 
performed on all points in the Specific region, and hence 
processing of a higher speed is required. 
0012 Among cameras dedicated to a drawing and tele 
Vision cameras used in a facsimile apparatus in the prior art, 
a low-resolution and narrow-angle camera which is eco 
nomical has a disadvantage that, in an operation of imaging 
a document or the like, when an image of the whole of the 
document is taken, Small characters are defaced and illeg 
ible, and, when an imaging operation is performed with a 
resolution at which characters are readable, it is impossible 
to grasp the whole of the document. 
0013 The prior art in which the field angle of a lens itself 
is changed has a disadvantage that, when the field of view 
is widened, the resolution is impaired. 
0014. The prior art in which an imaging apparatus is 
rotated has a disadvantage that a wide-angle image cannot 
be obtained by a single operation. 
0015 The technique of Japanese Unexamined Patent 
Publication JP-A 59-44184 (1984) has a disadvantage that 
an image cannot be Synthesized with a high accuracy and 
Synthesization cannot be attained in an imaging operation in 
which a hand-held camera is Swung. The technique has 
another disadvantage that a Synthesizing apparatus must be 
disposed in a camera. 
0016. In the prior art technique disclosed in Japanese 
Unexamined Patent Publication JP-A 5-260264 (1993) in 
which partial images are Synthesized together to obtain a 
high-definition and wide-angle image, there is a disadvan 
tage that, when this technique is combined with a commu 
nication System, the transmission side must be provided with 
a Synthesizing apparatus. 
0017 Even in the case where synthesization is performed 
in the receiver Side, when all partial images are simply 
transmitted, data of an amount which is greater than that 
required in Synthesization are transmitted. This produces a 
disadvantage that the transmission amount is wastefully 
increased. 

0018. Among the methods of detecting a motion amount, 
in the representative point method, a certain representative 
point must have a luminance gradient of a given degree. 
When black and white data Such as a document image are to 
be handled, for example, there arises a problem in that the 
luminance gradient is low in all representative points and a 
motion amount cannot be correctly detected. 
0019. In other words, the method is effective when the 
luminance gradient is uniformly distributed in an object 
image. In the case where the luminance gradient is not 
uniformly distributed, Such as the case of a document having 
a large background, a low luminance gradient is obtained in 
the background and hence it is difficult to detect a motion 
amount. 
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0020. By contrast, the block matching method has a 
problem in that the method requires a large amount of 
calculation and hence it is difficult to detect a motion amount 
in real time. 

SUMMARY OF THE INVENTION 

0021. It is an object of the invention to provide an image 
Synthesis and communication apparatus which, by using a 
low-resolution and narrow-angle camera that is economical, 
can obtain a motion amount between images accurately and 
rapidly from an object image wherein the luminance gradi 
ent is not uniform, Such as a document image, Synthesize a 
high-definition and wide-angle image, and handle Such an 
image by means of communication. 
0022. In order to attain the object, in a first aspect of the 
invention there is provided an image Synthesis and commu 
nication apparatus comprising: 

0023 imaging means for inputting images in time 
Series, 

0024 image storing means for storing the images 
inputted from the imaging means, 

0025 feature point extracting means for extracting a 
point of a large luminance change from an image of 
a current frame, as a feature point; 

0026 search range determining means for determin 
ing a predetermined region of an image of a Subse 
quent frame, as a Search range for a correlation 
calculation; 

0027 correlation calculating means for obtaining 
correlations between the feature point and pixels in 
the Search range; 

0028 image Synthesizing means for Synthesizing an 
image on the basis of a motion amount obtained from 
the correlation calculating means, 

0029 image transmitting means for transmitting an 
image obtained from the image Synthesizing means, 
and 

0030) image receiving means for receiving the 
image transmitted from the image transmitting 
CS. 

0.031 Preferably, the search range determining means 
determines the Search range on the basis of a motion amount 
obtained from images of current and previous frames. 
0.032 Preferably, the feature point extracting means 
extracts, as a feature point, a point of a large luminance 
change from plural regions where coordinates in one direc 
tion coincide with one another in an image of a current 
frame, the Search range determining means determines a 
Search range for a correlation calculation, for each of the 
regions of a Subsequent frame, and the correlation calculat 
ing means performs a correlation calculation for each of the 
regions. 

0033. In another aspect of the invention, in order to attain 
the object, there is provided an image Synthesis and com 
munication apparatus comprising: 

0034) 
Series, 

imaging means for inputting images in time 
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0035) image transmitting means for transmitting 
images obtained from the imaging means, 

0036) image receiving means for receiving the 
images transmitted from the image transmitting 
meanS, 

0037 image storing means for storing the images 
inputted from the image receiving means, 

0038 feature point extracting means for extracting a 
point of a large luminance change from an image of 
a current frame, as a feature point; 

0039 search range determining means for determin 
ing a predetermined region of an image of a Subse 
quent frame, as a Search range for a correlation 
calculation; 

0040 correlation calculating means for obtaining 
correlations between the feature point and pixels in 
the Search range, and 

0041 image Synthesizing means for receiving a 
motion amount obtained from the correlation calcu 
lating means, and Synthesizing an image. 

0042 Preferably, the search range determining means 
determines the Search range on the basis of a motion amount 
obtained from images of current and previous frames. 
0043 Preferably, the feature point extracting means 
extracts, as a feature point, a point of a large luminance 
change from plural regions where coordinates in one direc 
tion coincide with one another in an image of a current 
frame, the Search range determining means determines a 
Search range for a correlation calculation, for each of the 
regions of a Subsequent frame, and the correlation calculat 
ing means performs a correlation calculation for each of the 
regions. 

0044) Instill another aspect of the invention, in order to 
attain the object, the image Synthesis and communication 
apparatus comprising: 

0045 imaging means for inputting images in time 
Series, 

0046) image storing means for storing the images 
inputted from the imaging means, 

0047 feature point extracting means for extracting a 
point of a large luminance change from an image of 
a current frame, as a feature point; 

0048 search range determining means for determin 
ing a predetermined region of an image of a Subse 
quent frame, as a Search range for a correlation 
calculation; 

0049 correlation calculating means for obtaining 
correlations between the feature point and pixels in 
the Search range; 

0050 update image calculating means for obtaining 
an image of a newly-imaged portion from the motion 
amount obtained from the correlation calculating 
meanS, 

0051 image transmitting means for transmitting the 
motion amount obtained from the correlation calcu 
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lating means, and a partial image obtained from the 
update image calculating means, 

0052 image receiving means for receiving the 
motion amount and the partial image transmitted 
from the image transmitting means, and 

0053 image Synthesizing means for Synthesizing an 
image from the motion amount and the partial image 
obtained from the image receiving means. 

0.054 Preferably, the search range determining means 
determines the Search range on the basis of a motion amount 
obtained from images of current and previous frames. 

0.055 Preferably, the feature point extracting means 
extracts, as a feature point, a point of a large luminance 
change from plural regions where coordinates in one direc 
tion coincide with one another in an image of a current 
frame, the Search range determining means determines a 
Search range for a correlation calculation, for each of the 
regions of a Subsequent frame, and the correlation calculat 
ing means performs a correlation calculation for each of the 
regions. 

0056. As described above, according to the invention, 
plural images of a part of an object are taken, the images are 
Synthesized together, and a resulting image is transmitted. 
Even when a low-resolution and narrow-angle camera is 
used as the imaging means, therefore, a wide-angle and 
high-definition image can be transmitted to a remote place. 

0057 The place where the image synthesization is per 
formed is not restricted to the transmission Side where an 
image of an object is taken. When obtained images are 
transmitted as they are from the transmission side and the 
images are Synthesized together in the reception Side, a 
wide-angle and high-definition image can be obtained in the 
reception side by using a low-resolution and narrow-angle 
camera and a transmission facility even in the case where the 
transmission Side has only a conventional TV phone System, 
TV conference system, or the like. 

0.058 When obtained images are to be transmitted from 
the transmission side, the obtained images are not transmit 
ted as they are, but only portions of the obtained images 
which are judged as not overlapping with the previous image 
by checking the overlapping State of the images with respect 
to the previous image are transmitted. Therefore, it is 
possible to transmit only images of a minimum necessary 
total size, and hence the information amount in the commu 
nication can be reduced. 

0059 Even in the case where the luminance gradient is 
not uniformly distributed, a motion amount among images 
in time Series which is basic to the image Synthesization can 
be obtained by a correlation calculation using an arbitrary 
point as a feature point. Therefore, the motion amount can 
be accurately detected also from an object having a white 
background, Such as a document. The invention is Superior 
in accuracy than the representative point method. 

0060 AS compared with the block matching method, the 
amount of calculation can be reduced by two orders and 
hence it is possible to perform a real time processing at a 
frame rate. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0061. Other and further objects, features, and advantages 
of the invention will be more explicit from the following 
detailed description taken with reference to the drawings 
wherein: 

0062 FIG. 1 is a block diagram showing the configura 
tion of an image Synthesis and communication apparatus of 
a first embodiment of the invention; 
0063 FIG. 2 is a block diagram showing the configura 
tion of an image Synthesis and communication apparatus of 
a Second embodiment of the invention; 
0064 FIG. 3 is a block diagram showing the configura 
tion of an image Synthesis and communication apparatus of 
a third embodiment of the invention; 
0065 FIG. 4 is a view showing images which are con 
tinuously taken in the image Synthesization of the invention; 
0066 FIG. 5 is a block diagram of a feature point 
extracting Section 3 of the image Synthesis and communi 
cation apparatus of the invention; 
0067 FIG. 6 is a diagram illustrating an advantage of a 
technique of the invention in which a point of a high 
luminance gradient is Selected; 
0068 FIG. 7 is a diagram illustrating the configuration of 
a correlation calculating Section 5 of the image Synthesis and 
communication apparatus of the invention; 
0069 FIG. 8 is a block diagram of a search range 
determining Section 4 of the image Synthesis and commu 
nication apparatus of the invention; 
0070 FIG. 9 is a diagram illustrating a procedure of 
determining a Search range for a correlation calculation in 
the invention; 
0071 FIG. 10 is a diagram illustrating a procedure of 
detecting an affine transformation in the invention; 
0072 FIG. 11 is a diagram illustrating a problem of the 
block matching method in the invention; 
0073 FIG. 12 is a flowchart of a synthesizing process in 
the invention; 
0074 FIG. 13 is a diagram illustrating a manner of a 
Synthesized image in the invention; 
0075 FIG. 14 is a timing chart illustrating states of signal 
lines in the case where data are transmitted in the invention; 
0076 FIG. 15 is a timing chart illustrating an operation 
of transmitting a Synthesized image in the invention; 
0077 FIG. 16 is a diagram illustrating an operation of 
transmitting an updated image in the invention; 
0078 FIG. 17 is a flowchart illustrating a procedure of 
determining transmission pixels in the invention; 
007.9 FIG. 18 is a flowchart illustrating a procedure of 
Storing reception pixels in the invention; 
0080 FIG. 19 is a view diagrammatically showing the 
representative point method of the prior art; and 
0081 FIG. 20 is a view diagrammatically showing the 
block matching method of the prior art. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0082) Now referring to the drawings, preferred embodi 
ments of the invention are described below. 

0.083 FIG. 1 is a block diagram showing an image 
Synthesis and communication apparatus of a first embodi 
ment of the invention. The image Synthesis and communi 
cation apparatus comprises: an imaging Section 1 which is 
realized by an optical System for taking an image, a CCD, or 
the like; an image Storing Section 2 which Stores image data 
transferred from the imaging Section 1; a feature point 
extracting Section 3 which extracts a point used for a pixel 
calculation; a Search range determining Section 4 which 
determines a Search range for a correlation calculation; a 
correlation calculating Section 5 which obtains correlations 
among pixels and outputs a motion amount; an image 
Synthesizing Section 36 which Synthesizes an image; an 
image transmitting Section 30 which transmits the Synthe 
sized image; a control Section 31 which controls the com 
ponents 1 to 5, 30, and 36; and an image receiving Section 
32 which receives the Synthesized image. 
0084. The image receiving section 32 may be disposed 
integrally with the image transmitting Section 30 in the 
image Synthesis and communication apparatus which is used 
mainly as a transmission Side. Alternatively, the image 
receiving Section may be independently disposed So as to be 
Separated from the apparatus, or may be disposed in another 
image Synthesis and communication apparatus existing in a 
remote place. 
0085 Next, an operation of taking an image of a docu 
ment in which black characters are written on a white 
background, while manually moving the imaging Section 1 
will be described with reference to FIG. 4 showing midway 
States of the operation. 
0.086 FIG. 4 shows midway portions of images which 
are continuously taken at constant time intervals. 
0087. The reference numerals T1, T2, T3, . . . designate 

Start times of the image capturing. Captured images are 
indicated by reference numerals F1, F2, F3, . . . . During a 
period between times T1 and T2, the image F1 is captured 
through the imaging Section 1 and then Stored into the image 
Storing Section 2. At the same time, the image is Sent also to 
the feature point extracting Section 3 and feature points of 
the image F1 are extracted. 
0088 Next, during a period between times T2 and T3, the 
image F2 is captured and then Stored into the image Storing 
Section 2. At the same time, the image is Sent also to the 
feature point extracting Section 3 and all feature points of the 
image F2 are extracted. 
0089. During the period between times T2 and T3, also a 
correlation calculation is performed in the correlation cal 
culating Section 5 on all the feature points of the image F1 
extracted during a period between times T1 and T2 in the 
previous frame, and all pixels in the neighborhood of 
Specific positions in the image F2 respectively correspond 
ing to the feature points. The Specific positions in the image 
F2 are corrected by a motion amount which is obtained in 
the previous frame between times T1 and T2. 
0090. During the period between times T2 and T3, after 
the correlation calculation is performed, a motion amount 
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obtained in the correlation calculating Section 5 is Sent to the 
image Synthesizing Section 36 and an image Synthesization 
is conducted. 

0091. In the same manner, also during the periods sub 
Sequent to time T3, a proceSS Similar to that performed 
during the period between times T2 and T3 is repeated while 
feature points of the current frame are used as reference 
images, and regions in the neighborhood of Specific posi 
tions of the Subsequent frame as Search images. 
0092 Next, an operation of extracting a feature point will 
be described. FIG. 5 shows the configuration of the feature 
point extracting Section 3. The feature point extracting 
Section 3 comprises: a line memory 7 which concurrently 
reads adjacent pixels, an adder-Subtractor 8 which obtains a 
luminance gradient; an absolute value calculator 9 which 
obtains the absolute value of the luminance gradient; a 
comparator 10 which judges whether the luminance gradient 
exceeds a threshold or not; a feature point information 
register 11 which Stores the luminances and coordinates of 
obtained feature points, and a Search range controlling 
Section 12 which controls the Search range. 
0093. An advantage of a technique in which a feature 
point of a high luminance gradient is Selected will be 
described with reference to FIG. 6. A high luminance 
gradient means a large difference between adjacent pixels 
and corresponds to an edge portion of a character in a 
document image. It is assumed that the absolute value of a 
difference is used in a correlation calculation. 

0094. If a point of a low luminance gradient such as a 
portion of a background is Set as a feature point, the 
luminance gradients of adjacent pixels are Substantially 
equal to one another. Therefore, a difference is not produced 
in a Subtraction result in a certain range. 
0095. By contrast, if a point of a high luminance gradient 
is Set as a feature point, values of adjacent pixels are 
different from each other, and hence a difference is produced 
in a Subtraction result in a certain range. Specifically, when 
a feature point P1 of FIG. 6 in which the luminance is 
changed at a Small degree is employed and Subtraction is 
performed with respect to a Search range S1, results are 
obtained as shown in the graph of the lower left side. The 
minimum value is obtained in most points, and hence it is 
difficult to determine a motion amount. By contrast, when a 
feature point P2 of FIG. 6 is employed and subtraction is 
performed with respect to a Search range S2, results are 
obtained as shown in the graph of the lower right Side. As a 
result, candidates of the motion amount are Substantially 
restricted to two points. This means that candidates of the 
motion amount can be further restricted by employing other 
feature points and performing an accumulative addition of 
Subtraction results with respect to the Search range, for each 
pixel of the Search range. 
0096 Referring again to FIG. 5, the operation of extract 
ing a feature point will be described. In the invention, the 
feature point extraction is performed on the basis of a 
judgement whether the luminance gradient exceeds a certain 
threshold or not, i.e., whether the absolute difference of 
adjacent pixels exceeds the certain threshold or not. If the 
difference exceeds the certain threshold, the luminance and 
coordinates of the feature point are transferred to the Search 
range determining Section 4. When a feature point is to be 
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detected, data of each pixel are first read into the line 
memory 7 in synchronization with the data transfer from the 
imaging Section 1 to the image Storing Section 2. 
0097. The line memory 7 has a buffer for one line and is 
configured So that a certain pixel and 4-neighboring pixels 
are simultaneously referred by the adder-subtractor 8. The 
adder-subtractor 8 obtains the difference between adjacent 
pixel values and the absolute value calculator 9 obtains the 
absolute value of the difference. The absolute value is 
transferred to the comparator 10. The comparator 10 judges 
whether the absolute value is larger than the threshold or not. 
The luminances and coordinates of an applicable pixel, and 
a feature point number indicative of the order of the extrac 
tion of the feature point are Stored into the feature point 
information register 11. 
0098. The search range controlling section 12 is used for 
preventing a feature point which is further inside the Search 
region than the coordinates Stored in the feature point 
information register 11, from being newly Stored. This can 
be realized by a control in which a feature point on the 
reference Side is uniquely determined for an image of the 
Search Side. Specifically, Such a control can be realized by 
obtaining the distances in the X and y directions between the 
coordinates of the feature point Stored in the feature point 
information register 11 and those of the feature point to be 
obtained, and, when the distance is equal to or Smaller than 
a fixed value, not Setting as a feature point. According to this 
configuration, the feature point extraction can be performed 
in parallel with the operation of capturing an image. 
0099 Next, operations of determining a search range for 
a correlation calculation and performing a correlation cal 
culation will be described with reference to FIGS. 7 and 8. 
FIG. 7 shows a feature point obtained by the feature point 
extracting Section 3, and a concept of a correlation calcula 
tion. The upper left image is the image F1 which is taken at 
time T1, and the upper right image is the image F2 which is 
taken at time T2. 

0100 FIG. 8 is a block diagram showing the search range 
determining Section 4. The Search range determining Section 
4 comprises: a coordinate register 13 which Stores coordi 
nates of feature points transferred from the feature point 
extracting Section 3; a previous-frame motion amount Stor 
ing Section 14 which Stores the motion amount obtained by 
the correlation calculating Section 5; an address generator 15 
which generates coordinates corrected by the motion amount 
of the previous frame; and an address converter 16 which 
performs a conversion process on the basis of the values of 
the address generator 15 and the coordinate register 13, to 
obtain an address in which the upper right end point of the 
Search range is set as the origin, and a feature point number. 
0101 First, during a period between times T1 and T2, all 
feature points of the image F1 are obtained, and, at time T2, 
Stored into the coordinate register 13. Next, during a period 
between times T2 and T3, the image F2 is sent from the 
imaging Section 1 to the image Storing Section 2 and feature 
points of the image F2 are obtained. At the same time, the 
value which is corrected by the motion amount of the 
previous frame in the address generator 15 is Sent to the 
address converter 16. At the timing of Starting the imaging 
operation, the initial value of a motion amount is Set to be 
0. For example, the address converter 16 is configured So as 
to have difference circuits and comparison circuits of a 
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number which is equal to that of feature points. According 
to this configuration, either of feature points is designated, 
the relative position is obtained in the Search range, and the 
results are Sent in Synchronization with the luminance of the 
corresponding address to the correlation calculating Section 
5. Referring again to FIG. 7, the feature point extracting 
section 3 determines a middle point of the portion “f” of 
“É(Chinese character)” which is displayed, as a feature 
point, and the address of the feature point is Sent to the 
coordinate register 13. The address generator 15 converts the 
address into an address which is corrected by the motion 
amount. This results in the generation of an image F2' of 
FIG. 7. 

0102) As a result, when the motion amount of the current 
frame is equal to that of the previous frame, a point of the 
Same address as that of the feature point should be the 
corresponding point. It is preferable to perform the correla 
tion calculation while Searching the neighborhood of the 
region which is corrected by the motion amount of the 
previous frame. Therefore, the address converter 16 gener 
ates an image of MXN pixels which is centered at the same 
coordinates as those of the feature point. This corresponds to 
the lower right image in FIG. 7. Results of a correlation 
calculation on the luminance of the feature point of the 
image F1 and the luminance of MxN pixels of the image F2 
captured from the imaging Section are outputted. For each of 
the other feature points of the same frame, Similarly, an 
image of MXN pixels is generated and a correlation calcu 
lation is performed. 
0103) The correlation calculating section 5 will be 
described. For example, the correlation calculating Section 5 
obtains (x, y) satisfying the following expressions: 

F(x,y)=X,*(S(x,y)(i)-R(i)) (2) 
0104 where k is the number of the feature points, M is 
the Search width of a motion amount in the lateral direction, 
N is the search width of a motion amount in the vertical 
direction, S(x, y)(i) is the luminance of a pixel on the Search 
Side and corresponding to an i-th feature point in the case 
where the motion amount is (x, y), and R(i) is the luminance 
of feature point i. 
0105. In the case where the motion amount is (x, y), the 
feature point coordinates (XR, yR) of the image F1 and the 
coordinates (XT, yT) of a pixel corresponding to the feature 
point of the image F2' have the mutual relationships of 
XT=XR-X and yT=yR+y. 
0106 Next, the operation of detecting a motion amount 
will be described. FIG. 9 is a block diagram of the corre 
lation calculating Section 5. The correlation calculating 
Section 5 comprises: a feature point register 17 which Stores 
the luminance of the feature point obtained by the feature 
point extracting Section 3; a pixel calculation Section 18 
which obtains a correlation of pixels, an accumulation 
memory 19 which Stores an accumulation value; and a 
minimum value detecting section 20 which obtains the 
minimum value. 

0107 Based on the feature point number generated in the 
Search range determining Section 4, the corresponding fea 
ture point of the feature point register 17 is Selected and Sent 
to the pixel calculation Section 18. At the same time, a 
corresponding Section of the accumulation memory 19 is 
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Selected as the coordinates in the range. Furthermore, the 
luminance is given, the correlation value is obtained by a 
difference-Sum operation, and the obtained value is returned 
to the accumulation memory 19. When a process for one 
frame is ended, the minimum value detecting Section 20 
detects a portion of the minimum correlation value from the 
MxN pixels on the search side of the accumulation memory 
19, and outputs it as a motion amount. According to this 
configuration, a motion amount can be accurately detected 
in real time. 

0108. In the invention, the search range can be arbitrarily 
Set, and hence a modification may be done, for example, in 
the following manner. The Section where the coordinates in 
the range to be outputted from the Search range determining 
Section 4 are generated is slightly changed. AS shown in 
FIG. 10, rectangular regions L1 and L2 on the reference side 
are Set. For each of the rectangular regions L1 and L2, 
extraction of a feature point and the Search range are 
determined. A correlation calculation is performed on each 
region, and two motion amounts are detected. As a result, it 
is possible to obtain parameters of an affine transformation 
including rotation, expansion, and reduction. Specifically, as 
shown in FIG. 10, a feature amount is obtained from each 
of the rectangular regions L1 and L2, a correlation calcula 
tion with respect to an image on the Search Side is performed, 
and rectangular regions R1 and R2 which respectively 
coincide with the rectangular regions L1 and L2 are 
obtained. 

0109 The center coordinates of the rectangular regions 
L1 and L2 are (X(F1, 1), Y(F1, 1)) and (X(F1, 2), Y(F1, 2)), 
those of the rectangular regions R1 and R2 are (X(F2, 1), 
Y(F2, 1)) and (X(F2, 2), Y(F2, 2)). When arbitrary coordi 
nates on the reference Side are indicated by (X, Y) and 
those on the Search Side by (X, Y), the coordinates are 
mutually affine-transformed by the following expressions: 

0110 (where X has the same meaning as X(F1, 
1) in the description) 

0111 Next, the calculation time period in the case where 
the invention is employed will be described in comparison 
with the block matching method of the prior art. 
0112) In the feature point method, the time period 
required for detecting feature points is proportional to the 
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area of an image to be referenced, and that required for a 
correlation calculation is proportional to the area of the 
Search region and the number of the feature points. 

0113. When the area of an image to be referenced is 320 
pixelsx240 pixels, the number of feature points to be 
detected is 25, and the Search range is 20 pixelsx20 pixels, 
the time period required for a calculation is 78,000xC.+10, 
000xf3 where C. is the calculation amount per pixel in the 
case where a luminance gradient is obtained and B is the 
calculation amount per pixel for obtaining correlation 
between pixels. 

0114. By contrast, in the case where the block matching 
method is used, the time period is 20x20x320x240 B=30, 
720,000 B. Assuming that C. and B are calculation amounts 
which are Substantially equal to each other, the time period 
required for a calculation in the feature point method is 
88,000 B. As a result, the block matching method requires a 
calculation amount which is 300 or more times that required 
in the feature point method. 

0.115. In the block matching method also, when the 
luminance change is observed and the reference region is 
Suppressed to about 25, the calculation amount is reduced to 
the same degree as described above. In a case Such as that, 
as shown in FIG. 11, identical characters on the search side 
are Substantially juxtaposed, it is difficult to perform the 
matching and the motion amount cannot be determined. In 
Such a case, therefore, results are extremely impaired. 

0116. Next, the image Synthesizing Section will be 
described. 

0117 FIG. 12 is a flowchart showing the flow of a 
Synthesizing process. 

0118 As a memory for storing a Synthesized image, the 
image Storing Section 2 is used. Another region which is 
different from that for Storing the image Sent from the 
imaging Section 1 is previously allocated to a Synthesized 
image. 

0119) The other region corresponds to a synthesized 
image memory 37 shown in FIG. 13. 

0120) The upper left end point of the synthesized-image 
memory 37 is set as the origin. Hereinafter, a pixel at 
position (x, y) is indicated by f(x, y). A memory can be 
accessed by designating an address. When the width of the 
synthesized-image memory 37 is w and the address of the 
origin is Z, the address of f(x, y) is represented by Z+yxw-X. 

0121 The first image F1 is overwritten onto the synthe 
sized-image memory 37 so that the upper left point of F1 is 
located at (x, y) of the Synthesized-image memory 37 (Step 
S1). Initial position (Xo, yo) is previously determined. It is 
assumed that a pixel of F1 can be accessed by g(x, y). In the 
same manner as f(x, y), the address of each pixel can be 
calculated by using the width of F1 and the address of the 
origin. The Overwriting operation can be shown by using an 
expression of f(x+xo, y+yo)=g(x, y) (where 0sxsw, 
0sysh, w is the width of F1, and his the height of F1). 
0122) Next, the overwriting operation is performed only 
on the portion of the image F2 which portion does not 
overlap with the image F1. FIG. 13 shows a state in which 
the images F1, F2, and F3 are overwritten. 
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0123. In the case where the motion amount obtained from 
the correlation calculating Section 5 includes not only par 
allel movement but also rotation, expansion, and reduction, 
it is obtained in the form of a matrix of an affine transfor 
mation described above. It is assumed that, in the image F1 
and the Second image F2, the correspondence positions in 
the two regions of each of the images, i.e., the rectangular 
regions L1 and L2, and R1 and R2 are previously obtained. 
When the center coordinates of the rectangular regions L1 
and L2 of the first image F1 are (X(F1, 1), Y(F1, 1)) and 
(X(F1, 2), Y(F1, 2)) and those of the rectangular regions R1 
and R2 of the second image F2 are (X(F2, 1), Y(F2, 1)) and 
(X(F2, 2), Y(F2, 2)), the following parameters of an affine 
transformation from the first image F1 to the Second image 
F2: 

1 (5) 

0.124 are obtained by the correlation calculating section 
5 in accordance with the above-mentioned expression of an 
affine transformation (step S4). In order simplify the expres 
Sion, hereinafter the expression is expressed by: 

C (6) 
C12 D12 

0.125 When an affine transformation is not performed 
and only a parallel movement is to be performed, B, 2 and 
C.2 are 0. 
0.126 Apixel position in the second image F2 is indicated 
by (XF2, YP2), and a corresponding pixel position in the 
Synthesized image to be overwritten is indicated by (X, 
Y). When the upper left point of the first image F1 is 
located at (x, y) of the Synthesized-image memory 37, the 
transformation expression is defined by the following 
expression: 

E- C.I. YF2 C12 D12 Y-yo 

f(X, Y) = g2 (round(XF2), round(YF2)) 
= g2(round A12 (XF2 - vo) + B12(YF2 - yo)), 
roundCl2(XA - yo) + D12 (YA - yo))) 

Osround(X2)<w 

yos'E23 oth 

0127. As a result, pixel position (X, Y) in the Second 
image F2 corresponding to position (X, Y) is obtained 
(step S5). Generally, when (X, Y) is an integer, (X, 
YE) is not always an integer. Therefore, pixelga (X,Y) 
at position (X, Y) in the Second image F2 is usually 
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determined by interpolation of neighboring pixels. In order 
to obtain the pixel in the Simplest manner, the fractional 
portion of (X, Y) is rounded off So that (X, Y) is an 
integer, i.e., the most neighboring point is instead used. 
When the round off operation is indicated by round(), the 
most neighboring pixel position of (X,Y) is indicated by 
(round(X2), round(YP2)). 
0128. Therefore, pixel f(X, Y) at position (X, 
YE) in the Synthesized-image memory 37 may be over 
written by pixel g(round(X), round(Y)) in the Second 
image F2, and can be indicated as follows (Step S6): 

2(Y'E2-yo))) (8) 
0129. However, the operation of checking whether posi 
tion (X, Y) in the Second image F2 corresponding to 
(X, Y) exists in F2 or not must be performed. In order 
to perform the checking operation in the Simplest manner, 
the coordinates of (round(X), round(Y)) are calculated 
and the coordinates are checked whether they are within the 
Size of the display region of the Second image F2 or not, by 
using the expressions below. 
0130. If all the following expressions are satisfied, (X, 
Y) can obtain the corresponding pixel value of the Second 
image F2: 

Osround (X2)<w 
Osround (Y))<h- (9) 

0131 where w is the width of the second image F2, and 
h2 is the height of the Second image F2. 
0.132. By using the expressions, it is checked whether the 
corresponding pixel value of the Second image F2 can be 
obtained at all positions of the Synthesized image or not (Step 
S7). Thereafter, it is checked whether, in the synthesized 
image, the pixel overlaps with the first image F1 which is the 
previous image or not. This can be done by checking 
whether the following expressions are satisfied or not (Step 
S11): 

0133) If all the above expressions are satisfied, the pixel 
overlaps with the first image F1. Therefore, the overwriting 
operation is not performed. As a result, only a portion of the 
Second image F2 which does not overlap with the first image 
F1 is overwritten onto the synthesized image (step S12). The 
overwriting operation of the third image F3 will be 
described. A pixel position in the third image F3 is indicated 
by (X, Y), a corresponding pixel position in the Synthe 
sized image to be overwritten is indicated by (X, Y), 
and the motion information between the second and third 
images F2 and F3 is indicated by: 

C. (11) 
C23 D2.3 

0134) The values of As, B., C.s, and D, a may be 
obtained in the same manner as the motion information 
between the first and second images F1 and F2. By using 
these values, the relationship between (X, Y) and (X's, 
Y'a) is defined by the following expression (steps S4 and 
S5): 
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E- C. C.I. YF3 C2.3 D2.3 L C2 D12 Y-yo 

f(X's, Y'Es)=gs (round(XFs), round (YFs) 
Osround(Xs)<ws 

0135 The overwriting operation of the third image F3 is 
indicated by the above expression and the following expres 
sion (steps S6 and S12): 

f(X'E3, YEs)=gs (round(XFs).round (YFs)) (13) 

0.136 The judgement on which pixel in the synthesized 
image is to be overwritten can be performed in the same 
manner as the case of the Second image F2. First, it is 
checked whether the point in the Synthesized image is within 
the third image F3 or not, by using the following expressions 
(step s7): 

Osround(Xs)<ws 
Osround(Y))<hs (14) 

0.137 where w is the width of the third image F3, and ha 
is the height of the third image F3. 

0138 Next, it is checked whether the pixel overlaps with 
the Second image F2 which is the previous image or not, by 
using the following expressions. The position in F2 corre 
sponding to the position (X, Y) in the Synthesized 
image is indicated by (X", Y"). The relationship between 
(X, Y) and (X", Y") is strictly identical with that 
between the Synthesized image and the Second image F2, 
and is indicated by the following expressions (steps S8 and 
S9): 

C B1.2 | XF3 - xo 
YA C12 D12 Y-yo 

Osround(Y")<h (15) 

013:9) Therefore, corresponding position (X", Y") in 
the Second image F2 can be obtained from (X, Y). It is 
checked whether (X", Y") is within the Second image F2 
or not, by using the following expressions: 

Osround(Y"Es))<h (16) 

0140) If all the above expressions are satisfied, the posi 
tion is within the Second image F2, and the portion of the 
third image F3 overlaps with the second image F2 (steps S10 
and S11). At last, each of all the points of the synthesized 
image (steps S13 and S14) is checked whether it is a point 
corresponding to the third image F3 and not corresponding 
to the Second image F2 or not. A point which is true in the 
check is judged to be overwritable, and the point is over 
written by the pixel value of the third image F3 (step S12). 
Also in the Overwriting operations of the fourth image F4 
and the Subsequent image are repeated in the Same manner 
except that the number of transformation matrices is 
increased as shown in the following example: 
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E- C. C. C.I. (17) YF4 C3.4 D34 C2.3 D2.3 L C2 D12 Y, -yo 

0.141. The above-described procedure is performed on all 
the images in time series (steps S15, S16, and S17). 
0142. In this way, images are overwritten in accordance 
with the motion amount obtained from the correlation cal 
culating Section 5, thereby obtaining a Synthesized image 
Such as that shown in FIG. 13. 

0.143 Next, the image transmitting section 30 and the 
image receiving Section 32 will be described. 
0144. The image transmitting section 30 receives synthe 
sized image information from the image Synthesizing Sec 
tion 36, and transmits the information. 
0145 Various kinds of communication lines are available 
as a communication line 40. In the embodiment, the com 
munication line is an example of a simple Serial connection 
consisting of only five lines for a clock signal, an enable 
Signal, a data Signal, a ground Voltage, and a Supply Voltage 
(+5 V). The ground Voltage and the Supply Voltage are 
constant independent of time. In a timing chart of FIG. 14, 
therefore, only the clock signal, the enable signal, and the 
data Signal are shown. The polygonal lines respectively 
corresponding to the Signals show the Voltage levels of the 
Signals. The lower Side is the ground level, and the upper 
side is the Supply voltage level. Hereinafter, an operation of 
Setting the Voltage of each Signal to the Supply Voltage level 
is expressed by using a term "raise,” an operation of Setting 
the Voltage to the ground level is expressed by using a term 
“lower,” the ground level is expressed as “Low,” and the 
Supply Voltage level is expressed as "High.” 
0146 In the clock signal, the Low and High states 
alternatingly appear at equal time intervals. 
0147 There are many kinds of image communication 
formats. Hereinafter, the simplest format will be described. 
It is assumed that the synthesized image has a width of W 
and a height of H, the upper left end point of the Synthesized 
image is Set as the origin, the rightward direction from the 
origin is +X direction, and the downward direction is +Y 
direction. Each pixel consists of the three primary colors of 
RGB. For a pixel at position(X,Y) in the synthesized image, 
the R component is indicated by f(X, y), the G component 
by f(X, y), and the B component by f(x, y). The value of 
each component is expressed by using one byte. 
0148 First, as shown in FIG. 14, the width W of the 
image is transmitted. The value of W consists of 2 bytes, and 
the bits are transmitted in the Sequence of the most signifi 
cant bit (bit15) to the least significant bit (bit0). When the 
transmission Side is not in the transmission enabled State, the 
enable signal is raised as shown at time T0 in the figure. 
When data are to be transmitted, the enable Signal is 
lowered. The timing when the enable Signal is lowered is Set 
to be coincident with a timing when the clock signal is 
lowered, Such as time T1. Before date are transmitted, a Start 
bit is transmitted. In other words, the signal level is set to be 
Low at time T2, High at time T3, and Low at time T4. 
0149 The values of 0 and 1 of bits indicative of Ware set 
to be Low and High, respectively. The bits from bit15 to bit0 
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are Sequentially Set at a falling edge of the clock signal. In 
the same manner as the Start bit, a stop bit is then transmit 
ted. Finally, the enable signal is raised, and the transmission 
of the data Set is ended. 

0150. Next, the height H of the image is transmitted. The 
procedure of the transmission is Strictly identical with that of 
W. Namely, data of the height H are transmitted in place of 
the data of W. 

0151. Next, data of the pixels are transmitted. FIG. 15 is 
a view illustrating the transmission. The timings of the clock 
signal and the enable signal are identical with those of FIG. 
14, and hence these signals are not shown. The time 
advances in the direction from the left Side to the right Side, 
and from the top to the bottom. In the same manner as Wand 
the like, data are transmitted with being interposed between 
the start and stop bits. Since each of the R, G, and B 
components consists of 8-bit data, data of each pixel are 
transmitted in the form of three Separate blocks, or in the 
Sequence of R, G, and B. 

0152 Therefore, the transmission of all the pixels can be 
realized by performing (HxWx3) times the transmission of 
8-bit data. The Sequence of the transmission of the pixels is 
previously determined. For example, f(0, 0) is first trans 
mitted, and f(0, 0) and f(0, 0) are then transmitted in 
Sequence. Thereafter, f(1, 0), f(1, 0), and f(1, 0) are 
transmitted, and f(2, 0), f(2, 0), and f(2, 0) are then 
transmitted. When f(W-1, 0) at the right end is transmitted, 
data of the next line are then transmitted in the Sequence 
starting from f(0,1) at the left end, in the same manner. The 
data which is finally transmitted is f(W-1, H-1). 
0153. In the reception side, operations opposite to those 
described above are performed. 

0154) First, the enable signal is monitored. When the 
enable signal becomes Low, the value of the Signal is read 
at a rising edge of the clock signal. After the reading of the 
Signal is started, it is confirmed whether the Signal is 
changed in the Sequence of Low, High, and LOW, i.e., the 
start bit is transmitted or not. Next, data of bits of a 
predetermined number are read. Then, it is confirmed 
whether the Signal is changed in the Sequence of Low, High, 
and Low, i.e., the stop bit is transmitted or not. When the 
enable signal becomes High, the reading of the value of the 
Signal is ended. 

O155 Specifically, with respect to the first and second 
data, the predetermined bit number is 16 because the data 
indicative of the total width and height consist of 16 bits, 
respectively. With respect to the other data, the predeter 
mined bit number is 8 because these data are pixel data. AS 
a result of two data receptions, the total width W and height 
Hare known. Then, the reception of 8-bit data is performed 
(WxHx3) times. The received pixel data are interpreted in a 
predetermined Sequence. In the example described above, 
f(0, 0) is first interpreted, and thereafter f(0, 0), f(0, ), 
and f(1, 0) are interpreted in this sequence. When f(W-1, 
O) at the right end is interpreted, data of the next line are then 
interpreted in the sequence starting from f(0, 1) at the left 
end, in the Same manner. The data which is finally inter 
preted is f(W-1, H-1). 
0156. As a result, the transmission and reception of the 
Synthesized image are enabled. 
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O157 Embodiment 2) 
0158 FIG. 2 is a block diagram showing the configura 
tion of an image Synthesis and communication apparatus of 
a Second embodiment of the invention. The image Synthesis 
and communication apparatus comprises: an imaging Sec 
tion 1 which is realized by an optical System for taking an 
image, a CCD, or the like; an image transmitting Section 30 
which transmits an image transferred from the imaging 
Section 1; a control Section 33 which controls the compo 
nents of the transmission Side, an image receiving Section 32 
which receives the image transmitted from the image trans 
mitting Section 30; an image Storing Section 2 which Stores 
image data transferred from the image receiving Section 32, 
a feature point extracting Section 3 which extracts a point 
used for a pixel calculation; a Search range determining 
Section 4 which determines a Search range for a correlation 
calculation; a correlation calculating Section 5 which obtains 
correlations among pixels and outputs a motion amount; an 
image Synthesizing Section 36 which Synthesizes an image; 
and a control Section 31 which controls the components of 
the reception Side. 
0159. The imaging section 1, the image transmitting 
Section 30, and the control section 33 which are shown in 
FIG. 2 may be disposed integrally with or separately from 
the image Synthesis and communication apparatus on the 
image information reception side. Alternatively, these Sec 
tions may be disposed in another image Synthesis and 
communication apparatus. 
0.160 In the embodiment, images taken by the imaging 
Section 1 are transmitted and received as they are. Also the 
transmission and reception can be realized by a communi 
cation method which is strictly identical with that used in the 
above-described transmission and reception of a Synthesized 
Image. 

0.161 Namely, the width W and the height H of an image 
taken by the imaging Section 1 are first transmitted, and pixel 
information of (WxHx3) bytes is then transmitted. 
0162 The image receiving Section 32 also processes 
received data in the Strictly Same manner as the image 
receiving section 32 of the first embodiment. 
0163 The images received by the image receiving sec 
tion 32 are Stored in the image Storing Section 2, and then 
Synthesized together by the image Synthesizing Section 36. 
The Synthesization may be performed in the same manner as 
that of the first embodiment. 

0164. Embodiment 3 
0.165 FIG. 3 is a block diagram showing the configura 
tion of an image Synthesis and communication apparatus of 
a third embodiment of the invention. The image synthesis 
and communication apparatus comprises: an imaging Sec 
tion 1 which is realized by an optical System for taking an 
image, a CCD, or the like; an image Storing Section 2 which 
Stores image data transferred from the imaging Section 1; a 
feature point extracting Section 3 which extracts a point used 
for a pixel calculation; a Search range determining Section 4 
which determines a Search range for a correlation calcula 
tion; a correlation calculating Section 5 which obtains cor 
relations among pixels and outputs a motion amount; an 
update image calculating Section 35 which calculates a 
portion (update image) that does not overlap with the 
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previous image, on the basis of the motion amount obtained 
by the correlation calculating Section 5 and the image data 
of the image Storing Section 2; an image transmitting Section 
30 which transmits the motion amount obtained from the 
correlation calculating Section 5, and the update image 
obtained by the update image calculating Section 35; a 
control section 31 which controls the components of the 
transmission Side, an image receiving Section 32 which 
receives the motion amount and the update image transmit 
ted from the image transmitting Section 30; an image Storing 
Section 34 which Stores image data transferred from the 
image receiving Section 32, an image Synthesizing Section 
36 which Synthesizes an image on the basis of images of the 
image Storing Section and the motion amount obtained from 
the image receiving Section 32, and a control Section 33 
which controls the components of the reception Side. 
0166 FIG. 16 is a diagram illustrating the format of 
transmission and reception information of the image Syn 
thesis and communication apparatus of the third embodi 
ment of the invention. Information to be transmitted and 
received includes the motion amount obtained from the 
correlation calculating Section 5, and the partial image 
obtained from the update image calculating Section 35. In an 
actual transmission, in the same manner as the first embodi 
ment, lines Such as an enable Signal, a clock signal, a Supply 
Voltage, and a ground level, a start bit and Stop bit in a data 
Signal Serving as a transmission Sequence, and the like are 
required. The procedure is identical with that of the first 
embodiment, and hence only the data portion is illustrated. 
0167 The motion amount may be a value of the matrix of 
2x2 which has been used in the description of the image 
synthesization. When the synthesization is to be performed 
without rotation, expansion, and reduction, and with using 
only a parallel movement amount, only shift amounts in X 
and Y directions are required. 
0168 First, as shown in FIG. 16, values of a matrix for 
performing an affine transformation between the previous 
image and the current image are transmitted. In the case of 
the third image F3, for example, a transformation between 
the second image F2 and the third image F3 is to be 
performed. When the expression form described in the 
above example is used, A2, 3, B2, 3, C2, 3, and D2, a are 
Sequentially transmitted. The bit number depends on the 
required accuracy. When data are expressed in floating-point 
form, 32 bits are sufficient. 

0169. After parameters are transmitted, the width and 
height of an image are transmitted. In the embodiment, these 
values are 2-byte data. 
0170 Next, a partial image obtained from the update 
image calculating Section 35 is transmitted. The update 
image calculating Section 35 calculates a portion which does 
not overlap with the previous image. The manner of the 
calculation is substantially identical with the method 
described in conjunction with the image Synthesizing Section 
36. In the example of the third image F3 and the second 
image F2, when a point in the third image F3 is indicated by 
(x, y) and a point of the Second image F2 corresponding to 
the point is indicated by (x, y), transformation expressions 
from (x, y) to (x, y) are as follows. In the expressions, (X, 
y) and (X, Y) are points in the third image F3 and 
correspond to points (x, y) and (x, y) in the second 
image F2, respectively. 
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Osround(x)<w 
Osround(y)<h- (18) 

0171 From the above, the position in the second image 
F2 to which a point in the third image F3 is to be transferred 
is known. Therefore, when both the following expressions: 

Osround(x)<w 
Osround(y)<h- (19) 

0172 are satisfied, the points overlap with each other. 
This proceSS is performed on all points in the third image F3, 
and then it is possible to know points in the third image F3 
which do not overlap with the second image F2. Hereinafter, 
a point which does not overlap with the previous image is 
called a transmission pixel, and that which Overlaps with the 
previous image is called a nontransmission pixel. When all 
transmission pixels are to be transmitted, the transmission 
must be performed So that the reception side can distinguish 
a transmission pixel from a nontransmission pixel. Alterna 
tively, a mask image may be separately transmitted. In the 
alternative, however, the amount of data to be transmitted is 
increased. Therefore, the transmission is performed by using 
the feature that regions which do not overlap with the 
previous image are usually continuous regions. 

0173 FIG. 17 is a flowchart illustrating a procedure of 
judging a transmission pixel and a nontransmission pixel. 
0.174 First, the position “judgement point” where the 
judgement on a transmission pixel and a nontransmission 
pixel is started is set to be the upper left point of the third 
image F3 (step S21). Next, “number of pixels before the next 
transmission pixel’ in the line is counted in the rightward 
direction as seen from the judgement point (Step S22). When 
the judgement point is a transmission pixel, the number is 0. 
When the judgement point is a nontransmission pixel, a p 
number of nontransmission pixels are continuous, and a 
transmission pixel exists after the nontransmission pixels, 
“number of pixels before the next transmission pixel’ is p. 
If there is no transmission pixel after a judgement point in 
the line, the number of remaining pixels in the line is Set to 
be “number of pixels before the next transmission pixel.” 
When “number of pixels before the next transmission pixel 
is obtained, the number is expressed as a 2-byte data and 
then transmitted. 

0.175. Next, the judgement point is rightward advanced 
by “number of next transmission pixels” (step S23). If it is 
judged in Step S24 that, at this timing, the judgement point 
reaches the right end of the line, the control proceeds to Step 
S25. If the line is not the last line, the control proceeds to 
step S26. The left end point of the next line is set to be the 
judgement point, and the control then returns to the process 
of step s22 of counting “number of pixels before the next 
transmission pixel.” In the example of FIG. 16, after “value 
(t) before the next transmission pixel’ is transmitted, the 
judgement point is jumped to the next line. If it is judged in 
Step S24 that the judgement point has not yet reached the 
right end, the control proceeds to Step S27. The judgement 
point is Set to be the next transmission pixel, and "number 



US 2001/0055429 A1 

of pixels before the next nontransmission pixel’ is counted 
in the rightward direction as Seen from the judgement point. 
If a q number of transmission pixels are continuous, the 
number is q. Then, “number of pixels before the next 
nontransmission pixel’ is expressed as a 2-byte data and 
then transmitted (step S27). 
0176) Next, data of pixels, i.e., the values of R, G, and B 
the number of each of which corresponds to the number of 
the pixels are Sequentially transmitted. In the example of 
FIG. 16, data starting from R(p, 0) and ending at B(p+q-1, 
0) are transmitted (step S28). 
0177) If it is judged in step S29 that, at this timing, the 
judgement point reaches the right end of the line, and the line 
is not the last line, the left end point of the next line is Set 
to be the judgement point, and the control then returns to 
Step S25. If the judgement point has not yet reached the right 
end, the judgement point is Set to be the next nontransmis 
Sion pixel, and the control then returns to the initial process, 
i.e., the proceSS in Step S22 of counting "number of pixels 
before the next transmission pixel.” If it is judged in step S25 
that the judgement point reaches the right end of the last line, 
the proceSS is totally ended. In this way, an image of a 
portion which does not overlap with the previous image can 
be transmitted. 

0.178 The reception side performs operations which are 
contrary to the above-described operations. FIG. 18 is a 
flowchart illustrating a procedure of Storing reception pixels. 

0179. It is assumed that values of a transformation 
matrix, and data of images including the width and the 
height are already received. 

0180 A region for storing received images is previously 
reserved in the image Storing Section 34 on the reception side 
in FIG. 3. The size of the region is determined on the basis 
of the width and height of the images which have been 
already received. A pixel data can be written at a specific 
position in the Storage region by determining a position 
“drawing point' relative to the origin, i.e., the upper left end 
of the reserved region. First, the drawing point is Set to be 
the upper left end of the reserved storage region (Step S31). 
0181 Next, “number of pixels before the next transmis 
sion pixel” is received (step S32). Since pixels of this 
number are nontransmission pixels and are not transmitted, 
the drawing point is rightward shifted by this number (Step 
S33). In step S34, it is judged whether the drawing point 
reaches the right end or not. If the drawing point reaches the 
right end, the control proceeds to Step S35 to judge whether 
the line is the last line or not. If the line is not the last line, 
the drawing point is set in step S36 to be the left end of the 
next line. The control then returns to step S32 or the process 
of receiving the value before the next transmission pixel. 

0182) If it is judged in step S34 that the drawing point has 
not yet reached the right end, the control proceeds to Step 
S37 and “number of pixels before the next nontransmission 
pixel’ is received. In step S38, since data of pixels of this 
number are transmitted, the data are received, and, concur 
rently with the data reception, the data are written into the 
image Storing Section 34. Specifically, Since data of each 
pixel are received in the Sequence of R, G, and B, the pixel 
data are written at the position of the drawing point by using 
these values. Next, the drawing point is rightward shifted by 
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one, and the R, G, and B data of the next pixel are received. 
The above process is repeatedly performed for each of the 
pixels. 
0183) When the process is ended, it is judged in step S39 
whether the drawing point reaches the right end or not. If the 
drawing point reaches the right end, the control proceeds to 
step S35 to judge whether the line is the last line or not. If 
the line is not the last line, the drawing point is Set to be the 
left end of the next line. The control then returns to step S32 
or the process of receiving the value before the next trans 
mission pixel. If it is judged in step S35 that the drawing 
point reaches the right end of the last line, the reception of 
the image data is ended. 
0.184 As a result, images of a minimum necessary total 
Size have been received. 

0185. By repeating these processes, plural image data can 
be recorded onto the image Storing Section. Next, an image 
is synthesized from these data. The method of the synthe 
sization is strictly identical with the above-described 
method. Data required for the Synthesization are a transfor 
mation matrix between two continuous images, and pixel 
data of each image. 
0186. As the elements of the transformation matrix, 
transmitted data may be used. Although all of pixel data of 
each image are not transmitted, the partial image data 
recorded on the image Storing Section are Sufficient for the 
Synthesization because only a portion which does not over 
lap with the previous image is used in the Synthesization. 
Therefore, an image can be Synthesized from the received 
data. 

0187. The invention may be embodied in other specific 
forms without departing from the Spirit or essential charac 
teristics thereof. The present embodiments are therefore to 
be considered in all respects as illustrative and not restric 
tive, the Scope of the invention being indicated by the 
appended claims rather than by the foregoing description 
and all changes which come within the meaning and the 
range of equivalency of the claims are therefore intended to 
be embraced therein. 

What is claimed is: 
1. An image Synthesis and communication apparatus 

comprising: 
imaging means for inputting images in time Series, 
image Storing means for Storing the images inputted from 

the imaging means; 
feature point extracting means for extracting a point of a 

large luminance change from an image of a current 
frame, as a feature point; 

Search range determining means for determining a pre 
determined region of an image of a Subsequent frame, 
as a Search range for a correlation calculation; 

correlation calculating means for obtaining correlations 
between the feature point and pixels in the Search 
range, 

image Synthesizing means for Synthesizing an image on 
the basis of a motion amount obtained from the corre 
lation calculating means, 
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image transmitting means for transmitting an image 
obtained from the image Synthesizing means, and 

image receiving means for receiving the image transmit 
ted from the image transmitting means. 

2. The image Synthesis and communication apparatus of 
claim 1, wherein the Search range determining means deter 
mines the Search range on the basis of a motion amount 
obtained from images of current and previous frames. 

3. The image Synthesis and communication apparatus of 
claim 1, wherein the feature point extracting means extracts, 
as a feature point, a point of a large luminance change from 
plural regions where coordinates in one direction coincide 
with one another in an image of a current image, the Search 
range determining means determines a Search range for a 
correlation calculation, for each of the regions of a Subse 
quent frame, and the correlation calculating means performs 
a correlation calculation for each of the regions. 

4. An image Synthesis and communication apparatus 
comprising: 

imaging means for inputting images in time Series, 
image transmitting means for transmitting images 

obtained from the imaging means, 
image receiving means for receiving the images transmit 

ted from the image transmitting means, 
image Storing means for Storing the images inputted from 

the image receiving means, 
feature point extracting means for extracting a point of a 

large luminance change from an image of a current 
frame, as a feature point; 

Search range determining means for determining a pre 
determined region of an image of a Subsequent frame, 
as a Search range for a correlation calculation; 

correlation calculating means for obtaining correlations 
between the feature point and pixels in the Search 
range, and 

image Synthesizing means for receiving a motion amount 
obtained from the correlation calculating means, and 
Synthesizing an image. 

5. The image Synthesis and communication apparatus of 
claim 4, wherein the Search range determining means deter 
mines the Search range on the basis of a motion amount 
obtained from images of current and previous frames. 

6. The image Synthesis and communication apparatus of 
claim 4, wherein the feature point extracting means extracts, 
as a feature point, a point of a large luminance change from 
plural regions where coordinates in one direction coincide 
with one another in an image of a current frame, the Search 
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range determining means determines a Search range for a 
correlation calculation, for each of the regions of a Subse 
quent frame, and the correlation calculating means performs 
a correlation calculation for each of the regions. 

7. An image Synthesis and communication apparatus 
comprising: 

imaging means for inputting images in time Series, 
image Storing means for Storing the images inputted from 

the imaging means; 
feature point extracting means for extracting a point of a 

large luminance change from an image of a current 
frame, as a feature point; 

Search range determining means for determining a pre 
determined region of an image of a Subsequent frame, 
as a Search range for a correlation calculation; 

correlation calculating means for obtaining correlations 
between the feature point and pixels in the Search 
range, 

update image calculating means for obtaining an image of 
a newly-imaged portion from a motion amount 
obtained from the correlation calculating means, 

image transmitting means for transmitting the motion 
amount obtained from the correlation calculating 
means, and a partial image obtained from the update 
image calculating means, 

image receiving means for receiving the motion amount 
and the partial image transmitted from the image trans 
mitting means, and 

image Synthesizing means for Synthesizing an image from 
the motion amount and the partial image obtained from 
the image receiving means. 

8. The image Synthesis and communication apparatus of 
claim 7, wherein the Search range determining means deter 
mines the Search range on the basis of the motion amount 
obtained from images of current and previous frames. 

9. The image Synthesis and communication apparatus of 
claim 7, wherein the feature point extracting means extracts, 
as a feature point, a point of a large luminance change from 
plural regions where coordinates in one direction coincide 
with one another in an image of a current frame, the Search 
range determining means determines a Search range for a 
correlation calculation, for each of the regions of a Subse 
quent frame, and the correlation calculating means performs 
a correlation calculation for each of the regions. 


