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(57) Abstract: A method of and apparatus for setting a virtual image region is provided in order to efficiently perform motion 
estimation and compensation of a panorama image including 360-degree omi -direction image information. The method includes 
the steps of searching a previous panorama image for reference data corresponding to all or part of a virtual image region of a current 

patch desired to be motion-estimated in order to determine the presence of the reference data, and selectively mapping the reference 

0 data to all or part of the virtual image region. By doing so, the panorama image containing omni -directional image information is 
coded by using a 2-dimensional moving picture coding method without change, while the coding efficiency in the process of motion 
estimation and compensation can be greatly improved.
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Description 

METHOD AND DEVICE FOR MAKING VIRTUAL IMAGE 

REGION FOR MOTION ESTIMATION AND COMPENSATION 

OF PANORAMA IMAGE 
Technical Field 

[1] The present invention relates to motion estimation and compensation. More par

ticularly, the present invention relates to a method of and apparatus for setting a virtual 

image region in order to efficiently perform motion estimation and compensation of a 

panorama image including 360-degree omni-direction image information.  

Background Art 

[2] An omni-directional video camera system is a camera system that is capable of 

taking 360-degree omni-directional images from a fixed viewpoint. The omni-di

rectional video camera system takes omni-directional images by mounting and using a 

special shape mirror such as a hyperboloid mirror, a special lens such as a fish eye 

lens, or by using a plurality of cameras.  

[3] A 3-dimensional realistic broadcasting system is presented as an example of an 

omni-directional video coding application for use with such a system. In the 

3-dimensional realistic broadcasting system, all image information on views from 

various viewpoints in a baseball game and the like for example, is provided to viewers' 

terminals. That is, a variety of image information items, including the view from the 

pitcher, the view from the catcher, the view from the batter, and the view from the 

audience sitting near first base, are provided to the viewers. Viewers can select a 

desired viewpoint and view the image from the viewpoint.  

[4] An image photographed by the omni-directional camera system has a characteristic 

corresponding to a 3-dimensional spherical environment. Accordingly, a 3-dimensional 

image taken by the omni-directional camera system is converted into a 2-dimensional 

plane image. At this time, the 2-dimensional plane image becomes a panorama image 

including the omni-directional image, and omni-directional video coding is performed 

for the 2-dimensional panorama image.  

[5] Generally, this panorama image has a size much larger than that of the con

ventional 2-dimensional image, and in order to transmit a quality image, uses an ex

cessively wide bandwidth. In an omni-directional image, a user is typically not 

interested in all image parts obtained by the omni-directional camera at the same time, 

but wants to view only a part of interest in detail by freely manipulating user's 

viewpoints based on information on the entire image. Accordingly, a codec capable of 

transmitting an image with a minimum transmission bandwidth to a receiving end is
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needed, wherein the image is of interest to the current user. In this regard, a method of 

dividing a panorama image into tiled patches and transmitting the image has been 

suggested.  

[6] FIG. 1 illustrates a method of dividing a panorama image into tiled patches and 

transmitting the image.  

[7] In this method, an encoded panorama image is divided into patches of small tiles 

and stored, and then, on the request of a user, some patches centered on a part to be 

shown by the request are transmitted to a decoder side. According to this method, the 

entire panorama image is not transmitted to the decoder side at one time, but is divided 

into tiled patches and transmitted such that the size of the data transmitted and the 

transmission bandwidth are greatly reduced, and the initial delay required for 

transmitting all image information is prevented. Also, the surrounding part of the area 

of interest being currently seen by the request of the user is transmitted and received 

together, such that the user can easily change viewpoints.  

[8] In order to transmit the tiled patches to the decoder side, a transmission and 

reception method using the conventional 2-dimensional moving picture coding 

techniques without change has been suggested. Techniques such as MPEG-4 Part 2 

Visual or H.264 are examples of conventional 2-dimensional moving picture coding 

techniques being used. As shown in FIG. 2, according to the conventional technology, 

in order to enhance efficiency when motion estimation or compensation is performed 

along the boundary of a reference image frame, an unrestricted motion vector (UMV) 

mode is prepared and a virtual image region is disposed. Then, by padding pixel values 

of the boundary part below, above, left and right of the frame, motion estimation of a 

current image is performed. Since any image data other than an image frame to be 

transmitted cannot be referred to in the 2-dimensional moving picture processing 

technique, this method is used to obtain high efficiency in the situation. However, in 

order to encode a large panorama image, an image frame of small-tile-shaped patch 

units is encoded, and reference images can exist with respect to the position of each 

patch.  

[9] Accordingly, a need exists for a system and method for encoding images more ef

ficiently by using reference images that can exist with respect to the position of each 

patch, as the conventional moving picture coding methods are not appropriate.  

Disclosure of Invention 

Technical Solution 
[10] The present invention substantially solves the above and other problems, and 

provides a method of and apparatus for generating a virtual image region for motion 

estimation and compensation of a panorama image that is divided into tile-shaped
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patch units that are transmitted and received, wherein pixels of a reference image 

frame boundary part are not padded outside the frame unconditionally. When actual 

image data belonging to the virtual image region exists in the previous panorama 

image, the method and apparatus uses the data without change to generate a virtual 

image region.  

Advantageous Effects 

[11] According to embodiments of the present invention, a panorama image is divided 

into tiled patches and when the image is transmitted, data in the previous panorama 

image that can be referred to in relation to each patch is directly mapped onto a virtual 

region. By doing so, the panorama image containing omni-directional image in

formation is coded by using a 2-dimensional moving picture coding method without 

change, while the coding efficiency in the process of motion estimation and com

pensation can be greatly improved.  

Description of Drawings 

[12] FIG. 1 illustrates a conventional method of dividing a panorama image into tiled 

patches and transmitting the image; 

[13] FIG. 2 illustrates a conventional method of forming a virtual image region by using 

padding; 

[14] FIG. 3 illustrates a virtual image region of a tiled patch divided into 8 sections 

according to an embodiment of the present invention; 

[15] FIG. 4 illustrates a method of generating a virtual image region with respect to the 

location of a patch according to an embodiment of the present invention; 

[16] FIGS. 5A and 5B illustrate a method of generating a virtual image region when a 

patch desired to be coded is located on the leftmost edge or rightmost edge of a 

panorama image according to an embodiment of the present invention; 

[17] FIG. 6 illustrates additional information related to a method of generating a virtual 

image region according to an embodiment of the present invention; 

[18] FIG. 7 is a flowchart of operations performed in an encoder by a method of 

generating a virtual image region according to an embodiment of the present invention; 

[19] FIG. 8 is a block diagram of an apparatus disposed in a decoder for generating a 

virtual image region according to an embodiment of the present invention; 

[20] FIG. 9 is a block diagram of an encoder to which a virtual image region according 

to an embodiment of the present invention can be applied; 

[21] FIG. 10 is a flowchart of an operation performed in a decoder by a method of 

generating a virtual image region according to an embodiment of the present invention; 

[22] FIG. 11 is a block diagram of an apparatus disposed in a decoder for generating a 

virtual image region according to an embodiment of the present invention; and
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[23] FIG. 12 is a block diagram of a decoder to which a virtual image region according 

to an embodiment of the present invention can be applied.  

Best Mode 

[24] According to an aspect of the present invention, a method is provided for 

generating a virtual image region for motion estimation of a panorama image to be 

divided into tiled patch units and transmitted from a transmitting side, the method 

comprising the steps of searching a previous panorama image for reference data cor

responding to all or part of a virtual image region of a current patch desired to be 

motion-estimated in order to detennine the presence of the reference data, and based 

on the retrieval result, selectively mapping the reference data to all or part of the virtual 

image region.  

[25] The step of mapping the reference data may comprise the steps of, where the result 

of the retrieval indicates that there is reference data, judging whether or not the 

reference data was updated within a predetermined time, and if the result of the 

judging indicates that the reference data was updated within a predetermined time, 

mapping the reference data to all or part of the virtual image region.  

[26] Here, if the result of the judging indicates that the reference data was not updated 

within the predetermined time, it may be determined whether mapping the reference 

data to all or part of the virtual image region is to be performed, or if padding pixels on 

the boundary part of a reference image in the previous panorama image corresponding 

to the position of the current patch is to be performed, and according to the de

termination, mapping or padding may be performed.  

[27] The method may further comprise the steps of recording information on the de

termination in order to transmit additional information allowing a receiving side to also 

generate substantially identically all or part of a virtual image region for the patch.  

[28] Also, if the result of the retrieval indicates that there is no reference data, all or part 

of the virtual image region may be generated by padding pixels on the boundary part of 

a reference image in the previous panorama image corresponding to the position of the 

current patch.  

[29] Also, if all or part of the virtual image region is outside any one of the left 

boundary and the right boundary of the previous panorama image, an image from the 

other boundary to a predetermined range may be recognized as reference data for a 

virtual image region part existing outside the one boundary.  

[30] According to another aspect of the present invention, an apparatus is provided for 

generating a virtual image region for motion estimation of a panorama image to be 

divided into tiled patch units and transmitted from a transmitting side, the apparatus 

comprising a retrieval unit for searching a previous panorama image for reference data 

corresponding to all or part of a virtual image region of a current patch desired to be
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motion-estimated in order to determine the presence of the reference data, a judging 

unit for judging whether or not the reference data was updated within a predetermined 

time if the retrieval result of the retrieval unit indicates that there is reference data, a 

mapping unit for selectively mapping the reference data to all or part of the virtual 

image region if the result of the judging indicates that the reference data was updated 

within the predetermined time, a determination unit for determining whether mapping 

or padding is to be performed if the result of the judging indicates that the reference 

data was not updated within the predetermined time, and a padding unit for generating 

all or part of the virtual image region by padding pixels on the boundary part of a 

reference image in the previous panorama image corresponding to the position of the 

current patch if the result of the retrieval indicates that there is no reference data.  

[31] According to still another aspect of the present invention, a method is provided for 

generating a virtual image region for motion compensation of a panorama image 

divided into tiled patch units and received at a receiving side, the method comprising 

the steps of searching a previous panorama image for reference data corresponding to 

all or part of a virtual image region of a current patch desired to be motion

compensated in order to determine the presence of the reference data, and based on the 

retrieval result, selectively mapping the reference data to all or part of the virtual image 

region.  

[32] The step of mapping the reference data may comprise the steps of, where the result 

of the retrieval indicates that there is reference data, judging whether or not the 

reference data was updated within a predetermined time, and if the result of the 

judging indicates that the reference data was updated within a predetermined time, 

mapping the reference data to all or part of the virtual image region.  

[33] According to still another aspect of the present invention, an apparatus is provided 

for generating a virtual image region for motion compensation of a panorama image 

divided into tiled patch units and received at a receiving side, the apparatus comprising 

a retrieval unit for searching a previous panorama image for reference data cor

responding to all or part of a virtual image region of a current patch desired to be 

motion-compensated in order to determine the presence of the reference data, a judging 

unit for judging whether or not the reference data was updated within a predetermined 

time if the result of the retrieval of the retrieval unit indicates that there is reference 

data, a mapping unit for selectively mapping the reference data to all or part of the 

virtual image region if the result of the judging of the judging unit indicates that the 

reference data was updated within the predetermined time, and an additional in

formation interpretation unit where, if the result of the judging by the judging unit 

indicates that the reference data was not updated within the predetermined time, for in

terpreting additional information received from the transmitting side, the information
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indicating whether the reference data is mapped to all or part of the virtual image 

region in the transmitting side, or whether pixels on the boundary part of a reference 

image in the previous panorama image corresponding to the position of the current 

patch are padded. The apparatus further comprises a padding unit for generating all or 

part of the virtual image region by padding pixels on the boundary part of a reference 

image in the previous panorama image corresponding to the position of the current 

patch if the result of the retrieval by the retrieval unit indicates that there is no 

reference data.  

[34] According to still another aspect of the present invention, a computer readable 

recording medium is provided having embodied thereon a computer program for 

executing a method of generating a virtual image region for motion estimation and 

motion compensation of a panorama image to be divided into tiled patch units and 

transmitted from a transmitting side, wherein the method comprises the steps of 

searching a previous panorama image for reference data corresponding to all or part of 

a virtual image region of a current patch desired to be motion-estimated and motion

compensated in order to determine the presence of the reference data and if the result 

of the retrieval indicates that there is reference data, judging whether or not the 

reference data was updated within a predetermined time, and if the result of the 

judging indicates that the reference data was updated within the predetermined time, 

mapping the reference data to all or part of the virtual image region.  

[35] According to still another aspect of the present invention, a method is provided for 

motion estimation of a panorama image to be divided into tiled patch units and 

transmitted from a transmitting side, the method comprising the steps of, where 

reference data corresponding to all or part of a virtual image region of a current patch 

desired to be motion-estimated is in the previous panorama image, mapping the 

reference data to all or part of the virtual image region, and by using all or part of the 

virtual image region on which the reference data is mapped, generating a motion vector 

of the current patch in relation to a reference image.  

[36] According to still another aspect of the present invention, a method is provided for 

encoding a panorama image to be divided into tiled patch units and transmitted from a 

transmitting side, the method comprising the steps of, where reference data cor

responding to all or part of a virtual image region of a current patch desired to be 

motion-estimated is in the previous panorama image, mapping the reference data to all 

or part of the virtual image region, and by using all or part of the virtual image region 

on which the reference data is mapped, generating a motion vector of the current patch 

in relation to a reference image. The method further comprises the step of performing 

motion compensation for the current patch by using the motion vector.  

[37] According to still another aspect of the present invention, a method is provided for
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motion compensation of a panorama image divided into tiled patch units and received 

at a receiving side, the method comprising the steps of receiving an input of a motion 

vector for a current patch included in a current panorama image and if reference data 

indicated by the motion vector and corresponding to all or part of a virtual image 

region of the current patch is in the previous panorama image, mapping the reference 

data to all or part of the virtual image region, and by using all or part of the virtual 

image region on which the reference data is mapped, generating a patch of a reference 

image to which the motion vector is applied.  

[38] According to still another aspect of the present invention, a method is provided for 

motion compensation of a panorama image divided into tiled patch units and received 

at a receiving side, the method comprising the steps of receiving an input of a motion 

vector for a current patch included in a current panorama image and if reference data 

indicated by the motion vector and corresponding to all or part of a virtual image 

region of the current patch is in the previous panorama image, mapping the reference 

data to all or part of the virtual image region, and by using all or part of the virtual 

image region on which the reference data is mapped, performing motion compensation 

of a reference image. The method further comprises the step of restoring the current 

patch by using a differential signal of the current patch and the motion-compensated 

patch and the motion-compensated patch.  

Mode for Invention 

[39] The present invention will now be described more fully with reference to the ac

companying drawings, in which exemplary embodiments of the present invention are 

shown.  

[40] FIG. 3 illustrates a virtual image region of a tiled patch divided into 8 sections 

(numbered 1 through 8). According to an embodiment of the present invention, the 

entire panorama image is divided into tiled patches and therefore, with respect to the 

position of a patch, a method of generating a virtual image region can vary in each 

section. This will now be described in greater detail below.  

[411 FIG. 4 illustrates a method of generating a virtual image region with respect to the 

location of a patch according to an embodiment of the present invention.  

[42] First, in a case of an internal patch as A, in which the position of the patch desired 

to be currently coded is not on an edge of a panorama image, if there is reference data 

recently updated in the region of the position corresponding to the patch in each 

section in a previous panorama image, the corresponding reference data is mapped to 

the corresponding section.  

[43] If the update of reference data was not performed recently, it can be determined 

whether padding with the boundary pixel value of a frame (hereinafter referred to as a 

'reference patch') in the previous panorama image corresponding to the position
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identical to that of the patch desired to be currently coded is to be performed, or if the 

corresponding reference data is to be used instead. If a process of performing such a 

determination is included, it is preferable to generate additional information on the de

termination and transmit it to a receiving side, that is, a decoding side, so that the 

decoding side can set a substantially identical virtual region. This additional in

formation will be described in greater detail below. Meanwhile, if there is no reference 

data, the corresponding section is generated by padding pixels on the boundary part of 

the reference patch.  

[44] Next, in a case where the position of a patch desired to be currently coded is 

located on the edge of the top part of the panorama image as B in relation to a virtual 

image region corresponding to sections 5 and 6 of FIG. 3, pixel value 128 is mapped to 

the corresponding region. For the remaining sections, a procedure substantially 

identical to that for generating a virtual image region in A is performed.  

[45] Also, for patches in other locations, the procedure described above is performed in 

substantially the same manner. However, in a case of patches F, D, H, G, E, and I, 

which are positioned on the leftmost or rightmost edge of the panorama image, re

spectively, a slightly different procedure can be performed in order to increase the 

motion estimation and compensation efficiencies. This procedure will now be 

described in greater detail.  

[46] FIG. 5A illustrates a method of generating a virtual image region when a patch 

desired to be coded is located on the leftmost edge of a panorama image according to 

an embodiment of the present invention.  

[47] In a case of patch D, since sections 3, 5, and 7 of FIG. 3 are on the outside of the 

panorama image, reference data for this does not exist.  

[48] However, according to the characteristics of a panorama image, D has high 

correlation with G, E, and I. Therefore, it is more efficient to generate the virtual image 

region for sections 5, 3, and 7, by referring to G, E, and I, respectively, of the previous 

panorama image, than by using padding unconditionally. That is, part of data of G is 

mapped to section 5 of the patch D, part of data of E to section 3, and part of data of I 

to section 7. However, if image data referred to in G, E, and I does not exist or was not 

updated recently, the algorithm described above will be used.  

[49] FIG. 5B illustrates a method of generating a virtual image region when a patch 

desired to be coded is located on the rightmost edge of a panorama image according to 

an embodiment of the present invention. In this case, F, D, and H of the previous 

panorama image are used for sections 6, 4, and 8, respectively, of the patch E in sub

stantially the same manner.  

[50] FIG. 6 illustrates additional information related to a method of generating a virtual 

image region according to an embodiment of the present invention. As described
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above, although reference data exists, if it was not updated recently and has a low re

liability, it is determined whether this reference data is to be used without change for 

mapping or whether a virtual image region is to be formed by padding data from a 

reference patch. According to the determination, mapping or padding is performed.  

Since a virtual region is also needed to be set in substantially the same manner at the 

receiving side, the transmitting side preferably needs to transmit information, on which 

the method is used for each section of a virtual image region, to the receiving side.  

When the virtual image region in relation to one patch is divided into 8 sections as in 

embodiments of the present embodiment, for this additional information, 8 bits are 

needed as shown in FIG. 6. If it is predefined between the transmitting side and the 

receiving side that a case using padding is indicated by 0 and a case using mapping 

with reference data is indicated by 1 as shown, a substantially identical virtual image 

region can be generated both in the transmitting side and the receiving side by 

transmitting the 8-bit additional information. For example, if the transmitting side uses 

reference data that has not been updated recently in sections 1, 4, and 6 without 

change, information '10010100' needs to be transmitted to the receiving side. If 

padding from a reference patch is performed, information '00000000' is transmitted, 

such that the receiving side can build a substantially identical virtual image region.  

Though the example of fixed length coding is shown in embodiments of the present 

embodiment, variable length coding using the probability distribution of information 

can also be used.  

[51] FIG. 7 is a flowchart of operations performed in an encoder by a method of 

generating a virtual image region according to an embodiment of the present invention.  

As shown in FIG. 7, in order to determine whether or not there is reference data that 

can be referred to in the previous panorama image in relation to one section of a 

current patch desired to be motion-estimated, a search for the reference data is 

performed in operation 710. At this time, as described above, in a case of a patch 

positioned on the leftmost or rightmost edge of the panorama image, reference data can 

be retrieved from the image on the opposite edge. If there is reference data in operation 

720, it is then determined whether or not the retrieved reference data was recently 

updated in operation 730. The reference time for determining whether the data has 

been recently updated or not can be set in a variety of ways. If it is determined that the 

data was recently updated, the reference data is mapped to the corresponding section in 

order to use the reference data as a virtual image region of the current patch in 

operation 750.  

[52] If the reference data was not recently updated, the reliability of the reference data is 

low and therefore, it is determined whether mapping is to be performed in order to use 

this reference data without change, or whether padding with pixels on the boundary
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part of the reference patch is to be performed in operation 740. If it is determined that 

mapping is to be performed, the corresponding reference data is mapped to the cor

responding section in order to use the reference data as the virtual image region of the 

current patch in operation 750. If it is determined that padding is to be performed, 

padding with pixels on the boundary part of the reference patch is performed in 

operation 760 and a virtual image region is generated in operation 795. At this time, 

additional information on which the method is selected, is provided for syn

chronization of the encoder and decoder and can be generated as described above.  

[53] If there is no reference data, padding with pixels on the boundary part is performed 

in operation 760, such that a virtual image region is generated in operation 795.  

[54] This process is repeatedly performed for all sections in operation 780 and 790, and 

a virtual image region for one patch is generated in operation 795.  

[55] FIG. 8 is a block diagram of an apparatus disposed in a decoder for generating a 

virtual image region according to an embodiment of the present invention. As shown in 

FIG. 8, the apparatus for generating a virtual image region according to an 

embodiment of the present invention comprises a retrieval unit 810, a judging unit 815, 

a mapping unit 820, a padding unit 830, an additional information generation unit 840, 

and a determination unit 850.  

[56] In order to determine whether or not there is reference data in the previous 

panorama image corresponding to each section of a virtual image region of a current 

patch desired to be motion-estimated, the retrieval unit 810 searches for the reference 

data and the mapping unit 820 maps the retrieved reference data to the corresponding 

section.  

[57] The judging unit 815 judges whether the retrieved data was updated recently, and 

the determination unit 850 determines whether mapping or padding is to be performed 

if the retrieved reference data was not recently updated. According to this de

termination, mapping or padding is performed. In order to also generate a virtual image 

region in a substantially identical method in a decoder, the additional information 

generation unit 840 generates information on which a method is used when a virtual 

image region is generated in a motion estimation process of the encoder.  

[58] If there is no reference data or if the determination unit 850 determines that 

padding is to be performed, the padding unit 830 pads pixels on the boundary part of a 

reference image corresponding to the location of the current patch in the previous 

panorama image such that a virtual image region is generated.  

[59] FIG. 9 is a block diagram of an encoder to which a virtual image region according 

to an embodiment of the present invention can be applied.  

[60] Referring to FIG. 9, the panorama image encoder according to an embodiment of 

the present invention comprises a transforming unit 910, a quantizing unit 915, an
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inverse transforming unit 920, an inverse quantizing unit 925, an adding unit 930, a 

clipping unit 940, a frame memory 950, a panorama image motion estimation unit 960, 

a panorama image motion compensation unit 970, a subtraction unit 980, and a 

variable length coder (VLC) 990.  

[61] The transforming unit 910 receives a panorama image, transforms the input 

panorama image according to a predetermined transforming method such as a discrete 

cosine transform (DCT), and outputs transform coefficient values.  

[62] The quantizing unit 915 quantizes the transform coefficient values input from the 

transforming unit 910. The quantized data is inverse transformed by the inverse 

transforming unit 920 and inverse quantized by the inverse quantizing unit 925, and 

data transmitted to the decoder end is output. This image data and the previous image 

motion-compensated in the panorama image motion compensation unit 970 are added 

in the adding unit 930, and the actual panorama image to be transmitted to the decoder 

side by the encoder is finally prepared. The panorama image output from the adding 

unit 930 is normalized by the clipping unit 940 and then stored in the frame memory 

950. The panorama image stored in the frame memory 950 is an image previous to the 

currently encoded image, and is used as a reference image for motion estimation and 

compensation of the newly input panorama image.  

[63] The panorama image motion estimation unit 960 performs motion estimation using 

the reference panorama image of the previous image stored in the frame memory 950.  

That is, the panorama image motion estimation unit 960 receives current panorama 

image information, performs motion estimation of the current panorama image using 

the reference panorama image stored in the frame memory 950, generates the motion 

vector of the current panorama image and additional information according to em

bodiments of the present invention, and outputs the motion vector and additional in

formation to the VLC 990. Motion estimation and compensation are performed in units 

of tiled patches.  

[64] Here, in order to generate a motion vector, a method of generating a virtual region 

according to embodiments of the present invention is used in the motion estimation 

operation. Accordingly, it is preferable that the apparatus shown in FIG. 8 is disposed 

in the panorama image motion estimation unit 960. The panorama image motion com

pensation unit 970 performs motion compensation by the motion vector and outputs 

the compensated image to the subtraction unit 980. The subtraction unit 980 outputs a 

differential signal between the current image and the image compensated by the 

panorama image motion compensation unit 970 to the transforming unit 910. The dif

ferential signal is transformed by the transforming unit 910 and quantized by the 

quantizing unit 915, and then variable-length-coded by the VLC 990.  

[65] FIG. 10 is a flowchart of an operation performed in a decoder side by a method of
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generating a virtual image region according to an embodiment of the present invention.  

[66] In the decoder side, a motion vector, a differential signal, and additional in

formation from an encoder side are received and motion compensation is performed.  

The process in operations 1010 through 1095 for generating a virtual image region to 

be performed for motion compensation is substantially the same as the process in 

operations 710 through 795 for generating a virtual image region performed in the 

encoder side, and therefore, a detailed explanation thereof will be omitted here.  

[67] However, when a case where retrieved reference data that was not recently updated 

is processed, in order to generate a virtual image region substantially identical to that 

generated in the encoder side, the additional information received from the encoder 

side is interpreted and according to the interpretation, mapping or padding is 

performed in each section in operation 1100.  

[68] FIG. 11 is a block diagram of an apparatus disposed in a decoder for generating a 

virtual image region according to an embodiment of the present invention.  

[69] As shown in FIG. 11, the apparatus for generating a virtual image region according 

to an embodiment of the present invention comprises a retrieval unit 200, a mapping 

unit 210, a padding unit 220, a judging unit 230, and an additional information inter

pretation unit 240.  

[70] In order to determine whether or not there is reference data in the previous 

panorama image corresponding to each section of a virtual image region of a current 

patch desired to be motion-estimated, the retrieval unit 200 searches for the reference 

data and the mapping unit 210 maps the retrieved reference data to the corresponding 

section. The judging unit 230 judges whether the retrieved data was updated recently, 

and if the retrieved reference data was not updated recently, in order to determine 

whether to perform mapping or padding, the additional information interpretation unit 

240 interprets the additional information received from the encoder side. According to 

the contents recorded in the additional information, mapping or padding is performed 

for each section.  

[71] If there is no reference data or if the determination unit 850 of the decoder 

determines that padding is to be performed, the padding unit 220 pads pixels on the 

boundary part of a reference image corresponding to the location of the current patch 

in the previous panorama image such that a virtual image region is generated.  

[72] FIG. 12 is a block diagram of a decoder to which a virtual image region according 

to an embodiment of the present invention can be applied.  

[73] Referring to FIG. 12, the panorama image motion vector decoder according to an 

embodiment of the present invention comprises a variable length decoder (VLD) 310, 
an inverse quantizing unit 320, an inverse transforming unit 330, an adding unit 340, a 

panorama image motion compensation unit 350, a clipping unit 360, and a frame
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memory 370.  

[74] The VLD 310 variable-length-decodes an input bitstream. In the output of the VLD 

310, a motion vector is output to the panorama image motion compensation unit 350, 
and a differential signal is output to the inverse quantizing unit 320. In the frame 

memory 370, a reference image is stored that is reproduced through the inverse 

quantizing unit 320, the inverse transforming unit 330, and the clipping unit 360. The 

reference image stored in the frame memory 370 is used for motion compensation of a 

newly input panorama image.  

[75] The panorama image motion compensation unit 350 performs motion com

pensation by using the reference panorama image stored in the frame memory 370.  

Here, in order to perform motion compensation, a method of generating a virtual image 

region according to an embodiment of the present invention is used. Accordingly, it is 

preferable that the apparatus shown in FIG. 11 is disposed in the panorama image 

motion compensation unit 350. The panorama image motion compensation unit 350 

receives an input of the motion vector transmitted from the encoder, performs motion 

compensation by reading a reference patch corresponding to the current patch from the 

frame memory 370, and outputs the result to the adding unit 340. The adding unit 340 

receives inputs of a differential signal inverse quantized by the inverse quantizing unit 

320 and inverse transformed by the inverse transforming unit 330, and the reference 

patch motion-compensated by the panorama image motion compensation unit 350, and 

reproduces a current patch. The clipping unit 360 performs a function for normalizing 

the value output from the adding unit 340.  

[76] Embodiments of the present invention can be further written as computer programs 

and can be implemented in general-use digital computers that execute the programs 

using a computer readable recording medium. Examples of the computer readable 

recording medium comprise magnetic storage media (for example, ROM, floppy disk, 

hard disk, and the like), optical recording media (for example, CD-ROM or DVD), and 

storage media such as carrier waves (for example, transmission through the Internet).  

[77] While the present invention has been particularly shown and described with 

reference to exemplary embodiments thereof, it will be understood by those skilled in 

the art that various changes in form and detail may be made therein without departing 

from the spirit and scope of the present invention as defined by the following claims.  

The exemplary embodiments should be considered in descriptive sense only and not 

for purposes of limitation. Therefore, the scope of the invention is defined not by the 

detailed description of the invention but by the appended claims, and all differences 

within the scope will be construed as being included in the present invention.
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Claims 
[1] 1. A method of generating a virtual image region for motion estimation of a 

panorama image to be divided into tiled patch units and transmitted from a 

transmitting side, the method comprising the steps of: 

searching a previous panorama image for reference data corresponding to all or 

part of a virtual image region of a current patch desired to be motion-estimated in 

order to determine the presence of the reference data; and 

based on the search result, selectively mapping the reference data to all or part of 

the virtual image region.  

[2] 2. The method of claim 1, wherein the step of selectively mapping the reference 

data comprises the steps of: 

if the result of the retrieval indicates that there is reference data, judging whether 

or not the reference data was updated within a predetermined time; and 

if the result of the judging indicates that the reference data was updated within a 

predetermined time, mapping the reference data to all or part of the virtual image 

region.  

[3] 3. The method of claim 2, wherein the step of mapping the reference data further 

comprises the steps of: 

if the result of the judging indicates that the reference data was not updated 

within the predetermined time, determining whether mapping the reference data 

to all or part of the virtual image region is to be performed or if padding pixels 

on the boundary part of a reference image in the previous panorama image cor

responding to the position of the current patch is to be performed; and 

performing mapping or padding according to the determination.  

[4] 4. The method of claim 3, further comprising the step of: 

recording information on the determination in order to transmit additional in

formation allowing a receiving side to substantially identically generate all or 

part of a virtual image region for the patch.  

[5] 5. The method of claim 1, wherein the step of mapping the reference data further 

comprises the step of: 

if the result of the search indicates that there is no reference data, generating all 

or part of the virtual image region by padding pixels on the boundary part of a 

reference image in the previous panorama image corresponding to the position of 

the current patch.  

[6] 6. The method of claim 1, further comprising the step of: 

if all or part of the virtual image region is outside any one of the left boundary 

and the right boundary of the previous panorama image, recognizing an image
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from the other boundary to a predetermined range as reference data for a virtual 

image region part existing outside the one boundary.  

[7] 7. An apparatus for generating a virtual image region for motion estimation of a 

panorama image to be divided into tiled patch units and transmitted from a 

transmitting side, the apparatus comprising: 

a retrieval unit for searching a previous panorama image for reference data cor

responding to all or part of a virtual image region of a current patch desired to be 

motion-estimated in order to determine the presence of the reference data; and 

a mapping unit for selectively mapping the reference data to all or part of the 

virtual image region based on the retrieval result.  

[8] 8. The apparatus of claim 7, further comprising: 

a judging unit for judging whether or not the reference data was updated within a 

predetermined time if the retrieval result indicates that there is reference data, 

wherein if the result of the judging indicates that the reference data was updated 

within a predetermined time, the mapping unit performs the mapping.  

[9] 9. The apparatus of claim 8, further comprising: 

a determination unit for determining whether mapping or padding is to be 

performed if the result of the judging indicates that the reference data was not 

updated within the predetermined time; and 

a padding unit for generating all or part of the virtual image region by padding 

pixels on the boundary part of a reference image in the previous panorama image 

corresponding to the position of the current patch if the retrieval result indicates 

that there is no reference data, wherein if the result of the judging indicates that 

the reference data was not updated within the predetermined time, the mapping 

or padding is performed according to the determination of the determination unit.  

[10] 10. The apparatus of claim 9, further comprising: 

an additional information generation unit for recording information on the de

termination in order to transmit additional information allowing a receiving side 

to substantially identically generate all or part of a virtual image region for the 

patch.  

[11] 11. The method of claim 7, wherein if all or part of the virtual image region is 

outside any one of the left boundary and the right boundary of the previous 

panorama image, the retrieval unit is configured to recognize an image from the 

other boundary to a predetermined range as reference data for a virtual image 

region part existing outside the one boundary, and search for the reference data.  

[12] 12. A method of generating a virtual image region for motion compensation of a 

panorama image divided into tiled patch units and received at a receiving side, 

the method comprising the steps of:
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searching a previous panorama image for reference data corresponding to all or 

part of a virtual image region of a current patch desired to be motion

compensated in order to determine the presence of the reference data; and 

based on the search result, selectively mapping the reference data to all or part of 

the virtual image region.  

[13] 13. The method of claim 12, wherein the step of mapping the reference data 

comprises the steps of: 

if the result of the search indicates that there is reference data, judging whether or 

not the reference data was updated within a predetermined time; and 

if the result of the judging indicates that the reference data was updated within a 

predetermined time, mapping the reference data to all or part of the virtual image 

region.  

[14] 14. The method of claim 14, further comprising the steps of: 

if the result of the judging indicates that the reference data was not updated 

within the predetermined time, determining whether mapping the reference data 

to all or part of the virtual image region by referring to additional information 

received from the transmitting side is to be performed, or if padding pixels on the 

boundary part of a reference image in the previous panorama image cor

responding to the position of the current patch is to be performed; and 

performing mapping or padding according to the determination.  

[15] 15. An apparatus for generating a virtual image region for motion compensation 

of a panorama image divided into tiled patch units and received at a receiving 

side, the apparatus comprising: 

a retrieval unit for searching a previous panorama image for reference data cor

responding to all or part of a virtual image region of a current patch desired to be 

motion-compensated in order to determine the presence of the reference data; 

and 

a mapping unit for selectively mapping the reference data to all or part of the 

virtual image region based on the retrieval result.  

[16] 16. The apparatus of claim 15, further comprising: 

a judging unit for judging whether or not the reference data was updated within a 

predetermined time if the retrieval result indicates that there is reference data, 

wherein if the result of the judging indicates that the reference data was updated 

within a predetermined time, the mapping unit performs the mapping.  

[17] 17. The apparatus of claim 16, further comprising: 

an additional information interpretation unit for, if the result of the judging by 

the judging unit indicates that the reference data was not updated within the pre

determined time, interpreting additional information received from the
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transmitting side, wherein the information indicates whether the reference data is 

mapped to all or part of the virtual image region in the transmitting side or if 

pixels on the boundary part of a reference image in the previous panorama image 

corresponding to the position of the current patch are padded; and 

a padding unit for generating all or part of the virtual image region by padding 

pixels on the boundary part of a reference image in the previous panorama image 

corresponding to the position of the current patch if the retrieval result indicates 

that there is no reference data, 

wherein if the result of the judging by the judging unit indicates that the 

reference data was not updated within the predetermined time, the mapping or 

padding is performed according to the additional information.  

[18] 18. A computer readable recording medium having embodied thereon a computer 

program for executing a method of generating a virtual image region for motion 

estimation and motion compensation of a panorama image to be divided into 

tiled patch units and transmitted from a transmitting side, wherein the computer 

readable recording medium comprises: 

a first set of instructions for searching a previous panorama image for reference 

data corresponding to all or part of a virtual image region of a current patch 

desired to be motion-estimated and motion-compensated in order to determine 

the presence of the reference data; 

a second set of instructions for judging whether or not the reference data was 

updated within a predetermined time if the result of the retrieval indicates that 

there is reference data; and 

a third set of instructions for mapping the reference data to all or part of the 

virtual image region if the result of the judging indicates that the reference data 

was updated within the predetermined time.  

[19] 19. A method of motion estimation of a panorama image to be divided into tiled 

patch units and transmitted from a transmitting side, the method comprising the 

steps of: 

determining if reference data corresponding to all or part of a virtual image 

region of a current patch desired to be motion-estimated is in a previous 

panorama image and mapping the reference data to all or part of the virtual 

image region; and 

generating a motion vector of the current patch in relation to a reference image 

by using all or part of the virtual image region on which the reference data is 

mapped.  

[20] 20. A method of encoding a panorama image to be divided into tiled patch units 

and transmitted from a transmitting side, the method comprising the steps of:
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determining if reference data corresponding to all or part of a virtual image 

region of a current patch desired to be motion-estimated is in a previous 

panorama image and mapping the reference data to all or part of the virtual 

image region; 

generating a motion vector of the current patch in relation to a reference image 

by using all or part of the virtual image region on which the reference data is 

mapped; and 

performing motion compensation for the current patch by using the motion 

vector.  

[21] 21. A method of motion compensation of a panorama image divided into tiled 

patch units and received at a receiving side, the method comprising the steps of: 

receiving an input of a motion vector for a current patch included in a current 

panorama image; 

determining if reference data indicated by the motion vector and corresponding 

to all or part of a virtual image region of the current patch is in the previous 

panorama image; 

mapping the reference data to all or part of the virtual image region; and 

applying the motion vector to all or part of the virtual image region on which the 

reference data is mapped.  

[22] 22. A method of motion compensation of a panorama image divided into tiled 

patch units and received at a receiving side, the method comprising the steps of: 

receiving an input of a motion vector for a current patch included in a current 

panorama image; 

determining if reference data indicated by the motion vector and corresponding 

to all or part of a virtual image region of the current patch is in the previous 

panorama image; 

mapping the reference data to all or part of the virtual image region; 

performing motion compensation of a reference image by using all or part of the 

virtual image region on which the reference data is mapped; and 

restoring the current patch by using a differential signal of the current patch and 

the motion-compensated patch and the motion-compensated patch.
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