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SYSTEM AND METHODS FOR 

Inventors: 

  

CROSS-REFERENCE TO RELATED APPLICATIONS 

 Not applicable. 

 

STATEMENT REGARDING FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

Not applicable.   

 

FIELD OF THE INVENTION 

The present invention is related to the field of video coding and, more particularly, 

video coding compression. 

 

BACKGROUND OF THE INVENTION 

 Multi-view video coding (MVC) codes multiple camera views generated when a 

scene is captured from different vantage points using multiple cameras.  The result is that 

a viewer has the opportunity to view the same scene from different view points.  The 

viewer, moreover, is afforded the freedom to choose different view points for viewing a 

scene. 

 In a multi-view coding system, multiple cameras are used at a sender to capture a 

scene.  A multi-view encoder is used to compress the output of all the cameras jointly.  A 

video stream is delivered from the sender to a receiver over a data communications or 

other network.  The receiver can be, for example, a television lacking a multi-view 

capability, a television capable of rendering three-dimensional scenes, or a multi-view 

receiver that provides for interactive viewer selection.  

Advances in video coding technologies have made possible a new generation of 

video applications, and many observers expect these advances to continue, if not 

accelerate.  As a result, there is heightened interest in MVC.  A persistent challenge to the 
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technological advance, however, is the need for compression technologies that exploit 

redundancies in the multiple views generated in order to achieve a high compression 

ratio. A useful compression algorithm typically needs to support fast decompression and 

accurate renderings of the multiple views. 

Conventional algorithms that have been proposed typically exploit multiple-view 

redundancies using inter-view reference frames according to which frames are used to 

predict the video rendering in another frame from a different view.  Most, if not all, 

conventional algorithms are limited in that they fail to provide a compact way to 

represent view dependencies; that is, rendering each successive frame depends on 

decoding all previous frames.  In general, if there are n cameras, which give rise to n 

different views, then a rendering of the n-th view, requires the decoding of (n-1) views.  

The chain of dependency grows as the number of cameras increase.  The result, typically, 

is high computational cost for extracting corresponding views at the receiver. 

Accordingly, there is a need for a more efficient mechanism for performing MVC.  

In particularly, there is a need for a scalable prediction structure that reduces view 

dependencies associated with MVC.   

       

BRIEF DESCRIPTION OF THE DRAWINGS 

There are shown in the drawings, embodiments which are presently preferred, it 

being understood, however, that the invention is not limited to the precise arrangements 

and instrumentalities shown. 

FIG. 1 is a schematic representation of an environment including a system 

according to one embodiment of the invention. 

FIG. 2 is a more detailed schematic view of the system illustrated in FIG. 1. 

FIG. 3 is a schematic representation of a hypercube prediction structure according 

to another embodiment of the invention. 

FIG. 4 is a schematic representation of a hypercube prediction structure according 

to still another embodiment of the invention. 
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FIG. 5 is a schematic representation of a hypercube prediction structure according 

to still another embodiment of the invention. 

FIG. 6 is a schematic representation of a camera array based on numbering 

according to still another embodiment of the invention. 

FIG. 7 is a schematic representation of a camera array based on numbering 

according to yet another embodiment of the invention 

 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

FIG. 1 provides a schematic view of an environment 100 in which a system 102, 

according to one embodiment of the invention, operates.  The environment 100 

illustratively includes a plurality of cameras 104 that provide video inputs to the system 

102.  The system 102, as explained herein, generates one or more video outputs that are 

illustratively supplied to at least one display system 106.  The display system 106, more 

particularly, can be a television, such as a high definition television (HDTV), stereo 

visual system, or multi-view display system.  Preferably, the display system 106 is a 

television having the capability to render a three-dimensional display. 

Referring additionally now to FIG. 2, the system 102 illustratively includes a  

multi-view video encoder 205 and video decoder 210 in communication with one another 

via a channel 215.  Both the video encoder 205 and the video decoder 210 can be 

implemented in dedicated hardwired circuitry, machine-readable code, or a combination 

of circuitry and code. 

Operatively, the video encoder 205 and the video decoder 210 encode and decode, 

respectively, video signals, defining camera views.  Camera views are encoded and 

decoded using a prediction structure for multi-view coding, which is referred to herein as 

a hypercube prediction structure and which is described more particularly below.  

Operatively, once the hypercube prediction structure is determined for the system 102, 

the camera views can be compressed according to an efficient compression algorithm 

such as the H.264, or MPEG-4 Part 10, high compression digital video codec standard 
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written by the ITU-T Video Coding Experts Group (VCEG) together with the ISO/IEC 

Moving Picture Experts Group (MPEG). 

Inputs to the encoder 205 are video signals, defining multiple camera views, 

received from the plurality of cameras 104.  The encoder 205 generates output based on 

the received multiple camera views and provides an output in the form of a multiple-view 

compressed sequence. The multiple-view compressed sequence output, can be stored and 

later viewed and/or transmitted over the channel 215, which can be, for example,  a path 

over a data communications or other network.  The decoder 210 receives the  transmitted 

multiple-view compressed sequence as input.  The decoder 210 decodes the multiple-

view compressed sequence according to the hypercube prediction structure described 

more particularly in the following. 

A hypercube prediction structure 300 for an eight-camera array is schematically 

represented in FIG. 3.  According to the hypercube prediction structure, generally, each 

camera view is represented as a node of a hypercube of n dimensions.  For an n-cube, the 

number of nodes in the n-cube is 2n.  Accordingly, for the hypercube prediction structure 

300, the eight-camera array corresponds to a 3-cube prediction structure, since eight 

cameras provide eight distinct views that each represents one of eight nodes.  The 

numbering of the nodes in a hypercube provides a well structured dependency 

description. 

Each node can be assigned a unique identification indicator.  According to one 

embodiment, the nodes in an n-cube are identified by an identification indicator ( or node 

ID number) comprising an n-bit binary number.  For the 3-cube prediction structure 

illustrated in FIG. 3, according to this embodiment, the node ID numbers range from 0 to 

7. The node with ID = 0 is referred to as a root node.  The corresponding root camera 

view ( or simply root view) is encoded without any dependency on other views using a 

dependency-free I frame.  This allows systems without MVC support to merely decode 

and display the root view to a user. The node IDs of an n-cube have the property that the 

binary IDs of adjacent nodes differ only in one-bit position and each node has n-adjacent 
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nodes. The binary node IDs with the equivalent decimal ID in parenthesis can be 

represented as shown in FIG. 3. 

Each node of a hypercube prediction structure, generally, can be reached from any 

other node by traversing through the adjacent nodes.  The reference views for a node Vi 

can be determined by selecting a depedency path from the root (node 0), through the 

adjacent nodes, to the node Vi.  Using this approach, the reference views can be readily 

determined at the receiver without any additional information.   For example, node 7 can 

be reached from node 0 over paths: 0 – 1 – 3 – 7 or 0 – 2 – 3 – 7 or 0 – 2 – 6 – 7 or 0 – 1 

– 5 – 7. 

According to one embodiment, for the sake of efficient operation, a selection 

criterion can be established for selecting a particular one of the alternative dependency 

paths.  The selection criterion can be based, for example, on a summation of the node IDs 

traversed along each dependency path.  The selection criterion, according to this 

embodiment, can be to select the path that traverses nodes having node IDs that yield the 

smallest sum.  According to this criterion, the dependency path from the root to node 7 is 

selected 0 – 1 – 3 – 7, so that camera view 7 is coded using references frames from 

additional views 0, 1, 3.  If will be readily apparent that alternative selection criteria can 

be used.  For example, one alternative selection criterion is to select the dependency path 

that traverses nodes having node IDs that yield the largest sum. 

It is to be noted that the hypercube prediction structure results in a more efficient 

MVC.  Table 1 summarizes the view dependencies for the 3-cube structure. 

Table 1. Reference views for an eight camera array 
 

View No. (Vi) Reference Views (Vj) 
0 (000) - 
1 (001) 0 
2 (010) 0 
3 (011) 0,1 
4 (100) 0 
5 (101) 0,1 
6 (110) 0,2 
7 (111) 0,1,3 
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Note that, by contrast, sequential prediction according to conventional algorithms 

would yield a far less compact representation for the same eight-camera array.  The 

reference views for an eight-camera array are shown in Table 2. 

 

Table 2. Sequential Prediction: Reference views for an eight camera array 
 

View No. (Vi) Reference Views (Vj) 
0 (000) - 
1 (001) 0 
2 (010) 0,1 
3 (011) 0,1,2 
4 (100) 0,1,2,3 
5 (101) 0,1,2,3,4 
6 (110) 0,1,2,3,4,5 
7 (111) 0,1,2,3,4,5,6 

 

The contrasting results demonstrate that the MVC according to the hypercube prediction 

structure can effect savings in terms of computational cost and processing time. 

According to yet another embodiment, the signals conveyed from the encoder 205 

to the decoder 210 via the channel 215 can be embedded with additional machine-

readable code that provides hypercube prediction structure information.  The hypercube 

prediction structure information, for example, can inform the decoder 210 of the size or 

dimension of the particular hypercube prediction structure that is to be used in decoding.  

According to still another embodiment, a view dependency table containing view 

numbers and corresponding reference views can be conveyed to the decoder 210 via the 

channel 215.   

In general, in order to decode and play the view n, the maximum number of views 

to be decoded is log2(n).  For example, in the 3-cube networks, where n = 8,  the number 

of views to be decoded for rendering camera view 7 is log2 8 = 3. 

Other P-frames in a sequence are encoded and decoded based on the previous P-

frame in its view and a P-frame from an adjacent view, as illustrated in Figure 4.  In this 
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example, the 2nd  P-frame in view 2 is encoded/decoded based on the 1st P-frame of the 

same view and the 1st and 2nd frames of view 0. 

If the number of cameras is greater than 8, a larger hypercube will be created. An 

example of 4-cube with 16 cameras schematically represented in FIG. 5.  In this instance, 

for the last node, 15, to be decoded, there are log216 = 4 views to be encoded. 

Cameras in a practical, real-world environment will not necessarily be positioned 

as a hypercube, but are likely to be arranged as a rectangular array.  According to another 

aspect of the invention, the cameras are assigned node IDs in such a way that the adjacent 

nodes, in fact, represent camera views that are closely correlated.  The view IDs can be 

updated as necessary by specifying appropriate updates.  Such view ID updates can be 

indicated in headers of coded bitstreams, for example.  Numbering and camera 

positioning for an array of 8 and 16 cameras are shown in FIGs. 6 and 7, respectively. 

The invention can be realized in hardware, software, or a combination of hardware 

and software, as described above.  The invention can be realized in a centralized fashion 

in one computer system, or in a distributed fashion in which different elements are spread 

across several interconnected computer systems.  Any kind of computer system or other 

apparatus adapted for carrying out the methods described herein is suited.  A typical 

combination of hardware and software can be a general purpose computer system with a 

computer program that, when being loaded and executed, controls the computer system 

such that it carries out the methods described herein. 

The invention can be embedded in a computer program product, which comprises 

all the features enabling the implementation of the methods described herein, and which 

when loaded in a computer system is able to carry out these methods.  Computer program 

in the present context means any expression, in any language, code or notation, of a set of 

instructions intended to cause a system having an information processing capability to 

perform a particular function either directly or after either or both of the following:  a) 

conversion to another language, code or notation; b) reproduction in a different material 

form. 
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This invention can be embodied in other forms without departing from the spirit or 

essential attributes thereof.  Accordingly, reference should be made to the following 

claims, rather than to the foregoing specification, as indicating the scope of the invention.  

The invention is further described in a paper co-authored by the inventors and included 

herein in the APPENDIX.  
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CLAIMS 

 

We claim: 

 

1. A method of multi-view video coding, the method comprising: 

 generating a multiple-view compressed encoded data sequence by encoding a 

plurality of video signals, each video signal defining a distinct camera view of one of a 

plurality of cameras, the encoding being based on a hypercube prediction structure 

comprising a plurality of nodes, each node representing a distinct camera view; 

conveying the compressed encoded data sequence over a data communication 

network connection;  and 

presenting a visual display by decoding the compressed encoded data sequence, 

the decoding being based upon the hypercube prediction structure. 

 

2. The method of Claim 1, further comprising determining reference views for at 

least one node based upon a dependency path selection criterion. 

 

3. The method of Claim 1, further comprising determining a dependency path 

between a pair of the plurality of nodes, wherein the path traverses a plurality of nodes 

and wherein each node traversed is an adjacent node of another node traversed along the 

path.   

 

4. The method of Claim 1, further comprising assigning a unique identification 

indicator to each node of the hypercube prediction structure. 

 

5. The method of Claim 2, further comprising determining a dependency path 

between a pair of the plurality of nodes, wherein the path traverses a plurality of nodes 

and wherein each node traversed is an adjacent node of another node traversed along the 
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path, and wherein, if alternative paths are available, one path is selected based upon a 

path dependency selection criterion. 

 

6. The method of Claim 5, wherein the dependency path selection criterion is based 

upon a summation of identification indicators along each alternative path. 

 

7. The method of Claim 1, further comprising embedding prediction-dependency 

indicators within the compressed encoded data sequence prior to conveying the 

compressed encoded data sequence over a data communication network connection. 

 

8. The method of Claim 7, wherein the prediction-dependency indicators comprise at 

least one of a hypercube prediction structure size and a hypercube prediction structure 

dimension. 

 

9. The method of Claim 7, further comprising conveying a view-dependency table 

over a data communication network connection, the view-dependency table being used in 

decoding the compressed encoded data sequence. 

 

10. A multi-view video coding system, comprising: 

 an encoder to generate a multiple-view compressed encoded data sequence by 

encoding a plurality of video signals, each video signal defining a distinct camera view of 

one of a plurality of cameras, the encoding being based on a hypercube prediction 

structure comprising a plurality of nodes, each node representing a distinct camera view; 

and 

 a decoder to present a visual display based on a decoding of the compressed 

encoded data sequence, the decoding being based upon the hypercube prediction 

structure. 

 

11. The system of Claim 10, wherein the encoder comprises: 
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 a camera numbering unit for numbering a plurality of cameras based on the 

hypercube prediction structure; 

 a motion estimation unit for estimating motion velocity and direction of motion in 

a visual scene based upon the distinct camera views, the estimating being based upon the 

hypercube prediction structure; and 

 a camera view encoding unit for encoding the camera views based upon input 

received from the camera number unit and motion estimation unit. 

 

12. The system of Claim 10, wherein the decoder comprises 

 an information extractor unit for extracting hypercube prediction structure 

information from the compressed encoded data sequence; 

 a motion compensation unit for synchronizing motion estimations based upon the 

compressed encoded data sequence; and 

 a camera view decoding unit for generating an output based upon the hypercube 

prediction structure information and synchronized motion estimates. 

 

13. An electromagnetic carrier wave, comprising: 

computer-based instructions for performing at least one of generating a multiple-

view compressed encoded data sequence and decoding a compressed encoded data 

sequence; 

wherein generating a multiple-view compressed encoded data sequence comprises 

encoding a plurality of video signals, each video signal defining a distinct camera view of 

one of a plurality of cameras, the encoding being based on a hypercube prediction 

structure comprising a plurality of nodes, each node representing a distinct camera view; 

and 

wherein decoding a compressed encoded data sequence is based upon the 

hypercube prediction structure. 
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14. A machine-readable storage medium, the storage medium comprising computer 

instructions for: 

 generating a multiple-view compressed encoded data sequence by encoding a 

plurality of video signals, each video signal defining a distinct camera view of one of a 

plurality of cameras, the encoding being based on a hypercube prediction structure 

comprising a plurality of nodes, each node representing a distinct camera view; and 

conveying the compressed encoded data sequence over a data communication 

network connection;  and 

presenting a visual display by decoding the compressed encoded data sequence, 

the decoding being based upon the hypercube prediction structure. 

 

15. The machine-readable storage medium of Claim 14, further comprising computer 

instructions for determining reference views for at least one node based upon a 

dependency path selection criterion. 

 

16. The machine-readable storage medium of Claim 14, further comprising computer 

instructions for determining a dependency path between a pair of the plurality of nodes, 

wherein the path traverses a plurality of nodes and wherein each node traversed is an 

adjacent node of another node traversed along the path.   

 

17. The machine-readable storage medium of Claim 14, further comprising computer 

instructions assigning a unique identification indicator to each node of the hypercube 

prediction structure. 

 

18. The machine-readable storage medium of Claim 15, further comprising computer 

instructions for determining a dependency path between a pair of the plurality of nodes, 

wherein the path traverses a plurality of nodes and wherein each node traversed is an 

adjacent node of another node traversed along the path, and wherein, if alternative paths 

are available, one path is selected based upon a path dependency selection criterion. 
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19. The machine-readable storage medium of Claim 18, wherein the dependency path 

selection criterion is based upon a summation of identification indicators along each 

alternative path. 

 

20. The machine-readable storage medium of Claim 14, further comprising computer 

instructions for embedding prediction-dependency indicators within the compressed 

encoded data sequence prior to conveying the compressed encoded data sequence over a 

data communication network connection. 

 

21. The machine-readable storage medium of Claim 20, wherein the prediction-

dependency indicators comprise at least one of a hypercube prediction structure size and 

a hypercube prediction structure dimension. 

 

22. The machine-readable storage medium of Claim 20, further comprising computer 

instructions for conveying a view-dependency table over a data communication network 

connection, the view-dependency table being used in decoding the compressed encoded 

data sequence. 
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