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SYSTEMS AND METHODS FOR ENHANCED VISUAL PRESENTATION 

USING INTERACTIVE VIDEO STREAMS 

Background of the Invention 

Technical Field of the Invention: The present invention relates to systems and 

methods for creation of and interaction with video signal streams which, for example, 

may be used for visually presenting subjects for Internet commerce. 

Background Art: Internet commerce (E-Commerce) has opened up exciting 

new possibilities for customers to interact with businesses. Customers can now shop at 

their own convenience in the comfort of their own home. Furtherm~re, they are not 

restricted to visiting local businesses on-line, but can shop virtually anywhere in the 

world. Likewise, businesses have gained a golden opportunity of exploring new 

territories to a vast customer base they could only dream of before. Some well known 

successful E-Commerce businesses include on-line bookstores (e.g., Amazon.Com), 

travel agencies (e.g., Microsoft® Corporation's Expedia) and software vendors. 

However, other potential big players such as clothing, jewelry, furniture, and real estate 

businesses seem to have lagged behind. A reason for this lies in the level of difficulty 

in presenting these products on line using current techniques. For example, books or 

computer software can be adequately described by text (and perhaps a still image of the 

cover), but still images and text can hardly offer enough detail of a piece of jewelry or a 

dress or a house for a potential buyer. Most up-to-date online fashion malls offer only a 

single image for viewing each item. Cunent attempts in object/scene presentation rely 

on text, still image or image-based rendering (IBR) techniques such as image 

panorama. These techniques suffer from the lack of visual realism, lack of interactivity, 

offer limited visual information, and/or are restricted to only small class of objects (e.g., 

convex objects). 

It is possible to build graphics models of products. An advantage is that 

graphics models may offer complete user interactivity. However, current graphics 

rendering and modeling algorithms are still some distance away from replicating 
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reality. Furthennore, the cost of creating these models is relatively high and scales 

dramatically with the complexity of geometry, material and dynamic property as well 

as lighting conditions. Even creating a 3D model of a crystal vase for interactive 

viewing is a difficult task because of the complex interactions of light with the vase. 

To provide better representation of commercial products on the Internet, some 

online real estate businesses (such as http:/lwww.apartment.com) have employed 

simple ·mR techniques, also commonly known as QuickT'une VR. IBR techniques 

embed digital images in simple 3D graphics models aiming for both realism and 

interactivity. The basic idea is to stitch multiple images (taken while rotating the 

cam.era in 360 degrees) together to fonn a panorama. This panorama is then "pasted" 

onto an invisible cylinder for user manipulation. The user can interactively view the 

surrounding scene (as if standing at the center of the cylinder) by "spinning" the 

cylinder with the mouse in the graphics window. Interactive viewing of 360-degree 

surrounding is more informative and interesting than passive viewing of a still image. 

In addition, panoramas are easily built with only a few images. Commercial software 

for doing this has already been bundled with certain digital cameras. However; there 

are several drawbacks: 

. (1) Distortion: ffiR panoramas are generated by "stitching" planar images 

together then "pasting "them onto cylinders or spheres (less common) for interactive 

inspection. The closer range at which the original images were taken (corresponding to 

larger curvature of the cylinder or sphere), the more severe the viewing distortion. 

Moreover, the .. stitching" algorithm relies on finding and matching "feature sets" (often 

regular patterns) in neighboring images. This means that the algorithm may fail or at 

least perform poorly with highly irregular scenes. 

(2) Limited tilt (up doWn.) viewing range: current panoramas provide rather 

limited tilt viewing range before severe distortions occur. This restricts the amount of 

visual information available to the user. 

(3) Looking out versus looking in (at): commercial IBR panoramas only 

provide views corresponding to the user looking out and around (such as when standing 

in the middle of a room and look around). It is much harder to construct panoramic 
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views corresponding to the user looking in and at an object. Toward this end, 

researchers have been investigating more sophisticated IBR algorithms, such as light 

fields. These algorithms try to construct a crude or partial 30 model of the object from 

images taken at different viewing angles in order to create in-between views for 

interaction. However, current techniques have many limitations such as requiring 

convexity of the objects, and perform poorly with objects of complex or irregular JD 

shapes (holes or severe distortions appear in certain views due to lack of, or mismatch 

of image data). Reflective glass is an example of a complex object. Lack of image data 

can be avoided by using more images densely taken arowid the object, however this 

amowits to increased complexity in the calibration algorithms (cost in content creation) 

and still does not solve the distortion problem. 

(4) Not for moving objects: IBR-based techniques are ineffective when dealing 

with dynamic (moving) objects. This restricts their usage from many categories of 

products, such as clothing (ideally we would like to see how a dress looks on a model 

walking the runway instead of laying flat on a table), or animated toys, pets, mechanical 

parts, etc. 

Summary of the Invention 

In some embodiments, the invention involves a method of storing and providing 

frames of video streams. The method includes storing video streams of a subject from 

different viewpoints, wherein different ones of the video streams are in different states 

including different ones of the viewpoints; The method also includes responding to 

requests for frames of the video streams in forward, backward, and state changing 

directions, by providing the :frames, if available. 

The frames may be provided to a remote computer through the Internet. 

In other embodiments, the invention involves a method of controlling video 

streams. The method includes displaying frames of the video streams, wherein the 

video streams are of a subject from different viewpoints and different ones of the video . 
streams are in different states including different ones of the viewpoints. In response to 

activation of a user input device, displaying at least one additional frame, if available, 
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in a forward, backward, or state changing direction with respect to a currently displayed 

one of the frames, depending on the activation. 

Other embodiments are described and claimed. 

Brief Description of the Drawings 

The invention will be understood more fully from the detailed description given 

below and from the accompanying drawings of embodiments of the invention which, 

however, should not be taken to limit the invention to the specific embodiments 

described, but are for explanation and understanding only. · 

FIG. l is a schematic block diagram representation of a content providing 

system, a link, and two remote receiving computers according to some embodiments of 

the invention. 

FIG. 2 is a schematic representation of a system for creating video streams of a 

subject that is rotated from different references, according to some embodiments of the 

invention. 

FIG. 3 is a schematic representation of a system for creating video streams of a 

subject from different references wherein a camera may be rotated, according to some 

embodiments of the invention. 

FIG. 4 is a schematic representation of a system for creating video streams of a 

subject from different references wherein cameras may be rotated, according to some 

embodiments of the invention. 

FIG. Sis a representation of frames in three video streams created from 

difference references. 

FIG. 6 illustrates different frames from three different video streams and 

illustrates changing frames within a video stream and to another video stream. 
according to some embodiments of the invention. 

FIG. 7 illustrates state diagrams corresponding to different video streams and 

transitions between them. 
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FIG. 8 illustrates different panoramic video streams. 

FIG. 9 illustrates different panoramic video streams and tilt video streams. 

FIG. 10 illustrates different panoramic video streams and tilt video streams and 

changing frames between them, according to some embodiments of the invention. 

FIG. 11 illustrates three frames in a video stream and magnmcation of some 

portions of them, according to some embodiments of the invention. 

FIG. 12 is a block and flow diagram representation of a prototype system for 

interactively playing video streams. 

Detailed Description 

A. Overview 

The present invention involves creation of at least one digital video stream of a 

subject while there is relative motion between the subject and the camera. Examples of 

the subject include an object(s), a place (such as a house or apartment), and a scene 

(such as a natural setting). The digital video streams are then available for interactive 

viewing. A video cam.era can easily produce panoramic views the same as IBR 

panoramas but with substantially less distortion. Moreover, there are essentially no 

restrictions on the kinds of views (looking out or looking at, tilt, pan, etc.) that can be 

provided or the complexity of the targeted scenes and objects. By contrast, IBR-based 

techniques work well in only limited circumstances (e.g., with convex objects). 

In some embodiments, multiple video streams are created from different 

references (e.g., different viewpoints). A data structure based on a finite state machine 

is used to capture the relationships among the different video streams. Video streams 

from different references are treated as different states within the state machine. A user 

can interact with the video streams through user inputs such as mouse to get the 

experience of rotating the subject clockwise or anti-clockwise (or rotating the camera 

with respect to the subject) within a state, zooming in to the portions of the subject or 

switching to a different video stream (which for example, may be created from a 

reference at different elevation). 
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The invention is suitable for Internet Commerce based merchandising. Using 

this invention, an object can be presented with high quality and great realism. In 

addition, :flexible interactivity is offered. In various embodiments, the invention 

provides the following advantages. The remote representation of the viewed video 

signals is visually authentic (realistic). It is easy to interact with the video signals (e.g., 

motion of a mouse is intuitive and convenient). 'fh:e remote representation may be 

informative, providing sufficient details of the subject. The visual signals are relatively 

inexpensive to create and to access on the Internet 

As an example, referring to FIG. 1, a content providing system 12 (e.g., a 

personal computer), includes video streams in memory 14, video processing circuitry 

18, and software 20. Video processing circuitry 18 may inclUde dedicated hardware 

(e.g., a graphics card) and a processor. When requested by a remote receiving computer 

30 or 32, content providing system 12 provides video signals from one or more of the 

video streams to computer 30 or 32. Computer 30 may request different signals than 

computer 32 and content providing system 12 may provide them different video signals 

in a streaming video fashion through a link 22, which may be the Internet. Because of 

the size of the video streams, in most situations, it may be preferable to provide the 

remote receiving computers only a small portion of the video streams at a time. 

As mentioned, link 22 may represent the Internet. In such a case, content 

providing system 12 may include a hosting server to the Internet or link 22 may include 

a hosting server used by content providing system 12. Alternatively, link 22 may be a 

direct connection over a telephone line or some other connection. Still alternatively, 

the entire video signals may be transferred through a disc. 

In some embodiments, remote receiving computer 30 includes memory 34, 

video processing circuitry 36, software 40, a user interface 42, and a display 44 on 

which to display frames of the video signals. Video processing circuitry 36 may 

include dedicated hardware (e.g., a graphics card) and a processor. Memory 34 

includes general pmpose memory as well as memory for encoded MPEG video and 

decoded video frames. Memory 34 represents a variety of memory including, for 

example, a hard drive, main memory, video memory (e.g., video static random access 
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memory (VSRAM)), and a compact disc (CD), if used (which are examples articles 

including a computer readable mediwn). User inter&.ce 42 may include a keyboard and 

one or more other user input devices including for example, a mouse, joystick, 

trackball, keyboard, light pen, touch pad, touch screen, gesture recognition mechanism, 

etc. Remote receiving computer 30 likewise includes memory 48, video processing 

circuitry SO, software 52, a user interface 54, and a display 56. 

Content providing system 12 and remote receiving computers 30 and 32 may 

include any of a variety of computers including, for example, main frame, desktop, 

portable, and set-top box based computers. 

The invention is not restricted to any particular digital fonnat. However, some 

embodiments of the invention will be described in connection· with MPEG (Moving 

Picture Experts Group) formats. Current and proposed MPEG formats include MPEG-

1 ("Coding of Moving Pictures and Associated Audio for Digital Storage Media at up 

to about 1.5 MBits/s," ISO/IEC ITC 1 CD IS-11172 (1992)), MPEG-2 ("Generic 

Coding of Moving Pictures and Associated Audio," ISO/IEC ITC 1 CD 13818 (1994); 

and MPEG-4 ("Very Low Bitrate Audio-Visual Coding" Status: ISO/ IEC JTC 1/SC 

29/WG 11, 3/1999). There are different versions ofMPEG-1 and MPEG-2. Various 

fonnats other than MPEG may be used. The video signals may have interleaved or 

non-interleaved frames. There may be encoding and decoding of the video signals in 

addition to the encoding to create the video signal (e.g., discrete cosine transfonn in 

MPEG). For example, an MPEG video signal may be encoded for purposes of 

tnmsmission through link 22. 

B. Video Stream Creation 

There are various ways in which video signals of the subject may be made. The 

subject may move, while a camera is stationary. This is particularly useful for objects 

that may be rotated on a turntable. Alternatively, the subject may remain stationary, 

while the cam.era moves. A single camera may be used and moved to different 

positions to create different video streams. Multiple cameras may be used 

simultaneously from different positions to create different video streams. 
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The tenn "viewpoint" refers to the position and angle of a camera. Other 

parameters such as zoom may also influence the video signals obtained. When the 

camera is stationary during creation of the video signals for a video stream, the 

viewpoint is constant during the video stream (although the zoom or other parameters 

might change as the video signals are created}. When the camera moves, the viewpoint 

changes in the video stream. At least some view points will be different in the different 

video streams. Typically, for an effective presentation, the difference in view points is 

well chosen and controlled. Note that it is not required that a video stream have been 

created continuously in time. 

An example of a system in which the subject moves is shown in FIG. 2. 

Referring to FIG. 2, a system 60 includes a tum table 64 on which an object 66 is 

positioned. A video camera 70 is secured at a viewpoint A on a camera-track stand 72. 

As tum table 66 rotates, camera 70 creates video signals for a video stream of object 66. 

In some embodiments, there is only a single camera 70 that creates the video signals 

from different viewpoints of object 66 as it rotates. For exam.pie, if there is only one 

camera, it might first make a video stream from viewpoint A, then a video stream from 

viewpoint B, then a video stream from viewpoint C, etc. (FIG. 2 illustrates viewpoints 

A •.. E, but in practice fewer viewpoints might be used.) In other embodiments. there 

is one camera for each viewpoint and each cam.era simultaneously creates video streams 

from different viewpoints of object 66 as it rotates. An advantage of using multiple 

cameras is that the frames of the video signals from the different viewpoints are lined 

up. Also, it may also take less time to complete the video signal creation. Motion 

between viewpoints may be through a camera track motor 76 or manually, or through 

other means. A mechanism to control the direction of the camera(s) is included. 

Turn table 64 may be motorized. A motorized tum table may be useful in 

keeping a constant relative motion between subject and cam.era. An advantage of a 

constant relative motion is it is easier for a remote viewing user to gauge how quickly 

to advance or backup frames of the video signals. Further, where there is only one 

camera, using a motorized turn table helps line up frames from different viewpoints and 

helps create more accurate indexing into the corresponding frame when switching to a 
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different video stream (state transition). However, good results may be obtained 

through using a typical tripod and/or a manually controlled turntable. 

The video is' transmitted to a computer, such as a personal computer 80, which 

includes a display 84, a keyboard 86 and a mouse 88, or other device. The camera may 

record in a digital format or an analog format that is later converted to a digital video 

format. The video signals may be provided to computer 80 through, for example, an.S­

Video Out (serial) connection. No particular standard or format is required. However, 

it may be use::ful to put the video signals in a format that is understood by a popular 

Internet browser such as one of the Internet Explorer™ browsers sold by Microsoft® 

Corporation or one of the well known Netscape® browsers. The video signals can be 

retained in the video camera until the completion of creating Video signals before 

downloading to computer 80, or the video may be downloaded before completion. 

FIG. 3 illustrates a stand 100 including a platform 106 to support a camera 104. 

Platform 106 rotates on a shaft 108, which may be adjustable in height. An optional 

motor 114 may controllably rotate platform 106. A mechanism 116 may control the 

angle of platform 106. 

FIG. 4 illustrates a stand 120, which is similar to system 100 except that it 

supports an additional camera 122 on a platform 124 that tilts through a mechanism 

128. The tilt provided by mechanism 128 may be different than that provided through 

mechanism. 116. 

As an alternative to the stands in FIGS. 2-4, a hand held video camera may be 

used or a cam.era and a simple tripod may be used. 

FIG. 5 illustrates frames Fl, F2, ... of three different video streams VS 1, VS 2, 

and VS 3. 

Although we can generate as much video content as we want with a digital 

video camera, there are reasons to be selective. Since processing time scales with the 

amount of video content, ideally we may use only as much content as necessary for the 

purposes at hand. This leads to the following question: what kind of viewing sequence 

conveys the most visual information most effectively? Panoramic view seems a natural 

choice especially because we are mostly dealing with JD objects. It should also be 
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noted that our brains are capable of constructing good mental models of objects without 

complete 3D visual infonnation. Multiple panoramic sequences taken at different 

elevations appear to contain sufficient visual cues for most ·people {a single panoramic 

video sequence is usually not enough due to limited camera angle). Multiple tilt 

sequences can be included as additional visual cues. 

C. User Interaction 

Referring to FIG. 1, user interface 42 of remote receiving computer 30 may be 

used to indicate which portions of the video signal to view. A user may activate 

displaying of at least the beginning frame of video signals of a reference: In some 

embodiments, a user can select the beginning reference and in others there is a default 

reference. Once a frame is shown on display 44, the user can change direction of 

playing (e.g., from forward to backward) and switch video streams through a user input 

device (e.g., a mouse) of user interface 42. 

In some embodiments, the following convention is used. Frames are displayed 

in the forward direction in response to a primarily rightward motion (activation) of the 

mouse and in the backward direction in response to a primarily leftward motion of the 

mouse. The rate of change of the frames may be related to the speed of the mouse 

motion and the duration during which frames are changed in response to mouse motion 

may be related to the distance of motion. When the frames move backward to the 

beginning or forward to the end of a video stream, they may either stop or wrap around 

to the end or beginning of the video stream, respectively. For example, if the mouse is 

moved primarily away from the user {or upwards in the display window), the video 

stream changes in an upward direction (if there is one) and if the mouse is moved 

toward the user, the video stream changes in a downward direction (if there is one). By 

upward, it is meant to a view point at a high elevation and by downward it is meant at a 

lower elevation. Other conventions could be used. 

More particularly, in some embodiments, six types of mouse motions are used: 

left, right, up, down, zoom in, zoom out. When left mouse button is pressed while the 

mouse is in the display window, a mouse event is detected. The callback function of 

the mouse event records the X and Y window coordinates of the mouse position as 
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(Xold, Yold). Denote the new mouse position detected in the next rendering cycle as 

(Xnew, Ynew). The six mouse motions are classified as the following (assuming Y 

axis up): 

Left: if 

(I x new - x oldl-1 ynew - yold I) > T & (X ,,.,.,, < x old), T is a threshhold value 
Right: if 

Up: if 

{I Ynew - Y oldl- IX ne11 - X old I) > r & (Y new > Yold) 
Down: if 

(I Y MW -Yo1dl-IX ne11 - X old I) > 'r & (Y,,.w < Yold) 
Zoom in: if 

Shift key is pressed and mouse "up" motion is detected 

Zoom out: if 

Shift key is pressed and mouse "down" motion is detected. 

The invention is not limited to these details. 

FIG. 6 illu8trates representative frames from three different video streams. 
Frames ISOA, lSOB, and ISOC are in a video stream VS 1 from a viewpoint 1 (Vpnt l); 

frames I S4A, 1 S4B, and 154C. are ill a video stream VS 2 from a viewpoint 2 (Vpnt 2), 

and frames 158A, 158B, and 158C are in a video stream VS 3 from a viewpoint 3 (Vpnt 

3). Note that there are frames in the video streams that are not illustrated between the 

illustrated frames. Merely as an example, viewpoints 1, 2, and 3 might be viewpoint A, 

B, and C in FIG. 2. The frames of FIG. 6 show three glass objects with reflective light 

from different rotations, elevations, and angles. The time of creation for the video 

segments in FIG. 6 was about 5 minutes. This could not be effectively done with !BR 

Further, if a reasonably realistic graphics model were created of the glass ornaments, 

the time and effort required would have been much larger especially considering the 

complex illumination effects _on the ornaments. 
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Each video stream may be modeled as an individual state in a finite state 

machine, where frames within a video stream are in the same state. For example, 

referring to FIG. 6, the frames of video stream VS 1 are in a first state, the frames of 

video stream VS 2 are in a second state, and the frames of video stream VS 3 are in the 

third state. Within each state~ a user may move in a forward or backward direction at a 

desired speed through a user input device. In some embodiments, as described below, 

there may be random access in frame by frame forward or backward direction. The 

user can also switch to a state as described above. In some embodiments, one can 

switch between viewpoint VS 1 and VS 2 and between VS 2 and VS 3, but cannot jump 

between VS 1 and VS 3 without displaying the corresponding frame in VS 2 to avoid 

large viewing changes. FIG. 6 illustrates significant advantages of this invention over 

prior art techniques: fast content creation, realism and simple yet effective user 

interaction. These advantages will facilitate and encourage people to capture and 

publish sophisticated content quickly and easily on the Internet for others to view and 

to interact. In some embodiments, only one frame is displayed at a time, while in other 

embodiments multiple frames may be displayed and a user may be able to jump 

interactively between them. 

FIG. 7 illustrates the finite state machine nature of the example of FIG. 6.Each 

circle represents a different state. For example, referring to FIGS. 6 and 7, in some 

embodiments. a user can switch states from video stream VS 1 to VS 2 and vice versa, 

and from VS 2 to VS 3 and vice versa. In other embodiments, it is possible to switch 

states directly from VS 1 to VS 3 and vice versa, without displaying a frame in VS 2. 

The state machine representation for other examples may be more complex than that of 

FIG. 7. 

The frames ofFIG. 6 include navigational aids 160 and 162 in the lower left 

hand comer of the frame. Only the navigational aids of frame 150A are labeled to 

avoid clutter. A purpose of the aids are to indicate to a user directions there are 

additional frames to view. In each frame, a user can move to forward or backward, so 

the horizontal aid 162 points in both to the right and left. (In other examples, a user 

might reach the first or last frame in a state and the arrow might point only right or left 
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depending on whether there was a wrap around capability.) There are only three states 

(see FIG. 7), so when the user is viewing a frame in the top state (:frames l 58A, 158B, 

~d 158C}, the only state to change to is downward and vertical aid 160 points 

downward. When the user is viewing a :frame in the bottom state (:frames l SOA, l SOB, 

and 150C), the only state to change to is upward and vertical aid 160 points up. In the 

·middle state (frames 154A, 154B, and 154C), the state may change up or down, so the 

vertical aid 160 points up and down. 

A simple case of the state machines is where the only video streams are of 

panoramic views, as for example in FIG. 8 where VpO, Vpl, ... Vpi refer to different 

panoramic video streams. If the current state is Vpi, then the mouse "up" motion is 

mapped to a transition to Vpi+j, while the mouse "down" motion is mapped to a 

transition to Vpi-j, where j is proportional to the speed at which the mouse is dragged. 

The mouse "left" and ''right" motions correspond to playing the current video forward 

or backward. The amount of frames played due to each mouse interaction may be 

proportional to the speed of mouse motion. The interaction mode with respect to video 

streams characterized by FIG. 8 are referred to as "Line" mode. A slightly more 

complicated transition mode involves both panoramic views Vpi and tilt views Vti, as 

illustrated in FIG. 9. If the current state is Vpi, then a mouse ''up" or "down" motion 

corresponds to transition to the "closest" tilt video stream. For example, in FIG. 10, the 

panoramic video streams are divided so that different frames are in different sections of 

the panoramic video streams. For example, frames of panoramic video stream Vp2 is 

divided into sections Vp2-0 (in proximity to tilt video stream VtO), Vp2-1 (in proximity 

to tilt video stream Vtl ), Vp2-2 (in proximity to tilt video stream Vt2}, and Vp2-i (in 

proximity to tilt video stream Vti). The tilt video streams are also divided into sections. 

For example, tilt video stream Vtl is divided into sections Vtl-0 (in proximity to 

panoramic video stream VtO), Vtl-1 (in proximity to panoramic video stream Vp 1 ), 

Vtl-2 (in proximity to panoramic video stream Vp2}, etc. 

If the current state is Vp2 and the currently displayed frame falls in Vp2-1 then 

a mouse "down" motion sets the current state to Vtl (where the user's continued mouse 

"up" or "down" motion corresponds to smooth playing ofVtl). Similarly, if the 
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current state is Vti, fuen a mouse "right" or "left" motion corresponds to transition to 

the "closest" panoramic video stream: The interaction mode of FIG. 9 is referred to as 

the "Mesh" mode. This mode involves each panoramic (tilt) stream be represented in N 

(or M) sections where N (M) is the number of tilt (panoramic) video streams. 

Assuming that the cam.era is rotating at roughly the same constant speed when the 

panoramic and tilt videos were generated, it is straightforward to compute which frame 

to jump to in the new video stream after transition. In the "Line'' mode example, if the 

frame number is "n" ofVpi before transition, then after transition to Vpj, the current 

frame is set to ''m", where 

m = n*(totaIFrameNumberOf Vpj I totalFrameNumberOfVpi) 

In the case of mesh mode, the transition can be made to the nearest intersecting 

view. For example, if the current state is a tilt state, then the transition may be to the 

nearest intersecting panoramic state and vice versa. 

In some embodiments, zooming may be done by simply scaling the displayed 

frame via image manipulation. In other embodiments, higher resolution videos (e.g., 

640x480) could be captured and a scaled down version (for example 320x240) could be 

used for nonnal display and interaction, while the original higher resolution videos only 

might be decoded at the corresponding frames when zooming is required. 

Another zooming effect is achieved by creating a virtual magnifying glass. The 

virtual magnifying glass is in effect a special square display area of some pre-defined 

size. The user can place (with the mouse) this magnifying glass anywhere in the 

display window. Magnification is achieved by replacing the section of the displayed 

image underneath the magnifying glass by the appropriate portion of a higher resolution 

version of the same image. Using the virtual magnifying glass, a user can examine in 

detail the object of interest from a chosen viewing area. FIG. 11 illustrates frames 170~ 

172, and 174, where a virtual magnifying glass 176 is used in frame 172 and a virtual 

magnifying glass 178 is used in frame 174. Since only a single frame from the high­

resolution video sequence needs to be decoded each time the magnifying glass is 

initially invoked, this method requires the minimum amount of computation and data 
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transfer. If multiple high-resolution video sequences are available, we can create 

multiple magnifying glasses with corresponding magnifying degree for the user to 

choose from. 

A common paradigm with using digital video is the "click and play" approach, 

in which only forward playback is allowed and typically.only from the first frame. 

Some embodiments of the present invention overcomes this limitation by employing 

MPEG processing library technologies for fast random access and frame by frame 

backward playback through the use of an index table. This index table is created based 

on the MPEG coding information and frame dependencies. Merely as an example, in 

some embodiments, with a personal computer (PC) having a Pentium® III Processor at 

400 MHz, backward decode speed of MPEG-1 video at 3~2x240 resolutions is at about 

60 frames/sec, which is more than sufficient for displaying video typically captured at 

30 frames/sec. For the graphics engine, the Open Graphic Library (OpenGL) 

developed by Silicon Graphics may be used, to couple user-controlled mouse motion to 

the appropriate playing mode of the appropriate video stream. Advantages of the 

OpenGL include: (1) hardware acceleration for OpenGL rendering is widely available; 

(2) OpenGL allows low-level operations of the frame buffer which is valuable for 

image manipulation; (3) an OpenGL utility library (GLUT) provides functions for 

detooting mouse event in the display window; and it is straightforward to incorporate 

3D graphics model. into the video sequences for enhanced realism and interactivity. 

D3D software of Microsoft Corporation may be used as an alternative to OpenGL. 

FIG. 12 illustrates a prototype system in block diagram, flowchart form~ 

Referring to FIG. 12, encoded MPEG video sequences are stored in a buffer 180. 

Content providing system 12 may provide not only the requested frames but also 

proactively provides frames in close proximity to the requested frames to the requesting 

remote receiving computer 30 or 32 (see FIG. 1). In some embodiments, only frames in 

the same video stream are proactively provided. In other embodiments, frames in 

adjacent video streams are also provided. In response to movement of the mouse 

(decision box 184), contents of buffer 180 is updated and the appropriate frames are 

decoded in decoding box 186. The decoding process is described in greater detail 
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below. The decot~fram.es are provided to an OpenGL Framebufferblock: 190, where 

the frames may be manipulated for zoom. The frames may also be manipulated by 

morphing or other techniques. The decoded frames are provided to an OpenGL Display 

Window 194 (e.g., display 42 in FIG. 1). 

Various known software tools other than OpenGL may be us~. For ex.ample, 

D3D software of Microsoft Corporation may be used as an alternative to OpenGL. 

D. Fast Random Access of Frames and Backward Frame-by-Frame Playback 

MPEG-1 and MPEG-2 video are made up of three basic frame types: I frames, P 

frames and B frames. I frames are coded independently of other frames. P frames are 

coded based on the previous I or P frames. B frames are also known as Bi--Oirectional 

frames and are coded based on the previous and/or next I or P 'frames. For MPEG-2 

video coded using field coding, B frames may also depend on a different field coded as 

a B frame. The costs of decompression varies across the different frame types. I frames 

are cheapest to decode, followed by P frames and then by B frames. To decode P and B 

frames, motion compensation is required. A B frame is typically more expensive to 

decode than a P frame because it may depend on two frames whereas a P frame only 

depends on one frame. 

For convenience, the following examples will be described' with a 9 frame group 

of pictures (GOP) (which has 10 frame if the I frame of the next GOP is included). 

However, the invention is not limited to a particular number of :frames in the GOP. For 

ex.ample, a GOP could typically have 15 or 30 frames, or other some other number of 

:frames. 

The invention is not restricted to use with frames with any particular resolution 

or number of bytes. For example, for MPEG 1 video (352x240 resolution). the size of 

one decompressed frame may be 1/4 Megabyte (Mbyte) in RGB mode and 1/8 MByte 

in YUV mode. With greater resolutions, the size can be much greater. 

Consider the following pattern of the GOP is the order of displaying frames: 11 

(Fl), Bl (F2), B2 (F3), Pl (F4), B3 (FS), B4 (F6), P2 (F7). B5 (F8), B6(F9),12 (FlO). 

The frame numbers are in parenthesis and the numbers after the frame types are used to 
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distinguish among the different frames with the same encoding type. In contrast to the 

display order, the encode and decode orders are 11 Pl BI B2 P2 B3B412 Bl B2. 

I. Random Access 

Random access into arbitrary frames of an MPEG video is not straightforward 

because of frame dependencies. For instance, to access Pl, II needs to be first 

decoded; to access B4, which depends on Pl and P2, we will need to first decode II, Pl 

andP2. 

One approach would be to decode every frame in the GOP so that the needed 

decoded frames would be available. However, that brute force approach is wasteful. A 

better approach for random access is to maintain a list of immediate frame 

dependencies for each ftame. The immediate frame dependencies specify the set of 

frames directly needed for decode operation ofthe current frame. For the above 

example, the following are immediate frame dependencies: 

11: none 

Bl: 11, Pl 

B2: Il, Pl 

Pl: 11 

B3: PI,P2 

B4: Pl, P2 

P2:Pl · 

BS: P2,I2 

B6: P2, 12 

12: none 

(The frame dependencies could be provided by a look-up table, which could be 

accessed by indices or frame mnnbers.) 

Thus, decoding BS; involves using the decoded P2and12 are needed for motion 

compensation. In addition, decoding P2 involves using the decoded Pl, which in return 

requires the decoded 11. Decoding BS involves using decoded II, 12, Pl and P2. 

Decoding B2 involves using the decoded II and Pl for motion compensation; decoding 
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Pl in turns requires decoded 11. B2 therefore requires the decoded I 1 and Pl. 

Accordingly, the .needed decoded frames are decoded first and stored in memory. Note 

that in some cases decoded frames will be stored even if they are not going to be 

displayed themselves, so they will be available in decoding other frames. 

2. Frame-by-frame Backward Playback 

Backward (reverse) playback of MPEG video can be straightforwardly 

implemented using random access techniques. Thus, to access the above 10 frames 

backward, we could use the random access method above to decode frame 10, then use 

the random access method to decode frame 9 with.out taking advantage of the fact that it 

was already used for decoding frame 10, and so on. This approach, however, does not 

exploit the temporal coherence of backward decoding. The following is a novel 

technique to exploit the coherence. 

The decoded frames are stored in a decoded frame cache. Various types of 

memory may be used for the decoded frame cache. Main memory dynamic random 

access memory (DRAM) is an example. Video random access memory (VRAM) may 

also be used. A separate memory or section of memory could be dedicated solely to 

holding the decoded frames. The decoded frame cache does not have to be all in 

contiguous locations. 

The decoded frames cache may be a fixed or variable size. If it is of fixed size it 

should be large enough to hold the minimum nwnber of decoded frames needed 

considering the GOPs that may be encountered. The size could dynamically 9hange if 

the number of frames in the GOP changes. Under one approach, the decoded frames 

cache is of a fixed size and a when the cache is full, a Least Recently Used (LRU) 

replacement policy is used to replace the frame that has been least recently accessed. If 

the cache is not of a fixed size, it could hold a fixed number of frames and a LRU 

replacement policy could be used. 

Using the previous example for a back.ward decode from frame 10 to 1, the 

following will happen using the new algorithm on frames 10 to 7: 

Frame 10 is the 12 frame. 12 is decoded and stored in the decoded frames cache. 

Cache= [12]. 
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Frame 9 is the B6 frame. B6needs12, P2, Pl 11. P2, Pl, and I1 a.re decoded. 

B6 is also decoded. 12 is already in the cache so it does not need to be re-decoded. 

Decoded P2, Pl, I1 and B6 are stored in the cache. Cache= [12, Il, Pl, P2, B6]. 

Frame 8 is the BS frame. BS needs 12 and P2, which are already in the cache. 

Decode BS and put in the cache. Cache= [12, II, Pl, P2, B6, BS] 

Frame 7 is the P2 frame. P2 needs P 1 which is already decoded. Decode P2 

and put in cache. Cache= [12, 11, Pl, P2, B6, BS]. 

Random access can also be more effectively performed using the above 

described frame caching technique used in backward playback. The key is to use the 

same caching mechanism for storing recently decoded frariies and to re-use these 

frames if they are requested in the near future. For instance, t1ie following set of frames 

may be requested to be decoded: Il, B3, BS. To decode B3, both Pl and P2 are needed. 

As a result, Pl, P2 and 11 will be decoded and placed in the decoded frame cache and 

used from the decoded ·frame cache if they were already th~e. In the next request to 

decode BS, which depends on P2 and 12, only 12 needs to be decoded since P2 is 

already in the cache. 

The caching technique can be performed through hardware or software control. 

The technique is described in tenns of software pseudo code, but can be implemented 

in hardware or through software according to different pseudo code. That is, there are a 

variety of ways to implement the cache technique. 

Consider the example II (Fl), Bl (F2), B2 (F3). Pl(F4), B3(FS), B4(F6), 

P2(F7), BS(F8), B6(F9), i2 (FlO). mentioned above. 

Assume there are the following two functions (1) DecodeCurrentFrame (N, 

ReferenceSet) and (2) GetDependencyFramelndex (N). 

In DecodeCUITentFrame (N, ReferenceSet), frame.~ is decoded according to an 

MPEG algorithm using frame N and the ReferenceSet. The ReferenceSet is the set of 

referenced frames needed to decode frame N. For example, ReferenceSet for Pl is 

{frame 1}, ReferenceSet for B4 is {frame 4, frame 7}. A decoded frame N is retlnned 

by the function. The decoded frame may be in RGB, YUV, or another format. RGB is 

used in the example. 
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In GetDependen.cyFramelndex (N), a list of the reference frames that are needed 

to decode currerif.iftine N is obtained. A list of frartie mdex or indices is returned. For 

example, e.g., GetDependencyFramelndex (5) = {7, 10}. 

In the following pseudo code there is a distinction between the index and the 

actual frame. For example~ 10 is an index and :frame 10 is the actual frame. There is an 

array of a data structure called MPEGFrameCache, which is the decoded frame cache. 

MPEGFrameCache has two attributes: LastTimeUsed (for using in the LRU technique) 

and FrameRGB. 

The following is pseudo-code (lines 1 - 22) to implement GetFrameO using the 

caching technique according to some embodiments: 

1 :frame GetFrame(N) 

2 SetofDependencylndex = GetDependencyFramelndex (N) 

3 SetotDependencyFrame = {} 
4 /* decode frame in the dependency list if needed */ 

5 /+ decoding also forces the frame to go to the decoded frames cache */ 

6 for each Framelndex in SetotDependencylndex do 

7 if frame Framelndex NOT in MPEGFrameCache then 

8 /*' this call is recursive *I 

9 Insert GetFrame (Frame) to SetotDependencyFrame 

10 

11 

MPEGFrameCache 

else 

12 

SetotDependencyFrame 

13 

in 

14 end if 

15 end for 

Retrieve frame indicated by Framelndex from 

Insert frame indicated by Framelndex to 

Update LastTimeUsed of frame indicated by Framelndex 

MPEGFrameCache 
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16 currentFram.e = DecodeCurrentFrame (N, SetofDependencyFrame) 

17 

18 

if MPEGFrameCache is full then 

Remove element from MPEGFrameCache with oldest 

LastTimeUsed 

19 endif 

20 Insert currentFrame to MPEGFrameCache 

21 return currentFrame 

22 end 

With respect to the example given above, the following sequence of events 

happens to decode backward from frame 10. Assume that MPEGFrameCache is 

initially empty. 

+ GetFrame (10) 

GetDependencyFrameindex (10) = {} 
DecodeCurrentFrame (10, {}) 

MPEGFrameCache= {frame 10} 

+ GetFrame (9) 

GetDependencyFramelndex (9) = {7, 10} 

Since frame 7 is not in MPEGFrameCache, call GetFrame (7) 

+ GetFrame (7) 

GetDependencyFramelndex(7) = {4} 

Since fr8me 4 is not in MPEGFrameCache, call GetFrame (4) 

+ GetFrame (4) 

GetDependencyFramelndex (4) = {l} 

Since frame 1 is not in MPEGFrameCache, call GetFrame (1) 

+ GetFrame (1) 
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GetDependencyFrameindex (1) = {} 

DecodeCurrentFrame (1, {}) 

MPEGFrameCache ={frame 1, frame 10} 

DecodeCurrentFrame ( 4, { 1}) 

MPEGFrameCache ={frame 1, frame 10, frame 4} 

DecodeCurrentFrame (7, { 4}) 

MPEGFrameCache = {frame I, frame 10, frame 4, frame 7} 

Frame 10 is already in MPEGFrameCache 

DecodeCurrentFratne(9, {7, IO}) 

MPEGFrameCache ={frame 1, frame 10, frame 4, frattie 7, frame 9} 

+ GetFrame (8) 

GetDependencyFrameindex(8)={7,10} 

Both Frame 7 and 10 are in the MPEGFrameCache 

DecodeCurrentFrame (8, {7, 10}) 

MPEGFrameCache ={frame 1, frame 10, :frame 4, frame 7, frame 9, frame 8} 

In the above 1race, the LastTtm.eUsed attribute of MPEGFrameCache is not 

indicated. However, the LRU technique could be used. Note that the invention is not 

limited to an LRU technique. 

The frames in MPEGFrameCache are not necessarily ordered. 

Rather than use a recursive call, the above listed pseudo code (lines 1 - 20) could be 

modified to include a loop wherein the terminating condition is that all frames on which 

frame N is dependent have been decoded and are available for use in decoding frame N. 

E. Additional Information And Embodiments 

It is important to compactly represent the video captured for efficient 

transmission and storage. Furthermor~ it typically may be much more efficient during 

the presentation time if most of the data is stored in the memory of the computer doing 
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the decoding. This ~ould minimize excessive .file reading. In some embodiments, the 

invention uses MPEG compression techniques for compressing the digitaJ video 

captured. MPEG compression provides excellent compression ratios for given visual 

quality. It is based on two basic modes of compression: intra-frame coding using 

block-based DCT and inter-frame coding exploiting similarities of content across 

frames close together in time. While the use of inter-frame coding in MPEG 

significantly reduces the bit rate, such dependencies make random access difficult. 

Reference in the specification to "some embodiments" or "other embodiments" 

means that a particular feature, structure, or characteristic described in connection with 

the embodiments is included in at least some embodiments, but not necessarily all 

embodiments, of the invention. The various appearances of the term "some 

embodiments" in the description are not necessarily all referring to the same 

embodiments. 

The tenn "responsive" and related terms mean that one signal or event is 

influenced to some extent by another signal or event, but not necessarily completely or 

directly. If the specification states a component, event, or characteristic ''may", "might" 

or "could" be included, that particular component, event, or characteristic is not 

required to be included. 

Those skilled in the art having the benefit of this disclosme will appreciate that 

many other variations from the foregoing description and drawings may be made within 

the scope of the present invention. Accordingly, it is the following claims including 

any amendments thereto that define the scope of the invention. 
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CLAIMS 

What is claimed is: 

1. A method of storing and providing frames of video streams, comprising: 

storing video streams of a subject from different viewpoints, wherein different 

ones of the video streams are in different states including different ones of the 

viewpoints; and 

responding to requests for frames of the video streams in forward, backward, 

and state changing directions, by providing the frames, if available. 

2. The method of claim I, wherein the frames are provided to a remote 

computer through the Internet. 

3. The method of claim 1, wherein the video streains are in an MPEO 

format. 

4. The method of claim I, further comprising providing navigational aids 

associated with the provided frames indicating whether an additional frame may be 

provided in the forward or backward direction. 

5. The method of claim l, further comprising providing navigational aids 

associated with the provided frames indicating whether an additional frame may be 

provided in a different state. 

6. The method of claim I, wherein the video streams are created through 

capturing video signals with at least one camera as the subject rotates while the at least 

one camera remains stationary, and when viewed by a viewer, the provided frames give 

the viewer the impression of the subject rotating a stationary camera. 

7. The method of claim 1, wherein the video streams are created through 

capturing video signals with at least one camera as the at least one camera moves while 

the subject remains stationary and when viewed by a viewer7 the provided frames give 

the viewer the impression of the at least one camera moving with respect to a stationary 

subject. 

8. The method of claim 1, wherein the viewpoint changes during at least 

one of the states. 
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9. The method of claim 1, wherein the viewpoint remains constant during 

the states. 

10. · An article comprising: 

a computer readable medium including instructions that when executed cause a 

computer to: 

store video streams of a subject from different viewpoints, wherein different 

ones of the video streams are in different states including different ones of the 

viewpoints; and 

respond to requests for frames of the video streams in forward, backward, and 

state changing directions, by providing the frames, if available. 

11. A method of controlling video streams, comprising: 

displaying frames of the video streams, wherein the video streams are of a 

subject from different viewpoints and different ones of the video streams are in 

different states including different ones of the viewpoints; and 

in response to activation of a user input device, displaying at least one 

additional frame, if available, in a forward, backward, or state changing direction with 

respect to a currently displayed one of the frames, depending on the activation. 

12. The method of claim 11, wherein when the user input device is activated 

in primarily a first direction, the at least one additional frame is displayed in the 

forward direction. 

13. The method of claim 12, wherein additional frames, if available, are 

displayed in the forward direction, the number of which is related to a distance of the 

activation. 

14. The method of claim 13, wherein the speed at which the additional 

frames are displayed is related to a speed of the activation. 

15. The method of claim 11, wherein when the user input device is activated 

in primarily a second direction, the at least one additional frame is displayed in the 

backward direction. 

25 



<~.-~- --- .... --~ 

wooon9197 \ iHill\ ltll\\ 1111\ \\111 t\ \Ill 
\\; C L M S * PCT/US00/16157 

16. The method of claim 15, wherein additional frames, if available, are 

displayed in the backward direction, the number of which is related to a distance of the 

activation. 

17. The method of claim 16, wherein the speed at which the additional 

frames are displayed is related to a speed of the activation. 

18. The method of claim 11, wherein when the user input device is activated 

in primarily a third direction, the at least one additional frame is displayed in a first 

state changing direction. 

19. The method of claim 11, wherein when the user input device is activated 

in primarily a third direction, the at least one additional frame is displayed in a second 

state changing direction. 

20. The method of claim 11, wherein in the backward direction, the 

additional frames are displayed frame by frame. 

21. The method of claim 11, wherein the video streams include only 

panoramic views. 

22. The method of claim 11, wherein the video streams include panoramic 

and tilt views. 

23. The method of claim 11, further comprising providing navigational aids 

associated with the provided frames indicating whether an additional frame may be 

displayed in the forward or backward direction. 

24. The method of claim 11, further comprising providing navigational aids 

associated with the provided frames indicating whether an additional frame may be 

displayed in a different state. 

25. The method of claim 11, wherein the viewpoint changes during at least 

one of the states. 

26. An article comprising: 

a computer readable mediwn having instructions which when executed cause a 

computer to: 
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display frames of video streams, wherein the video streams are of a subject from 

different viewpoints and different ones of the video streams are in different states 

including different ones of the viewpoints; and 

in response to activation of a user input device, display at least one additional 

frame, if available, in a forward, backward, or state changing direction with respect to a 

currently displayed one of the frames, depending on the activation. 

27. The article of claim 26, wherein when the user input device is activated 

in primarily a first direction or primarily a second direction, the at least one additional 

frame is displayed in the forward direction or backward direction, respectively. 

28. The article of claim 27, wherein additional frames, if available, are 

displayed, the nmnber of which is related to a distance of the aCtivation. 

29. The article of claim 28, wherein the speed at which the additional frames 

are displayed is related to a speed of the activation. 

30. A computer system, comprising: 

circuitry to request video signals; 

circuitry to receive the video signals which include a current frame of a video 

stream to be viewed; and 

an input device to provide input signals to indicate at least one additional frames 

to view, which may be in a forward or backward direction with respect to the current 

frame in the same video stream or in a frame in a different video stream. 
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