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(57) ABSTRACT 

Asystem and process for providing an interactive video tour 
of a tour site to a user is presented. In general, the system and 
process provides an image-based rendering system that 
enables users to explore remote real World locations, such as 
a house or a garden. The present approach is based directly 
on ?lming an environment, and then using image-based 
rendering techniques to replay the tour in an interactive 
manner. As such, the resulting experience is referred to as 
Interactive Video Tours. The experience is interactive in that 
the user can move freely along a path, choose betWeen 
different directions of motion at branch points in the path, 
and look around in any direction. The user experience is 
additionally enhanced With multimedia elements such as 
overvieW maps, video textures, and sound. 
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SYSTEM AND PROCESS FOR VIEWING AND 
NAVIGATING THROUGH AN INTERACTIVE 

VIDEO TOUR 

BACKGROUND 

[0001] 1. Technical Field 

[0002] The invention is related to video tours, and more 
particularly to a system and process for providing an inter 
active video tour of a tour site using an image-based 
rendering technique that enables users to explore remote real 
World locations. 

[0003] 2. Background Art 

[0004] Interactive scene Walkthroughs have long been an 
important application area of computer graphics, as evi 
denced by the ef?cient rendering algorithms that have been 
developed for visualiZing large architectural databases [9,1]. 
In fact, many beautiful examples of 3D reconstruction from 
multiple images, video, and/or range data have been dem 
onstrated by research groups around the World. The most 
ambitious of these is Seth Teller’s City Scanning Project at 
MIT [2], in Which doZens of buildings have been recon 
structed from high-resolution, high dynamic range omnidi 
rectional panoramas. While these systems alloW the vieWer 
to have unrestricted motion throughout the digitiZed scene, 
they fail to capture the visual effects such as re?ections in 
WindoWs, specularities, and ?nely detailed geometry such as 
foliage, that make the scene look real. 

[0005] More recently, researchers have developed tech 
niques to construct photorealistic 3D architectural models 
from the real World [5,6] and also produced real World tours 
based on panoramic images [4] and video [3,8]. One such 
proposed interactive video tour system is described in Lipp 
man’s seminal Movie Maps project [7] Which collected 
video clips of driving through the streets of Aspen, and 
alloWed the vieWer to navigate through these clips, Which 
Were stored on an optical videodisc. Even more recently, 
many people have demonstrated interactive video Walk 
throughs using various kinds of omnidirectional cameras. 
For example, interactive video tours based on catadioptric 
and multi-camera sensors have also been demonstrated 

[3,8]. 
[0006] What all of these systems have in common is a 
desire to create a real sense of being there, i.e., a sense of 
virtual presence that lets users experience a space or envi 
ronment in an exploratory, interactive manner. This coin 
cides With people’s long held interest in travel, in being able 
to experience interesting and beautiful remote places and to 
document them With paintings, photographs, and video. 
HoWever, to date none have been able to provide a vieWer 
With continuous control over both position and vieWpoint, as 
Would be desirable to achieve the goal of creating a sense of 
being there. For example, vieWers of Movie Maps had to 
branch betWeen a ?xed number of video clips. In addition, 
these systems cannot achieve a fully interactive, photoreal 
istic, video based tour on a personal computer at or above 
broadcast video resolutions and frame rates. The present 
interactive video tour system overcomes these shortcomings 
as Will noW be described. 

[0007] It is noted that in the preceding paragraphs, the 
description refers to various individual publications identi 
?ed by a numeric designator contained Within a pair of 
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brackets. For example, such a reference may be identi?ed by 
reciting, “reference [1]” or simply “[1]”. Multiple references 
Will be identi?ed by a pair of brackets containing more than 
one designator, for example, [2,3]. A listing of references 
including the publications corresponding to each designator 
can be found at the end of the Detailed Description section. 

SUMMARY 

[0008] The present invention is directed toWard a system 
and process for providing an interactive video tour of a tour 
site to a user. In general, the present system and process 
provides an image-based rendering system that enables users 
to explore remote real World locations, such as a house or a 
garden. While many previous systems have been based on 
still photography and/or 3D scene modeling, the present 
approach is based directly on ?lming an environment, and 
then using image-based rendering techniques (rather than 
3D reconstruction, Which may be brittle) to replay the tour 
in an interactive manner. As such, the resulting experience is 
referred to as Interactive Video Tours. The experience is 
interactive in that the user can move freely along a path, 
choose betWeen different paths at branch points, and look 
around in any direction. The user experience is additionally 
enhanced With multimedia elements such as overvieW maps, 
video textures, and sound. The combination of high resolu 
tion continuous imagery combined With interactivity pro 
vides vieWers With an unprecedented sense of presence. 

[0009] To accomplish the foregoing, the present interac 
tive video tour system ?rst inputs video data that includes a 
sequence of video frames, each of Which represents a 
panoramic vieW of the tour site from a particular location 
along a path through the site. In addition, scene data is input. 
This scene data includes information used to identify the 
frame associated With each speci?able location along the 
aforementioned path, as Well as information that given a 
user-speci?ed vieWing direction and direction of motion 
along the tour path can be used to determine Which video 
frame and What part of that video frame is needed to render 
and display the next image of the video tour. Interactive 
control of the system is accomplished via a user interface 
that includes a vieWing and navigation WindoW having a 
plurality of sectors for vieWing and controlling the video 
tour, and Which implements user commands that are entered 
by a user directly via a selection device (e.g., a gamepad) 
and via the user selecting displayed items Within the vieWing 
and navigation WindoW. These commands include, among 
other things, the aforementioned user-speci?ed vieWing 
direction and direction of motion. More particularly, the user 
selection device alloWs the user to pan the vieWing direction 
left/right/up/doWn and select the direction of motion to 
move the user’s vieWing position forWards and backWards 
along the tour path. As a result, the user is given continuous 
control over the vieWing position along a path through the 
tour site, as Well as the vieWing direction at various points 
on the path. 

[0010] The input data and user interface are used as 
folloWs to present the video tour. First, for a given vieWing 
position Within the site along the path, the frame associated 
With that position is identi?ed using the scene data and 
designated as the current frame. The given vieWing position 
can come from a variety of sources. For example, it can be 
a prescribed initial position utiliZed When the tour is begun. 
It can also be directly selected by the user as Will be 
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described later in connection With the map feature of the 
interface. In addition to designating the current frame, the 
current user-speci?ed vieWing direction and direction of 
motion along the tour path (if one) is also input. It is noted 
that the latter input may not exist as the user may Want to 
stop at a point along the path and vieW the surrounding 
scene. 

[0011] The video data associated With that portion of the 
current frame Which corresponds to a prescribed ?eld of 
vieW around the current vieWing direction is then obtained 
and rendered. The resulting image of the tour site from the 
current path location is then displayed to the user. At the 
same time, the frame needed to display the next image of the 
video tour is identi?ed using the scene data based on the 
user-speci?ed direction of motion along the tour path. This 
neWly identi?ed frame is designated as the current frame in 
lieu of the previously identi?ed frame. The process then 
repeats itself from the point Where the current user-speci?ed 
vieWing direction and direction of motion are input, for as 
long as the user Wants to vieW the video tour. 

[0012] In regard to the foregoing action of identifying the 
frame needed to display the next image of the video tour, this 
is done in different Ways depending on the circumstances. 
For example, if the user has not entered a direction of 
motion, thereby indicating he or she Wishes to continue 
vieWing the tour site from the same location on the path, the 
previously designated frame remains the current frame. If 
the user has entered a direction of motion command, then 
hoW the next frame is chosen Will depend on if the user is 
located at a branch point on the path. Essentially, the path 
through the tour site has at least one branch point (and 
preferably many) from each of Which the path either turns an 
abrupt corner or diverges in more than one direction such 
that the user can folloW any part of the path extending aWay 
from the branch. The scene data includes a branch points 
table Which for each video frame associated With a branch 
point, identi?es the next video frame that is to be played in 
vieW of the current vieWing direction. Thus, to determine 
What the next frame is When a direction of motion has been 
entered, it is ?rst determined from the scene data Whether the 
current frame is associated With a branch point or not. If it 
is not, the next sequential frame of the video data in its 
original capture order is designated as the neWly identi?ed 
frame if the user has speci?ed a forWard direction (as related 
to the forWard direction When the video frames Were cap 
tured), and the previous sequential frame is designated as the 
neWly identi?ed frame if the user has speci?ed a backWard 
direction. 

[0013] It is noted that in one embodiment of the present 
interactive video tour system and process, When the vieWing 
direction speci?ed by the user is outside a prescribed range, 
the motion command is ignored. More particularly, it is 
determined Whether the current vieWing direction is outside 
a prescribed forWard and backWard range. If it is outside the 
forWard range, any forWard direction of motion speci?ed by 
the user is ignored. Similarly, if it is outside the backWard 
range, any backWard direction of motion speci?ed by the 
user is ignored. Thus, rather than identifying the next or 
previous sequential frame of the video data as the neWly 
identi?ed frame, the previously identi?ed frame remains the 
current frame such that the user continues to vieW the tour 
site from the same location. 
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[0014] If it is determined from the scene data that the 
current frame is associated With a branch point, a different 
procedure is employed to identify the neW frame. More 
particularly, the frame speci?ed in the scene data as the next 
frame for the current frame and vieWing direction is desig 
nated as the neW frame. 

[0015] The video data may be compressed to facilitate its 
storage and transmission. If it is, it needs to be decompressed 
before being processed as described above. The video data 
is compressed using a compression method Which alloWs the 
ef?cient decompression of any frame, not just the next 
sequential frame. In addition the compression scheme 
alloWs any portion of a frame to be decompressed Without 
having to decompress the rest of the frame. In this Way only 
the portion of the frame that is being rendered to produce the 
current tour image needs to be decompressed, thereby reduc 
ing the processing needed and the time required to display 
the next image to the user. 

[0016] The scene data also includes a frame rotation table 
that among other things provides the global orientation 
direction for each video frame. This global orientation 
corresponds to a direction designated When the frame Was 
captured as a Zero degree line from Which the vieWing 
direction is measured. Thus, When the current vieWing 
direction is used to identify the portion of the current frame 
that is to be rendered, the direction is measured from this 
global orientation direction. Another use for the global 
orientation involves situations Where there is a substantial 
divergence in the global orientation direction betWeen a 
frame associated With a branch point and the frame desig 
nated as the next frame. This could occur if the next frame 
Was not the next frame captured When the tour Was ?lmed, 
but one captured When the path crossed itself. To compen 
sate for this divergence, prior to obtaining the portion of the 
current frame Which corresponds to the prescribed ?eld of 
vieW around the current vieWing direction, the relative 
rotation betWeen the frames is estimated using the global 
orientation information for those frames. Any mismatch is 
corrected and then the video data retrieved based on the 
corrected vieWing direction. Further it is noted that When 
transitioning from a branch point to a part of the path 
extending aWay from it, there are tWo options on hoW to 
handle the current user-speci?ed vieWing direction. In one 
mode (i.e., the relative mode), the speci?ed vieWing direc 
tion is honored and the portion of the frame rendered Will be 
that associated With the speci?ed vieWing direction. Thus, if 
the user Was looking to the left of the path at the branch 
point, he or she Will be vieWing the scene to the left of the 
neW part of the path. HoWever, an absolute mode can also be 
employed. In this mode, the current vieWing direction is 
reset to one approximately coincident With the direction of 
the part of the tour path being taken by the user, prior to 
obtaining the portion of the current frame as described 
above. Thus, for example, if the user Were vieWing the scene 
to the left of the path at the branch point before turning into 
a part of the path going through a hallWay, the user’s point 
of vieW Would shift to look doWn the hallWay, rather than at 
the Wall on the left side of hallWay. 

[0017] It is noted that the frame rotation table may also 
include a jitter correction factor for each frame. This factor 
is included When the method employed to capture the video 
frames introduced jitter. For example, jitter can be intro 
duced if the tour is ?lmed by a cameraman Walking through 
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the tour site. If a jitter correction factor is provided for the 
current frame, it is used to remove the jitter error from the 
frame before any rendering is attempted. 

[0018] The aforementioned user interface also includes 
features other than just inputting a viewing direction and 
direction of motion. For example, the vieWing and naviga 
tion WindoW can include a navigation sector that indicates 
the name and direction to regions of the tour site Which are 
adjacent to the region currently being vieWed by the user. 

[0019] In addition, the vieWing and navigation WindoW 
can include a map sector that displays a map graphic of the 
tour site. This map graphic can include a line representing 
the tour path on the map graphic, as Well as an indicator 
(e. g., an arroW) that identi?es the point on the tour path from 
Which the user is currently vieWing the tour site. These items 
are obtained for display in the vieWing and navigation 
WindoW from the scene data. For example, a map region 
table in the scene data provides the particular map graphic 
that is to be displayed for each of a prescribed set of frame 
ranges. This alloWs the map to be customiZed for each region 
such as highlighting the region the user is currently vieWing. 
Apath table can be included to identify the location on the 
map graphic representing the point on the tour path that each 
frame (including the current one) Was captured, thereby 
facilitating the placement of the indicator on the map 
graphic. The indicator can also be con?gured to point in the 
user-speci?ed direction of motion along the path. Still 
further, as indicated previously, the user can select a point on 
the tour path line of the map graphic and as a result the next 
frame processed corresponds to the user-selected path point. 
Thus, the user can jump to another part of the tour site 
Without having to folloW the path. 

[0020] The vieWing and navigation WindoW can also 
include an information sector that displays icons represent 
ing objects of interest Which are visible in the portion of the 
frame currently being displayed to the user. When a user 
selects one of these icons, additional information about the 
associated object is displayed in a separate WindoW on the 
display. The information as to What icon to display and 
When, as Well as hoW to link to the information about the 
object associated With an icon, is obtained from an object 
information table included in the scene data. Essentially, this 
table identi?es the icon and its link information to be used 
When the current frame and vieWing direction fall Within a 
prescribed set of frame ranges and vieWing directions in 
Which the associated object appears. 

[0021] Another interactive feature that can optionally be 
incorporated into the present system involves replaceable 
objects. Areplaceable object is an object that is seen at some 
location in the tour site, and Which can be changed based on 
user input. For example, a replaceable object could be a 
picture on the Wall or a television set. The object is high 
lighted in some Way so as to indicate its nature to the user. 
The user can then select the object in the displayed tour 
image to change its appearance. In one version of the present 
system, a menu appears in the WindoW When the replaceable 
object is selected. This menu contains a list of replacement 
objects that can be inserted into the region associated With 
the replaceable object. A replacement object could be a 
graphic, image, video, video-texture, or other displayable 
item. When the user selects from the list, the object corre 
sponding to that choice is inserted. The information needed 
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to identify What menu is to be displayed and the link details 
to the replacement objects included in the menu list is 
obtained from an object replacement table of the scene data. 
Essentially, for a prescribed set of frame ranges and vieWing 
directions associated With the frames in Which the replace 
able object appears, the table identi?es the appropriate menu 
and link information needed to access each replacement 
object so that it can be inserted into the current tour image 
during rendering. In another version of the present system, 
instead of a menu appearing When the user selects the 
replaceable object, the object simply changes. Each time the 
user selects the object, another one replaces it until all the 
available objects are exhausted at Which time the objects are 
inserted over again cyclically. In this case the object replace 
ment table just provides the aforementioned link informa 
tion. 

[0022] The present interactive video tour system and pro 
cess can also support a spatialiZed sound feature by inputting 
audio data that represents sound associated With the tour site. 
More particularly, multiple audio tracks captured at different 
knoWn locations Within the tour site are input. During the 
time that the user vieWs the tour site from a vieWing location, 
each track is attenuated based on the inverse square distance 
rule in vieW of that location. The attenuated tracks are mixed 
together and then played for as long as the user remains at 
the location. 

[0023] In addition to the just described bene?ts, other 
advantages of the present invention Will become apparent 
from the detailed description Which follows hereinafter 
When taken in conjunction With the draWing ?gures Which 
accompany it. 

DESCRIPTION OF THE DRAWINGS 

[0024] The speci?c features, aspects, and advantages of 
the present invention Will become better understood With 
regard to the folloWing description, appended claims, and 
accompanying draWings Where: 
[0025] FIG. 1 is a diagram depicting a general purpose 
computing device constituting an exemplary system for 
implementing the present invention. 
[0026] FIG. 2 is a block diagram illustrating the overall 
interactive video tour scheme and the part the vieWing and 
navigation module according to the present invention plays 
in it. 

[0027] FIG. 3 is a diagram representing a full scale 
version of the scene data ?le according to the present 
invention. 

[0028] FIG. 4 is a How chart diagramming a process for 
generating the sequence of rendered images that represents 
the part of the interactive video tour process according to the 
present invention concerned With displaying images of the 
tour scene. 

[0029] FIG. 5 is an image depicting one embodiment of 
the vieWing and navigation WindoW layout according to the 
present invention. 
[0030] FIG. 6 is an image shoWing a portion of a current 
frame of an interactive video tour of a house that includes a 
replaceable object in the form of a television. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] In the folloWing description of the preferred 
embodiments of the present invention, reference is made to 
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the accompanying drawings Which form a part hereof, and 
in Which is shown by Way of illustration speci?c embodi 
ments in Which the invention may be practiced. It is under 
stood that other embodiments may be utilized and structural 
changes may be made Without departing from the scope of 
the present invention. 

[0032] 1.0 The Computing Environment 

[0033] Before providing a description of the preferred 
embodiments of the present invention, a brief, general 
description of a suitable computing environment in Which 
the invention may be implemented Will be described. FIG. 
1 illustrates an example of a suitable computing system 
environment 100. The computing system environment 100 
is only one example of a suitable computing environment 
and is not intended to suggest any limitation as to the scope 
of use or functionality of the invention. Neither should the 
computing environment 100 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. 

[0034] The invention is operational With numerous other 
general purpose or special purpose computing system envi 
ronments or con?gurations. Examples of Well knoWn com 
puting systems, environments, and/or con?gurations that 
may be suitable for use With the invention include, but are 
not limited to, personal computers, server computers, hand 
held or laptop devices, multiprocessor systems, micropro 
cessor-based systems, set top boxes, programmable con 
sumer electronics, netWork PCs, minicomputers, mainframe 
computers, distributed computing environments that include 
any of the above systems or devices, and the like. 

[0035] The invention may be described in the general 
context of computer-executable instructions, such as pro 
gram modules, being executed by a computer. Generally, 
program modules include routines, programs, objects, com 
ponents, data structures, etc. that perform particular tasks or 
implement particular abstract data types. The invention may 
also be practiced in distributed computing environments 
Where tasks are performed by remote processing devices that 
are linked through a communications netWork. In a distrib 
uted computing environment, program modules may be 
located in both local and remote computer storage media 
including memory storage devices. 

[0036] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a computer 110. Compo 
nents of computer 110 may include, but are not limited to, 
a processing unit 120, a system memory 130, and a system 
bus 121 that couples various system components including 
the system memory to the processing unit 120. The system 
bus 121 may be any of several types of bus structures 
including a memory bus or memory controller, a peripheral 
bus, and a local bus using any of a variety of bus architec 
tures. By Way of example, and not limitation, such archi 
tectures include Industry Standard Architecture (ISA) bus, 
Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnect 
(PCI) bus also knoWn as MeZZanine bus. 

[0037] Computer 110 typically includes a variety of com 
puter readable media. Computer readable media can be any 
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available media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By Way of example, and not limita 
tion, computer readable media may comprise computer 
storage media and communication media. Computer storage 
media includes both volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information such as computer readable 
instructions, data structures, program modules or other data. 
Computer storage media includes, but is not limited to, 
RAM, ROM, EEPROM, ?ash memory or other memory 
technology, CD-ROM, digital versatile disks (DVD) or other 
optical disk storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium Which can be used to store the desired 
information and Which can be accessed by computer 110. 
Communication media typically embodies computer read 
able instructions, data structures, program modules or other 
data in a modulated data signal such as a carrier Wave or 
other transport mechanism and includes any information 
delivery media. The term “modulated data signal” means a 
signal that has one or more of its characteristics set or 
changed in such a manner as to encode information in the 
signal. By Way of example, and not limitation, communi 
cation media includes Wired media such as a Wired netWork 
or direct-Wired connection, and Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of any of the above should also be included Within the 
scope of computer readable media. 

[0038] The system memory 130 includes computer stor 
age media in the form of volatile and/or nonvolatile memory 
such as read only memory (ROM) 131 and random access 
memory (RAM) 132. A basic input/output system 133 
(BIOS), containing the basic routines that help to transfer 
information betWeen elements Within computer 110, such as 
during start-up, is typically stored in ROM 131. RAM 132 
typically contains data and/or program modules that are 
immediately accessible to and/or presently being operated 
on by processing unit 120. By Way of example, and not 
limitation, FIG. 1 illustrates operating system 134, applica 
tion programs 135, other program modules 136, and pro 
gram data 137. 

[0039] The computer 110 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. By Way of example only, FIG. 1 illustrates a hard 
disk drive 141 that reads from or Writes to non-removable, 
nonvolatile magnetic media, a magnetic disk drive 151 that 
reads from or Writes to a removable, nonvolatile magnetic 
disk 152, and an optical disk drive 155 that reads from or 
Writes to a removable, nonvolatile optical disk 156 such as 
a CD ROM or other optical media. Other removable/non 
removable, volatile/nonvolatile computer storage media that 
can be used in the exemplary operating environment 
include, but are not limited to, magnetic tape cassettes, ?ash 
memory cards, digital versatile disks, digital video tape, 
solid state RAM, solid state ROM, and the like. The hard 
disk drive 141 is typically connected to the system bus 121 
through a non-removable memory interface such as interface 
140, and magnetic disk drive 151 and optical disk drive 155 
are typically connected to the system bus 121 by a remov 
able memory interface, such as interface 150. 

[0040] The drives and their associated computer storage 
media discussed above and illustrated in FIG. 1, provide 
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storage of computer readable instructions, data structures, 
program modules and other data for the computer 110. In 
FIG. 1, for example, hard disk drive 141 is illustrated as 
storing operating system 144, application programs 145, 
other program modules 146, and program data 147. Note 
that these components can either be the same as or different 

from operating system 134, application programs 135, other 
program modules 136, and program data 137. Operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147 are given different numbers 
here to illustrate that, at a minimum, they are different 
copies. Auser may enter commands and information into the 
computer 110 through input devices such as a keyboard 162 
and pointing device 161, commonly referred to as a mouse, 
trackball or touch pad. Other input devices (not shoWn) may 
include a microphone, joystick, game pad, satellite dish, 
scanner, or the like. These and other input devices are often 
connected to the processing unit 120 through a user input 
interface 160 that is coupled to the system bus 121, but may 
be connected by other interface and bus structures, such as 
a parallel port, game port or a universal serial bus (USB). A 
monitor 191 or other type of display device is also connected 
to the system bus 121 via an interface, such as a video 
interface 190. In addition to the monitor, computers may 
also include other peripheral output devices such as speakers 
197 and printer 196, Which may be connected through an 
output peripheral interface 195. Of particular signi?cance to 
the present invention, a camera 163 (such as a digital/ 
electronic still or video camera, or ?lm/photographic scan 
ner) capable of capturing a sequence of images 164 can also 
be included as an input device to the personal computer 110. 
Further, While just one camera is depicted, multiple cameras 
could be included as input devices to the personal computer 
110. The images 164 from the one or more cameras are input 
into the computer 110 via an appropriate camera interface 
165. This interface 165 is connected to the system bus 121, 
thereby alloWing the images to be routed to and stored in the 
RAM 132, or one of the other data storage devices associ 
ated With the computer 110. HoWever, it is noted that image 
data can be input into the computer 110 from any of the 
aforementioned computer-readable media as Well, Without 
requiring the use of the camera 163. 

[0041] The computer 110 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as a remote computer 180. The 
remote computer 180 may be a personal computer, a server, 
a router, a netWork PC, a peer device or other common 
netWork node, and typically includes many or all of the 
elements described above relative to the computer 110, 
although only a memory storage device 181 has been 
illustrated in FIG. 1. The logical connections depicted in 
FIG. 1 include a local area netWork 171 and a Wide 
area netWork 173, but may also include other 
netWorks. Such netWorking environments are commonplace 
in of?ces, enterprise-Wide computer netWorks, intranets and 
the Internet. 

[0042] When used in a LAN netWorking environment, the 
computer 110 is connected to the LAN 171 through a 
netWork interface or adapter 170. When used in a WAN 
netWorking environment, the computer 110 typically 
includes a modem 172 or other means for establishing 
communications over the WAN 173, such as the Internet. 
The modem 172, Which may be internal or external, may be 
connected to the system bus 121 via the user input interface 
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160, or other appropriate mechanism. In a netWorked envi 
ronment, program modules depicted relative to the computer 
110, or portions thereof, may be stored in the remote 
memory storage device. By Way of example, and not limi 
tation, FIG. 1 illustrates remote application programs 185 as 
residing on memory device 181. It Will be appreciated that 
the netWork connections shoWn are exemplary and other 
means of establishing a communications link betWeen the 
computers may be used. 

[0043] 2.0 The Interactive Video Tour System and Process 

[0044] The exemplary operating environment having noW 
been discussed, the remaining part of this description section 
Will be devoted to a description of the program modules 
embodying the invention. Generally, the system and process 
according to the present invention involves providing an 
interactive video tour of a tour site to a user. Speci?cally, the 
present invention is directed toWard a vieWing and naviga 
tion module that is used to implement the video tour. 
Referring to FIG. 2, the vieWing and navigation module 200 
according to the present invention is shoWn in context of the 
overall interactive video tour scheme. Essentially, an author 
ing tool 202 generates a specialiZed ?le 204 representing a 
video of the tour location and another ?le 206 containing 
scene data associated With the tour. In addition, a separate 
audio ?le 208 can be generated, as Will be described later. 
The video, scene data, and audio ?les 204, 206, 208 are input 
into the vieWing and navigation module 200, Where the tour 
environment and all associated user interface elements are 
displayed to a user on display 210. The user can then interact 
With the vieWing and navigation module 200 via a user 
selection device 208 of some type (such as a conventional 
gamepad as Was the case in tested embodiments of the 
present invention). The specialiZed video ?le Will be 
described in the next section, folloWed by a description of 
the scene data and audio ?les, and then the vieWing and 
navigation module. 

[0045] 2.1 The Video File 

[0046] The specialiZed video ?le described above should 
have certain attributes to ensure the capabilities of the 
present interactive video tour vieWing and navigation system 
can be fully realiZed. In general, the video ?le should 
provide data representing a sequence of frames, each of 
Which represents a panoramic vieW of the tour location (such 
as a house or garden) as could be seen by a person or vehicle 
moving through the location. The path through the tour 
location should also have a number of places Where it 
crosses previous portions of the path. These Will represent 
branches as Will be described later. 

[0047] In addition, the folloWing attributes Would provide 
an enhanced tour experience even if they are not necessarily 
required. As the lighting conditions may vary drastically as 
one moves through the tour location, it is desirable that the 
frames be high dynamic range images. Further, if the pan 
oramic vieW of a point in the tour location is created by 
combining separate, smaller ?eld-of-vieW images of the 
surrounding scene at that point (as Was the case in the tested 
versions of the present system and process), it is desirable 
that a stitching procedure be employed that removes parallax 
in areas of image overlap. 

[0048] Still further, the image data contained in the spe 
cialiZed video ?le image data must be accessed and rendered 
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quite rapidly to provide a true interactive experience to the 
user. For this reason, a video compression scheme that 
minimizes bandwidth While allowing for rapid and selective 
run-time decompression is employed. There are tWo impor 
tant requirements for such a scheme. First, it must alloW for 
temporal random access, i.e., it must be possible to play the 
content forWard, backWard, and jump to arbitrary frames 
With minimal delay. And second, it must support spatial 
random access so that sub-regions of each panoramic frame 
can be decompressed independently. In this Way, only that 
portion of the frame needed to render the portion of the 
surrounding scene that the user is interested needs to be 
processed. Any video compression scheme that provides the 
foregoing attributes can be used to encode the specialiZed 
video ?le. For example, a video compression scheme appro 
priate for the task is disclosed in a co-pending US. patent 
application entitled “A System And Method For Selective 
Decoding And Decompression”, Which Was ?led on Jul. 7, 
2000 and assigned Ser. No. 09/611,649. A commensurate 
decompression module Would then be included in the 
present interactive video tour vieWing and navigation system 
to decompress the temporal and spatial portions of the video 
needed to render the desired user-speci?ed vieW. 

[0049] 2.2 The Scene Data File 

[0050] Like the specialiZed video ?le, the scene data ?le 
described above should contain certain information that can 
be used to ensure the capabilities of the present interactive 
video tour vieWing and navigation system are fully realiZed. 
The ?le itself can take any convention form, such as the 
XML ?le as Was used in tested embodiments of the present 
system and process. In general, the information included in 
the scene data ?le alloWs the module to render and display 
the tour, generate site maps, and manipulate objects seen 
during the tour. More particularly, as shoWn in FIG. 3, the 
?le 300 can have a series of data tables including a branch 
points table 302, a frame rotation table 304, a map region 
table 306, a path table 308, an object information table 310, 
and an object replacement table 312. The scene data ?le 300 
illustrated in FIG. 3 represents a full scale embodiment 
including data to implement all the features that Will be 
described shortly. HoWever, if a feature associated With one 
of these tables is not implemented, then the table can be 
eliminated from the ?le. Each of these tables and the features 
they support Will noW be described in the sections that 
folloW. 

[0051] 2.2.1 Branch Points Table 

[0052] As described previously, the tour path represented 
in the video ?le could contain a number of points Where it 
crosses itself. These represent branch points that give a user 
the option to folloW any branch of the path extending aWay 
from the branch point. This Will be described in more detail 
later, but in the context of the scene data ?le, certain 
information is needed to implement the feature. To this end, 
the branch point table essentially identi?es the frame of the 
video ?le associated With a branch point, and What frame is 
to be accessed and “played” next given the current vieWing 
direction speci?ed by the user. As Will be described later, the 
user has the ability to vieW any portion of the surrounding 
scene from a point along the tour path, Within a prescribed 
?eld of vieW of a user-speci?ed vieWing direction. The 
vieWing direction refers to the direction the user has chosen 
to vieW the scene at the current point on the tour path. In the 
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tested version of the present system and process, the vieWing 
direction is measured in degrees around a point in the tour 
path With Zero degrees being the direction of the global 
orientation of the frame as Will be discussed shortly. In 
essence, the user instructs the vieWing and navigation mod 
ule (via the aforementioned input device) What direction he 
or she Wishes to vieW the surrounding scene at a point along 
the path, and the module responds by rendering that portion 
of the frame associated With that point from the video ?le 
and displaying it to the user. 

[0053] At points along the path Where no branch exists, 
there are only one or tWo choices of the frame to be played 
next. In the case Where the path point is along a straight 
portion of the path, either the frame preceding the current 
frame, or the frame folloWing the current frame, Would be 
played next. The decision as to Which frame is to be played 
is ansWered using the current user-speci?ed direction of 
motion. For example, the frame folloWing the current frame 
in the original video of the tour site Would be played if a 
forWard direction (in relation to the forWard direction of the 
original video) is speci?ed, and the previous frame Would be 
played if a backWard direction is speci?ed. This same 
reasoning Would apply to a point at a dead end in the path, 
except that only one choice exist—namely to play the 
preceding frame. There is, hoWever, a caveat to the forego 
ing frame choosing procedure that can be implemented. 
Essentially, if the user-speci?ed vieWing direction is too far 
to the side of the current path, it becomes ambiguous as to 
Whether the user Wants to move forWard or backWard in 
accordance With the currently speci?ed direction of motion. 
Therefore, a vieWing direction buffer Zone could be estab 
lished Where the user does not move at all through the tour 
site, regardless of the currently speci?ed motion direction. 

[0054] For example, if the user speci?es a vieWing direc 
tion that falls Within 90 to 110 degrees from the current path 
direction on either side of the path, motion could stop (i.e., 
the next frame is not played). 

[0055] The branch points table is not needed to make this 
foregoing “next frame” decision as there are alWays the 
same choices. HoWever, at a branch point Where the original 
path crosses and Where the user has more than just one or 
tWo directions, he or she can proceed through the tour site. 
This is Where the branch point table comes into play. 

[0056] The branch points table lists for every branch point 
along the tour path, the next frame that is to be played 
depending on a prescribed range of vieWing directions. For 
example, take the case of a branch point representing Where 
the original tour path crossed a previous portion of the path 
and continues on. Thus, the path Would look like a four-Way 
intersection at such a branch point. This Would give the user 
four options. The user could continue along the path he or 
she is currently folloWing, reverse directions and go back the 
Way he or she came, turn onto the portion of the tour path 
extending to the right of the current path direction, or turn 
onto the portion of the tour path extending to the left of the 
current path direction. The decision as to What frame is 
accessed and played next in order to make it appear to the 
user he or she is folloWing one of the aforementioned path 
options, is made based on the branch points table and the 
current user-speci?ed vieWing direction. Essentially, for a 
particular branch point, the branch points table Would list a 
different frame to be played next depending on Which range 
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the current user-speci?ed viewing direction fell into. For 
example, in the four-Way intersection example, assume the 
original path crossed perpendicularly at the branch point 
under consideration. Given this, the next frame speci?ed in 
the table could be the frame that folloWed the current frame 
in the originally captured video if the user-speci?ed direc 
tion is Within +/—45 degrees of the original path direction of 
the part of the path the user is currently traversing, and the 
next frame speci?ed in the table could be the frame that 
preceded the current frame in the originally captured video 
if the user-speci?ed direction is Within a range of +135 to 
—135 degrees of the original path direction of the part of the 
path the user is currently traversing. These tWo options 
represent proceeding ahead on the same part of the path or 
reversing directions and folloWing the path back. Similarly, 
the next frame speci?ed in the table could be the frame that 
Was captured in the original video at a point in the tour path 
just to the left of the current path direction if the user 
speci?ed direction is Within a range of —45 to —135 degrees 
of the original path direction of the part of the path the user 
is currently traversing. Alternatively, the next frame speci 
?ed in the table could be the frame that Was captured in the 
original video at a point in the tour path just to the right of 
the current path direction if the user-speci?ed direction is 
Within a range of +45 to +135 degrees of the original path 
direction of the part of the path the user is currently 
traversing. 
[0057] It is noted that the foregoing orientation ranges are 
examples only. Other ranges could be employed as desired. 
For example, a Wider range might be assigned to a frame 
associated With a part of the path leading aWay from the 
branch point that it is believed a user is more likely to Want 
to folloW. Likewise, in a case Where the tour path does not 
cross perpendicularly, the foregoing ranges could be 
decreased or increased in a manner that Would “send” the 
user along the part of the path that Would seem natural given 
the user-speci?ed vieWing direction at the branch point. The 
same range adjustment policy could also apply to branch 
points Where the tour path does not cross like a four-Way 
intersection, but instead resembles a T-shaped intersection, a 
Y-shaped intersection, a 1-Way corner, or even an intersec 
tion With more than 4 branches. It is noted that in the case 
of a T-shaped or Y-shaped intersection, only three paths lead 
aWay from the branch point, and so only three ranges Would 
be speci?ed. Similarly, only one range is needed for a corner 
and if there are more than 4 branches each Would have a 
speci?ed range associated With it. 

[0058] 2.2.2 Frame Rotation Table 

[0059] The frame rotation table serves a couple of pur 
poses. First, for each frame of the video ?le, the frame 
rotation table lists the global orientation associated With that 
frame. This global orientation refers to the direction that the 
“Zero degree line” Was pointed When the frame Was cap 
tured. For example, if each panoramic frame is constructed 
from images captured using multiple cameras (as it Was in 
tested versions of the present invention), the Zero degree line 
Would be the optical axis of the camera that Was generally 
facing forWard along the direction of travel during the time 
the video data associated With the tour Was generated. This 
information is used by the vieWing and navigation module to 
establish What part of the frame data needs to be rendered 
and displayed to shoW the portion of the scene the user 
speci?ed he or she Wants to vieW. 
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[0060] The table also optionally lists a jitter correction 
vector for every frame. This information is useful When the 
method by Which the video data Was captured results in jitter 
betWeen frames. For example, if the video Was captured by 
a person carrying a camera rig through the site along the tour 
path, then there is likely to be jitter. The jitter correction 
factor Would be pre-computed and provides a Way to create 
a smooth-looking trajectory through the scene even if it Was 
not captured that Way. Essentially, the correction factor for 
a frame Would be employed by the vieWing and navigation 
module to correct the global orientation for the frame prior 
to rendering the desired portion for display to the user. 

[0061] 2.2.3 Map Region Table and Path Table 

[0062] As Will be described later in connection With the 
vieWing and navigation module description, a graphical user 
interface (GUI) is generated Which is shoWn to the user on 
the aforementioned monitor. Optionally included in the 
interface is an interactive map graphic that in essence shoWs 
an overhead layout of the tour site. The map graphic can also 
include a line indicating the tour path. 

[0063] In order to implement the map feature, the vieWing 
and navigation module needs certain data, Which is provided 
by a map region table and a path table. The map region table 
is a list of regions and their associated frame ranges. Each 
frame range corresponds to the frames of the video captured 
Within a prede?ned region of the tour site. For example, if 
the tour site Was a house, the prede?ned regions might be the 
rooms of the house. Thus, each frame range in the list Would 
correspond to the frames of the video captured in the room 
of the house associated With the range. For each separate 
frame range, the table identi?es What map graphic should be 
displayed in the aforementioned interface. Having different 
map graphics for each prede?ned region facilitates features 
such as having the current region highlighted in the map 
graphic and including indictors (such as an icon) represent 
ing points of interest Within the current region of the tour 
site. The map region table can also include a region name for 
each frame range. This information can be employed to 
provide another feature to the interface-namely a location 
label that tells the user What region he or she is currently 
vieWing. For example, assume once again that the tour site 
is a house. In this case the region labels could identify the 
current room, such as the living room or dining room. The 
region label associated With the current user location can be 
displayed With the map to further aid the user in navigating 
through and vieWing the tour site. The region labels can also 
be used for other purposes, such as to indicate the direction 
along the path that a user should folloW to get to another part 
of the site. This feature Will be described in more detail later. 

[0064] The path table identi?es for each frame of the video 
?le a position on the map that corresponds to the spot in the 
tour site that the frame Was captured. This information can 
be used to superimpose a location indicator on the map 
graphic shoWing the user’s current location in the tour site. 
This indicator can also be con?gured to indicate the user’s 
current direction along the tour path. For example, the 
indicator could be arroW-shaped With the tip of the arroW 
pointing in the user’s current direction of movement through 
the tour site. Another feature that can be included in the 
interface Would alloW a user to select a point on the tour path 
shoWn on the map graphic. In response, the tour display 
Would jump to the vieWing location associated With that 
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point, as Will be described in more detail later. The viewing 
and navigation module knows What part of the video to jump 
to from the path table. This is generally accomplished by 
identifying the frame associated With the location selected 
by the user on the map graphic from the path table. 

[0065] 2.2.4 Object Information Table 

[0066] Another feature of the present interactive video 
tour system and process that can optionally be provided by 
the vieWing and navigation module is the display of icons 
representing objects seen in the portion of the frame being 
displayed to the user. These icons can appear anyWhere 
appropriate in the aforementioned GUI, such as on the map 
graphic at the location Where the object represented resides. 
Alternately, the icons can be displayed elseWhere in the 
interface, such as on an information bar. The user Would 
have the ability to select a displayed icon Which Would then 
open up a WindoW that provides information about the object 
associated With the selected icon, or could even open up a 
link to some type of multimedia presentation about the 
object. 
[0067] In order for the vieWing and navigation module to 
knoW What icon to display and What link or ?le to access 
When the user selects the icon Whenever a particular part of 
a frame is being displayed, certain information is needed. 
This data is provided by an object information table that can 
be part of the scene data ?le. Essentially, for every sequence 
of frames (Which is listed in the table as a frame range) that 
depict a pre-established object of interest, a range of viewing 
directions is associated thereWith. When the portion of the 
frame corresponding to the frame range and associated 
vieWing direction range is rendered, the object of interest 
Would appear in the displayed scene. In addition, for each of 
the aforementioned frame ranges, information concerning 
the icon or icons that are to be displayed When a vieWing 
direction associated With that range is speci?ed by the user, 
is included in the table along With link information. This 
alloWs the information associated With the object to be 
accessed When the user selects the icon. In this Way, When 
ever the current frame falls Within one of the listed ranges 
and the user-speci?ed vieWing direction matches a listed 
vieWing direction for that range, the speci?ed icon or icons 
can be displayed by the vieWing and navigation module. 

[0068] 2.2.5 Object Replacement Table 

[0069] Yet another feature of the present system and 
process that can optionally be provided by the vieWing and 
navigation module is the display of a user selectable menu 
or list in the aforementioned GUI Whenever the user is 
vieWing a particular object in the tour scene. This list Would 
represent such things as replacement graphics, images, video 
or video-textures that can be superimposed onto an object 
While the user is vieWing it. For eXample, assume the object 
of interest is a picture on the Wall. In this case if the current 
user-speci?ed vieWing direction Would result in the picture 
being visible Within the displayed portion of the current 
frame, then the list provided could be a selection of graphics 
or images that could be superimposed on the location of the 
picture in the displayed portion of the frame. In other Words, 
the user can choose What artWork he or she Would like to see 
hanging on the Wall in the displayed scene. A similar 
replacement scenario could involve a television set. In this 
case, the provided list Would represent different videos or 
even live broadcasts that could be played and superimposed 

Dec. 22, 2005 

on the screen to the television While the user is vieWing the 
portion the scene containing the television. 

[0070] In order for the vieWing and navigation module to 
implement the foregoing replacement feature in the situa 
tions described above, or similar replacement scenarios, it 
must be knoWn What list to display and When. It is also 
necessary to identify the replacement region on a frame-by 
frame basis. This information can be provided to the module 
using an object replacement table. In this case, the frame 
range and vieWing direction Would correspond to When the 
object that is to be replaced is visible in the displayed portion 
of the current frame. For each frame range and vieWing 
direction range combination listed in the table, information 
on hoW to access the data needed to display the appropriate 
menu Would be included in the table, as is link information 
needed to access the replacement objects listed on the menu 
and location information identifying Where in each frame of 
the range that the replacement region can be found. In this 
Way, Whenever the current frame falls Within one of the 
listed ranges and the user-speci?ed vieWing direction 
matches the listed range, the speci?ed menu can be dis 
played by the vieWing and navigation module. Alternately, 
the replaceable object could be highlighted in the displayed 
tour image, and upon selection by the user, the aforemen 
tioned menu Would be made to appear. 

[0071] In another alternate version of the replacement 
feature, a menu is not displayed. Rather, When the user is 
vieWing an object that has been set up for the replacement 
feature, the object is highlighted and the user has the ability 
to change What is displayed in the object by inputting a 
change command using the aforementioned input device. In 
this version of the replacement feature, each time the user 
inputs the change command a different graphic, image, 
video, or the like, is superimposed on the object. This 
process is cyclic in that once all the available choices 
associated With the object have been displayed in response 
to multiple user change commands, the choices repeated 
from the beginning. The object replacement table used by 
the vieWing and navigation module is the same as described 
above With the exception that instead of identifying a menu 
list, it identi?es the object replacements that are to be cycled 
through. 

[0072] 2.3 The Audio File 

[0073] In addition to the panoramic image frames, the 
video ?le can contain one or more audio data tracks. Or, 
alternately, the audio data can be provided in one or more 
separate ?les (as shoWn in FIG. 2). The audio data could 
represent a single track that is recorded With a microphone 
or array or microphones that are attached to or placed near 
the camera as it is moved through the tour site to capture the 
video data. 

[0074] HoWever, the tour is made richer by adding spa 
tialiZed sound. In this approach, audio data is acquired in situ 
at different pre-established locations Within the tour site. 
These locations can be chosen for effect. For eXample, they 
might be made adjacent sources of interesting sounds Within 
the site, such as Waterfalls, sWaying trees, fountains, or 
pianos. It is also noted that the audio tracks do not need to 
be recorded simultaneously With ?lming the site for the tour. 

[0075] The location in the tour site Where each audio track 
is recorded in the spatialiZed sound approach is identi?ed 
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and associated With the track. At viewing time, the viewing 
and navigation module to be described shortly attenuates 
each track based on the inverse square distance rule in vieW 
of the user’s current vieWing location in the tour site. The 
attenuated tracks are then mixed together by the audio card 
of the computing device hosting the vieWing and navigation 
module and played for as long as the user remains at that 
location. This simple technique increases the realism of the 
Whole experience by conveying the feeling of moving closer 
or farther aWay from sources of sound Within the tour site. 

[0076] 2.4 The VieWing and Navigation Module 

[0077] The primary function of the vieWing and naviga 
tion module is to display the tour environment and all 
associated user interface elements, and to act on commands 
entered by a user via an input device. Any appropriate type 
of input device could be employed to input user commands 
(e.g., mouse, trackball, and the like), hoWever in tested 
versions of the present system and process, a standard 
gamepad Was employed. For convenience, the folloWing 
description of the vieWing and navigation module Will 
assume a gamepad is being employed by the user. HoWever, 
as stated above, any appropriate input device can be used, 
and so it is not intended that the present invention be limited 
to just the use of a gamepad. 

[0078] The gamepad controls are mapped in a similar Way 
to driving games, alloWing the user to pan left/right/up/doWn 
and move forWards and backWards along the tour path. The 
forward/backward buttons are sWapped as the user rotates 
180° from the forWard direction of the originally captured 
video tour. This causes the user to folloW the original path 
backWards, hoWever, it appears to be a valid forWard direc 
tion to the user Who is simply vieWing the portion of each 
frame opposite the original forWard direction in reverse 
capture order. In order to prevent objects moving through the 
scene during the tour capture phase from appearing to be 
going backWards When the user folloWs the original path in 
the reverse direction, it could be that only static environ 
ments are ?lmed, or the unWanted moving object could be 
edited out of the tour video using conventional methods. 

[0079] In general, as the user navigates the tour environ 
ment, the vieWing and navigation module computes the 
minimum set of data to request from the aforementioned 
selective decompressor sub-module. Conventional render 
ing methods are then employed to create an image of the tour 
environment that is displayed using the 3D graphics hard 
Ware of the computing device hosting the module. This 
image represents a portion of the current frame in the 
user-speci?ed vieWing direction that is Within a prescribed 
?eld of vieW. The vieWing and navigation module also 
determines the neXt frame that Will be played as described 
previously and requests the needed set of data from the 
decompressor in parallel With rendering the current frame. If 
a branch point is associated With the current frame location, 
the branch point table of the scene data ?le is used to identify 
the neXt frame. 

[0080] More particularly, this procedure is accomplished 
as folloWs. Referring to FIG. 4, for a given vieWing position 
along the tour path, the frame associated With that position 
is identi?ed using the scene data and designated as the 
current frame (process action 400). The current user-speci 
?ed vieWing direction and direction of motion along the tour 
path (if one) is also input (process action 402). It is noted 
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that the latter input may not eXist as the user may Want to 
stop at a point along the path and vieW the surrounding 
scene. The video data associated With that portion of the 
current frame Which corresponds to the prescribed ?eld of 
vieW around the current vieWing direction is then obtained 
from the video data ?le and rendered (process action 404). 
The resulting image of the tour site from the current path 
location is then displayed to the user (process action 406). At 
the same time the current image is rendered and displayed, 
the frame needed to display in the neXt image of the video 
tour is identi?ed based on the user-speci?ed direction of 
motion along the tour path (process action 408). This neWly 
identi?ed frame is then designated as the current frame in 
lieu of the previously identi?ed frame (process action 410), 
and process actions 402 through 410 are repeated for as long 
as the user Wants to vieW the video tour. 

[0081] The input video is often traversed non-sequentially. 
In the case of fast motion, the stride through the input frames 
can be greater than one. In addition, because there are branch 
points along the tour path, the neXt frame requested can be 
in a totally different section of the original video. If so, there 
may be a mismatch in the relative rotations betWeen the 
current frame and the neXt frame, Which could cause a 
visible jump When that neXt frame is played. This mismatch 
can occur because the scene may have been captured While 
the cameraman Was moving in a different direction to that 
Which the user is noW taking through the tour site. In 
addition, the aforementioned capture direction or global 
orientation may not match betWeen these frames. The vieW 
ing and navigation module resolves the problem by auto 
matically estimating the relative rotation betWeen the frames 
using the global orientation information from the frame 
rotation table and correcting for it in order to minimiZe the 
visual jump that the user sees. In this Way, the user can 
seamlessly navigate from one branch to another. 

[0082] It is also noted that When the user moves through 
a branch point, there are tWo different Ways the user 
speci?ed vieWing direction can be handled. In tested ver 
sions of the present interactive video tour system and 
process, the user selects Which option is to be employed via 
the gamepad. In one mode, called the relative mode, the 
vieWing direction is not changed When a neW path is entered. 
Thus, if the user had speci?ed a particular vieWing direction 
While on a path leading to the branch point, once the user 
passes the branch point and onto a neW part of the tour path, 
this vieWing direction is not changed, meaning that the 
portion of the frames associated With the neW path that is 
rendered corresponds to the same angular offset from the 
global orientation of the frame as Was used When rendering 
the portion of the frames played prior to moving onto the 
neW branch path. For eXample, if the user speci?ed a 
vieWing direction just to the left of the path When approach 
ing a branch point, he or she Would still be vieWing the scene 
just to the left of the neW path once passing through the 
branch point. 

[0083] The other mode is the absolute mode. The video 
data is pre-rotated such that all panoramic frames have the 
same orientation, for eXample north facing. In this case it is 
unnecessary to perform any rotation adjustment at a bifur 
cation because all frames point in the same direction. 

[0084] As described previously, the vieWing and naviga 
tion module also stabiliZes each frame prior to rendering the 
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desired portion of it. This is accomplished using the previ 
ously described jitter correction vector data from the frame 
rotation table of the scene data ?le, and is accomplished 
using conventional methods through a simple transforma 
tion of the current vieW matrix. 

[0085] 2.4.1 The Viewing and Navigation WindoW 

[0086] One version of the aforementioned GUI (hereinaf 
ter referred to as the vieWing and navigation WindoW) 
generated by the vieWing and navigation module is depicted 
in FIG. 5. The bulk of the tour WindoW is taken up by a 
frame display sector 500 in Which the portion of the current 
frame of the tour video is displayed. In FIG. 5 the displayed 
scene is from a tour of a house. As discussed previously, the 
portion of the current frame displayed is dependent on the 
prescribed ?eld of vieW and the vieWing direction speci?ed 
by the user. 

[0087] Just above the frame display sector is a navigation 
bar 502 that generally indicates the direction to other part of 
the tour site. This information is displayed in the bar 502 
anytime the user is approaching a branch point in the tour 
path. Essentially, the vieWing and navigation module moni 
tors the branch point table to determine if the user is 
approaching and is Within a prescribed number of frames 
(e.g., about 40 frames) of a branch point, as indicated by its 
frame number in the branch point table. When it is deter 
mined that the user is approaching a branch point, the 
module determines the possible branch paths the user could 
take and identi?es the name of the next region to Which each 
of these branch paths leads. If a branch path does not leave 
the current region, then the name of the current region is 
identi?ed for that branch path. This information comes from 
the map region table. These names 504 are then displayed in 
the navigation bar 502 With an arroW icon 506 adjacent to it 
that point in the general direction of the region. Notice the 
navigation bar 502 depicted in FIG. 5 indicates the living 
room is to the right and the dining room is to the left. In this 
Way, it is easier for the user to select the desired path through 
the tour site at a branch point. Also note that the upcoming 
branch point associated With the frame depicted in FIG. 5 
has tWo path options. Thus, it must be associated With either 
the previously described T or Y shaped juncture in the tour 
path. If the juncture Was a 4-Way crossing, there Would be 
three path options listed in the navigation bar 502—namely 
right, left and forWard paths. If the juncture is a corner, there 
Would be just one path option shoWn in the navigation bar 
502 in the direction of the turn in the path. Note that in any 
of these situations, the reverse path option Would replace the 
forWard path option if the user rotated the speci?ed vieWing 
direction beyond a prescribed angle (e.g., +/—90 degrees 
from the direction of the forWard path at a branch point). 

[0088] It is also noted that the navigation bar 502 depicted 
in FIG. 5 is just an example of hoW the foregoing direction 
aid information could be imparted to the user. For example, 
as an alternative, arroWs (not shoWn) could be superimposed 
onto the displayed image in the directions of the path 
options. In addition, the name associated With each path 
option could be superimposed on the displayed image adja 
cent to the corresponding arroW. 

[0089] In addition to the navigation bar 502, the example 
WindoW shoWn in FIG. 5 also has an information bar 508. 
This space is generally used to provide information to the 
user about the current region of the tour site. In the example 
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WindoW shoWn in FIG. 5, the information bar 508 is used to 
display the object icons 510 described previously. Here the 
art case is in vieW and tWo objects in the case (i.e., the horse 
statue and the vase) have been set up as objects of interest. 
As such icons 510 representing the tWo objects are displayed 
on the bottom bar indicating to the user that additional 
information about these art pieces is available. Selecting one 
of the icons 510 via the gamepad accesses this information 
Which is then displayed to the user in a separate WindoW (not 
shoWn) Which Would be displayed over at least a portion of 
the vieWing and navigation WindoW. For example, selecting 
one of the icons 510 might pop up a high resolution still 
image of the corresponding art piece and an audio annota 
tion might be played to provide information to the user about 
the piece. The icon details and link information needed to 
display the icon 510 and access the underlying link are 
obtained by the vieWing and navigation module from the 
object information table described previously. Here again 
the display of an object information icon 510 in the infor 
mation bar 508 is just an example. Other Ways of imparting 
to the user that information is available about an object seen 
in the current tour location can be employed as desired. For 
example, it Was indicated previously that an icon could be 
positioned on a map of the tour site and the user Would select 
the icons from there. 

[0090] The vieWing and navigation WindoW also includes 
a map graphic 512 as Was described earlier. In the example 
WindoW shoWn in FIG. 5, this map 512 is displayed at the 
bottom left hand corner. The map 512 can take any form and 
appearance desired. For example, the map 512 can appear 
semi-transparent such that the portion of the frame being 
displayed that lies behind the map can still be seen. In 
general, the map 512 provides the user With an overvieW of 
the tour site and can include indicators that shoW the user 
Where he or she is currently vieWing the tour site from. For 
example, as described previously, this can include a line 
representing the tour path and a marker such as an arroW that 
points to the current location on the path, as Well as Which 
direction the user is currently traversing the site. In addition, 
the map 512 can divide the site into regions, such as different 
rooms in a house. If so, the region Where the user is currently 
vieWing the tour site can be highlighted in any appropriate 
conventional manner to shoW the user What region he or she 
is currently vieWing the site from. Further a label can be 
displayed on or adjacent to the map 512 Which provides the 
name of the region currently being visited. 

[0091] The gamepad can be used to select a different 
region of the tour site on the map 512 and the user is quickly 
transported to this neW position as described earlier. The 
vieWing and navigation module accomplishes this by ?rst 
identifying the frame associated With the location on the tour 
path that corresponds to the point selected by the user on the 
map 512. As explained above this information is obtained 
from the path table. The portion of the frame corresponding 
to the user’s currently speci?ed vieWing direction is ren 
dered and displayed in the WindoW, Which appears to the 
user as if he or she had been transported to the neW location 
in the tour site. In addition, the module ?nds the particular 
version of the map graphic that should be displayed When 
the user is vieWing the site from the neWly chosen region 
using the map region table. This neW version is then 
displayed in the WindoW as the map graphic 512. The same 
process occurs When a user moves from one region to the 
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other using the gamepad motion commands, rather than 
selecting a neW location on the map 512. 

[0092] The previously described object replacement fea 
ture, When included, generally alloWs the user to select from 
a displayed list of replacement items. The selected item, 
Which could be things such as graphics, images, videos or 
video-textures, are superimposed by the vieWing and navi 
gation module on a prescribed area Within a currently 
displayed portion of a frame. Alternately, the user repeatedly 
inputs a change command Which causes a different one of 
the available items for object of interest to be superimposed 
thereon With each selection event so as to cycle through the 
choices until the user ?nd the one desired. 

[0093] The vieWing and navigation module accomplishes 
the object replacement feature by monitoring the object 
replacement information table and Whenever the frame that 
is about to be rendered falls Within a range speci?ed in the 
table, the module obtains the location information from the 
table that speci?es Where the area associated With the 
replacement object is located Within the frame and option 
ally highlights that area via any appropriate method. This 
highlighting alerts the user that the object represents a 
replacement object. The module also either renders and 
displays the menu identi?ed in the table for that frame range 
in the vieWing and navigation WindoW, or renders and 
displays a pre-designated ?rst one of the replacement items 
identi?ed in the table over the previously identi?ed area 
associated With the replacement object. Even if the menu is 
displayed, the module can also render and display a pre 
selected one of the items associated With the replacement 
object over the aforementioned area in the displayed portion 
of the current frame. When the user selects an item from the 
menu that is not currently displayed, or inputs a change 
command, the vieWing and navigation module renders the 
neW item and displays it in the identi?ed area in lieu of What 
Was previously displayed in that area. The rendering and 
superimposing functions are performed using any appropri 
ate conventional method. An eXample of this feature is 
shoWn in FIG. 6, Which represent a portion of a displayed 
frame of an interactive video tour of a house that includes a 
replaceable object in the form of a television 600. In this 
case, the provided replacement items represent different 
videos or even live broadcasts that could be played and 
superimposed on the screen 602 of the television 600 While 
the user is vieWing the portion the scene containing the 
television. 

[0094] In addition to identifying Where an object is visible 
in each effected frame, an associated occlusion mask is also 
provided for each frame. The occlusion mask speci?es the 
visibility for each piXel of the replaceable object. This is 
similar to convential “blue-screening” techniques. In fact, in 
a tour it Will often happen that objects closer to the observer 
Will occlude (partially or totally) the selected object (eg a 
chair in front of the TV set). At vieWing time the selected 
object is replaced by the replacement object, but each pixel 
is only as visible as indicated by the related occlusion mask. 
The occlusion masks are stored contiguous With the video 
data as 8 bit images, Where 0 speci?es a totally occluded 
piXel, 255 speci?es a totally visible piXel and values in 
betWeen are for partially occluded pixels. The position (e.g., 
corners) of the occlusion mask relative to the current frame 
is stored in the object replacement table. This alloWs the 
system to align the occlusion map With the frame being 
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rendered and thus deal With occlusion events correctly and 
further enhancing the sense of realism. 
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1-46. (canceled) 
47. In a computer system having a user interface com 

prising a display and user interface selection device, a 
process comprising: 

an inputting step for inputting data associated With the 
video tour, said inputting step comprising, 

a video data inputting step for inputting video data 
comprising a sequence of video frames each of 
Which represents a panoramic vieW of the tour site 
from a particular location along said path, and 

a scene data inputting step for inputting scene data, 
Which given a vieWing direction and optionally a 
user-speci?ed direction of motion along the tour 
path, is used to determine Which video frame and 
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What part of that video frame is needed to render and 
display the next image of the video tour; 

a displaying step for displaying a vieWing and navigation 
WindoW on the display, Wherein the WindoW comprises 
a plurality of sectors for vieWing and controlling the 
video tour; and 

an implementing step for implementing commands 
entered by a user directly via said selection device and 
via the user selecting displayed items Within the vieW 
ing and navigation WindoW sectors using said selection 
device, so as to give the user continuous control over 
both the vieWing position along a path through the tour 
site and vieWing direction at points on the path. 

48. The process of claim 47, Wherein the path through the 
tour site has at least one branch point from each of Which the 
path either turns an abrupt corner or diverges in more than 
one direction thereby alloWing the user to folloW any part of 
the path extending aWay from the branch, and Wherein the 
scene data inputting step comprises a branch point inputting 
step for inputting a branch points table Which for each video 
frame associated With a branch point identi?es the next 
video frame that is to be played in vieW of the current 
user-speci?ed vieWing direction. 

49. The process of claim 48, Wherein the branch point 
inputting step comprises a de?ning step for de?ning a range 
of vieWing directions for each part of the path diverging 
from each branch point such that When a user speci?es a 
vieWing direction Within the de?ned range for a part of the 
path extending aWay from a vieWing location that is a branch 
point, the frame associated With the ?rst speci?able location 
along that part of the path from the branch point is identi?ed 
as the next video frame that is to be played. 

50. The process of claim 47, Wherein the plurality of 
vieWing and navigation WindoW sectors comprises a sector 
for displaying a portion of the frame associated With a 
current vieWing position Which corresponds to a prescribed 
?eld of vieW around a current vieWing direction, and 
Wherein the scene data inputting step comprises a frame 
rotation inputting step for inputting a frame rotation table 
Which for each video frame identi?es a global orientation 
direction corresponding to a direction designated When the 
frame Was captured as a Zero degree line from Which the 
user-speci?ed vieWing direction is measured thereby facili 
tating ?nding the portion of the frame to be displayed. 

51. The process of claim 50, Wherein the plurality of 
vieWing and navigation WindoW sectors comprises a sector 
for displaying an icon representing an object of interest 
residing in the tour site Which When selected by the user 
causes additional information about the object to be dis 
played, and Wherein the scene data inputting step further 
comprises an object information inputting step for inputting 
an object information table that for a prescribed set of frame 
ranges and vieWing directions associated With the frames of 
those frame ranges in Which the object of interest appears, 
identi?es the particular icon that is to be displayed and link 
details needed to access said information about the object. 

52. The process of claim 50, Wherein displaying a portion 
of the frame associated With the current vieWing position 
Which corresponds to a prescribed ?eld of vieW around the 
current vieWing direction comprises displaying a replace 
able object Within the displayed frame portion, and Wherein 
the scene data inputting step comprises an object replace 
ment information inputting step for inputting an object 
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replacement information table that for a prescribed set of 
frame ranges and vieWing directions associated With the 
frames of those frame ranges in Which the replaceable object 
appears, identi?es a menu that is to be displayed in the 
vieWing and navigation WindoW comprising a list of replace 
ment objects and link details for each replacement object 
listed that are needed to access said replacement objects 
Which are to be displayed in place of the replaceable object 
upon selection of that replacement object from the menu by 
the user. 

53. The process of claim 50, Wherein displaying a portion 
of the frame associated With the current vieWing position 
Which corresponds to a prescribed ?eld of vieW around the 
current vieWing direction plurality comprises displaying a 
replaceable object Within the displayed frame portion, and 
Wherein the scene data inputting step comprises an object 
replacement information inputting step for inputting an 
object replacement information table that for a prescribed set 
of frame ranges and vieWing directions associated With the 
frames of those frame ranges in Which the replaceable object 
appears, identi?es link details for a group of replacement 
objects that are needed to access each of said objects, Which 
are displayed one at a time in place of the replaceable object 
in a prescribed cyclical order upon entry of a change 
command by the user. 

54. The process of claim 47, Wherein the method 
employed to capture the video frames introduced jitter, and 
Wherein the scene data inputting step comprises a frame 
rotation inputting step fo inputting a frame rotation table 
Which for each video frame identi?es a jitter correction 
factor thereby alloWing the jitter to be removed from each 
frame prior to a portion thereof being rendered and dis 
played. 

55. The process of claim 47, Wherein the plurality of 
vieWing and navigation WindoW sectors comprises a sector 
for displaying a map graphic of the tour site, and Wherein the 
scene data inputting step comprises a map region inputting 
step for inputting a map region table Which for each of a 
prescribed set of frame ranges identi?es the particular map 
graphic that is to be displayed Whenever a portion of a video 
frame Within that frame range is rendered and displayed. 

56. The process of claim 47, Wherein the plurality of 
vieWing and navigation WindoW sectors comprises a sector 
for displaying a name associated With a region of the tour 
site that the user is currently vieWing, and Wherein the scene 
data inputting step comprises a map region inputting step fo 
inputting a map region table that for each of a prescribed set 
of frame ranges, each of Which is associated With a particular 
region of the tour site, identi?es the name associated With 
that region. 

57. The process of claim 47, Wherein the plurality of 
vieWing and navigation WindoW sectors comprises a sector 
for displaying a map graphic of the tour site that comprises 
a line representing the tour path and an indicator Which 
identi?es the point on the tour path from Which the user is 
currently vieWing the tour site, and Wherein the scene data 
inputting comprises a path inputting step for inputting a path 
table Which for each video frame identi?es a location on the 
map graphic representing the point on the tour path that the 
frame Was captured thereby facilitating the placement of 
said indicator on the map graphic. 

58. The process of claim 47, Wherein the plurality of 
vieWing and navigation WindoW sectors comprises a sector 
for displaying a map graphic of the tour site that comprises 
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a line representing the tour path, and Wherein the scene data 
inputting step comprises a path inputting step for inputting 
a path table Which for each video frame identi?es a location 
on the map graphic representing the point on the tour path 
that the frame Was captured, and Wherein Whenever the user 
selects a point on the tour path line of the map graphic, the 
next frame from Which a portion is rendered and displayed 
is the frame identi?ed in the path table as corresponding to 
the user-selected path point, thereby alloWing the user to 
vieW another part of the tour site Without having to folloW 
the tour path to that part. 

59. A computer-implemented process for providing an 
interactive video tour of a tour site to a user, comprising: 

(a) a video data inputting step for inputting video data 
comprising a sequence of video frames each of Which 
represents a panoramic vieW of the tour site from a 
particular location along a path through the tour site; 

(b) a scene data inputting step for inputting scene data 
Which comprises information to identify the frame 
associated With each speci?able location along the 
path, and that given a vieWing direction and a user 
speci?ed direction of motion along the tour path, is 
used to determine Which video frame and What part of 
that video frame is needed to render and display the 
next image of the video tour; 

(c) for a given vieWing position Within the site along the 
path, an identifying step for identifying the frame 
associated With that position using the scene data and 
designating it as the current frame; 

(d) a direction inputting step for inputting a current 
user-speci?ed vieWing direction, and a current user 
speci?ed direction of motion along the tour path, if one; 

(e) an obtaining step for obtaining from the video data that 
portion of the current frame Which corresponds to a 
prescribed ?eld of vieW around the current vieWing 
direction; 

(f) a rendering step for rendering the obtained portion of 
the current frame and displaying it to the user, While 
simultaneously identifying the frame needed to display 
the next image of the video tour in vieW of the 
user-speci?ed direction of motion along the tour path 
using the scene data; 

(g) a designating step for designating the neWly identi?ed 
frame as the current frame in lieu of the previously 
identi?ed frame; and 

(h) a repeating step for repeating steps (d) through (g) for 
as long as the user Wants to vieW the video tour. 

60. The process of claim 59, Wherein the video data is 
compressed using a compression method Which alloWs the 
decompression of any frame, not just the next sequential 
frame, and Which alloWs any portion of a frame to be 
decompressed Without having to decompress the rest of the 
frame, and Wherein the obtaining step comprises a decom 
pressing step for exclusively decompressing just said portion 
of the current frame. 

61. The process of claim 59, Wherein the scene data 
comprises a global orientation direction for each video 
frame Which corresponds to a direction designated When the 
frame Was captured as a Zero degree line from Which the 
vieWing direction is measured, and Wherein the obtaining 
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step comprises a frame portion identifying step for identi 
fying said portion of the current frame Which corresponds to 
the prescribed ?eld of vieW around the current vieWing 
direction by measuring the vieWing direction from the global 
orientation direction. 

62. The process of claim 61, Wherein the method 
employed to capture the video frames introduced jitter, and 
Wherein the scene data comprises a jitter correction factor 
for each video frame, and Wherein the obtaining step further 
comprises: 

a jitter correction factor obtaining step for obtaining the 
jitter correction factor associated With the current frame 
from the scene data; and 

an employing step for employing said jitter correction 
factor to remove the jitter from said portion of the 
current frame. 

63. The process of claim 59, Wherein the identifying step 
comprises a previously designated frame designating step 
for designating the previously designated frame as the neWly 
designated frame Whenever no direction of motion is speci 
?ed. 

64. The process of claim 5 9, Wherein the path through the 
tour site has at least one branch point from each of Which the 
path either turns an abrupt corner or diverges in more than 
one direction such that the user can folloW any part of the 
path extending aWay from the branch, and Wherein the scene 
data comprises a branch points table Which for each video 
frame associated With a branch point identi?es the next 
video frame that is to be played in vieW of the current 
vieWing direction, and Wherein identifying step comprises: 

a determining step for determining from the scene data 
Whether the current frame is associated With a branch 
point; and 

Whenever the current frame is not associated With a 
branch point, 

a next sequential frame identifying step for identifying 
the next sequential frame of the video data as the 
neWly identi?ed frame if the user has speci?ed a 
forWard motion direction as related to What Was the 
forWard direction When the video frames Were cap 
tured, and 

a previous sequential frame identifying step for iden 
tifying the previous sequential frame of the video 
data as the neWly identi?ed frame if the user has 
speci?ed a backWards motion direction as related to 
What Was the forWard direction When the video 
frames Were captured. 

65. The process of claim 61, Wherein the path through the 
tour site has at least one branch point from each of Which the 
path either turn an abrupt corner or diverges in more than 
one direction such that the user can folloW any part of the 
path extending aWay from the branch, and Wherein the scene 
data comprises a branch points table Which for each video 
frame associated With a branch point identi?es the next 
video frame that is to be played in vieW of the current 
vieWing direction, and Wherein identifying step comprises: 

a determining step for determining from the scene data 
Whether the current frame is associated With a branch 
point; and 




