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METHOD AND APPARATUS FOR 
GENERATING AND DISPLAYING 

HOTLINKS IN A PANORAMIC THREE 
DIMENSIONAL SCENE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is related to US. patent applica 
tion Ser. No. 60/022,424, US. patent application Ser. No. 
60/023,143, and US. patent application Ser. No. 60/022, 
428, ?led on Aug. 5, 1996 and assigned to the common 
assignee of the present invention, herein incorporated by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The invention relates generally to image processing 
systems, and, more particularly, to image processing sys 
tems that alloW a user to create and vieW panoramic three 
dimensional images from data representing multiple vieWs 
of a scene. 

2. Description of the Related Art 
Conventional three dimensional graphics applications and 

associated hardWare render scenes composed of one or more 
three dimensional objects. The objects are typically repre 
sented by geometric primitives, for eXample triangles. The 
objects are represented by graphics data that represent the 
position and color of primitives in a model coordinate 
system. The graphics system renders the scene to display 
those object(s) of the scene that are visible in a vieWing 
WindoW based upon a vieW point. The user can navigate 
through the scene by changing the position and orientation 
of a vieW point reference (camera). In addition, animations 
can be performed by navigating through a series of prese 
lected positions and orientations of the vieW point reference. 

The rendering operation is a computationally intensive 
process and, thus, typically performed by specialiZed graph 
ics hardWare. Such systems are poWerful yet remain costly 
due to the need for specialiZed hardWare dedicated to this 
purpose. 

Moreover, conventional three dimensional graphics sys 
tems require that the user provide a three-dimensional model 
of the scene (i.e., graphics data that represents the position 
and color of the geometric primitives of the scene in the 
model coordinate system). Such models may be created With 
softWare in conjunction With peripheral devices (pen tablets, 
scanners, cameras, etc). For eXample the softWare sold under 
the name CATIA by Daussault of France alloWs a user to 
build a three-dimensional model of a scene. HoWever, such 
modeling softWare is expensive and, in addition, a signi? 
cant investment in labor may be required to model even a 
relatively uncomplicated scene. 

Because of the high costs associated With conventional 
three dimensional graphics systems, alternative solutions 
have emerged that provide effective yet limited capabilities 
in creating and vieWing a three dimensional scene Which are 
suitable for use on standard personal computers and Without 
the need for dedicated graphics hardWare. One such solution 
is the softWare developed and sold by Apple Computer, Inc. 
of Cupertino, Calif. under the name QuicktimeVR. The 
QuicktimeVR softWare is segmented into tWo distinct pack 
ages. The ?rst package, Which is sold to content providers, 
is an authoring tool that alloWs content providers to develop 
a panoramic three-dimensional image from multiple vieWs 
of a scene. The second package is a vieWer Which is 
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2 
distributed to consumers and Which alloWs the consumer to 
vieW the panoramic three-dimensional images created by the 
authoring tool. A more detailed description of the operation 
of the QuicktimeVR system may be found in Chen, “Quick 
time® VR—An Image-based Approach to Virtual Environ 
ment Navigation”, SIGGRAPH 1995, Los Angeles, Calif., 
pp. 29—38, and in US. Pat. No. 5,396,583 to Chen et al., 
Which is assigned to Apple Computer, Inc. 

The QuicktimeVR system utiliZes a cylindrical environ 
ment map to represent the panoramic vieW of a scene (or 
collection of images). Different perspective vieWs are ren 
dered by mapping the cylindrical environment map to a 
desired vieWing WindoW. 
A hotlink is an area of the panoramic scene that is 

associated With an action. For example, the action associated 
With hotlink may be the loading and displaying of a second 
environment map, the generation of a multimedia event such 
as an audio clip or video clip. 

The QuicktimeVR system provides for hotlinks to be 
integrated into the panoramic scene. The location of such 
hotlinks are made evident to the user by a changing cursor 
shape in the display WindoW When the user moves the cursor 
over an area of the scene that is associated With a hotlink. 

This method is limited because it requires the user to 
navigate throughout the panoramic scene in order to locate 
the hotlinks integrated into the scene. 

Thus, there is a need in the art to provide for a more 
effective system for integrating hotlinks into three dimen 
sional panoramic images, and thus provide an improved 
level of interactive graphical feedback. 

SUMMARY OF THE INVENTION 

The above-stated problems and related problems of the 
prior art are solved With the principles of the present 
invention, method and apparatus for generating and display 
ing hotlinks in a panoramic three dimensional scene. In a 
panoramic scene represented by a ?rst environment map 
comprising a plurality of elements each associated With a 
color value representing color of the corresponding element, 
hotlink areas in the scene are de?ned by a second environ 
ment map comprising a plurality of elements, Wherein the 
elements of the second environment map correspond to the 
elements of said ?rst environment map according to a 
mapping function. At least one element of the second 
environment map is associated With hotlink data identifying 
an action to be performed upon user selection of at least one 
element of the ?rst environment map that corresponds to the 
at least one element of the second environment map. 
Preferably, the hotlink data associated With the at least one 
element of the second environment map includes a color 
value associated With the element of said second environ 
ment map and an entry in a table associating the color value 
With data identifying the action to be performed upon user 
selection of the at least one element of the ?rst environment 
map. 
The hotlink areas de?ned by the second environment map 

are displayed by identifying the at least one element of the 
second environment map, modifying the color value of the 
elements of the second environment that correspond to the 
at least one element of the second environment, thereby 
producing a modi?ed ?rst environment map. The modi?ed 
?rst environment map is then rendered for display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of a computer 
processing system that may be utiliZed by the preferred 
embodiment of the present invention. 
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FIG. 2 illustrates a cylindrical environment map. 
FIG. 3 illustrates a hotlink environment map of the 

present invention. 
FIG. 4 is a table that for storing data that associates the 

hotlinks of the hotlink environment map With an action. 
FIG. 5 is a How chart illustrating operation of displaying 

hotlink areas of the environment map of FIG. 2 based on the 
hotlink environment map of FIG. 3 according to the present 
invention. 

FIG. 6 is a How chart illustrating operation of displaying 
hotlink areas of the environment map of FIG. 2 based on the 
hotlink environment map of FIG. 3 according to an alternate 
embodiment of the present invention. 

FIGS. 7(A)—(B) is a How chart illustrating operation of 
displaying hotlink areas of the environment map of FIG. 2 
based on the hotlink environment map of FIG. 3 according 
to an alternate embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

A method and apparatus for de?ning and displaying 
hotlink areas in an environment map is set forth herein. The 
present invention may be implemented on any computer 
processing system including, for example, a personal 
computer, a Workstation, or a graphics adapter that Works in 
conjunction With a personal computer or Workstation. As 
shoWn in FIG. 1, a computer processing system as may be 
utiliZed by the present invention generally comprises 
memory 101, at least one central processing unit (CPU) 103 
(one shoWn), and at least one user input device 107 (such as 
a keyboard, mouse, joystick, voice recognition system, or 
handWriting recognition system). In addition, the computer 
processing system includes a nonvolatile memory, such as 
(ROM), and/or other nonvolatile storage devices 108, such 
as a ?xed disk drive, that stores an operating system and one 
or more application programs that are loaded into the 
memory 101 and executed by the CPU 103. In the execution 
of the operating system and application program(s), the CPU 
may use data stored in the non-volatile storage device 108 
and/or memory 101. 

In addition, the computer processing system includes a 
frame buffer 104 coupled betWeen the CPU 103 and a 
display device 105 such as a CRT display or LCD display. 
The frame buffer 104 contains pixel data for driving the 
display device 105. In some systems, a rendering device (not 
shoWn), also knoWn as a graphics accelerator, may be 
coupled betWeen the CPU 103 and the frame buffer 104. 

In addition, the computer processing system may include 
a communication link 109 (such as a netWork adapter, RF 
link, or modem) coupled to the CPU 103 that alloWs the 
CPU 103 to communicate With other computer processing 
systems over the communication link, for example over the 
Internet. The CPU 103 may receive portions of the operating 
system, portions of the application program(s), or portions 
of the data used by the CPU 103 in executing the operating 
system and application program(s). 

It should be noted that the application program(s) 
executed by the CPU 103 may perform the rendering 
methods of the present invention described beloW. 
Alternatively, portions or all of the rendering methods 
described beloW may be embodied in hardWare that Works in 
conjunction With the application program executed by the 
CPU 103. 
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What Will noW be described is an environment map and 

a hotlink environment map that de?nes hotlink areas in the 
environment map. The environment map described beloW is 
a cylindrical environment map; hoWever, the present inven 
tion is not limited in this respect and may be applied to any 
environment map, for example, a spherical environment 
map or polyhedral environment map as set forth in US. 
patent application Ser. No. 60/022,428, incorporated by 
reference above in its entirety. 

A cylindrical environment map is composed of a rectan 
gular array of elements or pixels Wherein each pixel includes 
data representative of the portion of a three dimensional 
scene contained Within the narroW pyramid de?ned by the 
origin of the axis of a cylinder and a rectangular area on the 
surface of the cylinder. 

Each pixel of the cylindrical environment map may be 
characteriZed by a column index and roW index, Where the 
column index corresponds to an aZimuth angle relative to the 
axis of the cylinder and the origin of the cylinder and the roW 
index corresponds to an elevation angle relative to the axis 
of the cylinder and the origin of the cylinder. FIG. 2 
illustrates an unrolled cylindrical environment map Where 
the horiZontal axis corresponds to the column index/aZimuth 
angle of the pixels and the vertical axis corresponds to roW 
index/elevational angle of the pixels. The cylindrical envi 
ronment map has panRoW roWs and panCol columns as 
shoWn. A complete panorama includes color values for 
aZimuth angles in the range of 0 to 275, wherein a partial 
panorama includes color values for aZimuth angles in a 
subset of this range. AMobus panorama might include color 
values for aZimuth angles in the range 0 to 4x. A more 
detailed description of the cylindrical environment map may 
be found in US. patent application Ser. No. 60/023,143, 
incorporated by reference above in its entirety. 

According to the present invention, the hotlink areas of 
the cylindrical environment map are de?ned by a hotlink 
environment map, Where a mapping function maps the 
pixels of the hotlink environment map to the pixels of the 
cylindrical environment map. As shoWn in FIG. 3, the 
hotlink environment map preferably is a cylindrical envi 
ronment map having HRoW roWs and HCol columns, Where 
HRoW is determined by dividing the number of roWs of the 
cylindrical environment PanRoW by a scale factor SR, and 
HCol is determined by diving the number of columns of the 
cylindrical environment map PanCol by a scale factor SC. In 
other Words, the number of roWs and columns of the hotlink 
environment map (HRoW,HCol) are derived by scaling 
doWn the number of roWs and columns of the cylindrical 
environment map (PanRoW,PanCol). 

In this example, the pixels of the hotlink environment map 
may be denoted by the expression H(i,j) Where i is the 
column index ranging from 0 to (HCol-1) and j is the roW 
index ranging from 0 to (HRoW—1). The pixels of the 
cylindrical environment map may be denoted by the expres 
sion P(x,y) Where x is the column index ranging from 0 to 
(PanCol-1) and y is the roW index ranging from 0 to 
(PanRoW—1). In this case, each pixel of the hotlink envi 
ronment map corresponds to an SR by SC block of pixels in 
the cylindrical environment map. This association may be 
represented as folloWs: 

H (i, 1') == P (X, y), 

P (x, y + 1) 

P (x + SC-1, y) 
P (x + SC-l, y + 1) 
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-continued 

P (X, y + SR-1) P (X + 1, y + SR-1) 
Where X = SR*i and y = SC*i. 

P (X + 501, y + SR-l) 

For example, consider the case Where the number of roWs 
and columns of the hotlink environment map (HRoW,HCol) 
are derived by scaling doWn by a factor of 4 the number of 
roWs and columns of the cylindrical environment map 
(PanRoW,PanCol). In this case, the mapping function that 
maps a piXel of the hotlink environment map H(i,j) to 16 
piXels of the cylindrical environment map may be repre 
sented as folloWs: 

For each piXel of the hotlink environment map, a data 
value is stored that identi?es Whether the corresponding 
piXel(s) of the cylindrical environment map is a hotlink area. 
In addition, for each piXel of the hotlink environment map, 
information may be stored that points to (or de?nes) a 
command or action to be performed upon user selection of 
the corresponding piXels of the hotlink area in the cylindrical 
environment map. 

The data value stored for each piXel of the hotlink 
environment map that identi?es Whether the corresponding 
piXel(s) of the cylindrical environment map is a hotlink area 
may be encoded by the red, green, or blue color value of the 
piXel of the hotlink environment map. For eXample, the red 
color value of each piXel may be used to identify Whether the 
corresponding piXel(s) of the cylindrical environment map is 
a hotlink area. In this case, the blue and green color values 
of the piXels of the hotlink environment map may be 
ignored. In addition, for those piXels of the hotlink environ 
ment map that correspond to piXels of the cylindrical envi 
ronment map that are not part of a hotlink area, a null red 
color value is stored. HoWever, for those piXels of the 
hotlink environment map that correspond to piXels of the 
cylindrical environment map that are part of a hotlink area, 
a red color value Within a predetermined range of color 
values is preferably stored. In other Words, the red color 
value being Within the predetermined range of color values 
represents that the associated piXel corresponds to piXels of 
the cylindrical environment map that are part of a hotlink 
area. 

For eXample, the red color values of the system may range 
from 0 to 255. In this case, for those piXels of the hotlink 
environment map that correspond to piXels of the cylindrical 
environment map that are not part of a hotlink area, a 0 (null) 
red color value is stored. HoWever, for those piXels of the 
hotlink environment map that correspond to piXels of the 
cylindrical environment map that are part of a hotlink area, 
a red color value Within the range from 1—255 is stored. 

In addition, in order to associate the hotlink areas With the 
appropriate commands/ actions that are to be performed upon 
user selection of the corresponding piXels of the hotlink area 
in the cylindrical environment map, each hotlink area is 
preferably associated With a red color value Within the 
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predetermined range of color values. In this case, the piXels 
of the hotlink environment map that identify a given hotlink 
area in the cylindrical environment map are assigned a red 
color value Within the predetermined range of color values. 
In addition, a table is stored that identi?es the commands/ 
actions associated With each hotlink area, Which is indeXed 
by the red color value assigned to the hotlink area as shoWn 
in FIG. 4. For eXample, a red color value of 105 may be 
associated With data that represents a hotlink command 
DisplayPan that controls the system to display the pan 
oramic cylindrical environment identi?ed by the parameter 
PanID. In another eXample, a red color value of 175 may be 
associated With data that represents a hotlink command 
PlayAudio that controls the system to play the audio clip 
identi?ed by the parameter ClipID. 
As described above, the red color value of the piXel may 

be used to identify the hotlink areas of the hotlink environ 
ment map; hoWever, the present invention is not limited in 
this respect, and thus any data value may be used as an indeX 
to identify the hotlink areas. 

Having described a hotlink environment map that de?nes 
the hotlink areas of the cylindrical environment map, a 
mechanism for displaying the hotlink areas de?ned by the 
hotlink environment map is noW set forth With respect to 
FIG. 5. The operation begins is step 501 to check Whether a 
user input command requesting that the display of the 
hotlink areas be toggled on (or off) has been received. The 
user input command is typically identi?ed by an I/O event 
(or message). If in step 501 the user input command request 
ing that the display of the hotlink areas be toggled on (or off) 
has been received, operation continues to step 503. 

In step 503, a column indeX jcol that corresponds to one 
of the columns of the hotlink environment map is selected. 
Preferably, the column indeX jcol is set to successive values 
Within the range from 0 to (HCol-1). 

In step 505, for each roW of the selected column jcol of 
the hotlink environment map, a roW indeX jroW is selected. 
Preferably, the roW indeX jroW is set to successive values 
Within the range from 0 to (HroW—1). Each piXel (jroW,jcol) 
of the hotlink environment map is then processed in step 505 
as folloWs. 

The data value associated With the piXel (jroW,jcol) is ?rst 
checked to determine if the data value indicates that the 
corresponding piXel(s) of the cylindrical environment map is 
a hotlink area. If the red color value of the piXel identi?es 
Whether or not the corresponding piXel(s) of the cylindrical 
environment map is a hotlink area as describe above, this 
may be accomplished by checking if the red color value of 
the piXel is Within the predetermined range of red color 
values. If the corresponding piXel(s) of the cylindrical envi 
ronment map is not part of a hotlink area, the processing in 
step 505 continues to the neXt piXel in the roW. 

HoWever, if the corresponding piXel(s) of the cylindrical 
environment map is part of a hotlink area, preferably the 
table is searched to determine if the red color value associ 
ated With the piXel is stored as a valid entry in the table. This 
step ensures that the piXel corresponds to a hotlink area. If 
a matching entry is not found in the table, the processing in 
step 505 continues to the neXt piXel in the roW. 
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If a matching entry is found, the pixel(s) of the cylindrical 
environment map that correspond to the pixel (jroW,jcol) is 
determined according to the mapping function. In addition, 
for each of the corresponding pixels of the cylindrical 
environment map, the color value of the pixel is modi?ed to 
identify the pixel as part of a hotlink area. 

Preferably, the color value of the corresponding pixel(s) 
of the hotlink area of the cylindrical environment map is 
modi?ed by a reversible operation on the red, blue, and/or 
green color values of the pixel. For example, if a 24 bit true 
color value is stored for each pixel of the cylindrical 
environment map, the modi?ed value of the red, blue and/or 
green component may be determined as: 

NeWValue=Mod (256, OldValue+128) 

In another example, if a 8 bit palette color pointer is stored 
for each pixel of the cylindrical environment map, the 
modi?ed palette color pointer may be determined as: 

NeWPointer=Mod (25 6, OldPointer+128). 

The bene?t of this operation is that by performing the 
operation tWice, the modi?cation can be reversed. Thus, the 
unmodi?ed cylindrical environment map data need not be 
retrieved (or reloaded) after a user input command is 
received to toggle off the display of the hotlink areas. 

In step 507, it is determined if the last column of the 
hotlink environment map has been processed. If not, opera 
tion returns to step 503 to select the next value of jcol. If the 
last column of the hotlink environment has been processed, 
the operation continues to step 509. 

In step 509, after the processing of all column and roWs 
of the hotlink environment map is complete, the modi?ed 
cylindrical environment map is rendered for display. The 
rendering operation is described in detail in US. patent 
application Ser. No. 60/023,143, incorporated by reference 
above in its entirety. This results in the display of the hotlink 
areas that are de?ned by the hotlink environment map if the 
user input command is a toggle on command. HoWever, if 
the user input command is a toggle off command, step 509 
results in the display of the unmodi?ed cylindrical environ 
ment (i.e., the hotlink areas are not displayed). 

The procedure outlined above is advantageous When the 
number of pixels in the hot link environment map is much 
smaller than the number of pixels in the cylindrical envi 
ronment map and most of the pixels in the hotlink environ 
ment map are not associated With any action (i.e., mostly 

cold). 
An alternative mechanism for displaying the hotlink areas 

de?ned by the hotlink environment map is noW set forth With 
respect to FIG. 6. The operation begins is step 601 to check 
Whether a user input command requesting that the display of 
the hotlink areas be toggled on (or off) has been received. 
The user input command is typically identi?ed by an I/O 
event (or message). If in step 601 the user input command 
requesting that the display of the hotlink areas be toggled on 
(or off) has been received, operation continues to step 603. 

In step 603, a column index icol that corresponds to one 
of the columns of the cylindrical environment map is 
selected. Preferably, the column index icol is set to succes 
sive values Within the range from 0 to (PanCol-1). 

In step 605, for each roW of the selected column icol of 
the cylindrical environment map, a roW index iroW is 
selected. Preferably, the roW index iroW is set to successive 
values Within the range from 0 to (PanRoW—1). Each pixel 
(iroW,icol) of the cylindrical environment map is then pro 
cessed in step 605 as folloWs. 
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8 
First, the pixel of the hotlink environment map that 

corresponds to the current pixel (iroW,icol) of the cylindrical 
environment map is identi?ed. For example, the pixel of the 
hotlink environment map (jroW,jcol) that corresponds to the 
current pixel (iroW,icol) of the cylindrical environment map 
may be determined as folloWs: 

jcol=icol/SC 
jroW=iroW/SC 
Where SC=PanRoW/HRoW, Which represents the ratio of 

the number of columns in the cylindrical environment 
map to the number of roWs in the hotlink environment 
map. 

Second, the data value associated With the pixel (jroW,jcol) 
of the hotlink environment map is checked to determine if 
the data value indicates that the corresponding pixel(s) of the 
cylindrical environment map is a hotlink area. If the red 
color value of the pixel identi?es Whether or not the corre 
sponding pixel(s) of the cylindrical environment map is a 
hotlink area as describe above, this may be accomplished by 
checking if the red color value of the pixel is Within the 
predetermined range of red color values. If the correspond 
ing pixel(s) of the cylindrical environment map is not part of 
a hotlink area, the processing in step 605 continues to the 
next pixel in the roW of the cylindrical environment map. 

HoWever, if the corresponding pixel(s) of the cylindrical 
environment map is part of a hotlink area, preferably the 
table is searched to determine if the red color value associ 
ated With the pixel (jroW,j col) is stored as a valid entry in the 
table. This step ensures that the pixel (jroW,jcol) corresponds 
to a hotlink area. If a matching entry is not found in the table, 
the processing in step 605 continues to the next pixel in the 
roW of the cylindrical environment map. 

If a matching entry is found, the color value of the pixel 
(iroW,icol) of the cylindrical environment map is modi?ed to 
identify the pixel as part of a hotlink area. Preferably, the 
color value of the pixel (iroW,icol) of the hotlink area of the 
cylindrical environment map is modi?ed by a reversible 
operation on the red, blue, and/or green color values of the 
pixel. For example, if a 24 bit true color value is stored for 
each pixel of the cylindrical environment map, the modi?ed 
value of the red, blue and/or green component may be 
determined as: 

NeWValue=Mod (25 6, OldValue+128) 

In another example, if a 8 bit palette color pointer is stored 
for each pixel of the cylindrical environment map, the 
modi?ed palette color pointer may be determined as: 

NeWPointer=Mod (256, OldPointer+128). 

The bene?t of this operation is that by performing the 
operation tWice, the modi?cation can be reversed. Thus, the 
unmodi?ed cylindrical environment map data need not be 
retrieved (or reloaded) after a user input command is 
received to toggle off the display of the hotlink areas. 

In step 607, it is determined if the last column (PanCol-1) 
of the cylindrical environment map has been processed. If 
not, operation returns to step 603 to select the next value of 
icol. If the last column (panCol-1) of the cylindrical envi 
ronment has been processed, the operation continues to step 
609. 

In step 609, after the processing of all column and roWs 
of the cylindrical environment map is complete, the modi 
?ed cylindrical environment map is rendered for display. 
The rendering operation is described in detail in US. patent 
application Ser. No. 60/023,143, incorporated by reference 
above in its entirety. This results in the display of the hotlink 
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areas that are de?ned by the hotlink environment map if the 
user input command is a toggle on command. However, if 
the user input command is a toggle off command, step 509 
results in the display of the unmodi?ed cylindrical environ 
ment (i.e., the hotlink areas are not displayed). 
An alternative mechanism for displaying the hotlink areas 

de?ned by the hotlink environment map is noW set forth With 
respect to FIG. 7. The operation begins is step 701 to check 
Whether a user input command requesting that the display of 
the hotlink areas be toggled on (or off) has been received. 
The user input command is typically identi?ed by an I/O 
event (or message). If in step 701 the user input command 
requesting that the display of the hotlink areas be toggled on 
(or off) has been received, operation continues to step 703. 

In step 703, a column indeX icol that corresponds to one 
of the columns of the cylindrical environment map is 
selected. Preferably, the column indeX icol is set to succes 
sive values Within the range from 0 to (PanCol-1). 

In step 705, the column (jcol) of the hotlink environment 
map that corresponds to the current column (icol) is iden 
ti?ed. For example, the column (jcol) of the hotlink envi 
ronment map that corresponds to the current column (icol) 
of the cylindrical environment map may be determined as 
folloWs: 

jcol=icol/SC 
Where SC=PanRoW/HRoW, Which represents the ratio of 

the number of columns in the cylindrical environment 
map to the number of roWs in the hotlink environment 
map. 

In step 707, it is determined if one of the folloWing tWo 
conditions is satis?ed: 

(a) the current column (icol) is the ?rst column in the 
cylindrical environment map (e.g., icol=0); or 

(b) the corresponding column (jcol) of the hotlink envi 
ronment map differs from the previously identi?ed 
column (jcolprev) of the hotlink environment map 
(e.g., jcol#jcolprev, Where jcolprev=(icol—1)/SC) 

If one of the tWo conditions is satis?ed, operation continues 
to step 709; otherWise operation continues to step 711. 

In step 709, for each roW of the selected column jcol of 
the hotlink environment map, a roW indeX jroW is selected. 
Preferably, the roW indeX jroW is set to successive values 
Within the range from 0 to (HroW—1). For each piXel 
(jroW,jcol) Within the column (jcol) of the hotlink environ 
ment map, the data value associated With the piXel (jroW, 
jcol) of the hotlink environment map is checked (as 
described above in step 503) to determine if the data value 
indicates that the corresponding piXel(s) of the cylindrical 
environment map is a hotlink area. When processing the 
roWs of the current column (jcol), the ?rst roW that stores a 
data value indicating that the corresponding piXel(s) of the 
cylindrical environment map is a hotlink area is saved as 
jroWl, and the last roW that stores a data value indicating that 
the corresponding piXel(s) of the cylindrical environment 
map is a hotlink area is saved as jroW2. If there are no roWs 
in the current column (jcol) of the hotlink environment map 
that stores a data value indicating that the corresponding 
piXel(s) of the cylindrical environment map is a hotlink area, 
jroW1 and jroW2 are preferably saved as (HroW—1) and 0, 
respectively, (or any pair of numbers Where jroW1>jroW2). 
After checking all the roWs of the current column (icol), the 
roWs of the cylindrical environment map (iroW1,iroW2) that 
correspond to the roWs jroW1 and jroW2 are identi?ed. For 
eXample, the roWs of the cylindrical environment map 
(iroW1,iroW2) may be identi?ed as folloWs: 
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The operation of step 709 is then complete and operation 
continues to step 711. 

In step 711, the selected column (icol) of the cylindrical 
environment map is checked for hot pixels. HoWever, 
instead of checking every roW (e.g., iroW=0 to (panRoW—1)) 
Within the selected column (icol), only those piXels corre 
sponding to roWs iroW1 to iroW2 of the selected column 
(icol) are considered. This may be accomplished by setting 
the roW indeX iroW to successive values Within the range 
from iroW1 to iroW2. The piXel (iroW,icol) of the cylindrical 
environment map is processed as folloWs. 

First, it is determined if iroW1 is greater than iroW2. As set 
forth above, this condition indicates that the entire roW of 
piXels for the current column (jcol) of the hotlink environ 
ment map is cold (i.e., does not store a data value indicating 
that the corresponding piXel(s) of the cylindrical environ 
ment map is a hotlink area). If iroW2 is greater than iroW1, 
then the operation ends With respect to the current column 
(icol) and the operation continues to step 713 to process the 
neXt column in the cylindrical environment map. 

HoWever, if iroW2 is not greater than iroW1, then the piXel 
(jroW,jcol) of the hotlink environment map that corresponds 
to the current piXel (iroW,icol) of the cylindrical environment 
map is identi?ed. For eXample, the piXel (jroW,jcol) of the 
hotlink environment map that corresponds to the current 
piXel (iroW,icol) of the cylindrical environment map may be 
determined as folloWs: 

jcol=icol/SC 
jroW=iroW/SC 

The data value associated With the piXel (jroW,jcol) of the 
hotlink environment map is then checked to determine if the 
data value indicates that the corresponding piXel(s) of the 
cylindrical environment map is a hotlink area. If the corre 
sponding piXel(s) of the cylindrical environment map is not 
part of a hotlink area, the processing continues to the neXt 
piXel in the roW (jroW) of the hotlink environment map. 
HoWever, if the corresponding piXel(s) of the cylindrical 
environment map is part of a hotlink area, the color value of 
the piXel (iroW,icol) of the cylindrical environment map is 
modi?ed to identify the piXel as part of a hotlink area. 
Preferably, the color value of the piXel (iroW,icol) of the 
hotlink area of the cylindrical environment map is modi?ed 
by a reversible operation on the red, blue, and/or green color 
values of the piXel. For eXample, if a 24 bit true color value 
is stored for each piXel of the cylindrical environment map, 
the modi?ed value of the red, blue and/or green component 
may be determined as: 

NeWValue=Mod (25 6, OldValue+128) 

In another eXample, if a 8 bit palette color pointer is stored 
for each piXel of the cylindrical environment map, the 
modi?ed palette color pointer may be determined as: 

NeWPointer=Mod (256, OldPointer+128). 

The bene?t of this operation is that by performing the 
operation tWice, the modi?cation can be reversed. Thus, the 
unmodi?ed cylindrical environment map data need not be 
retrieved (or reloaded) after a user input command is 
received to toggle off the display of the hotlink areas. 

After processing all piXels of the current col (icol) in the 
range (iroW=iroW1 to iroW2), operation continues to step 
713. 

In step 713, it is determined if the last column (PanCol-1) 
of the cylindrical environment map has been processed. If 
not, operation returns to step 703 to select the neXt value of 
icol. If the last column (panCol-1) of the cylindrical envi 
ronment has been processed, the operation continues to step 
715. 
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In step 715, after the processing of all column and roWs 
of the cylindrical environment map is complete, the modi 
?ed cylindrical environment map is rendered for display. 
The rendering operation is described in detail in US. patent 
application Ser. No. 60/023,143, incorporated by reference 
above in its entirety. This results in the display of the hotlink 
areas that are de?ned by the hotlink environment map if the 
user input command is a toggle on command. HoWever, if 
the user input command is a toggle off command, step 715 
results in the display of the unmodi?ed cylindrical environ 
ment (i.e., the hotlink areas are not displayed). 

The system preferably utiliZes the folloWing operations in 
step 711 above to determine if the data value stored by the 
hotlink environment map indicates that the corresponding 
pixel(s) of the cylindrical environment map is a hotlink area. 
For exemplary purposes, consider the case described above 
Where the red color value of the pixel identi?es Whether or 
not the corresponding pixel(s) of the cylindrical environ 
ment map is a hotlink area. In this scenario, the red color 
value of the previous pixel (jroW—1,jcol) and a link status bit 
associated With the previous pixel (jroW—1,jcol) is stored. 
The red color value of the previous pixel (jroW—1,jcol) is 
preferably initialiZed to Zero. The link status bit When set to 
‘1’ indicates the pixel(s) of the cylindrical environment map 
corresponding to the previous pixel (jroW—1,jcol) is a hotlink 
area. The link status bit When set to ‘0’ indicates the pixel(s) 
of the cylindrical environment map corresponding to the 
previous pixel (jroW—1,jcol) is not part of a hotlink area. The 
red color value of the current pixel (jroW,jcol) of the hotlink 
environment is compared to the red color value of the 
previous pixel (jroW—1,jcol) of the hotlink environment 
map. 

If the tWo values are equal, the link status bit of the 
previous pixel (jroW—1,jcol) is read. If the link status bit is 
set to ‘1’, it is determined that the pixel(s) of the cylindrical 
environment map corresponding to the current pixel (jroW, 
jcol) is a hotlink area. HoWever, if the link status bit is set 
to ‘0’, it is determined that the pixel(s) of the cylindrical 
environment map corresponding to the current pixel (jroW, 
jcol) is not part of a hotlink area. The processing then 
continues to the next pixel in the current column (icol) of the 
hotlink environment map. 

HoWever, if the tWo red color values are not equal, a table 
is searched to determine if the red color value associated 
With the pixel (jroW,jcol) is stored as a valid entry in the 
table. This step ensures that the pixel (jroW,jcol) corresponds 
to a hotlink area. If a matching entry is not found in the table, 
the red color value of the previous pixel (jroW—1,jcol) is set 
to the red color value of the current pixel (jroW,jcol), the link 
status bit is set to ‘0’, and it is determined that the pixel(s) 
of the cylindrical environment map corresponding to the 
current pixel (jroW,jcol) is not part of a hotlink area. The 
processing then continues to the next pixel in the current 
column (icol) of the hotlink environment map. If a matching 
entry is found, the red color value of the previous pixel 
(jroW—1,jcol) is set to the red color value of the current pixel 
(jroW,jcol) and the link status bit is set to ‘1’, and it is 
determined that the pixel(s) of the cylindrical environment 
map corresponding to the current pixel (jroW,jcol) is part of 
a hotlink area. The processing then continues to the next 
pixel in the current column (icol) of the hotlink environment 
map. 

It should be noted that other data values (other than the 
red color value of the pixel) may be stored by the hotlink 
environment map to indicate that the corresponding pixel(s) 
of the cylindrical environment map is a hotlink area. 

Advantageously, the hotlink environment map of the 
present invention provides the capability of ef?ciently dis 
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12 
playing (and reversing such display) multiple hotlink areas 
in a panoramic scene, thus improving the interactive feed 
back provided to the user of the system. 

Although the invention has been shoWn and described 
With respect to the particular embodiment(s) thereof, it 
should be understood by those skilled in the art that the 
foregoing and various other changes, omissions, and addi 
tions in the form and detail thereof may be made Without 
departing from the spirit and scope of the invention. 
We claim: 
1. A method for de?ning a hotlink area in a panoramic 

scene comprising the steps of: 
providing a ?rst environment map comprising a plurality 

of elements of a ?rst non-planar three-dimensional 
surface each associated With a color value representing 
color of the corresponding element, Wherein said ?rst 
environment map represents a mapping of said pan 
oramic scene onto elements of said ?rst environment 
map, and Wherein said ?rst environment map is ren 
dered according to varying positions and ?elds of vieW 
to provide a vieW of said panoramic scene as seen from 
different orientations and ?elds of vieW; 

generating a second environment map comprising a plu 
rality of elements of a second non-planar and three 
dimensional surface, Wherein said elements of said 
second environment map correspond to said elements 
of said ?rst environment map according to a mapping 
function, and Wherein at least one element of said 
second environment map is associated With hotlink data 
identifying an action to be performed upon user selec 
tion of at least one element of said ?rst environment 
map that corresponds to said at least one element of 
said second environment map, Wherein said second 
environment map represents a mapping of at least one 
hotlink area in said panoramic scene onto elements of 
said second non-planar three-dimensional surface, 
Wherein said second environment map is rendered 
according to varying positions and ?elds of vieW to 
provide a vieW of said at least one hotlink area in said 
panoramic scene as seen from different orientations and 
?elds of vieW. 

2. The method of claim 1, Wherein each element of said 
second environment map corresponds to more than one 
element of said ?rst environment map. 

3. The method of claim 1, Wherein said ?rst and second 
environment maps are cylindrical environment maps, 
Wherein said elements of said ?rst and second environment 
maps are partitioned into a matrix of roWs and columns. 

4. The method of claim 3, Wherein number of roWs of said 
second environment map are a predetermined fraction of 
said roWs of said ?rst environment map. 

5. The method of claim 3, Wherein number of columns of 
said second environment map are a predetermined fraction 
of said columns of said ?rst environment map. 

6. The method of claim 1, Wherein said hotlink data 
associated With said at least one element of said second 
environment map comprises: 

a color value associated With said at least one element of 
said second environment map, and 

an entry in a table associating said color value With data 
identifying said action to be performed upon user 
selection of said at least one element of said ?rst 
environment map. 

7. A program storage device readable by a machine, 
tangibly embodying data to be utiliZed by the machine in the 
execution of a program of instructions, the data comprising: 

a ?rst environment map comprising a plurality of ele 
ments of a ?rst non-planar three-dimensional surface 
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each associated With a color value representing color of 
a corresponding element, Wherein said ?rst environ 
ment map represents a mapping of a panoramic scene 
onto elements of said ?rst environment map, and 
Wherein said ?rst environment map is rendered accord 
ing to varying positions and ?elds of vieW to provide a 
vieW of said panoramic scene as seen from different 
orientations and ?elds of vieW; 

a second environment map comprising a plurality of 
elements of a second non-planar three-dimensional 
surface, Wherein said elements of said second environ 
ment map correspond to said elements of said ?rst 
environment map according to a mapping function, and 
Wherein at least one element of said second environ 
ment map is associated With data identifying an action 
to be performed upon user selection of at least one 
element of said second environment map, Wherein said 
second environment map represents a mapping of at 
least one hotlink area in said panoramic scene onto 
elements of said second non-planar three-dimensional 
surface, Wherein said second environment map is ren 
dered according to varying positions and ?elds of vieW 
to provide a vieW of said at least one hotlink area in said 
panoramic scene as seen from different orientations and 
?elds of vieW. 

8. The program storage device of claim 7, Wherein each 
element of said second environment map corresponds to 
more than one element of said ?rst environment map. 

9. The program storage device of claim 7, Wherein said 
?rst and second environment maps are cylindrical environ 
ment maps, Wherein said elements of said ?rst and second 
environment maps are partitioned into a matrix of roWs and 
columns. 

10. The program storage device of claim 9, Wherein 
number of roWs of said second environment map are a 
predetermined fraction of said roWs of said ?rst environment 
map. 

11. The program storage device of claim 9, Wherein 
number of columns of said second environment map are a 
predetermined fraction of said columns of said ?rst envi 
ronment map. 

12. The program storage device of claim 7, Wherein said 
hotlink data associated With said at least one element of said 
second environment map comprises: 

a color value associated With said at least element of said 
second environment map, and 

an entry in a table associating said color value With data 
identifying said action to be performed upon user 
selection of said at least one of said element of said ?rst 
environment map. 

13. Amethod for displaying a hotlink area in a panoramic 
scene by a ?rst environment map comprising a plurality of 
elements of a ?rst non-planar three-dimensional surface 
each associated With a color value representing color of a 
corresponding element, Wherein said ?rst environment map 
represents a mapping of said panoramic scene onto elements 
of said ?rst environment map, and Wherein said ?rst envi 
ronment map is rendered according to varying positions and 
?elds of vieW to provide a vieW of said panoramic scene as 
seen from different orientations and ?elds of vieW, the 
method comprising the steps of: 

storing in memory a second environment map comprising 
a plurality of elements of a second non-planar three 
dimensional surface, Wherein said elements of said 
second environment map correspond to said elements 
of said ?rst environment map according to a mapping 
function, and Wherein at least one element of said 
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second environment map is associated With hotlink data 
identifying an action to be performed upon user selec 
tion of at least one element of said ?rst environment 
map that corresponds to said at least one element of 
said second environment map, Wherein said second 
environment map represents a mapping of at least one 
hotlink area in said panoramic scene onto elements of 
said second non-planar three-dimensional surface, 
Wherein said second environment map is rendered 
according to varying positions and ?elds of vieW to 
provide a vieW of said at least one hotlink area in said 
panoramic scene as seen from different orientations and 
?elds of vieW; 

identifying said at least one element of said second 
environment map; 

modifying color value of said elements of said ?rst 
environment map that correspond to said at least one 
element of said second environment map, thereby 
producing a modi?ed ?rst environment map; and 

rendering said modi?ed ?rst environment map. 
14. The method of claim 13, Wherein said modifying step 

is reversible. 
15. The method of claim 14, Wherein said modifying step 

utiliZes a MOD function. 
16. The method of claim 14, Wherein said identifying step, 

modifying step and rendering step are performed in response 
to a predetermined user input command. 

17. The method of claim 13, Wherein said identifying step 
includes the step of analyZing said hotlink data associated 
With a plurality of elements of said second environment 
map. 

18. The method of claim 17, Wherein said hotlink data 
associated With said at least one element of said second 
environment map comprises a color value associated With 
said elements of said second environment map. 

19. The method of claim 18, Wherein said hotlink data 
associated With said at least one element of said second 
environment map comprises an entry in a table associating 
said color value With data identifying said action to be 
performed upon user selection of said at least one of said 
elements of said ?rst environment map. 

20. A program storage device readable by a machine, 
tangibly embodying a program of instructions executable by 
the machine to perform method steps for displaying a 
hotlink area in a panoramic scene by a ?rst environment 
map, said ?rst environment map comprising a plurality of 
elements of a ?rst non-planar three-dimensional surface 
each associated With a color value representing color of a 
corresponding element, Wherein said ?rst environment map 
represents a mapping of said panoramic scene onto elements 
of said ?rst environment map, and Wherein said ?rst envi 
ronment map is rendered according to varying positions and 
?elds of vieW to provide a vieW of said panoramic scene as 
seen from different orientations and ?elds of vieW, the 
method steps comprising: 

storing in memory a second environment map comprising 
a plurality of elements of a second non-planar three 
dimensional surface, Wherein said elements of said 
second environment map correspond to said elements 
of said ?rst environment map according to a mapping 
function, and Wherein at least one element of said 
second environment map is associated With hotlink data 
identifying an action to be performed upon user selec 
tion of at least one element of said ?rst environment 
map that correspond to said at least one element of said 
second environment map, Wherein said second envi 
ronment map represents a mapping of at least one 
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hotlink area in said panoramic scene onto elements of 
said second non-planar three-dimensional surface, 
Wherein said second environment map is rendered 
according to varying positions and ?elds of vieW to 
provide a vieW of said at least one hotlink area in said 
panoramic scene as seen from different orientations and 
?elds of vieW; 

identifying said at least one element of said second 
environment map; 

modifying color value of said elements of said ?rst 
environment map that correspond to said at least one 
element of said second environment map, thereby 
producing a modi?ed ?rst environment map; and 

rendering said modi?ed ?rst environment map. 
21. The program storage device of claim 20, Wherein said 

modifying step is reversible. 
22. The program storage device of claim 21, Wherein said 

modifying step utiliZes a MOD function. 
23. The program storage device of claim 20, Wherein said 

identifying step, modifying step and rendering step are 
performed in response to a predetermined user input com 
mand. 

24. The program storage device of claim 21, Wherein said 
identifying step includes the step of analyZing said hotlink 
data associated With a plurality of elements of said second 
environment map. 

25. The program storage device of claim 24, Wherein said 
hotlink data associated With said at least one element of said 
second environment map comprises a color value associated 
With said elements of said second environment map. 

26. The program storage device of claim 25, Wherein said 
hotlink data associated With said at least one element of said 
second environment map comprises an entry in a table 
associating said color value With data identifying said action 
to be performed upon user selection of said at least one of 
said elements of said ?rst environment map. 

27. A method for de?ning a hotlink area in a three 
dimensional panoramic scene comprising the steps of: 

providing a ?rst environment map representing said pan 
oramic scene, Wherein said ?rst environment map 
comprises a plurality of elements each associated With 
a color value representing color of the corresponding 
element, each of said elements being identi?able by 
and providing data observed via an elevation angle and 
an aZimuth angle about an origin of the map, Wherein 
identi?cation of individual ones of said elements by 
said aZimuth angle and said elevation angle preserves 
data of the panoramic scene observed at the respective 
aZimuth and elevation angles to enable a vieWing of the 
data from a selectable vieWing point; 

generating a second environment map comprising a plu 
rality of elements identi?ed by coordinates of roWs and 
columns, coordinate values of the elements of said 
second environment map being obtained by scaling 
coordinate values of elements of said ?rst environment 
map, the scaling serving as a mapping function for 
reducing the number of piXels in the second environ 
ment map, Wherein said elements of said second envi 
ronment map correspond to said elements of said ?rst 
environment map according to the mapping function 
and include a designation of color value for corre 
sponding elements of said ?rst environment map, and 
Wherein at least one element of said second environ 
ment map is associated With hotlink data identifying an 
action to be performed upon user selection of at least 
one element of said ?rst environment map that corre 
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sponds to said at least one element of said second 
environment map; 

scanning the roWs and the columns of said second envi 
ronment map for reading data of the elements thereof; 
and 

modifying coloration of said ?rst environment map in 
accordance With the data of said second environment 
map to identify a hot link. 

28. A program storage device readable by a machine, 
tangibly embodying data to be utiliZed by the machine in the 
execution of a program of instructions, the data comprising: 

a ?rst environment map representing a three-dimensional 
panoramic scene, Wherein said ?rst environment map 
comprises a plurality of elements each associated With 
a color value representing color of the corresponding 
element, each of said elements being identi?able by 
and providing data observed via an elevation angle and 
an aZimuth angle about an origin of the map, Wherein 
identi?cation of individual ones of said elements by 
said aZimuth angle and said elevation angle preserves 
data of the panoramic scene observed at the respective 
aZimuth and elevation angles to enable a vieWing of the 
data from a selectable vieWing point; 

a second environment map comprising a plurality of 
elements identi?ed by coordinates of roWs and 
columns, coordinate values of the elements of said 
second environment map being obtained by scaling 
coordinate values of elements of said ?rst environment 
map for reducing the number of piXels in the second 
environment map, the scaling serving as a mapping 
function, Wherein said elements of said second envi 
ronment map correspond to said elements of said ?rst 
environment map according to the mapping function 
and include a designation of color value for corre 
sponding elements of said ?rst environment map, and 
Wherein at least one element of said second environ 
ment map is associated With data identifying an action 
to be performed upon user selection of at least one 
element of said second environment map; 

Wherein the machine includes means for scanning the 
roWs and the columns of said second environment map 
for reading data of the elements thereof; and 

means for modifying coloration of said ?rst environment 
map in accordance With the data of said second envi 
ronment map to identify a hot link. 

29. A method for displaying a hotlink area in a three 
dimensional panoramic scene represented by a ?rst envi 
ronment map, Wherein said ?rst environment map comprises 
a plurality of elements each associated With a color value 
representing color of the corresponding element, each of 
said elements being identi?able by and providing data 
observed via an elevation angle and an aZimuth angle about 
an origin of the map, Wherein identi?cation of individual 
ones of said elements by said aZimuth angle and said 
elevation angle preserves data of the panoramic scene 
observed at the respective aZimuth and elevation angles to 
enable a vieWing of the data from a selectable vieWing point, 
the method comprising the steps of: 

storing in memory a second environment map comprising 
a plurality of elements identi?ed by coordinates of roWs 
and columns, coordinate values of the elements of said 
second environmental map being obtained by scaling 
coordinate values of elements of said ?rst environmen 
tal map, the scaling serving as a mapping function, 
Wherein said elements of said second environment map 
correspond to said elements of said ?rst environment 
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map according to the mapping function and include a 
designation of color value for corresponding elements 
of said ?rst environment map, said mapping function 
serving to reduce the number of pixels in the second 
environment map, and Wherein at least one element of 
said second environment map is associated With hotlink 
data identifying an action to be performed upon user 
selection of at least one element of said ?rst environ 
ment map that corresponds to said at least one element 
of said second environment map; 

identifying said at least one element of said second 
environment map; 

modifying color value of said elements of said ?rst 
environment that correspond to said at least one ele 
ment of said second environment, thereby producing a 
modi?ed ?rst environment map; and 

rendering said modi?ed ?rst environment map; 
Wherein said modifying step includes steps of scanning 

the roWs and the columns of said second environment 
map for reading data of the elements thereof; and 

modifying coloration of said ?rst environment map in 
accordance With the data of said second environment 
map to identify a hot link. 

30. A program storage device readable by a machine, 
tangibly embodying a program of instructions executable by 
the machine to perform method steps for displaying a 
hotlink area in a three-dimensional panoramic scene repre 
sented by a ?rst environment map, Wherein said ?rst envi 
ronment map comprises a plurality of elements each asso 
ciated With a color value representing color of the 
corresponding element, each of said elements being identi 
?able by and providing data observed via an elevation angle 
and an aZimuth angle about an origin of the map, Wherein 
identi?cation of individual ones of said elements by said 
aZimuth angle and said elevation angle preserves data of the 
panoramic scene observed at the respective aZimuth and 
elevation angles to enable a vieWing of the data from a 
selectable vieWing point, the method steps comprising: 

storing in memory a second environment map comprising 
a plurality of elements identi?ed by coordinates of roWs 
and columns, coordinate values of the elements of said 
second environment map being obtained by scaling 
coordinate values of elements of said ?rst environment 
map, the scaling serving as a mapping function for 
reducing the number of piXels in the second environ 
ment map, Wherein said elements of said second envi 
ronment map correspond to said elements of said ?rst 
environment map according to the mapping function 
and include a designation of color value for corre 
sponding elements of said ?rst environment map, and 
Wherein at least one element of said second environ 
ment map is associated With hotlink data identifying an 
action to be performed upon user selection of at least 
one element of said ?rst environment map that corre 
spond to said at least one element of said second 
environment map; 

identifying said at least one element of said second 
environment map; 

modifying color value of said elements of said ?rst 
environment map that correspond to said at least one 
element of said second environment map, thereby 
producing a modi?ed ?rst environment map; and 

rendering said modi?ed ?rst environment map; 
Wherein said modifying comprises scanning the roWs and 

the columns of said second environment map for read 
ing data of the elements thereof; and 
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modifying coloration of said ?rst environment map in 

accordance With the data of said second environment 
map to identify a hot link. 

31. A method for de?ning a hotlink area in a panoramic 
scene comprising the steps of: 

providing a ?rst environment map representing said pan 
oramic scene, Wherein said ?rst environment map 
comprises a plurality of elements each associated With 
a color value representing color of the corresponding 
element, said ?rst environment map containing data of 
plural perspective vieWs of subject matter of the scene, 
Wherein said data is observed via coordinates of indi 
vidual ones of said elements, said coordinates serving 
to preserve data of the panoramic scene to enable a 
vieWing of the data from a selectable vieWing point; 

generating a second environment map comprising a plu 
rality of elements identi?ed by coordinates of roWs and 
columns, coordinate values of the elements of said 
second environment map being obtained by scaling 
coordinate values of hot-spot elements of said ?rst 
environment map, the scaling serving as a mapping 
function for reducing the number of piXels in the 
second environment map, Wherein said elements of 
said second environment map correspond to said hot 
spot elements of said ?rst environment map according 
to the mapping function and include a designation of 
color value for corresponding elements of said ?rst 
environment map, and Wherein at least one element of 
said second environment map is associated With hotlink 
data identifying an action to be performed upon user 
selection of at least one element of said ?rst environ 
ment map that corresponds to said at least one element 
of said second environment map; 

scanning the roWs and the columns of said second envi 
ronment map for reading data of the elements thereof; 
and 

modifying coloration of said ?rst environmental map in 
accordance With the data of said second environment 
map to identify a hot link. 

32. A program storage device readable by a machine, 
tangibly embodying data to be utiliZed by the machine in the 
eXecution of a program of instructions, the data comprising: 

a ?rst environment map representing a panoramic scene, 
Wherein said ?rst environment map comprises a plu 
rality of elements each associated With a color value 
representing color of the corresponding element, said 
?rst environmental map containing data of plural per 
spective vieWs of subject matter of the scene, Wherein 
said data is observed via coordinates of individual ones 
of said elements, said coordinates serving to preserve 
data of the panoramic scene to enable a vieWing of the 
data from a selectable vieWing point; 

a second environment map comprising a plurality of 
elements identi?ed by coordinates of roWs and 
columns, coordinate values of the elements of said 
second environmental map being obtained by scaling 
coordinate values of hot-spot elements of said ?rst 
environmental map, the scaling serving as a mapping 
function for reducing the number of piXels in the 
second environment map, Wherein said hot-spot ele 
ments of said second environment map correspond to 
said elements of said ?rst environment map according 
to the mapping function and include a designation of 
color value for corresponding elements of said ?rst 
environment map, and Wherein at least one element of 
said second environment map is associated With data 
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identifying an action to be performed upon user selec 
tion of at least one element of said second environment 
map; 

Wherein the machine includes means for scanning the 
roWs and the columns of said second environment map 
for reading data of the elements thereof; and 

means for modifying coloration of said ?rst environment 
map in accordance With the data of said second envi 
ronment map to identify a hot link. 

33. Amethod for displaying a hotlink area in a panoramic 
scene represented by a ?rst environment map, Wherein said 
?rst environment map comprises a plurality of elements 
each associated With a color value representing color of the 
corresponding element, said ?rst environmental map con 
taining data of plural perspective vieWs of subject matter of 
the scene, Wherein said data is observed via coordinates of 
individual ones of said elements, said coordinates serving to 
preserve data of the panoramic scene to enable a vieWing of 
the data from a selectable vieWing point, the method com 
prising the steps of: 

storing in memory a second environment map comprising 
a plurality of elements identi?ed by coordinates of roWs 
and columns, coordinate values of the elements of said 
second environment map being obtained by scaling 
coordinate values of hot-spot elements of said ?rst 
environment map, the scaling serving as a mapping 
function for reducing the number of piXels in the 
second environment map, Wherein said elements of 
said second environment map correspond to said hot 
spot elements of said ?rst environment map according 
to the mapping function and include a designation of 
color value for corresponding elements of said ?rst 
environment map, and Wherein at least one element of 
said second environment map is associated With hotlink 
data identifying an action to be performed upon user 
selection of at least one element of said ?rst environ 
ment map that corresponds to said at least one element 
of said second environment map; 

identifying said at least one element of said second 
environment map; 

modifying color value of said elements of said ?rst 
environment that correspond to said at least one ele 
ment of said second environment, thereby producing a 
modi?ed ?rst environment map; and 

rendering said modi?ed ?rst environment map; 
Wherein said modifying step includes steps of scanning 

the roWs and the columns of said second environment 
map for reading data of the elements thereof; and 
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modifying coloration of said ?rst environment map in 

accordance With the data of said second environment 
map to identify a hot link. 

34. A program storage device readable by a machine, 
tangibly embodying a program of instructions executable by 
the machine to perform method steps for displaying a 
hotlink area in a panoramic scene represented by a ?rst 
environment map, Wherein said ?rst environment map com 
prises a plurality of elements each associated With a color 
value representing color of the corresponding element, said 
?rst environmental map containing data of plural perspec 
tive vieWs of subject matter of the scene, Wherein said data 
is observed via coordinates of individual ones of said 
elements, said coordinates serving to preserve data of the 
panoramic scene to enable a vieWing of the data from a 
selectable vieWing point, the method steps comprising: 

storing in memory a second environment map comprising 
a plurality of elements, the elements of said second 
environmental map being obtained by scaling coordi 
nate values of hot-spot elements of said ?rst environ 
mental map, the scaling serving as a mapping function 
for reducing the number of piXels in the second envi 
ronment map, Wherein said hot-spot elements of said 
second environment map correspond to said elements 
of said ?rst environment map according to the mapping 
function, and Wherein at least one element of said 
second environment map is associated With hotlink data 
identifying an action to be performed upon user selec 
tion of at least one element of said ?rst environment 
map that correspond to said at least one element of said 
second environment map; 

identifying said at least one element of said second 
environment map; 

modifying color value of said elements of said ?rst 
environment that correspond to said at least one ele 
ment of said second environment, thereby producing a 
modi?ed ?rst environment map; and 

rendering said modi?ed ?rst environment map; 

Wherein said modifying step includes steps of scanning 
the roWs and the columns of said second environment 
map for reading data of the elements thereof; and 

modifying coloration of said ?rst environment map in 
accordance With the data of said second environment 
map to identify a hot link. 


