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VIRTUAL ENVIRONMENT CAPTURE 

RELATED APPLICATION 

[0001] This application is a divisional of US. patent 
application Ser. No. 10/441,121, entitled “Virtual Environ 
ment Capture”, ?led May 20, 2003, Which claims priority to 
US. Provisional Application Ser. No. 60/432,009, entitled 
“Virtual Environment Capture System,” ?led Dec. 10, 2002, 
Whose contents are expressly incorporated herein by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] Aspects of the present invention relate to computer 
modeling of environments. More speci?cally, aspects of the 
present invention relate to accurately capturing virtual envi 
ronments. 

[0004] 2. Description of Related Art 

1. Field of the Invention 

[0005] A need exists for three-dimensional models of 
interior environments. From the gaming community to the 
military, actual renderings of building interiors based on 
actual buildings are being sought. For example, applications 
are being developed to provide training at the individual 
human level to facilitate improved military operations and 
capabilities as Well as situational aWareness. The training of 
individuals improves With a greater level of realism during 
the training exercise. For instance, bene?ts gained form 
mission rehearsal increase With the realism of the environ 
ment in Which the mission is rehearsed. 

[0006] Numerous applications exist for modeling outdoor 
terrain including satellite mapping and traditional surveying 
techniques. HoWever, interior modeling techniques have 
been constrained to using pre-existing computer aided 
design draWings, building layout draWings, and a person’s 
recollection of an environment. These modeling approaches 
may rely on out-of-date information (for example, blueprints 
of a 50-year-old building). Further, these modeling 
approaches fail to accurately de?ne fumiture types and 
furniture placement. In some situations, one may need to 
orient oneself based on the furniture and Wall coverings of 
a room. Without this information, one may become lost and 
have to spend valuable time reorienting oneself With the 
environment. Further, one may Want to knoW What is mov 
able and What is not movable. Accordingly, realistic interiors 
are needed for simulation and training purposes. 

[0007] Traditional methods exist for rendering building 
interiors including the use of computer aided design (CAD) 
draWings or laser scanning for the development of 3-D 
building models. HoWever, as above, these approaches have 
not been helpful When attempting to interact a rendered 
environment in real-time. In some cases, the overload of 
information has made interaction With these environments 
dif?cult. For instance, original CAD draWings are not 
alWays current and laser scanning requires signi?cant post 
processing. In particular, laser scanning about a point in 
space generates a cloud of data points Which need to be 
processed to eliminate redundant points and convert them 
into easily-handled polygons. Further, laser scanning from 
one position is sub-optimal as points in a room are generally 
occluded by furniture. Blocking access to these points 
makes subsequent image processing dif?cult as a computer 
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Would need to determine Whether non-planar points repre 
sent furniture or a curve in the Wall of a room. To accurately 

determine the Walls and contents of a room, multiple passes 
may be needed to attempt to eliminate blind spots caused by 
furniture and other objects. Further, these techniques do not 
capture data With knowledge of What is being captured. 

[0008] Some techniques have been used to capture pho 
tographs of building interiors. For example, spherical pho 
tographic images have been used to capture photographic 
information surrounding a point in space in a room. While 
these photographic images may be assembled into a video 
stream representing a path through the room, deviation from 
the prede?ned path is not possible. 

[0009] Accordingly, an improved system is needed for 
capturing and modeling interior spaces. 

BRIEF SUMMARY 

[0010] Aspects of the present invention are directed to 
solving at least one of the issues identi?ed above, thereby 
providing an enhanced image capture and modeling system 
for creating virtual environments from building interiors. In 
one aspect, a user is provided With a system for capturing 
photorealistic images of a building’s interior and associating 
the images With speci?c data points. The data points may be 
obtained through use of a range?nder. In some aspects, an 
imaging system may be attached to the range?nder, thereby 
capturing both data points and photorealistic images at the 
same time. The user may use the combination of the 
range?nder, imaging system, and a system that monitors the 
vector to the range?nder from a position in the room and 
orientation of the range?nder to determine distances from a 
central location to various objects about the user. Because of 
the user’s interaction and selection of speci?c points of 
objects, objects may be selected and modeled using feW data 
points. In other aspects, other sensors may be used in 
addition to or in place of the range?nder and the imaging 
system. Information generated from the sensors may be 
combined into a virtual environment corresponding to the 
actual scanned environment. The range?nder may include a 
laser range?nder or other type of range?nder. These and 
other aspects are described in greater detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Aspects of the present invention are illustrated by 
Way of example and not limited in the accompanying 
?gures. 
[0012] FIG. 1 shoWs a process for modeling objects in 
accordance With aspects of the present invention. 

[0013] FIG. 2 shoWs a process for positioning a chair in 
accordance With aspects of the present invention. 

[0014] FIGS. 3A and 3B shoW relationships betWeen a 
data capturing unit’s location and an illuminated spot in 
accordance With aspects of the present invention. 

[0015] FIG. 4 shoWs a system for capturing and modeling 
an environment in accordance With aspects of the present 
invention. 

[0016] FIG. 5 shoWs an illustrative data capturing system 
in accordance With aspects of the present invention. 

[0017] FIG. 6 shoWs the scanning of Walls in accordance 
With aspects of the present invention. 
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[0018] FIG. 7 shows the scanning of objects in accordance 
With aspects of the present invention. 

[0019] FIGS. 8A and 8B shoW illustrative data points used 
to determine the location, orientation, and scale of an object 
in accordance With aspects of the present invention. 

[0020] FIGS. 9A and 9B shoW the capturing points of 
multiple objects in accordance With aspects of the present 
invention. 

[0021] FIG. 10 shoWs various data capturing techniques 
for determining points associated With objects in accordance 
With aspects of the present invention. 

[0022] FIG. 11 shoWs rooms to be assembled into an 
environment in accordance With aspects of the present 
invention. 

[0023] FIG. 12 shoWs rooms to be assembled into an 
environment using common data points in accordance With 
aspects of the present invention. 

[0024] FIG. 13 shoWs an illustrative process for minimiZ 
ing and distributing measurement errors by traversing a 
circuit in accordance With aspects of the present invention. 

[0025] FIG. 14 shoWs a user interface for modeling an 
environment in accordance With aspects of the present 
invention. 

[0026] FIG. 15 shoWs a process for positioning an object 
in an environment in accordance With aspects of the present 
invention. 

[0027] FIG. 16 shoWs a conceptual set of relationships 
describing hoW information regarding an environment may 
be forwarded to applications in accordance With embodi 
ments of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0028] Aspects of the present invention permit rapid cap 
ture and modeling of interior environments. Instead of using 
clouds of data points, Which can require signi?cant post 
processing to determine individual objects and construct a 
virtual environment, aspects of the present invention relate 
to capturing speci?c points in an actual environment and 
coordinating the point capture With prede?ned objects. The 
coordination With objects simpli?es or eliminates post pro 
cessing requirements. 
[0029] The folloWing description is divided into headings 
to assist a user in understanding aspects of the present 
invention. The headings include: modeling; data capture 
hardWare; data gathering processes; data synthesis softWare; 
and applications of modeled environments. 

Modeling 
[0030] Interiors of buildings may be used by different 
entities. For example, architects may use virtual environ 
ments during construction of a building so as to properly 
de?ne locations of Walls, HVAC systems and pillars. Archi 
tects may also use virtual environments to experiment With 
remodeling spaces including moving Walls and WindoWs. 
Real estate agents and interior designers may use virtual 
environments for providing tours to prospective buyers and 
for suggesting modi?cations to existing spaces. Police and 
military units may further use virtual model of interior 
spaces for rehearsing in real-time delicate missions includ 
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ing rescuing hostages. For example, if a unit needed to 
rescue hostages from an embassy and the embassy Was 
modeled, the unit Would be able to rehearse in real time from 
a variety of different angles hoW different missions may be 
accomplished. Also, using a virtual rendering of a building 
alloWs experimentation into bloWing holes in the Walls to 
permit entry into adjoining spaces as Well as determining 
potential angles from Which enemy combatants may be 
?ring. Further, the modeled environment may be used in 
distributed simulations in Which tWo or more users or groups 

of users may interact Within the environment. Further, the 
modeled environment may be used for military training. 

[0031] To capture and model interior space, the system 
uses a combination of hardWare and softWare to capture and 
model an environment. 

[0032] The folloWing provides a brief overvieW of hoW, in 
one example, one may model a room. Referring to FIG. 1, 
in step 10, a user positions a data capture unit in room. Next, 
in step 11, the user selects an object from an object library 
or object database corresponding to an actual object in the 
room. The object library or object database stores one or 
more groups of objects that may be placed in a virtual 
environment. The object library or database may include 
Walls, ?oors, ceilings, chairs, of?ce furniture, pictures and 
other Wall hangings, bookshelves, cabinets, lamps, doors, 
of?ce equipment, sofas, rugs, tables, and the like. 

[0033] The selection of the object from the object library 
or object database may include a list of points that need to 
be obtained to locate a virtual instance of the object so that 
it corresponds to the actual location of the object in the 
actual room. This may be done by navigating a user interface 
(using a mouse or voice commands) to have the system 
retrieve the virtual object from the object library or database. 
The contents of the object library may be established based 
on information from a customer requesting the modeled 
environment. For example, the customer may specify that 
the environment to be captured may be an of?ce (for Which 
an object library of o?ice furniture is obtained), a residential 
house (for Which an object library of typical home fumish 
ings is obtained), an industrial complex (for Which industrial 
machines and other industrial objects are obtained), and the 
like. In other situations, a generic library of objects may be 
used. 

[0034] To ease capturing of the points, the points may be 
gathered in a prede?ned order as shoWn in step 12. The order 
of the points to be gathered may be explicitly shoWn in the 
object from the object library or database. Once the system 
knoWs Which object Will be identi?ed next by the user, the 
user manually guides a range?nder to illuminate spots on the 
actual object in the room. The range?nder described herein 
may be any suitable range?nder including a laser 
range?nder, a sonar-based range?nder, a system that deter 
mines the position of a probe (Wired or Wirelessly, a ruler, 
touch probe, GPS, ultra-Wideband radio positioning, for 
instance), and the like. For purposes of simplicity, the 
range?nder is described as a laser range?nder. 

[0035] The laser from the laser range ?nder may be visible 
light or may be invisible to the unaided eye. When the user 
has positioned the illuminated spot on a desired position of 
the object, the user then indicates to the system (manually, 
verbally, or the like) that the current distance from the 
illuminated spot on the object to the data capture unit should 
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be read as shown in step 13. Because the system determines 
the vector to the data capture unit and the angle of the laser 
range?nder, the vector from the data capture unit to an 
illuminated spot may be determined. The location of the 
captured spot may be used as a three dimensional reference 
point for the virtual object from the object library. 

[0036] Next, in step 14, the virtual object may be placed 
in the modeled environment. Next, in step 15, another point 
may be captured. In step 16, the instance of the object may 
be oriented in the modeled environment. In step 17, another 
point may be captured and, in step 18, the instance of the 
object scaled With the third point. It is appreciated that, 
alternatively, the placement of the object instance into the 
virtual environment may occur only after the scale of the 
object has been determined in step 18 rather than in step 13. 

[0037] FIG. 2 shoWs a version of the process of FIG. 1 
modeling a chair. A chair 20 exists in an actual room. A user 
selects a category of a chair most resembling chair 20 from 
user interface 21. Here, tWo versions of chairs are shoWn in 
user interface 21 including standard chair 22 and desk chair 
23. With each version of chair 22 and 23, at least one 
location is de?ned With respect to the instance of the chair, 
indicating Where a received location Will correlate to a 
virtual chair. For instance, both of chairs 22 and 23 shoW 
locations “1” and “2” that indicate Where received locations 
Will be matched to the chairs. 

[0038] Next, a user directs a laser range?nder from loca 
tionA 25 to illuminate spots 1 and 2, sequentially, on chair 
24 (Which is chair 20 but being illuminated by the laser 
range?nder). The user may press a button on the laser 
range?nder, may press a button on a mouse, or may speak 
into a headset to have the system accept the current location 
illuminated by the laser range?nder as a location for chair 
24. Additional points may be used to further orient and/or 
scale each chair. 

[0039] The tWo locations 1 and 2 scanned from chair 24 
are used to orient an instance of the chair in virtual envi 
ronment 26. The virtual instance of the chair 28 is registered 
by the tWo locations 1 and 2 from position A 27 correspond 
ing to position A 25 in the actual room. One position of the 
tWo positions 1 and 2 may be used to locate the chair 28 and 
the other of the tWo positions 1 and 2 used to specify the 
angle of the chair 28. It is appreciated that some objects may 
only be positioned in an environment. For example, one may 
need only to specify that a plant exists on a desk, rather than 
determine the orientation and siZe of the plant. Here, the siZe 
of the plant may be prede?ned in the library of objects. 

[0040] FIGS. 3A and 3B shoW a relationship betWeen 
position A 30 of a mobile data capture unit and that of 
location 1 on chair 33. As shoWn in FIG. 3A, a vector 36 is 
determined from the ?oor to position A of the mobile data 
capture unit. This vector may simply be the height of a tripod 
perpendicular to a ?oor. Next, a vector is determined 
betWeen position A and position B of the laser range?nder 
31. The determination of this vector may take into account 
angle 34 and the distance betWeen locations A and B. With 
the distance from the laser range?nder 31 and the angle 35 
knoWn (from the orientation of the laser range?nder 31), one 
may determine the vector to spot 1 (and 2) on chair 33. FIG. 
3B shoWs a top doWn vieW of the arrangement. A relative 
vector from tripod 30 to range?nder 31 is determined. The 
platform orientation and angle upon Which the range?nder 
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31 rests is determined. Finally, a relative vector from 
range?nder 31 to spot 1 of chair 33 is determined. Using 
these vectors, one may determine the coordinates of spot 

[0041] The folloWing describes in greater detail the system 
used to create the modeled environment. 

Data Capture HardWare 

[0042] The data capture hardWare may be separated into 
tWo systems: a mobile data capture unit and a data assembly 
station. FIG. 4 shoWs an example of hoW environment data 
101 may be used by capture and modeling hardWare 102 and 
converted into a modeled environment 103. Environment 
data 101 includes a variety of information including distance 
information from a mobile data capture unit 104 to the 
surrounding environment, image information regarding hoW 
the environment appears, and other additional information 
including light intensity, heat, sound, materials, and the like. 
These additional sensors may be important to create an 
immersive environment for mission rehearsal or telepres 
ence. The distance information may be measured by a laser 
range?nder 105. Image information of the environment data 
may be captured by camera 106. Sensor platform location 
and orientation information may be captured by sensor 114. 
Optionally, additional information capture sensors 107 may 
be used to capture the other additional information of 
environment data 101. The mobile data capture unit 104 
transmits information from sensors 105-107 and 114 to data 
assembly station 108. The mobile data capture unit 104 may 
export the information to data assembly station 108 Without 
additional processing or may attempt to perform additional 
processing to minimize need for doWnstream processing. 
For example, 

[0043] Data assembly station 108 then creates the modeled 
environment 103. The data assembly station 108 may use the 
raW data from the sensors or may use created objects that 
Were created at the mobile data capture unit 104. The data 
assembly station may also perform checks on the informa 
tion received from the mobile data capture unit 104 to ensure 
that objects do not overlap or occupy the same physical 
space. Further, multiple data capture units (three, for 
example, are shoWn here) 104, 112, and 113 may be used to 
capture information for the data assembly station 108. The 
data assembly station 108 may coordinate and integrate 
information from the multiple data capture units 104, 112, 
and 113. Further, the data assembly station 108 may orga 
niZe the mobile data capture units 104, 112, and 113 to 
capture an environment by, for instance, parsing an envi 
ronment into sub-environments for each mobile data capture 
unit to handle independently. Also, the data assembly station 
108 may coordinate the mobile data capture units 104, 112, 
and 113 to capture an environment With the mobile data 
capture units repeatedly scanning rooms, and then integrate 
the information into a single dataset. Using information 
from multiple data capture units may help minimiZe errors 
by averaging the models from each unit. The integration of 
data at the data assembly station 108 from one or more 
mobile data capture units may include a set of softWare tools 
that check and address issues With modeled geometry as 
Well as images. For instance, the data assembly station 108 
may determine that a room exists betWeen the coverage 
areas from tWo mobile data capture units and instruct one or 
more of the mobile data capture units to capture that room. 
The data assembly station 108 may include conversion or 
export to a target runtime environment. 














