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Description

BACKGROUND

[0001] Computer users may utilize a number of public
online services to map public spaces. However, online
current mapping services rely on the tedious gathering
of data at multiple locations by a centralized service.
Moreover, adapting to changes in public spaces requiring
the updating of current maps is often difficult without co-
ordination between a third party and the centralized serv-
ice to perform tasks such as physically roaming the public
spaces with sensors, making note of any changes, and
communicating the changes to the centralized service
so that the current maps may be rehabilitated. It is with
respect to these considerations and others that the var-
ious embodiments of the present invention have been
made. US 2009/0036148 A1 describes mapping an event
location via a calendar application. A method of mapping
a location of an event that is scheduled in a calendar
application includes steps of identifying a contact asso-
ciated with the event, determining address information
associated with the contact, obtaining map data for the
address information, and generating a map of the loca-
tion associated with the contact based on the map data.
If no address information is provided (or the address in-
formation is insufficient), relevantaddress information is
extracted from one or more contacts invited to the event.
A contact is a person for whom contact information is
available either locally or remotely, such as a person for
whom address information is stored in an address book
or contact list. In a further implementation, the location
of a previous event having related attributes (same in-
vitees, same subject, a "recurring event", etc.) can be
used to determine the probable location of the next ("re-
lated") event. This can be done by determining a current
location of a wireless communications device on which
the calendar application is executing at a time corre-
sponding to the event and associating the current loca-
tion of the event with a future event having related at-
tributes in order to enable the calendar application to pre-
dict a probable location of the future event.
[0002] US 2008/0262721 A1 describes a map gener-
ation system and map generation method by using GPS
tracks. A map generation system comprising: a mobile
device for acquiring location data of a vehicle and a status
of the vehicle at a time of acquisition of the location; and
a server for processing the acquired location data of the
vehicle. The server includes a management unit for col-
lecting a plurality of pieces of the track data obtained by
a motion of the vehicle, an extraction unit for extracting
feature points of the plurality of pieces of the track data
on a road from which the plurality of pieces of the track
data are collected to calculate a Spline curve satisfying
the extracted feature points, and an update unit for adding
the calculated Spline curve as a lane central line to the
digital road map to update map data. Specifically, pieces
of GPS track data collected by a vehicle motion and re-

corded in the vehicle are used to generate a correct and
detailed road map. The GPS track data is used to update
the central map database.
[0003] It is the object of the present invention to provide
a method and system for generating maps of private
spaces using mobile computing devices.
[0004] This object is solved by the independent claims.
[0005] Embodiments are defined by the dependent
claims.

SUMMARY

[0006] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended as
an aid in determining the scope of the claimed subject
matter.
[0007] Embodiments are provided for generating maps
of private spaces using mobile computing device sen-
sors. Sensor data may be received from one or more
mobile computing devices to determine a digital signa-
ture describing a private space. Scheduling data may
also be received from the one or more mobile devices.
The scheduling data may describe a location associated
with the private space to be mapped. A digital map of the
private space may then be generated from the digital
signature and the location associated with the private
space in the scheduling data.
[0008] These and other features and advantages will
be apparent from a reading of the following detailed de-
scription and a review of the associated drawings. It is
to be understood that both the foregoing general descrip-
tion and the following detailed description are illustrative
only and are not restrictive of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIGURE 1 is a block diagram illustrating a network
architecture for generating maps of private spaces
using mobile computing device sensors, in accord-
ance with various embodiments;
FIGURE 2 is a block diagram illustrating the compo-
nents of a digital map generated for a private space
using mobile computing device sensors, in accord-
ance with various embodiments;
FIGURE 3 is a block diagram illustrating server com-
puting environment which may be utilized for gener-
ating maps of private spaces using mobile computing
device sensors, in accordance with various embod-
iments;
FIGURE 4 is a flow diagram illustrating a routine for
gathering sensor data for use in generating maps of
private spaces, in accordance with various embod-
iments; and
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FIGURE 5 is a flow diagram illustrating a routine for
the processing of sensor data and the generation of
maps of private spaces, in accordance with various
embodiments.

DETAILED DESCRIPTION

[0010] Embodiments are provided for generating maps
of private spaces using mobile computing device sen-
sors. Sensor data may be received from one or more
mobile computing devices to determine a digital signa-
ture describing a private space. Scheduling data may
also be received from the one or more mobile devices.
The scheduling data may describe a location associated
with the private space to be mapped. A digital map of the
private space may then be generated from the digital
signature and the location associated with the private
space in the scheduling data.
[0011] In the following detailed description, references
are made to the accompanying drawings that form a part
hereof, and in which are shown by way of illustrations
specific embodiments or examples. These embodiments
may be combined, other embodiments may be utilized,
and structural changes may be made. The following de-
tailed description is therefore not to be taken in a limiting
sense, and the scope of the present invention is defined
by the appended claims and their equivalents.
[0012] Referring now to the drawings, in which like nu-
merals represent like elements through the several fig-
ures, various aspects of the present invention will be de-
scribed. FIGURE 1 is a block diagram illustrating a net-
work architecture for generating maps of private spaces
using mobile computing device sensors, in accordance
with various embodiments. The network architecture in-
cludes mobile computing devices 2A-2C which may be
in communication with client computing devices 6A-6B
and server 70 over a network 4. In accordance with var-
ious embodiments, the network 4 may comprise a local
network or a wide area network (e.g., the Internet).
[0013] The mobile computing devices 2A-2C may in-
clude sensors 40A-40C and scheduling data 42A-42C,
respectively. In accordance with various embodiments,
the mobile computing device 2 may comprise a mobile
telephone, "smartphone," tablet or laptop computer
which is capable of executing one or more application
programs. As is known by those skilled in the art, a
"smartphone" may comprise a mobile phone having com-
puter functionality and/or which is capable of running op-
erating system software to provide a standardized inter-
face and platform for application developers.
[0014] The sensors 40A-40C (which may be in or con-
nected to) the mobile computing devices 2A-2C may be
capable of measuring/detecting a number of types of data
associated with the mobile computing devices 2A-2C in-
cluding, but not limited to, altitude, location, signal
strength, orientation and force. The sensors 40A-40C
may also comprise the ability to detect the presence of
a wireless network (e.g., a "Wi-Fi" network), Wi-Fi access

point or other mobile computing devices (e.g., via BLUE-
TOOTH wireless technology) without actually making a
network or a device connection). Thus, in accordance
with an embodiment, the sensors 40A-40C, which should
be known to those skilled in the art, may include an al-
timeter, a GPS, a wireless network interface device (for
signal strength detection and for detecting and connect-
ing to other wireless networks/devices), a gyroscope, and
a force sensor. As will be described in greater detail here-
in with respect to FIGURES 4-5, the sensors 40A-40C
may be utilized to create a "digital signature" for mapping
a private space (e.g., a conference room in an office build-
ing) in accordance with various embodiments. It should
be understood, in accordance with and embodiment, that
the sensors 40A-40C may not necessarily be physically
connected to the mobile computing devices 2A-2C but
may connected wirelessly for the exchange of data. For
example, the sensors 40A-40C may comprise self-pow-
ering (e.g., photovoltaic) sensors that may be attached
to a wall and broadcast measurement data (e.g., location
information) utilizing any of a number of low power wire-
less communication technologies known to those skilled
in the art. For example, the sensors 40A-40C may utilize
BLUETOOTH wireless technology the suite of low power
communication protocols based on the ZIGBEE specifi-
cation.
[0015] In accordance with an embodiment, the sched-
uling data 42A-42C may comprise location based infor-
mation found in the respective schedules of users asso-
ciated with the mobile computing devices 2A-2C. In par-
ticular, the scheduling data 42A-42C may comprise lo-
cation data compiled by a scheduling service on the serv-
er 70. For example, the scheduling data 42A-42C may
identify a 3PM meeting in conference room "J" of an office
building, for users of the mobile computing devices 2A-
2C. In accordance with an embodiment, the location data
in the scheduling data 42A-42C may be communicated
in a payload over a communication channel from the mo-
bile computing devices 2A-2C to the server 70. In ac-
cordance with an embodiment, the communication chan-
nel may comprise the EXCHANGE ACTIVESYNC pro-
tocol developed by MICROSOFT CORPORATION of
Redmond, Washington. As will be described in greater
detail below with respect to FIGURES 4-5, the location
data in the scheduling data 42A-42C may be utilized, in
combination with data measured by the sensors 40A-
40C, to generate maps of private spaces. It should be
understood that the generation of maps, as defined here-
in, includes enhancing publically available maps with pri-
vate spaces information. In accordance with an embod-
iment, the publically available maps may be provided by
an online web service, such as the BING MAPS web
mapping service from MICROSOFT CORPORATION of
Redmond, Washington. It should be appreciated that
public maps and mapping services from other providers
may also be utilized in accordance with the various em-
bodiments described herein. It should be understood, in
accordance with various embodiments, that "private
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spaces" may include, but are not limited to, various lo-
cations, including individual offices and meeting rooms
(e.g., conference rooms and auditoriums) in a building
or buildings within the grounds of a business enterprise
to which the general public (i.e., public mapping compa-
nies) lack physical access and/or access to the names
of the various locations contained therein.
[0016] The client computing devices 6A-6B may in-
clude sensors 40D-40E and scheduling data 42D-42E,
respectively, which may be similar to the sensors 40A-
40C and the scheduling data 42A-42C in the mobile com-
puting devices 2A-2C (discussed above). In accordance
with various embodiments, the client computing devices
2 may comprise a desktop or workstation computer which
is capable of executing one or more application pro-
grams. In accordance with various embodiments, the cli-
ent computing devices 6A-6B may also be utilized as
sensor inputs in conjunction with, and in the same man-
ner as, the mobile computing devices 2A-2C, with respect
to mapping private spaces.
[0017] The server 70 may comprise a mapping and
scheduling service application 72 and a map database
74. In accordance with various embodiments, the server
70 may provide both a private mapping service and a
private scheduling service for scheduling and mapping
private locations associated with users of the mobile
computing devices 2A-2C and the client computing de-
vices 6A-6B. It should be understood that the private
mapping service and the private scheduling service may
comprise a single combined service or, alternatively, two
separate services. Thus, it should be appreciated that
the server 70 may represent services hosted on multiple
servers or other complex computer systems. In accord-
ance with an embodiment, the mapping and scheduling
service application 72 may be configured to generate
maps of private spaces using sensor data collected from
the mobile sensors 40A-40C (and optionally the sensors
40D-40E) as well as the scheduling data 42A-42C (and
optionally the scheduling data 42D-42E). In particular,
and as will be described in greater detail below with re-
spect to FIGURES 4-5, the mapping and scheduling serv-
ice application 72 may be configured to gather sensor
and location data from the mobile computing devices 2A-
2C (and optionally the computing devices 6A-6B) and
run a statistical analysis to assign location names (and
the electronic definition thereof) with a higher than aver-
age degree of certainty. Furthermore, the mapping and
scheduling service application 72 may be configured to
leverage large numbers of connected mobile devices to
"crowd source" the naming of private spaces by using
statistics (i.e., density of information at a given time and
over a period of time) to determine the actual naming of
private spaces. In accordance with an embodiment, the
mapping and scheduling service application 72 may com-
prise a collaborative server application such as the EX-
CHANGE SERVER collaborative application from MI-
CROSOFT CORPORATION of Redmond, Washington.
It should be appreciated that other collaborative server

applications from other manufacturers may be utilized in
accordance with the various embodiments described
herein. The map database 74 may store maps 76, 78
and 80. The maps 76, 78 and 80 may represent digital
maps of private spaces generated by the mapping and
scheduling service application 72 using received sensor
data collected from the mobile sensors 40A-40C (and
optionally the sensors 40D-40E) and location data re-
ceived from the scheduling data 42A-42C (and optionally
the scheduling data 42D-42E). It should be understood
that the maps 76, 78 and 80 may comprise publically
available maps (such as those provided by an online
mapping service) which are "tagged" or enhanced with
private space sensor data and location data determined
by the mapping and scheduling service application 72.
Thus, as discussed above, the "generation" of digital
maps of private spaces may include enhancing or tagging
publically available maps with private space information
(i.e., the gathered sensor and location data from the mo-
bile computing devices 2A-2C (and optionally the com-
puting devices 6A-6B)). It should further be understood
that the enhanced or tagged public maps may not be re-
shared with the online mapping service from which they
were retrieved or otherwise made public, thereby insuring
their privacy.
[0018] FIGURE 2 is a block diagram illustrating the
components of a digital map 76, generated by the map-
ping and scheduling service application 72, for a private
space using mobile computing device sensors, in accord-
ance with various embodiments. The map 76 includes
sensor data 82 which may represent a digital signature
of a private space. The sensor data 82 may include data
collected from the sensors 40A-40C in the mobile com-
puting devices 2A-2C associated with the name of a sin-
gle location identified as location data 84 which in turn
may be collected from the scheduling data 42A-42C. The
location data 84 may include a name for a mapped private
space and may be obtained from information contained
in the scheduling data 42A-42C (e.g., the name of a con-
ference room for a scheduled meeting) or from nick-
names or other colloquialisms for a private space which
may be utilized by users of the mobile computing devices
2A-2C.

Exemplary Operating Environment

[0019] Referring now to FIGURE 3, the following dis-
cussion is intended to provide a brief, general description
of a suitable computing environment in which various il-
lustrative embodiments may be implemented. While var-
ious embodiments will be described in the general con-
text of program modules that execute in conjunction with
program modules that run on an operating system on a
computing device, those skilled in the art will recognize
that the various embodiments may also be implemented
in combination with other types of computer systems and
program modules.
[0020] Generally, program modules include routines,
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programs, components, data structures, and other types
of structures that perform particular tasks or implement
particular abstract data types. Moreover, those skilled in
the art will appreciate that the various embodiments may
be practiced with a number of computer system config-
urations, including hand-held devices, multiprocessor
systems, microprocessor-based or programmable con-
sumer electronics, minicomputers, mainframe comput-
ers, and the like. The various embodiments 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 dis-
tributed computing environment, program modules may
be located in both local and remote memory storage de-
vices.
[0021] FIGURE 3 shows the server 70 which may in-
clude a computer capable of executing one or more ap-
plication programs. The server 70 includes at least one
central processing unit 8 ("CPU"), a system memory 12,
including a random access memory 18 ("RAM") and a
read-only memory ("ROM") 20, and a system bus 10 that
couples the memory to the CPU 8. A basic input/output
system containing the basic routines that help to transfer
information between elements within the computer, such
as during startup, is stored in the ROM 20.
[0022] The server 70 may further include a mass stor-
age device 14 for storing an operating system 32, the
mapping and scheduling service application 72 and the
map database 74 (including the maps 76, 78 and 80). In
accordance with various embodiments, the operating
system 32 may be suitable for controlling the operation
of a networked computer, such as the WINDOWS oper-
ating systems from MICROSOFT CORPORATION of
Redmond, Washington. The mass storage device 14 is
connected to the CPU 8 through a mass storage control-
ler (not shown) connected to the bus 10. The mass stor-
age device 14 and its associated computer-readable me-
dia provide non-volatile storage for the server 70. The
term computer-readable media as used herein may in-
clude computer storage media. Computer storage media
may include volatile and nonvolatile, removable and non-
removable media implemented in any method or tech-
nology for storage of information, such as computer read-
able instructions, data structures, program modules, or
other data. Computer storage media may include, but is
not limited to, RAM, ROM, electrically erasable read-only
memory (EEPROM), flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or
other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store
information and which can be accessed by the server 70.
Any such computer storage media may be part of the
server 70.
[0023] The term computer-readable media as used
herein may also include communication media. Commu-
nication media may be embodied by computer readable
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 informa-
tion delivery media. The term "modulated data signal"
may describe a signal that has one or more characteris-
tics set or changed in such a manner as to encode infor-
mation in the signal. By way of example, and not limita-
tion, communication media may include wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, radio frequency (RF),
infrared, and other wireless media.
[0024] According to various embodiments of the inven-
tion, the server 70 may operate in a networked environ-
ment using logical connections to remote computers
through the network 4. The server 70 may connect to the
network 4 through a network interface unit 16 connected
to the bus 10. It should be appreciated that the network
interface unit 16 may also be utilized to connect to other
types of networks and remote computing systems. The
availability server 70 may also include an input/output
controller 22 for receiving and processing input from a
number of input types, including a keyboard, mouse, pen,
stylus, finger, and/or other means (not shown). Similarly,
the input/output controller 22 may provide output to a
display device 85 as well as a printer, or other type of
output device (not shown). It should be appreciated that
the mobile computing devices 2A-2C and the client com-
puting devices 6A-6B, shown in FIGURE 1, may include
many of the conventional components shown and dis-
cussed above with respect to the availability server 70.
In accordance with various embodiments, the mobile
computing devices 2A-2C may also include additional
conventional components (not shown) such as a wireless
radio, a power supply (e.g., a removable or non-remov-
able battery), an array of various sensors and a real-time
clock.
[0025] FIGURE 4 is a flow diagram illustrating a routine
400 for gathering sensor data for use in generating maps
of private spaces, in accordance with various embodi-
ments. When reading the discussion of the routines pre-
sented herein, it should be appreciated that the logical
operations of various embodiments of the present inven-
tion are implemented (1) as a sequence of computer im-
plemented acts or program modules running on a com-
puting system and/or (2) as interconnected machine log-
ical circuits or circuit modules within the computing sys-
tem. The implementation is a matter of choice dependent
on the performance requirements of the computing sys-
tem implementing the invention. Accordingly, the logical
operations illustrated in FIGURES 4-5 and making up the
various embodiments described herein are referred to
variously as operations, structural devices, acts or mod-
ules. It will be recognized by one skilled in the art that
these operations, structural devices, acts and modules
may be implemented in software, in firmware, in special
purpose digital logical, and any combination thereof with-
out deviating from the spirit and scope of the present
invention as recited within the claims set forth herein.
[0026] The routine 400 begins at operation 405, where
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the mapping and scheduling application 72 (hereinafter
referred to as the "application 72"), executing on the serv-
er 70, receives mobile device sensor data to determine
a digital signature. In particular, the application 72 may
receive sensor data measured by the sensors in one or
more of the mobile computing devices 2A-2C to deter-
mine a digital signature describing a private space. In
accordance with an embodiment, the sensor data (as
well as location data) may always be sent from the mobile
computing devices 2A-2C to the server 70 as sensor data
is being detected by the sensors 40A-40C. Alternatively,
the sensor data (as well as location data) may be sent
only after the application 72 prompting the users of the
mobile computing devices 2A-2C. Alternatively, the sen-
sor data (as well as location data) may be sent at appro-
priate intervals as determined by the application 72.
Moreover, the application 72 may also require a one-time
user consent for the sending of the sensor data (as well
as location data) from the mobile computing devices 2A-
2C to the server 70 for all future interactions, prompt us-
ers before every request to send the sensor data (as well
as the location data), or require users to trigger the send-
ing of the sensor data (as well as the location data) to
the server 70. It should be appreciated that privacy and
legal considerations in different geographical locations
may be relied upon for determining the collection of the
sensor data (as well as the location data) by the applica-
tion 72. It should be further appreciated that, in accord-
ance with an embodiment, the collection of the sensor
and location data, by the application 72, may be tempo-
rally restricted to a company’s business hours and further
geographically restricted to be confined within a compa-
ny’s grounds.
[0027] From operation 405, the routine 400 continues
to operation 410, where the application 72 determines if
the received sensor data is correlated with a known user.
In particular, the application 72 may determine if the re-
ceived sensor data corresponds to a user of one of the
mobile computing devices 2A, 2B or 2C whose presence
in the network is recognized by the server 70. If, at op-
eration 410, the application 72 determines that the re-
ceived sensor data can be correlated with a known user,
then the routine 400 continues to operation 415. If how-
ever, at operation 410, the application 72 determines that
the received sensor data cannot be correlated with a
known user, then the routine 400 branches to operation
430.
[0028] At operation 415, the application 72 determines
whether the received sensor data can be correlated with
user data. For example, the application 72 may compare
received sensor data from the mobile computing device
2A to the sensor data previously received from users of
the mobile computing devices 2B and 2C to determine if
all three devices have the same digital signature. A digital
signature may be based on Wi-Fi access point signal
strength, altimeter data, GPS data, mobile operator sig-
nal strength, etc., as determined by the sensors 40A-
40C. If, at operation 415, the application 72 determines

that the received sensor data can be correlated with user
data, then the routine 400 continues to operation 420. If
however, at operation 415, the application 72 determines
that the received sensor data cannot be correlated with
user data, then the routine 400 branches to operation
430.
[0029] At operation 420, the application 72 receives
location data from scheduling data associated with mo-
bile computing device from which the sensor data was
received. For example, the application 72 may receive
the scheduling data 42A from the mobile computing de-
vice 2A whose digital signature was previously deter-
mined based on the sensor data 40A.
[0030] From operation 420, the routine 400 continues
to operation 425 where the application 72 processes the
sensor and scheduling data to generate a digital map. In
particular, the application 72 may build a digital map of
the private space (e.g., a conference room) described by
the digital signature determined from the sensor data and
named as a location in the scheduling data. As discussed
above with respect to FIGURE 1, digital maps may be
stored in a map database, such as the map database 74.
From operation 425, the routine 400 then ends.
[0031] At operation 430, the application 72 determines
whether the received sensor data is relevant. For exam-
ple, if the sensor data was received from a user at 3:10
PM and it can be further determined, by the application
72, from scheduling data associated with the same user
that the user has a meeting in conference room "J" from
3 PM to 4 PM, then the application 72 may determine
that the sensor data is relevant with respect to the location
of conference room J. If, at operation 430, the application
72 determines that the received sensor data is relevant,
then the routine 400 returns to operation 425. If however,
at operation 430, the application 72 determines that the
received sensor data is not relevant, then the routine 400
continues to operation 435 where the received sensor
data is discarded. From operation 435, the routine 400
then ends.
[0032] FIGURE 5 is a flow diagram illustrating a routine
500 for the processing of sensor data and the generation
of maps of private spaces, in accordance with various
embodiments. The routine 500 begins at operation 505,
where the application 72, executing on the server 70,
determines if sensor data received from one or more of
the mobile computing devices 2A-2C is completely new
data. In particular, the application 72 may be configured
to determine if the received sensor data (i.e., the digital
signature) matches a digital signature for a map stored
in the map database 74. If, at operation 505, the appli-
cation 72 determines that the received sensor data is
completely new data, then the routine 500 continues to
operation 510. If however, at operation 505, the applica-
tion 72 determines that the received sensor data is not
completely new data, then the routine 500 branches to
operation 515.
[0033] At operation 510, the application 72, upon de-
termining that the received sensor data is completely new
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data, creates and stores an entry for the new sensor data
in the map database 74. In particular, the application 72
may determine from scheduling data associated with the
mobile computing device from which the new sensor data
was received, the name of a location to associate with
the new sensor data. For example, if the new sensor data
was collected from the mobile computing device 2A at 3
PM and the scheduling data associated with the mobile
computing device 2A indicates that a user is in the "Ste-
vens auditorium" in building "K" at the user’s workplace,
then the application 72 may create a new entry for the
aforementioned location (i.e., "Stevens auditorium") and
store the received sensor data describing this location in
building "K" with the location name "Stevens auditorium."
From operation 510, the routine 500 then ends.
[0034] At operation 515, the application 72, upon de-
termining that the received sensor data is not completely
new data, may determine whether the received sensor
data can be correlated with a current location at least
partially associated with the received sensor data. For
example, the received sensor data may include augment-
ed GPS sensor data measured by a mobile computing
device which has an augmented GPS sensor for meas-
uring the relative forces acting on the device to determine
elevation change and travel within a building. In addition,
the received sensor data may also include data identical
to sensor data measured by other mobile computing de-
vices which are currently located in the same location as
the mobile computing device which has the augmented
sensor. If, at operation 515, the application 72 determines
that the received sensor data can be correlated with a
current location, then the routine 500 continues to oper-
ation 520. If however, at operation 515, the application
72 determines that the received sensor data cannot be
correlated with a current location, then the routine 500
branches to operation 525.
[0035] At operation 520, the application 72, upon de-
termining that the received sensor data can be correlated
with a current location, augments the data for the current
location. In particular, the application 72 may augment
the current location and a stored sensor data set for the
location with the augmented sensor data (e.g., the aug-
mented GPS sensor data) discussed above with respect
to operation 515. It should be appreciated, that in accord-
ance with an embodiment, it may be possible to use a
large number of sensor measurements to reduce error
which may be associated with augmented sensor data
(such as estimated GPS measurements) and thereby in-
crease the accuracy of a location’s actual GPS location
as well as its altitude. Thus, over time, the definition of a
given location would continue to get better. From oper-
ation 520, the routine 500 then ends.
[0036] At operation 525, the application 72, upon de-
termining that the received sensor data cannot be corre-
lated with a current location, determines whether the sen-
sor data matches another location. In particular, the ap-
plication 72 may be configured for "outlier" data detection
in which the received sensor data is determined to be

irrelevant for a current location. For example, application
72 may determine from the scheduling data 42A-42C for
mobile computing devices 2A-2C indicate that the users
of these devices are scheduled to be in a meeting in
conference room "J" at 3:10 PM but may also determined
that the sensor data for the mobile computing device 2B
indicates that the mobile computing device is in another
location (such as the user’s office) at the scheduled meet-
ing time. Thus, the received sensor data from the mobile
computing device 2B is dissimilar to the received sensor
data from the mobile computing devices 2A and 2C and
is irrelevant to the digital definition of conference room
"J." However, the received sensor data from the mobile
computing device 2B may correlate to another location
stored in the map database 74, such as the user’s office.
If, at operation 525, the application 72 determines that
the received sensor data matches another location, then
the routine 500 continues to operation 530. If however,
at operation 525, the application 72 determines that the
received sensor data does not match another location,
then the routine 500 branches to operation 535.
[0037] At operation 530, the application 72, upon de-
termining that the received sensor data matches another
location, augments the data for the other location and
may further request feedback from a user of the mobile
computing device from which the sensor data was re-
ceived. For example, the application 72 may augment
the other location associated with the user of the mobile
computing device 2B described at operation 525 (above)
and a stored sensor data set for the location with aug-
mented sensor data corresponding to the user’s office.
It should be understood that, in accordance with an em-
bodiment, the application 72 may also be configured to
confirm a digital signature by actually querying a user for
feedback in order to validate information. For example,
the application 72 may send a message asking the user
of the mobile computing device 2B, who according to the
scheduling data 42B is scheduled to be in conference
room "J" at 3:10 PM, is currently attending a meeting in
the aforementioned conference room (despite the re-
ceived contrary sensor data). From operation 530, the
routine 500 then ends.
[0038] At operation 535, the application 72, upon de-
termining that the received sensor data does not match
another location, determines whether the received sen-
sor data is relevant. In particular, the application 72 may
determine that the received sensor data corresponds to
a sensor data set stored in the map database 74, but that
the location data (retrieved from user scheduling data)
associated with the received sensor data, is not stored
in the map database 74. If, at operation 535, the appli-
cation 72 determines that the received sensor data is
relevant, then the routine 500 returns to operation 510.
In accordance with an embodiment, the received sensor
data may be determined to be relevant if the location data
includes information pertaining to a conference room or
an office associated with a place of business. It should
be appreciated that the aforementioned situation may
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occur when a change takes place to a space used by a
company’s employees. For example, a remodeling
project may have recently been undertaken to breakup
conference room "J" (and other surrounding rooms) to
create a new auditorium. The application 72, having not
yet been updated, would not immediately know that the
conference room is no longer there but would determine
over time from scheduling data that the area defined by
sensor data as conference room "J" was now being re-
ferred to as the "Newton Auditorium." If, at operation 535,
the application 72 determines that the received sensor
data is irrelevant, then the routine 500 continues to op-
eration 540.
[0039] At operation 540, the application 72, upon de-
termining that the received sensor data is irrelevant, may
discard the received sensor data. For example, the ap-
plication 72 may determine that the received sensor data
corresponds to a sensor data set in the map database
74 but that the user’s scheduling data indicates that the
user is on vacation or out of the office. This situation may
occur, for example, when the user is at her company work
site but merely visiting a colleague on an off-day. From
operation 540, the routine 500 then ends.
[0040] It should be understood that in accordance with
another embodiment the application 72 may be config-
ured, in response to receiving augmented sensor (e.g.,
GPS) data for a private space, to actively query the user
of the mobile computing device which provided the aug-
mented sensor data and to further tag the private space
with a more precise location so as to improve building
navigation, etc. In accordance with another embodiment,
users of the mobile computing devices 2A-2C and the
client computing devices 6A-6C may be able to delete
sensor and/or scheduling data gathered from these de-
vices by the application 72 so as to fulfill legal and privacy
requirements which may exist in the users’ geographical
area. In accordance with another embodiment, the ap-
plication 72 may be configured to automatically delete
entries from the map database 74 which haven’t been
accessed, augmented or otherwise updated after a pre-
determined time period has elapsed.
[0041] Although the invention has been described in
connection with various illustrative embodiments, those
of ordinary skill in the art will understand that many mod-
ifications can be made thereto within the scope of the
claims that follow. Accordingly, it is not intended that the
scope of the invention in any way be limited by the above
description, but instead be determined entirely by refer-
ence to the claims that follow.

Claims

1. A computer-implemented method (400) of generat-
ing maps (76) of private spaces using mobile com-
puting device (2A-C) sensors (40A-C), comprising:

receiving (405), by the computer (70), sensor

data (82) from at least one mobile computing
device to determine a digital signature describ-
ing a private space;
determining the digital signature describing the
private space from the sensor data receiving,
(420) by the computer, scheduling data (42A-C)
gathered from the at least one mobile computing
device, the scheduling data describing a loca-
tion (84) associated with the private space;
performing a statistical analysis, based on the
sensor data and the location, to assign a location
name to the private space, the name of the pri-
vate space being obtained from information con-
tained in the scheduling data;
assigning the location name to the private
space; and
generating, (425) by the computer, a digital map
of the private space from the digital signature
and the location associated with the private
space, the map including the name of the private
space.

2. The method of claim 1, further comprising:

determining (410) that the received sensor data
is correlated with at least one known user of the
at least one mobile computing device; and
determining a correlation between the received
sensor data and the scheduling data.

3. The method of claim 1, further comprising:

determining (410) that the received sensor data
is not correlated with the at least one known user
of the at least one mobile computing device;
determining (430) that the received sensor data
is irrelevant with respect to the scheduling data;
and
discarding (435) the received sensor data.

4. The method of claim 1, wherein generating, by the
computer, a digital map of the private space from the
digital signature and the location associated with the
private space comprises enhancing a public map
with the digital signature and the location associated
with the private space.

5. The method of claim 1, wherein generating, by the
computer, a digital map of the private space from the
digital signature and the location associated with the
private space comprises:

determining (505) that the received sensor data
comprises new sensor data not matching a dig-
ital signature for a map stored in a database (74);
creating (510) a new entry for the location asso-
ciated with the private space in the database;
and
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storing the new sensor data and a name asso-
ciated with the new entry in the database.

6. The method of claim 1, wherein generating, by the
computer, a digital map of the private space from the
digital signature and the location associated with the
private space comprises:

determining (505) that the received sensor data
comprises a combination of new sensor data
and the sensor data associated with the private
space which has been previously stored in a da-
tabase;
determining (515) a correlation between the new
sensor data and the location associated with the
private space; and
augmenting (520) the previously stored sensor
data and the location associated with the private
space with the new sensor data to generate the
digital map.

7. The method of claim 1, wherein generating, by the
computer, a digital map of the private space from the
digital signature and the location associated with the
private space comprises:

determining (505) that the received sensor data
comprises a combination of new sensor data
and the sensor data associated with the private
space which has been previously stored in a da-
tabase;
determining (525) a correlation between the new
sensor data and another location associated
with another private space stored in the data-
base;
augmenting (530) the location and sensor data
associated with another location with the new
sensor data to generate the digital map;
sending a query to the at least one mobile com-
puting device to confirm the digital signature in
the digital map.

8. The method of claim 1, wherein generating, by the
computer, a digital map of the private space from the
digital signature and the location associated with the
private space comprises:

determining (535) that the received sensor data
is irrelevant with respect to sensor data associ-
ated with the private space which has been pre-
viously stored in a database and another loca-
tion associated with another private space
stored in the database; and
discarding (540) the received sensor data.

9. A computer-readable medium comprising instruc-
tions that, when executed by a processing unit of an
electronic computing device, cause the processing

unit to perform the method of one of claims 1-8.

Patentansprüche

1. Computerimplementiertes Verfahren (400) zum Er-
zeugen von Karten (76) privater Räume unter Ver-
wendung von Sensoren (40A-C) in mobilen Rechen-
geräten (2A-C), umfassend:

Empfangen (405), durch den Computer (70),
von Sensordaten (82) von wenigstens einem
mobilen Rechengerät, um eine einen privaten
Raum beschreibende digitale Signatur zu be-
stimmen,
Bestimmen der den privaten Raum beschrei-
benden digitalen Signatur aus den Sensorda-
ten,
Empfangen (420), durch den Computer, von
durch das wenigstens eine mobile Rechengerät
gesammelten Planungsdaten (42A-C), wobei
die Planungsdaten eine mit dem privaten Raum
assoziierte Position (84) beschreiben,
Durchführen einer statistischen Analyse, basie-
rend auf den Sensordaten und der Position, um
einen Positionsnamen zu dem privaten Raum
zuzuweisen, wobei der Name des privaten
Raums aus in den Planungsdaten enthaltenen
Informationen erhalten wird,
Zuweisen des Positionsnamens zu dem priva-
ten Raum, und
Erzeugen (425), durch den Computer, einer di-
gitalen Karte des privaten Raums aus der digi-
talen Signatur und der mit dem privaten Raum
assoziierten Position, wobei die Karte den Na-
men des privaten Raums enthält.

2. Verfahren nach Anspruch 1, das weiterhin umfasst:

Bestimmen (410), dass die empfangenen Sens-
ordaten mit wenigstens einem bekannten Be-
nutzer des wenigstens einen mobilen Rechen-
geräts korreliert sind, und
Bestimmen einer Korrelation zwischen den
empfangenen Sensordaten und den Planungs-
daten.

3. Verfahren nach Anspruch 1, das weiterhin umfasst:

Bestimmen (410), dass die empfangenen Sens-
ordaten nicht mit dem wenigstens einen be-
kannten Benutzer des wenigstens einen mobi-
len Rechengeräts korreliert sind, Bestimmen
(430), dass die empfangenen Sensordaten irre-
levant in Bezug auf die Planungsdaten sind, und
Verwerfen (435) der empfangenen Sensorda-
ten.
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4. Verfahren nach Anspruch 1, wobei das Erzeugen,
durch den Computer, einer digitalen Karte des pri-
vaten Raums aus der digitalen Signatur und der mit
dem privaten Raum assoziierten Position das Ver-
bessern einer öffentlichen Karte mit der digitalen Si-
gnatur und der mit dem privaten Raum assoziierten
Position umfasst.

5. Verfahren nach Anspruch 1, wobei das Erzeugen,
durch den Computer, einer digitalen Karte des pri-
vaten Raums aus der digitalen Signatur und der mit
dem privaten Raum assoziierten Position umfasst:

Bestimmen (505), dass die empfangenen Sens-
ordaten neue Sensordaten umfassen, die nicht
einer digitalen Signatur für eine in einer Daten-
bank (74) gespeicherte Karte entsprechen,
Erstellen (510) eines neuen Eintrags für die mit
dem privaten Raum assoziierte Position in der
Datenbank, und
Speichern der neuen Sensordaten und eines mit
dem neuen Eintrag assoziierten Namens in der
Datenbank.

6. Verfahren nach Anspruch 1, wobei das Erzeugen,
durch den Computer, einer digitalen Karte des pri-
vaten Raums aus der digitalen Signatur und der mit
dem privaten Raum assoziierten Position umfasst:

Bestimmen (505), dass die empfangenen Sens-
ordaten eine Kombination aus neuen Sensor-
daten und den Sensordaten, die mit dem zuvor
in einer Datenbank gespeicherten privaten
Raum assoziiert sind, umfassen,
Bestimmen (515) einer Korrelation zwischen
den neuen Sensordaten und der mit dem priva-
ten Raum assoziierten Position, und
Augmentieren (520) der zuvor gespeicherten
Sensordaten und der mit dem privaten Raum
assoziierten Position mit den neuen Sensorda-
ten, um die digitale Karte zu erzeugen.

7. Verfahren nach Anspruch 1, wobei das Erzeugen,
durch den Computer, einer digitalen Karte des pri-
vaten Raums aus der digitalen Signatur und der mit
dem privaten Raum assoziierten Position umfasst:

Bestimmen (505), dass die empfangenen Sens-
ordaten eine Kombination aus neuen Sensor-
daten und den Sensordaten, die mit dem zuvor
in einer Datenbank gespeicherten privaten
Raum assoziiert sind, umfassen,
Bestimmen (525) einer Korrelation zwischen
den neuen Sensordaten und einer anderen Po-
sition, die mit einem in der Datenbank gespei-
cherten anderen privaten Raum assoziiert ist,
Augmentieren (530) der Position und der mit ei-
ner anderen Position assoziierten Sensordaten

mit den neuen Sensordaten, um die digitale Kar-
te zu erzeugen,
Senden einer Anfrage an das wenigstens eine
mobile Rechengerät, um die digitale Signatur in
der digitalen Karte zu bestätigen.

8. Verfahren nach Anspruch 1, wobei das Erzeugen,
durch den Computer, einer digitalen Karte des pri-
vaten Raums aus der digitalen Signatur und der mit
dem privaten Raum assoziierten Position umfasst:

Bestimmen (535), dass die empfangenen Sens-
ordaten irrelevant in Bezug auf Sensordaten, die
mit dem zuvor in einer Datenbank gespeicher-
ten privaten Raum assoziiert sind, und auf eine
andere Position, die mit einem zuvor in der Da-
tenbank gespeicherten anderen Raum assozi-
iert ist, sind, und
Verwerfen (540) der empfangenen Sensorda-
ten.

9. Computerlesbares Medium mit Befehlen, die bei ei-
ner Ausführung durch eine Verarbeitungseinheit ei-
nes elektronischen Rechengeräts veranlassen,
dass die Verarbeitungseinheit das Verfahren nach
einem der Ansprüche 1-8 durchführt.

Revendications

1. Procédé mis en oeuvre sur ordinateur (400) pour
générer des cartes (76) d’espaces privés utilisant
des capteurs (40A à C) d’un dispositif de calcul mo-
bile (2A à C) comprenant :

la réception (405) par l’ordinateur (70) de don-
nées de capteur (82) depuis au moins un dispo-
sitif de calcul mobile pour déterminer une signa-
ture numérique décrivant un espace privé ;
la détermination de la signature numérique dé-
crivant l’espace privé à partir des données de
capteur ;
la réception (420) par l’ordinateur de données
de cadencement (42A à C) rassemblées à partir
de l’au moins un dispositif de calcul mobile, les
données de cadencement décrivant un empla-
cement (84) associé avec l’espace privé ;
l’exécution d’une analyse statistique, en se ba-
sant sur les données de capteur et sur l’empla-
cement, pour assigner un nom d’emplacement
à l’espace privé, le nom de l’espace privé étant
obtenu à partir des informations contenues dans
les données de cadencement ;
l’assignation du nom d’emplacement à l’espace
privé ; et
la génération (425) par l’ordinateur d’une carte
numérique de l’espace privé à partir de la signa-
ture numérique et l’emplacement associé avec
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l’espace privé,
la carte incluant le nom de l’espace privé.

2. Procédé selon la revendication 1, comprenant en
outre :

la détermination (410) du fait que les données
de capteur reçues sont corrélées avec au moins
un utilisateur connu de l’au moins un dispositif
de calcul mobile ; et
la détermination d’une corrélation entre les don-
nées de capteur reçues et les données de ca-
dencement.

3. Procédé selon la revendication 1, comprenant en
outre :

la détermination (410) du fait que les données
de capteur reçues ne sont pas corrélées avec
l’au moins un utilisateur connu de l’au moins un
dispositif de calcul mobile ;
la détermination (430) du fait que les données
de capteur reçues ne sont pas pertinentes par
rapport aux données de cadencement ; et
l’élimination (435) des données de capteur re-
çues.

4. Procédé selon la revendication 1, dans lequel la gé-
nération par l’ordinateur d’une carte numérique de
l’espace privé à partir de la signature numérique et
l’emplacement associé avec l’espace privé com-
prend l’amélioration d’une carte publique avec la si-
gnature numérique et l’emplacement associé avec
l’espace privé.

5. Procédé selon la revendication 1, dans lequel la gé-
nération par l’ordinateur d’une carte numérique de
l’espace privé à partir de la signature numérique et
l’emplacement associé avec l’espace privé
comprend :

la détermination (505) du fait que les données
de capteur reçues comprennent de nouvelles
données de capteur ne correspondant pas à une
signature numérique pour une carte mémorisée
dans une base de données (74) ;
la création (510) d’une nouvelle entrée pour
l’emplacement associé avec l’espace privé dans
la base de données ; et
la mémorisation des nouvelles données de cap-
teur et d’un nom associé avec la nouvelle entrée
dans la base de données.

6. Procédé selon la revendication 1, dans lequel la gé-
nération par l’ordinateur d’une carte numérique de
l’espace privé à partir de la signature numérique et
l’emplacement associé avec l’espace privé
comprend :

la détermination (515) du fait que les données
de capteur reçues comprennent une combinai-
son de nouvelles données de capteur et des
données de capteur associées avec l’espace
privé ayant été mémorisées précédemment
dans une base de données ;
la détermination (75) d’une corrélation entre les
nouvelles données de capteur et l’emplacement
associé avec l’espace privé ; et
l’ajout (520) aux données de capteur mémori-
sées précédemment et à l’emplacement asso-
cié avec l’espace privé des nouvelles données
de capteur pour générer la carte numérique.

7. Procédé selon la revendication 1, dans lequel la gé-
nération par l’ordinateur d’une carte numérique de
l’espace privé à partir de la signature numérique et
l’emplacement associé avec l’espace privé
comprend :

la détermination (505) du fait que les données
de capteur reçues comprennent une combinai-
son de nouvelles données de capteur et des
données de capteur associées avec l’espace
privé ayant été précédemment mémorisées
dans une base de données ;
la détermination (525) d’une corrélation entre
les nouvelles données de capteur et un autre
emplacement associé avec un autre espace pri-
vé mémorisé dans la base de données ;
l’ajout (530) à l’emplacement et aux données de
capteur associées avec un autre emplacement
des nouvelles données de capteur pour générer
la carte numérique ;
l’envoi d’une demande à l’au moins un dispositif
de calcul mobile pour confirmer la signature nu-
mérique dans la carte numérique.

8. Procédé selon la revendication 1, dans lequel la gé-
nération par l’ordinateur d’une carte numérique de
l’espace privé à partir de la signature numérique et
l’emplacement associé avec l’espace privé
comprend :

la détermination (535) du fait que les données
de capteur reçues ne sont pas pertinentes par
rapport à des données de capteur associées
avec l’espace privé ayant été précédemment
mémorisées dans une base de données et un
autre emplacement associé avec un autre es-
pace privé mémorisé dans la base de données ;
et
l’élimination (540) des données de capteur re-
çues.

9. Support lisible par un ordinateur comprenant des ins-
tructions qui, lorsqu’elles sont exécutées par une
unité de traitement d’un dispositif de calcul électro-
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nique, font effectuer par l’unité de traitement le pro-
cédé selon l’une des revendications 1 à 8.
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