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(57) ABSTRACT 
A system for retrieving information about a position of an 
inertial computing device (ICD) for use in an application, 
which includes a network of local positioning docks (PDs ), 
each capable of docking an ICD by restricting three dimen­
sions of a physical position of the ICD near one of the PDs; a 
database capable of storing information about the positions of 
the PDs within the network; a calculator capable of determin­
ing, based on a position of a positioning dock (PD), the 
position of the ICD; and an application programming inter­
face (API) connected to the database and capable of output­
ting the position of a PD to the ICD. 
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METHOD AND SYSTEM FOR DETERMINING 
POSITION OF AN INERTIAL COMPUTING 

DEVICE IN A DISTRIBUTED NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 61/363, 582, filed Jul. 12, 2010, which is 
incorporated in its entirety by this reference. 

BACKGROUND 

As mobile computing becomes more popular, opportuni­

2 
ICD is preferably a mobile phone, but may be any suitable 
computing device with position and/or orientation sensing 
capabilities such as a laptop computer, a tablet computer, a 
game controller, or any device with suitable positioning tech-

5 nology. The ICD preferably includes a global positioning 
system (GPS), a gyroscope sensor, an accelerometer sensor, 
an electric compass/magnetometer, camera/imaging system, 
and/or any suitable sensor or device for positioning. As used 
within this document, "position" refers to location ( e.g., geo-

10 graphic or local, 2D or 3D) and orientation (e.g., linear or 
rotational angle, velocity, acceleration etc.) of the ICD. Alter­
natively, position may refer to only location or only orienta­
tion. A PD is preferably a device that can receive the ICD and 
facilitates orienting the ICD in a singular position for syn-

15 chronizing of positions. The system functions to create a 
distributed network of reference points useable by a plurality 
of devices and offering high fidelity positioning for various 
applications. The system is preferably used for a plurality of 
PDs with interrelating position calibrations of PDs and posi-

ties for augmented reality become greater. Current technolo­
gies generally rely upon global positioning systems (GPS), 
accelerometer sensors, and magnetometers combined with 
image systems to provide alternate realities or position-re­
lated applications. Such applications typically rely on rich 
maps and geographic positions of locations of interest. The 
fidelity of such interactions, however, is limited by the posi­
tioning accuracy of the device, which relies heavily on the 
GPS and magnetometer capabilities of the device. While such 
devices work fine in an ideal environment, they are not as 
robust in environments such as dense urban areas and indoor 
locations. Additionally, because of the dependence on geo­
graphic and map data sets, these applications are limited in 
scope. Thus, there is a need in the augmented reality field to 
create a new and useful method and system for locating an 
inertial computing device (ICD) in a distributed network. 30 

This invention provides such a new and useful method and 
system. 

20 tion-associated data. The system is preferably used to imple­
ment augmented reality-based applications through the ICD, 
but may alternatively be used for any suitable position-based 
application. 

The local PDs in the network no of the preferred embodi-
25 ment function to be local orienting fixtures for an ICD. The 

forms of the PDs no preferably facilitate the locating/fixing of 
a position of the ICD. The PDs in the network no preferably 
include recesses in which the ICD fits and is in a known and 
standard orientation. In one variation this is preferably a 
three-walled corner in which the ICD may be fully con­
strained when a user applies an opposing force toward the 
corner, as shown in FIG. 3. The PDs in one variation are 
preferably formed of plastic and protruding from a wall to 
define confining structures. The confining structures are pref-BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic representation of a system of a pre­
ferred embodiment of the invention. 

FIG. 2 is a flowchart representation of a method of a pre­
ferred embodiment of the invention; 

FIG. 3 is a detailed schematic representation of receiving 
the ICD within a positioning dock (PD); 

FIG. 4 is a detailed schematic representation ofidentifying 
a PD with a magnetometer; and 

FIGS. 5 and 6 are detailed schematic representations of a 
network of PDs. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 erably designed to apply to a variety ofICD models, but may 
alternatively be specifically designed for a single model, tak­
ing into account a specific structural design of the ICD. 

The PDs in the network no are preferably capable of"dock­
ing" an ICD, or restricting three dimensions of the physical 

40 position of the ICD near one of the PDs. Docking functions to 
assign a local standard or origin for synchronizing the posi­
tion of the ICD. The local standard or origin is preferably 
determined by a calibrated position. The calibrated position 
preferably includes the location of the PD within a global 

45 reference frame or coordinate system such as using GPS and 
additionally the orientation of the PD. The calibrated position 
may alternatively be a local reference frame with no reference 
to an external/global coordinate system. The calibrated posi-

The following description of the preferred embodiments of 50 

the invention is not intended to limit the invention to these 

tion may alternatively include references to other local PDs. 
When calibrating the position of the PD, the position is pref­
erably assigned to a PD identity stored in the database. 

preferred embodiments, but rather to enable any person 
skilled in the art of augmented reality to make and use this 
invention. 
1. System for Determining Position of an Inertial Computing 
Device 

As showninFIG.1, a system 100 for determining position 
of an inertial computing device (ICD) of a preferred embodi­
ment includes a network 110 of local positioning docks 
(PDs), each capable of docking an ICD by restricting three 
dimensions of a physical position of the ICD near one of the 
PDs; a database 120 capable of storing information about the 
positions of the PDs within the network; a calculator 130 
capable of determining, based on a position of a positioning 
dock (PD), the position of the ICD; and an application pro­
gramming interface (API) 140 connected to the database and 
capable of outputting the position of a PD to the ICD. The 

Assigning the position to a PD identity preferably enables a 
network of PDs to be passive docks that facilitate orientating 
an ICD and distinguish the PD from other PDs. This prefer-

55 ably functions to enable PDs to be more affordable and ubiq­
uitous within an environment. A PD preferably has a position 
assigned to it through an ICD after the ICD has been docked 
in the PD. Such positioning information may be algorithmi­
cally updated with additional positioning information pro-

60 vided by other ICDs. Alternatively, a PD may have an ultra­
precise GPS and/or ultra-precise orientation sensor to 
determine its absolute position. 

Magnets may be additionally embedded within the PDs in 
the network 110. The ICD may verify that the ICD is in the 

65 correct position based on the sensed magnetic vector of a 
magnetometer, as shown in FIG. 4. Alternatively a proximity 
sensor, image sensor, touch sensor, or button may be used to 
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verify correct positioning. The PDs in the network no prefer­
ably include identifying devices that may include code labels, 
barcodes or graphical identifiers, RFID tags, coded magnets, 
or any suitable devices to identify a PD. The PDs in one 
network preferably have the same structure and utilize the 
same method of verifying that the ICD is in the correct posi­
tion. Alternatively the PDs in one network may not all match 
in these characteristics. 

PDs in the local network no may be found in a conference 
room, a museum, a car, an office building, an airport, a home, 
or any suitable location where augmented reality or position-
ing applications may be used. Preferably, there are multiple 
PDs within a desired environment for convenient docking 
opportunities. A PD in the local network no is preferably 
mounted in a geographically fixed position. The PD may 
alternatively be mounted in a relatively fixed position within 
a moving environment such as a car, plane, or boat. In the 
variation where the PD is in a relatively fixed location, a 
reference-positioning device that tracks the inertial position­
ing of the environment is preferably used to provide a refer­
ence for motion of the moving environment. 

4 
The information in the database 120 preferably has perma­

nence. For example, positional data about PDs in a particular 
room may be stored in the database until another ICD or set of 
I CDs is used in that same room. Alternatively, the information 
in the database 120 may be periodically cleared. 

The calculator 130 capable of determining, based on a 
position of a PD, the position of the ICD, preferably functions 
to track the relative position of the ICD while in use with the 
PD as a reference point. After the position of the ICD is 

10 synchronized with that of the PD, the calculator performs 
inertial based tracking techniques to calculate the relative 
position of the ICD. The calculator preferably uses an accel­
erometer and a gyroscope. The calculator may alternatively 
use any combination of a magnetometer compass, GPS, an 

15 imaging sensor, and/or any suitable sensor. Any suitable dead 
rocking or inertial navigation/positioning technique may be 
used. Additionally, the tracking of the ICD may feature the 
calculator refreshing a position of the ICD. The calculator is 
preferably within the ICD. Alternatively, a calculator may 

20 relay data to the ICD over a wireless network. This commu­
nication is preferably over a cellular network. Alternatively it 
may be enabled through the phone's Wi-Fi capabilities. In 
another embodiment, this communication may be over a The database 120 of the preferred embodiment functions to 

store information about the positions of the PDs within the 
network. The database preferably relates a calibrated position 25 

to a PD identity. The database is preferably stored on a remote 
cloud or server. The database may additionally be used to 
manage stored position-associated data, although such infor­
mation may be stored and managed locally on an ICD. For 
example, the system may be used in a virtual graffiti applica- 30 

tion that stores position-associated graffiti in a room. Other 
friends of a user using the application may have posted graffiti 

physical wire or connection. 
The calculator preferably outputs position data to the API 

140 when a method in theAPI communicates to the calculator 
that position data is necessary. The calculator may cache 
position data so as to store data about a trajectory of the ICD 
from the PD that it was most recently docked in. Alternatively, 
the calculator may maintain position data for a few seconds 
and discard data about previous positions of the ICD. 

The calculator 130 may also refresh the position of the 
at a certain position in the room. Several days later, the user 
may have access to the graffiti that was posted by friends. In 
this example, position-associated data is stored in the appli- 35 

ICD, as shown in S235, to recalibrate and account for any 
accumulative errors. Inertial based tracking may suffer from 
compounding errors. A freshness of positioning calibration 
may be presented to a user and replenished by docking an ICD cation. 

The database preferably sends and receives messages to 
and from the ICD. Alternatively, the database may send and 
receive messages to and from a PD of the network. Commu­
nication between the database and the ICD or PD is preferably 
over a wireless network. This communication is preferably 
over a cellular network. Alternatively it may be enabled 
through the phone's WiFi capabilities or any other method of 
telecommunication. 

The database 120 preferably stores data about a subset of 
PDs. The network of PDs preferably grows as the system 
gains usage. A database is preferably pre-populated with 
positional data about some subset of PDs. As more I CDs dock 
at new PDs outside of that subset, relative locations of the ICD 
to the PDs in the subset are compared with relative locations 
of the ICD to the PDs outside the subset to compute positions 
of the set of PDs outside of the subset. The positions of these 
new PDs are preferably added to the network via a data push 
to the database. In an alternative embodiment, all of the posi­
tions of PDs within the network are known and pre-populated 
in the database 120. 

Although calls to the remote database 120 may be neces­
sary for retrieval of absolute data, the system may also be 
functional when there is limited or no access to the remote 
database. For example, in a situation where the ICD may not 
have Internet or cellular network access and thus may not 
have access to a remote database, the ICD may still output a 
relational position of the ICD to a PD and use it in an appli­
cation. Alternatively, the ICD may cache an absolute position 
of a PD and thus still be capable of determining absolute 
position of the ICD when there is limited or no connection to 
the remote database 120. 

in the original positioning dock or a second PD. Refreshing of 
position calibration may additionally retroactively account 
for errors. Past position-based actions preferably have posi-

40 tions reverse calculated from the refreshed docking position. 
So for example, in one application where the ICD is being 
used to take photographs and the exact position where the 
photographs was taken is being stored, photographs taken 
when the positioning calibration had fallen below a threshold 

45 may be reverse calculated from the new docking position. 
The API 140, connected to the calculator and capable of 

outputting the position of a PD to the ICD, functions to relay 
the calibrated position of the ICD for use in an application. 
The API preferably outputs the position of the ICD to a 

50 mobile phone application. In one application the API may 
output position-associated data that is superimposed on an 
image. The location and orientation of the ICD when viewing 
the image is preferably used to map how position-associated 
data should be presented. Interactions may additionally be 

55 associated with location and orientation of the device. For 
example, applications and/or actions can preferably be acti­
vated when in a designated position. Any suitable application 
may alternatively make use of data relayed from theAPI 140. 
The positional information that is outputted may depend on 

60 the application that is retrieving the positional information. 
For example, in the graffiti example described above, the 
"position" of the ICD may be the precise location of the ICD. 
Meanwhile, in the museum example, the "position" of the 
ICD may be both the location and orientation of the ICD to 

65 enable users to point their ICDs towards a museum artifact 
and trigger an application action according to which artifact is 
pointed at. 
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As a person skilled in the art of augmented reality will 
recognize from this component of the detailed description 
and from the figures and claims, modifications and changes 
can be made to the preferred embodiments of the invention 
without departing from the scope of this invention defined in 
the claims. 
2. Method for Determining Position of an Inertial Computing 
Device 

6 
Alternatively, a PD may have an ultra-precise GPS and/or 
ultra-precise orientation sensor to determine its absolute posi­
tion. 

In step S210, the PD preferably uses a mechanically 
restraining receptacle that at least partially defines the posi­
tion of the ICD. Forces provided by the user preferably enable 
the position to be fully defined, as shown in FIG. 3 where a 
user aligns an ICD into a three-walled corner of the PD (e.g., 
a back plate with two ridges that intersect at a right angle). As shown in FIG. 2, a method for determining position of 

an ICD of a preferred embodiment includes detecting the 10 

presence of a local PD through a physical acting of docking at 

In step S210, the local PD may be identified in a plurality of 
ways. In one variation, the PD is preferably identified by a 
code displayed on the PD. The code can preferably be manu­
ally entered through the ICD or through any suitable interface 
to identify the PD. In another variation, an imaging device of 

the PD S210; retrieving from a remote database, the position 
of the PD S220; calculating, based on the position of the PD, 
a position of the ICD S230; and outputting the position of the 
ICD to the application S240. 

The method preferably functions to create a distributed 
network of reference points useable by a plurality of devices 
to define coordinate systems. The method preferably enables 
I CDs to function with greater fidelity in detection oflocation 
and orientation because of the local calibration of the ICD. 
Additionally, because the calibration is generalized for any 
device, the positional data is preferably imbued with location 
permanence. The ICD is preferably a mobile phone, but may 

15 the ICD may capture a barcode or any suitable graphical 
encoding of the identity of the PD. In another variation, the 
ICD preferably reads an RFID tag or QR tag included in the 
PD. In another variation shown in S217 of FIG. 3, a magne­
tometer of the ICD is preferably used to identify the PD. The 

20 PD preferably includes an embedded magnet or a series of 
magnetized strips/areas that encode an identity. Additionally 
or alternatively, the geographical location of the ICD ( e.g., 
from a GPS signal) may be used to identify the PD or narrow 
the number of PDs from which the PD is distinguished. 

In step 210, the local PD may be found in a conference 
room, a museum, a car, an office building, an airport, a home, 
or any suitable location where augmented reality or position­
ing applications may be used. Preferably, there are multiple 
PDs within a desired environment for convenient docking 

be any suitable computing devices with positioning and/or 25 

orientation sensing capabilities such as a laptop computer, a 
tablet computer, a game controller, or any device with suitable 
positioning technology. An ICD preferably includes a global 
positioning system (GPS), a gyroscope sensor, an accelerom­
eter sensor, an electric compass/magnetometer, camera/im­
aging system, and/or any suitable sensor or device for posi­
tioning. In a preferred embodiment, "position" refers to 
location (e.g., geographical or local, 2D or 3D) and orienta­
tion ( e.g., linear or rotational angle, velocity, acceleration 
etc.) of the ICD. Alternatively, position may refer to only 
location or only orientation. A PD is preferably a device that 
can receive the ICD and facilitates orienting the ICD in a 
singular position for synchronizing of positions. The method 

30 opportunities. The local PD in step 210 is preferably mounted 
in a geographically fixed position. The PD may alternatively 
be mounted in a relatively fixed position within a moving 
environment such as a car, plane, or boat. In the variation 
where the PD is in a relatively fixed location, a reference-

35 positioning device that tracks the inertial positioning of the 
environment is preferably used to provide a reference for 
motion of the moving environment. 

Step S220, which includes retrieving, from a database, the 
position of the PD, functions to distinguish a PD for mapping of functions to create a distributed network of reference 

points useable by a plurality of devices and offering high 
fidelity positioning for various applications. The method is 
preferably used to supply data to augmented reality-based 
applications through the ICD, but may alternatively be used 
for any suitable position-based application. 

Step S210, which includes detecting the presence ofa local 
PD through a physical act of docking at the PD, functions to 
assign a local standard or origin for synchronizing position of 
I CDs. "Docking" preferably implies restricting three dimen­
sions of the physical position of the ICD near one of the PDs. 
The local standard or origin is preferably determined by a 
calibrated position. The calibrated position preferably 
includes the location of the PD within a global reference 
frame or coordinate system such as using GPS and addition­
ally the orientation of the PD. The calibrated position may 
alternatively be a local reference frame with no reference to 
an external/global coordinate system. The calibrated position 
may alternatively include references to other local PDs. When 
calibrating the position of the PD, the position is preferably 
assigned to a PD identity stored in the database. Assigning the 
position to a PD identity preferably enables a network of PDs 
to be passive docks that facilitate orientating an ICD and 
distinguish the PD from other PDs. This preferably functions 

40 the position of the ICD with positional information associated 
with the PD. The step 220 preferably includes retrieving data 
from a remote database. Alternatively the data is retrieved 
from a local database. For example, the database may be 
stored on the ICD itself or on a computer that is in the same 

45 room as the ICD. When there is no opportunity for telecom­
munication (for example, when a cellular network is dis­
abled), calls to a local database in step 220 will enable the 
method to still be functional. For example, in a situation 
where the ICD may not have Internet or cellular network 

50 access and thus may not have access to a remote database, the 
ICD may still output a relational position of the ICD to a PD 
and use it in an application. Alternatively, the ICD may cache 
an absolute position of a PD and thus still be capable of 
determining absolute position of the ICD when there is lim-

55 ited or no connection to the remote database 120. 
The database may additionally be used to manage stored 

position-associated data, although such information may be 
stored and managed locally on the ICD. For example, the 
system may be used in a virtual graffiti application that stores 

60 position-associated graffiti in a room. Other friends of a user 
using the application may have posted graffiti at a certain 
position in the room. Several days later, the user may have 
access to the graffiti that was posted by friends. In this to enable PDs to be more affordable and ubiquitous within an 

environment. A PD preferably has a position assigned to it 
through an ICD after the ICD has been docked in the PD. Such 65 

positioning information may be algorithmically updated with 
additional positioning information provided by other ICDs. 

example, position-associated data is stored in the application. 
The step S220 of retrieval preferably functions to enable 

absolute positioning. Before there is retrieval from a remote 
database, positions of PDs within a network may be known 
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relative to another. The retrieval of data from a remote data­
base preferably functions to imbue all of these relative posi­
tions with an absolute position. The retrieval from the remote 
database is preferably enabled through communication over a 
cellular network. Alternatively the retrieval of data may occur 
through the ICD's Wi-Fi capability, or any other method of 
telecommunication. Alternatively the ICD may retrieve a 
PD's absolute position from the database before any acts of 
docking take place. 

8 

The database preferably sends and receives messages to 
and from the ICD. Alternatively, the database may send and 
receive messages to and from a PD of the network. Commu­
nication between the database and the ICD or PD is preferably 
over a wireless network. This communication is preferably 
over a cellular network. Alternatively it may be enabled 
through the phone's Wi-Fi capabilities or any other method of 
telecommunication. 

device. For example, applications and/or actions can prefer­
ably be activated when in a designated position. For example, 
the application may activate an alarm or music file to sound 
when the ICD is at a distinct position. Alternatively, the appli­
cation may display a certain message when the ICD nears a 
certain artifact in a museum. Any suitable application may 
alternatively utilize the calibrated position of the ICD. The 
positional information that is outputted may depend on the 
application that is retrieving the positional information. For 

10 example, in the graffiti example described above, the "posi­
tion" of the ICD may be the precise location of the ICD. 
Meanwhile, in the museum example, the "position" of the 
ICD may be both the location and orientation of the ICD to 

15 enable users to point their ICDs towards a museum artifact 
and trigger an application action according to which artifact is 
pointed at. 

Additionally as shown in FIGS. 5 and 6, the method of the 
preferred embodiment preferably includes merging relative 

Step S230, which includes calculating, based on the posi­
tion of the PD, a position of the ICD, functions to track the 
position of the ICD while in use with the PD as a reference 
point. Tracking the relative position of the ICD preferably 
includes the physical act of docking at the PD S215, as shown 
in FIG. 3. When the PD is docked, the position including 
location and orientation of the ICD and the PD are preferably 
synchronized. A calculator operating in association with the 
ICD (e.g., on the device or through input of the device) 
preferably synchronizes the ICD with the identified PD when 

20 positions of at least two PDs S219, which functions to net­
work the position information of PDs. Merging of relative 
positions of at least two PDs preferably requires an inertial 
computing device to be docked in at least two PDs. When 
merging relative positions of two PDs, the tracked relative 

the ICD is docked. After the position is synchronized, inertial 
based tracking techniques are a used to calculate the relative 
position of the ICD, preferably through the use of an accel­
erometer and a gyroscope. Alternatively, the inertial based 
tracking techniques may use any combination of the follow­
ing: gyroscopic sensors, a magnetometer compass, acceler­
ometer, GPS, imaging sensors, and/or any suitable sensor. 
Any suitable dead reckoning or inertial navigation/position­

25 position of the ICD to a first PD when the ICD is docked in a 
second PD is preferably used to calculate the relative position 
between the two PDs. This relative position is preferably 
updated and modified during subsequent docking events that 
have new data. A network of position information relating 

30 PDs is preferably created through the merging of relative 
positions. Additionally, the position-associated data created 
in relation to a first PD can preferably be translated to a 
second PD, such that multiple PDs may be used to interact 

35 
with the same position-associated data, as shown in FIG. 5. 
Both PDs are preferably calibrated, though a PD may be 
calibrated based on the calibration of another PD. Addition­
ally, the calibration of a PD may be adjusted based on cali-
bration of other PDs and the tracked relative position of the 
ICD when docked. The fidelity of calibration of a PD may be 
used as a weighting parameter when modifying the calibra-
tion of a PD, and the freshness of calibration for tracked 
relative position may additionally be a weighting parameter. 
As shown in FIG. 6, the fidelity of calibration of a PD can 
preferably spread to other PDs when merging relative posi­
tions. In one example, some PDs are preferably calibrated 
with ultra-precise GPS, some are calibrated through a GPS of 
an ICD, and some may have not been initially calibrated with 
location and/ or orientation information. The calibration of the 

ing techniques may be used. Additionally, the tracking of the 
ICD may include refreshing position of the ICD S235, which 
functions to recalibrate and account for any accumulative 
errors. Inertial based tracking may suffer from compounding 
errors. A freshness of positioning calibration may be pre- 40 

sented to a user and replenished by docking an ICD in the 
original positioning dock or a second PD. Refreshing of posi­
tion calibration may additionally retroactively account for 
errors. Past position-based actions preferably have positions 
reverse calculated from the refreshed docking position. So for 45 

example, in one application where the ICD is being used to 
take photographs and the exact position where the photo­
graphs was taken is being stored, photographs taken when the 
positioning calibration had fallen below a threshold may be 
reverse calculated from the new docking position. 50 ultra-precise GPS is preferably transferred to other PDs dur­

ing subsequent <lockings of an ICD. Un-calibrated PDs can 
additionally have calibration supplied through the tracked 
position of an ICD. 

The calculator of STEP 230 is preferably within the ICD. 
Alternatively, a calculator may relay data to the ICD over a 
wireless network. This communication is preferably over a 
cellular network. Alternatively it may be enabled through the 
phone's Wi-Fi capabilities. In another embodiment, this com- 55 

munication may be over a physical wire or connection. For 
example, the ICD may be linked to an external accelerometer 
or gyroscope through a wire. 

STEP 240, which includes outputting the position of the 
ICD to the application, functions to send the calibrated posi- 60 

tion of the ICD to an application. The application preferably 
includes interacting with position-associated data. In one 
application position-associated data is preferably superim­
posed over an image. The location and orientation of the ICD 
when viewing the image is preferably used to map how posi- 65 

tion-associated data should be presented. Interactions may 
additionally be associated with location and orientation of a 

An alternative embodiment preferably implements the 
above methods in a computer-readable medium storing com­
puter-readable instructions. The instructions are preferably 
executed by computer-executable components preferably 
integrated with an ICD. The computer-readable medium may 
be stored on any suitable computer readable media such as 
RAMs, ROMs, flash memory, EEPROMs, optical devices 
(CD or DVD), hard drives, floppy drives, or any suitable 
device. The computer-executable component is preferably a 
processor but the instructions may alternatively or addition­
ally be executed by any suitable dedicated hardware device. 

As a person skilled in the art of augmented reality will 
recognize from the previous detailed description and from the 
figures and claims, modifications and changes can be made to 
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the preferred embodiments of the invention without departing 
from the scope of this invention defined in the following 
claims. 

I claim: 
1. A system comprising: 
a plurality of positioning docks each configured to physi­

cally confine a mobile computing device on three sides 

10 
5. The system of claim 1, wherein each of at least some of 

the plurality of positioning docks includes a graphical encod­
ing including the associated unique identifier, the graphical 
encoding detectable with an imaging device on the mobile 
computing device. 

in a fixed position and orientation when the mobile com­
puting device is docked with the respective positioning 
docks, wherein an estimated physical position and ori­
entation of each respective positioning dock is stored for 
each of the plurality of positioning docks; 

6. The system of claim 1, wherein each of at least some of 
the plurality of positioning docks is configured to relay iden­
tifying information, including the associated unique identi­
fier, to the mobile computing device through a magnetometer. 

10 7. The system of claim 1, wherein each of at least some of 

a database configured to store information indicative of the 
estimated physical positions and orientations of each of 15 

the plurality of positioning docks, each of the plurality of 
positioning docks being associated with a unique iden­
tifier; and 

a processor configured to: 
receive a first indication of a first unique identifier asso- 20 

ciated with a first positioning dock of the plurality of 
positioning docks at which the mobile computing 
device was docked at a first point in time; 

receive a second indication of a second unique identifier 
associated with a second positioning dock of the plu- 25 

rality of positioning docks at which the mobile com­
puting device was docked at a second point in time, 
the second point in time being later than the first point 
in time; 

receive accelerometer position and orientation data pro- 30 

vided by an accelerometer of the mobile computing 
device between the first point in time when the mobile 
computing device was docked at the first positioning 
dock and the second point in time when the mobile 
computing device was docked at the second position- 35 

ing dock; 
determine an update to the estimated physical position 

and orientation of the second positioning dock by at 
least: 
accessing, using the first indication of the first unique 40 

identifier, and from the database, the estimated 
physical position and orientation of the first posi­
tioning dock; 

accessing, using the second indication of the second 
unique identifier, and from the database, the esti- 45 

mated physical position and orientation of the sec­
ond positioning dock; and 

calculating, based on the estimated physical positions 
and orientations of the respective first and second 
positioning docks and the accelerometer position 50 

and orientation data, the update to the estimated 
physical position and orientation of the second 
positioning dock; and 

store, in the database, an updated estimated physical 
position and orientation of the second positioning 55 

dock based on the update. 
2. The system of claim 1, wherein the plurality of position­

ing docks are mounted in relatively fixed positions within a 
moving environment such as a car, phone, or boat. 

3. The system of claim 2, further comprising a reference- 60 

positioning device that tracks inertial positioning of the mov-
ing environment to provide a reference for its motion. 

the plurality of positioning docks includes RFID tags useable 
to be scanned by the mobile computing device to obtain the 
associated unique identifiers. 

8. The system of claim 1, wherein global positioning sys­
tem coordinates of the mobile computing device are used to 
identify each of at least some of the plurality of positioning 
docks. 

9. The system of claim 1, wherein the estimated physical 
positions and orientations of each of the plurality of position­
ing docks comprises an estimated absolute position and ori­
entation of each of the plurality of positioning docks. 

10. The system of claim 1, wherein the processor is further 
configured to: 

receive gyroscope position and orientation data provided 
by a gyroscope of the mobile computing device between 
the first point in time when the mobile computing device 
was docked at the first positioning dock and the second 
point in time when the mobile computing device was 
docked at the second positioning dock, 

wherein determining the update to the estimated physical 
position and orientation of the second positioning dock 
further includes: 
calculating, based on the estimated physical positions 

and orientations of the respective first and second 
positioning docks, the accelerometer position and ori­
entation data, and the gyroscope position and orien­
tation data, the update to the estimated physical posi­
tion and orientation of the second positioning dock. 

11. The system of claim 1, wherein the information indica­
tive of the estimated physical positions and orientations of 
each of the plurality of positioning docks is useable to deter­
mine estimated positions and orientations of any of a plurality 
of mobile computing devices. 

12. The system of claim 1 further comprising: 
an application programming interface in communication 

with the database and configured to provide the esti­
mated positions and orientations of each of the plurality 
of positioning docks to the mobile computing device. 

13. The system of claim 1, wherein the processor is further 
configured to: 

determine an estimated physical position and orientation of 
the mobile computing device by at least: 
accessing, using the first indication of the first unique 

identifier, and from the database, the estimated physi­
cal position and orientation of the first positioning 
dock;and 

calculating, based on the estimated physical position 
and orientation of the first positioning dock and the 
accelerometer position and orientation data, the esti­
mated physical position and orientation of the mobile 
computing device. 

4. The system of claim 1, wherein each of at least some of 
the plurality of positioning docks includes a sticker display­
ing the associated unique identifiers, the sticker useable by an 
operator of the mobile computing device to manually enter 
the unique identifiers into the mobile computing device. 

14. The system of claim 13, wherein the estimated physical 
position and orientation of the mobile computing device is an 

65 estimated physical position and orientation of the mobile 
computing device at a third point in time later than then first 
point in time and earlier than the second point in time. 
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15. A method comprising: 
by one or more processors configured with computer 

executable instructions, 
providing a plurality of positioning docks each configured 

to physically confine a mobile computing device on 
three sides in a fixed position and orientation when the 
mobile computing device is docked with the respective 
positioning docks, wherein an estimated physical posi­
tion and orientation of each respective positioning dock 
is stored for each of the plurality of positioning docks; 

providing a database configured to store information 
indicative of the estimated physical positions and orien­
tations of each of the plurality of positioning docks, each 
of the plurality of positioning docks being associated 
with a unique identifier; 

receiving a first indication of a first unique identifier asso­
ciated with a first positioning dock of the plurality of 
positioning docks at which the mobile computing device 
was docked at a first point in time; 

10 

15 

12 
puting device between the second point in time when the 
mobile computing device was docked at the second posi­
tioning dock and a third point in time when the mobile 
computing device was docked at a third positioning 
dock;and 

determining an second estimated physical position and 
orientation of the mobile computing device by at least: 
accessing, using the first and second indication of the 

respective first and second unique identifiers, and 
from the database, the estimated physical positions 
and orientations of the respective first and second 
positioning docks; and 

calculating, by the one or more processors and based on 
the estimated physical positions and orientations of 
the first and second positioning docks and the accel­
erometer and second accelerometer position and ori-
entation data, the second estimated physical position 
and orientation of the mobile computing device. 

17. The method of claim 16, wherein the second estimated 
receiving a second indication of a second unique identifier 

associated with a second positioning dock of the plural­
ity of positioning docks at which the mobile computing 
device was docked at a second point in time, the second 
point in time being later than the first point in time; 

20 physical position and orientation of the mobile computing 
device is an estimated physical position and orientation of the 
mobile computing device at a fourth point in time later than 
then second point in time and earlier than the third point in 
time. 

receiving accelerometer position and orientation data pro- 25 

vided by an accelerometer of the mobile computing 
device between the first point in time when the mobile 
computing device was docked at the first positioning 
dock and the second point in time when the mobile 
computing device was docked at the second positioning 30 

dock; 
determining an update to the estimated physical position 

and orientation of the second positioning dock by at 
least: 

18. The method of claim 15, wherein the plurality of posi­
tioning docks are mounted in relatively fixed positions within 
a moving environment such as a car, phone, or boat. 

19. The method of claim 18, further comprising tracking 
inertial positioning of the moving environment to provide a 
reference for its motion. 

20. The method of claim 15, wherein the mobile computing 
device is a device with suitable positioning technology 
selected from a group consisting of a mobile phone, a lap top 
computer, a tablet computer, a game controller, or another 

accessing, using the first indication of the first unique 
identifier, and from the database, the estimated physi­
cal position and orientation of the first positioning 
dock; 

35 device with suitable positioning technology. 
21. The method of claim 15, wherein each of at least some 

of the plurality of positioning docks includes a sticker dis­
playing the associated unique identifiers, the sticker useable 
by an operator of the mobile computing device to manually accessing, using the second indication of the second 

unique identifier, and from the database, the estimated 
physical position and orientation of the second posi­
tioning dock; and 

40 enter the unique identifiers into the mobile computing device. 

calculating, by the one or more processors and based on 

22. The method of claim 15, wherein each of at least some 
of the plurality of positioning docks includes a graphical 
encoding including the associated unique identifier, the 
graphical encoding detectable with an imaging device on the the estimated physical positions and orientations of 

the respective first and second positioning docks and 
the accelerometer position and orientation data, the 
update to the estimated physical position and orienta­
tion of the second positioning dock; and 

45 mobile computing device. 
23. The method of claim 15, wherein each of at least some 

of the plurality of positioning docks is configured to relay 
identifying information, including the associated unique 
identifier, to the mobile computing device through a magne-determining an estimated physical position and orientation 

of the mobile computing device by at least: 50 tometer. 
accessing, using the first indication of the first unique 

identifier, and from the database, the estimated physi-
cal position and orientation of the first positioning 
dock;and 

calculating, by the one or more processors and based on 55 

the estimated physical position and orientation of the 
first positioning dock and the accelerometer position 
and orientation data, the estimated physical position 
and orientation of the mobile computing device; and 

outputting the estimated position of the mobile computing 60 

device to an application executing on the mobile com­
puting device. 

16. The method of claim 15 further comprising: 
by one or more processors configured with computer 

executable instructions, 
receiving second accelerometer position and orientation 

data provided by the accelerometer of the mobile com-

65 

24. The method of claim 15, wherein each of at least some 
of the plurality of positioning docks includes RFID tags use­
able to be scanned by the mobile computing device to obtain 
the associated unique identifier. 

25. The method of claim 15, wherein global positioning 
system coordinates of the mobile computing device are used 
to identify each of at least some of the plurality of positioning 
docks when the mobile computing device is docked to each of 
the at least some of the plurality of positioning docks. 

26. The method of claim 15, wherein the estimated physi-
cal positions and orientations of the first and second position­
ing docks are useable to determine estimated positions and 
orientations of any of a plurality of mobile computing 
devices. 

27. The method of claim 15, wherein the database is remote 
from the mobile computing device and the plurality of posi­
tioning docks. 
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28. A computer readable memory storing a computer pro­
gram executable by a processor, the computer program per­
forming a method comprising: 

providing a plurality of positioning docks each configured 
to physically confine a mobile computing device on 
three sides in a fixed position and orientation when the 
mobile computing device is docked with the respective 
positioning docks, wherein an estimated physical posi­
!ion and orientation of each respective positioning dock 
1s _st?red for each of the plurality of positioning docks; 10 

prov1dmg a database configured to store information 
indicative of the estimated physical positions and orien­
tations of each of the plurality of positioning docks, each 
of the plurality of positioning docks being associated 
with a unique identifier; 15 

receiving a first indication of a first unique identifier asso­
ciated with a first positioning dock of the plurality of 
positioning docks at which the mobile computing device 
was docked at a first point in time; 

receiving a second indication of a second unique identifier 20 

associated with a second positioning dock of the plural-
ity ~f positioning docks at which the mobile computing 
device was docked at a second point in time, the second 
point in time being later than the first point in time; 

rece_iving accelerometer position and orientation data pro- 25 

v1ded by an accelerometer of the mobile computing 
device between the first point in time when the mobile 
computing device was docked at the first positioning 
dock and the second point in time when the mobile 
computing device was docked at the second positioning 30 

dock; 
determining an update to the estimated physical position 

and orientation of the second positioning dock by at 
least: 

14 
ac~essi1:g, using the first indication of the first unique 

1dent1fier, and from the database, the estimated physi­
cal position and orientation of the first positioning 
dock; 

accessing, using the second indication of the second 
unique identifier, and from the database, the estimated 
physical position and orientation of the second posi­
tioning dock; and 

calculating, based on the estimated physical positions 
and orientations of the respective first and second 
positioning docks and the accelerometer position and 
orientation data, the update to the estimated physical 
position and orientation of the second positioning 
dock; 

storing, in the database, an updated estimated physical 
position and orientation of the second positioning dock 
based on the update; and 

determining an estimated physical position and orientation 
of the mobile computing device by at least: 
accessing, using the first indication of the first unique 

identifier, and from the database, the estimated physi­
cal position and orientation of the first positioning 
dock;and 

calculating, based on the estimated physical position 
and orientation of the first positioning dock and the 
accelerometer position and orientation data, the esti­
mated position and orientation of the mobile comput­
ing device. 

29. The computer readable memory of claim 28, wherein 
the method further comprises: 

using the estimated position and orientation of the mobile 
computing device in an application executing on the 
mobile computing device. 

* * * * * 




