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POSITION LOCATION AIDED BY
CHEMICAL CHARACTERISTIC

BACKGROUND

Background Field

Embodiments of the subject matter described herein are
related generally to determining a position for a mobile
device, and more specifically for determining a position of
a mobile device based on detected chemicals in the envi-
ronment.

Relevant Background

Obtaining accurate position information for mobile
devices, such as cellular telephones or other wireless com-
munication devices, is becoming prevalent in the commu-
nications industry. A common means to determine the loca-
tion of a device is to use a satellite position system (SPS),
such as the well-known Global Positioning Satellite (GPS)
system or Global Navigation Satellite System (GNSS),
which employ a number of satellites that are in orbit around
the Earth. One limitation of current SPS systems is that their
operation is limited to situations in which multiple satellites
are clearly in view, without obstructions. For example,
obtaining a traditional SPS position fix while inside a
building is typically difficult, if not impossible. Thus, once
inside a building, a terrestrial positioning technique will be
used. Terrestrial positioning techniques rely on data from
non-SPS sources, such as wireless signals obtained from a
wireless local area network (WLAN) or WiFi, or vision
based techniques.

Obtaining a position fix using a traditional SPS system or
terrestrial navigation techniques, however, may be time
consuming and may drain battery power. For example, when
a mobile device moves between indoors and outdoors, the
mobile device may try to use an inappropriate or unneces-
sary positioning technique (e.g., SPS while indoors) for a
period of time before changing to a different appropriate
positioning technique. Thus, there may be a delay in deter-
mining an accurate position using the most appropriate
technique. Hysteresis in the time for the mobile device to
accurately determine when to switch between the indoor
navigation mode and outdoor navigation mode is present as
the threshold for determining which mode to use is not
always clear. For example, a WLAN can broadcast several
hundreds of meters. Accordingly, a mobile device may
determine incorrectly that it is inside a building based on a
received WLAN signal, when the mobile device is outside
but relatively near the building. This uncertainty period can
cause a delay in obtaining an accurate position fix using the
appropriate location technique. Moreover, the mobile device
will run both the indoor and outdoor systems in order to
determine when to switch between the two positioning
modes. Running systems for both modes, however, quickly
drains battery life. Thus, reducing the transition time
between modes is desirable.

Additionally, as is well known, an SPS positioning system
requires that the mobile device lock on to the signals from
a number, e.g., at least four, satellites. Thus, if the mobile
device is moved a significant distance while the SPS posi-
tioning system is turned off; e.g., when a user travels on an
airline to another city, a cold start may be required. A cold
start may take considerable time, as long as twelve minutes,
because the receiver must search for a satellite lock by
running through all of the codes and frequency combinations
until it locks on a satellite. To avoid cold starts, some mobile
devices have the capability to download the current almanac
and ephemeris data from a network to save acquisition time.
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This is called assisted GPS (A-GPS). However, some
devices are still stand alone GPS devices. For standalone
devices, it is desirable to have an approximate position fix so
that the device can lock onto satellites and obtain an accurate
position fix more quickly than if using a cold start. Addi-
tionally, assisted GPS mobile devices may not have network
services in other countries. Thus, there may be situations
where even an A-GPS device may be forced to perform an
undesirable cold start. Thus, improvements for position
determination of mobile devices are desired.

SUMMARY

A mobile device includes a chemical sensor to detect
chemicals in the environment in which the mobile device is
present. The detected chemicals are analyzed and used to
generate a chemical characteristic of the environment. The
chemical characteristic of the environment is used to deter-
mine location related data for the mobile device. For
example, an implemented within or remote chemical char-
acteristic database that stores chemical characteristics asso-
ciated with location related data may be searched based on
the chemical characteristic of the environment to determine
the location of the mobile device. The location related data
may be a location of the mobile device or assistance data that
may be used to assist in generating a more accurate position
fix, e.g., using a satellite positioning system. The location
related data may simply whether the mobile device is inside
or outside or the floor of a multi-floor building.

In one aspect, a method includes using a chemical sensor
in a mobile device to detect chemicals in an environment in
which the mobile device is present; analyzing chemicals
detected by the chemical sensor to determine a chemical
characteristic of the environment; and determining location
related data for the mobile device using the chemical char-
acteristic of the environment.

In one aspect, a mobile device includes a chemical sensor
that detects chemicals in an environment in which the
mobile device is present; and a processor coupled to the
chemical sensor, the processor receives data from the chemi-
cal sensor in response the detected chemicals, the processor
configured to analyze the data from the chemical sensor to
determine a chemical characteristic of the environment and
use the chemical characteristic to determine location related
data for the mobile device.

In one aspect, a mobile device includes means for detect-
ing chemicals in an environment in which the mobile device
is present; means for analyzing detected chemicals to deter-
mine a chemical characteristic of the environment; and
means for determining location related data for the mobile
device using the chemical characteristic of the environment.

In one aspect, a non-transitory computer-readable
medium including program code stored thereon includes
program code to use a chemical sensor to detect chemicals
in an environment in which a mobile device is present;
program code to analyze the chemicals detected by the
chemical sensor to determine a chemical characteristic of the
environment; and program code to determine location
related data for the mobile device using the chemical char-
acteristic of the environment.

In one aspect, a method includes receiving data from a
remote mobile device related to a chemical characteristic of
an environment in which the remote mobile device is
present; determining location related data for the remote
mobile device based on the chemical characteristic; and
transmitting the location related data to the remote mobile
device.
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In one aspect, an apparatus includes an external interface
for communicating with a remote mobile device; and a
processor coupled to the external interface to receive data
related to a chemical characteristic of an environment in
which the remote mobile device is present, the processor
being configured to determine location related data for the
remote mobile device based on the chemical characteristic;
and to cause the external interface to transmit the location
related data to the remote mobile device.

In one aspect, an apparatus includes means for receiving
data from a remote mobile device related to a chemical
characteristic of an environment in which the remote mobile
device is present; means for determining location related
data for the remote mobile device based on the chemical
characteristic; and means for transmitting the location
related data to the remote mobile device.

In one aspect, a non-transitory computer-readable
medium including program code stored thereon, includes
program code to receive data from a remote mobile device
related to a chemical characteristic of an environment in
which the remote mobile device is present; program code to
determine location related data for the remote mobile device
based on the chemical characteristic; and program code to
transmit the location related data to the remote mobile
device.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates a block diagram showing a system in
which detected chemicals in the environment, e.g., in the
form of a chemical characteristic, is used to assist in
determining the location of a mobile device.

FIG. 2A is a flow chart illustrating a method of using a
detected chemical characteristic of an environment to assist
in the determination of the location of a mobile device.

FIG. 2B is another flow chart illustrating a method of
using a detected chemical characteristic of an environment
to assist in the determination of the location of a mobile
device.

FIG. 3 is a block diagram of a mobile device capable of
detecting a chemical characteristic of an environment to
assist in the determination of the location of the mobile
device.

FIG. 4 is a flow chart illustrating a method performed by
server for using a detected chemical characteristic of an
environment to assist in the determination of the location of
a mobile device.

FIG. 5 is a block diagram of the server capable of
determining a location of the remote mobile device based on
the chemical sensor data provided by the remote mobile
device.

DETAILED DESCRIPTION

FIG. 1 illustrates a block diagram showing a system in
which detected chemicals in the environment, e.g., in the
form of a chemical characteristic, are used to assist in
determining the location of a mobile device 100. As illus-
trated, the mobile device 100 includes a chemical sensor 102
that is used to detect chemicals in the environment in which
the mobile device 100 is present. The detected chemicals
may be used to generate a chemical characteristic of the
environment. The determined chemical characteristic may
be a unique or semi-unique chemical signature that can be
used to identify the location of the mobile device 100, e.g.,
using a database 104 that may be stored on the mobile device
100 or using a remote database 135 via network 120 and
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remote server 130. The remote database 135 may store
chemical characteristics that are associated with different
locations, which may be crowdsourced in a continuous or
periodic fashion. The on-board database 104 similarly store
chemical characteristics that are associated with different
locations, which may be downloaded from the remote data-
base 135 and/or generated based on measurements of from
the mobile device 100.

As used herein, a mobile device (MS) refers to a device
such as a cellular or other wireless communication device,
personal communication system (PCS) device, personal
navigation device (PND), Personal Information Manager
(PIM), Personal Digital Assistant (PDA), laptop or other
suitable mobile device which is capable of receiving wire-
less communication and/or navigation signals, such as navi-
gation positioning signals. The term “mobile device” is also
intended to include devices which communicate with a
personal navigation device (PND), such as by short-range
wireless, infrared, wireline connection, or other connec-
tion—regardless of whether satellite signal reception, assis-
tance data reception, and/or position-related processing
occurs at the device or at the PND. Also, “mobile device” is
intended to include all devices, including wireless commu-
nication devices, computers, laptops, etc. which are capable
of communication with a server, such as via the Internet,
WiFi, or other network, and regardless of whether satellite
signal reception, assistance data reception, and/or position-
related processing occurs at the device, at a server, or at
another device associated with the network. Any operable
combination of the above are also considered a “mobile
device.”

The chemical sensor 102 may be a ChemFET, Chem-
Diode, sometimes referred to as a Nano-nose, or the like,
which are well known to those skilled in the art. Chemical
sensors may have a single sensor element or a plurality of
sensor elements, e.g., several thousand elements, on a single
chip. For example, a ChemDiode sensor may be a square
micron in area, but may contain approximately 40,000
molecule/nanoparticle/sensor elements. Both ChemDiodes
and ChemFETs operate in a manner similar to traditional
field effect transistors (FETs) and diodes, but use a chemical
that binds to the gate (or provides the forward bias for a
diode) to turn the device on. Chemical sensors may be
manufactured to respond to certain types of chemicals. For
example, a ChemFETs can be manufactured to turn on the
(gate) when certain levels of formaldehyde are present.

The resulting signals from the chemical sensors may be
coupled to and analyzed using an on-board processor in the
mobile device 100 to determine a chemical characteristic of
the environment. The chemical characteristic may a unique
chemical signature for the location or may be semi-unique,
but useful in identifying locations frequented by the user.
Thus, using the chemical characteristic an approximate or a
specific location of the mobile device may be determined.

By way of example, unique chemical signatures may be
determined for major cities. Thus, the mobile device 100
may detect and measure several types of chemicals in the
environment with the chemical sensor 102 and compare the
measured chemicals to the chemical signatures for different
cities, e.g., stored in remote database 135, the on-board
database 104, or in memory 105m, shown in FIG. 3. By way
of' example, the chemical signatures of cities or regions may
be periodically crowdsourced and stored in the remote
database 135, and/or downloaded to the on-board database
104 in the mobile device 100. The mobile device 100 may
thus measure the chemical characteristic of the environment
with the chemical sensor 102 and determine an approximate



US 9,823,332 B2

5

location with an accuracy that is at the city level or possibly
smaller regions, such as specific neighborhoods in a city.
Moreover, even if the accuracy is at a city level or even
larger geographic region level, the determined approximate
location may be adequate to assist in determining a more
accurate position fix from an SPS system 110. Thus, the
based on the measured chemical characteristic of the envi-
ronment, location related data, which may be, e.g., a general
or specific location of the mobile device or assistance data
that may be used to assist in generating a more accurate
position fix, e.g., using a satellite positioning system. The
SPS system 110 is a system of transmitters positioned to
enable entities to determine their location on or above the
Earth based, at least in part, on signals received from the
transmitters. In a particular example, such transmitters may
be located on Earth orbiting satellite vehicles (SVs), e.g., in
a constellation of Global Navigation Satellite System
(GNSS) such as Global Positioning System (GPS), Galileo,
Glonass or Compass or other non-global systems. Thus, as
used herein an SPS may include any combination of one or
more global and/or regional navigation satellite systems
and/or augmentation systems, and SPS signals may include
SPS, SPS-like, and/or other signals associated with such one
or more SPS. The detected chemical characteristic of the
environment may be used, e.g., to provide an approximate
location of the mobile device 100 to assist in a cold start. In
other words, based on the approximately location of the
mobile device 100, the SVs that should be visible to the
mobile device 100 can be quickly determined thereby reduc-
ing the search for SVs that is required in a cold start. For
example, the mobile device 100 may estimate what SV’s to
look for based on the old almanac and ephemeris data and
the known approximate location determined from the chemi-
cal signature. This solution would be useful to a standalone
GPS device that cannot obtain assisted data from a network.
This solution may also be useful to an assisted GPS device,
for example, if the device has traveled to another geographi-
cal location in which it has no network services currently
available.

Additionally, the determined approximate location of the
mobile device 100 may be simply whether the mobile device
is inside or outside a building. For example, certain common
chemicals, e.g., formaldehyde, are typically present in the air
where building materials are used, i.e., inside buildings. The
chemical sensor 102 may be configured to detect only a
single relevant chemical (e.g., formaldehyde) or a small
number of chemicals, rather than thousands of chemicals,
from which a determination of the approximate location of
the mobile device 100, e.g., indoors or outdoors, may be
made. Thus, by detecting a chemical characteristic that
includes a limited number of chemicals, the mobile device
100 may determine whether the device is inside or outside.
The mobile device 100 may compare the chemical charac-
teristic detected by the chemical sensor 102 to an on-board
database 104 or remote database 135 to determine if the
mobile device 100 is likely inside or outside. Alternatively,
the mobile device 100 may simply compare a currently
detected chemical characteristic to a threshold characteristic
to determine if the mobile device 100 is likely inside or
outside. The mobile device 100 may alternatively compare
a currently detected chemical characteristic to a previously
detected chemical characteristic to determine if a sufficiently
large change has occurred, e.g., compared to a threshold,
indicating that the mobile device 100 has moved from an
indoor environment to an outdoor environment or vice
versa. With knowledge that the mobile device 100 is inside
a building, for example, the mobile device 100 may elimi-
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6

nate SPS positioning as a possible positioning technique and
instead may use wireless signals, e.g., from an access point
112 or cellular base station 114, to determine a position. The
indoor v. outdoor determination time may be reduced using
these techniques, and thus help save the mobile device 100
battery power. These techniques may also help reduce the
time of uncertainty in the mobile device 100 location,
thereby providing an accurate location to a user more
quickly. Alternatively, when the mobile device 100 deter-
mines that it is located outside based on the detected
chemical characteristic of the environment, the mobile
device 100 may use SPS system 110, an A-GPS system, or
a hybrid SPS system, which uses SPS data with terrestrial
signals to determine a position. Thus, an accurate position
fix may be acquired quickly while minimizing location
uncertainty and drainage of the battery due to the use of an
inappropriate or unnecessary positioning technique.

In another example, the approximately location of the
mobile device 100 may be determined as a specific floor of
a building, e.g., if different floors of a building have different
chemical characteristics. For example, the levels of volatile
organic compounds (VOCs) or other such chemicals may
vary in multistory buildings with respect to height. Thus, by
measuring such a chemical characteristic with the chemical
sensor 102, the mobile device 100 may be able to determine
a specific or approximate floor where the device is located,
e.g., based on-board database 104 or remote database 135. In
addition, these techniques may assist the mobile device in
determining its presence at any location that can be distin-
guished by chemical signature. For example, the mobile
device may be able to determine which room of a home the
device is in, which terminal of an airport it is in, if the device
is in a particular vehicle, etc.

Therefore, the location of the mobile device 100 may be
acquired with an accuracy that is sufficient that no other
positioning techniques are necessary. For example, a user’s
office may have a unique semi-unique chemical signature,
which can be detected by the mobile device 100 and stored
in the on-board database 104. Future detection of the same
chemical signature may then be used to quickly identify the
location of the mobile device 100. An on-board database
may be built or refined based on user feedback and confir-
mation. For example, a user may respond to a prompt by the
mobile device asking to confirm a guessed location. Once
that feedback is received, the location with the associated
chemical signature (CHEM_LOC parameter) can be stored
in the on-board database for future use.

A mobile device may build a database based on measuring
its location with, for example, A-GPS methods and measure
its chemical signature at that location and time, and then
store the associated chemical signature with location data
(CHEM_LOC parameters). This data can be stored on-board
the mobile device 100 or with a remote server 130. In this
aspect, the chemical signature or the location event may
trigger the need to measure and store the associated param-
eters. In other words, the mobile device may be set up to
periodically measure the chemical signatures, and upon this
event, the device may then want to obtain an A-GPS position
fix. Alternatively, a change in the chemical environment
based on a threshold level, may trigger the mobile device to
then measure the location and associate it with the chemical
signature. Many different case uses can be visualized in light
of the present disclosure.

Even if the chemical characteristic of a location is not
unique, the chemical characteristic may be sufficiently
unique with respect to locations frequented by the user that
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the detected chemical characteristic can be used to deter-
mine an accurate location of the mobile device.

The determination of the chemical characteristics for
different locations may be based on crowd sourcing, e.g.,
using multiple mobile devices with chemical sensors, or
based on stationary sensors that are present in the different
locations. Thus, for example, mobile devices equipped with
chemical sensors may record and upload the chemical
characteristics and location to the remote server 130, which
may average, analyze the data and update the remote data-
base 135. Additionally, the mobile device 100 may create the
on-board database 104. For example, a feedback or training
application may be used, in which the mobile device 100 to
manually identify a location when unique or semi-unique
chemical characteristics are detected. Chemical characteris-
tics may change over time, e.g., due to changes in the
weather, prevailing winds, seasons, etc., and thus, it may be
desirable to frequently update the chemical characteristic
databases 104 and 135. The identified location and associ-
ated chemical characteristic are stored in database 104 (and
if desired uploaded to remote database 135) so that in the
future when the chemical sensor 102 registers the same (or
nearly the same within a threshold) chemical characteristic,
the location of the mobile device can be quickly identified
without requiring a traditional position fix, thereby reducing
battery consumption. If desired, if the chemical character-
istic is not “unique” the location may be provided based on
probability.

Additionally, the chemical characteristic and determined
location may be used in applications such as Geofencing.
For example, the detection of movement of the mobile
device 100 from one city to another based on the detected
chemical characteristics may be used to trigger specific
applications, including obtaining a position fix, ie., an
accurate position determination. Further, the chemical sen-
sor 102 may be used to track movement of people or pets
from an area that has a known chemical signature, e.g.,
based on a threshold or window value. For example, if the
detected chemical signature changes by a sufficient amount,
it is likely that the mobile device has moved outside the
geofence, thereby triggering a position fix request. Accord-
ingly, the number of required position fixes is reduced
thereby saving battery power.

FIG. 2A is a flow chart illustrating a method of using a
detected chemical characteristic of an environment to assist
in the determination of the location of a mobile device. As
illustrated, the mobile device uses a chemical sensor to
detect chemicals in an environment in which the mobile
device is present (200). The chemicals detected by the
chemical sensor are analyzed to determine a chemical char-
acteristic of the environment (202). The chemical charac-
teristic of the environment is used to determine location
related data for the mobile device (204). For example, the
location related data for the mobile device thus may be a
location for the mobile device or assistance data for the
remote mobile device to determine its location. The chemi-
cal characteristic of the environment may be a unique
chemical signature. The location related data for the mobile
device may be determined by transmitting the chemical
characteristic to remote server 130 and receiving the loca-
tion related data for the mobile device from the remote
server 130. Alternatively, the location related data for the
mobile device may be determined by searching a chemical
characteristic database 104 for the location related data for
with the chemical characteristic of the environment. A
database may be built by way of receiving chemical signa-
ture data associated with known or accurate location related
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data from more than one mobile device 100, or the same
mobile device at different times. For example, a mobile
device 100 may be downtown in a city, and have an accurate
position fix for the location based on known positioning
techniques. The mobile device 100 may measure the current
chemical signature at the location and associates this data
with the known position. The chemical signature data and
associated location related data may be stored in memory on
the mobile or sent to a server. This associated data could
collectively be called a Chem_[.OC parameter. A server or
local processor could collect and statistically represent all of
the Chem_LOC parameters from various mobile devices. It
could also collect the CHEM_LOC parameters from the
same mobile device over time. Thus, a time stamp and/or
mobile ID may be desirable to attach to the CHEM_LOC
parameter. Thus, a known physical location may have a
range of valid chemical signatures that would determine that
location or geographical area. Thus, for example, the loca-
tion of the mobile device may be determined by determining
a location related data, such as an approximate position of
the mobile device or assistance data, using the characteris-
tics of the environment and using the location related data to
assist in producing a position fix for the mobile device. The
location related data for the mobile device may be deter-
mined by determining whether the mobile device is inside or
outside of a building or by determining a floor of a building
that the mobile device is on. Additionally, the characteristic
of the environment may be used for geofencing, e.g., based
on the determined location of the mobile device.

FIG. 2B is a flowchart similar to the flowchart shown in
FIG. 2A, like designated elements being the same. As
illustrated in FIG. 2B, however, the location related data for
the mobile device determined using the chemical character-
istic of the environment may be used to control the mobile
device (206). In one implementation, the location related
data determined based on the chemical characteristic of the
environment may be used to control the position determi-
nation performance of the mobile device. For example, the
mobile device may be controlled to switch from a first
position determination mode, e.g., an SPS mode, to a second
position determination mode, e.g., a terrestrial positioning
technique, using signals from a WLAN, WiFi, cellular
signals, dead-reckoning, vision based techniques, etc., or
vice-versa, based on the location related data for the mobile
device determined using the chemical signature of the
environment. Thus, the mobile device may switch between
an indoor position determination technique and an outdoor
position determination technique based on whether the
mobile device is determined to be inside or outside of a
building based on the chemical signature of the environ-
ment. In another example, the mobile device may be con-
trolled to determine whether a position fix, as provided by an
SPS system or the like, is required based on the location
related data for the mobile device determined using the
chemical signature of the environment.

In addition, a processor may be used to help analyze and
manage false environmental triggers. For example, if the
mobile device is placed inside a purse, a change in the
chemical environment may be falsely triggered. The mobile
device may determine incorrectly that it is inside a building
rather than outdoors inside a purse. The processor may have
levels of certainty associated with chemical signature
changes based on the degree of chemical changes detected,
the types of chemicals detected, and the transition times of
the chemical changes. These parameters may be used to help
determine the accuracy of an environment change.
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A mobile device 100 may measure the chemical signature
of its environment periodically, or based on other criteria,
such as time of day. It may also be capable of doing a
preliminary rough chemical signature measurement and
analysis prior to performing a full chemical signature mea-
surement and analysis, which may help saver battery power
if the full chemical signature analysis is unnecessary.

FIG. 3 is a block diagram of a mobile device 100 capable
of detecting a chemical characteristic of an environment to
assist in the determination of the location related data for the
mobile device. The mobile device 100 includes a chemical
sensor 102, which may be a discrete sensor or an array of
sensors. The chemical sensor 102 may be, e.g., a ChemFET,
ChemDiode, Nano-nose, or the like. Moreover, the chemical
sensor 102 may include a single sensor element to detect a
specific chemical characteristic or a plurality of elements to
detect a chemical pattern. The mobile device 100 may
additionally be coupled to a wireless interface 101 that may
be used to communicate with the remote server 130, e.g., to
transmit a chemical characteristic to the remote server 130,
which searches remote database 135 and in response returns
a location related data associated with the chemical charac-
teristic.

The wireless interface 101 may be used in any various
wireless communication networks such as a wireless wide
area network (WWAN), a wireless local area network
(WLAN), a wireless personal area network (WPAN), and so
on. The term “network™ and “system” are often used inter-
changeably. A WWAN may be a Code Division Multiple
Access (CDMA) network, a Time Division Multiple Access
(TDMA) network, a Frequency Division Multiple Access
(FDMA) network, an Orthogonal Frequency Division Mul-
tiple Access (OFDMA) network, a Single-Carrier Frequency
Division Multiple Access (SC-FDMA) network, Long Term
Evolution (LTE), and so on. A CDMA network may imple-
ment one or more radio access technologies (RATs) such as
cdma2000, Wideband-CDMA (W-CDMA), and so on.
Cdma2000 includes I1S-95, 1S-2000, and IS-856 standards. A
TDMA network may implement Global System for Mobile
Communications (GSM), Digital Advanced Mobile Phone
System (D-AMPS), or some other RAT. GSM and
W-CDMA are described in documents from a consortium
named ‘“3rd Generation Partnership Project” (3GPP).
Cdma2000 is described in documents from a consortium
named “3rd Generation Partnership Project 2” (3GPP2).
3GPP and 3GPP2 documents are publicly available. A
WLAN may be an IEEE 802.11x network, and a WPAN may
be a Bluetooth® network, an IEEE 802.15x, or some other
type of network. Moreover, any combination of WWAN,
WLAN and/or WPAN may be used.

The mobile device 100 may further include an SPS
receiver 106 for receiving position data from SPS system
110, which may be used to determine a position fix of the
mobile device 100, as discussed above. The mobile device
may be, e.g., an A-GPS device or a standalone GPS device.
The mobile device 100 may further include a user interface
108 that may include e.g., a display, as well as a keypad or
other input device through which the user can input infor-
mation into the mobile device 100.

The mobile device 100 also includes a control unit 105
that is connected to and communicates with the chemical
sensor 102, wireless interface 101 and SPS receiver 106. The
control unit 105 receives and processes data obtained from
chemical sensor 102 to generate a chemical characteristic.
The control unit 105 additionally receives and processes
data from the wireless interface 101 and SPS receiver 106
and may control the wireless interface 101 to transmit the
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chemical sensor data or the detected chemical characteristic
to the remote server 130. The control unit 105 may be
provided by a bus 10554, processor 105p and associated
memory 105m, hardware 1054, firmware 105/, and software
105s. The control unit 105 is further illustrated as including
chemical characteristic module 103 that receives the data
from chemical sensor 102 and generates a chemical char-
acteristic in response. The control unit 105 is also illustrated
as including a search module 109 and the database 104,
which stores chemical characteristics associated with loca-
tion related data, and is searched by the search module 109
and returns location related data based on the chemical
characteristic generated by chemical characteristic module
103. The control unit 105 may include an SPS module 107
that receives data from the SPS receiver 106 to determine a
position fix. The SPS module 107 may use the location
related data returned from the database 104 to narrow the
search for visible SVs when initiating a position fix, e.g.,
from a cold start.

The chemical characteristic module 103 and SPS module
107 are illustrated separately from processor 105p for clar-
ity, but may be part of the processor 105p or implemented
in the processor based on instructions in the software 105s
which is run in the processor 105p. It will be understood as
used herein that the processor 105p can, but need not
necessarily include, one or more microprocessors, embed-
ded processors, controllers, application specific integrated
circuits (ASICs), digital signal processors (DSPs), and the
like. The term processor is intended to describe the functions
implemented by the system rather than specific hardware.
Moreover, as used herein the term “memory” refers to any
type of computer storage medium, including long term, short
term, or other memory associated with the mobile device,
and is not to be limited to any particular type of memory or
number of memories, or type of media upon which memory
is stored.

The methodologies described herein may be implemented
by various means depending upon the application. For
example, these methodologies may be implemented in hard-
ware 105/, firmware 113/, software 105s, or any combina-
tion thereof. For a hardware implementation, the processing
units may be implemented within one or more application
specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units
designed to perform the functions described herein, or a
combination thereof.

For a firmware and/or software implementation, the meth-
odologies may be implemented with modules (e.g., proce-
dures, functions, and so on) that perform the functions
described herein. Any machine-readable medium tangibly
embodying instructions may be used in implementing the
methodologies described herein. For example, software
codes may be stored in memory 105m and executed by the
processor 105p. Memory 105m may be implemented within
or external to the processor 105p. If implemented in firm-
ware and/or software, the functions may be stored as one or
more instructions or code on a computer-readable medium.
Examples include non-transitory computer-readable media
encoded with a data structure and computer-readable media
encoded with a computer program. Computer-readable
media includes physical computer storage media. A storage
medium may be any available medium that can be accessed
by a computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM,
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EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that can be used to store desired program code in
the form of instructions or data structures and that can be
accessed by a computer; disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer-
readable media.

Thus, the mobile device 100 includes a means for detect-
ing chemicals in an environment in which the mobile device
is present, which may be the chemical sensor 102, which
may be, e.g., a ChemFET, ChemDiode, Nano-nose, or the
like. A means for analyzing detected chemicals to determine
a chemical characteristic of the environment may be, e.g.,
the chemical characteristic module 103 and/or processor
105p using program code stored in memory 105m. A means
for determining location related data for the mobile device
using the chemical characteristic of the environment may
include, e.g., the search module 109, the chemical charac-
teristic database 104 and processor 105p using program code
stored in memory 105m, or the wireless interface 101 that is
used transmit the chemical characteristic to a remote server
130 coupled to the remote chemical characteristic database
135 and receive the location related data for the mobile
device in response. A means for using the chemical charac-
teristic of the environment for geofencing may be, e.g., the
processor 105p using program code stored in memory 105m.

FIG. 4 is a flow chart illustrating a method performed by
server 130 for using a detected chemical characteristic of an
environment to assist in the determination of the location of
a mobile device. As illustrated, the server 130 receives from
a remote mobile device data related to a chemical charac-
teristic of an environment in which the remote mobile device
is present (302). By way of example, the data related to the
chemical characteristic may be the chemical characteristic
itself, determined by the mobile device 100. Alternatively,
the data related to the chemical characteristic may be chemi-
cal sensor data provided by the remote mobile device, and
thus, the server 130 analyzes the chemical sensor data to
determine a chemical characteristic of an environment in
which the remote mobile device is present (304), which may
be performed as discussed above. Location related data for
the remote mobile device is determined based on the chemi-
cal characteristic (306), as discussed above. For example,
the server 130 may search the chemical characteristic data-
base 135 for the location related data associated with the
chemical characteristic of the environment. The location
related data may be, e.g., the location of the mobile device
or assistance data that may be used by the mobile device to
determine its own location, e.g., using a satellite positioning
system. The location related data may be transmitted to the
remote mobile device (308).

FIG. 5 is a block diagram of the server 130 capable of
determining location related data for the remote mobile
device 100 based on the chemical sensor data provided by
the remote mobile device. The server 130 includes an
external interface 131 that is used to communicate with the
mobile device 10 to receive the chemical sensor data, or the
chemical characteristic if provided by the mobile device
100, and to transmit the determined location related data of
the mobile device if desired. The server 130 may further
include a user interface 132 that may include e.g., a display,
as well as a keypad or other input device through which the
user can input information into the server 130.
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The external interface 131 may be a wired interface to a
router (not shown) or a wireless interface used in any various
wireless communication networks such as a wireless wide
area network (WWAN), a wireless local area network
(WLAN), a wireless personal area network (WPAN), and so
on. The term “network™ and “system” are often used inter-
changeably. A WWAN may be a Code Division Multiple
Access (CDMA) network, a Time Division Multiple Access
(TDMA) network, a Frequency Division Multiple Access
(FDMA) network, an Orthogonal Frequency Division Mul-
tiple Access (OFDMA) network, a Single-Carrier Frequency
Division Multiple Access (SC-FDMA) network, Long Term
Evolution (LTE), and so on. A CDMA network may imple-
ment one or more radio access technologies (RATS) such as
c¢dma2000, Wideband-CDMA (W-CDMA), and so on.
Cdma2000 includes IS-95, 1S-2000, and IS-856 standards. A
TDMA network may implement Global System for Mobile
Communications (GSM), Digital Advanced Mobile Phone
System (D-AMPS), or some other RAT. GSM and
W-CDMA are described in documents from a consortium
named ‘“3rd Generation Partnership Project” (3GPP).
Cdma2000 is described in documents from a consortium
named “3rd Generation Partnership Project 2” (3GPP2).
3GPP and 3GPP2 documents are publicly available. A
WLAN may be an IEEE 802.11x network, and a WPAN may
be a Bluetooth® network, an IEEE 802.15x, or some other
type of network. Moreover, any combination of WWAN,
WLAN and/or WPAN may be used.

The server 130 also includes a control unit 133 that is
connected to and communicates with the external interface
131. The control unit 133 accepts and processes the chemi-
cal sensor data (or chemical characteristic if provided)
received from the mobile device. The control unit 133 may
be provided by a bus 1334, processor 133p and associated
memory 133m, hardware 1334, firmware 133/, and software
133s. The control unit 133 is further illustrated as including
a chemical characteristic module 138 that receives the
chemical sensor data from the remote mobile device 100 via
external interface 131, if provided, and generates a chemical
characteristic in response. The control unit 133 is also
illustrated as including a search module 139 and the data-
base 135, which may be internal or external to the server
130, which stores chemical characteristics associated with
location related data, e.g., locations or assistance data, and
is searched by search module 139 and returns the location
related data based on the chemical characteristic generated
by chemical characteristic module 138 or provided by the
remote mobile device 100 via the external interface 131.

The chemical characteristic module 138 and search mod-
ule 139 are illustrated separately from processor 133p for
clarity, but may be part of the processor 133p or imple-
mented in the processor based on instructions in the software
1335 which is run in the processor 133p. Moreover, database
135 is illustrated as being within the control unit 133 and
coupled directly to bus 1335, but may be external to the
server 130 if desired.

It will be understood as used herein that the processor
133p can, but need not necessarily include, one or more
microprocessors, embedded processors, controllers, appli-
cation specific integrated circuits (ASICs), digital signal
processors (DSPs), and the like. The term processor is
intended to describe the functions implemented by the
system rather than specific hardware. Moreover, as used
herein the term “memory” refers to any type of computer
storage medium, including long term, short term, or other
memory associated with the mobile device, and is not to be
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limited to any particular type of memory or number of
memories, or type of media upon which memory is stored.

The methodologies described herein may be implemented
by various means depending upon the application. For
example, these methodologies may be implemented in hard-
ware 1334, firmware 133/, software 133s, or any combina-
tion thereof. For a hardware implementation, the processing
units may be implemented within one or more application
specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units
designed to perform the functions described herein, or a
combination thereof.

For a firmware and/or software implementation, the meth-
odologies may be implemented with modules (e.g., proce-
dures, functions, and so on) that perform the functions
described herein. Any machine-readable medium tangibly
embodying instructions may be used in implementing the
methodologies described herein. For example, software
codes may be stored in memory 133m and executed by the
processor 133p. Memory 133m may be implemented within
or external to the processor 133p. If implemented in firm-
ware and/or software, the functions may be stored as one or
more instructions or code on a computer-readable medium.
Examples include non-transitory computer-readable media
encoded with a data structure and computer-readable media
encoded with a computer program. Computer-readable
media includes physical computer storage media. A storage
medium may be any available medium that can be accessed
by a computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that can be used to store desired program code in
the form of instructions or data structures and that can be
accessed by a computer; disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer-
readable media.

Thus, the server 130 includes a means for receiving from
a remote mobile device data related to a chemical charac-
teristic of an environment in which the remote mobile device
is present, which may be, e.g., the external interface 131. If
the data related to the chemical characteristic of the envi-
ronment comprises chemical sensor data, a means for ana-
lyzing the chemical sensor data to determine the chemical
characteristic may be, e.g., the chemical characteristic mod-
ule 138. Means for determining location related data for the
remote mobile device based on the chemical characteristic
may be, e.g., the search module 139, the chemical charac-
teristic database 1354 and processor 105p using program
code stored in memory 105m. Means for transmitting the
location related data to the remote mobile device may be,
e.g., the external interface 131.

Although the present invention is illustrated in connection
with specific embodiments for instructional purposes, the
present invention is not limited thereto. Various adaptations
and modifications may be made without departing from the
scope of the invention. Therefore, the spirit and scope of the
appended claims should not be limited to the foregoing
description.
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What is claimed is:

1. A method comprising:

using a chemical sensor in a mobile device to detect

chemicals in an environment in which the mobile
device is present;

analyzing the chemicals detected by the chemical sensor

to determine a chemical characteristic of the environ-
ment;
determining location related data for the mobile device
based on the chemical characteristic of the environment
and a database that stores chemical characteristics
associated with location related data, wherein the loca-
tion related data comprises a general or specific loca-
tion of the mobile device or assistance data for the
mobile device to determine its location; and

controlling the mobile device based on the location
related data for the mobile device determined using the
chemical characteristic of the environment, wherein
controlling the mobile device comprises switching the
mobile device between a first position determination
technique using terrestrial wireless signals and a second
position determination technique using a satellite posi-
tioning system based on whether the location related
data indicates that the mobile device is inside of a
building or outside of the building.

2. The method of claim 1, wherein determining the
location related data for the mobile device using the chemi-
cal characteristic of the environment comprises transmitting
the chemical characteristic to a remote server.

3. The method of claim 1, wherein determining the
location related data for the mobile device using the chemi-
cal characteristic of the environment comprises receiving the
location related data from a remote server.

4. The method of claim 1, wherein the database is
implemented within the mobile device.

5. The method of claim 1, wherein controlling the mobile
device further comprises determining whether a position fix
is required based on the location related data for the mobile
device determined using the chemical characteristic of the
environment.

6. The method of claim 1, wherein the chemical charac-
teristic of the environment is a unique chemical signature.

7. The method of claim 1, wherein determining the
location related data for the mobile device comprises:

determining an approximate position of the mobile device

using the chemical characteristic of the environment;
and

using the approximate position to assist in producing a

position fix for the mobile device.

8. The method of claim 1, wherein determining the
location related data for the mobile device comprises deter-
mining whether the mobile device is inside or outside of the
building.

9. The method of claim 8, wherein the first position
determination technique comprises an indoor position deter-
mination technique used if the mobile device is inside the
building and the second position determination technique
comprises an outdoor position determination technique used
if the mobile device is outside of the building.

10. The method of claim 1, wherein determining the
location related data for the mobile device comprises deter-
mining a floor of a building that the mobile device is on.

11. The method of claim 1, further comprising using the
chemical characteristic of the environment for geofencing.

12. A mobile device comprising:

a chemical sensor that detects chemicals in an environ-

ment in which the mobile device is present; and
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a processor coupled to the chemical sensor, the processor
receives data from the chemical sensor, the processor
configured to analyze the data from the chemical sensor
to determine a chemical characteristic of the environ-
ment and use the chemical characteristic to determine
location related data for the mobile device, based on the
chemical characteristic of the environment and a data-
base that stores chemical characteristics associated
with location related data, wherein the location related
data comprises a general or specific location of the
mobile device or assistance data for the mobile device
to determine its location; wherein the processor is
configured to control a position determination for the
mobile device based on the location related data for the
mobile device determined using the chemical charac-
teristic of the environment, wherein the processor is
configured to control the position determination by
being configured to switch the mobile device between
a first position determination technique using terrestrial
wireless signals and a second position determination
technique using a satellite positioning system based on
whether the location related data indicates that the
remote mobile device is inside of a building and outside
of the building.

13. The mobile device of claim 12, further comprising a
wireless interface capable of transmitting and receiving
wireless signals, wherein the processor is configured to use
the chemical characteristic to determine the location related
data for the mobile device by being configured to transmit
the chemical characteristic to a remote server with the
wireless interface.

14. The mobile device of claim 12, further comprising a
wireless interface capable of transmitting and receiving
wireless signals, wherein the processor is configured to use
the chemical characteristic to determine the location related
data for the mobile device by being configured to receive the
location related data for the mobile device from a remote
server with the wireless interface.

15. The mobile device of claim 12, wherein the processor
is further configured to control the position determination by
being configured to determine whether a position fix is
required based on the location related data for the mobile
device determined using the chemical characteristic of the
environment.

16. The mobile device of claim 12, wherein the processor
is configured to use the chemical characteristic to determine
the location related data for the mobile device by being
configured to search the database for the location related
data associated with the chemical characteristic of the envi-
ronment.

17. The mobile device of claim 12, wherein the chemical
characteristic of the environment is a unique chemical
signature.

18. The mobile device of claim 12, wherein the processor
is configured to determine the location related data for the
mobile device by being configured to determine an approxi-
mate position of the mobile device using the chemical
characteristic of the environment, and use the approximate
position to assist in producing a position fix for the mobile
device.

19. The mobile device of claim 12, wherein the processor
is configured to determine the location related data for the
mobile device by being configured to determine whether the
mobile device is inside or outside of the building.

20. The mobile device of claim 19, wherein the first
position determination technique comprises an indoor posi-
tion determination technique used if the mobile device is
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inside the building and the second position determination
technique comprises an outdoor position determination tech-
nique used if the mobile device is outside of the building.

21. The mobile device of claim 12, wherein the processor
is configured to determine the location related data for the
mobile device by being configured to determine a floor of a
building that the mobile device is on.

22. The mobile device of claim 12, wherein the processor
is further configured to use the chemical characteristic of the
environment for geofencing.

23. A mobile device comprising:

means for detecting chemicals in an environment in which

the mobile device is present;

means for analyzing detected chemicals to determine a

chemical characteristic of the environment;
means for determining location related data for the mobile
device based on the chemical characteristic of the
environment and a database that stores chemical char-
acteristics associated with location related data,
wherein the location related data comprises a general or
specific location of the mobile device or assistance data
for the mobile device to determine its location; and

means for controlling the mobile device based on the
location related data for the mobile device determined
using the chemical characteristic of the environment,
wherein the means for controlling the mobile device
comprises means for switching the mobile device
between a first position determination technique using
terrestrial wireless signals and a second position deter-
mination technique using a satellite positioning system
based on whether the location related data indicates that
the mobile device is inside of a building and outside of
the building.
24. The mobile device of claim 23, wherein the means for
determining the location related data for the mobile device
using the chemical characteristic of the environment trans-
mits the chemical characteristic to a remote server.
25. The mobile device of claim 23, wherein the means for
determining the location related data for the mobile device
using the chemical characteristic of the environment
receives the location related data for the mobile device from
a remote server.
26. The mobile device of claim 23, wherein the means for
determining the location related data for the mobile device
using the chemical characteristic of the environment
searches the database for the location related data associated
with the chemical characteristic of the environment.
27. The mobile device of claim 23, wherein the means for
determining the location related data for the mobile device
determines an approximate position of the mobile device
using the chemical characteristic of the environment and
uses the approximate position to assist in producing a
position fix for the mobile device.
28. The mobile device of claim 23, wherein the means for
determining the location related data for the mobile device
determines whether the mobile device is inside or outside of
a building or a floor of the building that the mobile device
is on.
29. A non-transitory computer-readable medium includ-
ing program code stored thereon, comprising:
program code to use a chemical sensor to detect chemicals
in an environment in which a mobile device is present;

program code to analyze the chemicals detected by the
chemical sensor to determine a chemical characteristic
of the environment;

program code to determine a location related data for the

mobile device based on the chemical characteristic of
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the environment and a database that stores chemical
characteristics associated with location related data,
wherein the location related data comprises a general or
specific location of the mobile device or assistance data
for the mobile device to determine its location; and

program code to control the mobile device based on the
location related data for the mobile device determined
using the chemical characteristic of the environment,
wherein the program code to control the mobile device
comprises program code to switch the mobile device
between a first position determination technique using
terrestrial wireless signals and a second position deter-
mination technique using a satellite positioning system
based on whether the location related data indicates that
the remote mobile device is inside of a building and
outside of the building.

30. The non-transitory computer-readable medium of
claim 29, wherein the program code to determine the loca-
tion related data for the mobile device using the chemical
characteristic of the environment comprises program code to
transmit the chemical characteristic to a remote server.

31. The non-transitory computer-readable medium of
claim 29, wherein the program code to determine the loca-
tion related data for the mobile device using the chemical
characteristic of the environment comprises program code to
receive the location related data for the mobile device from
a remote server.

32. The non-transitory computer-readable medium of
claim 29, wherein the program code to determine the loca-
tion related data for the mobile device using the chemical
characteristic of the environment comprises program code to
search the database for the location related data associated
with the chemical characteristic of the environment.

33. The non-transitory computer-readable medium of
claim 29, wherein the program code to determine the loca-
tion related data for the mobile device using the chemical
characteristic of the environment comprises:

program code to determine an approximate position of the

mobile device using the chemical characteristic of the
environment; and

program code to use the approximate position to assist in

producing a position fix for the mobile device.

34. The non-transitory computer-readable medium of
claim 29, wherein the program code to determine the loca-
tion related data for the mobile device determines whether
the mobile device is inside or outside of a building or a floor
of the building that the mobile device is on.

35. A method comprising:

receiving data from a remote mobile device related to a

chemical characteristic of an environment in which the
remote mobile device is present;

determining location related data for the remote mobile

device based on the chemical characteristic and a
database that stores chemical characteristics associated
with location related data, wherein the location related
data comprises a general or specific location of the
remote mobile device or assistance data for the remote
mobile device to determine its location;

transmitting the location related data to the remote mobile

device; and

wherein the remote mobile device is controlled based on

the location related data to switch the remote mobile
device between a first position determination technique
using terrestrial wireless signals and a second position
determination technique using a satellite positioning
system based on whether the location related data
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indicates that the remote mobile device is inside of a
building and outside of the building.

36. The method of claim 35, wherein the data related to
the chemical characteristic of the environment comprises
chemical sensor data, the method further comprising ana-
lyzing the chemical sensor data to determine the chemical
characteristic.

37. The method of claim 35, wherein the data related to
the chemical characteristic of the environment comprises the
chemical characteristic determined by the remote mobile
device from chemical sensor data.

38. The method of claim 35, wherein determining the
location related data for the remote mobile device based on
the chemical characteristic comprises searching the database
for the location related data associated with the chemical
characteristic of the environment.

39. An apparatus comprising:

an external interface for communicating with a remote

mobile device; and

a processor coupled to the external interface to receive

data related to a chemical characteristic of an environ-
ment in which the remote mobile device is present, the
processor being configured to determine location
related data for the remote mobile device based on the
chemical characteristic and a database that stores
chemical characteristics associated with location
related data, wherein the location related data com-
prises a general or specific location of the remote
mobile device or assistance data for the remote mobile
device to determine its location; and to cause the
external interface to transmit the location related data to
the remote mobile device, and wherein the remote
mobile device is controlled based on the location
related data to switch the remote mobile device
between a first position determination technique using
terrestrial wireless signals and a second position deter-
mination technique using a satellite positioning system
based on whether the location related data indicates that
the remote mobile device is inside of a building and
outside of the building.

40. The apparatus of claim 39, wherein the data related to
the chemical characteristic of the environment comprises
chemical sensor data, the processor being further configured
to analyze the chemical sensor data to determine the chemi-
cal characteristic related.

41. The apparatus of claim 39, wherein the data related to
the chemical characteristic of the environment comprises the
chemical characteristic determined by the remote mobile
device from chemical sensor data.

42. The apparatus of claim 39, wherein the processor is
configured to determine the location related data for the
remote mobile device based on the chemical characteristic
by being configured to search the database for the location
related data associated with the chemical characteristic of
the environment.

43. An apparatus comprising:

means for receiving data from a remote mobile device

related to a chemical characteristic of an environment
in which the remote mobile device is present;

means for determining location related data for the remote

mobile device based on the chemical characteristic and
a database that stores chemical characteristics associ-
ated with location related data, wherein the location
related data comprises a general or specific location of
the remote mobile device or assistance data for the
remote mobile device to determine its location;
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means for transmitting the location related data to the

remote mobile device; and

wherein the remote mobile device is controlled based on

the location related data to switch the remote mobile
device between a first position determination technique
using terrestrial wireless signals and a second position
determination technique using a satellite positioning
system based on whether the location related data
indicates that the remote mobile device is inside of a
building and outside of the building.

44. The apparatus of claim 43, wherein the data related to
the chemical characteristic of the environment comprises
chemical sensor data, the apparatus further comprising
means for analyzing the chemical sensor data to determine
the chemical characteristic.

45. The apparatus of claim 43, wherein the data related to
the chemical characteristic of the environment comprises the
chemical characteristic determined by the remote mobile
device from chemical sensor data.

46. The apparatus of claim 43, wherein the means for
determining the location related data of the remote mobile
device based on the chemical characteristic searches the
database for the location related data associated with the
chemical characteristic of the environment.

47. A non-transitory computer-readable medium includ-
ing program code stored thereon, comprising:

program code to receive data from a remote mobile device

related to a chemical characteristic of an environment
in which the remote mobile device is present;
program code to determine location related data for the
remote mobile device based on the chemical charac-
teristic and a database that stores chemical character-
istics associated with location related data, wherein the
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location related data comprises a general or specific
location of the remote mobile device or assistance data
for the remote mobile device to determine its location;
and

program code to transmit the location related data to the

remote mobile device; and

wherein the remote mobile device is controlled based on

the location related data to switch the remote mobile
device between a first position determination technique
using terrestrial wireless signals and a second position
determination technique using a satellite positioning
system based on whether the location related data
indicates that the remote mobile device is inside of a
building and outside of the building.

48. The non-transitory computer-readable medium of
claim 47, wherein the data related to the chemical charac-
teristic of the environment comprises chemical sensor data,
the non-transitory computer-readable medium further com-
prising program code to analyze the chemical sensor data to
determine the chemical characteristic.

49. The non-transitory computer-readable medium of
claim 47, wherein the data related to the chemical charac-
teristic of the environment comprises the chemical charac-
teristic determined by the remote mobile device from chemi-
cal sensor data.

50. The non-transitory computer-readable medium of
claim 47, wherein the program code to determine the loca-
tion related data of the remote mobile device based on the
chemical characteristic comprises program code to search
the database for the location related data associated with the
chemical characteristic of the environment.
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