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(57) ABSTRACT

A positioning method and apparatus of an electronic device
which comprises a Global Navigation Satellite System
(GNSS) or Global Positioning System (GPS), and an Inertial
Navigation System (INS), includes receiving a satellite signal
through the GNSS. A location of the electronic device and a
reliability of location information of the electronic device is
determined based on the satellite signal provided by the
GNSS using at least one of satellite information of the satel-
lite signal and location information based on the determined
location of the electronic device. An operational level of the
INS is determined using the reliability of the location infor-
mation of the electronic device; and compensating the loca-
tion of the electronic device by operating the INS according to
the determined operational level of the INS.
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METHOD AND APPARATUS FOR LOCATION
POSITIONING IN ELECTRONIC DEVICE

CLAIM OF PRIORITY

[0001] Thepresent application claims the benefit of priority
under 35 U.S.C. §119(a) to a Korean patent application filed
in the Korean Intellectual Property Office on Feb. 17, 2012
and Jan. 30,2013, and assigned Serial Nos. 10-2012-0016415
and 10-2013-0010350, the entire disclosure of each of which
is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to location
positioning. More particularly, the present invention relates to
a method and an apparatus for efficiently controlling opera-
tion and power of a sensor in a positioning system that com-
bines Global Navigation Satellite System (GNSS) or Global
Positioning System (GPS) with an Inertial Navigation Sys-
tem (INS).

[0004] 2. Description of the Related Art

[0005] Inaccordance with recent advances of mobile com-
munication technologies, location positioning techniques
have been developed to provide a new service based on locat-
ing a user. In general, the service using the location informa-
tion is referred to as a Location Based Service (LBS).
[0006] Conventional location information acquisition
methods typically include a method of location utilizing a
Global Navigation Satellite System (GNSS), and/or a method
of location that combines the GNSS and an Inertial Naviga-
tion System (INS).

[0007] The GNSS estimates the location based on a dis-
tance between a satellite and a receiver by measuring a time
difference of received satellite signals. There is a problem in
that the GNSS may not be able to measure the location
because the signal is interrupted in a shadow zone (e.g., in
buildings, under tall trees along the street, in a tunnel, and in
the house). To avoid this, the INS operates based on the
GNSS, particularly in those instances where the GNSS is
unable to measure the location.

[0008] The INS estimates the relative location information
by analyzing movement component and status information of
a moving object using inertial sensors (e.g., accelerometer,
gyroscope, and altimeter) and additional sensors (such as
terrestrial magnetism sensor). Namely, the INS determines a
location, a speed, and a direction of an object with respect to
a known start point by measuring acceleration and angular
velocity of the object and continually integrating them over
time. Herein, the relative location information indicates a
current location of the object measured by integrating the
speed over time based on the start point.

[0009] The conventional system combining the GNSS and
the INS enhances the overall location detection or expands
the measurement range by adequately combining the relative
location information from the GNSS and the location infor-
mation from the INS.

[0010] However, even when the location information pro-
vided from the GNSS is accurate enough to offset the com-
bination with the INS information, the system combining the
GNSS and the INS continuously operates the INS, thus
unnecessarily consuming power and degrading the overall
system performance of the mobile device, such as a portable
terminal.
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[0011] For example, in an outdoor environment such as
highway without a tall object, such as building or tree, around
the user, the GPS location can be accurately demodulated
because the GPS satellite signal is not subject to interference
or multi-path. Accordingly, the GNSS alone can achieve the
accurate location estimation in this situation. However, the
positioning system combining the GNSS and the INS inte-
grates the GNSS and the INS does not take into consideration
such a situation.

SUMMARY OF THE INVENTION

[0012] Inorder to address the above-discussed deficiencies
of'the conventional combination of GNSS and INS, an exem-
plary aspect of the present invention provides a method and an
apparatus for controlling an INS according to reliability of
location and satellite information of a GNSS in a positioning
system combining the GNSS and the INS.

[0013] Another exemplary aspect of the present invention
is to provide a method and an apparatus for reducing unnec-
essary power consumption by efficiently controlling sensor
devices used for INS in a positioning system combining a
GNSS and the INS.

[0014] Yet another exemplary aspect of the present inven-
tion provides a method and an apparatus for reducing power
consumption by controlling INS according to reliability of
location and satellite information of a GNSS in a portable
terminal including a positioning apparatus combining the
GNSS and the INS

[0015] Still another exemplary aspect of the present inven-
tion provides a method and an apparatus for a Location Based
Service (LBS) that utilizes a positioning system combining a
GNSS and an INS in a way unknown heretofore.

[0016] According to another exemplary aspect of the
present invention, a positioning method of an electronic
device which comprises a Global Navigation Satellite System
(GNSS) or Global Positioning System (GPS), and an Inertial
Navigation System (INS), includes receiving a satellite signal
through the GNSS; determining a location of the electronic
device based on the satellite signal; determining a reliability
of location information of the electronic device provided by
the GNSS using at least one of satellite information of the
satellite signal and location information based on the deter-
mined location of the electronic device; determining an
operational level of the INS using the reliability of the loca-
tion information of the electronic device; and compensating
the location of the electronic device by operating the INS
according to the determined operational level of the INS.
[0017] According to still another exemplary aspect of the
present invention, a positioning apparatus which comprises a
GNSS or GPS, and an INS, includes the GNSS for receiving
a satellite signal and determining a location of an electronic
device based on the satellite signal; a GNSS information
analyzer for determining a reliability of location information
provided by the GNSS using at least one of satellite informa-
tion of the satellite signal and location information based on
the determined location of the electronic device; an INS com-
bination determiner for determining an operational level of
the INS using the reliability of the location information of the
electronic device; and a sensor information receiver for com-
pensating the location of the electronic device by operating
the INS according to the determined operational level of the
INS.

[0018] According to yet another exemplary aspect of the
present invention, an electronic device includes a GNSS or
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GPS; an INS; one or more processors; a memory; and one or
more programs stored in the memory and executed by the one
or more processors. The program includes an instruction for
receiving a satellite signal through the GNSS, determining a
location of the electronic device based on the satellite signal,
determining a reliability of location information of the elec-
tronic device provided by the GNSS using at least one of
satellite information of the satellite signal and location infor-
mation based on the determined location of the electronic
device, determining an operational level of the INS using the
reliability of the location information of the electronic device,
and compensating the location of the electronic device by
operating the INS according to the determined operational
level of the INS.

[0019] In an exemplary embodiment of the present inven-
tion, the program comprises an instruction for determining a
first reliability by considering at least one of a number of
visible satellites in the satellite information, a number of
satellites used to locate the electronic device, a satellite signal
receive strength, and satellite deployment information, deter-
mining a second reliability by considering a velocity and a
velocity change of the electronic device in the location infor-
mation, determining a third reliability by considering error
information of the location of the electronic device in the
location information, determining a fourth reliability by con-
sidering a latitude, a longitude, an altitude, and changes of the
latitude, the longitude, the altitude of the electronic device in
the location information, and determining a fifth reliability by
combining at least one of the first reliability, the second
reliability, the third reliability, and the fourth reliability.

[0020] In an exemplary embodiment of the present inven-
tion, the location information comprises at least one of a
longitude, a latitude, an altitude, a movement direction, and a
speed of the electronic device, and the satellite information
comprises at least one of a number of visible satellites, a
satellite list used for the positioning, a satellite signal receive
strength, satellite deployment information, Dilution of Preci-
sion (DOP) information indicating uniformity of the satellite
deployment, and uncertainty or accuracy.

[0021] In an exemplary embodiment of the present inven-
tion, the program determines a corresponding operational
level of the INS by comparing the reliability of the location
information of the GNSS and at least one threshold.

[0022] In an exemplary embodiment of the present inven-
tion, the operational level of the INS is divided into a plurality
of operational levels based on at least one of a turning on/off
status of a plurality of sensors of the INS and a sampling cycle
of the sensors.

[0023] In an exemplary embodiment of the present inven-
tion, the operational level of the INS comprises a first level for
turning off a sensor of the INS; a second level for determining
stop and movement; a third level for determining rotation; a
fourth level for determining a rotation angle; and a fifth level
for determining the location information based on the INS.

[0024] In an exemplary embodiment of the present inven-
tion, the program determines third location data by combin-
ing first location data of the GNSS and second location data of
the INS, and determines the location of the electronic device
based on the third location data.

[0025] Other exemplary aspects, advantages, and salient
features of the present invention will become better under-
stood by those skilled in the art from the following detailed
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description, which, taken in conjunction with the annexed
drawings, discloses exemplary embodiments of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other exemplary aspects, features,
and advantages of certain exemplary embodiments of the
present invention will become more apparent from the fol-
lowing description taken in conjunction with the accompany-
ing drawings, in which:

[0027] FIG. 1 illustrates operational levels of an INS
according to a reliability of location information of a GNSS
according to an exemplary embodiment of the present inven-
tion;

[0028] FIG. 2 is a flowchart illustrating a method for con-
trolling the operational level of the INS according to the
reliability of location information of the GNSS according to
an exemplary embodiment of the present invention;

[0029] FIG. 3 illustrates a block diagram of an electronic
device for controlling the INS according to the reliability of
the location information of the GNSS according to an exem-
plary embodiment of the present invention;

[0030] FIG. 4 illustrates a determination of the reliability of
the location information of the GNSS according to an exem-
plary embodiment of the present invention; and

[0031] FIG. 5 illustrates a block diagram of a positioning
apparatus according to an exemplary embodiment of the
present invention.

[0032] Throughout the drawings, like reference numerals
will be understood to refer to like parts, components and
structures.

DETAILED DESCRIPTION

[0033] The following description with reference to the
accompanying drawings is provided to assist a person of
ordinary skill in the art with a comprehensive understanding
of' exemplary embodiments of the invention as defined by the
claims and their equivalents. The description includes various
specific details to assist the person of ordinary skill in the art
with that understanding but, such specific details are to be
regarded as merely exemplary for illustrative purposes, and
not to limit the scope of the presently claimed invention.
Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the embodiments
described herein can be made without departing from the
scope and spirit of the invention. In addition, descriptions of
well-known functions and constructions may be omitted for
clarity and conciseness when their inclusion could obscure
appreciation of the subject matter of the present invention by
a person of ordinary skill in the art.

[0034] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, but, are merely used by the inventor to enable a clear and
consistent understanding of the invention. Accordingly, it
should be apparent to those skilled in the art that the following
description of exemplary embodiments of the present inven-
tion is provided for illustrative purposes only and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.

[0035] Also, it is to be understood that the singular forms
“a,” “an,” and “the” include plural references unless the con-
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text clearly dictates otherwise. Thus, for example, reference
to “acomponent surface” includes reference to one or more of
such surfaces.

[0036] By the term “substantially” it is meant that the
recited characteristic, parameter, or value need not be
achieved exactly, but that deviations or variations, including
for example, tolerances, measurement error, measurement
accuracy limitations and other factors known to those of skill
in the art, may occur in amounts that do not preclude the effect
the characteristic was intended to provide.

[0037] Exemplary embodiments of the present invention
provide a method and an apparatus for controlling an opera-
tional level of an Inertial Navigation System (INS) according
to the reliability of location information of a Global Naviga-
tion Satellite System (GNSS) in a positioning system com-
bining the GNSS and the INS.

[0038] Hereinafter, an electronic device includes the GNSS
and the INS, and measures the position by combining the
GNSS and the INS.

[0039] FIG. 1 depicts a scenario for determining an opera-
tional level of the INS according to a reliability of location
information of the GNSS according to an exemplary embodi-
ment of the present invention. First of all, it is assumed that,
when a user living out of town goes to the office in downtown,
the user moves along an outer perimeter expressway (a first
road) —an underground tunnel to downtown (a second road)
—an arterial road in a built-up area (a third road)—a service
road near the office (a fourth road) by car 100.

[0040] Referring to FIG. 1, with a number of visible satel-
lites and a number of satellites used to determine the position
and a slight change of a velocity of the car 100 (or the elec-
tronic device) in a first road section 110, the GNSS of the
electronic device provides location information of good qual-
ity. Hence, the INS is not used for the positioning of the
electronic device. In other words, since the reliability of the
location information provided from the GNSS on the express-
way is high, a sensor operational level (hereafter, referred to
as a first sensor operational level 115) of the INS is turned off.
That is, the first sensor operational level 115 implies that all of
sensors of the INS are turned off.

[0041] As a Global Positioning System (GPS) signal is not
received in the tunnel of a second road section 120, the quality
reliability of the location information provided from the
GNSS is quite low (hereafter, referred to as a second sensor
operational level 125). Hence, the INS works at the second
sensor operational level 125 in the tunnel. The second sensor
operational level 125 implies that all of the sensors of the INS
are turned on. That is, the electronic device estimates the
location merely using the INS, without using the GNSS.
Alternatively, using sensor data of the INS detected at the
second sensor operational level 125, a location estimation
error of the GNSS may be corrected.

[0042] In a third road section 130 in between the first road
and the fourth road, the quality of the location information
provided from the GNSS of'the electronic device is intermit-
tently low. When the car 100 runs on the third road section
130, the reliability of the GNSS is a middle level and only
some sensors of the INS operate (hereafter, referred to as a
third sensor operational level 135). That is, the third sensor
operational level 135 implies that sensors for determining the
stop or the movement of the car 100 operate.

[0043] In a fourth road section 140, the quality of the loca-
tion information provided from the GNSS is low because of
densely sited buildings, the reliability of the location infor-
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mation provided from the GNSS when the car 100 runs on the
fourth road section 140 is lower than the reliability of the
location information provided from the GNSS of the third
road section 130, and sensors for determining an approximate
rotation angle of the car 100 are operated (hereafter, referred
to as a fourth sensor operational level 145). That is, the fourth
sensor operational level 145 operates the sensors for deter-
mining the approximate rotation angle when the car 100 runs.

[0044] Although the operational level of the INS is divided
into, but not limited to, the first sensor operational level 115,
the second sensor operational level 125, the third sensor
operational level 135, and the fourth sensor operational level
145 according to the reliability of the location information
provided from the GNSS in FIG. 1, the operational level can
be divided into more levels.

[0045] The reliability determination of the location infor-
mation provided from the GNSS is elucidated by referring to
FIG. 3.

[0046] FIG. 2 is a flowchart of a method for controlling the
operational level of an INS according to reliability of location
information of a GNSS according to an exemplary embodi-
ment of the present invention. However, the artisan should
understand and appreciate that GPS or some other satellite
positioning system can be used wherever it states GNSS.

[0047] Referring now to FIG. 2, at step 200, a positioning
system receives a satellite signal through the GNSS.

[0048] Atstep 202, the positioning system extracts satellite
information in the satellite signal. The satellite information
caninclude a date, atime, uncertainty or accuracy, Dilution of
Precision (DOP), the number of current visible satellites, a
satellite signal receive strength, and satellite list information
used for the positioning. The DOP is information indicating
uniformity of the satellite deployment, and the uncertainty or
accuracy indicates an error range of the location information.
The visible satellite indicates a satellite received at a GPS
receiver. In various implementations, some satellite informa-
tion such as number of visible satellites, uncertainty or accu-
racy, and DOP may be calculated and obtained by the elec-
tronic device.

[0049] At step 204, the positioning system may calculate a
distance between the satellite and the positioning system
using a time difference between a transmission time and an
arrival time of the satellite signal normally received, and
calculate the location (e.g., latitude, longitude, and altitude)
of the positioning system (or the electronic device including
the positioning system) using triangulation. Based on the
location of the electronic device, the velocity of the electronic
device can be calculated. The velocity includes the direction
and the speed of the electronic device. Hereafter, the velocity
and the location of the electronic device are referred to as
location information.

[0050] Next at step 206, the positioning system determines
the reliability of the location information of the electronic
device provided from the GNSS based on the received satel-
lite information and the calculated location information.

[0051] For example, in order to determine the reliability of
the location information provided from the GNSS, the posi-
tioning system determines the reliability of the location infor-
mation provided from the GNS by tracking speed change of
the electronic device, location (latitude, longitude, and alti-
tude) change of the electronic device, direction change of the
electronic device, and error level information (e.g., uncer-
tainty or accuracy and DOP), and combining the number of
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the current visible satellites, the satellite signal receive
strength, and the satellite list information used for the posi-
tioning.

[0052] In so doing, the reliability of the GNSS can be
calculated by taking into consideration either the location
information or the satellite information, or both the location
information and the satellite information. The reliability cal-
culation of the location information of the GNSS shall be
explained with reference to FIG. 3.

[0053] Next, the positioning system compares the calcu-
lated reliability and thresholds (a first threshold<a second
threshold<a third threshold<a fourth threshold) and deter-
mines the corresponding one of the INS operational levels
based on the comparison. The number of the thresholds com-
pared is related to the number of the operational levels of the
INS. While the number of the operational levels of the INS is,
but not limited to, 5 in FIG. 2, the operational level of the INS
can be subdivided into five or more operational levels. The
INS operational levels can be divided into first through fifth
sensor operational levels based on a sampling cycle and an
on/off status of the inertial sensors (e.g., accelerometer, gyro-
scope, and altimeter) and the additional sensors (such as
terrestrial magnetism sensor). Herein, the first sensor opera-
tional level (or “Sensor OFF”) indicates that no INS is in use
because of the high reliability of the GNSS, the second sensor
operational level (or “Low Range”) determines only the stop
or the movement of the vehicle, the third sensor operational
level (“Mid Range”) determines whether the running vehicle
rotates (more than 30 degrees or so), the fourth sensor opera-
tional level (“High Range”) determines the approximate rota-
tion angle (about 10 degrees) when the vehicle is in motion,
and the fifth sensor operational level (“Full Range”) indicates
the level allowing the accurate positioning using only the
INS. For example, only the sensor for determining the move-
ment is operated in the second sensor operational level (Low
Range), only the sensor for determining the rotation is oper-
ated in the third sensor operational level (Mid Range), and
only the sensor for determining the rotation angle is operated
in the fourth sensor operational level (High Range). Accord-
ing to particular implementations, a plurality of operational
levels of the INS can be defined by combining the on/off
pattern of the inertial sensors with the sampling cycle pattern
for processing the detected data. Thus, the operation and the
power of the inertial sensors can be controlled.

[0054] When the reliability of the location information of
the GNSS is greater than the first sensor operational level at
step 208, the positioning system goes to step 210. When the
reliability is smaller than the first threshold, the positioning
system goes to step 224. When the reliability is compared
with and greater than the second threshold at step 210, the
positioning system goes to step 212. When the reliability is
smaller than the second threshold, the positioning system
goes to step 222. When the reliability is compared with and
greater than the third threshold at step 212, the positioning
system goes to step 214. When the reliability is smaller than
the third threshold, the positioning system goes to step 220.
When the reliability is compared with and greater than the
fourth threshold at step 214, the positioning system goes to
step 216. When the reliability is smaller than the fourth
threshold, the positioning system goes to step 218.

[0055] The positioning system selects the first sensor
operational level at step 216, selects the second sensor opera-
tional level at step 218, selects the third sensor operational
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level at step 220, selects the fourth sensor operational level at
step 222, and selects the fifth sensor operational level at step
224.

[0056] At step 226, the positioning system outputs data for
the positioning of the electronic device (hereafter, referred to
as location data) using the INS according to the correspond-
ing sensor operational level.

[0057] With continued reference to FIG. 2, at step 228, the
positioning system combines first location data of the GNSS
and second location data of the INS.

[0058] At step 230, the positioning system corrects the
location of the electronic device using the combined data of
the first location data of the GNSS and the second location
data of the INS.

[0059] For example, the location of the electronic device
corresponding to the first location information of the GNSS
may be corrected using the second location data of the INS,
the location of the electronic device corresponding to the
second location information of the INS may be corrected
using the first location data of the GNSS, and the location of
the electronic device may be determined using third location
data which combines the first location data and the second
location data.

[0060] Next, the positioning system finishes this process.
[0061] FIG. 3 depicts the reliability determination of the
location and satellite information of the GNSS according to
an exemplary embodiment of the present invention.

[0062] Referring now to FIG. 3, the reliability of the loca-
tion information provided by the GNSS is determined by
analyzing current satellite information and the change of the
location information from the information relating to the
satellite information, and multiplying an output value of a
first function Func 1( ) based on the analysis by a weight a,
analyzing speed information and its speed change of the
location information and multiplying an output value of a
second function Func 2 () based on the analysis by a weight
b, analyzing error information and its error change of the
location information and multiplying an output value of a
third function Func 3( ) based on the analysis by a weight c,
and analyzing current location information and its informa-
tion change of the location information and multiplying an
output value of a fourth function Func 4 () based on the
analysis by a weight d, and then adding up all of the products.
[0063] For example, the first function Func 1() uses previ-
ous satellite information and current satellite information to
analyze the satellite information, and utilizes the change of
the satellite information. The satellite information includes
the number and the list of the visible satellites, the satellite
signal receive strength from the satellites, deployment infor-
mation (azimuth and elevation) of the satellites, and the num-
ber and the list of the satellites used for the positioning. The
satellite information analysis is described in brief. In an envi-
ronment such as expressway out of town (e.g., the first road
section 110 of FIG. 1), the number of the current visible
satellites is 10, the number of the satellites used for the posi-
tioning is 6, the receive strength of each satellite signal
exceeds 35 dB, and the satellites are spatially placed widely.
When this satellite information is compared with and equal to
the previous satellite information, the analysis result value is
90/100. By contrast, in a downtown environment (e.g., the
second road section 120 of FIG. 1) with the densely sited
skyscrapers, the number of the current visible satellites is 4,
the number of the satellites used for the positioning is 3, the
satellite signal receive strength is below 30 dB, and the sat-
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ellites are spatially placed narrowly. When this satellite infor-
mation is compared with and lower than the previous satellite
information, the analysis result value is 20/100. When the
satellite information is not received, the analysis result value
is 0/100.

[0064] The second function Func 2( ) uses the previous
satellite information and the current satellite information to
analyze the velocity information, and utilizes the change of
the velocity information in the individual location informa-
tion. The velocity information includes speed information
and direction information. Due to characteristics of the
GNSS, there is a relatively great error between the fast speed
(e.g., 60 Km/H) like a vehicle running on the road out of town
and the slow speed (e.g., 20 Km/H) like the movement in a
huge traffic jam in the town. Thus, the effect of the INS is
increased. The velocity information analysis is described now
in brief. When the current speed information is over 60 Km/H
and the change is within 10 Km/H in comparison with the
previous velocity information, the analysis result value is
90/100. By contrast, when the current speed information is
about 20 Kn/H and the change gets small in comparison with
the previous velocity information, the analysis result value is
20/100. When no velocity information is received or the
speed information is below 5 Km/H, the analysis result value
is 0/100.

[0065] The third function Func 3( ) uses the previous loca-
tion information and the current location information to ana-
lyze the error information, and utilizes the change of the error
information in the individual location information. Represen-
tative error information provided from the GNSS includes
DOP information indicating the uniformity of the satellite
deployment, and the uncertainty or accuracy. The location
information is quite excellent when the DOP value is smaller
than 2, the location information is good when the DOP value
is 2~3, the location information is normal when the DOP
value is 4~5, and the location information is useless when the
DOP valueis over 6. The uncertainty or accuracy indicates the
error range of the location information, and is represented
based on meter. The error information analysis is described
now in brief. When the current DOP value is 3, the uncertainty
or accuracy is 10 m, and the current error information is equal
to the previous error information, the analysis result value is
90/100. By contrast, when the current DOP value is 5, the
uncertainty or accuracy is about 30 m, and the current error
information is higher than the previous error information, the
analysis result value is 20/100. When no error information is
received or the DOP is over 6, the analysis result value is
0/100.

[0066] The fourth function Func 4( ) uses the previous
location information and the current location information to
analyze the location information, and utilizes the changes of
the latitude, the longitude, and the altitude in the individual
location information. The latitude, longitude, and altitude
change (a first differential value) in the user’s daily life varies
according to diverse transportations such as airplane, vehicle,
ship, and walk, whereas the change of the latitude, longitude,
and altitude change (a second differential value) falls within a
range close to zero. The location information analysis is
described now in brief. When the current latitude, longitude,
and altitude are compared with the previous latitude, longi-
tude, and altitude and the second differential value lies within
+/-5, the analysis result value is 90/100. By contrast, when
the second differential value is within +/-10, the analysis
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result value is 20/100. When the latitude, the longitude, and
the altitude are not received, the analysis result value is 0/100.
[0067] A weight applied to each function can vary accord-
ing to the system, and its fine adjustment may be required
through trial and error in order to obtain a value optimized for
the system.

[0068] Intheimplementations ofreliability determinations
as discussed hereinabove, the function for calculating the
reliability can be variously defined by subdividing the infor-
mation of the location information and the satellite informa-
tion and applying different weights to the subdivided infor-
mation.

[0069] FIG. 4 depicts a portable electronic device accord-
ing to an exemplary embodiment of the present invention.
[0070] The portable electronic device 400 is typically a
device such as portable terminal, mobile phone, mobile pad,
media player, tablet computer, handheld computer, or Per-
sonal Digital Assistant (PDA), just to name a few non-limit-
ing possibilities. The portable electronic device 400 may
combine two or more functions of those devices.

[0071] The portable electronic device 400 preferably
includes a memory 410, a processor unit 420, a communica-
tion unit 430, an external port 440, an audio Integrated Circuit
(IC) unit 450, a speaker 460, a microphone 470, a location
information receiver 480, and a sensor module 490. A plural-
ity of the memories 410 and a plurality of the external ports
440 can be employed.

[0072] Herein, the processor unit 420 includes a memory
controller 421, a processor or microprocessor (Central Pro-
cessing Unit (CPU)) 422, and a peripheral interface 423.
Herein, one or more processors can be configured for various
operations. The communication unit 430 preferably includes
abaseband processor 432 and a Radio Frequency (RF) IC unit
431.

[0073] The configuration elements communicate with each
other through one or more communication buses or signal
lines (not shown).

[0074] The configuration elements can be realized using
hardware such as one or more ICs, or software loaded into a
processor and executed or in combination.

[0075] The portable electronic device 400 of FIG. 4 is an
example provided for illustrative purposes, but there are many
different arrangements within the spirit of the invention and
the scope of the appended claims that can be practiced by the
artisan. The portable electronic device 400 can include more
orless components than depicted in the drawing. The portable
electronic device 400 can be configured differently from FIG.
4.

[0076] The configuration elements of the portable elec-
tronic device 400 are explained now.

[0077] For example, the memory 410 preferably includes a
random access memory, a non-volatile memory including a
flash memory, a Read Only Memory (ROM), an Electrically
Erasable Programmable ROM (EEPROM), a magnetic disc
storage device, a Compact Disc ROM (CD-ROM), Digital
Versatile Discs (DVDs) or other optical storage devices, and/
or a magnetic cassette, just to name some possible variations.
Alternatively, the memory 410 may combine part or all of
those recording media. A plurality of memories may be
equipped, but the artisan appreciates that the memory is statu-
tory non-transitory memory.

[0078] The portable electronic device 400 may further
include an attachable storage device accessible via the com-
munication network such as Internet, Intranet, Local Area
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Network (LAN), Wide LAN (WLAN), or Storage Area Net-
work (SAN), or a communication network by combining the
networks. The storage device can access the portable elec-
tronic device 400 through the external port 440, which in a
non-limiting example, might be a mini or micro-USB, micro-
Firewire, or other type of port. A separate storage device on
the communication network may access the portable elec-
tronic device 400 through the RF IC unit 431.

[0079] The memory 410 stores software. Software compo-
nents include an operating system software 411, a communi-
cation software module 412, a location information process-
ing module 413, a user interface software module 414, and
one or more application software 415. Herein, the software
can be referred to as the operating system or the communica-
tion module. The software module can be referred to as an
executable instruction set.

[0080] The operating system software 411 (the embedded
operating system such as, for example, WINDOWS, LINUX,
Darwin, RTXC, UNIX, OS X, or VxWorks) includes various
software components for controlling the general system
operation. The general system control indicates, for example,
memory management and control, storage hardware (device)
control and management, and power control and manage-
ment. The operating system software 411 processes the nor-
mal communication between the various hardware devices
and other software components.

[0081] The communication software module 412 includes
various software components for processing data transmis-
sion and reception through the RF IC unit 431 or the external
port 440.

[0082] The location information processing module 413
includes various software components for controlling the INS
according to the reliability of the location and satellite infor-
mation of the GNSS. For example, the location information
processing module 413 includes software components con-
figured for controlling the positioning apparatus of FIG. 2.
[0083] The user interface module 414 includes various
software components relating to a user interface. The user
interface module 414 is involved in the status change of the
user interface and the condition of the user interface status
change.

[0084] The application software 415 includes browser,
e-mail, instant message, word processing, keyboard emula-
tion, address book, touch list, widget, JAVA-enabled applica-
tion, coding, Digital Right Management (DRM), voice rec-
ognition, voice reproduction, position determining function,
location based service, and music player.

[0085] When the other element such as processor 422 or
peripheral interface 423 of'the processor unit 420 accesses the
memory 410 through the memory controller 421, the proces-
sor 422 controls. The processor 422 executes the software
module in the memory 410. The processor 422 manages
overall control function of the portable electronic device 400.
The processor 422 may include the memory controller func-
tion. In some cases, the whole processor unit 420 may be
referred to as a processor. The processor 422 controls the INS
according to the reliability of the location information and the
satellite information of the GNSS of FIG. 1.

[0086] The external port440 indicates, for example, but not
limited to, a Universal Serial Bus (USB) port ora FIREWIRE
port. The external port 440 is used to connect the portable
electronic device 400 to other electronic devices directly or
indirectly over the network (e.g., Ethernet, Internet, Intranet,
and wireless LAN, just to name a few possibilities).
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[0087] With continued reference to FIG. 4, the peripheral
interface 423 connects an input/output peripheral device of
the portable electronic device 400 to the processor 422 and
the memory 410 under the control of the memory controller
421. The portable electronic device 400 can include a plural-
ity of processors 422.

[0088] The processor 422 executes various functions for
the portable electronic device 400 by executing various soft-
ware programs therein, and processes and controls voice
communication and data communication. In addition to those
typical functions, the processor 422 may execute a particular
software module (instruction set) stored to the memory 410
and conduct various particular functions corresponding to the
module.

[0089] The processor 422, the peripheral interface 423, and
the memory controller 421 may be implemented using a
single semiconductor chip. Herein, this single chip is referred
to as the processor unit 420. Those configuration elements
can be realized as separate semiconductor chips, rather than
the single semiconductor chip.

[0090] In addition, the communication unit 430 preferably
includes the RF IC unit 431 and the baseband processor 432.
The RF IC unit 431 transmits and receives radio waves. The
RF IC unit 431 converts the baseband signal fed from the
baseband processor 432 to the radio wave and transmits the
radio wave over an antenna (not shown). The RF IC unit 431
converts and provides the radio wave received over the
antenna to the baseband processor 432. The RF IC unit 413
includes an RF transceiver, an amplifier, a tuner, an oscillator,
a digital signal processor, a COding DECoding (CODEC)
chip set, and a Subscriber Identity Module (SIM) card, which
are not shown in the drawing.

[0091] Moreover, the RF IC unit 431 communicates with
the communication network and other communication device
using the radio waves. For example, the RF IC unit 431 can
communicate with the Internet, an Intranet, a network, a
cellular telephone network, and a wireless network such as
wireless LAN or wireless Metropolitan Area Network
(MAN). Using the wireless communication, the RF IC unit
431 can communicate with other electronic device.

[0092] The wireless communication indicates, but not lim-
ited to, Time Division Multiple Access (TDMA), Global Sys-
tem for Mobile Communication (GSM), Enhanced Data
GSM Environment (EDGE), Code Division Multiple Access
(CDMA), Wideband Code Division Multiple Access
(W-CDMA), Orthogonal Frequency Division Multiple
Access (OFDMA), Bluetooth, Near Field Communication
(NFC), infrared communication, Voice over Internet Protocol
(VolIP), Wireless Fidelity (Wi-Fi), Wi-MAX, and a protocol
for e-mail, instant messaging, or Short Message Service
(SMS), alone or in combination.

[0093] In this exemplary embodiment, the RF IC unit 431
frequency-converts the RF signal received over the antenna
(not shown) and provides the converted signal to the baseband
processor 432, and frequency-converts the baseband signal
output from the baseband processor 432 and transmits the
converted signal over the antenna. For example, in a non-
limiting example, in the transmission according to the
CDMA, the baseband processor 432 channel-codes and
spreads the data to transmit. In the reception, the baseband
processor 432 de-spreads and channel-decodes the received
signal. However, an artisan appreciates that the presently
claimed invention is not limited to spread spectrum forms of
transmission.



US 2013/0214967 Al

[0094] The audio IC unit 450 provides an audio interface
between the user and the portable electronic device 400
together with the speaker 460 and the microphone 470. More
particularly, the audio IC unit 450 communicates with the
user through the speaker 460 and the microphone 470. The
audio IC unit 450 receives the data signal through the periph-
eral interface 423 of the processor unit 420 and converts the
received data signal to an electric signal. The converted elec-
tric signal is output to the speaker 460. The speaker 460
converts the electric signal to a sound wave audible by the
user. The microphone 470 converts the sound wave fed from
the user or other sound sources to electric signals. The audio
IC unit 450 receives the converted electric signal from the
microphone 470. The audio IC unit 450 converts the received
electric signal to an audio data signal and sends the converted
audio data signal to the peripheral interface 423. The audio
data is output to the memory 410 or the communication unit
430 through the peripheral interface 423. The audio IC unit
450 can include an attachable and detachable ear phone, head
phone, or head set. The head set can offer both of the output
function (single-earpiece or double-earpiece headphone) and
the input function. The audio IC unit 450 can include a jack
(not shown) for providing the interface with the ear phone, the
head phone, or the head set. The jack may be referred to as an
earphone jack or a headset jack.

[0095] The satellite information receiver 480 locates the
user by receiving the GPS satellite signal through a GPS
reception module and provides the result to the processor 422
via the peripheral interface 423.

[0096] The sensor module 490 obtains acceleration, veloc-
ity, and direction information (simply referred to as sensor
data) by detecting signals through the inertial sensors (e.g.,
accelerometer, gyroscope, and altimeter) and the additional
sensors (such as terrestrial magnetism sensor), and provides
the result to the processor 422 via the peripheral interface
423.

[0097] With continued reference to FIG. 4, the portable
electronic device 400 preferably includes a power system (not
shown) for receiving and supplying power to its clements.
The power system can include a power source (AC power
supply or battery), a power error detection circuit, a power
converter, a power inverter, and a charger and/or a power
status display device (light emitting diode). The portable
electronic device 400 can include a power management and
control device for producing, managing, and distributing the
power.

[0098] FIG. 5 is an exemplary block diagram of the posi-
tioning apparatus according to an exemplary embodiment of
the present invention.

[0099] Referring now to FIG. 5, the positioning apparatus
in this example preferably includes a satellite signal receiver
500, a GNSS information analyzer 502, an INS combination
determiner 504, an INS operation controller 506, a combiner
508, and a sensor information receiver 510. Again it is to be
reiterated that other types of satellite based positioning could
be used as well and the claimed invention is not limited to the
examples shown and described herein.

[0100] The satellite signal receiver 500 receives and pro-
vides the GPS signal including the satellite information and
the location information to the GNSS information analyzer
502.

[0101] The GNSS information analyzer 502 calculates the
reliability of the location information based on the GNSS by
analyzing the current location information and satellite infor-
mation versus the previous location information and satellite
information. By making such calculations, the GNSS infor-
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mation analyzer 502 retains the previous location information
and satellite information and tracks their change. The location
information for calculating the reliability of the location
information based on the GNSS can include the current speed
information and speed change, the location (latitude, longi-
tude, and altitude) change, the movement direction change,
and the error level information and its change. The satellite
information for calculating the reliability of the location
information based on the GNSS can include the current num-
ber and change of the visible satellites to the GNSS or GPS,
the satellite signal receive strength and change, and the sat-
ellite list information used for the positioning.

[0102] The INS combination determiner 504 determines
the operational level of the sensor information receiver 510 by
evaluating the reliability of the location information calcu-
lated by the GNSS information analyzer 502, more particu-
larly, by comparing the reliability and the threshold. For
example, the operation level of the sensor information
receiver 510 is divided to Full/High/Mid/Low Range or OFF.

[0103] The INS operation controller 506 also controls the
sensor information receiver 510 according to the combination
level determined by the INS combination determiner 504. For
example, for estimating low reliability, the INS operation
controller 506 determines low accuracy of the location infor-
mation of'the satellite signal receiver 500 and thus controls to
increasingly rely on the estimated relative location by oper-
ating the sensor information receiver 510 with the Full Range.
“Low reliability” means that a calculated reliability value is
less than the threshold, and accuracy of the location informa-
tion of the satellite signal receiver 500 is low in low reliability
environment. Similarly, the INS operation controller 506 can
operate at various operational levels. When estimating the
high reliability, the INS operation controller 506 controls so
as not to operate the sensor information receiver 510.

[0104] The combiner 508 combines the location informa-
tion of the satellite signal receiver 500 and the relative loca-
tion information estimated by the sensor information receiver
510 according to the combination level determined by the
INS combination determiner 504.

[0105] Under the control of the INS operation controller
506, the sensor information receiver 510 detects the signal
using the inertial sensors (e.g., accelerometer, gyroscope, and
altimeter) and the additional sensors (such as terrestrial mag-
netism sensor), and determines the relative location informa-
tion by obtaining the acceleration, speed, and direction infor-
mation (in brief, referred to as the sensor data).

[0106] As stated above, the positioning system combining
the GNSS and the INS can avoid unnecessary power con-
sumption and ensure the system performance by efficiently
controlling the sensor module used for the INS. The reduction
of the power consumption is shown in Table 1 with specific
examples. The gyroscope alone is used to determine the cur-
rent reduction effect per operation mode of the sensor mod-
ule.

TABLE 1
Low Range Mid Range High Range  Full Range
Sensor (10 Hz/ (16 Hz/ (25 Hz/ (50 Hz/
OFF 100 ms) 60 ms) 40 ms) 20 ms)
48.77 mA 59.53 mA 61.9 mA 65.66 mA 77.56 mA
variation 10.8 mA 13.1 mA 16.9 mA 28.8 mA
percentage 22.1% 26.9% 34.7% 59.1%

Table 1 shows the current measurement examples in various
operation modes of the gyroscope. A far greater effect can be






