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APPARATUS, SYSTEM AND METHOD OF
ESTIMATING AN ORIENTATION OF A
MOBILE DEVICE

TECHNICAL FIELD

[0001] Embodiments described herein generally relate to
estimating an orientation of a mobile device.

BACKGROUND

[0002] A mobile device may determine a location of the
mobile device using various methods. For example, the
mobile device may include a Global Positioning System
(GPS) receiver to receive GPS signals from one or more GPS
satellites, and to calculate the location of the mobile device
based on the GPS signals.

[0003] In various occasions, the mobile device may not be
able to receive the GPS signals, for example, when the GPS
signals are weak, e.g., when the device is located at an indoor
location, e.g., a building and the like. As a result, the mobile
device may not be able to determine the location of the mobile
device.

[0004] Some mobile devices may utilize an inertial naviga-
tion system to determine the location of the device, e.g., when
the device is not able to receive the GPS signals, or to accu-
rately determine the location of the device based on the GPS
signals.

[0005] The inertial navigation system may include one or
more inertial navigation sensors configured to provide posi-
tion, velocity and/or acceleration parameters. For example, a
shown in FIG. 6, an inertial navigation system 600 may
include one or more movement sensors, e.g., an accelerom-
eter sensor 602 and the like, to detect a movement of the
mobile device and to provide movement parameters corre-
sponding to the movement of the mobile device, e.g., velocity
and/or acceleration; and/or one or more orientation sensors,
e.g., a gyroscope sensor 604, a magnetometer 606, and the
like, to provide orientation parameters relating to the orien-
tation of the mobile device. Inertial navigation system 600
may include a coordinate frame transformation 610 to trans-
form a sensor body coordinate frame 612 into navigation
coordinate frame 614.

[0006] Themobile device may determine the location ofthe
device based on the parameters provided by the inertial navi-
gation sensors. For example, the device may calculate a dis-
tance and a direction from a previous known location of the
device based on the movement parameters and/or the orien-
tation parameters.

[0007] The gyroscope 604 may have errors, e.g., mechani-
cal errors, calibration errors, and the like, which may affect
the accuracy of one or more of the orientation parameters. The
gyroscope errors may decrease an accuracy of the determined
location of the mobile device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For simplicity and clarity of illustration, elements
shown in the figures have not necessarily been drawn to scale.
For example, the dimensions of some of the elements may be
exaggerated relative to other elements for clarity of presen-
tation. Furthermore, reference numerals may be repeated
among the figures to indicate corresponding or analogous
elements. The figures are listed below.

Jul. 2, 2015

[0009] FIG.1is a schematic block diagram illustration of a
system, in accordance with some demonstrative embodi-
ments.

[0010] FIG. 2 is a schematic illustration of a navigation
coordinate system, in accordance with some demonstrative
embodiments.

[0011] FIG. 3 is a schematic flow chart illustration of a
method of correcting orientation errors, in accordance with
some demonstrative embodiments.

[0012] FIG. 4 is a schematic flow chart illustration of a
method of estimating an orientation a mobile device, inaccor-
dance with some demonstrative embodiments.

[0013] FIG. 5 is a schematic illustration of a product of
manufacture, in accordance with some demonstrative
embodiments.

[0014] FIG. 6 is a schematic functional illustration of an
inertial navigation system.

DETAILED DESCRIPTION

[0015] Inthe following detailed description, numerous spe-
cific details are set forth in order to provide a thorough under-
standing of some embodiments. However, it will be under-
stood by persons of ordinary skill in the art that some
embodiments may be practiced without these specific details.
In other instances, well-known methods, procedures, compo-
nents, units and/or circuits have not been described in detail
s0 as not to obscure the discussion.

[0016] Discussions herein utilizing terms such as, for

2 2 <

example, “processing”, “computing”, “calculating”, “deter-
mining”, “establishing”, “analyzing”, “checking”, or the like,
may refer to operation(s) and/or process(es) of a computer, a
computing platform, a computing system, or other electronic
computing device, that manipulate and/or transform data rep-
resented as physical (e.g., electronic) quantities within the
computer’s registers and/or memories into other data simi-
larly represented as physical quantities within the computer’s
registers and/or memories or other information storage
medium that may store instructions to perform operations
and/or processes.

[0017] The terms “plurality” and “a plurality”, as used
herein, include, for example, “multiple” or “two or more”.
For example, “a plurality of items” includes two or more
items.

[0018] References to “one embodiment”, “an embodi-
ment”, “demonstrative embodiment”, “various embodi-
ments” etc., indicate that the embodiment(s) so described
may include a particular feature, structure, or characteristic,
but not every embodiment necessarily includes the particular
feature, structure, or characteristic. Further, repeated use of
the phrase “in one embodiment™ does not necessarily refer to
the same embodiment, although it may.

[0019] Asusedherein, unless otherwise specified the use of
the ordinal adjectives “first”, “second”, “third” etc., to
describe a common object, merely indicate that different
instances of like objects are being referred to, and are not
intended to imply that the objects so described must be in a
given sequence, either temporally, spatially, in ranking, or in
any other manner.

[0020] Some embodiments may be used in conjunction
with various devices and systems, for example, a Personal
Computer (PC), a desktop computer, a mobile computer, a
laptop computer, a notebook computer, an Ultrabook™ com-
puter, a tablet computer, a server computer, a handheld com-
puter, a handheld device, a Personal Digital Assistant (PDA)
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device, a handheld PDA device, an on-board device, an off-
board device, a hybrid device, a vehicular device, a non-
vehicular device, a mobile or portable device, a consumer
device, a non-mobile or non-portable device, a wireless com-
munication station, a wireless communication device, a wire-
less Access Point (AP), a wired or wireless router, a wired or
wireless modem, a video device, an audio device, an audio-
video (AN) device, a wired or wireless network, a wireless
area network, a Wireless Video Area Network (WVAN), a
Local Area Network (LAN), a Wireless LAN (WLAN), a
Personal Area Network (PAN), a Wireless PAN (WPAN), and
the like.

[0021] Some embodiments may be used in conjunction
with devices and/or networks operating in accordance with
existing IEEE 802.11 standards (IEEE 802.11-2012, IEEE
Standard for Information technology—Telecommunications
and information exchange between systems Local and met-
ropolitan area networks—Specific requirements Part 11:
Wireless LAN Medium Access Control (MAC) and Physical
Layer (PHY) Specifications, Mar. 29, 2012; IEEE802.11 task
group ac (TGac) (“IEEE802.11-09/0308712—TGac Channel
Model Addendum Document”); IEEE 802.11 task group ad
(TGad) (IEEE P802.11ad-2012, IEEE Standard for Informa-
tion Technology—Telecommunications and Information
Exchange Between Systems—Local and Metropolitan Area
Networks—Specific Requirements—Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY)
Specifications—Amendment 3: Enhancements for Very High
Throughput in the 60 GHz Band, 28 Dec. 2012)) and/or future
versions and/or derivatives thereof” devices and/or networks
operating in accordance with existing Wireless Fidelity
(WiFi) Alliance (WFA) Peer-to-Peer (P2P) specifications
(WiFi P2P technical specification, version 1.2, 2012) and/or
future versions and/or derivatives thereof, devices and/or net-
works operating in accordance with existing cellular specifi-
cations and/or protocols, e.g., 3rd Generation Partnership
Project (3GPP), 3GPP Long Term Evolution (LTE) and/or
future versions and/or derivatives thereof, devices and/or net-
works operating in accordance with existing Open Mobile
Alliance (OMA) standards, including the Secure User Plane
Location (SUPL) protocol (SUPL-OMA-AD-SUPL-V2.0)
and/or future versions and/or derivatives thereof, devices and/
or networks operating in accordance with existing World-
Wide-Web Consortium (W3C) standards, including the W3C
Hypertext Markup Language (HTML) Version 5, October
2010 and/or future versions and/or derivatives thereof,
devices and/or networks operating in accordance with exist-
ing WirelessHD™ specifications and/or future versions and/
or derivatives thereof, units and/or devices which are part of
the above networks, and the like.

[0022] Some embodiments may be used in conjunction
with one way and/or two-way radio communication systems,
cellular radio-telephone communication systems, a mobile
phone, a cellular telephone, a wireless telephone, a Personal
Communication Systems (PCS) device, a PDA device which
incorporates a wireless communication device, a mobile or
portable Global Positioning System (GPS) device, a device
which incorporates a GPS receiver or transceiver or chip, a
device which incorporates an RFID element or chip, a Mul-
tiple Input Multiple Output (MIMO) transceiver or device, a
Single Input Multiple Output (SIMO) transceiver or device, a
Multiple Input Single Output (MISO) transceiver or device, a
device having one or more internal antennas and/or external
antennas, Digital Video Broadcast (DVB) devices or systems,
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multi-standard radio devices or systems, a wired or wireless
handheld device, e.g., a Smartphone, a Wireless Application
Protocol (WAP) device, or the like.

[0023] The term “wireless device”, as used herein,
includes, for example, a device capable of wireless commu-
nication, a communication device capable of wireless com-
munication, a communication station capable of wireless
communication, a portable or non-portable device capable of
wireless communication, or the like. In some demonstrative
embodiments, a wireless device may be or may include a
peripheral that is integrated with a computer, or a peripheral
that is attached to a computer. In some demonstrative embodi-
ments, the term “wireless device” may optionally include a
wireless service.

[0024] The term “communicating” as used herein with
respectto a wireless communication signal includes transmit-
ting the wireless communication signal and/or receiving the
wireless communication signal. For example, a wireless com-
munication unit, which is capable of communicating a wire-
less communication signal, may include a wireless transmit-
ter to transmit the wireless communication signal to at least
one other wireless communication unit, and/or a wireless
communication receiver to receive the wireless communica-
tion signal from at least one other wireless communication
unit.

[0025] Reference is made to FIG. 1, which schematically
illustrates a block diagram of a system 100, in accordance
with some demonstrative embodiments.

[0026] Asshown in FIG.1, in some demonstrative embodi-
ments, system 100 may include one or more mobile devices,
e.g., a mobile device 102.

[0027] Insome demonstrative embodiments, mobile device
102 may include, for example, a User Equipment (UE), a
mobile computer, a laptop computer, a notebook computer, a
tablet computer, an Ultrabook™ computer, a mobile internet
device, a handheld computer, a handheld device, a storage
device, a PDA device, a handheld PDA device, an on-board
device, an off-board device, a hybrid device, a consumer
device, a vehicular device, a non-vehicular device, a portable
device, a mobile phone, a cellular telephone, a PCS device, a
mobile or portable GPS device, a DVB device, a relatively
small computing device, a non-desktop computer, a “Carry
Small Live Large” (CSLL) device, an Ultra Mobile Device
(UMD), an Ultra Mobile PC (UMPC), a Mobile Internet
Device (MID), an “Origami” device or computing device, a
device that supports Dynamically Composable Computing
(DCC), an “Origami” device or computing device, a video
device, an audio device, an A/V device, a gaming device, a
media player, a Smartphone, or the like.

[0028] Insome demonstrative embodiments, mobile device
102 may be capable of communicating content, data, infor-
mation and/or signals via a wireless medium (WM) 103. In
some demonstrative embodiments, wireless medium 103
may include, for example, a radio channel, a cellular channel,
an RF channel, a Wireless Fidelity (WiFi) channel, an IR
channel, and the like. One or more elements of system 100
may optionally be capable of communicating over any suit-
able wired communication links.

[0029] In some demonstrative embodiments, device 102
may include a wireless communication unit 105 to perform
wireless communication between device 102 and one or more
other wireless communication devices over WM 103.
[0030] Insomedemonstrative embodiments, wireless com-
munication unit 105 may include a radio 117, e.g., including
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one or more wireless transmitters, receivers and/or transceiv-
ers able to send and/or receive wireless communication sig-
nals, RF signals, frames, blocks, transmission streams, pack-
ets, messages, data items, and/or data. In one example, the
radios may include modulation elements, demodulation ele-
ments, amplifiers, analog to digital and digital to analog con-
verters, filters, and/or the like. For example, wireless commu-
nication unit 105 may include or may be implemented as part
of'a wireless Network Interface Card (NIC), and the like.

[0031] Insomedemonstrative embodiments, wireless com-
munication unit 105 may include, or may be associated with,
one or more antennas 107.

[0032] Antennas 107 may include any type of antennas
suitable for transmitting and/or receiving wireless communi-
cation signals, blocks, frames, transmission streams, packets,
messages and/or data. For example, antennas 107 may
include any suitable configuration, structure and/or arrange-
ment of one or more antenna elements, components, units,
assemblies and/or arrays. Antennas 107 may include, for
example, antennas suitable for directional communication,
e.g., using beamforming techniques. For example, antennas
107 may include a phased array antenna, a multiple element
antenna, a set of switched beam antennas, and/or the like. In
some embodiments, antennas 107 may implement transmit
and receive functionalities using separate transmit and
receive antenna elements. In some embodiments, antennas
107 may implement transmit and receive functionalities
using common and/or integrated transmit/receive elements.

[0033] Insomedemonstrative embodiments, mobile device
102 may also include, for example, a processor 114, an input
unit 118, an output unit 116, a memory unit 111, and/or a
storage unit 112. Mobile device 102 may optionally include
other suitable hardware components and/or software compo-
nents. In some demonstrative embodiments, some or all of the
components of mobile device 102 may be enclosed in a com-
mon housing or packaging, and may be interconnected or
operably associated using one or more wired or wireless
links. In other embodiments, components of mobile device
102 may be distributed among multiple or separate devices.

[0034] Processor 114 includes, for example, a Central Pro-
cessing Unit (CPU), a Digital Signal Processor (DSP), one or
more processor cores, a single-core processor, a dual-core
processor, a multiple-core processor, a microprocessor, a host
processor, a controller, a plurality of processors or control-
lers, a chip, a microchip, one or more circuits, circuitry, a
logic unit, an Integrated Circuit (IC), an Application-Specific
IC (ASIC), or any other suitable multi-purpose or specific
processor or controller. For example, processor 114 executes
instructions, for example, of an Operating System (OS) of
mobile device 102 and/or of one or more suitable applica-
tions.

[0035] Memory unit 111 includes, for example, a Random
Access Memory (RAM), a Read Only Memory (ROM), a
Dynamic RAM (DRAM), a Synchronous DRAM (SD-
RAM), a flash memory, a volatile memory, a non-volatile
memory, a cache memory, a buffer, a short term memory unit,
a long term memory unit, or other suitable memory units.
Storage unit 112 include, for example, a hard disk drive, a
floppy disk drive, a Compact Disk (CD) drive, a CD-ROM
drive, a DVD drive, or other suitable removable or non-re-
movable storage units. For example, memory unit 111 and/or
storage unit 112, for example, may store data processed by
mobile device 102.
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[0036] Input unit 118 includes, for example, a keyboard, a
keypad, a mouse, a touch-screen, a touch-pad, a track-ball, a
stylus, a microphone, or other suitable pointing device or
input device. Output unit 116 includes, for example, a moni-
tor, a screen, a touch-screen, a flat panel display, a Cathode
Ray Tube (CRT) display unit, a Liquid Crystal Display (LCD)
display unit, a plasma display unit, one or more audio speak-
ers or earphones, or other suitable output devices.

[0037] In some demonstrative embodiments, device 102
may be capable of receiving wireless communication signals
including raw location data, e.g., over wireless medium 103.
For example, device 102 may receive GPS signals including
the raw location data from one or more location data trans-
mitters 104, e.g., one or more GPS satellites.

[0038] In some demonstrative embodiments, location data
transmitters 104 may be configured to transmit wireless com-
munication signals including the raw location data via one or
more antennas 109. For example, location data transmitters
104 may include one or more location data origin transmit-
ters, e.g., GNSS satellites to generate GNSS-based raw loca-
tion data.

[0039] In some demonstrative embodiments, device 102
may include alocation estimator 140 configured to estimate a
location of device 102 based on the raw location data.
[0040] In some demonstrative embodiments, device 102
may include one or more sensors 130 configured to provide
one or more location parameters relating to the location of
device 102. Location estimator 140 may utilize the location
parameters to estimate the location of device 102, e.g., in
addition to or instead of the raw location data.

[0041] In one example, location estimator 140 may utilize
the location parameters when the raw location data may not
be accurate, e.g., when the received GPS signals are weak.
[0042] Inanother example, location estimator 140 may uti-
lize the location parameters when device 102 may not be able
to receive the GPS signals. For example, device 102 may be
located at an indoor location, e.g., a building, a mall and the
like, which may not enable device 102 to receive the GPS
signals, e.g., the GPS signals may be blocked by, for example,
walls, ceilings and the like. Accordingly, location estimator
140 may not be able to estimate the location of device 102 in
an accurate manner.

[0043] In another example, device 102 may not be config-
ured to receive the raw location date, e.g., device 102 may not
be able to communicate with location data transmitter 104,
and location estimator 140 may be configured to estimate the
location of device 102 based on the location parameters from
sensors 130.

[0044] In some demonstrative embodiments, sensors 130
may include a gyroscope sensor 125, a magnetometer 127,
and/or an accelerometer sensor 126 configured to provide the
location parameters.

[0045] In some demonstrative embodiments, accelerom-
eter 126 may provide to location estimator 140 acceleration
information including movement parameters relating to a
movement of device 102.

[0046] In one example, the movement parameters may
include horizontal acceleration parameters of device 102.
[0047] Insome demonstrative embodiments, location esti-
mator 140 may utilize the horizontal acceleration parameters
to determine, for example, a speed of device 102 and/or a
movement distance of device 102.

[0048] In another example, the movement parameters may
include vertical acceleration parameters of device 102.



US 2015/0185002 A1

[0049] In some demonstrative embodiments, location esti-
mator 140 may utilize the vertical acceleration parameters,
for example, to determine a pitch and/or a roll (“the tilt”) of
device 102, for example, when tilting device 102.

[0050] In some demonstrative embodiments, magnetom-
eter 127 may provide to location estimator 140 magnetic
information relating to a strength and/or a direction of mag-
netic fields.

[0051] In some demonstrative embodiments, location esti-
mator 140 may utilize the magnetic information, for example,
to determine the direction of the magnetic north. Location
estimator 140 may utilize the direction of the magnetic north,
for example, to determine a yaw of device 102, e.g., with
respect to the magnetic north.

[0052] In some demonstrative embodiments, gyroscope
125 may provide to location estimator 140 gyroscope infor-
mation including gyroscope orientation parameters relating
to an orientation of device 102. For example, the gyroscope
orientation parameters may include a yaw parameter relating
to the yaw of device 102, a pitch parameter relating to the
pitch of device 102 and/or a roll parameter relating to the roll
of device 102.

[0053] In some demonstrative embodiments, location esti-
mator 140 may utilize the gyroscope orientation parameters,
for example, to determine the orientation of device 102.
[0054] In some demonstrative embodiments, location esti-
mator 140 may determine an orientation of device 102 based
onthe gyroscope information, the magnetic information, and/
or the acceleration information. For example, device 102 may
determine the orientation of device 102 based on a combina-
tion of the gyroscope orientation parameters, the magnetic
information relating to the yaw of device 102, and/or the tilt
angle from the acceleration parameters, e.g., as described
above.

[0055] In some demonstrative embodiments, location esti-
mator 140 may determine a movement of device 102 based on
the horizontal acceleration parameters of device 102.

[0056] In some demonstrative embodiments, location esti-
mator 140 may utilize a North, East, Down (NED) navigation
coordinate system. For example, the navigation coordinate
system may include an x-axis, which may point to the north,
ay-axis, which may point to the right, and a z-axis, which may
point downwards, e.g., as shown in FIG. 2. In other embodi-
ments, location estimator 140 may utilize any other naviga-
tion system.

[0057] Insome demonstrative embodiments, location esti-
mator 140 may define a positive yaw angle, denoted 6,,,,, to
be a counter-clockwise rotation about the positive z-axis, a
positive pitch angle, denoted 8,,,,.,, to be a counter-clockwise
rotation about the positive y-axis, and a positive roll angle,
denoted 6,_;, to be a counter-clockwise rotation about the
positive x-axis.

[0058] In some demonstrative embodiments, location esti-
mator 140 may determine an estimated location of device 102
with respect to the NED navigation coordinate system.
[0059] In some demonstrative embodiments, sensors 130
may provide the location parameters with respect to a body
coordinate frame of device 102.

[0060] In some demonstrative embodiments, location esti-
mator 140 may transform the location parameters from the
body coordinate frame of device 102 into the NED navigation
coordinate system, for example, by utilizing a rotation matrix
(RMAT). In other embodiments, sensors 130 and/or location
estimator 140 may utilize any other coordinate systems, and/
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or location estimator 140 may transform the location param-
eters from the body coordinate frame of device 102 into the
NED navigation coordinate system, for example, by utilizing
any other method and/or algorithm.

[0061] Insome demonstrative embodiments, location esti-
mator 140 may determine an estimated location of device 102
based on the orientation of device 102 and the movement of
device 102. For example, device 102 may calculate a distance
and a direction from a previous known location of device 102,
e.g., provided by the GPS signals or provided by a previous
calculation of the estimated location of device 102, based on
the movement and/or the orientation of device 102.

[0062] Insome demonstrative embodiments, location esti-
mator 140 may determine the estimated location of device
102 at a relatively low accuracy level, for example, if the
estimated orientation of device 102 is not accurate.

[0063] Insome demonstrative embodiments, location esti-
mator 140 may estimate the orientation of device 102 at a
relatively low accuracy level, for example, if location estima-
tor 140 estimates the orientation of device 102 based on the
magnetic information from magnetometer 127 and/or the
acceleration information from accelerometer 126, e.g., if the
magnetic information from magnetometer 127 and/or the
acceleration information from accelerometer 126 have a low
accuracy level.

[0064] Inoneexample, magnetometer 127 may provide the
magnetic information at a relatively low accuracy level, for
example, if electrical devices and/or ferromagnetic elements
in the indoor environment cause deviations in the magnetic
fields. As a result, location estimator 140 may not be able to
determine the yaw of device 102 at a relatively high level of
accuracy based on the magnetic information.

[0065] Inanother example, accelerometer 126 may provide
the vertical acceleration parameters at a relatively low accu-
racy level, for example, if the vertical acceleration parameters
are affected and/or not differentiated from gravity. As a result,
location estimator 140 may not be able to determine the pitch
and/or the roll of device 102 at a relatively high level of
accuracy based on the vertical acceleration parameters.

[0066] In some demonstrative embodiments, location esti-
mator 140 may estimate the orientation of device 102 based
on the gyroscope orientation information from gyroscope
125. For example, estimating the orientation of device 102
based on the information from gyroscope 125 may produce a
relatively better accuracy, e.g., compared to estimating the
orientation of device 102 based on the information from
accelerometer 126 and/or magnetometer 127.

[0067] In some demonstrative embodiments, gyroscope
125 may provide the gyroscope orientation parameters at a
relatively low accuracy level, for example, due to mechanical
errors, calibration errors and/or measurements errors.

[0068] In some demonstrative embodiments, gyroscope
125 may include, for example, a relatively low cost gyro-
scope. For example, gyroscope 125 may include a low cost
micro-electrical-mechanical systems (MEMS) gyroscope
sensor. Low cost MEMS often suffer from a gyroscope bias
drift and large sensor measurement noise. Accordingly, a
consumer low grade gyroscope MEMS sensor may drift tens
of degrees per hour, which significantly limits an orientation
accuracy of device 102.

[0069] In one example, the gyroscope orientation param-
eters may include orientation errors, for example, from the
relatively large sensor measurement noise. The orientation
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error may add or subtract a random number of degrees from
the gyroscope orientation parameters.

[0070] In another example, the gyroscope orientation
parameters may include the orientation errors, for example,
from the gyroscope bias drift. The orientation errors may
cause, for example, a drift of tens of degrees per hour at the
gyroscope orientation parameters.

[0071] In some demonstrative embodiments, the orienta-
tion errors may affect the gyroscope orientation parameters
and may increase and/or accumulate over time.

[0072] Some demonstrative embodiments may enable cor-
recting the orientation errors of gyroscope 125, e.g., caused
by the gyroscope bias drift and/or the sensor measurement
noise.

[0073] Some demonstrative embodiments may enable cor-
recting the orientation errors, for example, even without using
any external reference, e.g., without using a Kalman filter.
[0074] In some demonstrative embodiment, device 102
may include an orientation estimator 132 configured to esti-
mate an orientation of device 102, for example, even without
using any external reference, e.g., as described in detail
below.

[0075] In some demonstrative embodiments, orientation
estimator 132 may be implemented by an integrated circuit
(IC) 119. For example, IC 119 may have an input 121 to
receive one or more inputs from one or more elements of
device 102, and an output 123 to provide one or more outputs
from IC 119 to one or more elements of device 102, e.g., as
described below. In other embodiments, orientation estimator
132 may be implemented as any other element of device 102,
e.g., using hardware, software, firmware, and/or the like.
[0076] In some demonstrative embodiments, orientation
estimator 132 may correct the orientation errors of gyroscope
125.

[0077] In some demonstrative embodiments, orientation
estimator 132 may determine the orientation parameters of
device 102 based on steps of a user carrying mobile device
102.

[0078] In some demonstrative embodiments, orientation
estimator 132 may correct the yaw of device 102 based on the
steps of the user carrying mobile device 102.

[0079] In some demonstrative embodiments, a heading of
device 102 may be aligned with a heading direction of the
user of device 102. Accordingly, changes in the heading
direction of the user may be reflected by a yaw angular rota-
tion of device 102.

[0080] In some demonstrative embodiments, a rate of
change of the yaw angular rotation of device 102 with respect
to a number of steps of the user of device 102 may be corre-
lated to a turn of the user of device 102. In one example, a
relatively high rate of change of the yaw angular rotation
within a relatively small number of steps may indicate that the
user of device 102 is making a turn. In one example, the user
of device 102 may complete a turn within two steps and,
accordingly, a relatively large change of the yaw angle of
device 102 within two steps may indicate the user of device
102 is making a turn.

[0081] In some demonstrative embodiments, orientation
estimator 132 may classify the yaw angular rotation of device
102 as an angular rotation caused by the turn of the user of
device 102 (“an intentional yaw change™); or as an angular
rotation, which is not caused by a turn of the user of device
012 (“an unintentional yaw change”). For example, the unin-
tentional yaw change may result from small changes in a
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posture and/or in stride phases of the user of device 102, from
the gyroscope bias drift and/or from the measurement noise
of gyroscope 125

[0082] In some demonstrative embodiments, orientation
estimator 132 may classify the yaw angular rotation of device
102 as an intentional yaw change or an unintentional yaw
change, for example, based on the rate of change of the yaw
angular rotation of device 102 with respect to the number of
steps.

[0083] Inoneexample, orientation estimator 132 may clas-
sify the yaw angular rotation of device 102 as an intentional
yaw change, for example, if the yaw angular rotation of
device 102 includes a relatively large change in the yaw
angular rotation of device 102, e.g., greater than 10 degrees,
per step. Such intentional yaw change may result, for
example, from a relatively large change in the heading direc-
tion of the user, e.g., a turn of the user along a walking path.
[0084] In another example, orientation estimator 132 may
classify the yaw angular rotation of device 102 as an uninten-
tional yaw change, for example, if the yaw angular rotation of
device 102 includes a relatively small yaw change in the yaw
angular rotation, e.g., less than 10 degrees, per step. Such
unintentional yaw change may result, for example, from
small changes in the posture and/or in stride phases of the user
of device 102, from the gyroscope bias drift, and/or from the
measurement noise of gyroscope 125. Accordingly, the rela-
tively small yaw change in the yaw angular rotation may not
be correlated with the heading direction of the user of device
102.

[0085] Inoneexample, orientation estimator 132 may clas-
sify the yaw angular rotation of device 102 as an unintentional
yaw change of device 102, if the user walks along a substan-
tially straight path without making any turns.

[0086] In some demonstrative embodiments, orientation
estimator 132 may correct the pitch and the roll, e.g., the tilt,
of device 102 based on rate of change of the tilt angular
rotation of device 102 with respect to the steps of the user
carrying mobile device 102, e.g., as described below.

[0087] In some demonstrative embodiments, a tilting of
device 102 by the user may be reflected by a tilt angular
rotation, e.g., a pitch angular rotation and/or a roll angular
rotation, of device 102.

[0088] In some demonstrative embodiments, orientation
estimator 132 may classify the tilt angular rotation of device
102 as an angular rotation caused by an intentional tilt of
device 102 (“an intentional tilt change™); or as an angular
rotation, which is caused by intentional tilt of device 102 by
the user of device (“an unintentional tilt change”). For
example, the unintentional tilt change may result, for
example, from relatively small changes in the posture and/or
in stride phases of the user of device 102, from the gyroscope
bias drift, and/or from the measurement noise of gyroscope
125.

[0089] Inoneexample, orientation estimator 132 may clas-
sify the tilt angular rotation of device 102 as an intentional tilt
change, for example, if the tilt angular rotation of device 102
includes arelatively large change in the tilt angular rotation of
device 102, e.g., greater than 10 degrees, per step. Such inten-
tional tilt change may result, for example, from an intentional
tilt of device 102 by the user of device 102.

[0090] In another example, orientation estimator 132 may
classify the tilt angular rotation of device 102 as an uninten-
tional yaw change of device 102, for example, if the tilt
angular rotation of device 102 includes a relatively small
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change in the tilt angular rotation, e.g., less than 10 degrees,
per step. Such unintentional tilt change may result, for
example, from the relatively small changes in the posture
and/or in stride phases of the user of device 102, the gyro-
scope bias drift, and/or the measurement noise of gyroscope
125.

[0091] For example, the relatively small change may be
correlated with the walking rhythm of the user of device 102
and/or a hand movement of a hand of the user carrying mobile
device 102

[0092] In some demonstrative embodiments, device 102
may include a pedometer 124 configured to detect one or
more steps of the user of device 102.

[0093] In some demonstrative embodiments, pedometer
124 may include a software module and/or a hardware mod-
ule configured to detect steps of the user. For example,
pedometer 124 may utilize the acceleration information pro-
vided by accelerometer 126, for example, to detect a positive
vertical acceleration and/or a negative vertical acceleration
associated with a rhythm of steps of the user of device 102,
e.g., when walking along a walking path.

[0094] In some demonstrative embodiments, orientation
estimator 132 may determine at least one orientation param-
eter of mobile device 102.

[0095] In some demonstrative embodiments, the at least
one orientation parameter may include at least one orientation
parameter of a yaw of mobile device 102, a pitch of mobile
device 102 and/or a roll of mobile device 102.

[0096] In some demonstrative embodiments, orientation
estimator 132 may receive an indication 129 of first and
second consecutive steps of the user carrying mobile device
102. For example, orientation estimator 132 may receive
indication 129 from pedometer 124, e.g., upon detection of
the first and second consecutive steps by pedometer 124.
[0097] In some demonstrative embodiments, orientation
estimator 132 may determine an angular rotation of the ori-
entation parameter between the first and second steps.
[0098] In some demonstrative embodiments, orientation
estimator 132 may determine a yaw angular rotation of the
yaw of device 102 between the first and second steps, a pitch
angular rotation of the pitch of device 102 between the first
and second steps and/or a roll angular rotation of the roll of
device 102 between the first and second steps.

[0099] In some demonstrative embodiments, orientation
estimator 132 may determine the angular rotation of the ori-
entation parameter based on an integral of a sequence of
values of the orientation parameter measured by gyroscope
125 between the first step and the second step. For example,
orientation estimator 132 may determine the yaw angular
rotation based on an integral of a sequence of yaw parameter
measurements provided by gyroscope 125 between the first
step and the second step.

[0100] In some demonstrative embodiments, orientation
estimator 132 may determine the orientation parameter based
on a comparison between the angular rotation and at least one
predefined angular rotation threshold.

[0101] In some demonstrative embodiments, orientation
estimator 132 may determine a yaw value representing the
yaw of device 102 based on a comparison between the yaw
angular rotation between the first and second steps, and a
predefined yaw angular rotation threshold.

[0102] Insome demonstrative embodiments, the yaw value
may include an adjusted value configured to correct the gyro-
scope yaw error. For example, the yaw value may include a
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value to correct a yaw angular rotation of device 102, which
may result from an unintentional yaw change.

[0103] In some demonstrative embodiments, orientation
estimator 132 may update the yaw value, for example, if the
yaw angular rotation is greater than the predefined yaw angu-
lar rotation threshold.

[0104] In some demonstrative embodiments, orientation
estimator 132 may update the yaw value based on the yaw
angular rotation and a yaw bias.

[0105] In some demonstrative embodiments, orientation
estimator 132 may update the yaw bias based on the yaw
angular rotation, for example, if the yaw angular rotation is
less than the predefined yaw angular rotation threshold.
[0106] In some demonstrative embodiments, the yaw bias
may be determined according to a moving average (“the yaw
moving average”) of yaw angular rotation values lesser than
the predefined yaw angular rotation threshold.

[0107] Insome demonstrative embodiments, the yaw mov-
ing average may include a moving average, within a time
window (“yaw time window”), of one or more yaw angular
rotation values, which are less than the predefined yaw angu-
lar rotation threshold. The yaw time window may include, for
example, a time window having a predefined duration and
ending at a time of the second step. For example, the user of
device 102 may walk at a rate of one step per second, and the
yaw time window may include 20 seconds. According to this
example, the yaw moving average may include a moving
average of the last 20 yaw angular rotations of the last 20 steps
of the user of device 102.

[0108] In some demonstrative embodiments, orientation
estimator 132 may utilize the yaw moving average, for
example, to remove an impact of the unintentional yaw
changes on the yaw angular rotation of device 102. For
example, the unintentional yaw changes of the yaw may be
canceled out, for example, if the unintentional yaw changes
are random, e.g., as a result of the gyroscope measurement
noise.

[0109] In some demonstrative embodiments, orientation
estimator 132 may update the yaw value based on a difference
between the yaw angular rotation and the yaw bias.

[0110] In some demonstrative embodiments, orientation
estimator 132 may reset the yaw value, for example, if the
yaw angular rotation is less than the predefined yaw angular
rotation threshold, e.g., if the yaw angular rotation results
from unintentional yaw change.

[0111] For example, pedometer 124 may detect first and
second consecutive steps of a user carrying device 102. Ori-
entation estimator 132 may receive indication 129 from
pedometer 124 indicating the first and second steps.

[0112] In one example, orientation estimator 132 may
determine a yaw angular rotation of 40 degrees between the
first and second steps. Orientation estimator may update the
yaw value to be 38 degrees, for example, if the predefined yaw
angular rotation threshold is less than 38 degrees, e.g., 10
degrees, and the yaw bias is 2 degrees.

[0113] In another example, orientation estimator 132 may
determine a yaw angular rotation of 6 degrees between the
first and second steps. Orientation estimator may reset the
yaw value, e.g., to be zero degrees, for example, if the pre-
defined yaw angular rotation threshold is greater than 6
degrees, e.g., 10 degrees.

[0114] In some demonstrative embodiments, orientation
estimator 132 may reset a pitch value representing the pitch
and a roll value representing the roll, for example, if a pitch
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angular rotation of the pitch between the first and second steps
is less than a predefined pitch rotation threshold, and a roll
angular rotation of the roll between the first and second steps
is less than a predefined roll rotation threshold.

[0115] In some demonstrative embodiments, the pre-
defined roll rotation threshold and the predefined pitch rota-
tion threshold may be both represented by a single predefined
threshold, e.g., a predefined tilt threshold. In other embodi-
ments, the predefined roll rotation threshold and the pre-
defined pitch rotation threshold may be different.

[0116] In some demonstrative embodiments, the pitch
value and/or the roll value may include adjusted values con-
figured to correct the gyroscope related errors. For example,
the roll value and/or the pitch value may correct the roll
angular rotation and/or the pitch angular rotation, for
example, if the roll angular rotation and the pitch angular
rotation of device 102 result from an unintentional tilt change.
[0117] In some demonstrative embodiments, orientation
estimator 132 may update a moving average (“pitch moving
average”) based on the pitch angular rotation, e.g., if the pitch
angular rotation is less than the predefined pitch rotation
threshold; and/or orientation estimator 132 may update a
moving average (“roll moving average”) based on the roll
angular rotation, e.g., if the roll angular rotation is less than
the predefined roll rotation threshold.

[0118] In some demonstrative embodiments, the pitch
moving average may include a moving average, within a time
window (“pitch time window™), of pitch angular rotation
values, which are less than the predefined pitch angular rota-
tion threshold. The pitch time window may include, for
example, a time window having a predefined duration and
ending at a time of the second step.

[0119] In some demonstrative embodiments, the roll mov-
ing average may include a moving average, within a time
window (“roll time window”), of roll angular rotation values,
which are less than the predefined roll angular rotation thresh-
old. The roll time window may include, for example, a time
window having a predefined duration and ending at a time of
the second step.

[0120] In some demonstrative embodiments, the roll time
window and the pitch time window may have the same dura-
tion. For example, orientation estimator 132 may update the
pitch moving average and the roll moving average within a tilt
time window. In other embodiments, the roll time window
and the pitch time window may have different durations.
[0121] In some demonstrative embodiments, the tilt time
window may include, for example, a time period longer than
the yaw time window. For example, the tilt time window may
include 20 seconds and the yaw time window may include 10
seconds. In other embodiments, the tilt time window and the
yaw time window may include any other different or equal
time periods.

[0122] In some demonstrative embodiments, a pitch bias
may include the pitch moving average within the tilt time
window and/or the roll bias may include the roll moving
average within the tilt time window.

[0123] For example, pedometer 124 may detect first and
second consecutive steps of the user carrying device 102.
Orientation estimator 132 may receive indication 127 from
pedometer 124 including the first and second steps.

[0124] In one example, orientation estimator 132 may
determine a roll angular rotation of 5 degrees and a pitch
angular rotation of 3 degrees between the first and second
steps. Orientation estimator 132 may reset the pitch value and
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the yaw value, e.g., to be zero degrees, and may update the
pitch bias with the pitch moving average and the roll bias with
the roll moving average within the tilt time window, for
example, if the predefined pitch angular rotation threshold
and the yaw angular rotation are greater than 5 degrees, e.g.,
10 degrees.

[0125] In some demonstrative embodiments, the tilt angu-
lar rotation threshold and/or the yaw angular rotation thresh-
old may be adjusted, for example, based on human motion
properties and/or trajectory constrains.

[0126] In one example, the yaw angular rotation threshold
may be reduced, for example, if the user of device 102 walks
in an environment, e.g., a relatively open outdoor space, in
which non-straight line movement may happen more fre-
quently, for example, compared to an indoor environment,
e.g., a building.

[0127] Inanother example, the yaw angular rotation thresh-
old may be used, for example, to determine an angular devia-
tion from a center of a circular hallway, for example, if a map,
e.g., of afloor plan, of an indoor environment, e.g., a building,
is available and the map indicates that the user is walking
down a circular hallway.

[0128] In some demonstrative embodiments, orientation
estimator 132 may improve orientation accuracy by enabling
location estimator 140 to correct the gyroscope related errors,
e.g., to prevent the gyroscope related errors from affecting the
estimated location of device 102. Accordingly, orientation
estimator 132 may improve an accuracy of the estimated
location of device 102, e.g., when device 102 is located at an
indoor location.

[0129] In some demonstrative embodiments, orientation
estimator 132 may enable avoiding accumulation of the gyro-
scope errors, for example, by resetting the yaw value, the roll
value and/or the pitch value at a step, e.g., as a result from an
unintentional yaw change and/or an unintentional tilt change.
[0130] In some demonstrative embodiments, orientation
estimator 132 may perform an online calibration of angular
errors, for example, by calculating the yaw moving average,
the pitch moving average and/or the roll moving average. For
example, the relatively small angular rotations within each
step may be caused by the gyroscope drift bias, by the mea-
surement noise, by an unintentional random motion. Accord-
ingly, the online calibration may enable removing an impact
of the relatively small angular rotations. For example, rela-
tively small angular rotations caused by random motions are
likely to be cancelled out. As a result, orientation estimator
132 may perform an online calibration of the gyroscope bias
drift, for example, to track orientation changes for a signifi-
cant period of time, e.g., greater than ten minutes.

[0131] In some demonstrative embodiments, orientation
estimator 132 may perform a Self-contained error correction
of'the gyroscope related errors. For example, orientation esti-
mator 132 may not depend on any other sensor or any other
external reference to perform the correction. This is in con-
trast to other methods of correcting the gyroscope related
errors, for example, using Kalman a filter to track the tilt bias
changes, which may rely on an external reference signal, e.g.,
such as gravity, which may require the user to be in a station-
ary position, for example, to enable separation of gravity from
the vertical linear acceleration.

[0132] Reference is made to FIG. 3, which schematically
illustrates a flow chart of a method of correcting orientation
errors of a mobile device, in accordance with some demon-
strative embodiments. In some embodiments, one or more of
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the operations of the method of FIG. 3 may be performed by
a system, e.g., system 100 (FIG. 1), a mobile device, e.g.,
device 102 (FIG. 1), and/or an orientation estimator, e.g.,
orientation estimator 132 (FIG. 1).

[0133] As indicated at block 302, the method may include
detecting steps of the user carrying the mobile device. For
example, pedometer 124 (FIG. 1) may detect the steps of the
user, e.g., as described above.

[0134] As indicated at block 304, the method may include
detecting a current step (“the i, step”). For example, pedom-
eter 124 (FIG. 1) may detect the first step, e.g., as described
above.

[0135] As indicated at block 306, the method may include
using gyroscope samples between the current step and a pre-
ceding step (“the (i-1),, step”) to calculate angular rotation
between the current step and the preceding step. For example,
orientation estimator 132 (FIG. 1) may determine the yaw
angular rotation based on the yaw parameter measurements
provided by gyroscope 125 (FIG. 1), e.g., as described above.

[0136] As indicated at block 306, the calculated angular
rotation may include a yaw angular rotation, denoted step,,,,
(1), a pitch angular rotation, denoted step,,,,.,(i), and/or a roll
angular rotation, denoted step,,, (i) with respect to a sensor
body coordinate frame. For example, orientation estimator
132 (FIG. 1) may determine the yaw angular rotation, the
pitch angular rotation and/or the roll angular rotation, e.g., as
described above.

[0137] As indicated at block 308, the method may include
determining whether or not the calculated pitch angular rota-
tion and/or the calculated roll angular rotation are less than a
predefined tilt threshold, denoted d,,;,. For example, orienta-
tion estimator 132 (FIG. 1) may determine whether or not the
roll angular rotation and/or the pitch angular rotation are less
than the predefined tilt angular rotation threshold, e.g., as
described above.

[0138] As indicated at block 310, the method may include
updating the yaw angular rotation based on a difference
between the calculated yaw angular rotation and a yaw bias,
denoted b, ; updating the pitch angular rotation based on a
difference between the calculated pitch angular rotation and a
pitch bias, denoted b,,,,,; and updating the roll angular rota-
tion based on a difference between the calculated roll angular
rotation and a roll bias, denoted b,_;, for example, if the
calculated pitch angular rotation and/or the calculated roll
angular rotation are equal to or greater than the predefined tilt
threshold d,;,,. For example, orientation estimator 132 (FIG.
1) may update the yaw value, the pitch value and the roll
value, for example, if the roll angular rotation and/or the pitch
angular rotation are equal to or greater than the predefined tilt
threshold, e.g., as a result of an intentional tilt of device 102
(FIG. 1).

[0139] As indicated at block 312, the method may include
optionally performing a tilt angle recalibration. For example,
orientation estimator 132 (FIG. 1) may recalibrate a tilt angle
of'device 102 (FIG. 1), e.g., as a result of the intentional tilt of
device 102 (FIG. 1).

[0140] As indicated at block 314, the method may include
detecting an unintentional tilt of the mobile device, for
example, if the calculated pitch angular rotation and the cal-
culated roll angular rotation is less than the predefined tilt
threshold d,,;,. For example, orientation estimator 132 (FIG.
1) may detect an unintentional tilt of device 102 (FIG. 1), for
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example, if the roll angular rotation and the pitch angular
rotation are less than the predefined tilt threshold, e.g., as
described above.

[0141] As indicated at block 314, detecting the uninten-
tional tilt of the mobile device may include updating the pitch
bias b, and updating the roll bias b,,,,,. For example, ori-
entation estimator 132 (FIG. 1) may update the pitch bias
based and the roll bias.

[0142] As indicated at block 314, updating the pitch bias
b,;.s, may include updating a pitch moving average within a
tilt time window, denoted TW1, with the calculated pitch
angular rotation. For example, orientation estimator 132
(FIG. 1) may update the pitch moving average within the tilt
time window, e.g., as described above.

[0143] Asindicated at block 314, updating the roll bias b,
may include updating a roll moving average within the tilt
time window TW1 with the calculated roll angular rotation.
For example, orientation estimator 132 (FIG. 1) may update
the roll moving average within the tilt time window, e.g., as
described above.

[0144] As indicated at block 316, the method may include
determining whether or not the calculated yaw angular rota-
tion is less than a predefined yaw angular rotation threshold,
denotedd,,,,,. For example, orientation estimator 132 (FIG. 1)
may determine whether or not the yaw angular rotation is less
than the predefined yaw angular rotation threshold, e.g., as
described above.

[0145] As indicated at block 318, the method may include
updating the yaw angular rotation based on a difference
between the calculated yaw angular rotation and the yaw bias
b, resetting the pitch angular rotation and resetting the roll
angular rotation, for example, if the yaw angular rotation is
equal to or greater than the predefined yaw angular rotation
threshold, e.g., indicating an intentional yaw change. For
example, orientation estimator 132 (FIG. 1) may update the
yaw value based on the yaw bias and the yaw angular rotation,
and may reset the pitch value and the roll value, for example,
if the yaw angular rotation is equal to or greater than the
predefined yaw angular rotation threshold, e.g., as described
above.

[0146] As indicated at block 320, the method may include
detecting an unintentional yaw change of the mobile device,
for example, if the calculated yaw angular rotation is less than
the predefined yaw angular rotation threshold. For example,
orientation estimator 132 (FIG. 1) may detect an uninten-
tional yaw change of device 102 (FIG. 1), for example, if the
yaw angular rotation is less than the predefined yaw angular
rotation threshold, e.g., as described above.

[0147] As indicated at block 320, detecting the uninten-
tional yaw may include updating the yaw bias b,,,. For
example, orientation estimator 132 may update the yaw bias.
[0148] As indicated at block 320, updating the yaw bias
b, may include updating the yaw moving average with the
calculated yaw angular rotation, within a yaw time window,
denoted TW2. For example, orientation estimator 132 may
update the yaw moving average based on the yaw angular
rotation within the yaw time window.

[0149] As indicated at block 322, the method may include
resetting the yaw angular rotation, resetting the pitch angular
rotation and resetting the roll angular rotation, for example, if
the yaw angular rotation is less than the predefined yaw
angular rotation threshold, e.g., indicating an unintentional
yaw change. For example, orientation estimator 132 (FIG. 1)
may reset the yaw value, reset the pitch value and the roll
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value, for example, if the yaw angular rotation is less than the
predefined yaw angular rotation threshold, e.g., as described
above.

[0150] As indicated at block 324, the method may include
updating a sensor body frame to navigation frame rotation
matrix (RMAT), for example, upon an update of at least one
orientation parameter of the pitch angular rotation, the roll
angular rotation, and/or the yaw angular rotation, e.g., as
described above with reference to blocks 312, 318 and/or 322.
For example, location estimator 132 (FIG. 1) may update the
navigation frame rotation matrix, for example, upon updating
the yaw value, the roll value and/or the pitch value, e.g., as
describes above.

[0151] Reference is made to FIG. 4, which schematically
illustrates a flow chart of a method of estimating an orienta-
tion of amobile device carried by a user of the mobile device,
in accordance with some demonstrative embodiments. In
some embodiments, one or more of the operations of the
method of FIG. 4 may be performed by a system, e.g., system
100 (FIG. 1), a mobile device, e.g., device 102 (FIG. 1),
and/or an orientation estimator, e.g., orientation estimator
132 (FIG. 1).

[0152] As indicated at block 402, the method may include
receiving an indication of first and second consecutive steps
of a user carrying a mobile device. For example, orientation
estimator 132 (FIG. 1) may receive indication 129 (FIG. 1),
e.g., as described above.

[0153] As indicated at block 404, the method may include
determining an angular rotation of an orientation parameter
of the mobile device between the first and second steps. For
example, orientation estimator 132 (FIG. 1) may determine
the angular rotation of the orientation parameter of mobile
device 102 (FIG. 1) between the first and second steps, e.g., as
described above.

[0154] As indicated at block 406, the method may include
determining the orientation parameter based on a comparison
between the angular rotation and a predefined angular rota-
tion threshold. For example, orientation estimator 132 (FIG.
1) may determine the orientation parameter based on a com-
parison between the angular rotation and the predefined angu-
lar rotation threshold, e.g., as described above.

[0155] As indicated at block 408, determining the orienta-
tion parameter may include determining a yaw value repre-
senting the yaw based on a comparison between a yaw angu-
lar rotation of the yaw between the first and second steps and
a predefined yaw angular rotation threshold. For example,
orientation estimator 132 (FIG. 1) may determine the yaw
value based on a comparison between the yaw angular rota-
tion between the first and second steps and the predefined yaw
angular rotation threshold, e.g., as described above.

[0156] As indicated at block 410, the method may include
updating the yaw value, if the yaw angular rotation is greater
than the predefined yaw angular rotation threshold. For
example, orientation estimator 132 (FIG. 1) may update the
yaw value, if the yaw angular rotation is greater than the
predefined yaw angular rotation threshold, e.g., as described
above.

[0157] As indicated at block 412, updating the yaw value
may include updating the yaw value based on the yaw angular
rotation and a yaw bias. For example, orientation estimator
132 (FIG. 1) may update the yaw value based on the yaw
angular rotation and a yaw bias, e.g., as described above.
[0158] As indicated at block 414, the method may include
resetting the yaw value, if the yaw angular rotation is less than
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the predefined yaw angular rotation threshold. For example,
orientation estimator 132 (FIG. 1) may reset the yaw value, if
the yaw angular rotation is less than the predefined yaw
angular rotation threshold, e.g., as described above.

[0159] As indicated at block 416, resetting the yaw value
may include updating a yaw bias based on a moving average
of'the yaw angular rotation, e.g. if the yaw angular rotation is
less than the predefined yaw angular rotation threshold. For
example, orientation estimator 132 (FIG. 1) may update the
yaw bias based on the yaw moving average, for example, if
the yaw angular rotation is less than the predefined yaw
angular rotation threshold, e.g., as described above.

[0160] Reference is made to FIG. 5, which schematically
illustrates a product of manufacture 500, in accordance with
some demonstrative embodiments. Product 500 may include
a non-transitory machine-readable storage medium 502 to
store logic 504, which may be used, for example, to perform
atleast part of the functionality of mobile device 102 (FIG. 1),
orientation estimator 132 (FIG. 1), and/or to perform one or
more operations of the methods of FIGS. 3 and/or 4. The
phrase “non-transitory machine-readable medium” is
directed to include all computer-readable media, with the sole
exception being a transitory propagating signal.

[0161] In some demonstrative embodiments, product 500
and/or machine-readable storage medium 502 may include
one or more types of computer-readable storage media
capable of storing data, including volatile memory, non-vola-
tile memory, removable or non-removable memory, erasable
or non-erasable memory, writeable or re-writeable memory,
and the like. For example, machine-readable storage medium
502 may include, RAM, DRAM, Double-Data-Rate DRAM
(DDR-DRAM), SDRAM, static RAM (SRAM), ROM, pro-
grammable ROM (PROM), erasable programmable ROM
(EPROM), electrically erasable programmable ROM (EE-
PROM), Compact Disk ROM (CD-ROM), Compact Disk
Recordable (CD-R), Compact Disk Rewriteable (CD-RW),
flash memory (e.g., NOR or NAND flash memory), content
addressable memory (CAM), polymer memory, phase-
change memory, ferroelectric memory, silicon-oxide-nitride-
oxide-silicon (SONOS) memory, a disk, a floppy disk, a hard
drive, an optical disk, a magnetic disk, a card, a magnetic
card, an optical card, a tape, a cassette, and the like. The
computer-readable storage media may include any suitable
media involved with downloading or transferring a computer
program from a remote computer to a requesting computer
carried by data signals embodied in a carrier wave or other
propagation medium through a communication link, e.g., a
modem, radio or network connection.

[0162] Insome demonstrative embodiments, logic 504 may
include instructions, data, and/or code, which, if executed by
a machine, may cause the machine to perform a method,
process and/or operations as described herein. The machine
may include, for example, any suitable processing platform,
computing platform, computing device, processing device,
computing system, processing system, computer, processor,
or the like, and may be implemented using any suitable com-
bination of hardware, software, firmware, and the like.
[0163] Insome demonstrative embodiments, logic 504 may
include, or may be implemented as, software, a software
module, an application, a program, a subroutine, instructions,
an instruction set, computing code, words, values, symbols,
and the like. The instructions may include any suitable type of
code, such as source code, compiled code, interpreted code,
executable code, static code, dynamic code, and the like. The
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instructions may be implemented according to a predefined
computer language, manner or syntax, for instructing a pro-
cessor to perform a certain function. The instructions may be
implemented using any suitable high-level, low-level, object-
oriented, visual, compiled and/or interpreted programming
language, such as C, C++, Java, BASIC, Matlab, Pascal,
Visual BASIC, assembly language, machine code, and the
like.

EXAMPLES
[0164] The following examples pertain to further embodi-
ments.
[0165] Example 1 includes an apparatus comprising an

integrated circuit, an input to the integrated circuit, and an
output from the integrated circuit, the integrated circuit com-
prising an orientation estimator to receive an indication of
first and second consecutive steps of a user carrying a mobile
device, to determine an angular rotation of the orientation
parameter between the first and second steps, and to deter-
mine a value of the orientation parameter based on a com-
parison between the angular rotation and at least one angular
rotation threshold.

[0166] Example 2 includes the subject matter Example 1,
and optionally, wherein the at least one orientation parameter
comprises at least one orientation parameter selected from the
group consisting of a yaw of the mobile device, a pitch of the
mobile device and a roll of the mobile device.

[0167] Example 3 includes the subject matter Example 2,
and optionally, wherein the orientation estimator is to deter-
mine ayaw value representing the yaw based on a comparison
between a yaw angular rotation of the yaw between the steps
and a yaw angular rotation threshold.

[0168] Example 4 includes the subject matter Example 3,
and optionally, wherein the orientation estimator is to update
the yaw value, if the yaw angular rotation is greater than the
yaw angular rotation threshold.

[0169] Example 5 includes the subject matter Example 4,
and optionally, wherein the orientation estimator is to update
the yaw value based on the yaw angular rotation and a yaw
bias.

[0170] Example 6 includes the subject matter Example 5,
and optionally, wherein the orientation estimator is to update
the yaw bias based on the yaw angular rotation, if the yaw
angular rotation is less than the yaw angular rotation thresh-
old.

[0171] Example 7 includes the subject matter Example 5 or
6, and optionally, wherein the orientation estimator is to
update the yaw bias according a yaw moving average, within
a time window, of one or more yaw angular rotation values,
which are less than the yaw angular rotation threshold.
[0172] Example 8 includes the subject matter any one of
Examples 3-7, and optionally, wherein the orientation esti-
mator is to reset the yaw value, if the yaw angular rotation is
less than the yaw angular rotation threshold.

[0173] Example 9 includes the subject matter any one of
Examples 3-8, and optionally, wherein the orientation esti-
mator is to reset a pitch value representing the pitch and a roll
value representing the roll, if a pitch angular rotation of the
pitch between the steps is less than a pitch angular rotation
threshold, and a roll angular rotation of the roll between the
steps is less than a roll angular rotation threshold.

[0174] Example 10 includes the subject matter Example 9,
and optionally, wherein the orientation estimator is to update
the pitch value, if the pitch angular rotation is greater than the
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pitch angular rotation threshold; and to update the roll value,
if the roll angular rotation is greater than the roll angular
rotation threshold.

[0175] Example 11 includes the subject matter Example
10, and optionally, wherein the orientation estimator is to
update the pitch value based on the pitch angular rotation and
a pitch bias, and to update the roll value based on the roll
angular rotation and a roll bias.

[0176] Example 12 includes the subject matter Example
11, and optionally, wherein the orientation estimator is to
update the pitch bias according to a pitch moving average of
one or more pitch angular rotation values, which are less than
the pitch angular rotation threshold, and to update the roll bias
according to a roll moving average of roll angular rotation
values, which are less than the roll angular rotation threshold.
[0177] Example 13 includes the subject matter any one of
Examples 1-12, and optionally, wherein the orientation esti-
mator is to determine the angular rotation based on an integral
of'a sequence of measured values of the orientation parameter
between the first step and the second step.

[0178] Example 14 includes the subject matter any one of
Examples 1-13, and optionally, wherein the orientation esti-
mator is to correct one or more orientation errors of a gyro-
scope of the mobile device based on the value of the orienta-
tion parameter.

[0179] Example 15 includes the subject matter any one of
Examples 1-14, and optionally, wherein the orientation esti-
mator is to operate in an indoor environment.

[0180] Example 16 includes a mobile device comprising a
processor; a memory; a pedometer to detect steps of a user
carrying the mobile device; an orientation sensor to measure
atleast one orientation parameter of the mobile device; and an
orientation estimator to receive an indication from the
pedometer of first and second consecutive steps, to determine
an angular rotation of the orientation parameter between the
steps, and to adjust a value of the orientation parameter based
on a comparison between the angular rotation and a pre-
defined angular rotation threshold.

[0181] Example 17 includes the subject matter Example
16, and optionally, wherein the at least one orientation param-
eter comprises at least one orientation parameter selected
from the group consisting of a yaw of the mobile device, a
pitch of the mobile device and a roll of the mobile device.
[0182] Example 18 includes the subject matter Example
17, and optionally, wherein the orientation estimator is to
determine a yaw value representing the yaw based on a com-
parison between a yaw angular rotation of the yaw between
the steps and a yaw angular rotation threshold.

[0183] Example 19 includes the subject matter Example
18, and optionally, wherein the orientation estimator is to
update the yaw value, if the yaw angular rotation is greater
than the yaw angular rotation threshold.

[0184] Example 20 includes the subject matter Example
19, and optionally, wherein the orientation estimator is to
update the yaw value based on the yaw angular rotation and a
yaw bias.

[0185] Example 21 includes the subject matter Example
20, and optionally, wherein the orientation estimator is to
update the yaw bias based on the yaw angular rotation, if the
yaw angular rotation is less than the yaw angular rotation
threshold.

[0186] Example 22 includes the subject matter Example 20
or 21, and optionally, wherein the orientation estimator is to
update the yaw bias according a yaw moving average, within
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a time window, of one or more yaw angular rotation values,
which are less than the yaw angular rotation threshold.

[0187] Example 23 includes the subject matter any one of
Examples 18-22, and optionally, wherein the orientation esti-
mator is to reset the yaw value, if the yaw angular rotation is
less than the yaw angular rotation threshold.

[0188] Example 24 includes the subject matter any one of
Examples 18-23, and optionally, wherein the orientation esti-
mator is to reset a pitch value representing the pitch and a roll
value representing the roll, if a pitch angular rotation of the
pitch between the steps is less than a pitch angular rotation
threshold, and a roll angular rotation of the roll between the
steps is less than a roll angular rotation threshold.

[0189] Example 25 includes the subject matter Example
24, and optionally, wherein the orientation estimator is to
update the pitch value, if the pitch angular rotation is greater
than the pitch angular rotation threshold; and to update the
roll value, if the roll angular rotation is greater than the roll
angular rotation threshold.

[0190] Example 26 includes the subject matter Example
25, and optionally, wherein the orientation estimator is to
update the pitch value based on the pitch angular rotation and
a pitch bias, and to update the roll value based on the roll
angular rotation and a roll bias.

[0191] Example 27 includes the subject matter Example
26, and optionally, wherein the orientation estimator is to
update the pitch bias according to a pitch moving average of
one or more pitch angular rotation values, which are less than
the pitch angular rotation threshold, and to update the roll bias
according to a roll moving average of roll angular rotation
values, which are less than the roll angular rotation threshold.

[0192] Example 28 includes the subject matter any one of
Examples 16-27, and optionally, wherein the orientation esti-
mator is to determine the angular rotation based on an integral
of'a sequence of measured values of the orientation parameter
between the first step and the second step.

[0193] Example 29 includes the subject matter any one of
Examples 16-28, and optionally, wherein the orientation esti-
mator is to correct one or more orientation errors of a gyro-
scope of the mobile device based on the value of the orienta-
tion parameter.

[0194] Example 30 includes the subject matter any one of
Examples 16-29, and optionally, wherein the orientation esti-
mator is to operate in an indoor environment.

[0195] Example 31 includes a method comprising receiv-
ing an indication of first and second consecutive steps of a
user carrying a mobile device; determining an angular rota-
tion of an orientation parameter of the mobile device between
the first and second steps; and determining a value of the
orientation parameter based on a comparison between the
angular rotation and a predefined angular rotation threshold.

[0196] Example 32 includes the subject matter Example
31, and optionally, wherein the at least one orientation param-
eter comprises at least one orientation parameter selected
from the group consisting of a yaw of the mobile device, a
pitch of the mobile device and a roll of the mobile device.

[0197] Example 33 includes the subject matter Example
32, and optionally, comprising determining a yaw value rep-
resenting the yaw based on a comparison between a yaw
angular rotation of the yaw between the steps and a predefined
yaw angular rotation threshold.
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[0198] Example 34 includes the subject matter Example
33, and optionally, comprising updating the yaw value, if the
yaw angular rotation is greater than the predefined yaw angu-
lar rotation threshold.

[0199] Example 35 includes the subject matter Example
34, and optionally, comprising updating the yaw value based
on the yaw angular rotation and a yaw bias.

[0200] Example 36 includes the subject matter Example
35, and optionally, comprising updating the yaw bias based
on the yaw angular rotation, if the yaw angular rotation is less
than the predefined yaw angular rotation threshold.

[0201] Example 37 includes the subject matter Example 35
or 36, and optionally, comprising updating the yaw bias
according a yaw moving average, within a time window, of
one or more yaw angular rotation values, which are less than
the yaw angular rotation threshold.

[0202] Example 38 includes the subject matter any one of
Examples 33-37, and optionally, comprising resetting the
yaw value, if the yaw angular rotation is less than the pre-
defined yaw angular rotation threshold.

[0203] Example 39 includes the subject matter any one of
Examples 33-38, and optionally, comprising resetting a pitch
value representing the pitch and a roll value representing the
roll, if a pitch angular rotation of the pitch between the steps
is less than a predefined pitch rotation threshold, and a roll
angular rotation of the roll between the steps is less than a
predefined roll rotation threshold.

[0204] Example 40 includes the subject matter Example
39, and optionally, comprising updating the pitch value, if the
pitch angular rotation is greater than the pitch angular rotation
threshold; and updating the roll value, if the roll angular
rotation is greater than the roll angular rotation threshold.
[0205] Example 41 includes the subject matter Example
40, and optionally, comprising updating the pitch value based
onthe pitch angular rotation and a pitch bias, and updating the
roll value based on the roll angular rotation and a roll bias.
[0206] Example 42 includes the subject matter Example
41, and optionally, comprising updating the pitch bias accord-
ing to a pitch moving average of one or more pitch angular
rotation values, which are less than the pitch angular rotation
threshold, and updating the roll bias according to a roll mov-
ing average of roll angular rotation values, which are less than
the roll angular rotation threshold.

[0207] Example 43 includes the subject matter any one of
Examples 31-42, and optionally, comprising determining the
angular rotation based on an integral of a sequence of mea-
sured values of the orientation parameter between the first
step and the second step.

[0208] Example 44 includes the subject matter any one of
Examples 31-43, and optionally, comprising correcting one
ormore orientation errors of a gyroscope of the mobile device
based on the value of the orientation parameter.

[0209] Example 45 includes the subject matter any one of
Examples 31-44, and optionally, comprising determining the
value of the orientation parameter in an indoor environment.
[0210] Example 46 includes a product including a non-
transitory storage medium having stored thereon instructions
that, when executed by a machine, result in receiving an
indication of first and second consecutive steps of a user
carrying a mobile device; determining an angular rotation of
an orientation parameter of the mobile device between the
first and second steps; and determining a value of the orien-
tation parameter based on a comparison between the angular
rotation and a predefined angular rotation threshold.
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[0211] Example 47 includes the subject matter Example
46, and optionally, wherein the at least one orientation param-
eter comprises at least one orientation parameter selected
from the group consisting of a yaw of the mobile device, a
pitch of the mobile device and a roll of the mobile device.
[0212] Example 48 includes the subject matter Example
47, and optionally, wherein the instructions result in deter-
mining a yaw value representing the yaw based on a compari-
son between a yaw angular rotation of the yaw between the
steps and a predefined yaw angular rotation threshold.
[0213] Example 49 includes the subject matter Example
48, and optionally, wherein the instructions result in updating
the yaw value, if the yaw angular rotation is greater than the
predefined yaw angular rotation threshold.

[0214] Example 50 includes the subject matter Example
49, and optionally, wherein the instructions result in updating
the yaw value based on the yaw angular rotation and a yaw
bias.

[0215] Example 51 includes the subject matter Example
50, and optionally, wherein the instructions result in updating
the yaw bias based on the yaw angular rotation, if the yaw
angular rotation is less than the predefined yaw angular rota-
tion threshold.

[0216] Example 52 includes the subject matter Example 50
or 51, and optionally, wherein the instructions result in updat-
ing the yaw bias according a yaw moving average, within a
time window, of one or more yaw angular rotation values,
which are less than the yaw angular rotation threshold.
[0217] Example 53 includes the subject matter any one of
Examples 48-52, and optionally, wherein the instructions
result in resetting the yaw value, if the yaw angular rotation is
less than the predefined yaw angular rotation threshold.
[0218] Example 54 includes the subject matter any one of
Examples 48-53, and optionally, wherein the instructions
result in resetting a pitch value representing the pitch and a
roll value representing the roll, if a pitch angular rotation of
the pitch between the steps is less than a predefined pitch
rotation threshold, and a roll angular rotation of the roll
between the steps is less than a predefined roll rotation thresh-
old.

[0219] Example 55 includes the subject matter Example
54, and optionally, wherein the instructions result in updating
the pitch value, if the pitch angular rotation is greater than the
pitch angular rotation threshold; and updating the roll value,
if the roll angular rotation is greater than the roll angular
rotation threshold.

[0220] Example 56 includes the subject matter Example
55, and optionally, wherein the instructions result in updating
the pitch value based on the pitch angular rotation and a pitch
bias, and updating the roll value based on the roll angular
rotation and a roll bias.

[0221] Example 57 includes the subject matter Example
56, and optionally, wherein the instructions result in updating
the pitch bias according to a pitch moving average of one or
more pitch angular rotation values, which are less than the
pitch angular rotation threshold, and updating the roll bias
according to a roll moving average of roll angular rotation
values, which are less than the roll angular rotation threshold.
[0222] Example 58 includes the subject matter any one of
Examples 46-57, and optionally, wherein the instructions
result in determining the angular rotation based on an integral
of'a sequence of measured values of the orientation parameter
between the first step and the second step.
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[0223] Example 59 includes the subject matter any one of
Examples 46-58, and optionally, wherein the instructions
result in correcting one or more orientation errors of a gyro-
scope of the mobile device based on the value of the orienta-
tion parameter.

[0224] Example 60 includes the subject matter any one of
Examples 46-59, and optionally, wherein the instructions
result in determining the value of the orientation parameter in
an indoor environment.

[0225] Example 61 includes an apparatus comprising
means forreceiving anindication of first and second consecu-
tive steps of a user carrying a mobile device; means for
determining an angular rotation of an orientation parameter
of the mobile device between the first and second steps; and
means for determining a value of the orientation parameter
based on a comparison between the angular rotation and a
predefined angular rotation threshold.

[0226] Example 62 includes the subject matter Example
61, and optionally, wherein the at least one orientation param-
eter comprises at least one orientation parameter selected
from the group consisting of a yaw of the mobile device, a
pitch of the mobile device and a roll of the mobile device.
[0227] Example 63 includes the subject matter Example
62, and optionally, comprising means for determining a yaw
value representing the yaw based on a comparison between a
yaw angular rotation of the yaw between the steps and a
predefined yaw angular rotation threshold.

[0228] Example 64 includes the subject matter Example
63, and optionally, comprising means for updating the yaw
value, if the yaw angular rotation is greater than the pre-
defined yaw angular rotation threshold.

[0229] Example 65 includes the subject matter Example
64, and optionally, comprising means for updating the yaw
value based on the yaw angular rotation and a yaw bias.
[0230] Example 66 includes the subject matter Example
65, and optionally, comprising means for updating the yaw
bias based on the yaw angular rotation, if the yaw angular
rotation is less than the predefined yaw angular rotation
threshold.

[0231] Example 67 includes the subject matter Example 65
or 66, and optionally, comprising means for updating the yaw
bias according a yaw moving average, within a time window,
of one or more yaw angular rotation values, which are less
than the yaw angular rotation threshold.

[0232] Example 68 includes the subject matter any one of
Examples 63-67, and optionally, comprising means for reset-
ting the yaw value, if the yaw angular rotation is less than the
predefined yaw angular rotation threshold.

[0233] Example 69 includes the subject matter any one of
Examples 63-68, and optionally, comprising means for reset-
ting a pitch value representing the pitch and a roll value
representing the roll, if a pitch angular rotation of the pitch
between the steps is less than a predefined pitch rotation
threshold, and a roll angular rotation of the roll between the
steps is less than a predefined roll rotation threshold.

[0234] Example 70 includes the subject matter Example
69, and optionally, comprising means for updating the pitch
value, if the pitch angular rotation is greater than the pitch
angular rotation threshold; and updating the roll value, if the
roll angular rotation is greater than the roll angular rotation
threshold.

[0235] Example 71 includes the subject matter Example
70, and optionally, comprising means for updating the pitch
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value based on the pitch angular rotation and a pitch bias, and
updating the roll value based on the roll angular rotation and
a roll bias.

[0236] Example 72 includes the subject matter Example
71, and optionally, comprising means for updating the pitch
bias according to a pitch moving average of one or more pitch
angular rotation values, which are less than the pitch angular
rotation threshold, and updating the roll bias according to a
roll moving average of roll angular rotation values, which are
less than the roll angular rotation threshold.

[0237] Example 73 includes the subject matter any one of
Examples 61-72, and optionally, comprising means for deter-
mining the angular rotation based on an integral of a sequence
of measured values of the orientation parameter between the
first step and the second step.

[0238] Example 74 includes the subject matter any one of
Examples 61-73, and optionally, comprising means for cor-
recting one or more orientation errors of a gyroscope of the
mobile device based on the value of the orientation parameter.
[0239] Example 75 includes the subject matter any one of
Examples 61-74, and optionally, comprising means for deter-
mining the value of the orientation parameter of the mobile
device in an indoor environment.

[0240] Functions, operations, components and/or features
described herein with reference to one or more embodiments,
may be combined with, or may be utilized in combination
with, one or more other functions, operations, components
and/or features described herein with reference to one or more
other embodiments, or vice versa.

[0241] While certain features have been illustrated and
described herein, many modifications, substitutions,
changes, and equivalents may occur to those skilled in the art.
It is, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall
within the true spirit of the invention.

What is claimed is:

1. An apparatus comprising:

an integrated circuit;

an input to the circuit; and

an output from the circuit,

the integrated circuit including an orientation estimator to

receive an indication of first and second consecutive
steps of a user carrying a mobile device, to determine at
least one angular rotation, between said first and second
steps, of at least one respective orientation parameter of
said mobile device, and to determine a value of said
orientation parameter based on a comparison between
said angular rotation and an angular rotation threshold.

2. The apparatus of claim 1, wherein said at least one
orientation parameter comprises at least one orientation
parameter selected from the group consisting of a yaw of said
mobile device, a pitch of said mobile device and a roll of said
mobile device.

3. The apparatus of claim 2, wherein said orientation esti-
mator is to determine a yaw value representing said yaw based
on a comparison between a yaw angular rotation of said yaw
between said steps and a yaw angular rotation threshold.

4. The apparatus of claim 3, wherein said orientation esti-
mator is to update said yaw value, if said yaw angular rotation
is greater than said yaw angular rotation threshold.

5. The apparatus of claim 4, wherein said orientation esti-
mator is to update said yaw value based on said yaw angular
rotation and a yaw bias.
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6. The apparatus of claim 5, wherein said orientation esti-
mator is to update said yaw bias based on said yaw angular
rotation, if said yaw angular rotation is less than said yaw
angular rotation threshold.

7. The apparatus of claim 5, wherein said orientation esti-
mator is to update said yaw bias according a yaw moving
average, within a time window, of one or more yaw angular
rotation values, which are less than the yaw angular rotation
threshold.

8. The apparatus of claim 3, wherein said orientation esti-
mator is to reset said yaw value, if the yaw angular rotation is
less than the yaw angular rotation threshold.

9. The apparatus of claim 3, wherein said orientation esti-
mator is to reset a pitch value representing said pitch and a roll
value representing said roll, if a pitch angular rotation of said
pitch between said steps is less than a pitch angular rotation
threshold, and a roll angular rotation of said roll between said
steps is less than a roll angular rotation threshold.

10. The apparatus of claim 9, wherein said orientation
estimator is to update said pitch value, if said pitch angular
rotation is greater than said pitch angular rotation threshold,
and to update said roll value, if said roll angular rotation is
greater than said roll angular rotation threshold.

11. The apparatus of claim 10, wherein said orientation
estimator is to update said pitch value based on said pitch
angular rotation and a pitch bias, and to update said roll value
based on said roll angular rotation and a roll bias.

12. The apparatus of claim 11, wherein said orientation
estimator is to update said pitch bias according to a pitch
moving average of one or more pitch angular rotation values,
which are less than the pitch angular rotation threshold, and to
update said roll bias according to a roll moving average of roll
angular rotation values, which are less than the roll angular
rotation threshold.

13. The apparatus of claim 1, wherein said orientation
estimator to determine said angular rotation based on an
integral of a sequence of measured values of said orientation
parameter between the first step and the second step.

14. The apparatus of claim 1, wherein said orientation
estimator is to correct one or more orientation errors of a
gyroscope of said mobile device based on the value of said
orientation parameter.

15. The apparatus of claim 1, wherein said orientation
estimator is operate in an indoor environment.

16. A mobile device comprising:

a processor;

a memory;

a pedometer to detect steps of a user carrying said mobile

device;

an orientation sensor to measure at least one orientation

parameter of said mobile device; and

an orientation estimator to receive an indication from said

pedometer of first and second consecutive steps, to
determine an angular rotation of said orientation param-
eter between said steps, and to adjust a value of said
orientation parameter based on a comparison between
said angular rotation and a predefined angular rotation
threshold.

17. The mobile device of claim 16, wherein said at least one
orientation parameter comprises at least one orientation
parameter selected from the group consisting of a yaw of said
mobile device, a pitch of said mobile device and a roll of said
mobile device.
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18. The mobile device of claim 17, wherein said orientation
estimator is to determine a yaw value representing said yaw
based on a comparison between a yaw angular rotation of said
yaw between said steps and a yaw angular rotation threshold.

19. A method comprising:

receiving an indication of first and second consecutive

steps of a user carrying a mobile device;

determining an angular rotation of an orientation param-

eter of said mobile device between said first and second
steps; and

determining a value of said orientation parameter based on

a comparison between said angular rotation and a pre-
defined angular rotation threshold.

20. The method of claim 19, wherein said at least one
orientation parameter comprises at least one orientation
parameter selected from the group consisting of a yaw of said
mobile device, a pitch of said mobile device and a roll of said
mobile device.

21. The method of claim 20 comprising determining a yaw
value representing said yaw based on a comparison between
a yaw angular rotation of said yaw between said steps and a
predefined yaw angular rotation threshold.

22. A product including a non-transitory storage medium
having stored thereon instructions that, when executed by a
machine, result in:
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receiving an indication of first and second consecutive
steps of a user carrying a mobile device;

determining an angular rotation of an orientation param-
eter of said mobile device between said first and second
steps; and

determining a value of said orientation parameter based on
a comparison between said angular rotation and a pre-
defined angular rotation threshold.

23. The product of claim 22, wherein said at least one
orientation parameter comprises at least one orientation
parameter selected from the group consisting of a yaw of said
mobile device, a pitch of said mobile device and a roll of said
mobile device.

24. The product of claim 23, wherein said instructions
result in determining a yaw value representing said yaw based
on a comparison between a yaw angular rotation of said yaw
between said steps and a predefined yaw angular rotation
threshold.

25. The product of claim 24, wherein said instructions
result in updating said yaw value, if said yaw angular rotation
is greater than said predefined yaw angular rotation threshold.
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