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ESTIMATING HEADING MISALIGNMENT BETWEEN A DEVICE AND A PERSON USING
OPTICAL SENSOR
RELATED APPLICATIONS

{00011 This application claims priority to and the benefit of co-pending U.5. Patent Provisional
Patent Application 62/111,897, filed on February 4, 2015, entitled "Heading Misalignment
Angle Estimation Using Images from Portable Devices Cameras,” by Al-Hamad et al., having

Attorney Docket No. IV5-584/225 .46, and assigned to the assignes of the pressnt application.

BACKGROUND

[0002] Poriable slectronic devices, such as those configured o be handheld or otherwise
associated with a user, are employed in a wide variety of applications and environmenis. The
ubiquity of devices such as mobile phones, smart phones, and other similar devices indicates
the popularity and desire for these types of devices. Increasingly, such devices are equipped
with one or more sensors or other systems for determining the position or motion of the
portable device, including inertial navigation techniques based upon the integration of specific

forces and angular rates as measured by inertial sensors (e.g. accelerometers, gyroscopes).

{00037 Cften, such poriable devices may be associated with a platform that transports the
device, as in the example of a mobile/smart phone being carried by a person. Although the
portable device generally may be transported in the direction of movement of the platform, its
origntation is typically nol constrained, resulting in a misalignment of a heading betwesn the
device heading and the platform heading. The heading misalignment is the difference
batwean the frams aligned with the portable device and the frame aligned with the platform.
As in the example of a mobile phone, it may be held in the user's hand and empioyed in a

variety of orientations relative o the user.

[0G04] Alignment of the inertial sensors within the platform (e.g., alignment of the portable
electronic device containing the inertial sensors with the platform’s forward, fransversal and
vertical axes) is typically required for traditional inertial navigation systems. Where the inertial
sensors are not properly aligned, the positions and attitude calculated using measuremenis
from the inertial sensors will not be representative of the state of the platform. As such, in
order to achieve high accuracy navigation solutions, inertial sensors must be tethered within
the platform. As presented above, portable slectronic devices, however, are able to move
relative 1o a user, whether constrained or unconstrained within the platform, and careful
mounting or fethering of the device o the platform is not an option. Accordingly, knowlsdge of

misalignment is a key factor in enabling an accurate navigation solution.
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BRIEF DESCRIPTION OF DRAWINGS

[0005] The accompanying drawings, which are incorporated in and form a part of the
Description of Embodiments, Hlustrate various embodiments of the subject matter and,
together with the Description of Embodiments, serve to explain principles of the subject matter
discussed below. Unless specifically noted, the drawings referred {o in this Brief Description
of Drawings should be understood as not being drawn to scale. Herein, like itemns are labeled

with like item numbers,

[0006] Figure 1 shows an example of a person using a poriable device having an optical
sensor and an example image captured by the optical sensor as displayed on the portable

davice, in accordance with various embodiments.

{00071 Figure 2 shows an example of misalignment between a device and a platform, where

the platform is a person.

[0008] Figure 3 is a block diagram of an example mobile elecironic device, in accordance with

various embodiments.

[0009] Figure 4 shows a flow diagram of an example heading misalignment estimation

process, in accordance with an embodiment.

[0010] Figure 5 shows a flow diagram of an example feature-based face detection process, in

accordance with an embodiment.

{00111 Figure 6 shows an example of a face height-width ratio, in accordance with an

embodiment.

[0012] Figure 7 shows a flow diagram of an example artificial intelligence-based face

detection process, in accordance with an embodiment.

[0013] Figure 8 shows examples of different appearance of the face and shoulders of a

person with and without glasses, in accordance with an embodiment.

[0014] Figure 9 shows three examples of possible directions for the captured images from a

smartphone front camera , in accordance with various embodiments.
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{0015} Figures 10a-10¢ show examples of the coarse misalignment determination, in

accordance with various embodiments.

[0016] Figures 11a-11f show examples of using facial features to determine the direction of
the person’s head, indicating the misalignment of the mobile elecironic device, in accordance

with various embodiments.

[0017] Figure 12 shows two options of physical features of a person for use in determining a

misalignment angle, in accordance with various embodiments.

[0018] Figure 13a shows an example image plane where the misalignment angle is equal fo

zZero, in accordance with an embodiment.

{0018} Figure 13b shows an example image plane where the misalignment angle is not egual

{o zero, in accordance with an embodiment.

[0020] Figure 14a shows an example graph of the ratio of detected shoulder edges and

misalignment angie, in accordance with an embodiment.

[0021] Figure 14b shows an example graph of the ratio of detected neck edges and

misalignment angle, in accordance with an embodiment.

100221 Figures 15a-15e show example images for different misalignment angles, in

accordance with various embodiments.

[0023] Figure 16 shows two options of physical features of a person for use in determining a

misalignment angle, in accordance with various embodiments.

[0024] Figure 17 shows an example image plane for use in determining a misalignment angls,

in accordance with an embodiment.

100251 Figures 18a-h iHustrate a flow diagram of an example method for estimating heading
misalignment between a device and a person, wherein the device comprises an optical sensor

, according to various embodiments.

[9%)
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DESCRIPTION OF EMBODIMENTS

[0026] Reference will now be made in detail to various embodiments of the subject matter,
examples of which are illustrated in the accompanying drawings. While various embodimenis
are discussed herein, it will be understood that they are not intended to limit to these
embodiments. On the contrary, the presented embodiments are intended fo cover
alternatives, modifications and equivalents, which may be included within the spirit and scope
the various embodiments as defined by the appended claims. Furthermore, in this
Description of Embodiments, numerous specific details are set forth in order to provide a
thorough understanding of embodiments of the present subject matter. However,
embodiments may be practiced without these specific details. In other instances, well known
methods, procedures, components, and circuits have not been described in detail as not to

unnecessarity obscure aspects of the describaed embodiments.

MNotation and Nomenclature

{0027] Some portions of the detailed descriptions which follow are presented in ferms of
procedures, logic blocks, processing and other symbolic representations of operations on data
bits within a computer memory. These descriptions and representations are the means used
by those skilled in the data processing aris o most effeclively convey the substance of their
work to others skilled in the art. In the present application, a procedure, logic block, process,
or the like, is concelved to be one or more self-consistent procedures or instructions leading to
a desired result. The procedures are those requiring physical ranipulations of physical
guantities. Usually, although not necessarily, these quantities take the form of elecirical or
magnetic signais capable of being stored, transferred, combined, compared, and cotherwise

manipulated in an electronic device.

[0028] It should be borne in mind, however, that all of these and similar terms are {0 be
associated with the appropriate physical quantities and are merely convenient [abels applied
to these quantities. Unless specifically stated otherwise as apparent from the following
discussions, it is appreciated that throughout the description of embodiments, discussions

o0t

utilizing terms such as “estimating,” “capturing,” “extracting,” "performing,” “identifving,”
“detecting,” "determining,” “correcting,” or the like, refer to the actions and processes of an
electronic device such as: a host processor, a processor, an optical sensor, a sensor, a
memory, a mobile electronic device, a sensor processing unit, a sensor processor, or the like,
or a combination thereof. The electronic device manipulates and transforms data represented
as physical (electronic and/or magnetic) quantities within the electronic device’s registers and

memories into other data similarly represented as physical quantities within the electronic
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device's memories or registers or other such information siorage, transmission, processing, or

display components.

{00291 Embodiments described herein may be discussed in the general context of processor-
executable instructions residing on some form of non-transitory processor-readable medium,
such as program modules, executed by one or more computers or other devices. Generally,
program modules include routines, programs, objects, componentis, data struclures, ete., that
perform particular tasks or implement particular abstract dats iypes. The functionality of the

program modules may be combined or distributed as desired in various embodiments.

(00307 In the figures, a single block may be described as performing a function or functions;
however, in aciual practice, the function or functions performad by that block may be
parformed in a single component or acress multiple components, and/or may be performed
using hardware, using software, or using a combination of hardware and software. To clearly
ilustrate this interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described generally in terms of their
functionality. Whethar such functionality is implemented as hardware or software depsnds
upon the particular application and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions shouid not be interpreled as causing a
departure from the scope of the present disclosure. Also, the example mobile slecironic
device described herein may include components other than those shown, including weli-

known components.

[0031] The techniques described herein may be implemented in hardware, software,
firmware, or any combination thereof, unless specifically described as being implemented in a
specific manner. Any fealures described as modules or components may also be
implemented fogether in an integrated logic device or separately as discrete but interoperable
logic devices. If implemented in software, the fechniques may be realized at leastin partbya
non-transitory processor-readabie storage medium comprising instructions that, when
executed, perform one or more of the methods described herein. The non-transitory
processor-readable data storage medium may form part of a computer program product,

which may include packaging materials.

[0032] The non-transitory processor-readable storage medium may comprise random access
memaory (RAM) such as synchronous dynamic random access memory (SDRAM), read only
memaory (ROM), non-volatile random access memory (NVRAM), electrically erasable

programmable read-only memory (EEPROM}, FLASH memory, other known storage media,

L
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and the like. The techniques additionally, or alternatively, may be realized at least in part by a
processor-readable communication medium that carries or communicales code in the form of
instructions or data structures and that can be accessed, read, and/or executed by a

computer or other processor.

[0033] The various illustrative logical blocks, modules, circuits and instructions described in
connection with the embodiments disclosed herein may be exscuted by one or more
processors, such as ong or more motion processing units (MPUS), sensor processing unils
{SPUs), host processor(s) or core(s) thereof, digital signal processors (DSPs), general
purpose microprocessors, application specific integrated circuits {ASICs), application specific
instruction set processors (ASIPs), field programmable gale arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry, The ferm “processor,” as used herein may
refer {0 any of the foregoing struciures or any other structure suitable for implementation of
the fechniques described herein. in addition, in some aspects, the funclionality described
herein may be provided within dedicated sofiware modules or hardware modules configured
as described herein. Also, the techniques could be fully implementad in one or more circuits
or logic slements. A general purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontrolier, or
state machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of an SPU/MPU and a microprocessor, a plurality of
MICroprocessers, one of more microprocessors in conjunction with an SPU core, MPU core,

or any other such configuration.

Overview of Discussion

[0034] Example embodiments described herein improve the usability of electronic devices.
The heading misalignment angle between a portable device and the user of the device is
determined by use of an oplical sensor (e.g. camera) of a mobile electronic device. The
optical sensor is capable of capturing an image of a person. At least one physical feature of
the person is extracted from the image. A misalignment angle is estimaled using the at least
one physical feature of the person exiracted from the image. In various embodiments, the
misalignment angle can be usead o correct for the misalignment between the frame alignad

with the portable device and the frame aligned with the platform.

[0035] The present disclosure relates {0 a method and apparatus for determining the
misalignment bebween a device and a person, wherein the person can carry, hold, or use the
device in different orientations in a constrained or unconstrained manner, and wherein the

device includes an optical sensor. In various embodiments, the device also includes a sensor

6
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assembiy. The sensors in the device may include for example, accelerometers, gyroscopss,
magnetometers, barometer among others. The sensors have a corresponding frame for the
sensors’ axes. The misalignment between the device and the person means the misalignment

between the frame of the sensor assembly in the device and the frame of the person.

[0036] Mobile electronic devices (also referred to herein as mobile devices, portable devices,
portable elecironic devices, etc.) such as smartphones, tablets, and smartwatches are
frequently used computing devices that can be held or carried arcund and connscled to a
communication network. Typically, these devices have cameras on both the front (e.q., user-
facing) side and back side. Both cameras are used commonly by users in the daily life

activities and involved in many mobile applications.

00371 Generally, these mobile electronic devices can have different orientation with respect
to the user body. Consequently, the device can point to a direction different than the direction
of the user movement. In the case of using pedestrian navigation applications, the
dependency on the device heading sources such as from magnetometer, accelerometer, and
gyroscope witl not give the correct heading as the device heading is not the same as the user
heading. Therefore, the estimation of the position and attitude of the device user has to be
independenti of the usage of the device (e.g. the way the user is holding or using the device
during navigation). This refers {o the importance of the determination of the heading
misalignment angle between the device and the user. This will help enabling the mobile
electronic device to be used in any orientation with respect to the user during the different
activities. Thus, there is a need for an algorithm able to use the different information from the
device 1o provide the heading misalignment without any consiraints on the device orientation

or the user 1o support the navigation solution,

[0038] The ubiquity of cameras in mobile devices (such as smart phones and mobile phones)
aliows for camera access as long as the person has his phone without any additional cost or
size. Typically, these cameras allow for mobile imaging application capabilities where the user
can use the touch screen {o redirect the focus of the camera {0 a parlicular object in the view.
Also, the camera can be used in other different applications beasides faking pholos such as
reading and transiating foreign language text, pinpoint for nearby locations, and scan different
tvpes of codas on products. Among the many types of applications that can be executed
using mobile electronic devices are navigation applications or systems. In additionto a
camera, many of the current mobile devices are equipped with motion sensors which can
provide knowledge about a person’s motion behaviors and physical activities. The integration
between these diffsrent sources of navigation information and image allows the emerging of

the photo geolagging applications.

N
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[0038] During the use of a mobile electronic device in reading, texting, taking notes, or
navigating using a navigation application, the camera can be used by the user as shown in
Figure 1. Figure 1 shows an example of a person 100 using a mobile alectronic device 110
having an optical sensor 120 {e.g., camera} and an example image 130 captured by the
optical sensor 120 as displayed on the mobile electronic device 110, in accordance with
various embodiments. In this example, the captured images from optical sensor 120 can be
used to provide information about the direction of mobile electronic device 110 with respect io
the user direction. Such information can improve the pedestrian navigation by compensating
for the heading misalignment angle between the user and the mobile navigation device. For
example, navigation systems in indoor environment would benefit from the knowledge about
user direction. Different applications on mobile electronic devices utilize the inertial sensors
{accelerometers and gyroscopes) and magnetometers {o provide a basic indoor positioning
solution starting from a known position for short time pericds. However, these sensors may
suffer from error drifting (in case of accelerometer and gyroscope) and disturbance {in case of
magnetometer). Furthermore, the mobile electronic device can be used in different
origniaiions with respect o the user direction of motion, providing device heading that is
different from the user heading or direction of motion. In this case, there is a need o estimate
the heading misalignment angle betwesn the user direction of motion and the portable
navigation device heading. This application is useful for navigation applications in all
environmenis that have problem in accessing the GPS signal fully or partiaily, such as urban

canyons and indoor areas.

[0040] Figure 2 shows an example of misalignment between a mobile electronic device 250
and a platform, where the platform is a person 260. During normal uss, the alfitude of a
mobile electronic device {e.g. mobile phone) changes freely. Indeed, such devices often
undergo rotational movemenis along any of their major axes {e.qg. the x-axis, y-axis and z-
axis) when positioned, for example, for ulilizing a navigation function in either landscape or
portrait view. One example definition of device axes is presenied in Figure 2, wherein the
forward axis 210 of mobile electronic device 250 is defined as x-axis, the vertical or z-axis 220
is pointing downward and the transversal axis or y-axis 230 is defined in @ way to complete

the right handed coordinate system.

[0041] The orientation of mobile electronic device 250 within a platform (in the described
embodiment a person 260 carrying, holding or using the device) is not representative of the
crientation of the platform or person. Mobile elecironic device 250 may undergo any number

of rotational movements along any of its major axes, with respect to the platform.
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[0042] These rotational movements of mobile slectronic device 250 do not indicate that the
platform is going through the same changes in orientation. For example, the person 260 or
platform may be moving on a levelled two-dimensional plane while mobile electronic device
250 may be undergoing any number of possible roli and pitch angles. Figure 2 shows the

relationship betwesn an unconstrained mobile electronic device 250 and a person 260,

[0043] Estimating the heading misalignment between the user and the portable devices is
useful for a navigation system {o provide an accurate navigation solution. Embodiments
described herein use the device camera, £.¢., a front-facing camersa, to estimate the
misalignment angle. In one embodiment, the caplured image from the device camera is
processed to delect physical features (e.q., face or shoulder regions) of the user. Then, edge
detection is performed to provide the ouler edges of the person’s face and shouldsrs. The
combination of the image information and the device orientation is used io estimate the
heading misalignment angle. The described embodiments can cover a wide range of different

portable navigation devices’ orientations.

[0044] To satisfy these constraints, the proposed method and device utilizes the images from
the portable device camera 1o estimate the heading misalignment angle. While the device
camera Taces the user body, a part of the user body is captured by the camera in the reflected
imags. Some of the obtained images might contain information such as the user face andfor
shoulders. Images with such information can be used in the heading misalignment angle

estimation.

[0045] Discussion begins with a description of a mobile elecironic device with an oplical
sensor. This is followed by some examples of operational descriptions of the heading
misalignment estimation, including a discussion of edge detection, face detection, course
heading misalignment angle estimation, fine heading misalignment angle estimation and
integration of vison-based and sensors-based heading misalignment estimation. Various
examples of heading misalignment angle estimation using shoulders are then described.
Finally, operation of the mobile electronic device is then further described in conjunction with
description of example method(s) of estimating misalignment angle between a device and a

DErson.
Example Mobile Electronic Device
{00461 Turning now o the figures, Figure 3 is a block diagram of an example mobile

electronic device 300. As will be appreciated, mobile electronic device 300 may be

implemented as a device or apparatus, such as a handheld mobile slectronic device, that can
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be moved in space by a human user. That is, mobile electronic device 300 is small enough to
be held in the hand of a human user, in varicus embodiments. For example, such a mobile
electronic device may be, without limitation, a mobile telephone phone (e.g., smartphone,
cellular phone, a cordless phone running on a local network, or any other cordless telephone
handset), a wired telephone (e.g., a phone atitached by 3 wire), a personal digital assistant
{(PDA), a video game player, video game controller, a navigation device, an activity or filness
tracker device (e.g., bracelet, clip, band, or pendant), a smart watch or other wearable device,
a mobile internet device {(MID), a personal navigation device (PND), a digital still camera, a
digital video camera, a portable music plaver, a poriable video player, a portable multi-media

player, a remote control, or a combination of one or more of these devices.

[0047] As depicted in Figure 3, mobile elsclronic device 300 may include a host processor
310, a host bus 320, a host memory 330, at least one optical sensor 335 (335-1 and 335-2),
and a sensor processing unit 370. Some embodiments of mobile electronic device 300 may
further include one or more of a display 340, an interface 350, a transceiver 360 (all depicted
in dashed lines} and/or other components. n various embodiments, slectrical power for
mobile electronic device 300 is provided by a mobile power source such as a battery, when

not being actively charged.

{G048] Host processor 310 can be one or more microprocessors, central processing unils
(CPUs), DSPs, general purpose microprocessors, ASICs, ASIPs, FPGAs or other processors
which run software programs or applications, which may be stored in host memory 330,

associaied with the functions and capabilities of mobile electronic device 300.

[0049] Host bus 320 may be any suitable bus or interface to include, without limitation, a
peripheral component interconnect express (PCle) bus, a universal serial bus (LIGB), a
universal asynchronous recelver/iransmitter (UART) serial bus, g suitable advanced
microcontrolfler bus architecture (AMBA) interface, an Inter-Integrated Circult (12C) bus, a
serial digital input output (8DIO) bus, a serial peripheral interface (SP1) or other eguivalent. In
the embodiment shown, host processor 310, host memory 330, display 340, interface 350,
transceiver 360, sensor processing unit 370, and other components of mobile electronic
device 300 may be coupled communicatively through host bus 320 in order to exchange
commands and data. Depending on the architecture, different bus configurations may be
emploved as desired. For example, additional buses may be used {o couple the various
components of mobile electronic device 300, such as by using a dedicated bus between host

processor 310 and memory 330.

[0050] Host memory 330 can be any suitable type of memory, including but not limited {o
electronic memory {(e.g., read only memory (ROM}, random access memory, or other

electronic memory), hard disk, oplical disk, or some combination thereof. Multiple layers of

10
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software can be siored in host memory 330 for use with/operation upon host processor 310.
For example, an operating system layer can be provided for mobile electronic device 300 to
control and manage system resources in real time, enable functions of application software
and other layers, and interface application programs with other software and functions of
mobile elecironic device 300. Similarly, a user experience system layer may operate upon or
be facilitated by the operating system. The user experience system may comprise one or
more software application programs such as menu navigation software, games, device
function control, gesture recognition, image processing or adjusting, voice recognition,
navigation software, communications software (such as telephony or wireless local area
network (WLAN) software), and/or any of a wide variety of other sofiware and functional
interfaces for interaction with the user can be provided. In some embodiments, mulliple
difierent applications can be provided on a single mobile elecironic device 300, and in some
of those embodiments, muitiple applications can run simultanecusly as part of the user
experience system. In some embodiments, the user experience system, operating system,
and/or the host processor 310 may operate in a low-power mode {(e.q., a sleep mode) where
very few instructions are processed. Such a low-power mode may ulilize only a small fraction
of the processing power of a full-power mode (e.¢., an awake mode) of the host processor
316,

[0051] Optical sensor 335 may comprise, without {imitation: a camera, and infrared camers,
or other type of oplical sensor for capturing an image of a person, an object or a scene. It
should be appreciated that mobile slectronic device 300 may include more than one oplical
sensor 335. In one example, optical sensor 335-1 is a froni-side optical sensor {2.g., froni-

side camera} and optical sensor 335-2 is a back-side optical sensor {e.g., back-side camera).

[0052] Display 340, when included, may be a liquid crystal device, {organic) light emitling
diode device, or other display device suitable for creating and visibly depicling graphic images
and/or alphanumeric characters recognizabie to a user. Display 340 may be configured to
output images viewable by the user and may additionally or alternatively function as a

viewfinder for camera.

[0053] Interface 350, when included, can be any of a variely of different devices providing
input and/or output {0 a user, such as audio speakers, touch screen, real or virtual buttons,
joystick, slider, knob, printer, scanner, computer network V0 device, other connecied

peripherals and the like.

[0054] Transcsiver 380, when included, may bs one or more of a wired or wireless
transceiver which facilitates receipt of dafa at mobile electronic device 300 from an exiernal
transmission source and fransmission of data from mabile electronic device 300 to an extemal

recipient. By way of example, and not of limitation, in various embodiments, transceiver 360

i1
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comprises one or more of. a cellular transceiver, a wireless local area network transceiver
{e.g., a fransceiver compliant with one or more Institute of Electrical and Electronics Engineers
{IEEE) 802.11 specifications for wireless local area nelwork communication), a wireless
personal area nebwork tfransceiver {e.g., a transceiver compliant with one or more IEEE
802.15 specifications for wireless personal area network communication), and a wired a serial

transceiver {e.g., a universal serial bus for wired communication).

{0055] Mobile slectronic device 300 also includes a general purpose sensor assambly in the
form of integrated sensor processing unit (SPU) 370 which includes sensor processor 372,
memory 376, at least one sensor 378 (378-1, 378-2, ... 378-n), and a bus 374 for facilifating
communication belween these and other components of sensor processing unit 370. In soms
embodiments, all of the componenis illusirated in sensor processing unit 370 may be
embodied on a single integrated circuit. 1t should be appreciated that sensor processing unit
370 may be manufactured as a stand-alone unit {e.g., an integrated circuit), that may exist
separately from a larger electronic device. Although depicted as a portion of mobile electronic
device 300, in some embodiments, sensor processing unit 370 may be incorporaied in an

electronic device that is not mobile.

{00561 Sensor processor 372 can be one or more microprocessors, CPUs, DEPs, general
purpose microprocessors, ASICs, ASIPs, FPGAs or other processors which run software
programs, which may be stored in memory 376, associated with the functions of sensor

processing unit 370.

[0057] Bus 374 may be any suitable bus or interface to include, without limitation, a peripheral
component interconnect express (PCle) bus, a universal serial bus (USB), a universal
asynchronous receiver/iransmitter (UART) serial bus, a suitable advanced microcontroller bus
architecture (AMBAY} interface, an Inter-Integrated Circuit {120} bus, a serial digital input output
{(SDIO) bus, a serial peripheral interface (SP1) or other equivalent. Depending on the
architecture, different bus configurations may be emploved as desired. In the embodiment
shown, sensor processor 372, memaory 376, sensor 378, and other components of sensor
processing unit 370 may be communicatively coupled through bus 374 in order fo exchange

data.

[0058] Memory 376 can be any suitable type of memory, including but not limited to electronic
memory (e.g., read only memory (ROM), random access memory, or other electronic
memory). Memory 376 may store algorithms or routines or other instructions for processing
data received from one or more sensors 378, as well as the received data either in iis raw
form or after some processing. Such algorithms and routines may be implemented by sensor

processor 372 and/or by logic or processing capabilities included in sensor 378.

[
3]
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{00591 A sensor 378 may comprise, without limitation: a temperature sensor, an atmospheric
pressure sensor, an infrared sensor, an ultrasonic sensor, a radio frequency sensor, a
navigation satellite system sensor (such as a global positioning system receiver), an acoustic
sensor {e.g., 8 microphone), an inertial or motion sensor (e.g., a gyroscope, accelerometer, or
magnetometer) for measuring the orientation or motion of the sensor in space, or other type of
sensor for measuring other physical or environmental quantities. In one example, sensor 378~
1 may comprise an acoustic sensor, sensor 378-2 may comprise a second acoustic sensor,

and sensor 378-n may comprise a motion sensor.

[0060] In soms embodiments, one or more sensors 378 may be implemented using a micro-
elsctro-mechanical system (MEMS) that is inlegrated with sensor processor 372 and one or

more other components of SPU 370 in a single chip or package.

[0061] Although depicted as being included within sensor processing unit 370, one, some, or
all sensors 378 may be disposed externally to sensor pracessing unit 370 in various

embodiments.
Example Heading Misalignment Estimation

[0062] Estimaling the heading misalignment beiween the user and the portable navigation
devices is useful for any navigation system to provide an accurate navigation solution. Figure
4 iilustrates a fiow diagram 400 of an example heading misalignment estimation algorithm,
according to various embodimenis. Procedures of this method will be described with
reference o elemenis and/or components of Figure 3. It is appreciated that in soms
embodiments, the procedures may be performed in a different order than described, that
some of the described procedures may not be performed, and/or that one or more additional
procedures to those described may be performed. Flow diagram 400 includes some
procedures that, in various embodiments, are carried out by one or moreg procsssors under
the control of computer-readable and compuler-execuiable instruciions that are stored on
non-transitory computer-readable storage media (e.q., host memory 330). It is further
appreciated that one or more procedures described in flow diagram 400 may be implemented

in hardware, or a combination of hardware with firmware and/or software.

[0063] The algorithm uses the device optical sensor {e.g., the front-side camera) to capture
an image of the person using the device. The captured image from the device camera is
processed to delect the user face and shoulders region. An edge deteclion technigue is used
{o provide the outer edges of the person face and shoulders. The combination of the image

information and the device orientation is used to sslimate the heading misalignment angle.
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{00641 Al procedure 410, an image of the person is captured by the optical sensor (e.g.,
optical sensor 335 of Figure 3). In one embodiment, the optical sensor is a front-side camera.
in another embodiment, the optical sensor is a back-side camera. In other embodimenis the
optical sensor can be an infrared image sensor. It should be appreciated that the opfical
sensor can be configured to capture an image of the person without the person being aware
of the caplure. For example, while the user is using the mobile elecironic device as a
navigation system, the display of the electronic device will display the navigation information

{rather than the captured image).

[0065] At procedure 420, face dstection is performed on the caplured image. Inone
embodiment, facs and/or shoulder edges detection is used as a flag o decide whether o
perform the misalignment estimation aigorithm or to skip the process (o the next received
image from the camera. In one embodiment, detecting a face in the image is used {o raise a
flag that the image can be used for heading misalignment angle estimation. In another
embodiment, detecting the shouiders of the person is used to raise a flag that the image can
be used for heading misalignment angle estimation. For example, depending on the edges of
the face, the face features alone might not provide enough information o determine the
heading misalignment angle. In such sitluations additional features, such as the shoulders,

might be used o determine the heading misalignment angle.
Edge Detection

[0066] Edges in images are abrupt change in the intensity of the image pixels. An edge can
be defined as a discontinuity in image brightness or contrast. In general, edges correspond io
important changes in physical or geomeirical properties of objects in the image. Edge
detection is used in deriving edge representation. Edge detection is the process of identifying
and locating edges {o be used in image analysis and can be used to reduce the unnecessary
information in images and keep the image basic structure. Also, edge detection can be used
{0 recognize objects and boundariss. There are many ways o perform edge detection. For
example, some edge detection methods are based on the analysis of the image derivatives. In
various embodiments, as differential operators are sensitive to noise, a preprocessing such as
smoaothing may be performed fo reduce the noise. Due to the noise in images being generally
random, it can be difficult to efficiently remove it from the image data merely in & small

window. So, many of the differential operators are of small size.

[0067] Edge detaction methods can be grouped in two calegories, gradient and Laplacian.
The gradient methods use the maximum and minimum in the first derivative of the image 1o
detect edges and compute the gradient magnitude horizonially and vertically. Sobel, Canny,

Prewitt, and Roberis operators are examples of gradient edge detection. Alternatively, the
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Laplacian edge datection method searches for zero crossings in ths second derivative of the

image to find edges. Marrs-Hildreth is an example of a Laplacian edge detection method.

Face Detection

[0068] This is accomplished by separating face areas from non-face background regions.
Whila face detection can be performed easily and effortlessly by humans, it frequently
requires a significant effort in computer vision terms. Variations in images increase the
complexity of the decision boundary between face and non-face regions. In various
embodiments, face detection involves segmentation, feature extraction, and facial features

verification. Face defection may also involve the exiraction of the Tace from the background.

[0069] It should be appreciated that there are different approaches for face detection that may
be used. Several techniques are based on the detection of local facial fealures using a low
level feature exiraction algorithms and the classification using stalistical models of human
face. Other methods are based on using several correlation templates to detect local sub-
features called Eigen-faces. The described embodiments use feature-based techniques,
artificial intelligence-based techniques, or a combination of both for face detection. While
particular techniques are described, it should be appreciated that other technigues for face

detection may also be use.

00707 With reference to Figure 5, a flow diagram 500 of an example feature-based face
detection algorithm is shown, in accordance with an embodiment. 1t is appreciated that in
some embodiments, the procedures may be performed in a different order than described,
that some of the described procedures may not be performed, and/or thal one or mors
additional procedures to those described may be performed. Flow diagram 500 includes
some procedures that, in varicus embodiments, are carried oui by one or more processors
under the control of computer-readable and computer-executable instructions that are stored
cn non-transitory computer-readable storage media (&8.9., host memory 330}, ltis further
appreciated that one or more procedures described in flow diagram 500 may be implemented

in hardware, or a combination of hardware with firmware and/or software.

[0071] At procedurs 510, an image is received, for example, from a front-side camera of the
mobile electronic device. In one embodiment, a low-level analysis of the imags is performed.
The low-level analysis considers pixel properties such as color, grey scale, and motion.
However, the features provided by the low-level analysis are often ambiguous and can
interfere with other items in the image. Thus, featurs analysis may be used where the

cbserved features are grouped intoc a more global concapt of face. This can help in reducing
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ambiguities and detecting of the face in the image.

100721 At procedure 520, pixels in the received image are classified as skin or non-skin pixsl.
This serves o recognize whether the pixel is a skin pixel or not, butl is not used to identify
whether a pixel belongs to a face area or not. In one example, the use of skin color
information is used for constraining the search space and identifying whether a pixel is a skin
pixel or a non-skin pixel. In one embodiment, a conneclivily analysis is used 1o identify the
different skin regions in the skin deteciaed image. In one embodiment, the imags is converted
o grey scale (if it is not already in grey scale) for pixel classification. At procedure 530, face

edge extraction is performed.

[0073] In one embodiment, the edge extraction is performed on the grey scale image. The
grey scale information for the face can be used as features to detect faces. Different facial
features region such as eyebrows, nose edge, and lips generally appear darker than their
surrounding area. Based on that, the grey scale factor can be exploited to differentiats
between the different facial parts. Different facial feature extraction algorithms may be
performed that use the grey scale information in face detection. In one example, for each
facial region the local gray minima is calculated after improving the guality of local dark
patches and thereby make detection easier. Then, the facial features are extracted using
gray-scale threshold. In other example, local maxima, which are defined by a bright pixel
surrounded by sight dark neighbors, are used instead fo indicate the bright facial spots such

as nose tips.

[0074] In another embodiment, face features are extracted using the Hough Transform (HT).
The Hough Transform is a feature extraction technique used in digital image processing and
computer vision which is powerful global method for detecting edges. It transforms between
the Cartesian space and a parameter space in which a straight line {or other boundary
formulation) can be defined. The purpose of the technique is to find imperfect instances of
objects within a certain class of shapes by a voting procedure. The classical Hough Transform
was concerned with the identification of lines in the image, but later the Hough Transform has
been extended to identifying positions of arbitrary shapes, most commonly circles or ellipses.
it uses blackiwhite images with £dges. The line is described using the polar coordinates

parameters {p, 8) as in Equation 1.

x;co58 + yisinf = p {1}

Each parameter has range from minimum value to maximum value. For example, 8 varies
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from -80 degrees to 88.5 degrees and p varies from a minimum positive value o the minimum
of the image width and height. Each point that belongs to the line in the image (Cartesian)
domain with coordinates (x;, y;) is transferred into curve line in the polar domain using
Equation 1 by calcuiating a value for p at each 8 = [8,;, 8max). Finally, all points that lie on the
line will intersect in one point. The set of x and y parameters for the infersected lines forms the
corresponding line in the image domain. Using the same principles, Hough transform can be
applied to detect circles, allipses, and curves in images. This is can be achieved if the shape
equation is handled appropriately. For example, Eguation 2 show the circle characleristic

equation based on radius r and center (X, v} information.

(x—x) + -yt =71 (2)

This circle can be described as in Equations 3 and 4

x = x, + rcos(8) (3)
v =y, +rsin{8} {4)

5o, the Hough transform is searching for the triplet of parameters (X, y., #) 1o determine a set

of points (x, ¥}

[0075] In ancther embodiment, pixel classification is performed on a color image. Based on
the color value, different shapes with similar grey information can be recognized from each
other in a color space. More intersstingly, different faces with different degrees of color for
individuals can be classified to the same group using the color values. RGB representation is
one of the most widely used color schemes where each color is defined by combinations of
Red, Green, and Blue componenis. To avoid any effect due {o the luminance change
{brightness), the normalized RGB colors are generally preferred. The normalized RGB can be

derived as shown in equations (5), (6} and (¥}

B

T = Ric+e (5}
G

8= Ricin (6}
B .

b= R+G+B (7

Where r, g, and b are the normalized representative valuaes for the actual R, G, and B color

values respectively.

[0076] It should be appreciated that there are different color models that can be used besides
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the RGB mode for face detection. Besides RGB color models, there are several other
alternative models currently being used in the face detection research. HIS (Hue, Saturation,
intensity) color representation can be used to extract facial features such as lips, eyes, and
eyebrows. YI(} is another color mode that can be used for face detection. In this mode, Y
component represents the luminance information, | stands for in-phase, and Q stands

for quadrature. The conversion from RGB colors into YIQ representation effectively
suppresses the background of other colors and allows the detection of small faces in a natural
environment. The conversion between the two models can be achieved using ithe foliowing

equations (8} and (9}

From RGB o YIQ

14 (.28 (.578 0.114 1IR
I'N= {0596 —0.275 0321116 (8)
Q. 0.212 —-0.528 (0.311 1B

From YiQ to RGB
R 1.0 0956 0.620 117
Gi= 1.0 —-0272 —0.647{{1 {S)
B 1.0 —1.108 1705 L1Q

{00771 At procedure 540, the detected skin regions are identified as face region or not. With
reference o Figure 6, an example face height-width ratio is shown, in accordance with an
embodiment. In one embodiment, face region identification is determined using the ratio
batween the height and width of the detecied region and the percentage of the skin color in
the identified rectangle. For example, if the skin color percentage exceeds a threshold
percentage and the height-width ratic of the rectangle is within a known range, the skin region
will be identified as a face region. The oulpui of procedure 540 is a determination of whather
a face is detected and, if it is determined that a face is delected, a location of the face in the
image. At procedure 550, upon identification of the face region, face detection and locating is

complated.

100781 With reference to Figure 7, a flow diagram 700 of an example artificial intelligence-
based face delection algorithm is shown, in accordance with an embodiment. For exampls,
different ariificial intelligence technigues, Artificial Neural Network (ANN) as an example, are
used for face detection application. Such techniques use a classifier for an image or a
sequence of images caplured by the user from the device camera. It is appreciated that in
some embodiments, the procedures may be performed in a different order than described,

that some of the described procedures may not be performed, and/or that one or more
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additional procedures to those described may be performed. Flow diagram 700 includes
some procedures that, in various embodiments, are carried out by one or more processors
under the control of computer-readable and compuier-executable instructions that are stored
on non-transitory computer-readable storage media {&.g., host memory 330). It is further
appreciated that one or more procedures described in flow diagram 700 may be implemented

in hardware, or a combination of hardware with firmware and/or software

[0079] Al procedure 710, an image is received, for exampie, from a front-side camera of the
mobile electronic device. In one embodiment, as shown at procedure 720, images are pre-
processed before being classified by the network to remove the noise due to lighting,
environmenti, or background. Al procedure 730, a trained classifier determines whether the
image belongs to a face or a non-face class. At procedure 740, a decision regarding whether
the image contains a face or not is culputl. In one embodiment, the output also includes to the

location of the face.

{00807 With reference o Figure 4, in one embodiment, as shown at procedure 430, itis
determined whether a face is detected. If a face is not detected, flow diagram 400 returns {o
procedure 410 to receive and analyze another image. If a face is delected, flow diagram 400
proceeds o procedure 440, At procedure 440, the face and shoulder locating is performed.
As presented above, the culputl of the fealure-based face detection and the artificial
infelligence-based face detection includes the location of the Tace, given a face being

detected.

[0081] Al procedure 450, physical feature extraction of the image of the person is performsd.
in one embodiment, the physical feature extraction is used to detect facial features and
shoulders of the person. It should be appreciated that the physical feature extracted may
include one or more a head, shoulders, ears, eyes, a nose, a neck, a mouth, and eyeglasses.
Furthermore, it should be appreciated that feature extraction can be performed as described
above using the fealure-based face detection aigorithm or the artificial inteliigence-based face

detection algorithm as applied to facial features.

[0082] In accordance with the various described embodiments, a user's facs, shoulder, ora
combination of both is used for the heading misalignment angle estimation. This includes
detecting and locating the user face/shoulder/combination in the captured images. To assess
the contents of the captured image to delermine whether it is valid for the estimation process,
a decision flag is raised. This flag indicates that the captured image has a considerable part of
the user body and can be used. The valid information could be the user face complete or part

of it, the user shoulders complete or part of them, or a combination of the face and shoulders.
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it should be appreciated that the facial features can also be any interesting information. Facial
features include eyebrows, eyes, ears, lips, nose, eyeglasses, a hat, earrings, or any other
feature. The symmetry between some of the facial features can help in the determination of
the heading misalignment angle. Figurs 8 shows examples of different appearance of the face

and shouiders of & person with and without glasses, in accordance with an embodiment.

[0083] Detecting and locating the important facial features such as eyes, eye-brows, mouth,
nose, and ears within a detected Tace helps in the estimation of the heading misalignment
angie. In accordance with the described embodiments, the heading misalignment angle is
calculated based on two procedures. The first procedure is {o determine the relation between
the capture user body part frame and the image frame. This will give an indicalor about the
orientation of the photo with respect to the device frame. The relation shows the direction of
the user body part inside the image and how the device is used in portrait or landscape
crigniation. The exiracted information about the device orisnialion gives a primitive resulf for
the heading misalignment angle. This is referred o herein as the coarse heading
misalignment angle estimation. The second procedure is 1o provide an accurate estimate of
the value of the heading misalignment angle. This is referred {0 herein as the fine heading

misalignment angle, and is discussed below.

{00841 At procedure 460, the relation betwesn the piclure frame and the device frame is
determined. In one embodiment, procedure 460 includes estimaling a coarse heading
misalignment angle. In one embodiment, procadure 460 receive information on the device
orientation (e.g., tilt) relative fo the user, as determined in procedure 480. The information on
the device orientation may be used {o assist in the coarse heading misalignment angle

estimation.

Coarse Heading Misalignment Angle Estimation

[0085] Head direction from bottom o top with respect {o the direction of the captured image is
used {o determine the relation between the image frame and the device frame. Figure 8
shows three examples of possible directions for the captured images from a smariphone front
camera. In diagram 810, the head direction is the direction of -y axis meaning that the camera
is in the landscape mode with 90 degrees. For example, where there is a speaker al the top
of the smartphone, the phone speaker direction is to right side of the user. in diagram 920,
the head direction points {o the same direction as the x axis meaning that the camera is in the
portrait mode (e.g., zero degrees). In the example where there is a speaker at the top of the
smartphone, the phone speaker direction refers to the up direction of the user. In diagram

930, the head direction is the same as the vy axis direction meaning that the camera is in the
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landscape mode with -80 degrees. In the example where there is a speaker at the top of the

smariphone, the phone speaker direction is to lefi side of the user.

{00867 Figures 10a-10c show examples of the coarse misalignment determination described
above. Figure 10a illustrates a landscape mode with 90 degrees orientation with the speaker
{o the user's right side. Figure 10b illustrates a portrait mode orientation with the speaker at
the top of the smartphone. Figure 10¢ illustrates a landscape mode with -90 degrees

orientation with the speaker to the user’s lefi side.

[0087] The extracted user facial features and/or the detected shoulders can be used o
determine the direction of the head. Figures 11a-11f show examples of using facial features or
shoulders {o determine the direction of the person’s head, indicating the misalignment of the
mobile electronic device. The described embodiments ilustrate the use of the person’s
shoulders, eyes, eyeglasses, ears, nose and mouth i delermining the direction of the user’s
head.

{00881 Figure 11a Hllustrates the detection of the shoulders to detect the lower side of the
user’s face, indicating the direction of the person’s head. Figure 11b illusirates the detection
of the user's eyes {o detect the top of the user’s face, indicaling the direction of the person’s
head. Figure 11c illusirates the detection of the user's eyeglasses o delect the top of the
user's face, indicating the direction of the person’s head. Figure 11d iliusirates the detection
of the ears to detect the top of the user's face, indicating the direction of the person’s head.
Figure 11e illustrates the detection of the user’s nose to detect the top of the user's face,
indicating the direction of the person’s head. Figure 117 illusirates the delection of the users
mouth o detect the bottom of the user’s face, indicating the direction of the person's head. In
various embodiments, combinations of the detected facial features are used {o determine the
direction of the person’s head. For example, a combination of the user’s nose and mouth

would indicate the direction of the user's head, as the nose is above the mouth.

[0089] With reference o Figure 4, at procedure 470, the misalignment angle is calculated. In

one embodiment, procedure 470 includes estimating a fine heading misalignment angle.

Fine Heading Misalignment Angle Estimation

{00901 In one embodiment, a value of the heading misalignment angle estimation is
determined in an attempt to provide an accurate value of the heading misalignment angle.
Different methods are described for this purpose that exploit the extracted facial features and

shoulders. Example 1, described below in greater detall, describes a method {o estimate the
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heading misalignment angle using the ratio between the distances from middle neck point to
each shoulder side. Similarly, in other examples, the other facial features such as ears, eyes,
and face left and right edges in case of no ears appear in the image may also be used. In
another example, locating ears and eyes with respect io the nose and/or mouth combination
can be used to estimate the misalignment angle. In ancther example, the ratio betwesn the
distances from eyes 1o nose or from ears {o nose can be used to identify the direction of the
user face with respect {o the device’s camera. And in another example, where the person is
wearing eyveglasses, the edges of the eveglasses can be used in the same way as eyes.
Sometimes the head hair might cover ears both or one of them. If only one ear is appeared
the face edge of the other side can be used instead of the sar. Sometimes both ears are
disappeared due to that the person is wearing hat or toque or has long hair. In this example,
the ratio between the distances from the nosefmouth io the lefi and the right face edges can
be used o estimate the heading misalignment angle. It should be appreciated that many
different combinations of extracted facial features and shoulders can be used o accurately

estimate the heading misalignment angle.

[0091] Moreover, the size of the different features such as shoulders, eyes, ears, and glasses
in the image and/or the perspective of such elements or features can be used to identify the
value of the misalignment angle or at least the sign of the misalignment angle (whether left or
right of the user). The ratio between the sizes of the two sides of the feature or element
{perspective of such fealure or element) can be used to provide the heading misalignment
angie. Furthermore, the comparison between the size of the different facial features,
shoulders, or glasses with the knowledge of its location whether is left or right with respect to

the Image frame can indicaie the sign of the misalignment angle.

[0092] The described algorithm for heading misalignment angle estimation from image may
follow an opportunistic approach. The technigue uses the different approaches upon the

availability and identification of underlying elementsffeatures in the image.

Integration of Vison-based and Sensors-based Heading Misalignment Estimation

[0093] Using heading misalignment angle estimation from different sources makes the
operation {o be more robust. Different techniques based on mobile electronic devices having
embedded-sensors measurements are available, and they estimate the heading misalignment
angle for on foot activities. Adding another source of heading misalignment angle estimation
by exploiting the image information enables providing a betler estimate of the misalignment
angie. Befter misalignment angle estimation can lead the navigation system that may use this

misalignment estimation to provide more accurate solution for heading estimation. Two

N2
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different integration schemaes, loosely and tightly, are proposed to integrate the heading
misalignment angle from vision-based and sensors-based technigues. The information
provided from the image can be used in different ways based on the qualily of this information
and the amount of features/information avalilable from the imags. A flag may be usad to
indicate whether this information is complete or partially complete. The method of the

integration will benefit from this information in various ways and levels.

[0084] Heading misalignment loose integration refers {o the use of the sstimated angle from
the vision-based technique to updatefcorrect the heading misalignment angle estimated by
the sensors-based approach. Based on the raised flag about the quality of the information

from the image, the integration scheme will decide to update the estimaled angle or not.

[0095] Heading misalignment fight integration refers to the use of the information provided
from the image by the algorithm {o enhance or update the estimated angle from the sensors-
based method. The tight integration may be used whenever any helpful information from the
images is available whether complete information or partial. Tight integration can provide help
to the sensors-based misalignment even in case of partial information available from the
irmage {e.qg., information not sufficient {o calculate an accurate misalignment angle on ils own).
if the raised flag decides thatl the image doesn’t have enocugh features (e.¢., as mentioned
above), still the tight integration may be able {o work, in this case the provided information
may be used in different manners. For example, the location and size of the facial features,
shoulder, or glasses pairs can be used provide the sign of the misalignment angle (e.g., the
general direction whether [eft or right relative to the user). The sign may be used to double
check the solution from the sensors-based method, or {o provide feedback to the technigue
for sensors-based misalignment. An example of the lalter case is when maximum variance-
based techniques are used for sensor-based misalignment, those techniques first provide an
angle with an ambiguity of 180 degress, so the sign {or general direction) of misalignment
from image can provide help in the decision about the direction of 180 degree ambiguily or
can help remove or reduce errors in such decision. it should be appreciated that in this tightly-
coupled integration scheme, any piece of information can be used individually or combined

with other pieces of information to refine the estimated heading misalignment angle.

First Example of Heading Misalignment Angle Estimation Using Shoulders

[0096] In this example, the shoulder symmetry distance from the middle of the neck is used o
estimate the heading misalignment angle. The present embodiment calculates the imags
lengths ratio of two detected objecis with the same real (actual) lengths. The first procedure is
detecting two objects with the same actual lengths. Figure 12 shows two options of physical

features of a person 1200 o detect these objects by using the edges of the neck or shouiders,
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in accordance with various embodiments. As shown, L1 is the length from the centerline of
the body to the edge of the shoulder, and L2 is the length from the center of the neck to the
edge of the neck. For purposes of the described embodiment, it is assumed that the person’s
body is subsiantially symmetrical such that the distances from the cenier of the body to the
edges of the body are egual for both the right and ieff sides. Any differences are assumed o

be of such small order as to be not considered in the calculations.

{00971 The ratio of the detected edgss in the image plane will vary based on the misalignment
angle between the user and the smartpheone. Figures 13a and 13b show two examples where
the misalignment angles are equal to zero and non-zero values, respectively. As shown in
Figures 13a and 13b, W refers (o the actual distance of the detected physical feature (a.g,,
cenfer of body to edge of shoulder) and w1 and w2 refer to the image distance of the same
detected physical feature. The relationship between the ratic wZ/w1 and the misalignment
angle is shown in Figures 14a and 14b for both the delected shoulders edges and the
detected neck edges, respectively (assuming that the focal length of the camera is 4.2mm, L1

is equal to 21 cm and L2 is equal to 10cm).

[0008] The following examples show an example of calculating the misalignment angle
between the user and the image obtained from the smartphone camera using the above
discussed method. Figures 15a-15e show example images for differsnt misalignment angles,
in accordance with various embodiments. To calculate the misalignment angle, the edge of
the neck is detected o calculate the center point between the left and right shoulders.
Furthermore, the edge points of the left and right shoulders are detected and the ratio
between the lengths of the right and left shoulders from the center point (w2/w1) are then
calculated and used 1o calculate the expected misalignment angle using curve chart shown in
Figure 14a. The used points in the following examples were detected manually. Table 1
shows the calculated w2/w1 ratio and its corresponding misalignment angles for the five

example images.

Table 1. The calculated misalignment for different examples

Example number w2iwi Estimated Angle
Figure 15a 1.0041 Qe
Figure 15b 1.3147 18°
Figure 15¢ 1.5788 28¢
Figure 15d 0.9130 -6°
Figure 15e 0.7958 -15°
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Second Example of Heading Misalignment Angle Estimation Using Shoulders

{00991 In this example, the shoulder symmetry distance from the middie of the neck is used to
estimate the heading misalignment angle. Figure 16 shows two options of physical features
of a person 1600 for use in determining a misalignment angle, in accordance with various
embodiments. With reference to Figure 16, using the different feature detection, the following

information can be featured or assumed:

Limage (Pixel): The neck width of the image.
Mimage (pixel) The shoulder to shoulder width of the image.

fim {meter}y: The focal length of the camera in meters.
pixel_size {meatar): the pixel size in the image plane in metars.

L (m) {meter): The average human neck width in the ground coordinate frame

160100} Approximations are calculated for the following quantities, as these values are

used {o calculate the misalignment angle:

Dyicers © AN approximate depth of the camera from the user in the ground coordinate

frame in pixels.

Wizerss Ant approximate shoulder width in the ground coordinate frame in pixels.

[00101] The equivalent focal length in pixels is then calculated as shown in equation
{10¥:

Tpnets = pix;;il;size (10
100102} The approximated depth in meter D, in the ground coordinate frame may be

calculated using images from the optical sensor ifself {such as the camera), or alternatively
the depth can be calculated using an infrared sensor, ultrasonic sensor, or laser. Using
infrared, ultrasonic and laser ranging sensors, depth J,,can be oblained directly from the used
sensors measurements. Using the images from the optical sensor or camera sensor, Dy, is

caiculated as shown in equation (1)

f .
Dy = Ly, * SRR (1 1)

Lima ge

N2
La
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[00103] The approximated depth in pixels D, In the ground coordinate frame s then
calculated as shown in equation (12):

" fp;’,.xels (1 2)

Doivers =D
pixels m Fn

[00104] The approximated shoulder width in meler W, in the ground coordinate frame

is then calculated as shown in equation (13):

m” = 05 * Lm o ‘;/I'img_%,f; (13)
[00108] The approximated shoulder width in pixels W, in the ground coordinate

frame is then calculated as shown in equation (14}):

Fpixels .
vaixeis = Wiy, * ___?3;_”_1_‘__ {14)
[00106] Figure 17 shows an example image plane for use in determining a

misalignment angle, in accordance with an embodiment. Using the above calculated values,
the user misalignment angle (A} can be calculated using equation (18) below, where my, m,
and ms, calculated in equations {15), (18} and (17}, are the slopes of the light arrays between

the right, left and center shoulder points and its corresponding image points in the image

plane:
(D~ F Y~ W+ F5in( AN} =W (D~} ~Fros(A})
my = lA/ f)“\\ (4 “ (A4)) (\U J ‘ (’ 1} (15}
(D—f)—fros(A)+tan (A)(—~W+fsin{4))
—(D=HFsin{a)) .
My = e LA (16)
(D~f)~feos(A)+tan (A fsin(A)
(D= Y)W Fsin(A))+W({(B=F)~Fros(A)) x
By E e : (17}
(D~f)~fcos{A}+tan (AW W+ fsin(a))
1y M Wo
A2l e A {(18)
My=—Mg Wiy i
{00107} Misalignment angle (A} can then be used {o correct the heading of ths device,

improve the performance of the device, for example, while operating a navigation application.
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Example Methods of Gperation

100108} Figures 18a-g illusirate a flow diagram 1800 of an example method for
estimating heading misalignment between a device and a person, wherein the device
comprises an optical sensor capable, according to various embodiments. Procedures of this
method will be described with reference to elements and/or components of Figure 3. His
appreciated that in some embodiments, the procedures may be performed in a different order
than described, that some of the described procedures may not be performed, and/or that one
or more additional procedures to those described may be performed. Flow diagram 1800
includes some procedures that, in varicus embodiments, are carried cut by one or more
processors under the control of computer-readable and computer-execuiable instructions that
are stored on non-transitory computar-readable siorage media (8.q., host memory 330}, ltis
further appreciated that one or more proceduras described in flow diagram 1800 may be

implemented in hardware, or a combination of hardware with firmware and/or software,

[00109] With reference to Figure 18a, at procedure 1810 of flow diagram 1800, in
various embodiments, an image of the person is captured by the optical sensor. In one
embodiment, the optical sensor is a camera. In another embodiment, the optical sensor is an
infrared sensor. In various embodiments, this comprises optical sensor 335 capluring an

image. In one embodiment, the image s stored in host memory 330.

100110] With continued reference to Figure 18a, at procedure 1820 of flow diagram
180C, in various embodimenis, at least one physical feature of the person is extracted from
the image. In various emboediments, the at least one physical fealure of the person includes
at least one or a combination of a head, shoulders, ears, eyes, a nose, a neck, a mouth, and
eyegiasses. In various embodimeants, this comprises host processor 310 performing feature
extraction on the image. In one embodiment, procedure 1820 includes procedure 1840 of

Figure 18b. As shown al procedure 1840, preprocessing is performed on the image.

{00111} in another embodiment, procedure 1820 includes procedures 1850 and 1852 of
Figure 18¢c. As shown ai procedure 1850, edge detection is performed on the image of the
person. At procedure 1852, the at least one physical feature of the person is identified using
detected edges of the image. In one embodiment, procedure 1820 also includes procedure
1854. As shown at procedure 1854, a Hough fransform is performed using detected edges of
the image. In one embodiment, the Hough transform is used (o detect at leastone or a

combination of the foliowing: {i} straight lines; or (i} circies.

[00112] In another embodiment, procedure 1820 includes procedures 1860, 1862 and

1864 of Figure 18d. As shown ai procedure 1860, color analysis is performed on the image of
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the person. Al procedure 1862, skin color of the person is delected. At procedure 1864, the

at leasi one physical feature of the person is identified using the detected skin color.

[00113] As reference o Figure 18a, flow diagram 1800 proceeds fo procedure 1830, Al
procedure 1830, a misalignment angle is estimated using the at least one physical feature of
the person extracted from the image. In various embodiments, this comprises host processor
310 estimating the misalignment angle using the at least one physical fealure of the person

extractad from the imags.

[00114] in one embodiment, procedure 1830 includes procedure 1870 of Figure 18e.
As shown al procedure 1870, a coarse misalignment angle belween the device and the
parson is estimated, where the coarse misalignment angle provides an indication of a relative
orientation of the device from an orientation of the image relative to the device. Inone
embodiment, procedure 1830 also includes procedure 1872 and 1874. Al procedure 1872, a
relation between the at least one physical feature of the person relative to a frame of the
image is determined. Al procedure 1874, the coarse misalignment of the device is identified
based on the ralation. In one embodiment, the coarse misalignment of the device includes
cne of the following: portrait with zero degrees, landscape with 90 degrees, and landscape

with -90 degrees.

[00115] in one embodiment, procedure 1830 includes procedure 1880 of Figure 181,
As shown at procedure 1880, 3 fine misalignment angle between the device and the person is
estimaied, the fine misalignment angle providing a value of the heading misalignment
between the device and the person. In one embodiment, procedure 1830 also includes
procedure 1882 and 1884. At procedure 1882, an image length ratio of a first physical feature
of the person {o a second physical feature of the person is determined, wherein an actual
length ratio of the first physical feature of the person o a second physical feature of the
person is known. Al procedura 1884, the fine misalignment angle is determined using the

image length ratio and the actusl length ratio.

[00116] in another embodiment, procedure 1830 also includes procedure 1886 and
1888, At procedure 1886, an image length ratio of a distance from a middle neck pointtoc a
left shoulder side fo a distance from the middie neck point to a right shoulder side is
determined. At procedure 1888, the fine misalignment angle is determined using the image

length ratio.

Example Optional Enhancements to the Misalignment Angle Estimation
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[00117] During normal use, the attitude of a device {e.g. portable phone) changes
freely. Indeed, such devices often undergo rotational movements along any of their major
axes (e.g. the x-axis, y-axis and z-axis) when positioned, for example, for texting in either
landscape or portrait view. One possible definition of axes is as follows, the forward axis of the
device is defined as x-axis, the vertical or z-axis is pointing downward and the transversal axis
or y-axis is defined in a way to complets the right handed coordinate system. The orientation
of a device within a platform (in the current disclosure a pedesirian carrying, holding or using
the device} is not representative of the orieniation of the platform or pedesirian. The device
may undergo any number of rotational movements along any of its major axes, with respect o
the platform. These rotational movements of the device do not indicate that the platform is
going through the same changes in orientation. For example, the user or platform may be
moving on a levelled 2D plane while the device may be undergoing any number of possible
roff and pitch angles. Roll is defined as the rotation of the device along the forward x-axis,
while pitch is the rotation along the lateral y-axis. Because the device user is free {o rotate the
device as desired, the device can have several changes in roll, pitch and azimuth (heading)

with respect o the platform.

[00118] Typical portable devices include a tri-axial accelerometer for measuring
acceleragtions or specific forces, along each of the sensitive axis, L.e., the x-axis, y-axis and the
z-axis. The device may contain other sensors such as for example gyroscopes,

magnsiometers, baromster, among others.

[00119]  Roll is defined as the rotation of the device along the forward x-axis, while pitch is
the rotation along the lateral y-axis. Because the device useris free 1o rotate the device as
desired, the device can have several changes in roll, pitch and azimuth (heading) with respect

{o the platform.

[00120] The pitch and roll values may be calculated from any one of the following
among others: (i) gyroscopes through any one of different methods such as for example
guaternions, (i} accelerometer readings or averaged accelsrometer readings {whether fixed-
fime average or moving averags), (il} integraled navigation sclution using any type of
integration technique and integrating different sensors and/or systems such as for example
some or all of the following: accelerometers, gyroscopes, magneiometers, barometers,
odometers, or any navigational information updates (such as, for example, GNSS, WiF, or
any other wireless technique). The roll and pitch values used for levelling may be
instantaneous sample values or may be time averaged values {whether fixed time average or
moving average) whether buffered or fed to the presented method epoch by epoch (each

epoch corresponds to an accelerometer reading sample).
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[00121]  An optional step to make the buffered signals smooth; an LPF may be applied o

the buffers.

[00122]  An optional routine to give a misalignment angle output in case the main method
gives a “no decision” culpui may be used; such rouline is based on the history of any one or
any combination of the following: (i) the buffered history of the corrected misalignment angle,
{ii} the bufferad history of the roll and pitch angles, or (iii} the buffered history of the azimuth

{heading) angle.

[00123]  An optional routine to enhance the misalignment angle calculation may be used,
such routing is based on the history of any one or any combination of the following: {{} the
buffered history of the corrected misalignment angle, {ii} the buffered history of the roll and
pitch angles, or (i} the buffered history of the azimuth (heading) angle. This routine may rely
on smoothing, averaging, or any iype of fillering of any one or any combination of the above
list of buffered quantities. In some embodiments, an optional routine may be used o integrate
the misalignment angle obtained using vision with the misalignment angle obtained using
other means such as inertial sensors using averaging or any type of filtering or state

estimation known to those skilled in the art.

[00124]  An optional routine that calculates a standard deviation of the calculated
misalignment angle may be used. In one embodiment, this routine may rely on the
consistency of any one or any combination of the following: (i} the buffered history of the
corrected misalignment angle, (i} the buffered history of the roll and pitch angles, or (iii) the

buffered history of the azimuth (heading} angle.

[00125] An optional routine 1o enhance the misalignment angle calculation of the present
method when absolute navigational information (such as for example GNSS or WiFi among
others} is available and capable of calculating a pedestrian or platform heading may be used.
This means having a redundancy of information, for example: (i} device heading from one or
more its self-contained sensors, a fused version of ifs self-contained sensors, or from an
integrated navigation solution; (ii} misalignment from the present method; (iii} pedestrian
heading from the absolute navigational information. In one embodiment, the information from
{i} and (ili) can be used to calculate another version of misalignment between device and
pedestrian that can enhance, be integrated or fused with, be averaged or filtered with the
misalignment from (ii). In another emboediment, the other version of misalignment between
device and pedestrian calculated from (i) and (iii) can be used with a machine learming or
training technigue together with the misalignment from (i} (especially when the misalignment
from (ii} has a poor performance possibly indicated by the oplional calculation of its standard
deviation)} o obtain better misalignment in the same use cases even if those use cases

occurred later in a navigation session or trajectory when the absolute navigational information
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is blocked, interrupted or degraded. in yvet ancther embodiment, both the preceding two ideas

can both be applied in a third embodiment.

[00126]  Any one or any combination of the optional routines can be used.

Example Calculation of User Heading

[00127]  In one embodiment, flow diagram 1800 proceeds to procedure 1890 of Figure 18g.
At procedure 1890, a heading of the person is obtained from a heading of the device and the
estimated misalignment angle. The heading of the user H,,,. can be calculated using
Equation (19) where 8,4, is the misalignment angle and H,,,i.. is the device heading angle

which can be calculated using gyroscopes and/or magnetometers sensors of the device.

Huser = Hdevice gdevice (19)

Example Usages of the Estimated Misalignment Angle

100128] In one embodiment, flow diagram 1800 proceeds to procedure 1892 of Figure
18h. At procedure 1892, the misalignment angle is used to provide an enhanced navigation
solution. It should be noted that the present method may be used in a variety of applications

including those that involve 2D or 3D navigation solutions including:
& 20 or 3D position, velocily and atliiude; or
® only 20 or 3D position and atiifude;

or partial 2D or 3D navigation solutions including:
& cnly 2D or 3D velocity and attitude; or

® only 2D or 3D attitude.
in case of 2D solutions, atlitude is only the azimuth (heading) angle.

[00129] As an example application, the present method may be used with a pedesirian
dead-reckoning {PDR] selution. PDR needs 3 pedestrian heading (azimuth) together with step
detection and step length. The sensors in the device (such as for example accelerometers,
gyroscopes, and magnetorneters) can only give the device heading (azimuth) not the
pedestrian heading. These two are notf the same and have a misalignment between them

depending on the use case of the device. So, if there is no absolute navigational information
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{such as for example GNSS or WiFi}, or if the guality or nature of any available absolule
navigational inforrmation is not adequate or not capable of calculating a pedestrian heading,
then misalignment between device heading and pedestrian heading is needed in order to
calculate the pedestrian heading given the device heading obtained from iis seif-contained
sensors. The calculated pedestrian heading will be used for PDR. Even in cases where
absolute navigational information is available, and the device heading and the misalignment
can be used to calculate a pedestrian heading to be used for PDR, then this solution can be
integrated with the absolute navigational information to give a better solution that mitigates the
drawbacks of both dead-reckoning and absolute navigational information. Any slate

estimation or filtering technique can be used for such integration.

{00130 in another example application, the misalignment angle from the present
method can be used with any 2D or 3D navigation application wherein motion constrainis that
need this misalignment angle are applied to enhance the positioning or navigation solution

{without any physical constraint on the usage of the device) such as, for sxample:

100131} Non Holonomic Constraints (NHC): NHC is in the moving platform frame {which
is here the pedesirian frame); 30 in order {o apply NHC the transformation between the device
frame and the pedestrian frame is needed which relies on the misalignment angle obtained by

the present method.

001323 PDR applied as a constraint {o ancther integrated navigation solution whether a
2D or 3D navigation solution, thereby providing improved positioning performance with low-
cost sensors rather than general inertial navigation. The dependence of PDR on the
misalignment angle calculated by the present method is explained earlier. In general, the PDR
resulis can be used in any of the following ways: i} {o provide measurement updates for the
navigation solution (in addition to the possible calculation of the standard deviations for these
updates}, i} to be integrated with the navigation solution in a Least Squares sense, or i} to be

used as the only standalone positioning and navigation solution {as described above).

100133] Map constraints: if environment maps {of any type) are available, the map
constraints can be used {o enhance the navigation solution. In order to use such constraints
the pedastrian heading is needed, which can be calculated from the device heading and the
misalignment calculated by the present method. If there is no absolute navigational
information {such as for example GNSS or WiFi), or if the quality or nature of any available
absolute navigational information is noi adequate or not capable of calculating a pedesirian
heading, then misalignment between device heading and pedestrian heading is used to
calculate the pedestrian heading given the device heading obtained from the self-contained
sensors. The calculaled pedestirian heading will be used for the map constraint for the

ravigation solution. Even in cases where absolule navigational information is available, the

32



WO 2016/126863 PCT/US2016/016435

device heading and the misalignment can be used io calculate a pedestrian heading o be
further integrated with the absolute navigational information to give a better sclution. The map
consiraints to enhance a navigation solution can be used if PDR is ulilized {o further enhance

the solution, or can be used it PDR is not used fo enhance the main navigation solution.

[00134] When the method presented herein is combined in any way with a navigation
solution whether 2D or 3D, this navigation solution can use any typs of state estimation or
filtering techniques. The stale estimation technique can be linear, nonlinear or a combination
thereof. Different exampies of techniques used in the navigation solution may rely on a
Kalman filter, an Extended Kalman filler, a non-linear filter such as a particle filler, or an
artificial inteliigence technigue such as Neural Network or Fuzzy systems. The state
estimation technique used in the navigation solution can use any type of sysiem and/or
measurement models. The navigation solution may follow any scheme for integrating the
different sensors and systermns, such as for example a loosely coupled integration scheme or a
tightly coupled integration scheme among others. The navigation solution may utilize
modeling (whether with linear or nonlinear, short memory length or long memory length)

and/or automatic calibration for the errors of inertial sensors and/or other sensors used.
Conclusion

[00135] The examples set forth herein were presented in order {o best explain, o
describe particular applications, and to thereby enable those skilled in the art to make and uss
embodiments of the described examples. However, those skilled in the art will recognize that
the foregoing description and examples have been presented for the purposes of illustration
and example only. The description as set forth is not intended to be exhaustive or {o limit the
embodiments {o the precise form disclosed. Rather, the specific features and acls described

above are disclosed as example forms of implementing the claims.

[00136] Reference throughout this document to “one embodiment,” “cerlain

5

embodiments,” "an embodiment,” “various embodiments,” “some embodiments,” or similar
term means that a particular featurs, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment. Thus, the appearances of such
phrases in various places throughout this specification are not necessarily all referring to the
same embodiment. Furthermore, the particular features, struclures, or characteristics of any
embodiment may be combined in any suitable manner with one or more other features,

struciures, or characteristics of one or more other embodiments without limitation.
Contemplated Embodiments

[00137] The present disclosure describes the body frame to be x forward, v positive
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towards right side of the body and z axis positive downwards. {tis contemplated that any
body-frame definition can be used for the application of the method and apparatus described

herein.

100138] it is contempilated that the techniques of this disclosure can be used with a
nagvigation solution that may oplionally utilize automalic zere velocity periods or static period
detection with its possible updates and inertial sensors bias recalculations, non-holonomic
updates module, advanced modeling and/or calibration of inertial sensors errors, derivation of
possible measurements updates for them from GNSS when appropriate, automatic
assessment of GNSS solution guality and detecting degraded performancs, automatic
switching betwesn loosely and tightly coupled integration schemss, assessment of each
visible GNSS satellite when in tightly coupled mode, and finally possibly can be used with a
backward smoothing module with any type of backward smoothing technigue and either

running in post mission or in the background on buffered data within the same mission.

[00139] it is further contemplated that techniques of this disclosure can also be used
with a mode of conveyance technigue or a motion mode detection technique lo establish the
mode of conveyance. This enables the detection of pedestrian mode among other modes
such as for example driving mode. When pedestrian mode is detected, the method presented
in this disclosure can be made operational to determine the misalignment between the device

and the pedesirian.

[00140] it is further contemplated that technigues of this disclosure can also be used
with a navigation solution that is further programmed to run, in the background, a routine fo
simulate artificial outages in the absolule navigational information and estimate the
parameters of ancther instance of the state estimation technigue used for the solution in the
present navigation module {o oplimize the accuracy and the consistency of the solution. The
accuracy and consisiency is assessed by comparing the temporary background solution
during the simulated outages o a reference solution. The reference solution may be one of
the following examples: the absolute navigational information {e.g. GNS3); the forward
integrated navigation solution in the device integrating the available sensors with the absolute
navigational information (e.g. GNSS) and possibly with the optional speed or velocity
readings; or a backward smoothed integrated navigation solution integrating the available
sensors with the absolute navigational information {e.g. GNSS8) and possibly with the optional
speed or velocity readings. The background processing can run either on the same processor
as the forward solution processing or on another processor that can communicate with the
first processor and can read the saved data from a shared location. The ouicome of the
background processing solution can benefit the real-lime navigation solution in its future run

{s.g., real-time run afier the background routine has finished running), for example, by having
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improved values for the parameters of the forward state estimation technique used for

navigation in the present module.

[00141] it is further contemplated that the techniques of this disclosure can also be
used with a navigation solution that is further integrated with maps (such as street maps,
indoor maps or models, or any other environment map or model in cases of applications that
have such maps or models available), and a map matching or model maiching routine. Map
matiching or model matching can further enhance the navigation soluiion during the absoluts
navigation information {(such as GNS5) degradation or interruption. In the case of model
malching, a sensor or a group of sensors that acquire information about the environment can
be used such as, for example, Laser range finders, cameras and vision syslems, or sonar
systems. These new systems can be used sither as an extra help {0 enhance the accuracy of
the navigation solution during the absolute navigation information problems (degradation or

absence), or they can totally replace the absolule navigation information in some applications.

[00142] it is further contemplated that the technigues of this disclosure can also be
used with a navigation solution that, when working either in a tightly coupled scheme or g
hybrid lcoselyftighily coupled option, nesed not be bound to utilize pseudorange measuremenis
{which are calculated from the code not the carrier phase, thus they are called code-based
pseudoranges) and the Doppler measurements (Used to gel the pseudorange rales). The
carrier phase measurement of the GNSS receiver can be used as well, for example: (i) as an
aliernaie way 1o calculate ranges instead of the code-based pseudoranges, or (i} to enhance
the range calculation by incorporating information from both code-based pseudorange and

carrier-phase measurements; such enhancement is the carrier-smoothed pseudorangs.

[00143] it is further contemplated that the techniques of this disclosure can also be
used with a navigation solution that relies on an ultra-tight integration scheme between GNSS

receiver and the other sensors’ readings.

[00144] it is further contemplated that the technigues of this disclosure can also be
used with a navigation solution that uses various wireless communication systems that can
also be used Tor positioning and navigation either as an additional aid {(which will be more
beneficial when GNSS is unavailable) or as a substitute for the GNSS information (e.g., for
appiications where GNSS is not applicable). Exampiles of these wireless communication
systems used for positioning are, such as, those provided by celiular phone towers and
signals, radio signals, digital television signals, WiFi, or WiMax. For example, for celiular
phone based applications, an absolute coordinate from cell phone towers and the ranges
between the indoor user and the fowers may be utilized for positioning, whereby the range
might be estimated by different methods among which calculating the time of arrival or the

time difference of arrival of the closest cell phone positioning coordinates. A method known
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as Enhanced Observed Time Difference {E-OTD) can be used o get the known coordinates
and range. The standard deviation for the range measurements may depend upon the type of
oscillator used in the cell phone, and cell tower timing equipment and the transmission losses.
WiFi positioning can be done in & variety of ways that includes but is not limited {o time of
arrival, time difference of arrival, angles of arrival, received signal strength, and fingerprinting
techniques, among others; all of the methods provide different level of accuracies. The
wireless communication system used for positioning may use different techniques for
modeling the errors in the ranging, angles, or signal strength from wireless signals, and may
use different muitipath mitigation techniques. All the above mentioned ideas, among cthers,
are also applicable in a similar manner for other wireless positioning techniques based on

wireless cormmunications sysiems.

[00145] it is further contemplated that the technigues of this disclosure can also be
used with a navigation solution that utilizes aiding information from other moving devices.
This alding information can be used as additional aid (that will be more beneficial when GNSS
is unavailable) or as a substitule for the GNSS information (e.q. for applications where GNSS
based positioning is not applicable). One example of aiding information from other devices
may be relying on wireless communication systems between different devices. The
underlying idea is that the devices that have betler positioning or navigation solution (for
example having GNSS with good availability and accuracy) can help the devices with
degraded or unavailable GNSS to get an improved positioning or navigation solution. This
help relies on the well-known position of the aiding device(s) and the wirgless communication
system for positioning the device(s) with degraded or unavailable GNSS. This contemplated
variant refers {o the one or both circumstance(s) where: (i) the device(s) with degraded or
unavailable GNSS utilize the methods described herein and get aiding from other devices and
communication system, (i} the alding device with GNSS available and thus a good navigation
solution ulilize the methods described herein. The wireless communication system used for
positioning may rely on different communication protocols, and it may rely on different
methods, such as for example, time of arrival, time difference of arrival, angles of arrival, and
received signal strength, among others. The wireless communication system used for
positioning may use different techniques for modeling the errors in the ranging and/or angles

from wireless signais, and may use different multipath mitigation iechniques.

[00146] The embodiments and technigues described above may be implemented in
software as various interconnectad functional blocks or distinct software modules. This is not
necessary, however, and there may be cases where these functional blocks or modules are
equivalently aggregated into a single logic device, program or operation with unclear
boundaries. In any event, the functional blocks and software modules implementing the

embodiments described above, or features of the interface can be implemenied by
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themselves, or in combination with other operations in either hardware or software, either
within the device entirely, or in conjunction with the device and other processer enabled

devices in communication with the device, such as a server.

{00147] Although a few embodimenis have been shown and described, it will be
appreciated by those skilled in the art that various changes and modifications can be made to
these embodiments without changing or departing from their scope, intent or functionality.
The terms and expressions used in the preceding specification have been used herein as
{erms of description and not of limitation, and there is no intention in the use of such terms
and expressions of excluding eguivalents of the features shown and described or portions
thereof, it being recognized that the disclosure is defined and limited only by the claims that

foliow.
[00148] As short summaries, this writing has disclosed the following broad concepts:

Concept 1. A method for estimating heading misalignment between a device and a person,
wherein the device comprises an oplical sensor capable of capturing an image, the method
comprising:

capturing an image of the person by the oplical sensor;

extracting at least ong physical feature of the person from the image; and

estimating a misalignment angle using the at least one physical feature of the person

exiractad from the imags.

Concept 2.  The method as recited in Concept 1, wherein the extracting the at least one
physical feature of the person from the image of the person further comprises:

performing preprocessing on the image.

Concept 3.  The method as recited in Concept 1 or 2, wherein the extracting the at least
one physical feature of the person from the image of the person comprises:

performing edge detsction on the image of the person; and

identifying the at least one physical feature of the person using detected edges of the

image.

Concept4.  The method as recited in Concept 3, wherein the exdracling at least one
physical feature of the person from the image of the person further comprises:

performing a Hough transform using delecled edges of the image.

Concept 5.  The method as recited in Concept 4, wherein the Hough transform is used to

detect at isast one or a combination of the following: (i) straight lines; and (i) circles.

37



WO 2016/126863 PCT/US2016/016435

Concept 6.  The method as recited in Concept 1, wherein the exiracting at least cne
physical feature of the person from the image of the person comprises:

performing color analysis on the image of the person;

detecting skin color of the person; and

identifying the at least one physical feature of the person using the detected skin color.

Concept?.  The method as recited in Concept 1, wherein the at least one physical feature
of the person comprises at least one or a combination of a head, shoulders, ears, eves, a

nose, a neck, a mouth, and eyeglasses.

Concept 8. The method as recited in Concept 1, wherein the estimating a misalignment
angle using the at least one physical fealure of the person extracted from the image of the
Person comprises:

estimating a coarse misalignment angle between the device and the person, the
coarse misalignment angle providing an indication of relative orieniation of the device from the

orignitaiion of the image relative to the device.

Concept 8.  The method as recited in Concept 8, wherein the estimating a coarse
misalignment angle between the device and the parson comprises:

determining a relation between the at least one physical feature of the person relative
o a frame of the imags; and

identifying the coarse misalignment based on the relation.

Concept 10.  The method as recited in Concept 8, wherein the coarse misalignment
comprises one of the following: porirait with zero degrees, landscape with 90 degrees, and

landscape with -90 degrees.

Concept 11, The method as recited in Concept 1, wherein the estimating a misalignment
angie using the at least one physical feature of the person exiracted from the image of the
person comprises:

estimating a fine misalignment angle between the device and the person, the fine
misalignment angle providing a value of the heading misalignment between the device and

the person.

Concept 12.  The method as recited in Concept 11, wherein the estimaling a fine
misalignment angle between the device and the person comprises:

determining an image length ratio of a first physical feature of the person to a second
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physical feature of the person, wherein an actual length ratic of the first physical featurs of the
person to a second physical feature of the person is known; and
determining the fine misalignment angle using the image length ratio and the actual

length ratio.

Concept 13.  The method as recited in Concept 11, wherein the estimating a fine
misalignment angle between the device and the person comprises:

determining an image length ratio of a distance from a middle neck point to a ieft
shoulder side {0 a distance from the middie neck point to a right shoulder side; and

determining the fine misalignment angle using the image length ratio.

Concept 14.  The method as recited in Concept 1 further comprising:
obrtaining a heading of the person from a heading of the device and the misalignment

angle.

Concept 15, The method as recited in Concept 1 further comprising:

using the misalignment angle to provide an enhanced navigation solution.

Concept 16. A portable device comprising:

an oplical sensor capable of capluring images;

a processor capable of receiving imagaes from the oplical sensor and operable o
estimate heading misalignment between the portable device and a person, wherein the
processor is operable to:

receive an image of the person from the optical sensor;
exiract at least one physical feature of the person from the image; and
estimate a misalignment angle using the at least one physical feature of the

person exiracted from the image.

Concept 17.  The device as recited in Concept 18, wherein the processor is further operable
fo:

perform preprocessing on the image.

Concept 18. The device as recited in Concept 16 or 17, wherein the processor is further
operable fo:

perform edge detection on the image of the person; and

identify the at least one physical feature of the person using delected edges of the

image.
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Concept 18.  The device as recited in Concept 18, wherein the processor is further operable
to:

perform a Hough transform using detected edges of the image.

Concept 20. The device as recited in Concept 19, wherein the Hough transform is used to

detect at ieast one or a combination of the following: (i) straight lines; and (ii} circles.

Concept 21, The device as recited in Concept 16, wherein the processor is further operable
fo

perform color analysis on the image of the person;

detect skin color of the person; and

identify the at leasi one physical feature of the person using the detecied skin color.

Concept 22. The device as recited in Concept 16, wherein the at least one physical feature
of the person comprises at least one or a combination of a head, shoulders, ears, eyes, &

nose, a neck, a mouth, and eyeglasses.

Concept 23.  The device as recited in Concept 18, wherein the processor is further operable
to:

gstimate a coarse misalignment angle between the device and the person, the coarse
misalignment angle providing an indication of relative orientation of the device from the

orientation of the image relative {0 the devics.

Concept 24,  The device as recited in Concept 23, wherein the processor is further operable
to:

determine a relation between the at least one physical feature of the person relative o
a frame of the image; and

identify the coarse misalignment based on the relation.

Concept 25. The device as recited in Concept 23, wherein the orientation of the coarse
misalignment comprises one of the following: portrait with zero degrees, landscape with 90

degrees, and landscape with -80 degrees.

Concept 26. The device as recited in Concept 18, wherein the processor s further operable
to:

estimate a fine misalignment angle between the device and the person, the fine
misalignment angle providing a value of the heading misalignment between the device and

the person.
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Concept 27. The device as recited in Concpet 26, wherein the processor is further operable
{or

determine an image length ratic of a first physical feature of the person o a second
physical feature of the person, wherein an actual length ratic of the first physical feature of the
person {o a second physical feature of the person is known; and

determine the fine misalignment angle using the image length ratio and the actual

length ratio.

Concept 28. The device as recited in Concept 26, wherein the processor is further operable
to:

determine an image length ratio of a distance from a middle neck point {o a left
shoulder side to a distance from the middie neck point to a right shoulder side; and

determine the fine misalignment angle using the image length ratio.

Concept 28,  The device as recited in Concept 18, wherein the processor is further operable
tfo:
obtain a heading of the person from a heading of the device and the misalignment

angle.
Concept 30.  The device as reciied in Concapt 16, wherein the processor s further operable

{o:

use the misalignment angle o provide an enhanced navigation solution.
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CLAIMS

What is claimed is:

1. A method for estimating heading misalignment between a device and a person,
wherein the device comprises an oplical sensor capabie of capturing an image, the method
comprising:

capiuring an image of the person by the optical sensor;

extracting at least one physical feature of the parson from the image; and

estimating a misalignment angle using the al least one physical feature of the person

extracted from the image.

2. The method as reciled in Claim 1, wherein the exiraciing the at least one
physical feature of the person from the image of the person further comprises:

performing preprocessing on the image.

3. The method as recited in Claim 1 or 2, wherein the exiracting the at least one
physical feature of the person from the image of the person comprises:

performing edge detection on the image of the person; and

identifying the at least one physical feature of the person using delected edges of the

image.

4, The method as recited in Claim 3, wherein the exiracting at least one physical
feature of the person from the image of the person further comprises:

performing a Hough transform using detected edges of the image.

5. The method as recited in Claim 4, wherein the Hough transform is used to

detect at ieast one or a combination of the following: (i) straight lines; and (ii) circles.

5. The method as recited in Claim 1, wherein the exiracting at least one physical
feature of the person from the image of the person comprises:

performing color analysis on the image of the persorn;

detecting skin color of the person; and

identifying the at least one physical feature of the person using the detected skin color.

7. The method as recited in Claim 1, wherein the at least one physical feature of
the person comprises at least one or a combination of a head, shoulders, sars, ayaes, a nose,

a neck, a mouth, and eyegiasses.

8. The method as recited in Claim 1, wherein the sstimating a misalignment angle
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using the at least one physical feature of the person exiracted from the image of the person
comprises:

estimating a coarse misalignment angle between the device and the person, the
coarse misalignment angle providing an indication of relative orientation of the device from the

grientation of the image relative o the device.

9. The method as recited in Claim 8, wherein the estimating a coarse
misalignment angle between the device and the person comprises:

determining a relation between the at least one physical feature of the person relative
to a frame of the image; and

identifying the coarse misalignment based on the relation.

10. The method as recited in Claim 8, wherein the coarse misalignment comprises
one of the following: portrait with zero degrees, landscape with 90 degrees, and landscape

with -0 degreses.

11. The method as reciled in Claim 1, wherein the estimatling & misalignment angle
using the at least one physical feature of the person exiracted from the image of the person
comprises:

gstimating a fine misalignment angle between the device and the person, the fine
misalignment angle providing a value of the heading misalignment between the device and

the person.

12. The method as recited in Claim 11, wherein the estimating a fine misalignment
angle between the device and the person comprises:

determining an image length ratio of a first physical fealure of the persen to a second
physical feature of the person, wherein an actual length ratic of the first physical feature of the
parson o a second physical feature of the person is known; and

determining the fine misalignment angle using the image length ratic and the actual

length ratio.

13. The method as recited in Claim 11, wherein the estimating a fine misalignment
angie between the device and the person comprises:

determining an image length ratio of a distance from a middle neck point to a ieft
shoulder side {o a distance from the middle neck point to a right shoulder side; and

determining the fine misalignment angle using the image length ratio.

14. The method as recited in Claim 1 further comprising:
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angle.

obtaining a heading of the person from a heading of the device and the misalignment

15. The method as recited in Claim 1 further comprising:

using the misalignment angle to provide an enhanced navigation sclution.

16. A portable device comprising:
an optical sensor capable of capturing images;

a processor capable of receiving images from the optical sensor and operable o

estimate heading misalignment between the portable device and a person, wherein the

processor is operable to:

receive an image of the person from the optical sensor;
extract at least one physical feature of the person from the image; and
estimaie a misalignment angle using the at least one physical feature of the

person extracted from the image.

17. The device as recited in Claim 16, wherein the processor is further operable to:

perform preprocessing on the image.

18. The device as recited in Claim 16 or 17, wherein the processor is further

operable o

image.

perform edge detection on the image of the person; and

identify the at least one physical feature of the person using detecled edges of the

18. The device as recited in Claim 18, wherein the processor is further operabie {o:

perform g Hough transform using detected edges of the image.

20. The device as reciled in Claim 19, wherein the Hough transform is used o

detect at ieast one or a combination of the following: (i) straight lines; and (i) circles.

21. The device as recited in Claim 16, wherein the processor is further operable to:
perform color analysis on the image of the person;
detect skin coler of the person; and

identify the at least one physical feature of the person using the detected skin color.

22. The device as recited in Claim 16, whersin the at least one physical feature of

the person comprises at least one or a combination of a head, shoulders, ears, eves, a nose,
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a neck, a mouth, and eveglasses.

23. The device as recited in Claim 16, wherein the processor is further operable to:
estimate a coarse misalignment angle between the device and the person, the coarse
misalignment angle providing an indication of relative orientation of the device from the

orientation of the image relative o the device.

24, The device as recited in Claim 23, wherein the processor is further operable to:
determine a relation between the at least one physical feature of the person relative fo
a frame of the image; and

identify the coarse misalignment based on the relation.

25. The device as recited in Claim 23, wherein the orientation of the coarse
misalignment comprises one of the following: portrait with zero degrees, landscape with 90

degrees, and landscape with -30 degrees.

26. The device as recited in Claim 16, wherein the processor is further operable to:
estimale a fine misalignment angie between the device and the person, the fine
misalighment angle providing a value of the heading misalignment between the device and

the person.

27. The device as reciled in Claim 28, wherein the processor is further operable io:

determine an image length ratio of a first physical feature of the person to a second
physical feature of the person, wherein an actual length ratio of the first physical featurs of the
person (o a second physical feature of the person is known; and

determine the fine misalignment angle using the image length ratio and the actual

lengih ratio.

28. The device as reciled in Claim 26, wherein the processor is further operabie to:
determine an image length ratio of a distance from a middle neck point to a left
shoulder side to a distance from the middle neck point to a right shoulder side; and

determine the fine misalignment angle using the image length ratio.

29. The device as recited in Claim 16, wherein the processor is further operable to:

obtain a heading of the persoen from a heading of the device and the misalignment
angle.

30. The device as reciled in Claim 16, wherein the processor is further operable (o

use the misaiignment angle to provide an enhanced navigation solution.
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