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ABSTRACT

ESTIMATION OF DIRECTION OF MOTION OF USERS ON MOBILE 

DEVICES

A mobile device and a method for estimation of direction of motion of a user are 

described. The mobile device comprises an inertial sensor to capture acceleration 

signals based on motion of the user and a direction estimation module. The 

direction estimation module determines direction of gravity based on filtering 

acceleration values obtained from captured the acceleration signals using a low- 

pass filter to identify a plane orthogonal to the direction of gravity. The plane 

orthogonal to the gravity comprises two orthogonal axes orthogonal to the 

direction of gravity. Further, displacement values are evaluated based on a user 

input for placement of the mobile device with respect to user’s body, and 

integration of the acceleration values across the two orthogonal axes with respect 

to time. A direction of motion of the user is estimated based on a ratio of the 

displacement values along the two orthogonal axes.
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ESTIMATION OF DIRECTION OF MOTION OF USERS ON MOBILE 

DEVICES

TECHNICAL FIELD

[0001] The present subject matter relates, in general, to estimation of direction 

of motion of individuals and, particularly but not exclusively, to estimation of 

direction of motion of users on mobile devices.

BACKGROUND

[0002] With the trend towards ubiquitous computing, context awareness is 

becoming a key factor in applications that involve localization of individuals 

based on estimating direction of motion of the users. Estimating direction of 

motion of individuals, for example, using smartphones or other similar mobile 

devices make use of the embedded global positioning system (GPS) and/or 

inertial sensors, for example, accelerometers.

BRIEF DESCRIPTION OF DRAWINGS

[0003] The detailed description is described with reference to the 

accompanying figures. In the figures, the left-most digit(s) of a reference number 

identifies the figure in which the reference number first appears. The same 

numbers are used throughout the drawings to refer same features and components. 

[0004] Figure 1(a) illustrates a mobile device for estimation of direction of 

motion of users, in accordance with an embodiment of the present subject matter. 

[0005] Figure 1(b) illustrates three axes of the mobile device, in accordance 

with an embodiment of the present subject matter.

[0006] Figure 2 illustrates a method for estimation of direction of motion of a 

user on a mobile device, in accordance with an embodiment of the present subject 

matter.

[0007] It should be appreciated by those skilled in the art that any block 

diagrams herein represent conceptual views of illustrative systems embodying the
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principles of the present subject matter. Similarly, it will be appreciated that any 

flow charts, flow diagrams, state transition diagrams, pseudo code, and the like 

represent various processes which may be substantially represented in computer 

readable medium and so executed by a computing device or processor, whether or 

not such computing device or processor is explicitly shown.

DETAILED DESCRIPTION

[0008] Conventional methodologies for estimating direction of motion of 

individuals make use of the embedded GPS and inertial sensors, for example, 

accelerometers. However, information pertaining to the direction of motion of 

individuals obtained through GPS is only reliable in certain outdoor environments 

because of direct visibility to the satellites. The data of inertial sensors is generally 

too noisy to obtain accurate location information.

[0009] Pedestrian navigation system is a conventional system for estimating 

and monitoring direction of motion of pedestrians using inertial sensors. In the 

pedestrian navigation system direction of motion of pedestrians is estimated based 

on aggregation of individual steps of movement of the pedestrians. Step detection 

typically relies on peak detection over inertial sensor data, which is sensitive to 

noise and other irrelevant motion, producing a high rate of false positives. Further, 

the pedestrian navigation system relies on a dedicated inertial sensor device 

placed on the user body for tracking.

[0010] Recently, certain advanced methodologies for pedestrian navigation 

have exploited widely available mobile devices such as smartphones with 

accelerometer for estimating direction of motion of pedestrians. However, 

implementing such a pedestrian navigation system on smartphones faces 

significant challenges. For example, while the pedestrian is walking, the position 

of the smartphone, such as in a hand or a pocket, can affect the sensor readings. 

This may leads to unreliable detection across different positions of the 

smartphone. Further, the data of the accelerometers embedded in the smartphones 

is too noisy, and thus leads to inaccuracies in the localization of pedestrians.
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[0011] In accordance with the present subject matter, a mobile device for 

estimation of direction of motion of a user, and a method for estimation of 

direction of motion of a user on the mobile device are described.

[0012] The mobile devices referred herein include smartphones, personal 

digital assistants (PDA), tablet computers, or other portable or hand-held 

computing devices equipped with inertial sensors. The inertial sensor includes an 

accelerometer used for measuring acceleration-based movements or motions of 

the user. Micro-Electro-Mechanical Systems (MEMS) technology has enabled the 

manufacture of the inertial sensors of size that fits into the mobile devices. Such 

inertial sensors have low cost and low power consumption. In the context of the 

present subject matter, the user can be an individual who is walking/moving and 

carrying the mobile device in his hand, shirt pocket, trouser pocket, waist pocket, 

or phone holder tied to waist, etc.

[0013] According to an embodiment of the present subject matter, 

acceleration values across three axes of the mobile device are measured by the 

inertial sensor in the mobile device. In an implementation, for measurement of 

acceleration values, acceleration signals, representing the motion of the user, are 

captured by the inertial sensor in the form of a data stream. The data stream of the 

acceleration signals from the inertial sensor is divided into time windows of a 

predetermined time period. The acceleration signals are then processed as per the 

time windows to obtain acceleration values. The acceleration signals captured by 

the inertial sensors are generally too noisy, and may include a static bias as well 

when the mobile device is at rest. The measured acceleration values are therefore 

corrected, according to said embodiment, by removing the static bias and the 

noise therefrom, prior to further processing. As apparent, the correction is 

performed for the acceleration values obtained across all the three axes of the 

mobile device.

[0014] The acceleration values obtained after removing the static bias and the 

noise are hereinafter referred to as corrected acceleration values. These corrected 

acceleration values are then used for determining the direction of gravity. 

Determination of direction of gravity is performed by filtering the corrected
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acceleration values using a low-pass filter. With this, the gravity components are 

filtered out from the acceleration values. The gravity components mentioned 

herein refer to acceleration values that are contributed by the acceleration due to 

gravity along the three axes.

[0015] Determination of the gravity components can further lead to 

determination of gravity and its direction, which enables determination of a plane 

orthogonal to the direction of gravity. Such a plane includes two axes being 

orthogonal to the direction of gravity. These axes are hereinafter referred to as 

orthogonal axes.

[0016] Subsequent to determination of the two orthogonal axes of the plane, 

values of displacement along each of the two orthogonal axes are determined. In 

one implementation, determination of displacement values depends on position at 

which the mobile device is placed with respect to user’s body. This dependency 

has been determined based on observing a model of an individual’s walk. As per 

the observation, during the walk, foot of an individual pushes a ground 

backwards. This in turn generates a reaction force to propel the individual 

forward. However, this reaction force is felt in the lower half of the body. Thus, 

the inertial sensor when in contact with lower half of the body, experiences a 

force forward. While, the upper half of the body, which is dragged due to the 

motion excited by the lower half of the body feels an inertial force backwards. 

Since an individual’s body temporarily comes to rest during each step, this 

process gets repeated. Thus, the force observed in the upper half of the body is 

opposite with respect to the true direction of motion.

[0017] Accordingly, if the mobile phone is placed in the upper half of the 

body, say, in a shirt pocket or a waist pouch, or lower half of the body, say, in a 

trouser pocket, such positions of the mobile device with respect to the user’s body 

will influence the displacement values. Therefore, in order to nullify the impact or 

influence of the position of the mobile device on the displacement values, and to 

calculate the true displacement values, user input regarding placement of the 

mobile device with respect to user’s body is received, and then a scaling by a 

predetermined value is performed on the acceleration values, along the axis of
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motion. In one implementation, the predetermined value is +1 and -1. In said 

implementation, if the mobile phone is placed somewhere near to the upper half 

body of the user, say from head to waist, then a value -1 is multiplied to each of 

the corrected acceleration values, along the axis of motion, and if the mobile 

phone is placed somewhere near to the lower half of the body, say below waist, 

then a value 1 is multiplied to the corrected acceleration values to scale the 

acceleration values, along the axis of motion.

[0018] Further, in an implementation, the determination of the displacement 

values are based on integration of the corrected acceleration values across the 

three axes of the mobile device, with respect to time. In said implementation, the 

acceleration values are integrated with respect to time to obtain values of velocity, 

and then the values of velocity are integrated with respect to time to obtain 

displacement values along each of the two orthogonal axes of the plane. Ratio of 

the displacement values along the two orthogonal axes provides direction of 

motion of the user.

[0019] As described above, the mobile device and the method according to 

the present subject mater processes the accelerometer data to eliminate noise and 

static bias therefrom, and rely on the displacement values obtained after 

processing and scaling the accelerometer data to identify or estimate the direction 

of motion of the user. The estimated direction of motion is, thus, free from errors, 

and estimation can be performed accurately irrespective of where the mobile 

device is placed with respect to the user’s body. The estimated direction of motion 

can be taken as an input by a variety of applications requiring indoor as well as 

outdoor localization of the users.

[0020] The manner in which the mobile device and method has been 

implemented is explained in detail with respect to Figure 1 and Figure 2. The 

aspects of described methods can be implemented in any number of different 

portable or hand-held computing and/or communication devices equipped with 

inertial sensors.

[0021] Figure 1(a) illustrates a mobile device 100 for estimation of direction 

of motion of users, in accordance with an implementation of the present subject

5



20
15

20
00

31
 

06
 Ja

n 
20

15

matter. In an implementation, the mobile device 100 is a device having an inertial 

sensor 112 and can be carried by the user while walking. The mobile device 100 

may include a smartphone, a portable or hand-held computing and/or 

communication device equipped with inertial sensor. The user may hold the 

mobile device 100 is his hand, or place the mobile device 100 in a pocket or a 

bag, or may couple the mobile device 100 using a coupling means to the body. 

[0022] In an implementation, the mobile device 100 includes processor(s) 

102. The processor(s) 102 may be implemented as one or more microprocessors, 

microcomputers, microcontrollers, digital signal processors, central processing 

units, state machines, logic circuitries, and/or any devices that manipulate signals 

based on operational instructions. Among other capabilities, the processor(s) 102 

is configured to fetch and execute computer-readable instructions stored in a 

memory.

[0023] The mobile device 100 further includes interface(s) 104. The 

interface(s) 104 may include a variety of machine readable instruction-based and 

hardware-based interfaces that allow the mobile device 100 to communicate with 

other devices, including servers, data sources and external repositories. Further, 

the interface(s) 104 may enable the mobile device 100 to communicate with other 

communication devices, such as network entities, over a communication network. 

[0024] Further, the mobile device 100 includes a memory 106. The memory 

106 may be coupled to the processor(s) 102. The memory 106 can include any 

computer-readable medium known in the art including, for example, volatile 

memory, such as static random access memory (SRAM) and dynamic random 

access memory (DRAM), and/or non-volatile memory, such as read only memory 

(ROM), erasable read only memory (ROM), erasable programmable ROM, flash 

memories, hard disks, optical disks, and magnetic tapes.

[0025] Further, the mobile device 100 includes module(s) 108 and data 110. 

The module(s) 108 and the data 110 may be coupled to the processor(s) 102. The 

module(s) 108, amongst other things, include routines, programs, objects, 

components, data structures, etc., which perform particular tasks or implement 

particular abstract data types. The module(s) 108 may also be implemented as,
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signal processor(s), state machine(s), logic circuitries, and/or any other device or 

component that manipulate signals based on operational instructions. The data 

110 serves, amongst other things, as a repository for storing data that may be 

fetched, processed, received, or generated by the module(s) 108. Although the 

data 110 is shown internal to the mobile device 100, it may be understood that the 

data 110 can reside in an external repository (not shown in the Figure), which may 

be coupled to the mobile device 100. The mobile device 100 may communicate 

with the external repository through the interface(s) 104.

[0026] Further, the module(s) 108 can be implemented in hardware, 

instructions executed by a processing unit, or by a combination thereof. The 

processing unit can comprise a computer, a processor, a state machine, a logic 

array or any other suitable devices capable of processing instructions. The 

processing unit can be a general-purpose processor which executes instructions to 

cause the general-purpose processor to perform tasks or, the processing unit can 

be dedicated to perform the required functions. In another aspect of the present 

subject matter, the module(s) 108 may be machine-readable instructions 

(software) which, when executed by a processor/processing unit, perform any of 

the desired functionalities. The machine-readable instructions may be stored on an 

electronic memory device, hard disk, optical disk or other machine-readable 

storage medium or non-transitory medium. In an implementation, the machine- 

readable instructions can also be downloaded to the storage medium via a network 

connection.

[0027] In an implementation, the module(s) 108 include a static bias 

estimation module 114, a bias removal module 116, a noise removal module 118, 

a direction estimation module 120, and other module(s) 122. The other module(s) 

122 may include programs or coded instructions that supplement applications or 

functions performed by the mobile device 100. In said implementation, the data 

110 includes static bias 124, acceleration values 126, corrected acceleration values 

128, placement information 130, displacement values 132, direction information 

134, and other data 136. The other data 136 amongst other things, may serve as a
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repository for storing data that is processed, received, or generated as a result of 

the execution of one or more modules in the module(s) 108.

[0028] The description hereinafter describes the estimation of direction of 

motion of a user on the mobile device 100 carried by the user. In an 

implementation, while the user is walking, the inertial sensor 112 in the mobile 

device 100 detects the motion of the user and generates a data stream of the 

acceleration signals corresponding to the motion of the user.

[0029] In one implementation, the data steam of acceleration signals can be 

obtained for time windows of a predetermined time period, say, 2-3 seconds, and 

these accelerations signals are used to measure the acceleration values across the 

three axes of the mobile device 100 from the acceleration signals captured by the 

inertial sensor 112 using known methods. The three axes of the mobile device 100 

are illustrated in Figure 1(b). As shown in Figure 1(b), the three axes of the 

mobile device 100 includes ‘x’ axis, ‘y’ axis and ‘z’ axis. Acceleration values 

across all the three axes are obtained. The acceleration values, thus, obtained may 

be stored as acceleration values 126 within the data 110.

[0030] The measured acceleration values are then corrected by the bias 

removal module 116 and noise removal module 118 based on removing static bias 

and noise from the measured acceleration values. For the removal of the static 

bias, the static bias for the mobile device 100 is estimated, initially, by the static 

bias estimation module 114. The static bias estimation module 114 takes the 

acceleration values across all the three axes of the mobile device 100, when the 

mobile device 100 is at rest. Since the mobile device 100 is at rest, according to 

the equation of motion provided below as equation (1), displacement is equal to 

zero.

1 9S = ut -I—at = 0 ... (1)
2

Wherein S = Displacement; 

u = Velocity; 

t = Time; and 

a = Acceleration
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[0031] Since the velocity ‘u’ is zero as the mobile device 100 is at rest, at

1 2 1 2every instance the total distance travelled S = —at = 0 and — at -S = 0 . Now
2 2

considering constant bias ‘b’ and replacing ‘a’ with ‘b’, following is obtained:

-bt2-S=0 ...(2)
2

[0032] The equation (2) provided above is used independently for all the three 

axes of the mobile device 100 to estimate static bias ‘bx’, ‘by’ and ‘bz’ according 

to the known least square estimation technique. In one implementation, the static 

bias estimation module 114 stores the estimated values of static bias as static bias

124 within data 110. The estimated static bias for the three axes is then subtracted 

from the measured acceleration values by the bias removal module 116 to remove 

the static bias.

[0033] After removal of the static bias, the noise removal module 118 

removes the noise from the measured acceleration values based on making all the 

measured acceleration values in the predetermined range of a noise floor. In one 

implementation, the predetermined range of the noise floor is +/- 0.012. As 

indicated above, the static bias removed and noise removed acceleration values 

are referred to as corrected acceleration values throughout the description. In one 

implementation, the corrected acceleration values are stored as corrected 

acceleration values 128 in the data 110.

[0034] Subsequent to removal of the static bias and noise, the direction 

estimation module 120 estimates the direction of the motion of the user. For the 

estimation of the direction of motion, the direction estimation module 120 

determines the direction of gravity based on evaluating the gravity by filtering the 

corrected acceleration values along the three axes using a conventional low-pass 

filter, computing an absolute value of the gravity, which is compared with a 

predefined tolerance value along each axis to filter out the gravity components 

from the acceleration values. In one implementation, the predefined tolerance 

value is 22%. In said implementation, if the absolute value of the gravity along an 

axis is less than 22%, i.e., below the tolerance value, gravity components along

9



20
15

20
00

31
 

06
 Ja

n 
20

15

that axis is ignored or filtered out. Determination of the absolute gravity enables 

determination of a plane orthogonal to the direction of gravity. Such a plane 

includes two orthogonal axes orthogonal to the direction of gravity.

[0035] Thereafter, the direction estimation module 120 evaluates values of 

displacement along the two orthogonal axes. The evaluation is based on receiving 

a user input for placement of the mobile device 100 with respect to body of the 

user. For example, the mobile device 100 may be placed in pocket of the shirt, 

pocket of the trouser, or pocket of the waist/ in a phone holder tied to the waist of 

the user. In an example, the user may provide the user input for placement of the 

mobile device 100 with respect to the user’s body. The direction estimation 

module 120 may store this user input as placement information 130 in the data 

110. In case the placement of the mobile device 100 changes, an updated user 

input is received, and the placement information 130 may be updated accordingly. 

[0036] Depending upon the placement of the mobile device 100 with respect 

to the user’s body, the direction estimation module 120 performs scaling of the 

acceleration values by a value of +1/-1, along axis of motion. As described 

previously, the direction estimation module 120 scales, i.e., multiplies the 

acceleration values to -1, in case the mobile device 100 is placed in the upper half 

body of the user, say from head to waist, and scales the acceleration values to +1, 

if the mobile device 100 is placed in the lower half of the body, say below waist. 

[0037] Subsequent to the scaling, the direction estimation module 120 

integrates the acceleration values, i.e., corrected and scaled acceleration values 

across the three axes of the mobile device 100, with respect to time. The 

acceleration values are integrated with respect to time to obtain values of velocity, 

and the values of velocity undergo further integration with respect to time to 

obtain displacement values along the two orthogonal axes of the plane. In one 

implementation, the direction estimation module 120 stores the evaluated 

displacement values as displacement values 132 in the data 110.

[0038] The direction estimation module 120 then computes the ratio of the 

displacement values to estimate direction of motion of the user. The direction of 

motion is estimated in the form of an angle the user body is making with respect
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to the orthogonal axes of the plane orthogonal to the direction of the gravity. In 

one implementation, the direction estimation module 120 uses the following 

equation (3) to estimate the direction of motion of the user. In one 

implementation, the direction estimation module 120 stores the estimated 

direction of motion as direction information 134 in the data 110.

' D A
Θ = tan 1 •••(3)

52¼

Wherein q = Direction of motion with respect to plane of the ground; 

Dx = Displacement value along first orthogonal axis; and 

Dy = Displacement value along second orthogonal axis.

[0039] The direction of motion estimated by the equation (3) provided above 

is relatively free from errors, in comparison to when done using raw acceleration 

values.

[0040] Figure 2 illustrates a method 200 for estimation of direction of motion 

of users on mobile devices. The method 200 is implemented in a mobile device 

100. The order in which the method 200 is described is not intended to be 

construed as a limitation, and any number of the described method blocks can be 

combined in any order to implement the method 200, or any alternative methods. 

Additionally, individual blocks may be deleted from the method 200 without 

departing from the spirit and scope of the subject matter described herein. 

Furthermore, the method 200 can be implemented in any suitable hardware.

[0041] The method 200 may be described in the general context of computer 

executable instructions. Generally, computer executable instructions can include 

routines, programs, objects, components, data structures, procedures, modules, 

functions, etc., that perform particular functions or implement particular abstract 

data types. Further, although the method 200 may be implemented in any mobile 

device having an inertial sensor; in an example described in Figure 2, the method 

200 is explained in context of the aforementioned mobile device 100, for the ease 

of explanation.
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[0042] Referring to Figure 2, at block 202, acceleration values across the three 

axes of the mobile device 100 is measured by the inertial sensor 112 in the mobile 

device 100. The acceleration values are measured across the three axes of the 

mobile device 100 from the acceleration signals captured by the inertial sensor 

using conventional methods. In an implementation, the acceleration signals, 

representing the motion of the user, are captured by the inertial sensor 112 in the 

form of a data stream. The data stream of the acceleration signals from the inertial 

sensor 112 is divided into time windows of a predetermined time period. The 

acceleration signals are then processed as per the time windows. Accordingly, the 

acceleration values obtained corresponding to the acceleration signals are 

processed one by one according to the time windows.

[0043] At block 204, static bias and noise is removed from the measured 

acceleration values to obtain corrected acceleration values. As known, the 

acceleration signals captured by the accelerometers are too noisy, and may include 

a static bias as well when the mobile device is at rest leading to inaccuracies in the 

measured acceleration values. The measured acceleration values are therefore 

corrected according the method 200 based on removing static bias and noise 

therefrom, prior to further processing.

[0044] At block 206, direction of gravity is determined based on the corrected 

acceleration values The direction of gravity is determined based on evaluating the 

gravity by filtering the corrected acceleration values along the three axes using a 

conventional low-pass filter, and computing an absolute value of the gravity, 

which is compared with a predefined tolerance value along each axis to filter out 

the gravity components from the acceleration values. In one implementation, the 

predefined tolerance value is 22%. In said implementation, if the absolute value of 

the gravity along an axis is less than 22%, i.e., below the tolerance value, gravity 

components along that axis is ignored or filtered out.

[0045] At block 208, a plane orthogonal to the direction of gravity is 

determined, using a rotation matrix of the mobile device. Such a plane includes 

two orthogonal axes, say, an ‘x’ axis and a ‘y’ axis. Both the ‘x’ and ‘y’ axis 

being orthogonal to the direction of gravity.
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[0046] At block 210, displacement values along the two orthogonal axes of 

the plane are evaluated based on a user input for placement of the mobile device 

with respect to user’s body, and integration of corrected acceleration values with 

respect to time. In one implementation, depending upon the placement of the 

mobile device with respect to the user’s body, a step of scaling the acceleration 

values by a +1/-1 is performed. According to said implementation, if the mobile 

device 100 is placed in the upper half body of the user, say from head to waist, 

then the acceleration values are scaled to -1, and if the mobile device 100 is 

placed in the lower half of the body, say below waist, the acceleration values are 

scaled to +1, along the axis of user motion.

[0047] Subsequent to the scaling, the acceleration values, i.e., the corrected 

and scaled acceleration values are integrated with respect to time. The 

acceleration values are integrated with respect to time to obtain values of velocity, 

and the values of velocity undergo further integration with respect to time to 

obtain displacement values along the two orthogonal axes of the plane.

[0048] At block 212, direction of motion of the user is estimated based on a 

ratio of the displacement values evaluated in the previous method block.

[0049] Although implementations for the mobile device for estimation of 

direction of motion of user and the method for estimation of direction of motion 

of users on mobile devices are described, it is to be understood that the present 

subject matter is not necessarily limited to the specific features or methods 

described. Rather, the specific features and methods are disclosed as 

implementations to estimation of direction of motion of users on mobile devices.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS :-

1. A method for estimation of direction of motion of a user on a mobile 

device, the method comprising:

measuring, by an inertial sensor in the mobile device, acceleration values 

across three axes of the mobile device;

removing static bias and noise from the acceleration values to obtain 

corrected acceleration values across the three axes of the mobile device;

filtering the corrected acceleration values using a low-pass filter to 

determine a direction of gravity;

identifying a plane orthogonal to the direction of gravity, wherein the 

plane comprises two orthogonal axes, each orthogonal axis being orthogonal 

to the direction of gravity;

evaluating displacement values along the each of the two orthogonal 

axes based on a user input for placement of the mobile device with respect to 

user’s body, and integration of the corrected acceleration values across the two 

orthogonal axes with respect to time; and

estimating the direction of motion of the user based on a ratio of the 

displacement values along the two orthogonal axes.

2. The method as claimed in claim 1, wherein the acceleration values are 

measured in a plurality of time windows of a predetermined time period.

3. The method as claimed in claim 1, wherein the evaluating further 

comprises scaling the corrected acceleration values by a predetermined value 

based on the user input regarding placement of the mobile device with respect 

to the user’s body.

4. The method as claimed in claim 3, wherein the predetermined value is -1 

when the mobile device is placed in an upper half of the user’s body, and the
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predetermined value is +1 when the mobile device is placed in a lower half of 

the user’s body, along axis of user motion.

5. The method as claimed in claim 1, wherein the filtering comprises:

evaluating value of gravity based on passing the corrected acceleration 

values through a low-pass filter;

computing absolute value of the gravity; and

comparing the absolute value of the gravity with a predefined tolerance 

value to filter out gravity components along each of the three axes of the 

mobile device.

6. The method as claimed in claim 5, wherein the predefined tolerance value 

is 22%.

7. A mobile device for estimation of direction of motion of a user, the mobile 

device comprising:

a processor;

an inertial sensor to capture acceleration signals based on motion of 

the user;

a direction estimation module coupled to the processor, to:

determine direction of gravity based on filtering acceleration 

values obtained from the acceleration signals using a low-pass filter to 

identify a plane orthogonal to the direction of gravity, wherein the plane 

orthogonal to the gravity comprises two orthogonal axes, each orthogonal 

axis being orthogonal to the direction of gravity;

evaluate displacement values along the two orthogonal axes based 

on a user input for placement of the mobile device with respect to user’s 

body, and integration of the acceleration values across the two orthogonal 

axes with respect to time; and
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estimate direction of motion of the user based on a ratio of the 

displacement values along the two orthogonal axes.

8. The mobile device as claimed in claim 7, wherein the inertial sensor is an 

accelerometer.

9. The mobile device as claimed in claim 7, wherein the inertial sensor 

captures the acceleration signals as a data stream in a plurality of time 

windows of a predetermined time period.

10. The mobile device as claimed in claim 7, wherein the mobile device 

further comprises a bias removal module coupled to the processor, to remove 

static bias from the acceleration values.

11. The mobile device as claimed in claim 7, wherein the mobile device 

further comprises a noise removal module coupled to the processor, to remove 

noise from the acceleration values obtained from the acceleration signals.

12. The mobile device as claimed in claim 7, wherein the direction estimation 

module evaluates the displacement values based on scaling the acceleration 

values by a predetermined value based on the user input for placement of the 

mobile device with respect to the user’s body.

13. The mobile device as claimed in claim 12, wherein the predetermined 

value is -1 if the mobile device is placed in upper half of the user’s body, and 

the predetermined value is +1 if the mobile device is placed in lower half of 

the user’s body, along axis of user motion.

14. The mobile device as claimed in claim 8, wherein the direction estimation 

module determines the direction of gravity based on evaluation of a value of 

gravity by filtering the acceleration values using a low-pass filter, computation 

of an absolute value of the gravity, and comparison of the absolute value of 

the gravity with a predefined tolerance value of the gravity to filter out gravity 

components along each of the three axes of the mobile device.
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15. A non-transitory computer readable medium having a set of computer 

readable instructions that, when executed, cause a mobile device to:

measuring, by an inertial sensor in the mobile device, acceleration values 

across three axes of the mobile device;

removing static bias and noise from the acceleration values to obtain 

corrected acceleration values across the three axes of the mobile device;

filtering the corrected acceleration values using a low-pass filter to 

determine a direction of gravity;

identifying a plane orthogonal to the direction of gravity, wherein the 

plane comprises two orthogonal axes, each orthogonal axis being orthogonal 

to the direction of gravity;

evaluating displacement values along the each of the two orthogonal 

axes based on a user input for placement of the mobile device with respect to 

user’s body, and integration of the corrected acceleration values across the two 

orthogonal axes with respect to time; and

estimating the direction of motion of the user based on a ratio of the 

displacement values along the two orthogonal axes.
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