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INDOOR NAVIGATION

BACKGROUND

[0001] Navigation applications have been becoming increasingly popular in recent
years. A navigation application may be a computer software program installed on a
computing device equipped with a Global Positioning System (GPS) module. Based on
signals received from GPS satellites and a map (preloaded or downloaded in real time),
the navigation application may provide a location of the computing device. Since the
signals from the GPS satellites may be attenuated and scattered by roofs, walls and other
objects of buildings, generally the navigation application is not suitable to provide indoor

navigation.

[0002] Several approaches are proposed to build indoor navigation services and most
of them try to provide indoor navigation by means of accurate indoor localization.
However, these approaches are heavily depended on map information of the buildings
such that the indoor location may be overlaid on the map. In absence of the map

information, these approaches become useless.

SUMMARY

[0003] In accordance with implementations of the subject matter described herein, a
new approach for generating indoor navigation is proposed. Generally speaking, a
reference signal that includes time series data collected by at least one environment sensor
along a reference path from a start point to a destination is obtained. For example, the
reference signal may be obtained by environment sensors equipped in a user’s mobile
device or another movable entity. Then, a movement event by identifying a pattern from
the reference signal, the pattern describing measurements of the at least one environment
sensor associated with a specific movement is extracted. Next, a navigation instruction is
generated to indicate that the movement event occurs during a movement of the at least
one environment sensor along the reference path. Further, the navigation instruction may

be provided to a person for indoor navigation.

[0004] It 1s to be understood that the Summary is not intended to identify key or
essential features of implementations of the subject matter described herein, nor is it

intended to be used to limit the scope of the subject matter described herein. Other
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features of the subject matter described herein will become easily comprehensible through

the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The details of one or more implementations of the subject matter described
herein are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of the disclosure will become apparent from the

description, the drawings, and the claims, wherein:

[0006] Fig. 1 is a schematic diagram illustrating an architecture in which example

implementations of the subject matter described herein may be implemented;

[0007]  Fig. 2 is a flowchart illustrating a method for generating a navigation instruction

in accordance with an example implementation of the subject matter described herein;

[0008]  Fig. 3 illustrates an example graph including various steps for processing time
series data collected by an accelerometer along a reference path from a start point to a
destination in accordance with an example implementation of the subject matter described

herein;

[0009] Fig. 4 illustrates an example graph including time series data collected by a
barometer in accordance with an example implementation of the subject matter described

herein;

[0010]  Fig. 5 illustrates an example graph including time series data collected by an
gyroscope in accordance with an example implementation of the subject matter described

herein;

[0011]  Fig. 6A illustrates a map related to a first portion of a reference path from an
information desk to a meeting room in the first floor in accordance with an example

implementation of the subject matter described herein;

[0012]  Fig. 6B illustrates a map related to a second portion of the reference path in the
second 1n accordance with an example implementation of the subject matter described

herein;

[0013]  Fig. 7A illustrates an example navigation interface for a reference path from a

start point to a destination in accordance with an example implementation of the subject
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matter described herein;

[0014] Fig. 7B illustrates another example navigation interface for a reference path
from a start point to a destination in accordance with an example implementation of the

subject matter described herein;

[0015] Fig. 7C illustrates an example navigation interface for a reversed reference path
from a destination to a start point in accordance with an example implementation of the

subject matter described herein;

[0016] Fig. 8 illustrates an example interface for sharing the navigation instructions for
a reference path in accordance with an example implementation of the subject matter

described herein;

[0017] Fig. 9A illustrates an example graph of time series data collected by an
environment sensor moved at different speeds in accordance with an example

implementation of the subject matter described herein;

[0018] Fig. 9B illustrates an example graph of time series data collected at different
times of a day by an environment sensor in accordance with an example implementation

of the subject matter described herein,;

[0019] TFig. 10 is a flowchart illustrating a method for generating a navigation trace in

accordance with an example implementation of the subject matter described herein;

[0020]  Fig. 11 illustrates reference time series data collected by a magnetometer along
a reference path from an information desk to a meeting room in accordance with an

example implementation of the subject matter described herein;

[0021] Fig. 12 is a flowchart illustrating a method for generating a navigation
instruction in accordance with an example implementation of the subject matter described

herein;

[0022]  Fig. 13 illustrates a diagram block for generating a navigation instruction by
comparing the reference and measured time series data in accordance with an example

implementation of the subject matter described herein;

[0023]  Fig. 14 illustrates a diagram block for aligning the reference time series data and

measured time series data in accordance with an example implementation of the subject
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matter described herein;

[0024]  Fig. 15 illustrates a diagram block for generating a navigation instruction by
comparing the reference and measured time series data in accordance with an example

implementation of the subject matter described herein;

[0025] TFig. 16A illustrates a diagram block for generating a navigation instruction in

accordance with an example implementation of the subject matter described herein;

[0026] Fig. 16B illustrates an example navigation interface for displaying the
navigation instruction of Fig. 16A in accordance with an example implementation of the

subject matter described herein;

[0027] Fig. 17 is a block diagram for calibrating the at least one environment sensor in

accordance with an example implementation of the subject matter described herein; and

[0028] Fig. 18 is a block diagram of a device suitable for implementing one or more

implementations of the subject matter described herein.

[0029]  Throughout the figures, same or similar reference numbers will always indicate

same or similar elements.

DETAILED DESCRIPTION

[0030] Principle of the subject matter described herein will now be described with
reference to some example implementations. It is to be understood that these
implementations are described only for the purpose of illustration and help those skilled in
the art to understand and implement the subject matter described herein, without
suggesting any limitations as to the scope of the disclosure. The disclosure described

herein can be implemented in various manners other than the ones describe below.

[0031]  As used herein, the term “include” and its variants are to be read as open terms
that mean “include, but is not limited to”. The term “based on” is to be read as “based at
least in part on”. The term “a” is to be read as “one or more” unless otherwise specified.
The term “one implementation” and “an implementation” are to be read as “at least one
implementation”. The term “another implementation™ is to be read as “at least one other
implementation”. Moreover, it is to be understood that in the context of the subject

matter described herein, the terms “first”, “second” and the like are used to indicate
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individual elements or components, without suggesting any limitation as to the order of
these elements. Further, a first element may or may not be the same as a second element.

Other deﬁnitioné, explicit and implicit, may be included below.

[0032] Conventionally, the indoor navigation largely depends on map information,
where the map information is used for indicating the exact location of the user.
Sometimes, it is hard for a user (for example, a person who is invited to a meeting in an
office building) to get the map, then the conventional navigation application may not work

at this circumstance.

[0033] In order to at least partially solve the above and other potential problems, a new
method and device for generating a navigation instruction are provided herein.
According to implementations of the subject matter described herein, a reference signal
that includes time series data collected by at least one environment sensor along a
reference path from a start point to a destination is obtained. For example, the reference
signal may be obtained by the environment sensor(s) equipped in a user’s mobile device or
another movable entity. Then, a movement event is extracted by identifying a pattern
from the reference signal, the pattern describing measurements of the at least one
environment sensor associated with a specific movement. A navigation instruction
indicating that the movement event occurs during a movement of the at least one

environment sensor along the reference path is generated.

[0034] For the purpose of description, the implementations of the subject matter are
described in the following scenarios: Bob invites Alice to attend a meeting at the meeting
room No. 123 in Building #1. Alice does not know how to go to the meeting room No.
123, and thus Bob will create the navigation instructions leading to the meeting room.
As Bob knows the way from the information desk at the gate of the building to the
meeting room No. 123, he may “record” a reference path by walking from the information
desk to the meeting room, where navigation instructions may be generated for the
reference path. After Alice reaches the information desk (for example, with the help of a
traditional GPS service), she may follow the generated instructions and go to the meeting

room No. 123.

[0035] In the context of the present disclosure, Bob who walks along the reference path

may be referred to as “a leader,” and Alice who follows the navigation instructions for the
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reference path may be referred to as “a follower.” Although the leader and follower
described here are human, in other situations, the leader and follower may be any movable

entities such as robots and a remote control model car.

[0036] In the above mode of leader-follower, Bob may hold his mobile device and walk
the reference path, the sensors equipped in his mobile device may collect the
measurements related to the environment parameter such as strength the magnetic field
along the reference path, and then the collected measurements may be used to generate the
navigation instructions. Generally, depending on a type of the environment sensor,
measurements of the environment sensor may various according to the environment state
of the sensor. For example, measurements of a magnetometer may be affected by the
surrounding objects inside the building, and thus measurements collected at a certain
location may reflect features of the certain location. In other words, a magnitude of the
measurement may indicate the location of the environment sensor where the measurement
is collect. Accordingly, the time series data collected by the environment sensor may
reflect the environment state of locations along the reference path, thereby may be used in

positioning and providing the indoor navigation.

[0037]  Further, measurements of some types of environment sensors may be affected
by the action of the leader. For example, the accelerometer in the leader’s mobile device
may be affected by the leader’s walking mode. The curve of the measurements may
show a certain pattern when the leader holds the mobile device and walk at low speed,
while the curve may show another pattern when the leader runs at a high speed.
Accordingly, the measurements collected by the environment sensor may tell what type of

actions is performed by the leader along the path.

[0038] Considering the above, a new method and device for generating a navigation
instruction are provided herein. Based on the time series data collected by the at least
one environment sensor, the subject matter may work without knowing the exact location
and may provide the navigation instruction in the absence of the map information inside
the building. A plurality of environment sensors may be adopted in the subject matter
described herein, and details of the environment sensors will be described with reference

to Fig. 1 hereinafter.

[0039] Fig. 1 is a schematic diagram illustrating an architecture 100 in which example
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implementations of the subject matter described herein may be implemented. As
illustrated in Fig. 1, various types of environment sensors may be used in the subject
matter, and the navigator 130 may obtain the measurements from one or more types of the
sensors.  Specifically, a sensor 110 may include an accelerometer 112, a gyroscope 114, a
barometer 116, a magnetometer 118 and the like. From the measurements, the movement
event performed by the leader when he/she walks along the reference path may be
identified and then a proper navigation instruction may be generated according to the

movement events.

[0040] Nowadays, a plurality of sensors, such as the accelerometer, the gyroscope, the
barometer and the magnetometer, are provided in common mobile devices such as
smartphones, and thus these mobile devices may be used for collecting the environment
parameters. In these implementations, the time series data may include one type of
environment parameter such as the strength of the magnetic field collected by the
magnetometer; alternatively, the time series data may further include another type such as
the acceleration collected by the accelerometer.  Although details of implementations of
the subject matter will be described by using the at least one environment sensor in the
mobile device, it is to be understood that the subject matter may be implemented where

dedicated environment sensors are equipped on a robot or another movable entity.

[0041] Fig. 2 is a flowchart 200 for illustrating a method for generating a navigation
instruction in accordance with an example implementation of the subject matter described
herein. At 210, a reference signal is obtained, where the reference signal includes time
series data collected by at least one environment sensor along a reference path from a start
point to a destination. In this step, the time series data may include measurements
collected by the at least one environment sensor equipped in the mobile device, and the
measurement at each time point of the time series data is the reading of the at least one

environment sensor at a location along the reference path.

[0042] In one example, where only one sensor is used for collecting the data, then the
reference signal may be saved in a data structure of an array with one dimension; if more
than one sensors are involved, then the reference signal may be saved in an array with
multiple dimensions. Those skilled in the art may adopt various data structures for
storing the reference signal as long as the measurement at each time point during the

movement of the sensor from the start point to the destination may be saved.
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[0043] In one implementation, the barometer may be used, while in another
implementation, both the accelerometer and the barometer may be used. Various sensors
may monitor various aspects of the environment parameters and thus a combination of
more than one sensor may provide a higher accuracy in recording the environment

parameters thereby increase the performance for generating the navigation instruction.

[0044] At 220, a movement event is extracted by identifying a pattern from the
reference signal, where the pattern describes measurements of the at least one environment
sensor associated with a specific movement. Several actions may be performed by the
leader during the travel along the reference path. For example, Bob may hold the mobile
device and slowly walk along the reference path. In this situation, each of the stepping
actions may be taken as a movement event. Meanwhile, further the actions such as

turning left/right, going upstairs/downstairs may also be considered as movement events.

[0045] When the sensor is subject to the movement event, the curve of the
measurements of the sensor during the movement event may show a certain pattern. If a
barometer is used for collecting the atmospheric pressure, then the curve of the
measurement may show a sharp rise when the leader carries the mobile device and goes
upstairs by an elevator; and the curve of the measurement may show a sharp down when

the leader goes downstairs.

[0046] The pattern may be predefined according to historical measurements of the
environment sensor during the specific movement. In one implementation, one pattern
may be defined with respect to each event (such as an up/down event, a stepping event and
a turning event).  In one implementation, the movement may be repeated several times
so as to obtain a pattern that may reflect the average measurements during the movement.
Alternatively, or in addition, in one implementation, multiple models of the sensors may
be used in multiple experiments to obtain the pattern.  Alternatively, or in addition, in one
implementation, the pattern may be specific to a certain building. In one example, the
floor heights of different buildings may vary, and thus a dedicated pattern may be defined
for a certain building. In a particular case, one pattern may be predefined for the up
event associated with a floor height of 3 meters, and another pattern may be predefined for

the up event associated with a floor height of 4.5 meters.

[0047] At 230, a navigation instruction is generated to indicated that the movement
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event occurs during a movement of the at least one environment sensor along the reference
path. As the movement event extracted at 220 indicates what type of movement occurs
along the reference path, a related navigation instruction may be generated and then
displayed. In one implementation, the leader holds the mobile device and walks along
the reference path, and the multiple sensors in the mobile device may collect the time
series data during the walk. By comparing the collected time series data with a
predefined pattern, a movement event may be extracted and then a navigation instruction
may be generated. In one implementation, the navigation instruction may be generated
on the fly during the leader’s walk: if the leader walks ahead, then one stepping event may
be determined from each step; and if the leader turns left, then one turning left event may
be detected during his/her turning. In another implementation, the navigation instruction
may be generated after the walk and the generating step may be triggered by the leader or

in an automatic manner.

[0048] According to implementations of the subject matter described herein, a
geographical range along the reference path may be obtained based on the identified
pattern, where the geographical range is defined by locations of the at least one
environment sensor during the movement along the reference path. Then, the navigation
instruction may be generated to indicate that the movement event occurs within the

geographical range.

[0049]  As the movement event is taken within a specific range along the reference path,
the geographical place of the range is needed so as to clearly indicate where the movement
event occurs. In the above example, the start point (the information desk) of the
reference path is known, and a list of movement events taken along the reference path may
be determined according to the above method. Based on the start point and the
movement events, the range associated with each movement event may be cumulatively
obtained. In one example, when the leader walks straight, a first stepping event may be
determined from the first step, a second stepping event may be determined from the
second step, and so on. For an average person, if the average length of an ordinary step
is 70 centimeters, based on a previous geographical range of a previous movement event,
the current geographical range where the current movement event occurs may be

determined cumulatively.

[0050] In one implementation, the rule for determining the geographical range
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associated with the movement event may be set according to the profile of the leader. If
the leader is a man, then the step length may be for example 70 centimeters; if the leader is

a woman, then the step length may be set to 60 centimeters.

[0051] According to implementations of the subject matter described herein, multiple
environment sensors may be used for collecting various aspects of the environment data.
Details related to the multiple environment sensor adopted in the implementations of the

subject matter will be described with reference to Figs. 3 to 5.

[0052]  According to implementations of the subject matter described herein, the at least
one environment sensor may comprise an accelerometer, the reference signal may
comprise an acceleration signal collected by the accelerometer, and the pattern may
describe measurements of the accelerometer associated with a stepping event. In these
implementations, the navigation instruction may indicate that a stepping event occurs

within the geographical range.

[0053] The accelerometer is a dedicated sensor for measuring accelerations in various
directions. During the movement along the reference path, the accelerometer with 3-axis
sensing ability may monitor accelerations in three directions. Then, the accelerations in
the three directions may vary during the movement and thus the time series data during the
leader’s walk may be obtained. For simplicity, steps for processing the acceleration in

one dimension are described with reference to Fig. 3.

[0054] TFig. 3 illustrates an example graph including various steps for processing
example time series data collected by an accelerometer along a reference path from a start
point to a destination in accordance with an example implementation of the subject matter
described herein. After the data collection, optimizations may be applied to the raw time
series data. In Fig. 3, the graph 310 illustrates a raw signal collected by the
accelerometer, where the raw signal includes some noise point that may cause abnormities
in the further processing. Accordingly, the raw signal may be cleaned and filtered to
remove the abnormal measurements based on the technical solutions in the field of digital
signal processing. For example, a low-pass filter may be used to remove the
high-frequency noises, and then the raw signal is converted into a cleaned signal as
illustrated in the graph 320. Next, the cleaned signal may go through further adjustments

to smooth the measurements and minimize the effects of sensor drifting. Then, the

10
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smoothed signal may be normalized into the shape as illustrated in the graph 330.

[0055] In order to extract the movement event, the normalized signal may be compared
with the predefined pattern (for example, the pattern 340 as illustrated in Fig. 3), if a
match is found in the graph 330, it indicates that a stepping event is taken along the
reference path. In the graph 330, multiple matches are detected, and each match
corresponds to a stepping event. At this point, the navigation instruction associated with

the multiple stepping events may be collectedly referred to as “go straight for 17 steps.”

[0056] The above paragraphs describes the actions for processing the raw signal by
taking the acceleration signal collected by the accelerometer as an example, other raw
signals collected by other types of environment sensors may be subject to similar
processing. Those skilled in the art may work out the details of the processing based on

the types of the sensor as well as other related requirements.

[0057] According to implementations of the subject matter described herein, the at least
one environment sensor may comprise a barometer, the reference signal may comprise a
barometric pressure signal collected by the barometer, and the pattern may describe
measurements of the barometer associated with an up/down event. In these
implementations, the navigation instruction may indicate that an up/down event occurs

within the geographical range.

[0058] Barometer is a dedicated sensor for measuring atmospheric pressure. During
the movement along the reference path, the barometer may monitor changes in the
atmospheric pressure on the way. The collected barometric pressure signal may go
through the processing steps as illustrated in Fig. 3, then the normalized barometric
pressure signal may be compared with a predefined pattern for the up/down event.
Usually, multiple manners of going up/down arc provided inside a building, where the
leader may go up/down by staircase climbing, by an elevator or an escalator.
Accordingly, the up/down event may be sub-divided into three types: a stair up/down, an

elevator up/down and an escalator up/down.

[0059] Fig. 4 illustrates an example graph including time series data collected by a
barometer in accordance with an example implementation of the subject matter described
herein. In Fig. 4, the horizontal axis indicates the time and the vertical axis indicates the

barometric pressure. The curve 410 represents measurements collected by the barometer

11
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when the leader goes down the stairs to reach a lower level in the building.  As the speed
of staircase walk is relative slow, the slope of the curve 410 is small. The curve 430
represents measurements collected by the barometer when the leader takes an elevator to
reach a lower level, and the slope of the curve 430 is great due to the high speed of the
clevator. Further, the curve 420 represents measurements collected by the barometer
when the leader takes an escalator to reach a lower level, and then the slope of the curve

430 is medium.

[0060] Three patterns may be predefined for the stair up/down event, the elevator
up/down event and the escalator up/down events. By comparing the atmospheric
pressure signal as collected by the barometer and the predefined patterns, the movement
event occurs along the reference path may be identified. Although Fig. 4 illustrates an
example of the sub-divisions of a down event, those skilled in the art may work out the
detailed steps for extracting an up event, and details of the up event are omitted

hereinafter.

[0061]  According to implementations of the subject matter described herein, the at least
one environment sensor may comprise a gyroscope, the reference may signal comprise an
orientation signal collected by the gyroscope, and the pattern may describe measurements
of the gyroscope associated with a turning event. In these implementations, the
navigation instruction may indicate that a turning event occurs within the geographical

range.

[0062] The gyroscope is a sensor that measures the angular velocity. By using the
gyroscope measurements, the relative rotation angular may be obtained in each direction.
Combined with the accelerometer, the gyroscope, the multiple sensors may be used to
infer the orientation of the mobile device. In these implementations, the collected
orientation signal may be cleaned, smoothed and normalized into a curve as illustrated in
Fig. 5. In Fig. 5, the highlighted portion 510 may be matched to a predefined pattern
corresponding to a left turning event. At this point, a navigation instruction associated
with a left turning event may be generated. Similarly, the patterns corresponding to a
right turning event and a U-turn event may be predefined in advance, and these patterns

may be used in extracting a turning event from the reference signal.

[0063] According to implementations of the subject matter described herein,

12
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optimizations may be performed across different sensors. For example, sampling rate
normalization may be conducted. In one example, one uniformed sampling rates may be
adopted across the above sensors. Specifically, a constant sampling rate of 40 Hz or
another sampling rate may be selected. Further, the sample value of the nearest-neighbor
from the current timestamp may be used to handle missing values of a specific sensor.
By this way, measurements from the multiple sensors may be synchronized and combined

for extracting the movement event.

[0064] According to implementations of the subject matter described herein, an
annotation associated with the movement event may be generated, where the annotation
may be selected from a group consisting of a comment, an image, a video, an audio, and
metadata. Implementations allow to generate an annotation associated the movement
even, and the annotation may relate to landmarks and points of interest along the reference

path.

[0065] In one implementation, an image may be taken at a location where the
movement event is taken. Continuing the above example, when the leader walks along
the reference path from the information desk to the meeting room No. 123, he may take a
photo at the comner of the corridor. Further the leader may input some comments to
describe the movement event. The comments such as “turn left at the end of the corridor”
may be generated and inserted as a new navigation instruction or attached to an existing
one. In another implementation, video and audio fragments are allowed to be generated.
The leader may use the camera and microphone equipped in the mobile device to record
video/audio fragments. The video fragment may relate to the leader’s views when he
walks along the reference path. For example, the video may be about the corridor go by,
the nameplate on the office door, and the like. The audio fragment may be the leader’s
voice instructions of how to reach the destination. Further, metadata such as the length
of the step may be added by the leader, so as to provide more accurate navigation

instructions.

[0066] In one implementation, images of the start point and the destination may be
generated and added into the navigation instruction to provide a vivid appearance of the
reference path. In the above example, the leader may take a photo of the start point and
indicate that the reference path starts here. In addition, the leader may take a photo of the

meeting room No. 123 to provide the appearance of the destination.
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[0067] A plurality of movement events may be taken along the reference path. In this
way, a portion or all of these movements may be extracted so as to generate corresponding
navigation instructions. According to implementations of the subject matter described
herein, a second movement event may be extracted by identifying a second pattern from
the reference signal, where the pattern may describe measurements of the at least one
environment sensor associated with a second movement. Then, a second navigation
instruction may be generated to indicate that the second movement event occurs during the
movement of the at least one environment sensor along the reference path. Next, an
instruction list that includes the navigation instruction and the second navigation

instruction may be created.

[0068] In these implementations, sequential movement events may be extracted from
the reference signal collected along the reference path. As a result, presented with an
instruction list comprising the sequential movement events, the follower may reach the
destination from the start point in a convenient manner. The navigation instructions
included in the instruction list record the movement events occur along the reference path.
As each movement event is associated with a certain location along the reference path, the
movement event and the location may clearly define how to reach the destination from the
start point. In the above example, the instruction list may be generated from the time
series data collected by the environment sensors equipped in the leader’s mobile device.
Then, the instruction list may be shared to the follower. With the instruction list, Alice
may follow the instructions in the list when she arrives at the information desk at the gate

of the building.

[0069] According to implementations of the subject matter described herein, the
navigation instruction and the second navigation instruction included in the instruction list
may be reversed to provide the navigation along a reversed path from the destination to
the start point. In the navigation list for the reference path (from the start point to the
destination), the movement events are arranged in a chronological order. By a reversing
procedure, another navigation list for a reversed path from the destination to the start point
may be created based on this list without taking the mobile device to record the

environment parameters along the reversed path.

[0070] In these implementations, the original instruction list for the reference path may

be subject to the following reversing procedure so as to create a reversed list. That is, the
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movement events in the original list may be re-arranged according to a reversed time order.
In other words, the first event in the original list becomes the last one, and the last event
becomes the first. Moreover, some types of the movement events in the original list may
be mapped into a reversed event. For example, the left turning event may be mapped
into the right turning event, and the up event may be mapped into the down event, and so

011,

[0071] In this reversing procedure, the stepping event may remain unchanged. By
processing the original list with the above reversing procedure, a reversed list may be
created without the need of walking along the reversed path. The reversed path may be
helpful in many situations, especially when the leader walks along a reference path and
wants to get back to the start point. For example, Bob parks his car in an underground
parking lot and then goes to visit a client on the tenth floor. He may record a path from
the location of his car to the office of the client. When Bob comes back, he may reverse
the path and follows the instructions to reach his car. At this point, the leader and the

follower are the same person.

[0072]  The following paragraphs will describe how to generate a navigation list for a
reference path from the information desk to the meeting room No. 123 with reference to
Figs. 6A, 6B, 7A, and 7B. Fig. 6A illustrates a map 600A related to a first portion of a
reference path from the information desk to the meeting room in accordance with an
example implementation of the subject matter described herein, where the map 600A is a
schematic map of the first floor of a building. Fig. 6B illustrates a map related to a
second portion of the reference path in accordance with an example implementation of the
subject matter described herein, where the map 600B is a schematic map of the second

floor of the building.

[0073] InFig. 6A, the information desk 610A is located at the gate of the building. In
order to reach the meeting room No. 123 (illustrated as 630B in Fig. 3B), the leader should
go straight to the stairs 620A in the first floor, go upstairs to the stairs 620B on the second
floor, turn right and then go straight to reach the meeting room 630B. In order to create
an instruction list from the information desk 610A in Fig. 6A to the meeting room 630B in
Fig. 6B, the leader should take the following actions after the departure from the
information desk 610A: (1) go straight to the stairs 610A, (2) go upstairs to the stairs 620B,
(3) turn left at the stairs 620B, and (4) go straight to the meeting room 630B.
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[0074] By using the implementations described in the preceding paragraphs, the time
series data may be collected by the environment sensors in the leader’s mobile device, and
then the collected time series data may be compared with the predefined patterns to extract
various movement events. Specifically, movement events corresponding to the above
actions (1) to (4) may be obtained from the time series data and navigation instructions for
these movement events may be generated to create the instruction list.  Further, the leader
may add some annotations into the navigation instructions. For example, the leader may
record an audio fragment and inform the follower to go straight for 20 meters at the stairs
of the second floor. For another, the leader may take a photo of the meeting room No.

123 and add it into the instruction list.

[0075]  According to implementations of the subject matter described herein, navigation
instructions in the list may be displayed. Reference will be made to Figs. 7A to 7C to
describe details of displaying the navigation instructions. Fig. 7A illustrates an example
navigation interface for a reference path from a start point to a destination in accordance
with an example implementation of the subject matter described herein. The interface
illustrates navigation instructions along the reference path from the information desk to
the meeting room. In Fig. 7A, the reference number 710A indicates a name of the
instruction list, where start point 720A indicates that the reference path is from the
information desk, and the destination 730A indicates that the reference path ends at the
meeting room No. 123. The area in the middle of the interface shows navigation

instructions 740A to 790A along the reference path.

[0076] The navigation instruction 740A indicates that the leader walks 23 steps after
leaving the information desk. The navigation instruction 750A indicates that a stair up
event occurs immediately after the 23 steps. Next, the navigation instruction 760
indicates that a left turn event occurs immediately after the stair up event. In this
example, as the leader records the audio fragment (for example, with a length of 30
seconds), a button (as illustrated by 770A) may be displayed on the screen for playing the
audio file. In one implementation, if automatic speech recognition is adopted, the audio

file may be converted into text and displayed on the screen.

[0077] In addition, depending on the time series data from the sensor and the content of
the audio file, a further movement event may be extracted. For example, if the time

series data indicates 30 steeping events and the audio file says “I reach the second floor,
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and the meeting room is about 20 meters ahead.” Then both of the extracted movement
event and the annotation confirm that the leader walks straight for about 30 meters.
Further, the annotation 780A may be an image of the meeting room, which shows the end

of the navigation.

[0078] It is to be understood that the interface as illustrated in Fig. 7A is only an
example for the instruction list, and modifications may be made to the interface. In one
implementation, the navigation instructions associated with the extracted movement
events and the annotations may be displayed in different styles. The movement event
may be displayed in a first level in bold, and the annotations may be displayed in a second

level with a small font size.

[0079] In another implementation, a schematic diagram may be used for displaying the
instruction list. Fig. 7B illustrates another example navigation interface for a reference
path from a start point to a destination in accordance with an example implementation of
the subject matter described herein. In Fig. 7B, reference numbers 710B to 770B
correspond to the counterparts as illustrated in Fig. 7A and details may be omitted
hereinafter. Different from the interface with icons and texts, Fig. 7B displays each
navigation instruction by a schematic diagram. The arrows indicate heading directions
associated with the movement events. Taking the navigation instruction 740B as an
example, the arrow indicates stepping events occur along the reference path. The
navigation instruction 750B indicates going upstairs and the navigation instructions 760B

and 770B indicate turning left and going straight respectively.

[0080] In addition to displaying the original instruction list, another instruction list for
the reversed path may be displayed. Referring to Fig. 7C, an example navigation
interface for a reversed reference path from a destination to a start point is illustrated. In
Fig. 7C, the instruction list is created based on the original instruction list and the
navigation instructions 740C to 790C are displayed in a reversed order. Those skilled in
the art may work out the detailed implementations based on the principle as described in
the preceding paragraphs, and the details are omitted hereinafter. The interface shows
the reversed path from the meeting room to the information desk. In the above example,
after the meeting, Alice may use the reversed list to go back to the information desk from

the meeting room.
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[0081] According to implementations of the subject matter described herein, the
instruction list may be shared to one or more followers. Fig. 8 illustrates an example
interface for sharing navigation instructions for a reference path in accordance with an
example implementation of the subject matter described hercin, where the interface
illustrates the window of the email client. Continuing the above example, Bob walks
along the reference path and generates the instruction list for reaching the meeting room
No. 123 from the information desk. After that, he may attach the instruction list to the
meeting request and share it among the invitees. As illustrated in Fig. 8, email addresses
of the invitees may be added into the field 810, and the instruction list may be enclosed as
an attachment of the meeting request. Upon receipt of the meeting request, Alice may
load the attached instruction list into her mobile device and start the indoor navigation
when she reaches the information desk of the building. After the meeting, Alice may
create a reversed instruction list to lead her from the meeting room back to the information

desk.

[0082] The above paragraphs describe example implementations of sharing the
instruction list among a group of persons by email as an example, in another
implementation, the instruction list may be shared to the public, for example via a social
network, or via a website of the building. This implementation may be especially helpful
for public services. In one example, a famous painting may be exhibited in a certain
exhibition room of a public museum. For a big museum, it is not easy for the visitors to
directly reach the exhibition room from the gate of the museum. In order to provide a
quick access to the famous painting, an instruction list for a reference path from the gate to
the exhibition room of the museum may be created in advance and published on the office
website of the museum. At this point, the visitors may download the instruction list and

go the exhibition room accordingly.

[0083] According to implementations of the subject matter described herein, the at least
one environment sensor is deployed on a movable entity, and measurements may be
collected by the at least one environment sensor at a predefined interval during a

movement of the entity along the reference path to form the reference signal.

[0084] In the implementations described in the preceding paragraphs, the
measurements are collected by the environment sensors equipped in the mobile device and

the mobile device is carried by a person walks along the reference path. In other
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situations, the at least one environment sensor may be deployed on a movable entity such
as a robot, a remote control model car, as long as the movable entity may travel along the

reference path.

[0085] In one implementation, a common mobile device may be deployed to the
movable entity, in another implementation, the at least one sensor may be directly
equipped in the movable entity. For example, in the situation of Searching and Rescuing
(SAR), the at least one sensor may be equipped on an SAR robot, and then the robot may
enter into areas not suitable for human access. As the entity may be driven by the motor
engine, the predefined pattern may be different from that used in the situation of detecting
human movement events. Those skilled in the art may define the shape of the pattern
according to historical measurements, such as the measurements collected by the sensor
equipped on a same type of movable entity. In an example of a professional SAR robot,
operation states of the engine may be monitored and these states may be considered
together with the measurements by the sensor in extracting the movement event and

generating the navigation instruction.

[0086] According to implementations of the subject matter described herein, the
navigation instruction may be provided without a map of the reference path. Unlike the
traditional navigation applications, the implementations may work without a map of the
related area. In most cases, the building may be a private area and it is hard for a visitor
to get the map inside the building. Even if the visitor may obtain the map, the traditional
navigation application cannot provide accurate location information without the assist of
GPS satellite. However, the implementations of the subject matter depend on the
environment parameters collected by the sensor along the reference path and thus may
provide navigation services without the requirement of determining the accurate physical

locations within the building.

[0087]  According to implementations of the subject matter described herein, a human
readable summary may be created for the instruction list. A human readable summary
may be created based on the extracted movement events to give a brief description of the
reference path.  In one implementation, the readable summary may include the start point,
the destination, the time duration of the travel and the like. In another implementation,
other data may be added to the readable summary such as photos and/or videos along the

reference path so as to provide more visual views in leading the follower to the right
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destination.

[0088] The preceding paragraphs describe how to generate navigation instructions for a
reference path from the start point to the destination. The navigation instructions may be
provided to the follower and lead him/her to travel along the reference path. In one
example, Bob holds his mobile device and walk along the reference path from the
information desk to the meeting room No. 123. Navigation instructions may be
generated for the reference path. Then Alice may use the navigation instructions shared
by Bob to lead her to the meeting room. For some reason, during Alice’s walk, even if
the navigation instructions are displayed to her, there might be possibility that she may not

exactly follow the instructions and may deviate from the reference path.

[0089] At this point, if an error occurs during the execution of a certain instruction,
Alice may reach a wrong location. Thereby she may be led to a wrong direction even if
she exactly follows all the navigation instructions subsequent to the certain instruction,
because Alice starts at a wrong location which may be not along the reference path.
Considering the above situation, it is desired to generate a location based navigation

instruction to ensure that the navigation instruction may be executed at a correct location.

[0090] It is known that the measurements collected by the sensor are influenced by the
surrounding of the location of the sensor, although the reading of the sensor at a certain
location may vary at different times, usually the difference among the readings is within a
certain threshold. Fig. 9A illustrates an example graph of time series data collected by an
environment sensor (such as a magnetometer) moved at different speeds in accordance
with an example implementation of the subject matter described herein. In Fig. 9A, the
horizontal axis indicates the time and the vertical axis indicates the strength of the
geomagnetic field. The two curves 910A and 920A represent two time series data
collected along a reference path when the mobile device moves at different speeds. The
curve 910A illustrated with solid line represents the signal collected by holding the mobile
device and walking along the reference path at a high speed, and the curve 920A
illustrated with dotted line represents the signal collected by holding the mobile device
and walking along the reference path at a low speed. By comparing the curves 910A and
920A, although the time durations of the two curves are different, the shapes of the two
curves are similar. If the curve 920A is compressed to the same time duration as that of

the curve 910A, the compressed curve and the curve 910A may be roughly aligned.
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[0091] Fig. 9A illustrates the time series data in an environment where the
surroundings are the same. In some cases, for example in an underground parking lot,
the surroundings may change thereby the measurements collected by the sensor may vary
accordingly. Fig. 9B illustrates an example graph of time series data collected at
different times of a day by an environment sensor in accordance with an example
implementation of the subject matter described herein. In Fig. 9B, the curve 910B
illustrated with solid line represents the signal collected in an empty parking lot (for
example, during the night time), and the curve 920B illustrated with dotted line represents
the signal collected in an parking lot full of cars. By comparing the curves 910B and
920B, although the magnitudes of the two curves 910A and 910B are slightly different, the

peaks and valleys of the two curves 910A and 910B have a corresponding relationship.

[0092] From Figs. 9A and 9B, although the curves of the time series data associated
with different moving speeds and surroundings are not exactly the same, these curves
collected along a same reference path follow a similar shape and thus the magnitudes in
the time series data may be used as indicators for the locations of the sensor long the

reference path.

[0093] In view of the above, a new method and device for creating a navigation trace
are provided herein to at least partially solve the above and other potential problems.
According to implementations of the subject matter described herein, a reference signal is
obtained, where the reference signal includes time series data collected by at least one
environment sensor along a reference path from a start point to a destination. Next, a
navigation trace is created for the reference path based on the obtained reference signal,
where magnitudes at locations of the navigation trace reflect measurements collected by

the at least one environment sensor at respective time points of the reference signal.

[0094] Fig. 10 is a flowchart 1000 illustrating a method for generating a navigation
trace in accordance with an example implementation of the subject matter described herein.
At 1010, a reference signal that includes time series data is obtained, where the time series
data is collected by at least one environment sensor along a reference path from a start
point to a destination. In this step, the time series data may include measurements
collected by the at least one environment sensor, for example, the sensor(s) equipped in

the mobile device.
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[0095] The collected measurements by the sensor may change according to the
locations of the sensor. In one implementation, the magnetometer may measure the
strength and direction of the geomagnetic field at the location of the magnetometer. Due
to the location sensitivity feature, the ubiquitousness and stability of the geomagnetic field,
the magnetometer may be a candidate sensor that may be used in the implementations.
Further, other types of sensors may be adopted according to the specific indoor
environment of the building. In this step, more than one environment sensor may be
used in collecting the time series data. Various sensors may monitor various aspects of
the environment parameters and thus a combination of more sensors may provide a higher

accuracy in creating the navigation trace.

[0096] At 1020, a navigation trace is created for the reference path based on the
obtained reference signal, where magnitudes at locations of the navigation trace reflect
measurements collected by the at least one environment sensor at respective time points of
the reference signal. As the magnitude at a certain location in the navigation trace
reflects the measurement at a time point of the reference signal, the magnitude may

indicate the location of the environment sensor in some ways.

[0097] According to implementations of the subject matter described herein, the at least
one environment sensor is deployed on a movable entity, where the measurements may be
obtained by the at least one environment sensor at a predefined interval during a
movement of the entity along the reference path to form the reference signal. As
described in the preceding paragraphs, the movable entity may be a person, a robot, a
remote control model car or another entity that may travel along the reference path from
the start point to the destination. In this implementation, multiple types of movable

entities may be selected for carrying the at least one sensor.

[0098] According to implementations of the subject matter described herein, during
creating the navigation trace, each time point in the reference signal may correspond to a
location along the reference path. Specifically, for a time point in the reference signal, a
measurement at the time point in the reference signal may be associated with a location at
which the at least one environment sensor is located at the time point to generate a
magnitude at the location. Reference will be made to Fig. 11 to describe the procedure

for creating the navigation trace.
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[0099] Fig. 11 illustrates a graph of reference time series data collected by a
magnetometer along a reference path from an information desk to a meeting room in
accordance with an example implementation of the subject matter described herein. In
Fig. 11, the curve 1110 indicates the reference time series data and the magnitudes 1120
and 1130 are two sample points in the curve 1110. The magnitude 1120 represents a
measurement collected by the magnetometer at a first time point TO, where the time point
TO corresponds to the start point in the reference path. As illustrated in Fig. 11, the
magnitude 1120 may be associated with the start point in the reference path, because the

sensor is located at the start point at the time point of TO.

[00100] The time point T1 is the sampling immediately after the time point T1. In Fig.
11, the distance between the two successive sampling time points TO and T1 is associated
with the sampling rate of the sensor, and the scale of the distance between time points TO
and T1 is enlarged for clarity. In the implementations, the time difference may be
determined by the sampling rate of the sensor, for example, the time difference may be
0.025 second for a rate of 40 Hz. The magnitude 1130 represents a measurement
collected by the magnetometer at a second time point T1, where the time point T1
corresponds to a next location nearby the start point. As illustrated in Fig. 11, the
magnitude 1130 may be associated with the next location, because the sensor is located at

the next location at the time point of T1.

[00101] In these implementations, the distance between two successive locations along
the reference path depends on the moving speed of the sensor and the sampling rate of the
sensor. According to the procedure as described with reference to Fig. 11, the magnitude
at each point of the navigation trace is associated with a location along the reference path,

and thereby the magnitude may be an indicator of the location along the reference path.

[00102] With the method described above, the navigation trace may be created for the
reference path. Further, based on similarly principle for creating the navigation along a
reversed path from the destination to the start point, the navigation trace may be reversed
and then a reversed trace may be created for the reversed path. According to
implementations of the subject matter described herein, the navigation trace may be
reversed to provide the navigation along a reversed path from the destination to the start

point.
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[00103] In these implementations, the original navigation trace for the reference path
may be subject to a reversing procedure, so as to create a reversed trace: the magnitudes in
the original trace may be re-arranged according to a reversed time order. By processing
the original trace with the above reversing procedure, a reversed trace may be created
without the need of walking along the reversed path. The reversed trace may be helpful
in many situations, especially when the leader walks along a reference path and wants to

get back to the start point.

[00104] According to implementations of the subject matter described herein, the
navigation trace may be shared to a certain person, among a group of person, or to the
public. The implementations for sharing procedure may be similar to what is described

with reference to Fig. 8 in the preceding paragraphs and details are omitted hereinafter.

[00105] According to implementations of the subject matter described herein, the at least
one environment sensor is selected from a group consisting of: a magnetometer, a light
sensor, and a radio sensor. The time series data collected by the at least one environment

sensor may identify a location of the at least one environment sensor.

[00106] Alternatively, or in addition, in some implementations, other types of sensors
may be used in identifying the location along the reference path. Usually, WiFi hot spots
are distributed at various locations inside an office building.  As the strengths of the WiFi
signal at different locations in the office building are not the same, the strength may be
used as an indicator for the locations. Accordingly, the radio sensor equipped in the
mobile device may be used for collecting the WiFi signal along the reference path.
Alternatively, or in addition, the variance in the light intensity caused by indoor
illumination may be considered in generating the navigation trace. Thereby the light
sensor in the mobile device may also be used for collecting the time series data along the

reference path.

[00107] Although the preceding paragraphs describe the steps for creating the navigation
trace by using the magnetometer, those skilled in the art may work out other
implementations by adopting the radio sensor and the light sensor based on the above
disclosure. Further, two or more of the above sensors may be used to collecting various
types of reference signals. By synchronizing these reference signals at the same

sampling rate, the problem of missing values from a certain reference signal may be fixed
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by using another reference signal.

[00108] According to implementations of the subject matter described herein, the at least
one environment sensor further comprises at least one of a barometer, a gyroscope, and an
accelerometer, and the time series data collected by the at least one environment sensor
may identify a movement event of the at least one environment sensor. In these
implementations, the movement event may comprise up/down event, a stepping event and
a turning event. The navigation trace may indicate what type of movement event occurs
during the movement of the at least one environment sensor along the reference path.

The details of the movement event are similar as described in the preceding paragraphs.

[00109] Details for generating the navigation trace are described in the preceding
paragraphs, and the generated navigation trace may be used as reference in determining a
current location of the follower. According to implementations of the subject matter
described herein, a new method and device for generating a navigation instruction are
provided herein. In the implementations, the follower may use the navigation trace from
the leader to reach the destination. Specifically, a navigation trace is obtained, where the
navigation trace is represented by reference time series data collected by at least one
environment sensor along a reference path from a start point to a destination. Then
measured time series data is collected by at least one sensor moved along a path originated
from the start point. Next, a navigation instruction is generated based on the navigation

trace and the signal.

[00110] Continuing the above example, Alice is at the information desk of the building
and wants to go the meeting room based on the navigation trace provided by Bob. Alice
may hold her mobile device and walk near the information desk, during her walk, a
measured time series data may be collected by the sensor(s) in her mobile device. At this
point, the reference time series data representing the navigation trace may be compared

with the measured time series data to generate a navigation instruction.

[00111] Fig. 12 is a flowchart illustrating a method for generating a navigation
instruction in accordance with an example implementation of the subject matter described
herein. At 1210, a navigation trace is obtained, where the navigation trace is represented
by reference time series data collected by at least one environment sensor along a

reference path from a start point to a destination. The navigation trace may be generated
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according to the steps of Fig. 10.  Further, the navigation trace may be obtained in many
ways, for example, it may be downloaded from the website, received as an attachment of

an email, or be shared by a friend in the social network.

[00112] At 1220, the measured time series data is collected by at least one sensor moved
along a path originated from the start point. The measured time series data may be
collected by the sensor on the follower’s mobile device. The measured and reference
time series data may be stored in the same data structure such that comparison may be

made therebetween.

[00113] At 1230, a navigation instruction is generated based on the navigation trace and
the measured time series data. The navigation instruction may include the following: (1)
if it is determined that the follower is travelling along the reference path, then the
navigation instruction may lead the follower to move on; (2) if it is determined that the
follower is significantly deviated from the reference path, then the follower may be alerted

to get back to a location along the reference path.

[00114] According to implementations of the subject matter described herein, a current
location of the at least one sensor may be determined by comparing the reference and
measured time series data. Then, the navigation instruction may be generated for the
current location based on a fragment in the navigation trace associated with the current

location.

[00115] Fig. 13 illustrates a diagram block for generating a navigation instruction by
comparing the reference and measured time series data in accordance with an example
implementation of the subject matter described herein. Usually, time durations of the
reference and measured time series data are different (as illustrated in Fig. 13), and thus
the two time series data should be aligned. Multiple data processing algorithms may be
adopted for aligning the curves 1310 and 1320. The reference and measured time series
data may be scanned and compared. Details of the aligning are described with reference

to Fig. 14.

[00116] Fig. 14 illustrates a diagram block for aligning the reference time series data
1310 and measured time series data 1320 in accordance with an example implementation
of the subject matter described herein. The start location determination may be

performed to find out a time point corresponding to the start point along the reference path
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in the measured time series data. Sliding windows may be defined in the reference and
measured time series data 1310 and 1320 to find matched portions between the two curves.
As illustrated in Fig. 14, point 1410 in the reference time series data 1310 corresponds to
the start point in the reference path. By comparing the two curves, it is determined that
the portion 1420 in the measured time series data 1320 corresponds to an area near the
start point. Accordingly, the point 1422 at the back end of the portion 1420 may be
determined as the start point. Alternatively, or in addition, extra data may be utilized in
determining the start point. In one example, the navigation trace may include an photo of
the start point, and the follower may be instructed to take a photo of the surroundings, at
this point, the two photos may be compared to find out whether the follower reaches the
start point. In another example, user input data may be used based on the specific

requirement.

[00117] Once the start point is determined, the beginnings of the reference and measured
time series data 1310 and 1320 are aligned. During the walk of the follower, the
measured time series data 1310 grows gradually, and the newly collected data may be
aligned to a fragment in the reference time series data 1310 to find out the current of the

follower.

[00118] According to implementations of the subject matter described herein, the
reference time series data may be searched for a portion matched with a current value of
the measured time series data. Then, the current location of the at least one sensor may
be determined based on the portion. In one implementation, Euclidean distance may be
calculated between the two time series data to find the matched portion. In another
implementation, Dynamic Time Warping (DTW) may be utilized for secking to portions
from the reference and measured time series data 1310 and 1320. DTW is an algorithm
for measuring similarity between sequences (for example, the time series data), where
dynamic programming is used to find candidate matches between the two time series data

thereby the matched point may be find in the reference time series data.

[00119] According to implementations of the subject matter described herein, in the
reference time series data, a location associated with a time point corresponding to an end
of the portion may be identified as the current location. As illustrated in Fig. 14, the
point 1424 at the end of the measured time series data 1320 corresponds to the point 1414
in the reference time series data 1310. For details of the DTW algorithm, and those skill
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in the art may refer to the prior art technical documents and descriptions are omitted

hereinafter.

[00120] According to implementations of the subject matter described herein, a
movement event may be identified from the fragment in the navigation trace, and then the
navigation instruction may be generated for the current location based on the movement
event. With the gradually increase in the measured time series data during the walk of
the follower, the newly increased portion may be compared to find if there is a match in
the reference time series data. If the follower is on the correct path, then the newly
increased portion meets the reference time series data. At this point, a match occurs
between the two time series data to indicate that the follower is walking along the
reference path. However, a mismatch between the two time series indicates a deviation,
in other words, the follower is deviated from the reference path. At this point, an alert
may be generated to notify the follower to go back to the last location where a match

OCCUrs.

[00121] Referring to Fig. 14, the measured time series data 1320 matches the portion
before the point 1414 in the reference time series data 1310. If the follower goes to a
wrong direction after point 1424, then the new increasement in data 1320 may not match
the data 1310. At this time, the navigation instruction may alert the follower to go back
to the location corresponding to the point 1424. If the follower follows the navigation
instruction and goes back to the point 1424 along the reference path, then the increasement

associated with the deviation may be removed from the measured time series data 1320.

[00122] In addition to alerting the deviation, the navigation instruction may indicate a
specific movement that the leader makes at the current of the follower along the reference
path. According to implementations of the subject matter described herein, a pattern may
be identified from the fragment in the navigation trace, where the pattern describes
measurements of the at least one environment sensor associated with a specific movement.
In these implementations, the specific movement may be selected from a group consisting
of a stepping event, a left turning event, a right turning event, an up/down event. Further,
the up/down event may sub-divided into three types: a stair up/down, an elevator up/down

and an escalator up/down.

[00123] TFig. 15 illustrates a diagram block for generating a navigation instruction by
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comparing the reference and measured time series data in accordance with an example
implementation of the subject matter described herein. According to the above method
for aligning the reference and measured time series data 1310 and 1320, the two curve
match, and a fragment 1510 in the reference time series data 1310 corresponds to a
fragment 1520 in the measured time series data 1320. If the navigation trace indicates a
specific movement (such as “a left turn”) is made at a location corresponding to the
fragment 1410 by the leader, then a movement event associated with “a left turn” may be
identified from the navigation trace, and then the navigation instruction may indicate that

a left turn is made at the current location of the follower.

[00124] According to implementations of the subject matter described herein, a stepping
event may be extracted by identifying a stepping pattern from an acceleration signal
included in the navigation trace collected by an accelerometer.  According to
implementations of the subject matter described herein, an up/down event may be
extracted by identifying an up/down pattern from a barometric pressure signal included in
the navigation trace collected by a barometer. According to implementations of the
subject matter described herein, a turning event may be extracted by identifying a turning
pattern from an orientation signal included in the navigation trace collected by a
gyroscope. In these implementations, the methods for identifying the movement events
are the same as described with reference to Figs. 3 to 5 in the preceding paragraphs, and

details may be omitted hereinafter.

[00125] Fig. 16A illustrates a diagram block 1600A for generating a navigation
instruction in accordance with an example implementation of the subject matter described
herein. In Fig. 16A, the reference and measured time series data 1610A and 1620A
match, and a fragment 1612A in the reference time series data 1610A corresponds to a
fragment 1622A in the measured time series data 1620A. In the fragment 1612A, the
measurements collected by the sensor indicates the strength of the geomagnetic field falls
sharply, which is a signal of going upstairs, then an up event may be identified from the

navigation trace and then the navigation instruction of “‘going upstairs” may be generated.

[00126] Fig. 16B illustrates an example navigation interface 1600B for displaying the
navigation instruction of Fig. 16A in accordance with an example implementation of the
subject matter described herein. As shown in Fig. 16B, the navigation instruction 1640B

may indicate that the follower may go upstairs for 1 floor. The interface 1600B is similar
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like the interfaces as illustrated in Figs. 7A to 7C. For example, the reference number
1610B represent a title of the navigation trace, the start point 1620B indicates the trace is
started from the information desk, and the destination 1630 indicates that the trace leads to
the meeting room No. 123.  Although only one navigation instruction 1640B is displayed
in the navigation interface 1600B, based on the preceding descriptions about finding the
current location of the follower, extracting a movement event, and generating a navigation
instruction, the navigations instruction may be gradually added into the interface 1600B

when the follower walk ahead according to the displayed navigations instruction.

[00127] With these navigation instructions, the follower may walk along the same
reference path recorded by the leader. Even if a deviation may occur during the
follower’s walk, an alert may be prompted to the follower to direct he/she back to the

reference path.

[00128] Sometimes, measurements at the same location by the sensors of the leader and
follower may be different. If the difference is within a predefined tolerance, the follower
may continue the navigation without the calibration, otherwise the sensor of the follower
should be calibrated with that of sensor to ensure the reference and the measured time
series data may be properly aligned in the further processing. According to
implementations of the subject matter described herein, the at least one sensor may be
calibrated in response to a magnitude in the navigation trace corresponding to the start

point being mismatched with a magnitude in the signal corresponding to the start point.

[00129] Fig. 17 is a block diagram for calibrating the at least one environment sensor in
accordance with an example implementation of the subject matter described herein. In
Fig. 17, the reference time series data 1710 is collected by the sensor of the leader along
the reference path, and the measured time series data 1720 is collected by the sensor of the
follower in an area near the start point. By comparison, the magnitude at point 1722 is
significantly higher than that of point 1712, and the sensor of the follower should be
calibrated. At this point, the calibration may be performed according to the traditional
calibration and data correction techniques, which may make absolute values of
measurements of the two sensors practical for the alignment in the further processing. In

one implementation, if a magnetometer needs to be calibrated, an alert may be generated

to notify the user to rotate the mobile device in “©0” shape to calibrate.
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[00130] According to implementations of the subject matter described herein, the at least
one sensor may be selected from a group consisting of a magnetometer, a light sensor, and
a radio sensor. In this implementation, the measured time series signal may be collected
by the above sensors and the method for further processing may be similar as the methods

described with reference to Fig. 12 to 15.

[00131] According to implementations of the subject matter described herein, the indoor
navigation application may be run in the mobile devices. Further, the user may access
the navigation service by downloading a dedicated application, or by utilizing the on-line
services provided in a web site. The user may login the service with a personal account,
generate navigation instructions for a desired reference path and share the navigation

instructions to a certain friend, among a group of friends, or to the public.

[00132] According to implementations of the subject matter described herein, the indoor
navigation service may work across multiple operation systems. In one implementation,
the navigation trace may be generated in a mobile device with the Android® system, while
the follower may load the navigation trace into an IOS® system. Further, the
implementations of the subject matter may be applied to other existing operation systems

or to be developed 1n the future.

[00133] According to implementations of the subject matter described herein, the indoor
navigation service may combine with the outdoor navigation. In one implementation,
two navigation modes may be provided in a navigation application, where the GPS signal
may be used in the outdoor navigation and the environment sensor(s) may be utilized to

support the indoors.

[00134] Although implementations of the subject matter are described by taking the
mobile device as an example processing device, the implementations may be performed
on a general processing device. Fig. 18 is a block diagram 1800 of a device suitable for
implementing one or more implementations of the subject matter described herein. It is
to be understood that the device 1800 is not intended to suggest any limitation as to scope
of use or functionality of the subject matter described herein, as various implementations
may be implemented in diverse general-purpose or special-purpose computing

environments.

[00135] As shown, the device 1800 includes at least one processing unit (or processor)
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1810 and a memory 1820. The processing unit 1810 executes computer-executable
instructions and may be a real or a virtual processor. In a multi-processing system,
multiple processing units execute computer-executable instructions to increase processing
power. The memory 1820 may be volatile memory (e.g., registers, cache, RAM),
non-volatile memory (e.g., ROM, EEPROM, flash memory), or some combination

thereof.

[00136] In the example shown in Fig. 18, the device 1800 further includes storage 1830,
one or more input devices 1840, one or more output devices 1850, and one or more
communication connections 1860. An interconnection mechanism (not shown) such as a
bus, controller, or network interconnects the components of the device 1800. Typically,
operating system software (not shown) provides an operating environment for other
software executing in the device 1800, and coordinates activities of the components of the

device 1800.

[00137] The storage 1830 may be removable or non-removable, and may include
computer-readable storage media such as flash drives, magnetic disks or any other
medium which can be used to store information and which can be accessed within the
device 1800. The input device(s) 1840 may be one or more of various different input
devices. For example, the input device(s) 1840 may include a user device such as a
mouse, keyboard, trackball, etc. The input device(s) 1840 may implement one or more
natural user interface techniques, such as speech recognition or touch and stylus
recognition. As other examples, the input device(s) 1840 may include a scanning device;
a network adapter; or another device that provides input to the device 1800. The output
device(s) 1850 may be a display, printer, speaker, network adapter, or another device that
provides output from the device 1800. The input device(s) 1840 and output device(s)
1850 may be incorporated in a single system or device, such as a touch screen or a virtual

reality system.

[00138] The communication connection(s) 1860 enables communication over a
communication medium to another computing entity. Additionally, functionality of the
components of the device 1800 may be implemented in a single computing machine or in
multiple computing machines that are able to communicate over communication
connections. Thus, the device 1800 may operate in a networked environment using

logical connections to one or more other servers, network PCs, or another common
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network node. By way of example, and not limitation, communication media include

wired or wireless networking techniques.

[00139] In accordance with implementations of the subject matter described herein, a
navigator 140 may be executed on the device 1800 to allow the leader to generate a
navigation trace and allow the follower to use the generated navigation trace to enjoy the

indoor navigation service.

[00140] Now only for the purpose of illustration, some example implemented will be

listed below.

[00141] In some implementations, the subject matter described herein may be embodied
as a device. The device comprises a processing unit and a memory. The memory is
coupled to the processing unit and stores instructions for execution by the processing unit.
The instructions, when executed by the processing unit, cause the device to perform acts
comprising: obtaining a reference signal that includes time series data collected by at least
one environment sensor along a reference path from a start point to a destination;
extracting a movement event by identifying a pattern from the reference signal, the pattern
describing measurements of the at least one environment sensor associated with a specific
movement; and generating a navigation instruction indicating that the movement event

occurs during a movement of the at least one environment sensor along the reference path.

[00142] In some implementations, the generating a navigation instruction comprises:
obtaining a geographical range along the reference path based on the identified pattern, the
geographical range being defined by locations of the at least one environment sensor
during the movement along the reference path; and generating the navigation instruction

indicating that the movement event occurs within the geographical range.

[00143] In some implementations, the at least one environment sensor comprises an
accelerometer, the reference signal comprises an acceleration signal collected by the
accelerometer, the pattern describes measurements of the accelerometer associated with a
stepping event, and the generating the navigation instruction comprises: generating the
navigation instruction indicating that a stepping event occurs within the geographical

range.

[00144] In some implementations, the at least one environment sensor comprises a

barometer, the reference signal comprises a barometric pressure signal collected by the
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barometer, the pattern describes measurements of the barometer associated with an
up/down event, and the generating the navigation instruction comprises: generating the
navigation instruction indicating that an up/down event occurs within the geographical

range.

[00145] In some implementations, the at least one environment sensor comprises a
gyroscope, the reference signal comprises an orientation signal collected by the gyroscope,
the pattern describes measurements of the gyroscope associated with a turning event, and
the generating the navigation instruction comprises: generating the navigation instruction

indicating that a turning event occurs within the geographical range.

[00146] In some implementations, the acts further comprises: generating an annotation
associated with the movement event, where the annotation is selected from a group

consisting of a comment, an image, a video, an audio, and metadata.

[00147] In some implementations, the acts further comprises: extracting a second
movement event by identifying a second pattern from the reference signal, the pattern
describes measurements of the at least one environment sensor associated with a second
movement; and generate a second navigation instruction indicating that the second
movement event occurs during the movement of the at least one environment sensor along
the reference path; and create an instruction list including the navigation instruction and

the second navigation instruction.

[00148] In some implementations, the acts further comprises: reversing the navigation
instruction and the second navigation instruction included in the instruction list to provide
a navigation along a reversed path from the destination to the start point; and share the

instruction list.

[00149] In some implementations, the acts further comprises: creating a human readable

summary for the instruction list.

[00150] In some implementations, the at least one environment sensor is deployed on a

movable entity, and the obtaining a reference signal comprises obtaining measurements

collected by the at least one environment sensor at a predefined interval during a

movement of the entity along the reference path to form the reference signal.

[00151] In some implementations, the acts further comprise providing the navigation
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instruction without a map of the reference path.

[00152] In some implementations, the subject matter described herein may be embodied
as a computer-implemented method comprising: obtaining a reference signal that includes
time series data collected by at least one environment sensor along a reference path from a
start point to a destination; extracting a movement event by identifying a pattern from the
reference signal, the pattern describing measurements of the at least one environment
sensor associated with a specific movement; and generating a navigation instruction
indicating that the movement event occurs during a movement of the at least one

environment sensor along the reference path.

[00153] In some implementations, the generating a navigation instruction comprises:
obtaining a geographical range along the reference path based on the identified pattern, the
geographical range being defined by locations of the at least one environment sensor
during the movement along the reference path; and generating the navigation instruction

indicating that the movement event occurs within the geographical range.

[00154] In some implementations, the at least one environment sensor comprises an
accelerometer, the reference signal comprises an acceleration signal collected by the
accelerometer, the pattern describes measurements of the accelerometer associated with a
stepping event, and the generating the navigation instruction comprises: generating the
navigation instruction indicating that a stepping event occurs within the geographical

range.

[00155] In some implementations, the at least one environment sensor comprises a
barometer, the reference signal comprises a barometric pressure signal collected by the
barometer, the pattern describes measurements of the barometer associated with an
up/down event, and the generating the navigation instruction comprises: generating the
navigation instruction indicating that an up/down event occurs within the geographical

range.

[00156] In some implementations, the at least one environment sensor comprises a
gyroscope, the reference signal comprises an orientation signal collected by the gyroscope,
the pattern describes measurements of the gyroscope associated with a turning event, and
the generating the navigation instruction comprises: generating the navigation instruction

indicating that a turning event occurs within the geographical range.
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[00157] In some implementations, the method further comprises: generating an
annotation associated with the movement event, the annotation being selected from a

group consisting of a comment, an image, a video, an audio, and metadata.

[00158] In some implementations, the method further comprises: extracting a second
movement event by identifying a second pattern from the reference signal, the pattern
describing measurements of the at least one environment sensor associated with a second
movement; and generating a second navigation instruction indicating that the second
movement event occurs during the movement of the at least one environment sensor along
the reference path; and creating an instruction list including the navigation instruction and

the second navigation instruction.

[00159] In some implementations, the method further comprises at least one of the
following: reversing the navigation instruction and the second navigation instruction
included in the instruction list to provide a navigation along a reversed path from the

destination to the start point; or sharing the instruction list.

[00160] In some implementations, the at least one environment sensor is deployed on a
movable entity, and the obtaining a reference signal comprises: obtaining measurements
collected by the at least one environment sensor at a predefined interval during a

movement of the entity along the reference path to form the reference signal.

[00161] In some implementations, the subject matter described herein may be embodied
as a device. The device comprises a processing unit and a memory. The memory is
coupled to the processing unit and stores instructions for execution by the processing unit.
The instructions, when executed by the processing unit, cause the device to perform acts
comprising: obtaining a reference signal that includes time series data collected by at least
one environment sensor along a reference path from a start point to a destination; creating
a navigation trace for the reference path based on the obtained reference signal,
magnitudes at locations of the navigation trace reflecting measurements collected by the at

least one environment sensor at respective time points of the reference signal.

[00162] In some implementations, the at least one environment sensor is deployed on a
movable entity, and the obtaining a reference signal comprises: obtaining measurements
collected by the at least one environment sensor at a predefined interval during a

movement of the entity along the reference path to form the reference signal.
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[00163] In some implementations, the creating a navigation trace comprises: for a time
point in the reference signal, associating a measurement at the time point in the reference
signal with a location at which the at least one environment sensor being located at the

time point to generate a magnitude at the location.

[00164] In some implementations, the acts further comprising at least one of the
following: reversing the navigation trace to provide navigation along a reversed path from

the destination to the start point; or sharing the navigation trace.

[00165] In some implementations, the at least one environment sensor is selected from a
group consisting of: a magnetometer, a light sensor, and a radio sensor, and the time series
data collected by the at least one environment sensor identifies a location of the at least

one environment Sensor.

[00166] In some implementations, the at least one environment sensor further comprises
at least one of a barometer, a gyroscope, and an accelerometer, and the time series data
collected by the at least one environment sensor further identifies a movement event of the

at least one environment sensor.

[00167] In some implementations, the subject matter described herein may be embodied
as a device. The device comprises a processing unit and a memory. The memory is
coupled to the processing unit and stores instructions for execution by the processing unit.
The instructions, when executed by the processing unit, cause the device to perform acts
comprising: obtaining a navigation trace represented by reference time series data
collected by at least one environment sensor along a reference path from a start point to a
destination; obtaining measured time series data collected by at least one sensor moved
along a path originated from the start point; and generating a navigation instruction based

on the navigation trace and the signal.

[00168] In some implementations, the generating a navigation instruction comprises:
determining a current location of the at least one sensor by comparing the reference and
measured time series data; and generating the navigation instruction for the current

location based on a fragment in the navigation trace associated with the current location.

[00169] In some implementations, the determining a current location of the at least one
sensor comprises: searching the reference time series data for a portion matched with a

current value of the measured time series data; and determining the current location of the
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at least one sensor based on the portion.

[00170] In some implementations, the determining the current location of the at least
one sensor based on the portion comprises: identifying a location, in the reference time
series data, associated with a time point corresponding to an end of the portion as the

current location.

[00171] In some implementations, the at least one sensor is selected from a group

consisting of a magnetometer, a light sensor, and a radio sensor.

[00172] In some implementations, the generating the navigation instruction for the
current location comprises: identifying a movement event from the fragment in the
navigation trace; and generating the navigation instruction for the current location based

on the movement event.

[00173] In some implementations, the identifying a movement event comprises:
identifying a pattern from the fragment in the navigation trace, the pattern describing

measurements of the at least one environment sensor associated with a specific movement.

[00174] In some implementations, the extracting the movement event comprises any of:
extracting a stepping event by identifying a stepping pattern from an acceleration signal
included in the navigation trace collected by an accelerometer; extracting an up/down
event by identifying an up/down pattern from a barometric pressure signal included in the
navigation trace collected by a barometer; and extracting a turning event by identifying a

turning pattern from an orientation signal included in the navigation trace collected by a

gyroscope.

[00175] In some implementations, the acts further comprising: calibrating the at least
one sensor in response to a magnitude in the navigation trace corresponding to the start

point being mismatched with a magnitude in the signal corresponding to the start point.

[00176] In some implementations, the subject matter described herein may be embodied
as a computer-implemented method, the method comprises: obtaining a reference signal
that includes time series data collected by at least one environment sensor along a
reference path from a start point to a destination; creating a navigation trace for the
reference path based on the obtained reference signal, magnitudes at locations of the

navigation trace reflecting measurements collected by the at least one environment sensor
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at respective time points of the reference signal.

[00177] In some implementations, the at least one environment sensor is deployed on a
movable entity, and the obtaining a reference signal comprises: obtaining measurements
collected by the at least one environment sensor at a predefined interval during a

movement of the entity along the reference path to form the reference signal.

[00178] In some implementations, the creating a navigation trace comprises: for a time
point in the reference signal, associating a measurement at the time point in the reference
signal with a location at which the at least one environment sensor being located at the

time point to generate a magnitude at the location.

[00179] In some implementations, the method further comprises at least one of the
following: reversing the navigation trace to provide a navigation along a reversed path

from the destination to the start point; or sharing the navigation trace.

[00180] In some implementations, the at least one environment sensor is selected from a
group consisting of: a magnetometer, a light sensor, and a radio sensor, and the time series
data collected by the at least one environment sensor identifies a location of the at least

one environment sensor.

[00181] In some implementations, the at least one environment sensor further comprises
at least one of a barometer, a gyroscope, and an accelerometer, and the time series data
collected by the at least one environment sensor further identifies a movement event of the

at least one environment sensor.

[00182] In some implementations, the subject matter described herein may be embodied
as a computer-implemented method, the method comprises: obtaining a navigation trace
represented by reference time series data collected by at least one environment sensor
along a reference path from a start point to a destination; obtaining measured time series
data collected by at least one sensor moved along a path originated from the start point;
and generating a navigation instruction based on the navigation trace and the measured

time series data.

[00183] In some implementations, the generating a navigation instruction comprises:
determining a current location of the at least one sensor by comparing the reference and

measured time series data; and generating the navigation instruction for the current
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location based on a fragment in the navigation trace associated with the current location.

[00184] In some implementations, the determining a current location of the at least one
sensor comprises: searching the reference time series data for a portion matched with a
current value of the measured time series data; and determining the current location of the

at least one sensor based on the portion.

[00185] In some implementations, the determining the current location of the at least
one sensor based on the portion comprises: identifying a location, in the reference time
series data, associated with a time point corresponding to an end of the portion as the

current location.

[00186] In some implementations, the at least one sensor is selected from a group

consisting of a magnetometer, a light sensor, and a radio sensor.

[00187] In some implementations, the generating the navigation instruction for the
current location comprises: identifying a movement event from the fragment in the
navigation trace; and generating the navigation instruction for the current location based

on the movement event.

[00188] In some implementations, the identifying a movement event comprises:
identifying a pattern from the fragment in the navigation trace, the pattern describing

measurements of the at least one environment sensor associated with a specific movement.

[00189] In some implementations, the extracting the movement event comprises any of:
extracting a stepping event by identifying a stepping pattern from an acceleration signal
included in the navigation trace collected by an accelerometer; extracting an up/down
event by identifying an up/down pattern from a barometric pressure signal included in the
navigation trace collected by a barometer; and extracting a turning event by identifying a

turning pattern from an orientation signal included in the navigation trace collected by a

gyroscope.

[00190] In some implementations, the method further comprises: calibrating the at least
one sensor in response to a magnitude in the navigation trace corresponding to the start

point being mismatched with a magnitude in the signal corresponding to the start point.

[00191] Implementations of the subject matter described herein may further include one

or more computer program products being tangibly stored on a non-transient
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machine-readable medium and comprising machine-executable instructions. The
instructions, when executed on a device, causing the device to carry out one or more

processes as described above.

[00192] In general, the various example implementations may be implemented in
hardware or special purpose circuits, software, logic or any combination thereof. Some
aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other
computing device. While various aspects of the example implementations of the subject
matter described herein are illustrated and described as block diagrams, flowcharts, or
using some other pictorial representation, it will be to be understood that the blocks,
apparatus, systems, techniques or methods described herein may be implemented in, as
non-limiting examples, hardware, software, firmware, special purpose circuits or logic,
general purpose hardware or controller or other computing devices, or some combination

thereof.

[00193] In the context of the subject matter described herein, a machine readable
medium may be any tangible medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus, or device. The machine
readable medium may be a machine readable signal medium or a machine readable
storage medium. A machine readable medium may include but not limited to an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device, or any suitable combination of the foregoing. More specific
examples of the machine readable storage medium would include an electrical connection
having one or more wires, a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or any suitable

combination of the foregoing.

[00194] Computer program code for carrying out methods of the subject matter
described herein may be written in any combination of one or more programming
languages. These computer program codes may be provided to a processor of a general
purpose computer, special purpose computer, or other programmable data processing

apparatus, such that the program codes, when executed by the processor of the computer
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or other programmable data processing apparatus, cause the functions or operations
specified in the flowcharts and/or block diagrams to be implemented. The program code
may execute entirely on a computer, partly on the computer, as a stand-alone software
package, partly on the computer and partly on a remote computer or entirely on the remote

computer or server.

[00195] Further, while operations are depicted in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel processing may be
advantageous. Likewise, while several specific implementation details are contained in
the above discussions, these should not be construed as limitations on the scope of any
disclosure or of what may be claimed, but rather as descriptions of features that may be
specific to particular implementations of particular disclosures. Certain features that are
described in this specification in the context of separate implementations can also be
implemented in combination in a single implementation. Conversely, various features
that are described in the context of a single implementation can also be implemented in

multiple implementations separately or in any suitable sub-combination.

[00196] Various modifications, adaptations to the foregoing example implementations of
this disclosure may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings. Any
and all modifications will still fall within the scope of the non-limiting and example
implementations of this disclosure.  Furthermore, other implementations of the
disclosures set forth herein will come to mind to one skilled in the art to which these
implementations of the disclosure pertain having the benefit of the teachings presented in

the foregoing descriptions and the drawings.

[00197] Therefore, it will be to be understood that the implementations of the disclosure
are not to be limited to the specific implementations disclosed and that modifications and
other implementations are intended to be included within the scope of the appended claims.
Although specific terms are used herein, they are used in a generic and descriptive sense

only and not for purposes of limitation.
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WHAT IS CLAIMED IS:

1. A device comprising:
a processing unit; and
a memory coupled to the processing unit and storing instructions for execution by
the processing unit, the instructions, when executed by the processing unit, causing the
device to perform acts comprising;
obtaining a reference signal that includes time series data collected by at
least one environment sensor along a reference path from a start point to a destination;
extracting a movement event by identifying a pattern from the reference
signal, the pattern describing measurements of the at least one environment sensor
associated with a specific movement; and
generating a navigation instruction indicating that the movement event

occurs during a movement of the at least one environment sensor along the reference path.

2. The device of claim 1, wherein the generating a navigation instruction
comprises:

obtaining a geographical range along the reference path based on the identified
pattern, the geographical range being defined by locations of the at least one environment
sensor during the movement along the reference path; and

generating the navigation instruction indicating that the movement event occurs

within the geographical range.

3. The device of claim 2, wherein the at least one environment sensor comprises
an accelerometer, the reference signal comprises an acceleration signal collected by the
accelerometer, the pattern describes measurements of the accelerometer associated with a
stepping event, and the generating the navigation instruction comprises:

generating the navigation instruction indicating that a stepping event occurs

within the geographical range.

4. The device of claim 2, wherein the at least one environment sensor comprises

a barometer, the reference signal comprises a barometric pressure signal collected by the
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barometer, the pattern describes measurements of the barometer associated with an
up/down event, and the generating the navigation instruction comprises:
generating the navigation instruction indicating that an up/down event occurs

within the geographical range.

5. The device of claim 2, wherein the at least one environment sensor comprises
a gyroscope, the reference signal comprises an orientation signal collected by the
gyroscope, the pattern describes measurements of the gyroscope associated with a turning
event, and the generating the navigation instruction comprises:

generating the navigation instruction indicating that a turning event occurs within

the geographical range.

6. The device of claim 1, the acts further comprising:
generating an annotation associated with the movement event, the annotation
being selected from a group consisting of a comment, an image, a video, an audio, and

metadata.

7. The device of claim 1, the acts further comprising:

extracting a second movement event by identifying a second pattern from the
reference signal, the pattern describing measurements of the at least one environment
sensor associated with a second movement; and

generating a second navigation instruction indicating that the second movement
event occurs during the movement of the at least one environment sensor along the
reference path; and

creating an instruction list that includes the navigation instruction and the second

navigation instruction.

8. The device of claim 7, the acts further comprising at least one of the
following:

reversing the navigation instruction and the second navigation instruction
included in the instruction list to provide a navigation along a reversed path from the

destination to the start point; or
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sharing the instruction list.

9. The device of claim 7, the acts further comprising:

creating a human readable summary for the instruction list.

10. The device of claim 1, wherein the at least one environment sensor is
deployed on a movable entity, and wherein the obtaining a reference signal comprises:

obtaining measurements collected by the at least one environment sensor at a
predefined interval during a movement of the entity along the reference path to form the

reference signal.

11. The device of claim 1, the acts further comprising:

providing the navigation instruction without a map of the reference path.

12. A computer-implemented method comprising:

obtaining a reference signal that includes time series data collected by at least one
environment sensor along a reference path from a start point to a destination;

extracting a movement event by identifying a pattern from the reference signal,
the pattern describing measurements of the at least one environment sensor associated
with a specific movement; and

generating a navigation instruction indicating that the movement event occurs

during a movement of the at least one environment sensor along the reference path.

13.  The device of claim 12, wherein the generating a navigation instruction
comprises:

obtaining a geographical range along the reference path based on the identified
pattern, the geographical range being defined by locations of the at least one environment
sensor during the movement along the reference path; and

generating the navigation instruction indicating that the movement event occurs

within the geographical range.
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14. The method of claim 13, wherein the at least one environment sensor
comprises an accelerometer, the reference signal comprises an acceleration signal
collected by the accelerometer, the pattern describes measurements of the accelerometer
associated with a stepping event, and the generating the navigation instruction comprises:

generating the navigation instruction indicating that a stepping event occurs

within the geographical range.

15. The method of claim 13, wherein the at least one environment sensor
comprises a barometer, the reference signal comprises a barometric pressure signal
collected by the barometer, the pattern describes measurements of the barometer
associated with an up/down event, and the generating the navigation instruction
comprises:

generating the navigation instruction indicating that an up/down event occurs

within the geographical range.

16. The method of claim 13, wherein the at least one environment sensor
comprises a gyroscope, the reference signal comprises an orientation signal collected by
the gyroscope, the pattern describes measurements of the gyroscope associated with a
turning event, and the generating the navigation instruction comprises:

generating the navigation instruction indicating that a turning event occurs within

the geographical range.

17. The method of claim 12, further comprising:
generating an annotation associated with the movement event, the annotation
being selected from a group consisting of a comment, an image, a video, an audio, and

metadata.

18. The method of claim 12, further comprising:
extracting a second movement event by identifying a second pattern from the
reference signal, the pattern describing measurements of the at least one environment

sensor associated with a second movement; and
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generating a second navigation instruction indicating that the second movement
event occurs during the movement of the at least one environment sensor along the

reference path; and

creating an instruction list that includes the navigation instruction and the second

navigation instruction.

19.  The method of claim 18, further comprising at least one of the following:

reversing the navigation instruction and the second navigation instruction
included in the instruction list to proifide a navigation along a reversed path from the
destination to the start point; or

sharing the instruction list.

20. The method of claim 12, wherein the at least one environment sensor is
deployed on a movable entity, and wherein the obtaining a reference signal comprises:

obtaining measurements collected by the at least one environment sensor at a
predefined interval during a movement of the entity along the reference path to form the

reference signal.
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