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METHOD AND SYSTEM FOR ACCIDENT AVOIDANCE

Field of Invention

The invention generally relates to method and system for predicting
potential accident and notifying user of the predicted potential accident, thereby
reducing or avoiding accidents between a user of a portable device and other

objects in the environment.

Background

Nowadays, intelligent portable devices e.g., smart phones and tablets,
have become an indispensable tool for communication, entertainment, work and
even lifestyle management. It is very common for a portable device user to multi-
task, e.g. using portable device to communicate with friends, browse internet,
play a game, check email, or watch TV while walking down the street.
Accordingly, multitasking while using a portable device has been proved to be
one of the principle causes of accidents, e.g., collision, crash, or fall. An analysis
conducted at Ohio State University on hospital data found that injuries involving
pedestrians on their cell phones have more than doubled between year 2005
and year 2010. A Pew Research study found that 53% of all adult cell phone
owners have been involved in a distracted walking encounter, and numerous
incidents concerning distracted walking in the recent years have made

headlines. For example, in January 2011, a woman fell into a fountain at a
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Pennsylvania mall while texting; a tourist in Australia walked off a pier while

checking Facebook on her phone.

In view of the above and other problems, it is desirable to provide a
solution for predicting potential accidents which is adapted for a user device, e.qg.

a portable device, and notifying the user of the predicted potential accident.

Summary of Invention

Embodiments of the invention provide an accident avoidance method

implementable in a portable device. The accident avoidance method comprises

the following steps:

using a camera on a portable device utilised by a user, capturing a street view
image at every predetermined time interval; identifying an object of interest
based on the street view image; based on the street ‘view image, ascertaining at
least one relative position parameter of the object of interest with respect to the
user; predicting a potential accident based on a breach of a predetermined
danger threshold by the at least one relative position parameter; and notifying

the user of the predicted potential accident.

Preferably, the at least one relative position parameter includes at least
one of a relative distance between the object of interest and the user, and a

relative angle between the object of interest and a direction of a lens of the
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camera, i.e. an angle formed between a straight line connecting the object of

interest to the user and a line of direction of the camera lens.

In one embodiment of the invention where the user of the portable device
is walking while holding a portable device, in order to more accurately predict the
potential accidents, the method further comprises: ascertaining at least one of a
motion speed, a motion direction, and a motion acceleration of the user based
on data obtained through a plurality of sensors provided in the portable device,
wherein predicting a potential accident is further based on a breach of the
danger threshold by the at least one of the motion speed, the motion direction
and the motion acceleration of the user. In this embodiment, the user of the

portable device is moving with holding the portable device,

In another embodiment of the invention where the object of interest is
moving, in order to more accurately predict the potential accidents, the method
further comprises: ascertaining at least one of motion speed, motion direction
and motion acceleration of the object of interest based on at least two street view
images successively captured by the camera from which the object of interest is
identified; wherein predicting a potential accident is further based on at least one
of the relative distance and the relative angle, and at least one of the motion

speed, motion direction and motion acceleration of the object of interest.

According to one embodiment of the invention, the method may further
comprise: ascertaining a suggestion for avoiding the potential accident based on

at least one parameter used for prediction of the potential accident; and then
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notifying the user of the suggestion. Thereby, the user of the portable device

may be able to avoid the potential accident in a timely and effectively manner.

In the embodiments of the invention, the potential accident may be notified to the
user of the portable device by at least one of a visual notification, an audio
notification and a kinaesthetic notification to ensure the user can notice the

potential accident.

Embodiments of the invention also provide an accident avoidance system

implementable in a portable device, the system comprises:

a camera configured to capture a street view image at every predetermined time
interval; an object recognition module configured to identify an object of interest
based on the street view image; an accident prediction module configured to
determine at least one relative position parameter of the object of interest with
respect to the user based on the street view image; and predict a potential
accident based on a breach of a predetermined danger threshold by the at least
one relative position parameter; and a notification module configured to notify the

user of the predicted potential accident.

Preferably, the accident prediction module is configured to ascertain at
least one of a relative distance between the object of interest and the user, and a
relative angle between the object of interest and a direction of a lens of the
camera; and predict a potential accident based on the ascertained at least one of

the relative distance and the relative angle.
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In one embodiment of the invention where the user of the portable device
is walking while holding a portable device, in order to more accurately predict the
potential accidents, the system further comprises: a user status analysing
module configured to ascertain at least one of a motion speed, a motion direction
and a motion acceleration of the user based on data obtained through a plurality
of sensors provided in the portable device; wherein the accident prediction
module is further configured to predict a potential accident based on the
ascertained at least one of the motion speed, the motion direction and the

motion acceleration of the user.

In another embodiment of the invention where the object of interest is
moving, in order to more accurately predict the potential accidents, the accident
prediction module is further configured to ascertain at least one of a motion
speed, motion direction and motion acceleration of the object of interest based
on at least two street view images successively captured by the camera from
which the object of interest is identified; and predict a potential accident based
on at least one of the relative distance and the relative angle, and at least one of
the motion speed, motion direction and motion acceleration of the object of

interest.

Preferably, the accident prediction module is further configured to
ascertain a suggestion for avoiding the predicted potential accident based on at
least one parameter used for prediction of the potential accident; and the

notification module is further configured to notify the user of the suggestion.
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According to the embodiments of the invention, the portable device may a

mobile computing and/or communication device, or a mobility aid device.

With the accident avoidance method and system implementable in a
portable device, a potential accident with object(s) in the environment can be
automatically predicted, and a notification shall be generated to warn the
portable device user of the predicted potential accident. The user is therefore
alerted to potential danger(s), and he can take appropriate action to avert the
danger(s) thereby effectively reducing or avoiding the predicted potential

accident.

Brief Description of the Drawings:

Figure 1 is a schematic diagram illustrating the functional modules of an

accident avoidance system according to a first embodiment of the invention.

Figure 2 is a flow chart illustrating a method for predicting a potential

accident according to the first embodiment of the invention.

Figure 3 (a) illustrates the values in a rectangular coordinate system for
describing the position of a portable device user obtained from an accelerometer

when the user is static.

Figure 3 (b) illustrates the values in a rectangular coordinate system for
describing the position of a portable device user obtained from an accelerometer

when the user is moving according to the first embodiment of the invention.
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Figure 4 illustrates the yaw, pitch and roll motion of a portable device.
Figure 5 shows an object distance between the portable device user and

the object of interest according to a first example of the first embodiment.

Figure 6 shows an object distance and object angle between the portable
device user and the object of interest according to a second example of the first

embodiment.

Figure 7 shows a pixel angle in an image according to the first

embodiment of the invention.

Figure 8 is a flow chart illustrating a method for ascertaining a vertical
distance between the object of interest and the direction of the camera lens

according to the first embodiment of the invention.

Detailed Description of Embodiments of the Invention:

In the following description, numerous specific details are set forth in
order to provide a thorough understanding of various illustrative embodiments of
the invention. It will be understood, however, to one skilled in the art, that
embodiments of the invention may be practiced without some or all of these
specific details. It is understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to limit
the scope of the invention. In the drawings, like reference numerals refer to

same or similar functionalities or features throughout the several views.
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The invention provides a method and system which are adapted for use in
a portable device for predicting potential accidents and notifying a user of the
predicted potential accident. The portable device may be, but is not limited to, a
mobile computing and/or communication device (e.g. smart phone and tablet) or
a mobility aid device (e.g. wheelchair for the physically impaired, crutch or cane
for the visually impaired). The portable device may be hand-held or wearable by

a user or utilised to assist or transport a user.

In a first embodiment of the invention, a user is walking while holding a
portable device (e.g. phone). The portable device is provided with a height
sensor for ascertaining the height of the portable device relative to the ground;
an accelerometer sensor for ascertaining motion speed of the user of the
portable device; and a camera for capturing street view images from a
predetermined perspective with respect to the user, e.g. front facing, side facing
or rear facing. In this embddiment, the portable device may be further provided
with a rotation sensor for ascertaining yaw value of the portable device to

ascertain the motion direction of the user.

It is to be noted that since many existing portable devices are provided
with the above-mentioned components including height sensor, accelerometer
sensor, rotation sensor and camera, the accident avoidance system does not
additionally require the above components. However, if the portable device is not
equipped with some or all of the above components, the accident avoidance

system additionally require some or all of the above components to be installed.
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According to the first embodiment of the invention, the accident avoidance
system 100 is implemented in a portable device 10, which comprises the
following modules as shown in Figure 1: a user status analysing module 110, an
object recognition module 120, an accident prediction module 130 and a

notification module 140.

The user status analysing module 110 is configured to ascertain a motion
speed of the user of the portable device 10 based on data obtained through the
accelerometer sensor 111. The user status analysing module 110 may be further
configured to ascertain a motion direction of the user based on data obtained
through the rotation sensor 112. It is to be noted that this user status analysing

module 110 is an optional module.

The object recognition module 120 is configured to identify objects of
interest from street view images captured by the camera 121. The camera may
be pre-set to capture an image at predetermined time intervals after the accident
avoidance system is initiated either manually or by a pre-determined trigger
event, e.g. detection of a motion of the portable device 10. Street view images
refer to images of the environment around the user and include outdoor and

indoor street views.

The accident prediction module 130 is configured to predict a potential
accident based on various data. Particularly, the accident prediction module is
configured to ascertain at least one relative position parameter of the object of
interest with respect to the user based on each captured street view image from

which the object of interest is identified. Based on the ascertained relative

9
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position parameter(s), the accident prediction module is configured to predict a
potential accident by comparing the ascertained relative position parameter(s)
against a predetermined danger threshold. Optionally, the accident prediction
module 130 is configured to predict a potential accident by comparing the
relative position parameter(s), and at least one of motion speed, motion direction

and motion acceleration of the user against a predetermined danger threshold.

In this embodiment, relative position parameter(s) may include at least
one of a relative distance between the object of interest and the portable device
user, and a relative angle between the object of interest and a direction of a lens
of the camera, i.e. an angle formed between a straight line connecting the object
of interest to the user and a line of direction of the camera lens. It is to be noted
that in this embodiment, the direction of the camera lens substantially coincides

with the motion direction of the user as the camera is front facing.

The notification module 140 is configured to notify the user of the
predicted potential accident. Notification may be realised by predetermined
visual, audio or kinaesthetic means, e.g. an alert displayed on a screen of the

portable device 10, a sound notification or a vibration of the portable device 10.

According to the first embodiment of the invention, an accident avoidance
method implementable in a portable device 10 comprises the following as shown

in Figure 2:

In block 2001 (optional), a motion speed of the user is ascertained based

on data obtained from an accelerometer sensor 111.

10
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The accelerometer‘sensor 111 can provide information for estimating the
number of steps the user has taken over a time period. When the portable
device user is static, the values in x, y, z axis as obtained from the
accelerometer sensor 111 are stable as shown in Figure 3 (a). When the user is
moving e.g. walking or running, the values in three axes fluctuate (move up and
down) as shown in Figure 3(b). Assuming the user is walking along the x axis
direction, the number of steps N within a specific time period can be obtained
based on the peak and trough frequency along the x axis as shown in Figure 3
(b). The user’s step length L may be obtained by the accelerometer sensor 111,
user input or machine learning. The motion speed V of the user can be
ascertained according to Equation (1) based on the number of steps N, step

length L and time period Az .
V= (N X L)/ At (1)

It is to be noted that the number of steps may be obtained directly from a
specific sensor, e.g. a step counter sensor. The motion speed may be obtained

directly from a specific sensor, e.g. a walking speed sensor.

In block 2002 (optional), a motion direction of the user is ascertained

based on data obtained from a rotation sensor 112.

The rotation sensor 112 provided in the user's portable device 10 may
obtain rotation data of the portable device 10, e.g. yaw, pitch, roll values as

shown in Figure 4. In this embodiment, the change of the yaw values of the

11
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portable device 10 is used to ascertain the motion direction of the user. The

motion direction of the user at time t may be ascertained based on Equation (2):
A=yaw (f)-yaw(t-1) (2)

wherein yaw (t) refers to the yaw value at time t, yaw(t-1) refers to the yaw
value at time t-1, numerical value of A refers to the size of rotation angle, and the

sign of A is used to ascertain the direction of rotation.

It is to be noted that in this embodiment, the current motion direction of
the user coincides with the direction of the lens of the camera 121 of the portable

device 10 since the camera lens is front facing.

in block 2003, objects of interest are identified based on a street view

image captured at every predetermined time interval.

In this embodiment, objects of interest may include pedestrians,
obstacles, e.g. rubbish bins, traffic lights, dangerous terrains, etc. Known object
recognition algorithms or methods may be used to identify objects of interest
from the street view images captured by the camera. In one example, a method
for identifying an object of interest from a street view image includes the
following: the street view image in colour is optionally converted to a grey image
in order to reduce computation complexity; the grey image is optionally down
sampled based on processor and memory ability of the portable device 10;
features of various objects in the image are extracted from the grey image;

object(s) of interest are distinguished from the various objects and identified by

12
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applying classifiers pre-installed in the portable device 10, or pre-trained by a

machine learning based on the extracted features.

It is to be noted that although the street view images are front facing views
from the user in this embodiment, street view images captured in other
embodiments may be taken from other user's perspective, e.g. side facing or
rear facing views. For example, when the portable device 10 is a mobile phone
placed near the ear of the user to facilitate call answering, the camera of the
mobile phone will capture side facing views from the user and the accident
avoidance system is to analyse potential dangers to the side of the user by
recognizing and analyzing objects of interest moving towards the side of the

user.

In block 2004, at least one relative position parameter of the identified
object of interest with respect to the user is ascertained based on each street
view image from which the object of interest is identified. In this embodiment, the
relative position parameters may include a relative distance and a relative angle
for each identified object of interest. Relative distance refers to a distance
between the object of interest and the portable device user. Relative angle refers
to an angle formed between a straight line connecting the object of interest to the
user and a line of direction of a lens of the camera. A method for ascertaining the
relative distance and relative angle will be described below with reference to

Figures 5 to 8.

Figure 5 is a side view representation showing a relative distance

between the portable device user and the object of interest according to a first

13
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example of the first embodiment. In this example, the object of interest is

substantially in line with the direction of the camera lens/motion direction of the

user.

Referring to Figure 5, H refers to the height of the portable device 10
which may be obtained by a height sensor provided in the portable device 10. 4
refers to the vertical field of view of the camera provided in the portable device
10. Typically, a camera has vertical, horizontal and diagonal fields of view, which

are fixed for any particular camera. D refers to the relative distance between the

user ground point C to the object ground point O. d,refers to the distance

between the user ground point C and the ground point B of the vertical field of

view, i.e. the ground point of the boundary of the image. d, refers to the distance
from the ground point B to the object ground point O. With these parameters, the

relative distance D may be ascertained according to Equations (3) and (4):

D= d, +d, (3)

d, = H +tan(0/2) (4)

d,may be ascertained based on a proportional relationship between a
real distance between a pixel distance in a camera-captured image. This
proportional relationship may be ascertained and pre-stored in the portable

device 10. Thus, assuming the pre-determined proportional relationship is a, and

the pixel distance in the image isd,, then the real distance J,can be obtained
according to the Equation (5):

14
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d=aXd, (5)

Since the method for ascertaining the proportional relationship between
real distance between pixel distance in the image is well known by a person

skilled in the art, it is not described in detail in this embodiment.

Figure 6 shows a relative distance and relative angle of an object of
interest with respect to the user of the portable device 10 according to a second
example of the first embodiment. In this example, the object of interest is at an
angle with respect to the direction of the camera lens/the motion direction of the

user.

In this second example, a vertical distance D’= d,, + d, may be ascertained

using the same method as mentioned in the first example. The object distance D
may be ascertained based on the object angle y and the vertical distance D’. In
order to ascertain the object angle y according to the Equation (6), the vertical

distance L" between the object of interest and the motion direction of the user is

required.
Y = arctan(LF/(dy + dq)) (6)

In this example, there are two methods for ascertaining the vertical
distance L". The first method is to translate pixel distance in the captured image
to real distance based on a predetermined proportional relationship. Since the

method for obtaining the proportional relationship between real distance and

15
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pixel distance is known by a person skilled in the art, it is not described in detail

here.

A second method for ascertaining the vertical distance L' comprises the

following as shown in Figure 8.

In block 8001, the pixel angle @' in the image as shown in Figure 7 is

ascertained based on Equation (7):

@' = arctan((x-w/2)/(h-y-height)) x>w/2
@' = arctan((w/2-x)/(h-y-height)) x<w/2 7)

wherein w, h refer to image resolution parameters, height refers to the
pixel height of the object of interest in the image. The pixel coordinates of the

object of interest in the image are denoted by (x, y+height).

In block 8002, the angle @ is ascertained by using a predetermined

proportional relationship between real angle and pixel angle.

Since the method for obtaining the proportional relationship between real
angle and pixel angle is known by a person skilled in the art, it is not described in

detail here.

In block 8003, the vertical distance L is ascertained according to Equation

L' = d; X tan(®) (8)

16
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With the above calculations, reference is now made to block 2005 of
Figure 2, where the accident prediction module 130 predicts a potential accident
based on at least one relative position parameter. Particularly, if the at least one
relative position parameter breaches a predetermined danger threshold, a

potential accident is predicted.

In one example, relative angle or relative distance or both is compared
against the predetermined danger threshold to predict a potential accident in

block 2005.

In an another example, in order to produce a more accurate prediction of
a potential accident, at least one of relative angle and relative distance, and at
least one of motion speed and motion direction of the user are compared against
the predetermined danger threshold to predict a potential accident in block 2005.
For example, when the motion direction of the user is changing with respect to
time, the position of the same object of interest in two successively-captured
street view images may significantly change to an extent that the object of
interest identified in a previous street view image may not appear in a
subsequent street view image. In this circumstance, the motion direction of the
user may be used by the accident prediction module 130 to predict a potential

accident.

In a further example, at least one of relative angle and relative distance,
and at least one of motion speed, motion direction and motion acceleration of the
user are compared against the predetermined danger threshold to predict a

potential accident in block 2005. The motion acceleration of the user may be

17
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directly obtained from an accelerometer sensor 111 provided in the portable

device 10.

In block 2006, a notification is provided to the user if a potential accident
has been predicted in block 2005. If no potential accident has been predicted,

no notification is provided to the user.

The notification step may be realized by at least one of visual, audio and
kinaesthetic means, e.g. an alert displayed on a screen of the portable device

10, a sound or voice notification or a vibration of the portable device 10.

The notification step may further include providing a suggestion on how to
avoid the predicted potential accident. This suggestion may be ascertained
based on the ascertained relative position parameters, the motion speed and
direction of the user. For example, the suggestion may be “stop walking”, “slow
down”, “and turn to right/left’, “pay attention to the traffic light”’. Further, reasons
for the suggestion may also be provided, for example, “you are about to cross
the street”. Additionally, in other embodiments, where the object of interest is
moving, accordingly, the suggestion may be ascertained based on the motion

speed and direction of the object of interest. The method for ascertaining motion

speed and direction of the object of interest will be described below.

As mentioned above, in the first embodiment, it is assumed that the user
is moving and the object of interest is static. In a second embodiment, a different

scenario is considered where both the user and the object of interest are moving.

18
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The accident avoidance system of the second embodiment is different over the

first embodiment as follows.

After at least one relative position parameter of the object of interest is
considered in block 2005, at least one of motion direction, motion speed and
motion acceleration of the object of interest may be additionally considered. The
motion speed and motion direction of the object of interest may be ascertained
based on at least two street view images successively captured by the camera in
which the same object of interest is identified. For example, based on a first
image, a first relative distance and a first relative angle are ascertained; based
on a second image captured subsequent to the first image, a second relative
distance and a second relative angle are ascertained. Then, the motion direction,
motion speed and motion acceleration of the object of interest may be
determined based on the first and second relative angle, and the first and
second relative distance. That is to say, according to the second embodiment,
the accident prediction module 130 of the accident avoidance system 100 may
be further configured to ascertain at least one of the motion speed, motion
direction and motion acceleration of the identified object of interest based on at
least two street view images successively captured by the camera in which the
same object of interest is identified, and to ascertain whether a predetermined
danger threshold has been breached by at least one relative position parameter
ascertained for the identified object of interest, by at least one of the motion

direction, motion speed and motion acceleration of the user, and by at least one

19
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of motion speed, motion direction and motion acceleration of the identified object

of interest.

In a third embodiment of the invention, a different scenario is considered
where the portable device user is static while the object of interest is moving. In
this scenario, it is not necessary to ascertain the motion speed, motion direction
or motion acceleration of the user since the user is static. Therefore, in this
embodiment, when predicting a potential accident in block 2005, only the
following parameters may be considered: at least one relative position
parameter (e.g. the relative distance, and the relative angle) ascertained for the
object of interest, and at least one of motion speed, motion direction and motion
acceleration of the object of interest. The motion speed, direction and
acceleration of the identified object may be ascertained based on at least two
street view images successively captured by the camera in which the same
object of interest is identified. Accordingly, in this embodiment, the accident
detection system 100 may not include the user status analysing module 110
which is configured to ascertain at least one of motion speed, motion direction
and motion acceleration of the user based on information obtained from sensors
provided in the portable device 10. In other embodiments of the invention, the
accident avoidance system 100 includes the user status analysing module 110

which is only initiated when the user is moving.

It is to be noted that even in the second and the third embodiments, the

accident prediction module 130 may be configured to predict a potential accident

20
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based on only at least one relative position parameter ascertained for the

identified object of interest.

In the above embodiments, the portable device 10 may further include a
foreground camera to capture an image of the user's face (hereinafter “facial
image”). Before generating a notification, at the notification module 140, to the
user about the predicted potential accident, the accident prediction module 130
of the accident avoidance system 100 may be further configured to ascertain
whether the user has been aware of the object of interest based on the user’s
facial image captured by the foreground camera. If the accident prediction
module 130 ascertains that the user is aware of the object of interest, then the
notification will not be generated even if the danger threshold has been
breached. In order to ascertain whether the user is aware of the object of
interest, the accident avoidance system 100 may further include a face
recognition module which is configured to estimate the user’'s face direction
relative to the portable device 10 based on the facial image captured by the
foreground camera. Then the accident prediction module 130 is further
configured to ascertain whether the user is aware of the object of interest based
on the estimated user’s face direction relative to the portable device 10, and the
at least one relative position parameter of the object of interest with respect to
the user, e.g. the relative distance and the relative angle of the object interest
with respect to the user, and then the notification module 140 is configured to
notify the user of the predicted potential accident only if the user is ascertained

not aware of the object of interest.
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According to one embodiment of the invention, the accident prediction
module 130 may be configured to ascertain the user’s face direction relative to
the object of interest based on the user’s face direction relative to the portable
device 10, the motion direction of the user(i.e. the current direction of the
portable device 10, and the relative distance and relative angle of the object of
interest with respect to the user, and then ascertain whether the user is aware of
the object of interest based on the ascertained user’s face direction relative to
the object of interest, the relative distance of the object of interest with respect to
the user. Optionally, the user's visual acuity may also be used to ascertain
whether the user is aware of the object of interest. Information about the user’s
visual acuity may be pre-stored in a database and provided in the accident

avoidance system 100.

According to one embodiment of the invention, the accident avoidance
system 100 may further include a database for storing user characteristics, such
as height, weight, visual acuity, auditory acuity, pre-determined danger threshold
(including distance and angle threshold). The database may further include
possible actions the user may take in response to a predicted potential accident,
i.e. suggestions for avoiding a potential accident, and the corresponding criteria
for taking such possible actions. For example, when the accident avoidance
system 100 ascertains that the motion direction of the user is towards the object
of interest and the object distance has breached the predetermined danger
threshold, then the possible actions may include changing the motion direction,

e.g. turning to his left or right.
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According to certain embodiments of the invention, the accident
avoidance system 100 may also be adapted for a mobility aid device for the

physically and/or visually impaired, e.g. for a wheelchair, a crutch or a cane.

In a fourth embodiment of the invention, the accident avoidance system
100 is provided in a mobility aid device. The accident avoidance system 100
includes a memory storage unit for storing programmable instructions and a
processor unit configured to execute the programmable instructions to perform
the above-described methods according to the embodiments of the invention. In
this embodiment, if the mobility aid device has no any pre-equipped sensors and
cameras, a height sensor, an accelerometer, a rotation sensor and a camera

have to be provided to the mobility aid to implement the accident avoidance

system.

In one example of the fourth embodiment, the accident avoidance system
100 may be installed to an intelligent cane for a visually impaired person to alert
him to pedestrians, obstacles, dangerous terrains or important signs, e.g. traffic
lights. When a visually impaired person walks with such a cane, the accident
avoidance system 100 installed to the cane is to detect objects of interest to the
visually impaired. Similar to the first embodiment, at least one of motion speed,
motion direction and motion acceleration of the visually impaired person is
ascertained based on the information from the sensors. Objects of interest are
identified based on street view images captured by the camera at predetermined
time intervals. For each identified object of interest, a relative distance and a

relative angle are ascertained with respect to the identified object of interest and
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the visually impaired person based on the street view image from which the
object of interest is identified. Based on at least one ascertained relative position
parameter, and at least one of motion speed, motion direction and motion
acceleration of the visually impaired person, the accident avoidance system 100
determines whether a predetermined danger threshold is breached. If there is a
breach, the system 100 notifies the visually impaired person of the predicted

potential accident.

Accordingly, the methods described in the second embodiment and the
third embodiment above are also applicable in a scenario where the user is
visually impaired, i.e. when a visually impaired person is walking with such a
cane, at the same time an object of interest is moving towards the visually
impaired person, and then the method described in the second embodiment can
be used. When the visually impaired person with the cane is static, while the
object of interest is moving towards the visually impaired person, then the

method described in the third embodiment can be used.

A suggestion on how to avoid the predicted potential accident may be
further provided to the visually impaired person. The suggestion may be
ascertained based on at least one of the following parameters: the ascertained
relative position parameters, the motion speed, motion direction and motion
acceleration of the visually impaired person, and the motion speed, motion

direction, and motion acceleration of the object of interest.

Other embodiments will be apparent to those skilled in the art from

consideration of the specification and practice of the invention. Furthermore,

24



certain terminology has been used for the purposes of descriptive clarity, and not
to limit the disclosed embodiments of the invention. The embodiments and

features described above should be considered exemplary.
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CLAIMS:

. An accident avoidance method implementable in a portable device, the

method comprising:

using a camera on a portable device utilised by a user, capturing a street

view image at every predetermined time interval;
identifying an object of interest based on the street view image;

based on the street view image, ascertaining at least one relative position

parameter of the object of interest with respect to the user;

predicting a potential accident based on a breach of a predetermined

danger threshold by the at least one relative position parameter; and

notifying the user of the predicted potential accident.

. The method of claim 1, wherein the at least one relative position parameter

includes at least one of a relative distance between the object of interest and
the user, and a relative angle between the object of interest and a direction of

a lens of the camera.

. The method of claim 2, further comprising:

ascertaining at least one of a motion speed, a motion direction, and a motion
acceleration of the user based on data obtained through a plurality of sensors

provided in the portable device; and
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wherein predicting a potential accident is further based on a breach of the
danger threshold by the at least one of the motion speed, the motion

direction and the motion acceleration of the user.

. The method of claim 2 or claim 3, wherein the relative distance is ascertained

based on a height of the portable device relative to the ground, a vertical field
of view of the camera, a pixel distance of the object of interest in the street
view image and a predetermined proportional relationship between real

distance and pixel distance.

. The method of claim 2 or claim 3, wherein the relative angle is ascertained

based on a first vertical distance and a second vertical distance between the

object of interest and the user,

wherein the first vertical distance is ascertained based on a height of the
portable device relative to the ground, a vertical field of view of the camera, a
pixel distance of the object of interest in the street view image and a
predetermined proportional relationship between real distance and pixel

distance,

wherein the second vertical distance is ascertained based on a
corresponding pixel distance and a predetermined proportional relationship
between pixel distance and real distance, or based on the corresponding
pixel distance, pixel coordinates of the object of interest and a proportional

relationship between real angle and pixel angle.
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6. The method of any one of claims 2 to 5, further comprising:

ascertaining at least one of motion speed, motion direction and motion
acceleration of the object of interest based on at least two street view images
successively captured by the camera from which the object of interest is

identified;

wherein predicting a potential accident is further based on at least one of the
relative distance and the relative angle, and at least one of the motion speed,

motion direction and motion acceleration of the object of interest.

. The method of any one of the preceding claims, further comprising:

ascertaining a suggestion for avoiding the potential accident based on at

least one parameter used for prediction of the potential accident; and

notifying the user of the suggestion.

. The method of any one of the preceding claims, wherein notifying the user of

the potential accident includes providing at least one of a visual notification,

an audio notification and a kinaesthetic notification.

. The method of any one of the preceding claims, further comprising:

before notifying the user of the predicted potential accident, ascertaining

whether the user is aware of the object of interest by ascertaining a face

direction of the user with respect to the object of interest based on a facial

image of the user as captured by a foreground camera provided in the

portable device, and the at least one relative position parameter of the object
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of interest with respect to the user, and notifying the user of the predicted
potential accident only if the user is ascertained not aware of the object of

interest.

10. The method of any one of the preceding claims, wherein the portable device

5 is a mobile computing and/or communication device, or a mobility aid device.

11. An accident avoidance system implementable in a portable device, the

system comprising:

a camera configured to capture a street view image at every

10 predetermined time interval;

an object recognition module configured to identify an object of interest

based on the street view image;

an accident prediction module configured to determine at least one

relative position parameter of the object of interest with respect to the user

15 based on the street view image; and predict a potential accident based on a
breach of a predetermined danger threshold by the at least one relative

position parameter; and

a notification module configured to notify the user of the predicted

potential accident.
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12. The system of claim 11, wherein the accident prediction module is configured

to ascertain at least one of a relative distance between the object of interest

and the user and

a relative angle between the object of interest and a direction of a lens of the
camera; and predict a potential accident based on the ascertained at least

one of the relative distance and the relative angle.

13. The system of claim 12, further comprising:

a user status analysing module configured to ascertain at least one of a
motion speed, a motion direction and a motion acceleration of the user
based on data obtained through a plurality of sensors provided in the

portable device;

wherein the accident prediction module is further configured to predict a
potential accident based on the ascertained at least one of the motion

speed, the motion direction and the motion acceleration of the user.

14. The system of claim 12 or claim 13, wherein the accident prediction module

is configured to ascertain the relative distance based on a height of the
portable device relative to the ground, a vertical field of view of the camera, a
pixel distance of the object of interest in the street view image and a
predetermined proportional relationship between real distance and pixel

distance.
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15. The system of claim 12 or claim 13, wherein the accident prediction module

is configured to ascertain the relative angle based on a first vertical distance

and a second vertical distance between the object of interest and the user,

wherein the first vertical distance is ascertained based on a height of the
portable device relative to the ground, a vertical field of view of the camera, a
pixel distance of the object of interest in the street view image and a
predetermined proportional relationship between real distance and pixel

distance,

wherein the second vertical distance is ascertained based on a
corresponding pixel distance and a predetermined proportional relationship
bétween pixel distance and real distance, or based on the corresponding
pixel distance, pixel coordinates of the object of interest and a proportional

relationship between real angle and pixel angle.

16. The system of any one of claims 12 to 15, wherein the accident prediction

module is further configured to

ascertain at least one of a motion speed, motion direction and motion
acceleration of the object of interest based on at least two street view images
successively captured by the camera from which the object of interest is

identified; and

predict a potential accident based on at least one of the relative distance and
the relative angle, and at least one of the motion speed, motion direction and

motion acceleration of the object of interest.
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17. The system of any one of claims 11 to 16, the accident prediction module is
further configured to ascertain a suggestion for avoiding the predicted
potential accident based on at least one parameter used for prediction of the

potential accident; and

the notification module is further configured to notify the user of the

suggestion.

18. The system of any one of claims 11 to 16, wherein the notification module is
configured to notify the user of the predicted potential accident by providing at

least one of a visual noftification, an audio notification and a kinaesthetic

notification.
19. The system of any one of claims 11 to 16, further comprising:

a face recognition module configured to estimate a face direction of the user
relative to the portable device based on a facial image as captured by a

foreground camera provided in the portable device,

wherein the accident prediction module is further configured to ascertain whether
the user is aware of the object of interest based on the estimated face direction
of the user relative to the portable device, and the at least one relative position

parameter of the object of interest with respect to the user,

the notification module is further configured to notify the user of the predicted
potential accident only if the user is ascertained not aware of the object of

interest.
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20. The system of any one of claims 11 to 16, wherein the portable device is a

mobile computing and/or communication device, or a mobility aid device.

21. A portable device comprising an accident avoidance system of any one of

claims 11 to 20.
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