SYSTEMS AND METHODS FOR IDENTIFYING RISKY DRIVING
BEHAVIOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No.
201810171875.6, filed on March 1, 2018, and Chinese Patent Application No.
201810664251.8, filed on June 25, 2018, the contents of which are hereby

incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to systems and methods for
Online-to-Offline services, and in particular, to systems and methods for

identifying risky driving behavior.

BACKGROUND

[0003] With the rapid development of road construction, the amount of
vehicles becomes increasing large. The huge amount of vehicles may bring
in frequent occurrence of traffic accidents and accordingly safe driving has
become a significant problem. Drivers rarely realize that they have risky
driving behaviors, resulting in great traffic safety risks. Further, with the
development of Internet technology, Internet-based Online-to-Offline services
(e.g., online taxi-hailing service) become increasingly popular. Accordingly,
real-time detection of drivers’ driving behaviors becomes necessary, which
can ensure personal safeties of passengers and drivers.

[0004] In some situations, an online taxi-hailing platform can analyze the
driving behaviors of the drivers based on driving data detected by sensors
installed on smart devices (e.g., mobile phones) associated with online taxi-
hailing services. However, accuracies and sensitivities of sensors of different

mobile phones or different models of a same mobile phone may be quite



different, which may result in that the driving behaviors of the drivers can not
accurately identified. Therefore, it is desirable to provide systems and

methods for identifying driving behaviors of drivers efficiently and accurately.

SUMMARY

[0005] An aspect of the present disclosure relates to a method for identifying
driving behavior. The method may include obtaining first motion data;
determining a pre-rule, wherein the pre-rule includes a fluctuation variance
threshold; determining a time period based on the pre-rule; obtaining second
motion data within the time period; and identifying a driving behavior based on
the second motion data.

[0006] In some embodiments, the obtaining the second motion data may
include obtaining feature data when the first motion data trigger a pre-rule
admittance condition; performing a filtering on the first motion data based on
the feature data; and stopping the filtering on the first motion data when the
first motion data trigger a pre-rule exit condition.

[0007] In some embodiments, the performing the filtering on the first motion
data may include filtering out unneeded information from the first motion data
based on a machine learning model and the feature data.

[0008] In some embodiments, the machine learning model may include a
shaking binary model.

[0009] In some embodiments, the feature data may include a maximum
acceleration, a minimum acceleration, an average acceleration, a maximum
acceleration transformation angle, a minimum acceleration transformation
angle, an average acceleration transformation angle, and/or a maximum
acceleration along each direction of a three-dimensional coordinate system, a
minimum acceleration along each direction of the three-dimensional

coordinate system, an average acceleration along each direction of the three-



dimensional coordinate system.

[0010] In some embodiments, the first motion data may be obtained by a
sensor including a gyroscope, an acceleration sensor, a global positioning
system (GPS) positioning sensor, and/or a gravity sensor.

[0011] In some embodiments, the method may further include determining
whether a device is moving with a vehicle based on the first motion data.
[0012] In some embodiments, the first motion data may include a linear
acceleration, an angular acceleration, and/or posture information, the posture
information including character information, angle information, yaw
information, and/or pitch information.

[0013] In some embodiments, the obtaining the second motion data may be
performed by a processor. The sensor may generate the first motion data
according to a first predetermined a time interval and the processor may
obtain the first motion data according to a second predetermined time interval.
[0014] In some embodiments, the processor may transmit the second motion
data within the time period and the time period to a server according to a fixed
sampling frequency or a varying sampling frequency.

[0015] Another aspect of the present disclosure relates to a system for
identifying driving behavior. The system may include an obtaining module, a
pre-rule determination module, a time determination module, a data
processing module, a communication module, and an identification module.
The obtaining module may be configured to obtain first motion data. The
pre-rule determination module may be configured to determine a pre-rule,
wherein the pre-rule includes a fluctuation variance threshold. The time
determination module may be configured to determine a time period based on
the first motion data. The data processing module may be configured to
obtain second motion data. The communication module may be configured

to transmit the second motion data and the time period. The identification



module may be configured to identify a risky driving behavior based on the
second motion data.

[0016] A further aspect of the present disclosure relates to a device for
identifying driving behavior. The device may include a processor executing
an identification program. When the identification program is executed by
the processor, the processor may perform the method for identifying driving
behavior.

[0017] A still further aspect of the present disclosure relates to a computer
readable storage medium. The computer readable storage medium may
store computer instructions. When the computer instructions are executed
by a computer, the computer may perform the method for identifying driving
behavior.

[0018] A still further aspect of the present disclosure relates to a method for
detecting driving behavior. The method may executed by a mobile terminal.
The method may include obtaining acceleration data by an acceleration
sensor on the mobile terminal, wherein the acceleration data include
acceleration data ax, ay, and az corresponding to an x-axis, a y-axis, and a z-
axis, respectively; determining a data interval within which a risky driving
behavior may occur based on values of ax, ay, and az; extracting acceleration
data within the data interval; performing a coordinate transformation on the
extracted acceleration data to obtain target data, wherein a plane composed
of an x-axis and a y-axis corresponding to the target data is a horizontal plane
and a z-axis direction corresponding to the target data is the same as a
gravity direction; performing a feature extraction on the target data based on
predetermined feature parameters, wherein the feature parameters include at
least one of a time domain feature, a frequency domain feature, and/or a
velocity feature; and determining whether a risky driving behavior may occur

based on the extracted features.



[0019] In some embodiments, the obtaining the acceleration data by the
acceleration sensor on the mobile terminal may include obtaining the
acceleration data by the acceleration sensor on the mobile terminal, when the
mobile terminal activates a driving behavior detection function.

[0020] In some embodiments, the method may further include activating the
driving behavior detection function when the mobile terminal activates a
navigation function and/or receives a service request from an online taxi-
hailing platform.

[0021] In some embodiments, the determining the data interval within which
a risky driving behavior may occur based on the values of ax, ay, and az may
include determining a total acceleration based on ax, ay, and az; determining a
number count of consecutive total accelerations greater than a preset
threshold; and determining an acceleration data interval corresponding to the
consecutive total accelerations as the data interval within which a risky driving
behavior may occur in response to determining that the number count is
greater than a preset number.

[0022] In some embodiments, the determining the total acceleration based
on the values of ax, ay, and az may include determining the total acceleration
according to a = \fa, +a, +a,, or, determining the total acceleration
according to a = a, + a,, + a,.

[0023] In some embodiments, the performing the coordinate transformation
on the extracted acceleration data may include performing a high-pass
filtering on the extracted acceleration data and extracting low-frequency
acceleration data; designating a direction of the low-frequency acceleration
data as a gravity direction; constructing a rotation matrix based on an angle
between the gravity direction and a direction of az; and performing the
coordinate transformation on the acceleration data by multiplying the

extracted acceleration data by the rotation matrix.
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[0024] In some embodiments, after multiplying the extracted acceleration
data by the rotation matrix, the method may further include adjusting a
direction of ax or ay after the coordinate transformation to a current driving
direction by using a singular value decomposition (SVD).

[0025] In some embodiments, the performing the feature extraction on the
target data based on the predetermined feature parameters may include if the
feature parameters include a time domain feature, determining a maximum
acceleration along each coordinate axis, a minimum acceleration along each
coordinate axis, an average acceleration along each coordinate axis, and/or
an acceleration variance along each coordinate axis; if the feature parameters
include a frequency domain feature, converting the target data into frequency
domain data based on a short time Fourier transform (STFT) and determining
the frequency domain feature corresponding to the frequency domain data;
and if the feature parameters include a velocity feature, performing an integral
on the target data along each coordinate axis and determining a maximum
velocity along each coordinate axis, a minimum velocity along each
coordinate axis, a velocity final-value along each coordinate axis, and/or a
velocity mid-value along each coordinate axis based on an integral result.
[0026] In some embodiments, the determining the frequency domain feature
corresponding to the frequency domain data may include determining a high-
frequency energy value, a low-frequency energy value, and/or a low-
frequency duration corresponding to the frequency domain data.

[0027] In some embodiments, the determining whether a risky driving
behavior may occur based on the extracted features may include inputting the
extracted features to a decision tree model on the mobile terminal; and
outputting a decision result including whether a risky driving behavior may
occur, wherein the decision tree model is pre-trained based on feature

parameters corresponding to the risky driving behavior.



[0028] In some embodiments, the method may further include in response to
determining that a risky driving behavior may occur, storing the acceleration
data corresponding to the risky driving behavior.

[0029] In some embodiments, the method may further include transmitting
the stored acceleration data to a designated server according to a preset
period; or transmitting the stored acceleration data to a designated server, in
response to determining that the stored acceleration data reaches a preset
amount.

[0030] A still a further aspect of the present disclosure relates to a device for
detecting driving behavior executed on a mobile terminal. The device may
include an obtaining module, a first determination module, a data extraction
module, a coordinate transformation module, a feature extraction module, and
a second determination module. The obtaining module may be configured to
obtain acceleration data by an acceleration sensor on the mobile terminal,
wherein the acceleration data include acceleration data ax, ay, and az
corresponding to an x-axis, a y-axis, and a z-axis, respectively. The first
determination module may be configured to determine a data interval within
which a risky driving behavior may occur based on values of ax, ay, and az.
The data extraction module may be configured to extract acceleration data
within the data interval. The coordinate transformation module may be
configured to perform a coordinate transformation on the extracted
acceleration data to obtain target data, wherein a plane composed of an x-
axis and a y-axis corresponding to the target data is a horizontal plane and a
z-axis direction corresponding to the target data is the same as a gravity
direction. The feature extraction module may be configured to perform a
feature extraction on the target data based on predetermined feature
parameters, wherein the feature parameters include at least one a time

domain feature, a frequency domain feature, and a velocity feature. The



second determination module may be configured to determine whether a risky
driving behavior may occur based on the extracted features.

[0031] In some embodiments, the obtaining module may be configured to
obtain the acceleration data by the acceleration sensor on the mobile
terminal, when the mobile terminal activates a driving behavior detection
function.

[0032] In some embodiments, the device may further include an activation
module. The activation module may be configured to activate the driving
behavior detection function when the mobile terminal activates a navigation
function and/or receives a service request from an online taxi-hailing platform.
[0033] In some embodiments, the first determining module may include a
calculation unit, a statistics unit, and a determination unit. The calculation
unit may be configured to determine a total acceleration based on ax, ay, and
az. The statistics unit may be configured to determine a number count of
consecutive total accelerations greater than a preset threshold. The
determination unit may be configured to determine an acceleration data
interval corresponding to the consecutive total accelerations as the data
interval within which a risky driving behavior may occur in response to
determining that the number count is greater than a preset number.

[0034] In some embodiments, the calculation unit may be configured to
determine the total acceleration according to a = ,/a, + a, +a,, or,

determine the total acceleration according to a = a, + a,, + a,.

[0035] In some embodiments, the coordinate transformation module may be
configured to perform a high-pass filtering on extracted acceleration data and
extracting low-frequency acceleration data; designate a direction of the low-
frequency acceleration data as a gravity direction; construct a rotation matrix
based on an angle between the gravity direction and a direction of az; and

perform the coordinate transformation on the acceleration data by multiplying
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the extracted acceleration data by the rotation matrix.

[0036] In some embodiments, the device may further include an adjustment
module. The adjustment module may be configured to adjust a direction of
ax or ay after the coordinate transformation to a current driving direction by
using a singular value decomposition (SVD).

[0037] In some embodiments, the feature extraction module may be
configured to: if the feature parameters include a time domain feature,
determine a maximum acceleration along each coordinate axis, a minimum
acceleration along each coordinate axis, an average acceleration along each
coordinate axis, and/or an acceleration variance along each coordinate axis; if
the feature parameters include a frequency domain feature, convert the target
data into frequency domain data based on a short time Fourier transform
(STFT) and determine the frequency domain feature corresponding to the
frequency domain data; and if the feature parameters include a velocity
feature, perform an integral on the target data along each coordinate axis and
determine a maximum velocity along each coordinate axis, a minimum
velocity along each coordinate axis, a velocity final-value along each
coordinate axis, and/or a velocity mid-value along each coordinate axis based
on an integral result.

[0038] In some embodiments, the feature extraction module may be further
configured to determine a high-frequency energy value, a low-frequency
energy value, and/or a low-frequency duration corresponding to the frequency
domain data.

[0039] In some embodiments, the second determining module may be
configured to input the extracted features to a decision tree model on the
mobile terminal; and output a decision result including whether a risky driving
behavior may occur, wherein the decision tree model is pre-trained based on

feature parameters corresponding to the risky driving behavior.



[0040] In some embodiments, the device may further include a storage
module configured to store the acceleration data corresponding to the risky
driving behavior in response to determining that a risky driving behavior may
occur.

[0041] In some embodiments, the device may further include a first
transmission module or a second transmission module. The first
transmission module may be configured to transmit the stored acceleration
data to a designated server according to a preset period. The second
transmission module may be configured to transmit the stored acceleration
data to a designated server, in response to determining that the stored
acceleration data reaches a preset amount.

[0042] A still further aspect of the present disclosure relates to a computer
device. The computer device may include a processor, a storage device,
and abus. The storage device may store machine readable instructions
executable by the processor, the processor may communicate with the
storage via the bus when a network device is running. When machine
readable instructions are executed by the processor, the processor may
perform the above method.

[0043] A still further aspect of the present disclosure relates to a computer
readable medium. The computer readable medium may store a computer
program. When the computer program is executed by a processor, the
processor may performs the above method.

[0044] A still further aspect of the present disclosure relates to a system.
The system may include a storage medium to store a set of instructions and a
processor communicatively coupled with the storage medium. The
processor may execute the set of instructions to obtain driving data from
sensors associated with a vehicle driven by a driver; determine, based on the

driving data, a target time period; obtain, based on the driving data, target
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data within the target time period; and identify, based on the target data, a
presence of a risky driving behavior of the driver.

[0045] In some embodiments, the driving data may include at least one of
acceleration information, velocity information, location information, time
information, and/or posture information.

[0046] In some embodiments, the system may further include at least one of
a gyroscope, an acceleration sensor, a global position system (GPS) sensor,
and/or a gravity sensor, wherein the processor is to use the at least one of the
gyroscope, the acceleration sensor, the global position system (GPS) sensor,
and/or the gravity sensor to obtain the driving data.

[0047] In some embodiments, the processor may determine a plurality of
fluctuation variances of the driving data corresponding to a plurality of time
points; and determine a time period including the plurality of time points as the
target time period in response to determining that the plurality of fluctuation
variances are greater than a variance threshold.

[0048] In some embodiments, the processor may determine feature data
associated with the driving data during the target time period; and determine
the target data within the target time period by filtering out, based on the
feature data and a machine learning model, irrelevant data from the driving
data.

[0049] In some embodiments, the processor may identify a time period within
which each of a plurality of total accelerations corresponding to a plurality of
time points is greater than an acceleration threshold; and determine the time
period as the target time period in response to determining that a number
count of the plurality of total accelerations is greater than a count threshold.
[0050] In some embodiments, the processor may obtain acceleration data
within the target time period from the driving data; perform a coordinate

transformation on the acceleration data; and obtain the target data within the
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target time period based on transformed acceleration data.

[0051] In some embodiments, the processor may extract low-frequency
acceleration data by performing a high-pass filtering on the acceleration data
within the target time period; designate a direction of the low-frequency
acceleration data as a gravity direction; determine a rotation matrix based on
an angle between the gravity direction and a direction of a z-axis acceleration;
and perform the coordinate transformation on the acceleration data based on
the rotation matrix.

[0052] In some embodiments, the processor may adjust a direction of an x-
axis acceleration or a y-axis acceleration after the coordinate transformation
to a driving direction of a vehicle associated with the driver based on singular
value decomposition (SVD).

[0053] In some embodiments, the processor may extract one or more feature
parameters associated with the target data; and identify the presence of the
risky driving behavior based on the one or more feature parameters. The
one or more feature parameters may include at least one of a time domain
feature, a frequency domain feature, and/or a velocity feature

[0054] In some embodiments, the processor may extract the time domain
feature including a maximum acceleration along each coordinate axis, a
minimum acceleration along each coordinate axis, an average acceleration
along each coordinate axis, and/or an acceleration variance along each
coordinate axis.

[0055] In some embodiments, the processor may determine frequency
domain data corresponding to the target data by performing a Fourier
transform on the target data; and extract the frequency domain feature
including at least one of a high-frequency energy value, a low-frequency
energy value, and/or a low-frequency duration.

[0056] In some embodiments, the processor may extract the velocity feature
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including a maximum velocity along each coordinate axis, a minimum velocity
along each coordinate axis, and/or a velocity mid-value along each coordinate
axis by performing an integral on the target data.

[0057] In some embodiments, the processor may identify the presence of the
risky driving behavior based on the one or more feature parameters by using
a trained identification model.

[0058] In some embodiments, the processor may obtain the driving data
associated with the vehicle driven by the driver according to a predetermined
frequency.

[0059] In some embodiments, the sensors associated with the vehicle may
include sensors of a terminal device associated with the vehicle.

[0060] A still further aspect of the present disclosure relates to a method
implemented on a computing device. The computing device may include at
least one processor, at least one storage medium, and a communication
platform connected to a network. The method may include obtaining driving
data from sensors associated with a vehicle driven by a driver; determining,
based on the driving data, a target time period; obtaining, based on the driving
data, target data within the target time period; and identifying, based on the
target data, a presence of a risky driving behavior of the driver.

[0061] In some embodiments, the driving data may include at least one of
acceleration information, velocity information, location information, time
information, and/or posture information.

[0062] In some embodiments, the method may further include using at least
one of a gyroscope, a acceleration sensor, a global position system (GPS)
sensor, and/or a gravity sensor to obtain the driving data.

[0063] In some embodiments, the determining, based on the driving data, the
target time period may include determining a plurality of fluctuation variances

of the driving data corresponding to a plurality of time points; and determining
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a time period including the plurality of time points as the target time period in
response to determining that the plurality of fluctuation variances are greater
than a variance threshold.

[0064] In some embodiments, the obtaining, based on the driving data, the
target data within the target time period may include determining feature data
associated with the driving data during the target time period; and determining
the target data within the target time period by filtering out, based on the
feature data and a machine learning model, irrelevant data from the driving
data.

[0065] In some embodiments, the determining, based on the driving data, the
target time period may include identifying a time period within which each of a
plurality of total accelerations corresponding to a plurality of time points is
greater than an acceleration threshold; and determining the time period as the
target time period in response to determining that a number count of the
plurality of total accelerations is greater than a count threshold.

[0066] In some embodiments, the obtaining, based on the driving data, the
target data within the target time period may include obtaining acceleration
data within the target time period from the driving data; performing a
coordinate transformation on the acceleration data; and obtaining the target
data within the target time period based on transformed acceleration data.
[0067] In some embodiments, the performing the coordinate transformation
on the acceleration data may include extracting low-frequency acceleration
data by performing a high-pass filtering on the acceleration data within the
target time period; designating a direction of the low-frequency acceleration
data as a gravity direction; determining a rotation matrix based on an angle
between the gravity direction and a direction of a z-axis acceleration; and
performing the coordinate transformation on the acceleration data based on

the rotation matrix.
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[0068] In some embodiments, the method may further include adjusting a
direction of an x-axis acceleration or a y-axis acceleration after the coordinate
transformation to a driving direction of a vehicle associated with the driver
based on singular value decomposition (SVD).

[0069] In some embodiments, the identifying, based on the target data, the
presence of the risky driving behavior of the driver may include extracting one
or more feature parameters associated with the target data; and identifying
the presence of the risky driving behavior based on the one or more feature
parameters. The one or more feature parameters may include at least one
of a time domain feature, a frequency domain feature, and/or a velocity
feature

[0070] In some embodiments, the extracting the one or more feature
parameters associated with the target data may include extracting the time
domain feature including a maximum acceleration along each coordinate axis,
a minimum acceleration along each coordinate axis, an average acceleration
along each coordinate axis, and/or an acceleration variance along each
coordinate axis.

[0071] In some embodiments, the extracting the one or more feature
parameters associated with the target data may include determining
frequency domain data corresponding to the target data by performing a
Fourier transform on the target data; and extracting the frequency domain
feature including at least one of a high-frequency energy value, a low-
frequency energy value, and/or a low-frequency duration.

[0072] In some embodiments, the extracting the one or more feature
parameters associated with the target data may include extracting the velocity
feature including a maximum velocity along each coordinate axis, a minimum
velocity along each coordinate axis, and/or a velocity mid-value along each

coordinate axis by performing an integral on the target data.
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[0073] In some embodiments, the identifying the presence of the driving
behavior based on the one or more feature parameters may include
identifying the presence of the risky driving behavior based on the one or
more feature parameters by using a trained identification model.

[0074] In some embodiments, the method may further include obtaining the
driving data associated with the vehicle driven by the driver according to a
predetermined frequency.

[0075] In some embodiments, the sensors associated with the vehicle may
include sensors of a terminal device associated with the vehicle.

[0076] A still further aspect of the present disclosure relates to a system.
The system may include an obtaining module, a target time period
determination module, a target data determination module, and an
identification module. The obtaining module may be configured to obtain
driving data from sensors associated with a vehicle driven by a driver The
target time period determination module may be configured to determine,
based on the driving data, a target time period. The target data
determination module may be configured to obtain, based on the driving data,
target data within the target time period. The identification module may be
configured to identify, based on the target data, a presence of a risky driving
behavior of the driver.

[0077] In some embodiments, the driving data may include at least one of
acceleration information, velocity information, location information, time
information, and/or posture information.

[0078] In some embodiments, the system may further include at least one of
a gyroscope, an acceleration sensor, a global position system (GPS) sensor,
and/or a gravity sensor, wherein the obtaining module may be to use the at
least one of the gyroscope, the acceleration sensor, the global position

system (GPS) sensor, and/or the gravity sensor to obtain the driving data.
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[0079] In some embodiments, the target time period determination module
may be configured to determine a plurality of fluctuation variances of the
driving data corresponding to a plurality of time points; and determine a time
period including the plurality of time points as the target time period in
response to determining that the plurality of fluctuation variances are greater
than a variance threshold.

[0080] In some embodiments, the target data determination module may be
configured to determine feature data associated with the driving data during
the target time period; and determine the target data within the target time
period by filtering out, based on the feature data and a machine learning
model, irrelevant data from the driving data.

[0081] In some embodiments, the target time period determination module
may be configured to identify a time period within which each of a plurality of
total accelerations corresponding to a plurality of time points is greater than
an acceleration threshold; and determine the time period as the target time
period in response to determining that a number count of the plurality of total
accelerations is greater than a count threshold.

[0082] In some embodiments, the target data determination module may be
configured to obtain acceleration data within the target time period from the
driving data; perform a coordinate transformation on the acceleration data;
and obtain the target data within the target time period based on transformed
acceleration data.

[0083] In some embodiments, the target data determination module may be
configured to extract low-frequency acceleration data by performing a high-
pass filtering on the acceleration data within the target time period; designate
a direction of the low-frequency acceleration data as a gravity direction;
determine a rotation matrix based on an angle between the gravity direction

and a direction of a z-axis acceleration; and perform the coordinate
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transformation on the acceleration data based on the rotation matrix.

[0084] In some embodiments, the target data determination module may be
further configured to adjust a direction of an x-axis acceleration or a y-axis
acceleration after the coordinate transformation to a driving direction of a
vehicle associated with the driver based on singular value decomposition
(SVD).

[0085] In some embodiments, the identification module may be configured to
extract one or more feature parameters associated with the target data; and
identify the presence of the risky driving behavior based on the one or more
feature parameters. The one or more feature parameters may include at
least one of a time domain feature, a frequency domain feature, and/or a
velocity feature.

[0086] In some embodiments, the identification module may be configured to
extract the time domain feature include a maximum acceleration along each
coordinate axis, a minimum acceleration along each coordinate axis, an
average acceleration along each coordinate axis, and/or an acceleration
variance along each coordinate axis.

[0087] In some embodiments, the identification module may be configured to
determine frequency domain data corresponding to the target data by
performing a Fourier transform on the target data; and extract the frequency
domain feature including at least one of a high-frequency energy value, a low-
frequency energy value, and/or a low-frequency duration.

[0088] In some embodiments, the identification module may be configured to
extract the velocity feature including a maximum velocity along each
coordinate axis, a minimum velocity along each coordinate axis, and/or a
velocity mid-value along each coordinate axis by performing an integral on the
target data.

[0089] In some embodiments, the identification module may be configured to
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identify the presence of the risky driving behavior based on the one or more
feature parameters by using a trained identification model.

[0090] In some embodiments, the obtaining module may be configured to
obtain the driving data associated with the vehicle driven by the driver
according to a predetermined frequency.

[0091] In some embodiments, the sensors associated with the vehicle may
include sensors of a terminal device associated with the vehicle.

[0092] A still further aspect of the present disclosure relates to a non-
transitory computer readable medium. The non-transitory computer readable
medium may include executable instructions. When the executable
instructions are executed by at least one processor, the executable
instructions may direct the at least one processor to perform a method. The
method may include obtaining driving data from sensors associated with a
vehicle driven by a driver; determining, based on the driving data, a target
time period; obtaining, based on the driving data, target data within the target
time period; and identifying, based on the target data, a presence of a risky
driving behavior of the driver.

[0093] Additional features will be set forth in part in the description which
follows, and in part will become apparent to those skilled in the art upon
examination of the following and the accompanying drawings or may be
learned by production or operation of the examples. The features of the
present disclosure may be realized and attained by practice or use of various
aspects of the methodologies, instrumentalities and combinations set forth in

the detailed examples discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0094] The present disclosure is further described in terms of exemplary

embodiments. These exemplary embodiments are described in detail with
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reference to the drawings. These embodiments are non-limiting exemplary
embodiments, in which like reference numerals represent similar structures
throughout the several views of the drawings, and wherein:

[0095] FIG. 1 is a schematic diagram illustrating an exemplary on-demand
service system according to some embodiments of the present disclosure;
[0096] FIG. 2 is a schematic diagram illustrating exemplary hardware and/or
software components of an exemplary computing device according to some
embodiments of the present disclosure;

[0097] FIG. 3 is a schematic diagram illustrating exemplary hardware and/or
software components of an exemplary mobile device according to some
embodiments of the present disclosure;

[0098] FIG. 4 is a block diagram illustrating an exemplary processing engine
according to some embodiments of the present disclosure;

[0099] FIG. 5 is a block diagram illustrating an exemplary data processing
module according to some embodiments of the present disclosure;

[0100] FIG. 6 is a flowchart illustrating an exemplary process for identifying a
risky driving behavior according to some embodiments of the present
disclosure;

[0101] FIG. 7 is a flowchart illustrating an exemplary process for obtaining
second motion data according to some embodiments of the present
disclosure;

[0102] FIG. 8 is a flowchart illustrating an exemplary process for detecting
driving behaviors according to some embodiments of the present disclosure;
[0103] FIG. 9 is a schematic diagram illustrating an acceleration coordinate
system according to some embodiments of the present disclosure;

[0104] FIG. 10 is a flowchart illustrating an exemplary process for
determining a data interval within which a risky driving behavior may occur

according to some embodiments of the present disclosure;
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[0105] FIG. 11 is a schematic diagram illustrating a result in which a y-axis is
rotated to be consistent with a driving direction of a vehicle according to some
embodiments of the present disclosure;

[0106] FIG. 12 is a flowchart illustrating an exemplary process for performing
a coordinate transformation on extracted acceleration data according to some
embodiments of the present disclosure;

[0107] FIG. 13 is a schematic diagram illustrating a correspondence
relationship between time and frequency in frequency domain feature
according to some embodiments of the present disclosure;

[0108] FIG. 14 is a schematic diagram illustrating a correspondence
relationship among time, frequency, and energy value in frequency domain
feature according to some embodiments of the present disclosure;

[0109] FIG. 15-Ais a schematic diagram illustrating a sudden deceleration of
a vehicle according to some embodiments of the present disclosure;

[0110] FIG. 15-B is a schematic diagram illustrating a sudden turn of a
vehicle according to some embodiments of the present disclosure;

[0111] FIG. 15-C is a schematic diagram illustrating a sudden acceleration of
a vehicle according to some embodiments of the present disclosure;

[0112] FIG. 16 is a flowchart illustrating an exemplary process for detecting
driving behaviors according to some embodiments of the present disclosure;
[0113] FIG. 17 is a block diagram illustrating an exemplary driving behavior
detecting device executed on a mobile terminal according to some
embodiments of the present disclosure;

[0114] FIG. 18 is a block diagram illustrating an exemplary processing
engine according to some embodiments of the present disclosure; and

[0115] FIG. 19 is a flowchart illustrating an exemplary process for identifying
a risky driving behavior according to some embodiments of the present

disclosure.
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DETAILED DESCRIPTION

[0116] The following description is presented to enable any person skilled in
the art to make and use the present disclosure and is provided in the context
of a particular application and its requirements. Various modifications to the
disclosed embodiments will be readily apparent to those skilled in the art, and
the general principles defined herein may be applied to other embodiments
and applications without departing from the spirit and scope of the present
disclosure. Thus, the present disclosure is not limited to some embodiments
shown but is to be accorded the widest scope consistent with the claims.
[0117] The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended to be limiting. As used

LN}

herein, the singular forms “a,” “an,” and “the” may be intended to include the

plural forms as well, unless the context clearly indicates otherwise. It will be

further understood that the terms “comprise,” “comprises,” and/or

include,

‘comprising, includes,” and/or “including,” when used in this
disclosure, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0118] These and other features, and characteristics of the present
disclosure, as well as the methods of operations and functions of the related
elements of structure and the combination of parts and economies of
manufacture, may become more apparent upon consideration of the following
description with reference to the accompanying drawings, all of which form a
part of this disclosure. It is to be expressly understood, however, that the
drawings are for the purpose of illustration and description only and are not

intended to limit the scope of the present disclosure. It is understood that the

drawings are not to scale.
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[0119] The flowcharts used in the present disclosure illustrate operations that
systems implement according to some embodiments of the present
disclosure. It is to be expressly understood, the operations of the flowcharts
may be implemented not in order. Conversely, the operations may be
implemented in inverted order, or simultaneously. Moreover, one or more
other operations may be added to the flowcharts. One or more operations
may be removed from the flowcharts.

[0120] Moreover, while the systems and methods disclosed in the present
disclosure are described primarily regarding identifying driving behaviors
associated with on-demand transportation services, it should also be
understood that this is only one exemplary embodiment. The systems and
methods of the present disclosure may be applied to any other kind of on-
demand service. For example, the systems and methods of the present
disclosure may be applied to transportation systems of different environments
including land, ocean, aerospace, or the like, or any combination thereof.
The vehicle of the transportation systems may include a taxi, a private car, a
hitch, a bus, a train, a bullet train, a high-velocity rail, a subway, a vessel, an
aircraft, a spaceship, a hot-air balloon, a driverless vehicle, or the like, or any
combination thereof. The transportation system may also include any
transportation system for management and/or distribution, for example, a
system for sending and/or receiving an express. The application of the
systems and methods of the present disclosure may include a webpage, a
plug-in of a browser, a client terminal, a custom system, an internal analysis

system, an artificial intelligence robot, or the like, or any combination thereof.

” o LEAN 1Y ”

[0121] The terms “passenger,” “requester,” “requestor,” “service requester,”

“service requestor,” and “customer” in the present disclosure are used

interchangeably to refer to an individual, an entity or a tool that may request or

” ”

order a service. Also, the terms “driver,” “provider,” “service provider,” and
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“supplier” in the present disclosure are used interchangeably to refer to an
individual, an entity or a tool that may provide a service or facilitate the
providing of the service. The term “user” in the present disclosure refers to
an individual, an entity or a tool that may request a service, order a service,
provide a service, or facilitate the providing of the service. In the present
disclosure, terms “requester” and “requester terminal” may be used
interchangeably, and terms “provider” and “provider terminal” may be used
interchangeably.

Mo

[0122] The terms “request,” “service,” “service request,” and “order” in the
present disclosure are used interchangeably to refer to a request that may be
initiated by a passenger, a requester, a service requester, a customer, a
driver, a provider, a service provider, a supplier, or the like, or any combination
thereof. The service request may be accepted by any one of a passenger, a
requester, a service requester, a customer, a driver, a provider, a service
provider, or a supplier. The service request may be chargeable or free.
[0123] The positioning technology used in the present disclosure may include
a global positioning system (GPS), a global navigation satellite system
(GLONASS), a compass navigation system (COMPASS), a Galileo positioning
system, a quasi-zenith satellite system (QZSS), a wireless fidelity (WiFi)
positioning technology, or the like, or any combination thereof. One or more
of the above positioning technologies may be used interchangeably in the
present disclosure.

[0124] An aspect of the present disclosure relates to systems and methods
for identifying a risky driving behavior of a driver. The systems may obtain
driving data from sensors associated with a vehicle driven by a driver. The
sensors may be sensors installed on a mobile device associated with the
vehicle. The systems may determine a target time period based on the

driving data. The systems may also obtain target data within the target time
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period based on the driving data. The systems may further identify a
presence of a risky driving behavior of the driver based on the target data.
According to the systems and methods of the present disclosure, driving data
can be obtained from the sensors installed on the mobile device and
accordingly risky driving behaviors of drivers can be detected timely and
effectively, thereby ensuring personal safeties of passengers and drivers.
Furthermore, an allocation strategy for allocating service requests may be
adjusted based on relevant data associated with the risky driving behaviors,
thereby optimizing the online taxi-hailing platform.

[0125] Further, in order to obtain the target data within the target time period,
the systems may filter out irrelevant data (e.g., data generated by a shaking of
the mobile device) from the driving data based on a machine learning model,
which can improve the accuracy of the identification of the risky driving
behavior.

[0126] It should be noted that online on-demand service, such as online taxi-
hailing services, is a new form of service rooted only in post-Internet era. It
provides technical solutions to users and service providers that could raise
only in post-Internet era. In the pre-Internet era, when a passenger hails a
taxi on the street, the taxi request and acceptance occur only between the
passenger and one taxi driver that sees the passenger. If the passenger
hails a taxi through a telephone call, the service request and acceptance may
occur only between the passenger and one service provider (e.g., one taxi
company or agent). Online taxi, however, allows a user of the service to
real-time and automatically distribute a service request to a vast number of
individual service providers (e.g., taxi) distance away from the user. It also
allows a plurality of service providers to respond to the service request
simultaneously and in real-time. Therefore, through the Internet, the on-

demand service system may provide a much more efficient transaction
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platform for the users and the service providers that may never meet in a
traditional pre-Internet on-demand service system.

[0127] FIG. 1 is a schematic diagram illustrating an exemplary on-demand
service system according to some embodiments of the present disclosure.
In some embodiments, the on-demand service system 100 may be a system
for Online-to-Offline services. For example, the on-demand service system
100 may be an online transportation service platform for transportation
services such as taxi hailing, chauffeur services, delivery vehicles, carpool,
bus service, driver hiring, shuttle services, etc. The on-demand service
system 100 may be a platform including a server 110, a network 120, a
requester terminal 130, a provider terminal 140, and a storage 150.

[0128] In some embodiments, the server 110 may be a single server or a
server group. The server group may be centralized or distributed (e.g.,
server 110 may be a distributed system). In some embodiments, the server
110 may be local or remote. For example, the server 110 may access
information and/or data stored in the requester terminal 130, the provider
terminal 140, and/or the storage 150 via the network 120. As another
example, the server 110 may be directly connected to the requester terminal
130, the provider terminal 140, and/or the storage 150 to access stored
information and/or data. In some embodiments, the server 110 may be
implemented on a cloud platform. Merely by way of example, the cloud
platform may include a private cloud, a public cloud, a hybrid cloud, a
community cloud, a distributed cloud, an inter-cloud, a multi-cloud, or the like,
or any combination thereof. In some embodiments, the server 110 may be
implemented on a computing device 200 including one or more components
illustrated in FIG. 2 in the present disclosure.

[0129] In some embodiments, the server 110 may include a processing

engine 112. The processing engine 112 may process information and/or
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data relating to a service request to perform one or more functions of the
server 110 described in the present disclosure. For example, the processing
engine 112 may obtain driving data associated with a vehicle driven by a
driver and identify a presence of a risky driving behavior of the driver based
on the driving data. In some embodiments, the processing engine 112 may
include one or more processing engines (e.g., single-core processing
engine(s) or multi-core processor(s)). Merely by way of example, the
processing engine 112 may include one or more hardware processors, such
as a central processing unit (CPU), an application-specific integrated circuit
(ASIC), an application-specific instruction-set processor (ASIP), a graphics
processing unit (GPU), a physics processing unit (PPU), a digital signal
processor (DSP), a field programmable gate array (FPGA), a programmable
logic device (PLD), a controller, a microcontroller unit, a reduced instruction-
set computer (RISC), a microprocessor, or the like, or any combination
thereof. In some embodiments, the processing engine 112 may be
integrated in the requester terminal 130 or the provider terminal 140.

[0130] The network 120 may facilitate exchange of information and/or data.
In some embodiments, one or more components (e.g., the server 110, the
requester terminal 130, the provider terminal 140, the storage 150) of the on-
demand service system 100 may transmit information and/or data to other
component(s) of the on-demand service system 100 via the network 120.
For example, the server 110 may receive driving data from the provider
terminal 140 via the network 120. In some embodiments, the network 120
may be any type of wired or wireless network, or combination thereof.

Merely by way of example, the network 120 may include a cable network, a
wireline network, an optical fiber network, a tele communications network, an
intranet, an Internet, a local area network (LAN), a wide area network (WAN),

a wireless local area network (WLAN), a metropolitan area network (MAN), a
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public telephone switched network (PSTN), a Bluetooth network, a ZigBee
network, a near field communication (NFC) network, or the like, or any
combination thereof. In some embodiments, the network 120 may include
one or more network access points. For example, the network 120 may
include wired or wireless network access points such as base stations and/or
internet exchange points 120-1, 120-2, ... , through which one or more
components of the on-demand service system 100 may be connected to the
network 120 to exchange data and/or information.

[0131] In some embodiments, a service requester may be a user of the
requester terminal 130. In some embodiments, the user of the requester
terminal 130 may be someone other than the service requester. For
example, a user A of the requester terminal 130 may use the requester
terminal 130 to transmit a service request for a user B, or receive a service
confirmation and/or information or instructions from the server 110. In some
embodiments, a service provider may be a user of the provider terminal 140.
In some embodiments, the user of the provider terminal 140 may be someone
other than the service provider. For example, a user C of the provider
terminal 140 may use the provider terminal 140 to receive a service request
for a user D, and/or information or instructions from the server 110. In some
embodiments, “service requester” and “requester terminal” may be used
interchangeably, and “service provider” and “provider terminal” may be used
interchangeably.

[0132] In some embodiments, the requester terminal 130 may include a
mobile device 130-1, a tablet computer 130-2, a laptop computer 130-3, a
built-in device in a motor vehicle 130-4, or the like, or any combination
thereof. In some embodiments, the mobile device 130-1 may include a
smart home device, a wearable device, a smart mobile device, a virtual reality

device, an augmented reality device, or the like, or any combination thereof.
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In some embodiments, the smart home device may include a smart lighting
device, a control device of an intelligent electrical apparatus, a smart
monitoring device, a smart television, a smart video camera, an interphone, or
the like, or any combination thereof. In some embodiments, the wearable
device may include a smart bracelet, a smart footgear, a smart glass, a smart
helmet, a smart watch, a smart clothing, a smart backpack, a smart
accessory, or the like, or any combination thereof. In some embodiments,
the smart mobile device may include a smartphone, a personal digital
assistant (PDA), a gaming device, a navigation device, a point of sale (POS)
device, or the like, or any combination thereof. In some embodiments, the
virtual reality device and/or the augmented reality device may include a virtual
reality helmet, a virtual reality glass, a virtual reality patch, an augmented
reality helmet, an augmented reality glass, an augmented reality patch, or the
like, or any combination thereof. For example, the virtual reality device
and/or the augmented reality device may include a Google Glass™, a
RiftCon™, a Fragments™, a Gear VR™, etc. In some embodiments, the
built-in device in the motor vehicle 130-4 may include an onboard computer,
an onboard television, etc. In some embodiments, the requester terminal
130 may be a device with positioning technology for locating the position of
the requester and/or the requester terminal 130.

[0133] In some embodiments, the provider terminal 140 may be similar to, or
the same device as the requester terminal 130. In some embodiments, the
provider 140 may include one or more sensors. The one or more sensors
may include a gyroscope, an acceleration sensor, a global positioning system
(GPS), a gravity sensor, an optical sensor, a temperature sensor, a fingerprint
sensor, a heart rate sensor, a proximity sensor, an acoustic detector, or the
like, or any combination thereof. In some embodiments, the provider

terminal 140 may be a device with positioning technology for locating the
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position of the provider and/or the provider terminal 140. In some
embodiments, the provider terminal 140 may periodically transmit GPS data
to the server 110. In some embodiments, the requester terminal 130 and/or
the provider terminal 140 may communicate with another positioning device to
determine the position of the requester, the requester terminal 130, the
provider, and/or the provider terminal 140. In some embodiments, the
requester terminal 130 and/or the provider terminal 140 may transmit
positioning information to the server 110.

[0134] The storage 150 may store data and/or instructions. In some
embodiments, the storage 150 may store data obtained from the requester
terminal 130 and/or the provider terminal 140. In some embodiments, the
storage 150 may store data and/or instructions that the server 110 may
execute or use to perform exemplary methods described in the present
disclosure. In some embodiments, the storage 150 may include a mass
storage, a removable storage, a volatile read-and-write memory, a read-only
memory (ROM), or the like, or any combination thereof. Exemplary mass
storage may include a magnetic disk, an optical disk, a solid-state drive, etc.
Exemplary removable storage may include a flash drive, a floppy disk, an
optical disk, a memory card, a zip disk, a magnetic tape, etc. Exemplary
volatile read-and-write memory may include a random access memory (RAM).
Exemplary RAM may include a dynamic RAM (DRAM), a double date rate
synchronous dynamic RAM (DDR SDRAM), a static RAM (SRAM), a thyristor
RAM (T-RAM), and a zero-capacitor RAM (Z-RAM), etc. Exemplary ROM
may include a mask ROM (MROM), a programmable ROM (PROM), an
erasable programmable ROM (EPROM), an electrically erasable
programmable ROM (EEPROM), a compact disk ROM (CD-ROM), and a
digital versatile disk ROM, etc. In some embodiments, the storage 150 may

be implemented on a cloud platform. Merely by way of example, the cloud
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platform may include a private cloud, a public cloud, a hybrid cloud, a
community cloud, a distributed cloud, an inter-cloud, a multi-cloud, or the like,
or any combination thereof.

[0135] In some embodiments, the storage 150 may be connected to the
network 120 to communicate with one or more components (e.g., the server
110, the requester terminal 130, the provider terminal 140) of the on-demand
service system 100. One or more components of the on-demand service
system 100 may access the data or instructions stored in the storage 150 via
the network 120. In some embodiments, the storage 150 may be directly
connected to or communicate with one or more components (e.g., the server
110, the requester terminal 130, the provider terminal 140) of the on-demand
service system 100. In some embodiments, the storage 150 may be part of
the server 110.

[0136] In some embodiments, one or more components (e.g., the server 110,
the requester terminal 130, the provider terminal 140) of the on-demand
service system 100 may access the storage 150. In some embodiments,
one or more components of the on-demand service system 100 may read
and/or modify information relating to the requester, the provider, and/or the
public when one or more conditions are met. For example, the server 110
may read and/or modify one or more users’ information after a service. As
another example, the provider terminal 140 may access information relating to
the requester when receiving a service request from the requester terminal
130, but the provider terminal 140 may not modify the relevant information of
the requester.

[0137] In some embodiments, information exchanging of one or more
components of the on-demand service system 100 may be achieved by way
of requesting a service. The object of the service request may be any

product. In some embodiments, the product may be a tangible product, or
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immaterial product. The tangible product may include food, medicine,
commodity, chemical product, electrical appliance, clothing, car, housing,
luxury, or the like, or any combination thereof. The immaterial product may
include a servicing product, a financial product, a knowledge product, an
internet product, or the like, or any combination thereof. The internet product
may include an individual host product, a web product, a mobile internet
product, a commercial host product, an embedded product, or the like, or any
combination thereof. The mobile internet product may be used in a software
of a mobile terminal, a program, a system, or the like, or any combination
thereof. The mobile terminal may include a tablet computer, a laptop
computer, a mobile phone, a personal digital assistant (PDA), a smart watch,
a point of sale (POS) device, an onboard computer, an onboard television, a
wearable device, or the like, or any combination thereof. For example, the
product may be any software and/or application used on the computer or
mobile phone. The software and/or application may relate to socializing,
shopping, transporting, entertainment, learning, investment, or the like, or any
combination thereof. In some embodiments, the software and/or application
relating to transporting may include a traveling software and/or application, a
vehicle scheduling software and/or application, a mapping software and/or
application, etc. In the vehicle scheduling software and/or application, the
vehicle may include a horse, a carriage, a rickshaw (e.g., a wheelbarrow, a
bike, a tricycle), a car (e.g., a taxi, a bus, a private car), a train, a subway, a
vessel, an aircraft (e.g., an airplane, a helicopter, a space shuttle, a rocket, a
hot-air balloon), or the like, or any combination thereof.

[0138] In some embodiments, the on-demand service system 100 may be
configured to identify driving behaviors of service providers (e.g., drivers).

As used herein, the driver may be a private car owner and/or an online taxi-

hailing driver, accordingly, the provider terminal 140 may be a user terminal of
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the private car owner or the online taxi-hailing driver. Furthermore, a driver
client (also referred to as a “driver APP”) may be installed on the provider
terminal 140 and the provider terminal 140 moves with a vehicle (not shown)
driven by the driver.

[0139] In some embodiments, the application scenario of the on-demand
service system 100 may be an online taxi-hailing scenario or a private car
scenario. For the online taxi-hailing scenario, the driver client may be an
online taxi-hailing driver client and the server 110 may be a server
corresponding to online taxi-hailing drivers. For the private car scenario, the
driver client may be a private car owner client and the server 110 may be a
server corresponding to private car owners.

[0140] In some embodiments, for the online taxi-hailing scenario, if the driver
needs a driving behavior detection service, he/she can log in the online taxi-
hailing driver client and activate a driving behavior detection function (also
referred to as a “driving behavior identification function”) via the online taxi-
hailing driver client. After the driving behavior detection function is activated,
it is possible to detect the driving behavior of the driver in real-time to
determine whether the driver has a risky driving behavior. If it is determined
that the driver has a risky driving behavior, then the driver will be reminded
that he/she is currently in a risky driving status and has to adjust the driving
behavior. In addition, the online taxi-hailing driver client may also upload
data associated with the risky driving behavior to the server 110 to be stored.
After obtaining the data associated with the risky driving behavior from the
driver client, the server 110 may evaluate the driver based on the data
associated with the risky driving behavior to determine a level of the driver.
Meanwhile, server 110 may also adjust an allocation strategy for allocating
service requests based on the data associated with the risky driving behavior.

[0141] In some embodiments, for the private car scenario, if the driver needs
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a driving behavior detection service, he/she can log in the private car owner
client and activate a driving behavior detection function via the private car
owner client. After the driving behavior detection function is activated, it is
possible to detect the driving behavior of the driver in real-time to determine
whether the driver has a risky driving behavior. If it is determined that the
driver has a risky driving behavior, then the driver will be reminded that he/she
is currently in a risky driving status and has to adjust the driving behavior. In
addition, the private car owner client may also upload data associated with the
risky driving behavior to the server 110 to be stored. After obtaining the data
associated with the risky driving behavior from the driver client, the server 110
may perform a statistical operation based on the data associated with the
risky driving behavior. For example, the server 110 may determine a number
of times of risky driving behaviors of the driver per month (or per week), times
when the risky driving behaviors occurred, road segments where the risky
driving behaviors occurred, etc. After determining the above statistical data,
the server 110 may push the statistical data to the private car owner client to
remind the driver to adjust his or her driving behavior based on the statistical
data. For example, if a number of times of risky driving behaviors of the
driver on a specific road segment is relatively high, when the driver passes
the road segment again, he/she can pay more attention and adjust his/her
driving behavior, so as to further improve the driver's safety degree in the
driving process.

[0142] One of ordinary skill in the art would understand that when an element
of the on-demand service system 100 performs, the element may perform
through electrical signals and/or electromagnetic signals. For example,
when a requester terminal 130 processes a task, such as making a
determination, identifying or selecting an object, the requester terminal 130

may operate logic circuits in its processor to process such task. When the
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requester terminal 130 sends out a service request to the server 110, a
processor of the service requester terminal 130 may generate electrical
signals encoding the service request. The processor of the requester
terminal 130 may then send the electrical signals to an output port. If the
requester terminal 130 communicates with the server 110 via a wired network,
the output port may be physically connected to a cable, which may further
transmit the electrical signals to an input port of the server 110. If the
requester terminal 130 communicates with the server 110 via a wireless
network, the output port of the requester terminal 130 may be one or more
antennas, which may convert the electrical signals to electromagnetic signals.
Similarly, a provider terminal 140 may process a task through operation of
logic circuits in its processor, and receive an instruction and/or service request
from the server 110 via electrical signals or electromagnet signals. Within an
electronic device, such as the requester terminal 130, the provider terminal
140, and/or the server 110, when a processor thereof processes an
instruction, sends out an instruction, and/or performs an action, the instruction
and/or action is conducted via electrical signals. For example, when the
processor retrieves or saves data from a storage medium (e.g., the storage
150), it may send out electrical signals to a read/write device of the storage
medium, which may read or write structured data in the storage medium.

The structured data may be transmitted to the processor in the form of
electrical signals via a bus of the electronic device. Here, an electrical signal
refers to one electrical signal, a series of electrical signals, and/or a plurality of
distinguish electrical signals.

[0143] FIG. 2 is a schematic diagram illustrating exemplary hardware and
software components of an exemplary computing device according to some
embodiments of the present disclosure. In some embodiments, the server

110, the requester terminal 130, and/or the provider terminal 140 may be
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implemented on the computing device 200. For example, the processing
engine 112 may be implemented on the computing device 200 and configured
to perform functions of the processing engine 112 disclosed in this disclosure.
[0144] The computing device 200 may be used to implement any component
of the on-demand service system 100 as described herein. For example, the
processing engine 112 may be implemented on the computing device 200, via
its hardware, software program, firmware, or a combination thereof.

Although only one such computer is shown, for convenience, the computer
functions relating to the on-demand service as described herein may be
implemented in a distributed fashion on a number of similar platforms, to
distribute the processing load.

[0145] The computing device 200, for example, may include COM ports 250
connected to and from a network connected thereto to facilitate data
communications. The computing device 200 may also include a processor
(e.g., the processor 220), in the form of one or more processors (e.g., logic
circuits), for executing program instructions. For example, the processor
may include interface circuits and processing circuits therein. The interface
circuits may be configured to receive electronic signals from a bus 210,
wherein the electronic signals encode structured data and/or instructions for
the processing circuits to process. In some embodiments, the bus 210 may
include an ISA bus, a PCI bus, an EISA bus, etc. In some embodiments, the
bus 210 may include an address bus, a data bus, a control bus, etc. The
processing circuits may conduct logic calculations, and then determine a
conclusion, a result, and/or an instruction encoded as electronic signals.
Then the interface circuits may send out the electronic signals from the
processing circuits via the bus 210.

[0146] The computing device 200 may further include program storage and

data storage of different forms including, for example, a disk 270, and a read
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only memory (ROM) 230, or a random access memory (RAM) 240, for storing
various data files to be processed and/or transmitted by the computing device.
The exemplary computing device may also include program instructions
stored in the ROM 230, RAM 240, and/or other type of non-transitory storage
medium to be executed by the processor 220. The methods and/or
processes of the present disclosure may be implemented as the program
instructions. The computing device 200 also includes an I/O component 260,
supporting input/output between the computer and other components. The
computing device 200 may also receive programming and data via network
communications.

[0147] Merely for illustration, only one CPU and/or processor is illustrated in
FIG 2. Multiple CPUs and/or processors are also contemplated; thus
operations and/or method operations performed by one CPU and/or
processor as described in the present disclosure may also be jointly or
separately performed by the multiple CPUs and/or processors. For example,
if in the present disclosure the CPU and/or processor of the computing device
200 executes both operation A and operation B, it should be understood that
operation A and operation B may also be performed by two different CPUs
and/or processors jointly or separately in the computing device 200 (e.g., the
first processor executes operation A and the second processor executes
operation B, or the first and second processors jointly execute operations A
and B).

[0148] FIG. 3 is a schematic diagram illustrating exemplary hardware and/or
software components of an exemplary mobile device according to some
embodiments of the present disclosure. In some embodiments, the
requester terminal 130 or the provider terminal 140 may be implemented on
the computing device 300. As illustrated in FIG. 3, the mobile device 300

may include a communication platform 310, a display 320, a graphic
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processing unit (GPU) 330, a central processing unit (CPU) 340, an I/O 350, a
memory 360, and a storage 390. In some embodiments, any other suitable
component, including but not limited to a system bus or a controller (not
shown), may also be included in the mobile device 300.

[0149] In some embodiments, a mobile operating system 370 (e.g., iOS™,
Android™, Windows Phone ™ etc.) and one or more applications 380 may be
loaded into the memory 360 from the storage 390 in order to be executed by
the CPU 340. The applications 380 may include a browser or any other
suitable mobile apps for receiving and rendering information relating to on-
demand services or other information from the on-demand service system
100. User interactions with the information stream may be achieved via the
I/0 350 and provided to the processing engine 112 and/or other components
of the on-demand service system 100 via the network 120.

[0150] To implement various modules, units, and their functionalities
described in the present disclosure, computer hardware platforms may be
used as the hardware platform(s) for one or more of the elements described
herein. A computer with user interface elements may be used to implement
a personal computer (PC) or any other type of work station or terminal device.
A computer may also act as a server if appropriately programmed.

[0151] FIG. 4 is a block diagram illustrating an exemplary processing engine
according to some embodiments of the present disclosure. The functions of
the processing engine 112 disclosed in the present disclosure may be
implemented by the server 110 via the processor 220, or by the requester
terminal130 and/or the provider terminal 140 via the processor 340. The
processing engine 112 may include an obtaining module 402, a pre-rule
determination module 404, a time determination module 406, a data
processing module 408, a communication module 410, and an identification

module 412.
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[0152] The obtaining module 402 may obtain first motion data generated by a
sensor associated with a device (e.g., a mobile terminal (e.g., the requester
terminal 130, the provider terminal 140)). The sensor may include a
gyroscope, an acceleration sensor, a global positioning system (GPS), a
gravity sensor, an optical sensor, a temperature sensor, a fingerprint sensor, a
heart rate sensor, a proximity sensor, an acoustic detector, or the like, or any
combination thereof. The gyroscope may be an angular velocity sensor that
measures a rotation angular velocity when the device is rotated or tilted. The
acceleration sensor may be a capacitive acceleration sensor, an inductive
acceleration sensor, a strained acceleration sensor, a piezoelectric resistance
acceleration sensor, a piezoelectric acceleration sensor, or the like, or any
combination thereof. The GPS may include a carrier including GPS which
can communicate with the network 120. An in-vehicle GPS may determine
motion data for positioning the vehicle and/or the device moving in the
vehicle. The gravity sensor may include an elastic sensitive component
which can produce a deformed induced electrical signal. In some
embodiments, the gravity sensor may have the same function as the
acceleration sensor. The first motion data may include information of
electronic devices (e.g., a mobile smartphone on which an application has
been installed, which is configured to implement methods/processes
disclosed in the present disclosure or a vehicle carrying the mobile
smartphone), such as a position, a velocity, an acceleration, a posture (e.g.,
character, yaw, angle, pitch motion, acceleration), or the like, or any
combination thereof. In some embodiments, the device may be a mobile
smartphone, a personal digital assistant (PDA), a tablet computer, a laptop
computer, a computer (on-board computer), a handheld gaming platform
(PSP), smart glasses, a smart watch, a wearable device, a virtual reality

device and/or a display enhancement device (e.g., Google™ Glass, Oculus
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Rift, HoloLens, Gear VR, etc.) The mobile smartphone may include a touch
screen, a speaker, a microphone, an antenna, or the like, or any combination
thereof. The mobile smartphone may be connected to a mobile network and
initiate a call. In some embodiments, the mobile smartphone may include at
least one sensor. The at least one sensor may include a gyroscope, an
acceleration sensor, a global positioning system (GPS), a gravity sensor, an
optical sensor, a temperature sensor, a fingerprint sensor, a heart rate sensor,
a proximity sensor, or the like, or any combination thereof.

[0153] In some embodiments, the sensor may generate the first motion data
according to a first predetermined time interval (e.g., per 0.01 seconds, per
0.02 seconds, per 0.05 second, per second). The obtaining module 402 may
obtain the first motion data according to a second predetermined time interval
(e.g., per 0.01 seconds, per 0.02 seconds, per 0.05 second, per second).

The first predetermined time interval and the second predetermined time
interval may be default settings of the on-demand service system 100 or may
be adjustable under different situations. The first predetermined time interval
may be the same as or different from the second predetermined time interval.
[0154] In some embodiments, the first motion data may reflect a driving
behavior of the driver or a vehicle state. In some embodiments, the driving
behavior may be a risky driving behavior, such as a risky acceleration (e.g., a
sudden acceleration), a risky brake (e.g., a sudden brake), a risky turn (e.g., a
sudden turn), or the like, or any combination thereof. The risky acceleration
may be caused by a continuous and/or severe stepping on the accelerator
pedal by the driver. The risky brake may be caused by a continuous and/or
severe stepping on the brake by the driver. The risky turn may be caused by
a sudden turn of the steering wheel by the driver. The risky turn may include
a sudden right turn, a sudden left-turn, and/or other sudden shifting direction

behaviors. In some embodiments, the driver may implement driving
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behaviors through a remote control (e.g., using virtual manipulation at a
remote location).

[0155] In some embodiments, the first motion data may include gyroscope
data, acceleration sensor data, GPS data, gravity sensor data, optical sensor
data, temperature sensor data, fingerprint sensor data, heart rate sensor data,
proximity sensor data, angular acceleration data, or the like, or any
combination thereof. Types of the first motion data may correspond to the
sensors on the mobile smartphone. For example, an acceleration sensor in
the mobile smartphone may generate or record acceleration data.

[0156] In some embodiments, motion data generated by different sensors
may be combined or decomposed to describe a specified driving behavior.
For example, acceleration sensor data, GPS data, and gravity sensor data
may be combined to describe the sudden acceleration by the driver.

[0157] In some embodiments, the first motion data may correspond to a
driving behavior, a vehicle state, and/or a road condition. For example, it is
assumed that a sudden road traffic accident occurs in front of the vehicle, the
driver may perform a sudden brake, and the acceleration sensor may produce
a peak in its output signal and/or data during the sudden brake. In some
embodiments, the first motion data may further include motion data
associated with non-driving related behaviors (i.e., behaviors caused by
actions other than driving related activities), such as motion data generated
when a user of a mobile smartphone shakes the mobile smartphone during
the driving. Therefore, the output signals and/or data from the sensors of the
device may also include portions corresponding to the non-driving related
behaviors. In some embodiments, the device may distinguish the motion
data of the non-driving related behaviors. For example, it is assumed that
the driver shakes the mobile smartphone for some reason, the mobile

smartphone or an automotive application running in the mobile smartphone
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may distinguish a vibration from a driving behavior (e.g., a sudden turn) by
analyzing features of the motion data.

[0158] In some embodiments, the obtaining module 402 may determine
whether the device is moving with a vehicle based on the first motion data.

In response to determining that the device which is being used by the driver is
moving along a route or according to an order determined by an application
and the order is associated with a vehicle, it may be determined that the
device is moving with the vehicle. For example, when an application (e.g., a
taxi-hailing APP) in the device provides route guidance for the device, and the
application is associated with a vehicle that has been registered on the
application, the obtaining module 402 may obtain a moving route of the device
based on the obtained first motion data and determine whether it is the same
as that provided by the application. If the two routes overlap with each other,
the obtaining module 402 may determine that the device is moving with the
vehicle.

[0159] The vehicle which is moving with the device may include a private car,
a taxi, an internet car, an autonomous vehicle, an electric vehicle, a
motorcycle, a bus, a train, a free ride, a bullet train, a high-velocity railway, a
subway, a ship, an airplane, a spaceship, a hot air balloon, a driverless
vehicle, or the like, or any combination thereof. In some embodiments, the
device may move with the vehicle and detect the movement of the vehicle.
For example, the driver of the vehicle may carry a mobile smartphone while
driving and a device with at least one sensor (i.e., the mobile smartphone)
may detect the movement of the vehicle. As another example, if a
passenger uses a mobile smartphone in a taxi, the mobile smartphone may
move with the taxi and record data associated with the taxi.

[0160] The pre-rule determination module 404 may determine a pre-rule.

The pre-rule may include a fluctuation variance threshold (also referred to as
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a “variance threshold”). The fluctuation variance may be a variance of
cumulative accelerations of the first motion data. For example, take a
specific time point as an example, the fluctuation variance corresponding to
the specific time point refers to a variance of a plurality of accelerations
corresponding to a plurality of time points prior to the time point and the time
point. The value of the fluctuation variance may indicate a fluctuation
intensity of the acceleration. The pre-rule determination module 404 may
determine a pre-rule admittance condition and/or a pre-rule exit condition. In
some embodiments, the pre-rule admittance condition may be that the
fluctuation variance of the first motion data is greater than a first threshold.

In some embodiments, the pre-rule exit condition may be that the fluctuation
variance of the first motion data is less than a second threshold. The first
threshold and/or the second threshold may be default settings of the on-
demand service system 100 or may be adjustable under different situations.
The first threshold may be the same as or different from the second threshold.
In some embodiments, when the pre-rule is admitted, the storage 150 may
begin storing the first motion data. In some embodiments, when the pre-rule
is admitted, the data processing module 408 may begin filtering out unneeded
information (also referred to as “irrelevant information”) from the first motion
data. In some embodiments, the pre-rule may be stored in the storage 150
or obtained from a database and/or other sources by the communication
module 410 via the network 120. In some embodiments, when the pre-rule
is exited, the storage 150 may stop storing the first motion data. In some
embodiments, when the pre-rule is exited, the data processing module 408
may stop filtering out unneeded information from the first motion data.

[0161] The time determination module 406 may determine a time period
(also referred to as a “target time period”) based on the pre-rule. In some

embodiments, the time determination module 406 may determine a start time
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point of the time period based on a time point when the pre-rule is admitted,
and determine an end time point of the time period based on a time point
when the pre-rule is exited. The time determination module 406 may
determine the time period based on the start time point and the end time
point. In some embodiments, the time determination module 406 may also
determine a time point associated with the time period. The time point may
be the start time point of the time period, the end time point of the time period,
or any time point within the time period. The time period and the time points
may be transmitted to the server 110 by the communication module 410
together with second motion data.

[0162] The data processing module 408 may obtain second motion data
(also referred to as “target data”) within the time period based on the first
motion data. In some embodiments, the data processing module 408 may
filter out unneeded information from the first motion data. In some
embodiments, the data processing module 408 may process the first motion
data within the time period. In some embodiments, the data processing
module 408 may execute part of functions of the obtaining module 402 to
determine whether the device connected with one or more sensors is moving
with the vehicle. In some embodiments, the data processing module 408
may further process the second motion data, such as associate the second
motion data with the time period and/or time points associated therewith as
associated information.

[0163] The communication module 410 may establish a communication
connection among the server 110, the requester terminal 130, the provider
terminal 140, the storage 150, and/or a database. In some embodiments,
the communication module 410 may transmit the time period, the second
motion data within the time period, and/or the time points (e.g., the start time

point, the end time point) associated with the time period to the server 110.
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In some embodiments, the first motion data may be transmitted by the device
(e.g., a mobile smartphone) or an in-vehicle wireless transmission device. In
some embodiments, the communication module 410 may obtain a machine
learning model from outside via the network 120.

[0164] In some embodiments, the communication module 410 may transmit
the first motion data, the second motion data within the time period, and/or the
time period to the server 110 according to a fixed sampling frequency or a
varying sampling frequency.

[0165] The identification module 412 may identify whether the received
second motion data are risky driving data based on the second motion data
transmitted by the communication module 410 to the server 110. In some
embodiments, the identification module 412 may identify the second motion
data based on a machine learning approach. In some embodiments, the
identification module 412 may identify the second motion data by using a
deep learning GAN model. The risky driving data may correspond to a
corresponding risky driving behavior. The risky driving behavior may include
a sudden acceleration, a sudden brake, a sudden turn, or the like, or any
combination thereof. In some embodiments, the risky driving data may
include statistical data which correspond to scores or counts of risky driving
behaviors. The statistical data may include a time of the sudden
acceleration, a number count of sudden brakes, a time of the sudden turn, or
the like, or any combination thereof.

[0166] The obtaining module 402, the pre-rule determination module 404, the
time determination module 406, the data processing module 408, the
communication module 410, and the identification module 412 in the
processing engine 112 may be connected to each other or communicate with
each other via a wired connection or a wireless connection. The wired

connection may include a metal cable, an optical cable, a hybrid cable, or the
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like, or any combination thereof. The wireless connection may include a
Local Area Network (LAN), a Wide Area Network (WAN), a Bluetooth, a
ZigBee, a Near Field Communication (NFC), or the like, or any combination
thereof. Two or more of the modules may be combined into a single module,
and any one of the modules may be divided into two or more units.

[0167] It should be noted that the above description is merely provided for
the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure. For example, the pre-rule determination
module 404 and the time determination module 406 may be combined as a
single module. As another example, the pre-rule determination module 404,
the time determination module 406, and the data processing module 408 may
be combined as a single module. The communication module 410 may be
omitted.

[0168] FIG. 5 is a block diagram illustrating an exemplary data processing
module according to some embodiments of the present disclosure. The data
processing module 408 may include an obtaining unit 502, a feature data
generation unit 504, a training unit 506, and a filtering unit 508.

[0169] The obtaining unit 502 may obtain a time period, first motion data
within the time period, and a machine learning model. In some
embodiments, the obtaining unit 502 may obtain the time period and the first
motion data within the time period through the communication module 410.

In some embodiments, the obtaining unit 502 may obtain the machine
learning model from the database through the communication module 410 via
the network 120. In some embodiments, the obtaining unit 502 may obtain

the machine learning model from the storage 150 through the communication
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module 410 via the network 120. In some embodiments, the obtaining unit
502 may generate the machine learning model. In some embodiments, the
machine learning model may include a deep neural network, a deep belief
network, a convolutional neural network, a convolution depth belief network, a
deep Boltzmann machine, a stacked self-encoder, a deep stack network, a
deep coding network, a deep nuclear machine, a two-class model, or the like,
or any combination thereof.

[0170] The feature data generation unit 504 may generate feature data
based on the first motion data obtained by the obtaining unit 502. The
feature data may include a maximum acceleration, a minimum acceleration,
an average acceleration, a maximum acceleration transformation angle, a
minimum acceleration transformation angle, an average acceleration
transformation angle, a maximum acceleration along each direction of a three-
dimensional coordinate system, a minimum acceleration along each direction
of the three-dimensional coordinate system, an average acceleration along
each direction of the three-dimensional coordinate system, or the like, or any
combination thereof. As used herein, for a specific acceleration as an
example, an acceleration transformation angle refers to an angle between a
direction of the specific acceleration in a first coordinate system and a
direction of the specific acceleration in a second coordinate system. The
acceleration may include a linear acceleration or an angular acceleration. In
some embodiments, the feature data may be one or more values, one or
more vectors, one or more determinants, one or more matrices, or the like, or
any combination thereof.

[0171] The training unit 506 may train and update the machine learning
model obtained by the obtaining unit 502 based on the feature data generated
by the feature data generation unit 504. In some embodiments, the machine

learning model may be a shaking binary model. In some embodiments, the
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machine learning model may filter out unneeded information from the first
motion data. In some embodiments, the machine learning model may be
updated online or offline. After the machine learning model is trained, the
machine learning model may be further updated based on feature data
obtained in real-time or according to a periodic time interval (e.g., daily or
weekly). In some embodiments, the machine learning model may be further
updated to generate sub-models that may correspond to different types of
unneeded information. For example, a first sub-model may be used to
classify unneeded information associated with the vehicle, and a second sub-
model may be used to classify unneeded information associated with the
mobile smartphone.

[0172] The filtering unit 508 may obtain second motion data by filtering out
unneeded information from the first motion data based on the shaking binary
model trained by the training unit 506. The unneeded information may
include motion data generated by normal mobile phone shakings, motion data
generated by normal driving behaviors, motion data generated by other
unrisky driving behaviors, or the like, or any combination thereof. In some
embodiments, the filtering unit 508 may distinguish motion data associated
with non-driving related behaviors. For example, if the driver shakes the
mobile smartphone for some reason, the filtering unit 508 may distinguish the
shaking from the driving behaviors (e.g., a sudden turn) based on the
machine learning model.

[0173] The units in the data processing module 408 may be connected to or
communicate with each other via a wired connection or a wireless connection.
The wired connection may include a metal cable, an optical cable, a hybrid
cable, or the like, or any combination thereof. The wireless connection may
include a Local Area Network (LAN), a Wide Area Network (WAN), a

Bluetooth, a ZigBee, a Near Field Communication (NFC), or the like, or any
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combination thereof. It should be noted that the above description is merely
provided for the purposes of illustration, and not intended to limit the scope of
the present disclosure. For persons having ordinary skills in the art, multiple
variations and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure. For example, the feature data
generation unit 504 and the training unit 506 may be combined as a single
module. As another example, the training unit 506 and the filtering unit 508
may be combined as a single module. The feature data generation unit 504
may be omitted.

[0174] FIG. 6 is a flowchart illustrating an exemplary process for identifying a
risky driving behavior according to some embodiments of the present
disclosure. The process 600 may be executed by the on-demand service
system 100. For example, the process 600 may be implemented as a set of
instructions (e.g., an application) stored in the storage ROM 230 or RAM 240.
The processor 220 and/or modules and/or units in FIGs. 4-5 may execute the
set of instructions, and when executing the instructions, the processor 220,
the modules, and/or the units may be configured to perform the process 600.
The operations of the illustrated process presented below are intended to be
illustrative. In some embodiments, the process 600 may be accomplished
with one or more additional operations not described and/or without one or
more of the operations discussed. Additionally, the order in which the
operations of the process as illustrated in FIG. 6 and described below is not
intended to be limiting. In some embodiments, the process 600 may be
executed by the server 110 or a mobile terminal (e.g., the provider terminal
140). As describe elsewhere in the present disclosure, the processing
engine 112 may be integrated in the server 110, the requester terminal 130, or

the provider terminal 140, therefore, it can be considered that the process 600
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is executed by the processing engine 112.

[0175] In 602, the pre-rule determination module 404 in the processing
engine 112 may determine a pre-rule. The fluctuation variance may be a
variance of cumulative accelerations of the first motion data. The value of
the fluctuation variance may indicate a fluctuation intensity of the acceleration.
The pre-rule determination module 404 may determine a pre-rule admittance
condition and/or a pre-rule exit condition. In some embodiments, the pre-rule
admittance condition may be that the fluctuation variance of the first motion
data is greater than a first threshold. In some embodiments, the pre-rule exit
condition may be that the fluctuation variance of the first motion data is less
than a second threshold. The first threshold and/or the second threshold
may be default settings of the on-demand service system 100 or may be
adjustable under different situations. In some embodiments, when the pre-
rule is admitted, the storage 150 may begin storing the first motion data. In
some embodiments, when the pre-rule is admitted, the data processing
module 408 may begin filtering out unneeded information (also referred to as
“irrelevant information”) from the first motion data. In some embodiments,
the pre-rule may be stored in the storage 150 or obtained from a database
and/or other sources by the communication module 410 via the network 120.
In some embodiments, when the pre-rule is exited, the storage 150 may stop
storing the first motion data. In some embodiments, when the pre-rule is
exited, the data processing module 408 may stop filtering out unneeded
information from the first motion data.

[0176] In some embodiments, the pre-rule may be generated by the pre-rule
module 404. In some embodiments, the pre-rule may be stored in the
storage 150 and obtained by the pre-rule module 404.

[0177] In 604, the obtaining module 402 in the processing engine 112 may

obtain the first motion data generated by at least one sensor associated with
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the device. The first motion data may include information of electronic
devices (e.g., a mobile smartphone on which an application has been
installed, which is configured to implement methods/processes disclosed in
the present disclosure or a vehicle carrying the mobile smartphone), such as
a position, a velocity, an acceleration, a posture (e.g., character, yaw, angle,
pitch motion, acceleration), or the like, or any combination thereof.

[0178] In some embodiments, the first motion data may reflect a driving
behavior of the driver or a vehicle state. In some embodiments, the driving
behavior may be a risky driving behavior, such as a risky acceleration (e.g., a
sudden acceleration), a risky brake (e.g., a sudden brake), a risky turn (e.g., a
sudden turn), or the like, or any combination thereof. In some embodiments,
motion data generated by different sensors may be combined or decomposed
to describe a specified driving behavior. For example, acceleration sensor
data, GPS data, and gravity sensor data may be combined to describe the
sudden acceleration by the driver.

[0179] In some embodiments, the first motion data may correspond to a
driving behavior, a vehicle state, and/or a road condition. For example, it is
assumed that a sudden road traffic accident occurs in front of the vehicle, the
driver may perform a sudden brake, and the acceleration sensor may produce
a peak in its output signal and/or data during the sudden brake. In some
embodiments, the first motion data may further include motion data
associated with non-driving related behaviors (i.e., behaviors caused by
actions other than driving related activities), such as motion data generated
when a user of a mobile smartphone shakes the mobile smartphone during
the driving. Therefore, the output signals and/or data from the sensors of the
device may also include portions corresponding to the non-driving related
behaviors. The data related to non-driving related behaviors may be data

associated with shaking which needs to be distinguished by a subsequent
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machine learning model.

[0180] In 606, the time determination module 406 in the processing engine
112 may determine a start time point of a time period based on a time point
when the pre-rule is admitted, and determine an end time point of the time
period based on a time point when the pre-rule is exited. The time
determination module 406 may determine the time period based on the start
time point and the end time point. In some embodiments, the time
determination module 406 may also determine a time point associated with
the time period. The time point may be the start time point of the time period,
the end time point of the time period, or any time point within the time period.
The time period and the time points may be transmitted to the server 110 by
the communication module 410 together with second motion data. The time
period may represent a time period within which a risky driving behavior may
occur (i.e., the driver has a risky driving behavior). The obtaining module
402 in the processing engine 112 may obtain first motion data within the time
period based on the time period.

[0181] In 608, the data processing module 408 in processing engine 112 may
obtain second motion data within the time period based on the first motion
data. The second motion data may include motion data with irrelevant data
filtered out from the first motion data. In some embodiments, the second
motion data may be obtained by performing a filtering on the first motion data
based on a shaking binary machine learning model. In some embodiments,
the second motion data may be one or more values, one or more vectors, one
or more determinants, one or more matrices, or the like, or any combination
thereof.

[0182] In 610, the communication module 410 in the processing engine 112
may transmit the second motion data within the time period to the server 110.

In some embodiments, the communication module 410 may transmit the time

52



period, the second motion data, and/or the time points associated with the
time period to the server 110 via the network 120. In some embodiments,
the communication module 410 may obtain a machine learning model via the
network 120.

[0183] In 612, the identification module 412 in the processing engine 112
may identify a driving behavior corresponding to the second motion data
transmitted by the communication module 410. In some embodiments, the
identification module 412 may identify a risky driving behavior corresponding
to the second motion data. In some embodiments, the identification module
412 may identify the risky driving behavior corresponding to the second
motion data based on a machine learning model. In some embodiments, the
machine learning model may be a deep learning GAN model, a deep neural
network, a deep belief network, a convolutional neural network, a convolution
depth belief network, a depth Boltzmann machine, a stacking self-encoder, a
deep stacking Network, a deep coding network, a deep core machine, a
binary model, or the like, or any combination thereof.

[0184] It should be noted that the above description is merely provided for
the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure. For example, operation 602 may be
performed after operation 604, or operation 602 and operation 604 may be
performed simultaneously. As another example, at least one operation may
be added or deleted in the process 600, for example, an operation for
determining that a device associated with at least one sensor is moving with a
vehicle may be added.

[0185] FIG. 7 is a flowchart illustrating an exemplary process for obtaining
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second motion data according to some embodiments of the present
disclosure. The process 700 may be executed by the on-demand service
system 100. For example, the process 700 may be implemented as a set of
instructions (e.g., an application) stored in the storage ROM 230 or RAM 240.
The processor 220 and/or modules and/or units in FIGs. 4-5 may execute the
set of instructions, and when executing the instructions, the processor 220,
the modules, and/or the units may be configured to perform the process 700.
The operations of the illustrated process presented below are intended to be
illustrative. In some embodiments, the process 700 may be accomplished
with one or more additional operations not described and/or without one or
more of the operations discussed. Additionally, the order in which the
operations of the process as illustrated in FIG. 7 and described below is not
intended to be limiting. In some embodiments, the process 700 may be
executed by the server 110 or a mobile terminal (e.g., the provider terminal
140). As describe elsewhere in the present disclosure, the processing
engine 112 may be integrated in the server 110, the requester terminal 130, or
the provider terminal 140, therefore, it can be considered that the process 700
is executed by the processing engine 112.

[0186] In 702, the obtaining unit 502 in the data processing module 408 may
obtain a time period, first motion data within the time period, and a machine
learning model. In some embodiments, the obtaining unit 502 may obtain
the time period and the first motion data within the time period through the
communication module 410. In some embodiments, the obtaining unit 502
may obtain the machine learning model from the database through the
communication module 410 via the network 120. In some embodiments, the
obtaining unit 502 may obtain the machine learning model from the storage
150 through the communication module 410 via the network 120. In some

embodiments, the obtaining unit 502 may generate the machine learning
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model. In some embodiments, the machine learning model may be a deep
neural network, a deep belief network, a convolutional neural network, a
convolution depth belief network, a depth Boltzmann machine, a stacking self-
encoder, a deep stacking Network, a deep coding network, a deep core
machine, a binary model, or the like, or any combination thereof.

[0187] In 704, the feature data generation unit 504 in the data processing
module 408 may generate feature data based on the first motion data
obtained by the obtaining unit 502. The feature data may include a
maximum acceleration, a minimum acceleration, an average acceleration, a
maximum acceleration transformation angle, a minimum acceleration
transformation angle, an average acceleration transformation angle, a
maximum acceleration along each direction of a three-dimensional coordinate
system, a minimum acceleration along each direction of the three-dimensional
coordinate system, an average acceleration along each direction of the three-
dimensional coordinate system, or the like, or any combination thereof. The
acceleration may include a linear acceleration or an angular acceleration. In
some embodiments, the feature data may be one or more values, one or
more vectors, one or more determinants, one or more matrices, or the like, or
any combination thereof.

[0188] In 706, the training unit 506 in the data processing module 408 may
train and update the machine learning model obtained by the obtaining unit
502 based on the feature data generated by the feature data generation unit
504. After the machine learning model is updated, irrelevant information may
be filtered out from the first motion data based on the machine learning
model. In some embodiments, the machine learning model may be a
shaking binary model. In some embodiments, the machine learning model
may be updated online or offline. After the machine learning training model

is trained, the machine learning training model may be further updated based
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on feature data obtained in real-time or according to a periodic time interval
(e.g., daily or weekly).

[0189] In some embodiments, the filtering unit 508 in the data processing
module 408 may obtain second motion data by filtering out unneeded
information from the first motion data based on the shaking binary model
trained by the training unit 506. The unneeded information may include
motion data generated by normal mobile phone shakings, motion data
generated by normal driving behaviors, motion data generated by other
unrisky driving behaviors, or the like, or any combination thereof. In some
embodiments, the filtering unit 508 may distinguish motion data associated
with non-driving related behaviors. For example, if the driver shakes the
mobile smartphone for some reason, the filtering unit 508 may distinguish the
shaking from the driving behaviors (e.g., a sudden turn) based on the
machine learning model.

[0190] It should be noted that the above description is merely provided for
the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure. For example, operation 706 may be
divided into two operations including training a model and generating second
motion data. As another example, at least one operation may be added or
deleted in process 700, for example, an operation for distinguish different
unneeded information of the first motion data may be added, such as the
unneeded information generated by the normal driving behavior and the
unneeded information generated by the shaking of the mobile phone.

[0191] FIG. 8 is a flowchart illustrating an exemplary process for detecting

driving behaviors according to some embodiments of the present disclosure.
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The process 800 may be executed by the on-demand service system 100.
For example, the process 800 may be implemented as a set of instructions
(e.g., an application) stored in the storage ROM 230 or RAM 240. The
processor 220 and/or modules and/or units in FIG. 17 may execute the set of
instructions, and when executing the instructions, the processor 220, the
modules, and/or the units may be configured to perform the process 800.
The operations of the illustrated process presented below are intended to be
illustrative. In some embodiments, the process 800 may be accomplished
with one or more additional operations not described and/or without one or
more of the operations discussed. Additionally, the order in which the
operations of the process as illustrated in FIG. 8 and described below is not
intended to be limiting.

[0192] In some embodiments, the process 800 may be executed by a mobile
terminal (e.g., the provider terminal 140) on which a driver client (e.g., an
online taxi-hailing driver client) is installed. The mobile terminal may detect
the driving behaviors of the driver to determine whether a risky driving
behavior may occur. In some embodiments, the process 800 may be
executed by the server 110. As describe elsewhere in the present
disclosure, the processing engine 112 may be integrated in the server 110, the
requester terminal 130, or the provider terminal 140, therefore, it can be
considered that the process 800 is executed by the processing engine 112.
Take the process 800 executed by a mobile terminal and executed in an
online taxi-hailing application scenario as an example, the process may
include the following operations.

[0193] In 802, acceleration data may be collected through an acceleration
sensor installed on the mobile terminal, wherein the acceleration data may
include acceleration data ax, ay and az corresponding to an x-axis, a y-axis,

and a z-axis respectively (also referred to as “x-axis acceleration,” “y-axis
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acceleration,” and “z-axis acceleration” respectively).

[0194] Recently, smart mobile terminals generally include sensing devices
such as an acceleration sensor, a gyroscope, etc. It can be determined
whether the drive has a risky driving behavior by obtaining data collected by
the above sensors and processing the data. Meanwhile, corresponding data
may be transmitted to the server 110 through a wireless transmission function
of the smart mobile terminal.

[0195] In some embodiments, data collected by the acceleration sensor may
be mainly obtained, wherein the acceleration sensor may be a three-axis
acceleration sensor. After the three-axis acceleration sensor collects
acceleration data of the mobile terminal, acceleration data along three
directions including X, y, and z may be obtained: ax, ay, and az. As illustrated
in FIG. 9, when the mobile terminal is located along a plane which has a
certain angle with the horizontal plane, a coordinate system formed by x, vy,
and z axes is shown in FIG. 9.

[0196] In 804, a data interval (also referred to as a “target time period”) within
which a risky driving behavior may occur may be determined based on values
of ax, ay, and az. Since a risky driving behavior often occurs in a certain time
period instead of the whole driving process, in some embodiments, after the
acceleration data ax, ay, and az are obtained, the data interval within which a
risky driving behavior may occur may be determined based on the values of
the acceleration data ax, ay, and az. After the data interval is determined, the
following operation 806 may be performed.

[0197] In 806, acceleration data within the data interval may be extracted.

In some embodiments, after the data interval within which a risky driving
behavior may occur is determined, the acceleration data within the data
interval may be extracted and the following operation 808 may be performed.

[0198] In 808, target data may be obtained by performing a coordinate
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transformation on the extracted acceleration data, wherein a plane composed
of an x-axis and a y-axis corresponding to the target data may be a horizontal
plane and a z-axis direction may be the same as a gravity direction. Since a
posture of the mobile terminal may correspond to various situations, for
example, as illustrated in FIG. 9, the mobile terminal has an angle with the
horizontal plane. In this situation, it is necessary to perform a coordinate
transformation on the acceleration data extracted in operation 806, wherein a
result of the coordinate transformation is that the x-axis and the y-axis
corresponding to the target data compose the horizontal plane and the z-axis
direction is the same as the gravity direction. As illustrated in FIG. 9, the z-
axis is rotated to z’ and the y-axis is rotated to y’'.

[0199] After the coordinate transformation is performed on the extracted
acceleration data and the target data are obtained, operation 810 may be
performed, in which a feature extraction may be performed on the target data
according to predetermined feature parameters, wherein the predetermined
feature parameters include at least one of a time domain feature, a frequency
domain feature, and a velocity feature.

[0200] In 812, it may be determined whether a risky driving behavior may
occur based on the extracted features.

[0201] It should be noted that, in some embodiments, the risky driving
behavior may include but not limited to a sudden deceleration, a sudden turn,
a sudden acceleration, a sudden brake, etc.

[0202] In some embodiments, according to the above process, the driving
behaviors of the driver can be detected timely and effectively by the mobile
terminal and whether the driver has a risky driving behavior can be
determined. For the online taxi-hailing platform, the personal safeties of
drivers and passengers can be ensured and service request allocation

strategies can be optimized through the timely and effective detection of the
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risky driving behaviors of the drivers, and then the online taxi-hailing platform
can be further optimized.

[0203] The method for detecting driving behaviors will be described below in
connection with specific embodiments.

[0204] According to the above description, in some embodiments, the
acceleration data of the mobile terminal may be detected by the three-axis
acceleration sensor installed on the mobile terminal, wherein the acceleration
data may include the acceleration data ax, ay, and az corresponding to the
three axes including x, y, and z respectively, for example, the acceleration
data corresponding to the x, y, and z axes respectively illustrated in FIG. 9.
[0205] In some embodiments, since the three-axis acceleration sensor is
installed on the mobile terminal and is in working condition all the time, that is,
the three-axis acceleration sensor collects the acceleration data of the mobile
terminal all the time. However, in some embodiments of the present
disclosure, an obtaining mechanism of acceleration data may be set.

[0206] The obtaining mechanism of the acceleration data may be described
as that when the mobile terminal activates the driving behavior detection
function, the acceleration data detected by the acceleration sensor installed
on the mobile terminal may be obtained.

[0207] That is to say, in some embodiments, when the mobile terminal
activates the driving behavior detection function, the acceleration data of the
mobile terminal detected by the acceleration sensor installed on the mobile
terminal may be obtained. The conditions for determining whether to
activate the driving behavior detection function include the following
conditions:

[0208] Condition 1: if the mobile terminal activate a navigation function, the
driving behavior detection function may be activated.

[0209] Specifically, if the driver client on the mobile terminal detects that the
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navigation function of the mobile terminal is activated, the driver client may
activate the driving behavior detection function.

[0210] For example, a driver of a private car travels from A to B and before
driving the car or during the driving of the car, the driver opens a navigation
software on the mobile terminal and activates a navigation function of the
navigation software. In this situation, after detecting that the navigation
function of the navigation software is activated, the driver client on the mobile
terminal may activate the driving behavior detection function. And after the
detecting function is activated, the acceleration data collected by the
acceleration sensor installed on the mobile terminal may be obtained.

[0211] After the acceleration data are obtained, a data interval within which a
risky driving behavior may occur may be determined, acceleration data within
the data interval may be extracted, target data may be obtained by performing
a coordinate transformation on the extracted acceleration data, and after the
target data are obtained, a feature extraction may be performed on the target
data based on predetermined feature parameters and whether a risky driving
behavior may occur may be determined based on extracted features.

[0212] If it is determined that a risky driving behavior occurs, relevant data
associated with the risky driving behavior may be uploaded to the server 110
to be stored and/or to be analyzed, wherein the relevant data may include but
not limited to acceleration data within the data interval, a time when the risky
driving behavior occurs, a location (a road section) where the risky driving
behavior occurs, a duration of the risky driving behavior, etc.

[0213] If the server 110 obtains a large amount of relevant data associated
with risky driving behaviors of a plurality of drivers and obtains attribute
information (e.g., gender, age, occupation, etc.) of the plurality of drivers, the
server 110 may perform a big data analysis on the relevant data of the risky

driving behaviors based on the attribute information. The analysis results
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may include but are not limited to a location (a road section) where risky
driving behaviors may occur most frequently, a gender corresponding to the
highest occurrence frequency of risky driving behaviors, an age
corresponding to the highest occurrence frequency of risky driving behaviors,
an occupation corresponding to the highest occurrence frequency of risky
driving behaviors, etc.

[0214] It can be seen from the above description that according to the
method provided in some embodiments, not only the risky driving behaviors of
drivers can be detected timely and effectively, but a big data analysis also can
be performed based on the detected risky driving behaviors. The analysis
results may help people corresponding to the highest occurrence frequency of
risky driving behaviors to realize and correct their risky driving behaviors in
time. Meanwhile, the location (or road section) where risky driving behaviors
may occur most frequently may provide an alarm for the relevant traffic
department, and the road section may be accordingly rectified.

[0215] Condition 2: if the mobile terminal accepts a service request from the
online taxi-hailing platform, the driving behavior detection function may be
activated.

[0216] Specifically, if an online taxi-hailing driver client on the mobile terminal
detects that an online taxi-hailing driver accepts a service request from the
online taxi-hailing platform, the driving behavior detection function may be
activated.

[0217] For example, when a specific online taxi-hailing driver accepts a
service request via the online taxi-hailing driver client, the online taxi-hailing
driver client may activate the driving behavior detection function. And after
the detecting function is activated, acceleration data collected by the
acceleration sensor installed on the mobile terminal may be obtained.

[0218] In this situation, the driver client on the mobile terminal and the online
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taxi-hailing driver client may be a same client. When the online taxi-hailing
driver is not providing a service for a service request, the driving behavior
detection function may not be activated. Once the driver client detects that
the online taxi-hailing driver accepts a service request, the driving behavior
detection function may be activated.

[0219] After the acceleration data are obtained, a data interval within which a
risky driving behavior may occur may be determined, acceleration data within
the data interval may be extracted, target data may be obtained by performing
a coordinate transformation on the extracted acceleration data, and after the
target data are obtained, a feature extraction may be performed on the target
data based on predetermined feature parameters and whether a risky driving
behavior may occur may be determined based on extracted features.

[0220] If it is determined that a risky driving behavior occurs, relevant data
associated with the risky driving behavior may be uploaded to the server 110
to be stored and/or to be analyzed, wherein the relevant data may include but
not limited to acceleration data within the data interval, a time when the risky
driving behavior occurs, a location (a road section) where the risky driving
behavior occurs, a duration of the risky driving behavior, etc.

[0221] In some embodiments, relevant data associated with risky driving
behaviors may be sent to a designated server according to a preset period,
for example, the stored acceleration data may be sent to the designated
server according to the preset period. Or, if the stored relevant data
associated with the risky driving behaviors reaches a preset amount, the
stored relevant data associated with the risky driving behaviors may be sent
to the designated server. For example, if the stored acceleration data
reaches the preset amount, the stored acceleration data may be sent to the
designated server.

[0222] After obtaining the relevant data associated with the risky driving
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behavior sent by the driver client, the server 110 (e.g., the processing engine
112 in the server 110) may evaluate the driver based on the relevant data to
determine a level of the driver. Meantime, in some embodiments of the
present disclosure, the server 110 may adjust an allocation strategy for
allocating service requests based on the relevant data associated with the
risky driving behavior.

[0223] For example, the server 110 may analyze the relevant data
associated with the risky driving behavior and may determine that an
occurrence frequency of risky driving behavior of a specific driver on a certain
road segment is relatively high. At this time, the allocation strategy for
allocating service requests may be adjusted to reduce an amount of service
requests associated with the certain road segment to be allocated to the
driver. Conversely, if an occurrence frequency of risky driving behavior of a
specific driver on another road segment is very low (almost zero), then the
allocation strategy for allocating service requests may be adjusted to increase
an amount of service requests associated with the road segment to be
allocated to the driver.

[0224] It can be seen from the description that according to method of the
embodiments, not only the risky driving behaviors of the drivers can be
detected timely and effectively, but the allocation strategy for allocating
service requests also can be adjusted based on the detection result of the
risky driving behaviors, thereby optimizing the online taxi-hailing platform.
[0225] Condition 3: if the mobile terminal activates the navigation function
and accepts a service request from the online taxi-hailing platform, the driving
behavior detection function may be activated.

[0226] Specifically, if the online taxi-hailing driver client on the mobile
terminal detects that a navigation function of the mobile terminal is activated

and detects that the online taxi-hailing driver accepts a service request from
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the online taxi-hailing platform, the driving behavior detection function may be
activated.

[0227] For example, when a specific online taxi-hailing driver accepts a
service request via the online taxi-hailing driver client, opens a navigation
software on the mobile terminal before driving the vehicle or during driving the
vehicle, and activates the navigation function of the navigation software, the
online taxi-hailing driver client may activate the driving behavior detection
function. And after the detecting function is activated, acceleration data
collected by the acceleration sensor installed on the mobile terminal may be
obtained.

[0228] After the acceleration data are obtained, the acceleration data may be
processed as described in connection with condition 2 above which will not be
repeated here.

[0229] In some embodiments, after determining that the driving behavior
detection function is activated according to any one of the three conditions
described above, the acceleration data ax, ay, and az collected by the
acceleration sensor installed on the mobile terminal may be obtained and the
data interval within which a risky driving behavior may occur may be
determined based on the values of ax, ay, and a.

[0230] It should be noted that the above description is merely provided for
the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary sKkills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure.

[0231] FIG. 10 is a flowchart illustrating an exemplary process for
determining a data interval within which a risky driving behavior may occur

according to some embodiments of the present disclosure. The process
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1000 may be executed by the on-demand service system 100. For example,
the process 1000 may be implemented as a set of instructions (e.g., an
application) stored in the storage ROM 230 or RAM 240. The processor 220
and/or modules and/or units in FIG. 17 may execute the set of instructions,
and when executing the instructions, the processor 220, the modules, and/or
the units may be configured to perform the process 1000. The operations of
the illustrated process presented below are intended to be illustrative. In
some embodiments, the process 1000 may be accomplished with one or
more additional operations not described and/or without one or more of the
operations discussed. Additionally, the order in which the operations of the
process as illustrated in FIG. 10 and described below is not intended to be
limiting. In some embodiments, the process 1000 may be executed by the
server 110 or a mobile terminal (e.g., the provider terminal 140). As describe
elsewhere in the present disclosure, the processing engine 112 may be
integrated in the server 110, the requester terminal 130, or the provider
terminal 140, therefore, it can be considered that the process 1000 is
executed by the processing engine 112.

[0232] In 1001, a total acceleration may be determined based on ax, ay, and
az.

[0233] In some embodiments, the total acceleration may be determined

based on ax, ay, and az according to equation (1) below:

a= o ¥a,Tq (1)
where a refers to the total acceleration.
[0234] In some embodiments, the total acceleration may be determined
based on ax, ay, and az according to equation (2) below:

a=a,+a,+a, (2)
[0235] In 1002, a number count of consecutive total accelerations greater

than a preset threshold (also referred to as an “acceleration threshold”) may
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be determined.

[0236] In 1003, an acceleration data interval corresponding to the
consecutive total accelerations may be determined as the data interval within
which a risky driving behavior may occur in response to determining that the
number count is greater than a preset number (also referred to as a “count
threshold”).

[0237] Specifically, in some embodiments, firstly, the acceleration data ax, ay,
and az may be collected by the acceleration sensor installed on the mobile
terminal; secondly, the acceleration data ax, ay, and az may be combined to
determine the total acceleration, wherein the total acceleration may be
determined according to equation (1) or equation (2). After the total
acceleration is determined, the total acceleration may be monitored.
Specifically, a value of the total acceleration may be counted to obtain a
number count of consecutive total accelerations greater than the preset
threshold. In response to determining that the number count is greater than
the preset number, the acceleration data interval corresponding to the
consecutive total accelerations may be determined as the data interval within
which a risky driving behavior may occur.

[0238] It should be noted that, the preset threshold and the preset number
may be selected firstly and a user may adjust the value of the preset threshold
and the value of the preset number according to actual needs, which may not
be specifically limited.

[0239] Generally, when the acceleration sensor collects the acceleration
data, the collecting frequency may be fixed. Therefore, in some
embodiments, the “preset number” can be converted to “time.” It may be
assumed that a number count of total accelerations obtained in a preset time
period is the “preset number.”

[0240] For example, after acceleration data are collected by the acceleration
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sensor, the total acceleration of the acceleration data may be determined
according to equation (1) or equation (2). Whether a time of consecutive
total accelerations greater than the preset threshold exceeds a preset time
period may be determined. If the time exceeds the preset time period, the
data interval corresponding to the total accelerations within the preset time
period may be determined as the data interval within which a risky driving
behavior may occur. Preferably, the preset time period may be selected to
be 5 seconds. That s, if it is detected that the time of the consecutive total
accelerations greater than the preset threshold exceeds 5 seconds, an
acceleration data interval corresponding to the total accelerations within the 5
seconds may be determined as the data interval within which a risky driving
behavior may occur.

[0241] After the data interval within which a risky driving behavior may occur
is determined based on the operations described in 1001~1003, acceleration
data within the data interval may be obtained. Then, a coordinate
transformation may be performed on the extracted acceleration data to obtain
the target data.

[0242] It can be seen from the above description that, since the mobile
terminal is placed in the vehicle, when the total accelerations is greater than
the preset threshold, it may indicate that the mobile terminal has a relatively
large acceleration. Why a relatively large acceleration occurs may
corresponds to the following two reasons: one may be a bumping of the
vehicle or a shaking by a user; the other may be a sudden acceleration during
a risky driving. In some embodiments, it is necessary to distinguish between
the two reasons. In order to distinguish between the bumping of the vehicle
and a risky driving behavior, the acceleration data extracted in 806 may be
normalized to obtain normalized data (i.e., the target data), features may be

extracted from the normalized data, and finally, whether a risky driving
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behavior may occur may be determined based on the extracted features.
[0243] In some embodiments, the purpose of normalizing the acceleration
data extracted in 806 is to adjust the acceleration data to a condition under
which the mobile terminal and the vehicle are in a same posture. Since the
acceleration data collected by the acceleration sensor are data based on a
local coordinate system of the mobile terminal, if the posture of the mobile
terminal is different from that of the vehicle, even if a driving trajectory of the
mobile terminal is totally the same as that of the vehicle, totally different data
may be collected. Therefore, it is necessary to perform a normalization on
the acceleration data to eliminate the influence of the mobile terminal posture.
[0244] The normalization process above mainly includes two operations:
firstly, a direction of z-axis of the three axes of the acceleration sensor may be
rotated to a direction same as a gravity direction (e.g., Z illustrated in FIG. 9);
secondly, a direction of x-axis or a direction of y-axis may be rotated to a
direction same as a current driving direction, as illustrated in FIG. 11.

[0245] It should be noted that the above description is merely provided for
the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure.

[0246] FIG. 12 is a flowchart illustrating an exemplary process for performing
a coordinate transformation on extracted acceleration data according to some
embodiments of the present disclosure. The process 1200 may be executed
by the on-demand service system 100. For example, the process 1200 may
be implemented as a set of instructions (e.g., an application) stored in the
storage ROM 230 or RAM 240. The processor 220 and/or modules and/or

units in FIG. 17 may execute the set of instructions, and when executing the
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instructions, the processor 220, the modules, and/or the units may be
configured to perform the process 1200. The operations of the illustrated
process presented below are intended to be illustrative. In some
embodiments, the process 1200 may be accomplished with one or more
additional operations not described and/or without one or more of the
operations discussed. Additionally, the order in which the operations of the
process as illustrated in FIG. 12 and described below is not intended to be
limiting. In some embodiments, the process 1200 may be executed by the
server 110 or a mobile terminal (e.g., the provider terminal 140). As describe
elsewhere in the present disclosure, the processing engine 112 may be
integrated in the server 110, the requester terminal 130, or the provider
terminal 140, therefore, it can be considered that the process 1200 is
executed by the processing engine 112.

[0247] In 1201, a high-pass filtering may be performed on the extracted
acceleration data to extract low-frequency acceleration data. In some
embodiments, a low-pass filtering may be performed on the acceleration to
extract low-frequency acceleration data.

[0248] In 1202, a direction of the low-frequency acceleration data may be
designated as a gravity direction.

[0249] In 1203, a rotation matrix may be constructed based on an angle
between the gravity direction and a direction of a:.

[0250] In 1204, the coordinate transformation may be performed on the
acceleration data by multiplying the extracted acceleration data by the rotation
matrix.

[0251] The acceleration data extracted in 806 as described above are
acceleration data ax, ay, and az corresponding to the three axes including x, vy,
and z within the data interval. In some embodiments, the high-pass filtering

may be performed on the acceleration data extracted in 806 to extract the
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low-frequency acceleration data.

[0252] Since the direction of the gravitational acceleration g is constant, it
may be considered as a low frequency signal. After the high-pass filtering is
performed on the three components of the acceleration data extracted in 806,
the gravity acceleration signal may be extracted, so that the direction of the
low-frequency acceleration data can be designated as the gravity direction.
After the gravity direction is determined, a rotation matrix may be constructed
based on the angle between the gravity direction and the direction of a.
Finally, the acceleration data may be multiplied by the rotation matrix and the
coordinate transformation of the acceleration may be implemented, so that the
z-axis and the gravity direction g are the same.

[0253] In some embodiments, the rotation matrix R may be expressed as

below:

R=1+[v],+[v]," = (3)

s2

where v =g xgz—8, s=|lvll, c=g 92—8 g refers to the gravity direction

vector, I refers to a 3*3 unit matrix, z refers to a (0, 0, 1) vector, v refers to
a cross product of a normalized vector of g and the vector z, ¢ refersto a
dot product of the normalized vector of g and the the vector z.
where
0 -v; v,
[v], & [ vz 0 —v1] (4)
-V, 7 0
[0254] In some embodiments, the rotation matrix constructed based on
equation (3) may be multiplied by the acceleration data extracted in 806 to
perform the coordinate transformation on the acceleration data. According to
the coordinate transformation, the direction of the z-axis and the gravity
direction g may be the same (as shown in FIG. 9), and the x-axis and y-axis

may be in the horizontal plane (as shown in FIG. 9).
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[0255] In some embodiments, after the acceleration data extracted in 806 are
multiplied by the rotation matrix, the coordinate axis corresponding to ax or ay
may be adjusted to be consistent with the current driving direction according
to a singular value decomposition (SVD) approach.
[0256] The SVD is an orthogonal matrix decomposition approach which is a
reliable decomposition approach. The SVD may be expressed as below:
[U,S, V*] = SVD(A) (5)
where U and V* represent two mutually orthogonal matrices, S represents
a diagonal matrix, and A represents the original matrix.
[0257] After the coordinate transformation is performed on the acceleration
data according to the above approach, the x-axis and the y-axis are on the
horizontal plane, but an angle between the driving direction of the vehicle and
the x-axis and an angle between the driving direction and the y-axis may be
uncertain. It is assumed that a relative position of the mobile terminal and
the vehicle remains unchanged, that is, the mobile terminal is fixed on the
vehicle. In some embodiments, according to the SVD approach, a
coordinate axis corresponding to ax or ay after the coordinate transformation
can be adjusted to the driving direction of the vehicle. For example, 300
points may be sampled within the data interval (e.g., the preset time period of
5 seconds) and a 300*3 matrix M may be obtained, and then a SVD
decomposition may be performed on the matrix M. The decomposition of the
matrix M may be expressed as below:

M = USV* (6)
where M refers to the original matrix, and U and S refer to new normalized
data, wherein the new normalized data may be data obtained by adjusting the
coordinate axis corresponding to ax or ay to the current driving direction.
[0258] In some embodiments, after the target data are obtained according to

the approach described in operations 1201~1204, and the coordinate axis
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corresponding to ax or ay is adjusted to be consistent with the current driving
direction according to the singular value decomposition approach, a feature
extraction may be performed on the target data based on predetermined
feature parameters.

[0259] It can be seen from the above description that, in some embodiments,
the feature parameters may include at least one of a time domain feature, a
frequency domain feature, or a velocity feature. After the feature extraction
is performed on the target data based on the feature parameters, the time
domain feature, the frequency domain feature, and the velocity feature of the
target data may be obtained. In some embodiments, whether the driver has
a risky driving behavior may be determined based at least one of the time
domain feature, the frequency domain feature, or the velocity feature of the
target data.

[0260] For example, whether the driver has a risky driving behavior may be
determined based on the time domain feature of the target data. As another
example, whether the driver has a risky driving behavior may be determined
based on the time domain feature and the frequency domain feature of the
target data. As still another example, whether the driver has a risky driving
behavior may be determined based on the time domain feature, the frequency
domain feature, and the velocity feature of the target data.

[0261] (1) If the feature parameters include a time domain feature, the
operation for performing the feature extraction on the target data based on the
time domain feature may include determining a maximum acceleration along
each coordinate axis, a minimum acceleration along each coordinate axis, an
average acceleration along each coordinate axis, or an acceleration variance
along each coordinate axis.

[0262] The time domain feature may include the following features: a

maximum acceleration along each coordinate axis, a minimum acceleration
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along each coordinate axis, an average acceleration along each coordinate
axis, or an acceleration variance along each coordinate axis. Therefore, in
some embodiments, when the time domain feature of the target data is
extracted, a maximum acceleration along each coordinate axis, a minimum
acceleration along each coordinate axis, an average acceleration along each
coordinate axis, or an acceleration variance along each coordinate axis may
be extracted.

[0263] The maximum acceleration along each coordinate axis may be
expressed as Max(ay), Max(a,), and Max(a,). The minimum acceleration
along each coordinate axis may be expressed as Min(a,), Min(a,), and
Min(a,). The average acceleration along each coordinate axis may be
expressed as mean(a,), mean(a,), and mean(a,). The acceleration
variance along each coordinate axis may be expressed as var(a,), var(a,),
and var(a,).

[0264] (2) If the feature parameters include a frequency domain feature, the
operation for performing the feature extraction on the target data based on the
frequency domain feature may include converting the target data into
frequency domain data based on a short time Fourier transform (STFT) and
determining frequency domain feature corresponding to the frequency domain
data.

[0265] The frequency domain feature may refer to a frequency domain signal
obtained after the STFT is performed on the target data.

[0266] Regarding the frequency domain feature of the target data, a Fourier
transform may be performed on the target data by using a STFT and a
transformation result may be a two-dimensional matrix including a
correspondence relationship between time and frequency illustrated in FIG.
13.

[0267] It should be noted that the above description is merely provided for
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the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure.

[0268] FIG. 13 is a schematic diagram illustrating a correspondence
relationship between time and frequency according to some embodiments of
the present disclosure.

[0269] As illustrated in FIG. 13, each grid corresponds to a value indicating
an energy value of a frequency at time t within a time range, and a
correspondence relationship among energy value, time, and frequency may
be illustrated in FIG. 14. As illustrated in FIG. 14, the energy value H
represents an energy value in 0 to 1 Hz within 0 to 0.5 seconds.

[0270] In some embodiments, it is considered that a frequency associated
with a risky driving behavior is relatively low, and a frequency associated with
a shaking or a normal bumping is relatively high. And a time period of a risky
driving behavior may be relatively long, that is, a low-frequency duration may
be relatively long. A time of a shaking or a normal bumping is generally
short, so a high-frequency duration is not long. Therefore, whether the driver
has a risky driving behavior may be determined by analyzing the frequency
domain feature of the target data.

[0271] Optionally, the operation for determining the frequency domain feature
corresponding to the frequency domain data may include determining a high-
frequency energy value, a low-frequency energy value, or a low-frequency
duration corresponding to the frequency domain data.

[0272] Specifically, when the frequency domain feature of the target data is
used to determine whether the driver has a risky driving behavior, a ratio of

the high-frequency energy value to the low-frequency energy value in the
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frequency domain feature and the low-frequency duration may be analyzed to
determine whether the driver has a risky driving behavior. In some
embodiments, optionally, a frequency less than 1 Hz may be specified as low
frequency and a frequency greater than 2 Hz may be specified as high
frequency. In addition, the low frequency and the high frequency may be
defined in other ways.

[0273] The ratio of the high-frequency energy value to the low-frequency

energy value in the frequency domain feature may be expressed as below:

max¢P(t,f<1Hz)
max¢P(t,f>2Hz)

(7)
where max.P(t,f < 1Hz) represents a maximum energy value when the
frequency is less than 1 Hz, max,P(t, f > 2Hz) represents a maximum
energy value when the frequency is greater than 2 Hz (Hz), and
P(t, f)represents an energy density function determined based on the STFT.
[0274] By determining a ratio of the high-frequency energy value to the low-
frequency energy value according to equation (7), it is possible to determine
whether the primary energy is at high frequency or low frequency.
[0275] Next, the low-frequency duration may be determined. When
determining the low-frequency duration, it is necessary to firstly determine a
threshold as below:

thresh = max.P(t,f < 1Hz) (8)
where the threshold represents a maximum energy value at low frequency.
Then, the threshold may be multiplied by a coefficient a (e.g., a positive
number less than 1) to determine the low-frequency duration.
[0276] Specifically, low-frequency duration may be expressed as:

T =argmax P(t, f <1HZz) > athresh—argmin P(t, f <1HZz) > athresh
t t (9)

where T represents a difference between a time point when the frequency

firstly exceeds the threshold and a time point when the frequency lastly
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exceeds the threshold.

[0277] (3) If the feature parameters include a velocity feature, the operation
for performing the feature extraction on the target data based on the velocity
feature may include performing an integral on the target data along each
coordinate axis and determining a maximum velocity along each coordinate
axis, a minimum velocity along each coordinate axis, a velocity final-value
along each coordinate axis, or a velocity mid-value along each coordinate axis
based on the integral result.

[0278] In some embodiments, after the feature extraction is performed on the
target data and the time domain feature, the frequency domain feature, and
the velocity feature of the target data are obtained, whether the driver has a
risky driving behavior may be determined based on at least one of the above
three features.

[0279] In some embodiments, the operation for determining whether the
driver has a risky driving behavior based on the extracted features may
include inputting the extracted features to a decision tree model of the mobile
terminal and outputting a decision result including whether a risky driving
behavior may occur, wherein the decision tree model may be pre-trained
based on feature parameters corresponding to risky driving behaviors.

[0280] In some embodiments, the trained decision tree model (e.g., xgboost)
may be pre-stored in the driver client of the mobile terminal. When it is
needed to use the decision tree model to analyze the risky driving behavior of
the driver, the decision tree model may be invoked to analyze the risky driving
behavior of the driver.

[0281] FIG. 15-A through FIG. 15-C are schematic diagrams illustrating risky
driving behaviors according to some embodiments of the present disclosure.
[0282] In some embodiments, the risky driving behavior may include but not

limited to a sudden deceleration (shown in FIG. 15-A), a sudden turn (shown
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in FIG. 15-B), a sudden acceleration (shown in FIG. 15-C), a sudden brake,
etc.

[0283] It is assumed that whether the driver has a risky driving behavior is
determined based on the time domain feature, the frequency domain feature,
and the velocity feature, a specific process is described as below:

[0284] The target data may be determined according to the method
described in operations 802~810 and the time domain feature, the frequency
domain feature, and the velocity feature may be extracted from the target
data; then, the time domain feature, the frequency domain feature, and the
velocity feature may be inputted into the trained decision tree model. The
decision tree model may be configured to determine whether the driver has a
risky driving behavior based on the time domain feature, frequency domain
feature, and velocity feature and determine a type of the risky driving behavior
in response to determining that the driver has a risky driving behavior.

[0285] It should be noted that, in this situation, the decision tree model may
be a pre-trained model based on training samples. The training process may
be described as follows: training samples may be obtained, wherein the
training sample includes input data and output data, the input data may be a
time domain feature, a frequency domain feature, and a velocity feature (i.e.,
the feature parameters described above), the output data may be
identification information which indicates whether a behavior corresponding to
the input data is a risky driving behavior and a type of the risky driving
behavior. Further, the trained decision tree model may be obtained by
training the model based on the training samples.

[0286] It can be seen from the description that according to the method of the
embodiments, not only the risky driving behavior of the driver can be detected
timely and effectively, but the allocation strategy for allocating service

requests also can be adjusted based on the detection result of the risky
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driving behavior, thereby optimizing the online taxi-hailing platform.

[0287] FIG. 16 is a flowchart illustrating an exemplary process for detecting
driving behaviors according to some embodiments of the present disclosure.
The process 1600 may be executed by the on-demand service system 100.
For example, the process 1600 may be implemented as a set of instructions
(e.g., an application) stored in the storage ROM 230 or RAM 240. The
processor 220 and/or modules and/or unit in FIG. 17 may execute the set of
instructions, and when executing the instructions, the processor 220, the
modules, and/or the units may be configured to perform the process 1600.
The operations of the illustrated process presented below are intended to be
illustrative. In some embodiments, the process 1600 may be accomplished
with one or more additional operations not described and/or without one or
more of the operations discussed. Additionally, the order in which the
operations of the process as illustrated in FIG. 16 and described below is not
intended to be limiting.

[0288] The process 1600 may be executed by a mobile terminal on which a
driver client is installed. The mobile terminal may detect the driving
behaviors of the driver to determine whether a risky driving behavior may
occur. In some embodiments, the process 1600 may be executed by the
server 110. As describe elsewhere in the present disclosure, the processing
engine 112 may be integrated in the server 110, the requester terminal 130, or
the provider terminal 140, therefore, it can be considered that the process
1600 is executed by the processing engine 112. Take the process 1600
executed by a mobile terminal and executed in an online taxi-hailing
application scenario as an example, the process may include the following
operations.

[0289] In 1601, acceleration data may be collected by the acceleration

sensor installed on the mobile terminal when the mobile terminal activates a
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driving behavior detection function.

[0290] If the mobile terminal activates the navigation function and/or accepts
a service request from the online taxi-hailing platform, the driving behavior
detection function may be activated. After the driving behavior detection
function is activated, the acceleration data may be collected by the
acceleration sensor installed on the mobile terminal.

[0291] In 1602, the acceleration data may be normalized to obtain a
normalized processing result.

[0292] In some embodiments, before the acceleration data ax, ay, and az are
normalized, a data interval within which a risky driving behavior may occur
may be determined based on values of the acceleration data ax, ay, and a:
and acceleration data within the data interval may be extracted. Then the
extracted acceleration data may be normalized, normalized data (i.e., the
target data described above) may be obtained, and a feature extraction may
be performed on the normalized data. Finally, whether a risky driving
behavior may occur may be determined based on extracted features.

[0293] Specifically, the extracted acceleration data may be normalized
according to the method described in operations 1201~1204 and details may
not repeated here.

[0294] In 1603, a feature extraction may be performed on the normalized
processing result based on predetermined feature parameters to obtain at
least one of the following features: a time domain feature, a frequency domain
feature, or a velocity feature.

[0295] In some embodiments, the features (the time domain feature, the
frequency domain feature, and the velocity feature) may be extracted from the
normalized processing result (the target data) according to the method
described above and details may not repeated here.

[0296] In 1604, whether a risky driving behavior may occur may be
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determined based on at least one of the features above by using a trained
decision tree model.

[0297] In some embodiments, whether a risky driving behavior may occur
may be determined according to the method described above and details may
not repeated here.

[0298] In 1605, the risky driving behavior of the driver may be uploaded to
the server 110 in response to determining that a risky driving behavior may
occur.

[0299] After it is determined that a risky driving behavior may occur, relevant
data associated with the risky driving behavior of the driver may be uploaded
to the server 110. After obtaining the relevant data associated with the risky
driving behavior of the driver sent by the driver client, the server 110 may
evaluate the driver based on the data and determine a level of the driver.
Meanwhile, in some embodiments of the present disclosure, the server 110
may adjust an allocation strategy for allocating service requests based on the
relevant data associated with the risky driving behavior.

[0300] For illustration purposes, the embodiment provides a specific
application example in which a risky driving behavior may be detected by the
online taxi hailing platform according to the detection method provided by the
foregoing embodiment.

[0301] Scenario 1: the driver may be a private car owner, a mobile terminal of
the private car owner may be placed in the vehicle, and the following process
may be performed through the mobile terminal.

[0302] A private car owner may travel from location A to location B and
activate a navigation software on the mobile terminal and activate the
navigation function of the navigation software before driving the vehicle or
during driving the vehicle.

[0303] At this time, after the driver client on the mobile terminal detects that
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the navigation function of the navigation software is activated, the driving
behavior detection function may be activated. After the detecting function is
activated, acceleration data collected by the acceleration sensor installed on
the mobile terminal may be obtained.

[0304] After the acceleration data are obtained, a data interval within which a
risky driving behavior may occur may be determined based on the
acceleration data. For example, if a time of consecutive total accelerations
greater than a preset threshold is greater than 5 seconds, a data interval
corresponding to the total accelerations in the 5 seconds may be determined
as the data interval within which a risky driving behavior may occur. The
total acceleration may be an acceleration which is determined by performing a
calculation on the acceleration data according to equation (1) or equation (2).
[0305] After the data interval within which a risky driving behavior may occur
is determined, acceleration data within the data interval (e.g., 5 seconds) may
be extracted, and a coordinate transformation may be performed on the
extracted acceleration data to obtain the target data.

[0306] Successively, a feature extraction may be performed on the target
data to extract at least one a time domain feature, a frequency domain
feature, or a velocity feature.

[0307] Finally, whether the private car owner has a risky driving behavior may
be determined based on the extracted feature parameters.

[0308] Scenario 2: the driver may be an online taxi-hailing driver, a mobile
terminal of the online taxi-hailing driver may be placed in the vehicle, and the
following process may be performed through the mobile terminal.

[0309] An online taxi-hailing driver may accept a service request via an
online taxi-hailing driver client and activate the driving behavior detection
function. And after the detecting function is activated, acceleration data

collected by the acceleration sensor installed on the mobile terminal may be
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obtained.

[0310] After the acceleration data are obtained, a data interval within which a
risky driving behavior may occur may be determined based on the
acceleration data. For example, if a time of consecutive total accelerations
greater than a preset threshold is greater than 5 seconds, a data interval
corresponding to the total accelerations in the 5 seconds may be determined
as the data interval within which a risky driving behavior may occur. The
total acceleration may be an acceleration which is determined by performing a
calculation on the acceleration data according to equation (1) or equation (2).
[0311] After the data interval within which a risky driving behavior may occur
is determined, acceleration data within the data interval (e.g., 5 seconds) may
be extracted, and a coordinate transformation may be performed on the
extracted acceleration data to obtain the target data.

[0312] Successively, a feature extraction may be performed on the target
data to extract at least one of a time domain feature, a frequency domain
feature, or a velocity feature.

[0313] Finally, whether the online taxi-hailing driver has a risky driving
behavior may be determined based on the extracted feature parameters.
[0314] Scenario 3: the driver may be an online taxi-hailing driver, a mobile
terminal of the online taxi-hailing driver may be placed in the vehicle, and the
following process may be performed through the mobile terminal.

[0315] An online taxi-hailing driver may accept a service request via an
online taxi-hailing driver client and activate the driving behavior detection
function. And after the detecting function is activated, acceleration data
collected by the acceleration sensor installed on the mobile terminal may be
obtained.

[0316] After the acceleration data are obtained, a data interval within which a

risky driving behavior may occur may be determined based on the
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acceleration data. For example, if a time of consecutive total accelerations
greater than a preset threshold is greater than 5 seconds, a data interval
corresponding to the total accelerations in the 5 seconds may be determined
as the data interval within which a risky driving behavior may occur. The
total acceleration may be an acceleration which is determined by performing a
calculation on the acceleration data according to equation (1) or equation (2).
[0317] After the data interval within which a risky driving behavior may occur
is determined, acceleration data within the data interval (e.g., 5 seconds) may
be extracted, and a coordinate transformation may be performed on the
extracted acceleration data to obtain the target data.

[0318] Successively, a feature extraction may be performed on the target
data to extract at least one of the following feature parameters: a time domain
feature, a frequency domain feature, or a velocity feature.

[0319] Finally, whether the online taxi-hailing driver has a risky driving
behavior may be determined based on the extracted feature parameters.
[0320] If it is determined that a risky driving behavior may occurs, relevant
data associated with the risky driving behavior may be uploaded to the server
110 to be stored and/or to be analyzed, wherein the relevant data may include
but not limited to acceleration data within the data interval, a time when the
risky driving behavior occurs, a location (a road section) where the risky
driving behavior occurs, a duration of the risky driving behavior, etc.

[0321] After obtaining the relevant data associated with the risky driving
behavior sent by the driver client, the server 110 (e.g., the processing engine
112 in the server 110) may evaluate the driver based on the relevant data to
determine a level of the driver. Meantime, in some embodiments of the
present disclosure, the server 110 may adjust an allocation strategy for
allocating service requests based on the relevant data associated with the

risky driving behavior.
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[0322] Scenario 4: the driver may be a private car owner or an online taxi-
hailing driver, the mobile terminal of the private car owner or the online taxi-
hailing driver may be placed in the vehicle, and the following process may be
performed through the mobile terminal.

[0323] A private car owner may travel from location A to location B and
activate a navigation software on the mobile terminal and activate the
navigation function of the navigation software before driving the vehicle or
during driving the vehicle. At this time, after the driver client on the mobile
terminal detects that the navigation function of the navigation software is
activated, the driving behavior detection function may be activated. After the
detecting function is activated, acceleration data collected by the acceleration
sensor installed on the mobile terminal may be obtained.

[0324] Alternatively, an online taxi-hailing driver may accept a service request
via an online taxi-hailing driver client and activate the driving behavior
detection function. And after the detecting function is activated, acceleration
data collected by the acceleration sensor installed on the mobile terminal may
be obtained.

[0325] After the acceleration data are obtained, a data interval within which a
risky driving behavior may occur may be determined based on the
acceleration data. For example, if a time of consecutive total accelerations
greater than a preset threshold is greater than 5 seconds, a data interval
corresponding to the total accelerations in the 5 seconds may be determined
as the data interval within which a risky driving behavior may occur. The
total acceleration may be an acceleration which is determined by performing a
calculation on the acceleration data according to equation (1) or equation (2).
[0326] After the data interval within which a risky driving behavior may occur
is determined, acceleration data within the data interval (e.g., 5 seconds) may

be extracted, and a coordinate transformation may be performed on the
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extracted acceleration data to obtain the target data.

[0327] Successively, a feature extraction may be performed on the target
data to extract at least one of a time domain feature, a frequency domain
feature, or a velocity feature.

[0328] Finally, the time domain feature, frequency domain feature, and
velocity feature may be inputted into the trained decision tree model. The
decision tree model may be configured to determine whether the driver has a
risky driving behavior based on the time domain feature, frequency domain
feature, and velocity feature and determine a type of the risky driving behavior
in response to determining that the driver has a risky driving behavior.

[0329] It should be noted that, in this situation, the decision tree model may
be a pre-trained model based on training samples. The training process may
be described as follows: training samples may be obtained, wherein the
training sample includes input data and output data, the input data may be a
time domain feature, a frequency domain feature, and a velocity feature (i.e.,
the feature parameters described above), the output data may be
identification information which indicates whether a behavior corresponding to
the input data is a risky driving behavior and a type of the risky driving
behavior. Further, the trained decision tree model may be obtained by
training the model based on the training samples.

[0330] It should be noted that the above description is merely provided for
the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary sKkills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure.

[0331] FIG. 17 is a block diagram illustrating an exemplary driving behavior

detecting device executed on a mobile terminal according to some
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embodiments of the present disclosure. The driving behavior detecting
device 1700 may include an obtaining module 1711, a first determination
module 1712, a data extraction module 1713, a coordinate transformation
module 1714, a feature extraction module 1715, and a second determination
module 1716. In some embodiments, the driving behavior detecting device
1700 may be integrated into the server 110. For example, the driving
behavior detecting device 1700 may be part of the processing engine 112.
[0332] The obtaining module 1711 may be configured to obtain acceleration
data through an acceleration sensor installed on the mobile terminal. The
acceleration data may include acceleration data ax, ay, and az corresponding
to an x-axis, a y-axis, and a z-axis respectively (also referred to as “x-axis

acceleration,” “y-axis acceleration,” and “z-axis acceleration” respectively).
[0333] The first determination module 1712 may be configured to determine
a data interval (also referred to as a “target time period”) within which a risky
driving behavior may occur based on values of ax, ay and a:.

[0334] The data extraction module 1713 may be configured to extract
acceleration data within the data interval.

[0335] The coordinate transformation module 1714 may be configured to
obtain target data by performing a coordinate transformation on the extracted
acceleration data, wherein a plane composed of an x-axis and a y-axis
corresponding to the target data may be a horizontal plane and a z-axis
direction may be the same as the gravity direction.

[0336] The feature extraction module 1715 may be configured to perform a
feature extraction on the target data based on predetermined feature
parameters, wherein the predetermined feature parameters include at least
one of a time domain feature, a frequency domain feature, a velocity feature.
[0337] The second determination module 1716 may be configured to

determine whether a risky driving behavior may occur based on the extracted
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features.

[0338] In some embodiments, according to the above device, the driving
behaviors of the driver can be detected timely and effectively by the mobile
terminal and whether the driver has a risky driving behavior can be
determined. For the online taxi-hailing platform, the personal safeties of
drivers and passengers can be ensured and service request allocation
strategies can be optimized through the timely and effective detection of the
risky driving behaviors of the drivers, and then the online taxi-hailing platform
can be further optimized.

[0339] In some embodiments, the obtaining module 1711 may be configured
to obtain the acceleration data collected by the acceleration sensor installed
on the mobile terminal when the mobile terminal activates the driving behavior
detection function.

[0340] In some embodiments, the device may further include an activation
module configured to activate the driving behavior detection function if the
mobile terminal activates a navigation function and/or accepts a service
request from the online taxi-hailing platform.

[0341] In some embodiments, the first determination module 1712 may
include a calculation unit configured to determine a total acceleration based
on ax, ay, and az; a statistics unit configured to determine a number count of
consecutive total accelerations greater than a preset threshold; and a
determination unit configured to determine an acceleration data interval
corresponding to the consecutive total accelerations as a data interval within
which a risky driving behavior may occur in response to determining that the
number count is greater than a preset number.

[0342] In some embodiments, the calculation unit may be configured to
determine the total acceleration according to equation (1) or equation (2).

[0343] In some embodiments, the coordinate transformation module 1714
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may be configured to perform a high-pass filtering on the extracted
acceleration data to extract low-frequency acceleration data. The coordinate
transformation module 1714 may designate a direction of the low-frequency
acceleration data as a gravity direction. The coordinate transformation
module 1714 may construct a rotation matrix based on an angle between the
gravity direction and the direction of az. The coordinate transformation
module 1714 may perform a coordinate transformation on the acceleration
data by multiplying the extracted acceleration data by the rotation matrix.
[0344] In some embodiment, after the acceleration data are multiplied by the
rotation matrix, the device may further include an adjustment module
configured to adjust coordinate axis corresponding to rotated ax or rotated ay
to be consistent with the current driving direction through a SVD device.
[0345] In some embodiments, the feature extraction module 1715 may be
configured to determine a maximum acceleration along each coordinate axis,
a minimum acceleration along each coordinate axis, an average acceleration
along each coordinate axis, or an acceleration variance along each coordinate
axis if the feature parameters include a time domain feature. The feature
extraction module 1715 may convert the target data into frequency domain
data based on a short time Fourier transform (STFT) and determine frequency
domain features corresponding to the frequency domain data if the feature
parameters include a frequency domain feature. The feature extraction
module 1715 may perform an integral on the target data along each
coordinate axis and determine a maximum velocity along each coordinate
axis, a minimum velocity along each coordinate axis, a velocity final-value
along each coordinate axis, or a velocity mid-value along each coordinate axis
based on the integral result.

[0346] In some embodiments, the feature extraction module 1715 may be

further configured to determine high-frequency energy value, a low-frequency
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energy value, or a low-frequency duration corresponding to the frequency
domain data.

[0347] In some embodiments, the second determination module 1716 may
be configured to input the extracted features into a decision tree model stored
on the mobile terminal and output a decision result including whether a risky
driving behavior may occur. The decision tree model may be pre-trained
based on feature parameters corresponding to the risky driving behavior.
[0348] In some embodiments, the device may further include a storage
module configured to store acceleration data corresponding to the risky
driving behavior in response to determining that a risky driving behavior
occurs.

[0349] In some embodiments, the device may further include a first
transmission module configured to send the acceleration data to the server
110 according to a preset period. In some embodiments, the device may
further include a second transmission module configured to send the
acceleration data to the server 110 if the stored acceleration data reaches a
preset amount.

[0350] The implementation principle and the technical effects of the device
provided herein are the same as those described in the foregoing
embodiments. For convenience, those not described in the device
embodiment can be referred to the foregoing method embodiments.

[0351] The modules in the driving behavior detecting device 1700 may be
connected to or communicate with each other via a wired connection or a
wireless connection. The wired connection may include a metal cable, an
optical cable, a hybrid cable, or the like, or any combination thereof. The
wireless connection may include a Local Area Network (LAN), a Wide Area
Network (WAN), a Bluetooth, a ZigBee, a Near Field Communication (NFC),

or the like, or any combination thereof. Two or more of the modules may be
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combined into a single module, and any one of the modules may be divided
into two or more units.

[0352] FIG. 18 is a block diagram illustrating an exemplary processing
engine according to some embodiments of the present disclosure. The
processing engine 112 may include an obtaining module 1802, a target time
period determination module 1804, a target data determination module 1806,
and an identification module 1808.

[0353] The obtaining module 1802 may be configured to obtain driving data
(e.g., the first motion data described in FIG. 4, the acceleration data described
in FIG. 8) from sensors associated with a vehicle driven by a driver.

[0354] The target time period determination module 1804 may be configured
to determine a target time period based on the driving data. In some
embodiments, as described in connection with FIG. 4 and FIG. 6, the target
time period determination module 1804 may determine the target time period
based on the pre-rule. The target time period determination module 1804
may determine a plurality of fluctuation variances of the driving data
corresponding to a plurality of time points. The target time period
determination module 1804 may further determine a time period including the
plurality of time points as the target time period in response to determining
that the plurality of fluctuation variances are greater than a variance threshold
(i.e., the first threshold or the second threshold described in FIG. 4). In some
embodiments, as described in connection with FIG. 8 and FIG. 10, the target
time period determination module 1804 may identify a time period within
which each of a plurality of total accelerations corresponding to a plurality of
time points is greater than an acceleration threshold and determine the time
period as the target time period in response to determining that a number
count of the plurality of total accelerations is greater than a count threshold.

[0355] The target data determination module 1806 may be configured to
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obtain target data within the target time period based on the driving data. In
some embodiments, as described in connection with FIG. 4 and FIG. 6, the
target data determination module 1806 may determine feature data
associated with the driving data during the target time period and determine
the target data within the target time period by filtering out irrelevant data from
the driving data based on the feature data and a machine learning model
(e.g., a shaking binary model). In some embodiments, as described in FIG.
8 and FIG. 12, the target data determination module 1806 may obtain
acceleration data within the target time period from the driving data, perform a
coordinate transformation on the acceleration data, and obtain the target data
within the target time period based on transformed acceleration data.

[0356] The identification module 1808 may be configured to identify a
presence of a risky driving behavior of the driver based on the target data. In
some embodiments, the processing engine 112 may extract one or more
feature parameters associated with the target data and identify the presence
of the risky driving behavior based on the one or more feature parameters.
[0357] More descriptions of the modules may be found elsewhere in the
present disclosure (e.g., FIG. 19 and the descriptions thereof).

[0358] The modules in the processing engine 112 may be connected to or
communicate with each other via a wired connection or a wireless connection.
The wired connection may include a metal cable, an optical cable, a hybrid
cable, or the like, or any combination thereof. The wireless connection may
include a Local Area Network (LAN), a Wide Area Network (WAN), a
Bluetooth, a ZigBee, a Near Field Communication (NFC), or the like, or any
combination thereof. Two or more of the modules may be combined into a
single module, and any one of the modules may be divided into two or more
units. For example, the processing engine 112 may include a storage

module (not shown) configured to store information and/or data (e.g., the

92



driving data, the target time period, the target data) associated with the driver.
As another example, the target time period determination module 1804 and
the target data determination module 1806 may be combined as a single
module which may both determine the target time period and the target data.
[0359] FIG. 19 is a flowchart illustrating an exemplary process for identifying
a risky driving behavior according to some embodiments of the present
disclosure. The process 1900 may be executed by the on-demand service
system 100. For example, the process 1900 may be implemented as a set
of instructions (e.g., an application) stored in the storage ROM 230 or RAM
240. The processor 220 and/or modules in the FIG. 18 may execute the set
of instructions, and when executing the instructions, the processor 220 and/or
the modules may be configured to perform the process 1900. The
operations of the illustrated process presented below are intended to be
illustrative. In some embodiments, the process 1900 may be accomplished
with one or more additional operations not described and/or without one or
more of the operations discussed. Additionally, the order in which the
operations of the process as illustrated in FIG. 19 and described below is not
intended to be limiting. In some embodiments, the process 1900 may be
executed by the server 110 or a mobile terminal (e.g., the provider terminal
140), as described above, it can be considered that the process 1900 is
executed by the processing engine 112.

[0360] In 1901, the processing engine 112 (e.g., the obtaining module 1802)
(e.g., the interface circuits of the processor 220) may obtain driving data (e.g.,
the first motion data described in FIG. 4, the acceleration data described in
FIG. 8) from sensors associated with a vehicle driven by a driver. As used
herein, the driving data may include at least one of acceleration information,
velocity information, location information, time information, or posture

information. As described elsewhere in the present disclosure, the sensors
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may include sensors of a terminal device (e.g., the provider terminal 140)
associated with the vehicle, accordingly, the position information may indicate
a posture of the terminal device which is moving with the vehicle.

[0361] In some embodiments, the sensors may include at least one of a
gyroscope, an acceleration sensor, a global position system (GPS) sensor, or
a gravity sensor. In some embodiments, the processing engine 112 may
obtain the driving data according to a predetermined frequency (e.g., per 0.01
seconds, per 0.02 seconds, per 0.05 seconds, per second). More
descriptions of the driving data may be found elsewhere in the present
disclosure (e.g., FIGs. 4, 6, 8, and 10 and the descriptions thereof).

[0362] In 1902, the processing engine 112 (e.g., the target time period
determination module 1804) (e.g., the processing circuits of the processor
220) may determine a target time period based on the driving data.

[0363] In some embodiments, as described in connection with FIG. 4 and
FIG. 6, the processing engine 112 may determine the target time period
based on the pre-rule. The processing engine 112 may determine a plurality
of fluctuation variances of the driving data corresponding to a plurality of time
points. The processing engine 112 may further determine a time period
including the plurality of time points as the target time period in response to
determining that the plurality of fluctuation variances are greater than a
variance threshold (i.e., the first threshold or the second threshold described
in FIG. 4). More descriptions of the pre-rule may be found elsewhere in the
present disclosure (e.g., FIG. 4, FIG. 6, and the descriptions thereof).

[0364] In some embodiments, as described in connection with FIG. 8 and
FIG. 10, the processing engine 112 may identify a time period within which
each of a plurality of total accelerations corresponding to a plurality of time
points is greater than an acceleration threshold and determine the time period

as the target time period in response to determining that a number count of
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the plurality of total accelerations is greater than a count threshold. More
descriptions of the total acceleration may be found elsewhere in the present
disclosure (e.g., FIG. 8, FIG. 10, and the descriptions thereof).

[0365] In 1903, the processing engine 112 (e.g., the target data
determination module 1806) (e.g., the processing circuits of the processor
220) may obtain target data within the target time period based on the driving
data.

[0366] In some embodiments, as described in connection with FIG. 4 and
FIG. 6, the processing engine 112 may determine feature data associated
with the driving data during the target time period and determine the target
data within the target time period by filtering out irrelevant data from the
driving data based on the feature data and a machine learning model (e.g., a
shaking binary model). The feature data may include a maximum
acceleration, a minimum acceleration, an average acceleration, a maximum
acceleration transformation angle, a minimum acceleration transformation
angle, an average acceleration transformation angle, a maximum acceleration
along each direction of a three-dimensional coordinate system, a minimum
acceleration along each direction of the three-dimensional coordinate system,
an average acceleration along each direction of the three-dimensional
coordinate system, or the like, or any combination thereof. More descriptions
of the feature data and the machine learning model may be found elsewhere
in the present disclosure (e.g., FIGs. 4-7 and the descriptions thereof).

[0367] In some embodiments, as described in FIG. 8 and FIG. 12, the
processing engine 112 may obtain acceleration data within the target time
period from the driving data, perform a coordinate transformation on the
acceleration data, and obtain the target data within the target time period
based on transformed acceleration data. For example, the processing

engine 112 may extract low-frequency acceleration data by performing a high-
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pass filtering on the acceleration data within the target time period. The
processing engine 112 may designate a direction of the low-frequency
acceleration data as a gravity direction. The processing engine 112 may
determine a rotation matrix based on an angle between the gravity direction
and a direction of a z-axis acceleration. The processing engine 112 may
further perform the coordinate transformation on the acceleration data based
on the rotation matrix. More descriptions of the coordinate transformation
may be found elsewhere in the present disclosure (e.g., FIG. 12 and the
descriptions thereof). In some embodiments, the processing engine 112 may
further adjust a direction of an x-axis acceleration or a y-axis acceleration
after the coordinate transformation to a driving direction of the vehicle
associated with the driver based on singular value decomposition (SVD).
[0368] In 1904, the processing engine 112 (e.g., the identification module
1808) (e.g., the processing circuits of the processor 220) may identify a
presence of a risky driving behavior of the driver based on the target data.
[0369] In some embodiments, as described in connection with FIG. 6, the
processing engine 112 may identify the presence of the risky driving behavior
of the driver based on a machine learning model.

[0370] In some embodiments, as described in connection with FIG. 16, the
processing engine 112 may extract one or more feature parameters
associated with the target data and identify the presence of the risky driving
behavior based on the one or more feature parameters. In some
embodiments, the one or more feature parameters may include a time domain
feature, a frequency domain feature, a velocity feature, or the like, or a
combination thereof.

[0371] In some embodiments, the processing engine 112 may extract the
time domain feature including a maximum acceleration along each coordinate

axis, a minimum acceleration along each coordinate axis, an average
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acceleration along each coordinate axis, an acceleration variance along each
coordinate axis, or the like, or a combination thereof.

[0372] In some embodiments, the processing engine 112 may determine
frequency domain data corresponding to the target data by performing a
Fourier transform on the target data and extract the frequency domain feature.
The frequency domain feature may include a high-frequency energy value, a
low-frequency energy value, a low-frequency duration, or the like, or a
combination thereof.

[0373] In some embodiments, the processing engine 112 may perform an
integral on the target data and extract the velocity feature including a
maximum velocity along each coordinate axis, a minimum velocity along each
coordinate axis, a velocity final-value along each coordinate axis, a velocity
mid-value along each coordinate axis, or the like, or a combination thereof.
[0374] In some embodiments, after extracting the one or more feature
parameters, the processing engine 112 may identify the presence of the risky
driving behavior based on the one or more feature parameters by using a
trained identification model. More descriptions of the identification of the
risky driving behavior may be found elsewhere in the present disclosure (e.g.,
FIGs. 5, 8, 13-17, and the descriptions thereof).

[0375] In some embodiments, as described elsewhere in the present
disclosure, the processing engine 112 may further upload relevant data
associated with the risky driving behavior of the driver to the server 110.
[0376] It should be noted that the above description is merely provided for
the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from

the scope of the present disclosure. For example, one or more other
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optional operations (e.g., a storing operation) may be added elsewhere in the
exemplary process 1900. In the storing operation, the processing engine
112 may store the driving data, the target time period, and/or the target data in
a storage device (e.g., the storage 150) disclosed elsewhere in the present
disclosure.

[0377] Some embodiments of the present disclosure may take the form of a
computer program product embodied in one or more computer-readable
media having computer readable program code embodied thereon. For
example, the computer-readable storage medium may include but not limited
to disk storage, a CD-ROM, and optical memory.

[0378] The present disclosure may also provide a computer storage medium
including instructions. When executed by at least one processor, the
instructions may direct the at least one processor to perform a process (e.g.,
process 600, process 700, process 800, process 1000, process 1200,
process 1600, process 1900,) described elsewhere in the present disclosure.
[0379] In addition, in the description of the embodiments of the present
disclosure, the terms “install,” “join,” or “connect” should be understood
broadly unless clearly defined or restricted. For example, it may be a fixed
connection, a detachable connection, or an integral connection; it may be a
mechanical connection or an electrical connection; it may be directly
connected or indirectly connected through an intermediate medium, which can
be the internal connection between two components. For persons skilled in
the art, the specific meanings of the terms in the present disclosure may be
understood under specific situations.

[0380] In the description of the present disclosure, it should be noted that the

terms “first,” “second,” and “third” are used for descriptive purposes only and
should not to be construed as indicating or implying relative importance.

[0381] It should be noted that the above description is merely provided for
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the purposes of illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art, multiple variations
and modifications may be made under the teachings of the present
disclosure. However, those variations and modifications do not depart from
the scope of the present disclosure.

[0382] Having thus described the basic concepts, it may be rather apparent
to those skilled in the art after reading this detailed disclosure that the
foregoing detailed disclosure is intended to be presented by way of example
only and is not limiting. Various alterations, improvements, and modifications
may occur and are intended to those skilled in the art, though not expressly
stated herein. These alterations, improvements, and modifications are
intended to be suggested by this disclosure, and are within the spirit and
scope of the exemplary embodiments of this disclosure.

[0383] Moreover, certain terminology has been used to describe
embodiments of the present disclosure. For example, the terms “one

embodiment,” “some embodiments,” and/or “some embodiments” mean that a
particular feature, structure or characteristic described in connection with
some embodiments is included in at least one embodiment of the present
disclosure. Therefore, it is emphasized and should be appreciated that two

or more references to “some embodiments,” “one embodiment,” or “an
alternative embodiment” in various portions of this specification are not
necessarily all referring to the same embodiment. Furthermore, the
particular features, structures or characteristics may be combined as suitable
in one or more embodiments of the present disclosure.

[0384] Further, it will be appreciated by one skilled in the art, aspects of the
present disclosure may be illustrated and described herein in any of a number

of patentable classes or context including any new and useful process,

machine, manufacture, or composition of matter, or any new and useful
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improvement thereof. Accordingly, aspects of the present disclosure may be
implemented entirely hardware, entirely software (including firmware, resident
software, micro-code, etc.) or combining software and hardware

implementation that may all generally be referred to herein as a "block,"

‘module,” “engine,” “unit,” “component,” or “system.” Furthermore, aspects
of the present disclosure may take the form of a computer program product
embodied in one or more computer readable media having computer readable
program code embodied thereon.

[0385] A computer readable signal medium may include a propagated data
signal with computer readable program code embodied therein, for example,
in baseband or as part of a carrier wave. Such a propagated signal may take
any of a variety of forms, including electro-magnetic, optical, or the like, or any
suitable combination thereof. A computer readable signal medium may be
any computer readable medium that is not a computer readable storage
medium and that may communicate, propagate, or transport a program for
use by or in connection with an instruction execution system, apparatus, or
device. Program code embodied on a computer readable signal medium
may be transmitted using any appropriate medium, including wireless,
wireline, optical fiber cable, RF, or the like, or any suitable combination of the
foregoing.

[0386] Computer program code for carrying out operations for aspects of the
present disclosure may be written in any combination of one or more
programming languages, including an object oriented programming language
such as Java, Scala, Smalltalk, Eiffel, JADE, Emerald, C++, C#, VB. NET,
Python or the like, conventional procedural programming languages, such as
the “C” programming language, Visual Basic, Fortran 1703, Perl, COBOL
1702, PHP, ABAP, dynamic programming languages such as Python, Ruby

and Groovy, or other programming languages. The program code may
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execute entirely on the user's computer, partly on the user's computer, as a
stand-alone software package, partly on the user's computer and partly on a
remote computer or entirely on the remote computer or server. In the latter
scenario, the remote computer may be connected to the user's computer
through any type of network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an external computer
(for example, through the Internet using an Internet Service Provider) or in a
cloud computing environment or offered as a service such as a software as a
service (SaaS).

[0387] Furthermore, the recited order of processing elements or sequences,
or the use of numbers, letters, or other designations, therefore, is not intended
to limit the claimed processes and methods to any order except as may be
specified in the claims. Although the above disclosure discusses through
various examples what is currently considered to be a variety of useful
embodiments of the disclosure, it is to be understood that such detail is solely
for that purpose, and that the appended claims are not limited to the disclosed
embodiments, but, on the contrary, are intended to cover modifications and
equivalent arrangements that are within the spirit and scope of the disclosed
embodiments. For example, although the implementation of various
components described above may be embodied in a hardware device, it may
also be implemented as a software-only solution—e.g., an installation on an
existing server or mobile device.

[0388] Similarly, it should be appreciated that in the foregoing description of
embodiments of the present disclosure, various features are sometimes
grouped together in a single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure aiding in the understanding of one or
more of the various embodiments. This method of disclosure, however, is

not to be interpreted as reflecting an intention that the claimed subject matter
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requires more features than are expressly recited in each claim. Rather,
claimed subject matter may lie in less than all features of a single foregoing

disclosed embodiment.
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WE CLAIM:

1. A method for identifying driving behavior, comprising:

obtaining first motion data;

determining a pre-rule, wherein the pre-rule includes a fluctuation
variance threshold;

determining a time period based on the pre-rule;

obtaining second motion data within the time period; and

identifying a driving behavior based on the second motion data.

2. The method of claim 1, wherein the obtaining the second motion
data includes:

obtaining feature data when the first motion data trigger a pre-rule
admittance condition;

performing a filtering on the first motion data based on the feature data;
and

stopping the filtering on the first motion data when the first motion data

trigger a pre-rule exit condition.

3. The method of claim 2, wherein the performing the filtering on the
first motion data includes:
filtering out unneeded information from the first motion data based on a

machine learning model and the feature data.

4. The method of claim 3, wherein the machine learning model is a

shaking binary model.

5. The method of claim 2, wherein the feature data include a maximum

acceleration, a minimum acceleration, an average acceleration, a maximum
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acceleration transformation angle, a minimum acceleration transformation
angle, an average acceleration transformation angle, and/or a maximum
acceleration along each direction of a three-dimensional coordinate system, a
minimum acceleration along each direction of the three-dimensional
coordinate system, an average acceleration along each direction of the three-

dimensional coordinate system.

6. The method of claim 1, wherein the first motion data are obtained by
a sensor comprising a gyroscope, an acceleration sensor, a global positioning

system (GPS) positioning sensor, and/or a gravity sensor.

7. The method of claim 1, further comprising determining whether a

device is moving with a vehicle based on the first motion data.

8. The method of claim 1, wherein the first motion data include a linear
acceleration, an angular acceleration, and/or posture information, the posture
information including character information, angle information, yaw

information, and/or pitch information.

9. The method of claim 1, wherein the obtaining the second motion
data is performed by a processor, the sensor generating the first motion data
according to a first predetermined a time interval, and the processor obtaining

the first motion data according to a second predetermined time interval.

10. The method of claim 9, wherein the processor executes:
transmitting the second motion data within the time period and the time
period to a server according to a fixed sampling frequency or a varying

sampling frequency.
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11. A system for identifying driving behavior, the system comprising an
obtaining module, a pre-rule determination module, a time determination
module, a data processing module, a communication module, and an
identification module:

the obtaining module is configured to obtain first motion data;

the pre-rule determination module is configured to determine a pre-rule,
wherein the pre-rule includes a fluctuation variance threshold;

the time determination module is configured to determine a time period
based on the first motion data;

the data processing module is configured to obtain second motion data;

the communication module is configured to transmit the second motion
data and the time period; and

the identification module is configured to identify a risky driving

behavior based on the second motion data.

12. A device for identifying driving behavior, the device comprising a
processor, the processor executing an identification program, wherein when
the identification program is executed by the processor, the processor

performs the method for identifying driving behavior of any one of claims 1-10.

13. A computer readable storage medium, the computer readable
storage medium storing computer instructions, wherein when the computer
instructions are executed by a computer, the computer performs the method

for identifying driving behavior of any one of claims 1-10.

14. A method for detecting driving behavior, wherein the method is

executed by a mobile terminal, the method comprising:
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obtaining acceleration data by an acceleration sensor on the mobile
terminal, wherein the acceleration data include acceleration data ax, ay, and az
corresponding to an x-axis, a y-axis, and a z-axis, respectively;

determining a data interval within which a risky driving behavior may
occur based on values of ax, ay, and az;

extracting acceleration data within the data interval;

performing a coordinate transformation on the extracted acceleration
data to obtain target data, wherein a plane composed of an x-axis and a y-
axis corresponding to the target data is a horizontal plane and a z-axis
direction corresponding to the target data is the same as a gravity direction;

performing a feature extraction on the target data based on
predetermined feature parameters, wherein the feature parameters include at
least one of a time domain feature, a frequency domain feature, or a velocity
feature; and

determining whether a risky driving behavior may occur based on the

extracted features.

15. The method of claim 14, wherein the obtaining the acceleration
data by the acceleration sensor on the mobile terminal includes:

obtaining the acceleration data by the acceleration sensor on the
mobile terminal, when the mobile terminal activates a driving behavior

detection function.

16. The method of claim 15, wherein the method further includes:
activating the driving behavior detection function when the mobile
terminal activates a navigation function and/or receives a service request from

an online taxi-hailing platform.
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17. The method of claim 14, wherein the determining the data interval
within which a risky driving behavior may occur based on the values of ax, ay,
and az includes:

determining a total acceleration based on ax, ay, and az;

determining a number count of consecutive total accelerations greater
than a preset threshold; and

determining an acceleration data interval corresponding to the
consecutive total accelerations as the data interval within which a risky driving
behavior may occur in response to determining that the number count is

greater than a preset number.

18. The method of claim 17, wherein the determining the total
acceleration based on the values of ax, ay, and az includes:

determining the total acceleration according to

a=,ay+a,+a,

or, determining the total acceleration according to

a=ay+ay,+a,.

19. The method of claim 14, wherein the performing the coordinate
transformation on the extracted acceleration data includes:

performing a high-pass filtering on the extracted acceleration data and
extracting low-frequency acceleration data;

designating a direction of the low-frequency acceleration data as a
gravity direction;

constructing a rotation matrix based on an angle between the gravity
direction and a direction of az; and

performing the coordinate transformation on the acceleration data by

multiplying the extracted acceleration data by the rotation matrix.
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20. The method of claim 19, wherein after multiplying the extracted
acceleration data by the rotation matrix, the method further includes:
adjusting a direction of ax or ay after the coordinate transformation to a

current driving direction by using a singular value decomposition (SVD).

21. The method of claim 14, wherein the performing the feature
extraction on the target data based on the predetermined feature parameters
includes:

if the feature parameters include a time domain feature, determining a
maximum acceleration along each coordinate axis, a minimum acceleration
along each coordinate axis, an average acceleration along each coordinate
axis, or an acceleration variance along each coordinate axis;

if the feature parameters include a frequency domain feature,
converting the target data into frequency domain data based on a short time
Fourier transform (STFT) and determining the frequency domain feature
corresponding to the frequency domain data; and

if the feature parameters include a velocity feature, performing an
integral on the target data along each coordinate axis and determining a
maximum velocity along each coordinate axis, a minimum velocity along each
coordinate axis, or a velocity final-value along each coordinate axis based on

an integral result.

22. The method of claim 21, wherein the determining the frequency
domain feature corresponding to the frequency domain data includes:

determining a high-frequency energy value, a low-frequency energy
value, or a low-frequency duration corresponding to the frequency domain

data.
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23. The method of claim 14, wherein the determining whether a risky
driving behavior may occur based on the extracted features includes:

inputting the extracted features to a decision tree model on the mobile
terminal; and

outputting a decision result including whether a risky driving behavior
may occur, wherein the decision tree model is pre-trained based on feature

parameters corresponding to the risky driving behavior.

24. The method of claim 14, wherein the method further includes:
in response to determining that a risky driving behavior may occur,

storing the acceleration data corresponding to the risky driving behavior.

25. The method of claim 24, wherein the method further includes:

transmitting the stored acceleration data to a designated server
according to a preset period; or

transmitting the stored acceleration data to a designated server, in
response to determining that the stored acceleration data reaches a preset

amount.

26. A device for detecting driving behavior, wherein the device is
executed on a mobile terminal, the device comprising:

an obtaining module configured to obtain acceleration data by an
acceleration sensor on the mobile terminal, wherein the acceleration data
include acceleration data ax, ay, and az corresponding to an x-axis, a y-axis,
and a z-axis, respectively;

a first determination module configured to determine a data interval

within which a risky driving behavior may occur based on values of ax, ay, and
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az;

a data extraction module configured to extract acceleration data within
the data interval;

a coordinate transformation module configured to perform a coordinate
transformation on the extracted acceleration data to obtain target data,
wherein a plane composed of an x-axis and a y-axis corresponding to the
target data is a horizontal plane and a z-axis direction corresponding to the
target data is the same as a gravity direction;

a feature extraction module configured to perform a feature extraction
on the target data based on predetermined feature parameters, wherein the
feature parameters include at least one a time domain feature, a frequency
domain feature, and a velocity feature; and

a second determination module configured to determine whether a

risky driving behavior may occur based on the extracted features.

27. The device of claim 26, wherein the obtaining module is configured
to:

obtain the acceleration data by the acceleration sensor on the mobile
terminal, when the mobile terminal activates a driving behavior detection

function.

28. The device of claim 27, wherein the device further includes:
an activation module configured to activate the driving behavior
detection function when the mobile terminal activates a navigation function

and/or receives a service request from an online taxi-hailing platform.

29. The device of claim 26, wherein the first determining module

includes:

110



a calculation unit configured to determine a total acceleration based on
ax, ay, and az;

a statistics unit configured to determine a number count of consecutive
total accelerations greater than a preset threshold; and

a determination unit configured to determine an acceleration data
interval corresponding to the consecutive total accelerations as the data
interval within which a risky driving behavior may occur in response to

determining that the number count is greater than a preset number.

30. The device of claim 29, wherein the calculation unit is configured to:

determine the total acceleration according to

a=,a;+a,+a,

or, determine the total acceleration according to

a=a,+ay,+a,.

31. The device of claim 26, wherein the coordinate transformation
module is configured to:

perform a high-pass filtering on extracted acceleration data and
extracting low-frequency acceleration data;

designate a direction of the low-frequency acceleration data as a
gravity direction;

construct a rotation matrix based on an angle between the gravity
direction and a direction of az; and

perform the coordinate transformation on the acceleration data by

multiplying the extracted acceleration data by the rotation matrix.

32. The device of claim 31, wherein the device further includes:

an adjustment module configured to adjust a direction of ax or ay after
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the coordinate transformation to a current driving direction by using a singular

value decomposition (SVD).

33. The device of claim 26, wherein the feature extraction module is
configured to:

if the feature parameters include a time domain feature, determine a
maximum acceleration along each coordinate axis, a minimum acceleration
along each coordinate axis, an average acceleration along each coordinate
axis, or an acceleration variance along each coordinate axis;

if the feature parameters include a frequency domain feature, convert
the target data into frequency domain data based on a short time Fourier
transform (STFT) and determine the frequency domain feature corresponding
to the frequency domain data; and

if the feature parameters include a velocity feature, perform an integral
on the target data along each coordinate axis and determine a maximum
velocity along each coordinate axis, a minimum velocity along each
coordinate axis, or a velocity final-value along each coordinate axis based on

an integral result.

34. The device of claim 33, wherein the feature extraction module is
further configured to:

determine a high-frequency energy value, a low-frequency energy
value, or a low-frequency duration corresponding to the frequency domain

data.

35. The device of claim 26, wherein the second determining module is
configured to:

input the extracted features to a decision tree model on the mobile
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terminal; and
output a decision result including whether a risky driving behavior may
occur, wherein the decision tree model is pre-trained based on feature

parameters corresponding to the risky driving behavior.

36. The device of claim 26, wherein the device further includes:
a storage module configured to store the acceleration data
corresponding to the risky driving behavior in response to determining that a

risky driving behavior may occur.

37. The device of claim 36, wherein the device further includes:

a first transmission module configured to transmit the stored
acceleration data to a designated server according to a preset period; or

a second transmission module configured to transmit the stored
acceleration data to a designated server, in response to determining that the

stored acceleration data reaches a preset amount.

38. A computer device, comprising: a processor, a storage device, and
a bus, the storage device storing machine readable instructions executed by
the processor and the processor communicating with the storage via the bus
when a network device is running, wherein when machine readable
instructions are executed by the processor, the processor performs the

method of any one of claims 26-37.

39. A computer readable medium, the computer readable medium
storing a computer program, wherein when the computer program is executed
by a processor, the processor performs the method of any one of claims 26-

37.
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40. A system, comprising:
a storage medium to store a set of instructions; and
a processor, communicatively coupled with the storage medium, to
execute the set of instructions to:
obtain driving data from sensors associated with a vehicle driven
by a driver;
determine, based on the driving data, a target time period;
obtain, based on the driving data, target data within the target
time period; and
identify, based on the target data, a presence of a risky driving

behavior of the driver.

41. The system of claim 40, wherein the driving data comprises at least
one of acceleration information, velocity information, location information, time

information, or posture information.

42. The system of claim 40 or claim 41, further comprising at least one
of a gyroscope, an acceleration sensor, a global position system (GPS)
sensor, or a gravity sensor, wherein the processor is to use the at least one of
the gyroscope, the acceleration sensor, the global position system (GPS)

sensor, or the gravity sensor to obtain the driving data.

43. The system of any of claims 40-42, wherein to determine, based on
the driving data, the target time period, the processor is to:

determine a plurality of fluctuation variances of the driving data
corresponding to a plurality of time points; and

determine a time period comprising the plurality of time points as the
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target time period in response to determining that the plurality of fluctuation

variances are greater than a variance threshold.

44. The system of any of claims 40-43, wherein to obtain, based on the
driving data, the target data within the target time period, the processor is to:

determine feature data associated with the driving data during the
target time period; and

determine the target data within the target time period by filtering out,
based on the feature data and a machine learning model, irrelevant data from

the driving data.

45. The system of any of claims 40-44, wherein to determine, based on
the driving data, the target time period, the processor is to:

identify a time period within which each of a plurality of total
accelerations corresponding to a plurality of time points is greater than an
acceleration threshold; and

determine the time period as the target time period in response to
determining that a number count of the plurality of total accelerations is

greater than a count threshold.

46. The system of any of claims 40-45, wherein to obtain, based on the
driving data, the target data within the target time period, the processor is to:

obtain acceleration data within the target time period from the driving
data;

perform a coordinate transformation on the acceleration data; and

obtain the target data within the target time period based on

transformed acceleration data.
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47. The system of claim 46, wherein to perform the coordinate
transformation on the acceleration data, the processor is to:

extract low-frequency acceleration data by performing a high-pass
filtering on the acceleration data within the target time period;

designate a direction of the low-frequency acceleration data as a
gravity direction;

determine a rotation matrix based on an angle between the gravity
direction and a direction of a z-axis acceleration; and

perform the coordinate transformation on the acceleration data based

on the rotation matrix.

48. The system of claim 47, wherein the processor is to:
adjust a direction of an x-axis acceleration or a y-axis acceleration after
the coordinate transformation to a driving direction of a vehicle associated

with the driver based on singular value decomposition (SVD).

49. The system of any of claims 40-48, wherein to identify, based on
the target data, the presence of the risky driving behavior of the driver, the
processor is to:

extract one or more feature parameters associated with the target data,
the one or more feature parameters comprising at least one of a time domain
feature, a frequency domain feature, or a velocity feature; and

identify the presence of the risky driving behavior based on the one or

more feature parameters.

50. The system of claim 49, wherein the one or more feature
parameters comprise the time domain feature, and to extract the one or more

feature parameters associated with the target data, the processor is to:
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extract the time domain feature comprising a maximum acceleration
along each coordinate axis, a minimum acceleration along each coordinate
axis, an average acceleration along each coordinate axis, or an acceleration

variance along each coordinate axis.

51. The system of claim 49 or claim 50, wherein the one or more
feature parameters comprise the frequency domain feature, and to extract the
one or more feature parameters associated with the target data, the processor
is to:

determine frequency domain data corresponding to the target data by
performing a Fourier transform on the target data; and

extract the frequency domain feature comprising at least one of a high-
frequency energy value, a low-frequency energy value, or a low-frequency

duration.

52. The system of any of claims 49-51, wherein the one or more
feature parameters comprise the velocity feature, and to extract the one or
more feature parameters associated with the target data, the processor is to:

extract the velocity feature comprising a maximum velocity along each
coordinate axis, a minimum velocity along each coordinate axis, or a velocity
mid-value along each coordinate axis by performing an integral on the target

data.

53. The system of any of claims 49-52, wherein to identify the presence
of the driving behavior based on the one or more feature parameters, the
processor is to:

identify the presence of the risky driving behavior based on the one or

more feature parameters by using a trained identification model.
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54. The system of any of claims 40-53, wherein the processor is to:
obtain the driving data associated with the vehicle driven by the driver

according to a predetermined frequency.

55. The system of any of claims 40-54, wherein the sensors associated
with the vehicle comprise sensors of a terminal device associated with the

vehicle.

56. A method implemented on a computing device including at least
one processor, at least one storage medium, and a communication platform
connected to a network, the method comprising:

obtaining driving data from sensors associated with a vehicle driven by
a driver;

determining, based on the driving data, a target time period;

obtaining, based on the driving data, target data within the target time
period; and

identifying, based on the target data, a presence of a risky driving

behavior of the driver.

57. The method of claim 56, wherein the driving data comprises at least
one of acceleration information, velocity information, location information, time

information, or posture information.

58. The method of claim 56 or claim 57, further comprising using at

least one of a gyroscope, a acceleration sensor, a global position system

(GPS) sensor, or a gravity sensor to obtain the driving data.
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59. The method of any of claims 56-58, wherein the determining, based
on the driving data, the target time period includes:

determining a plurality of fluctuation variances of the driving data
corresponding to a plurality of time points; and

determining a time period comprising the plurality of time points as the
target time period in response to determining that the plurality of fluctuation

variances are greater than a variance threshold.

60. The method of any of claims 56-59, wherein the obtaining, based
on the driving data, the target data within the target time period includes:

determining feature data associated with the driving data during the
target time period; and

determining the target data within the target time period by filtering out,
based on the feature data and a machine learning model, irrelevant data from

the driving data.

61. The method of any of claims 56-60, wherein the determining, based
on the driving data, the target time period includes:

identifying a time period within which each of a plurality of total
accelerations corresponding to a plurality of time points is greater than an
acceleration threshold; and

determining the time period as the target time period in response to
determining that a number count of the plurality of total accelerations is

greater than a count threshold.

62. The method of any of claims 56-61, wherein the obtaining, based
on the driving data, the target data within the target time period includes:

obtaining acceleration data within the target time period from the
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driving data;
performing a coordinate transformation on the acceleration data; and
obtaining the target data within the target time period based on

transformed acceleration data.

63. The method of claim 62, wherein the performing the coordinate
transformation on the acceleration data includes:

extracting low-frequency acceleration data by performing a high-pass
filtering on the acceleration data within the target time period;

designating a direction of the low-frequency acceleration data as a
gravity direction;

determining a rotation matrix based on an angle between the gravity
direction and a direction of a z-axis acceleration; and

performing the coordinate transformation on the acceleration data

based on the rotation matrix.

64. The method of claim 63, wherein the method further includes:
adjusting a direction of an x-axis acceleration or a y-axis acceleration
after the coordinate transformation to a driving direction of a vehicle

associated with the driver based on singular value decomposition (SVD).

65. The method of any of claims 56-64, wherein the identifying, based
on the target data, the presence of the risky driving behavior of the driver
includes:

extracting one or more feature parameters associated with the target
data, the one or more feature parameters comprising at least one of a time
domain feature, a frequency domain feature, or a velocity feature; and

identifying the presence of the risky driving behavior based on the one
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or more feature parameters.

66. The method of claim 65, wherein the one or more feature
parameters comprise the time domain feature, and the extracting the one or
more feature parameters associated with the target data includes:

extracting the time domain feature comprising a maximum acceleration
along each coordinate axis, a minimum acceleration along each coordinate
axis, an average acceleration along each coordinate axis, or an acceleration

variance along each coordinate axis.

67. The method of claim 65 or claim 66, wherein the one or more
feature parameters comprise the frequency domain feature, and the extracting
the one or more feature parameters associated with the target data includes:

determining frequency domain data corresponding to the target data by
performing a Fourier transform on the target data; and

extracting the frequency domain feature comprising at least one of a
high-frequency energy value, a low-frequency energy value, or a low-

frequency duration.

68. The method of any of claims 65-67, wherein the one or more
feature parameters comprise the velocity feature, and the extracting the one
or more feature parameters associated with the target data includes:

extracting the velocity feature comprising a maximum velocity along
each coordinate axis, a minimum velocity along each coordinate axis, or a
velocity mid-value along each coordinate axis by performing an integral on the

target data.

69. The method of any of claims 65-68, wherein the identifying the
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presence of the driving behavior based on the one or more feature
parameters includes:
identifying the presence of the risky driving behavior based on the one

or more feature parameters by using a trained identification model.

70. The method of any of claims 56-69, wherein the method further
includes:
obtaining the driving data associated with the vehicle driven by the

driver according to a predetermined frequency.

71. The method of any of claims 56-70, wherein the sensors associated
with the vehicle comprise sensors of a terminal device associated with the

vehicle.

72. A system, comprising:

an obtaining module configured to obtain driving data from sensors
associated with a vehicle driven by a driver;

a target time period determination module configured to determine,
based on the driving data, a target time period;

a target data determination module configured to obtain, based on the
driving data, target data within the target time period;

an identification module configured to identify, based on the target data,

a presence of a risky driving behavior of the driver.

73. The system of claim 72, wherein the driving data comprises at least

one of acceleration information, velocity information, location information, time

information, or posture information.
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74. The system of claim 72 or claim 73, further comprising at least one
of a gyroscope, an acceleration sensor, a global position system (GPS)
sensor, or a gravity sensor, wherein the obtaining module is to use the at least
one of the gyroscope, the acceleration sensor, the global position system

(GPS) sensor, or the gravity sensor to obtain the driving data.

75. The system of any of claims 72-74, wherein to determine, based on
the driving data, the target time period, the target time period determination
module is configured to:

determine a plurality of fluctuation variances of the driving data
corresponding to a plurality of time points; and

determine a time period comprising the plurality of time points as the
target time period in response to determining that the plurality of fluctuation

variances are greater than a variance threshold.

76. The system of any of claims 72-75, wherein to obtain, based on the
driving data, the target data within the target time period, the target data
determination module is configured to:

determine feature data associated with the driving data during the
target time period; and

determine the target data within the target time period by filtering out,
based on the feature data and a machine learning model, irrelevant data from

the driving data.

77. The system of any of claims 72-76, wherein to determine, based on
the driving data, the target time period, the target time period determination
module is configured to:

identify a time period within which each of a plurality of total
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accelerations corresponding to a plurality of time points is greater than an
acceleration threshold; and

determine the time period as the target time period in response to
determining that a number count of the plurality of total accelerations is

greater than a count threshold.

78. The system of any of claims 72-77, wherein to obtain, based on the
driving data, the target data within the target time period, the target data
determination module is configured to:

obtain acceleration data within the target time period from the driving
data;

perform a coordinate transformation on the acceleration data; and

obtain the target data within the target time period based on

transformed acceleration data.

79. The system of claim 78, wherein to perform the coordinate
transformation on the acceleration data, the target data determination module
is configured to:

extract low-frequency acceleration data by performing a high-pass
filtering on the acceleration data within the target time period;

designate a direction of the low-frequency acceleration data as a
gravity direction;

determine a rotation matrix based on an angle between the gravity
direction and a direction of a z-axis acceleration; and

perform the coordinate transformation on the acceleration data based

on the rotation matrix.

80. The system of claim 79, wherein the target data determination
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module is further configured to:
adjust a direction of an x-axis acceleration or a y-axis acceleration after
the coordinate transformation to a driving direction of a vehicle associated

with the driver based on singular value decomposition (SVD).

81. The system of any of claims 72-80, wherein to identify, based on
the target data, the presence of the risky driving behavior of the driver, the
identification module is configured to:

extract one or more feature parameters associated with the target data,
the one or more feature parameters comprising at least one of a time domain
feature, a frequency domain feature, or a velocity feature; and

identify the presence of the risky driving behavior based on the one or

more feature parameters.

82. The system of claim 81, wherein the one or more feature
parameters comprise the time domain feature, and to extract the one or more
feature parameters associated with the target data, the identification module
is configured to:

extract the time domain feature comprising a maximum acceleration
along each coordinate axis, a minimum acceleration along each coordinate
axis, an average acceleration along each coordinate axis, or an acceleration

variance along each coordinate axis.

83. The system of claim 81 or claim 82, wherein the one or more
feature parameters comprise the frequency domain feature, and to extract the
one or more feature parameters associated with the target data, the
identification module is configured to:

determine frequency domain data corresponding to the target data by
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performing a Fourier transform on the target data; and
extract the frequency domain feature comprising at least one of a high-
frequency energy value, a low-frequency energy value, or a low-frequency

duration.

84. The system of any of claims 81-83, wherein the one or more
feature parameters comprise the velocity feature, and to extract the one or
more feature parameters associated with the target data, the identification
module is configured to:

extract the velocity feature comprising a maximum velocity along each
coordinate axis, a minimum velocity along each coordinate axis, or a velocity
mid-value along each coordinate axis by performing an integral on the target

data.

85. The system of any of claims 81-84, wherein to identify the presence
of the driving behavior based on the one or more feature parameters, the
identification module is configured to:

identify the presence of the risky driving behavior based on the one or

more feature parameters by using a trained identification model.

86. The system of any of claims 72-85, wherein the obtaining module is
configured to:
obtain the driving data associated with the vehicle driven by the driver

according to a predetermined frequency.

87. The system of any of claims 72-86, wherein the sensors associated
with the vehicle comprise sensors of a terminal device associated with the

vehicle.
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88. A non-transitory computer readable medium, comprising executable
instructions that, when executed by at least one processor, direct the at least
one processor to perform a method, the method comprising:

obtaining driving data from sensors associated with a vehicle driven by
a driver;

determining, based on the driving data, a target time period;

obtaining, based on the driving data, target data within the target time
period; and

identifying, based on the target data, a presence of a risky driving

behavior of the driver.
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