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An intelligent ultrasonic system may include : a camera 
sensor unit configured to take an image of a road ahead of 
a driving vehicle ; an ultrasonic signal input unit configured 
to receive an ultrasonic signal sensed through one or more 
ultrasonic sensors mounted on the vehicle ; a feature extrac 
tion unit configured to extract a feature of the received 
ultrasonic signal ; a data collision unit configured to collect 
one or more data related to a surrounding situation of the 
road on which the vehicle is driven ; and a control unit 
configured to divide the surrounding situation into two or 
more classes based on the one or more data collected 
through the data collection unit , and change or reset an 
existing parameter to a parameter corresponding to any one 
class of the classes when the surrounding situation corre 
sponds to the one class or is changed to the one class . 
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INTELLIGENT ULTRASONIC SYSTEM AND 
REAR COLLISION WARNING APPARATUS 

FOR VEHICLE 

CROSS - REFERENCES TO RELATED 
APPLICATIONS 

[ 0001 ] The present application claims priority to Korean 
application numbers 10 - 2017 - 0095857 , filed on Jul . 28 , 
2017 , and 10 - 2017 - 0104683 , filed on Aug . 18 , 2017 , which 
are incorporated by reference in their entirety . 

BACKGROUND OF THE INVENTION 

[ 0008 ] The motion estimation method applies a complex 
motion estimation technique such as an optical flow , using 
the existing image processing technique , the existing moni 
toring cameras and the existing object tracking technique . 
100091 . The thing recognition method recognizes a thing 
using an advanced learning technique such as pattern rec 
ognition . 
[ 0010 ] The heterogeneous sensor fusion method recog 
nizes a thing by fusing a detection result of a camera which 
serves to detect a moving object and a detection result of a 
radar , laser scanner or ultrasonic sensor which serves to 
detect a stationary obstacle . 
[ 0011 ] The cross region - based method recognizes a thing 
from an image obtained by combining cross regions of 
images taken through a plurality of cameras at the same 
point of time . 
[ 0012 ] As such , there are a variety of warning systems 
which detect an obstacle therearound through various meth 
ods , and not only warn a driver about the presence of the 
obstacle , but also determine a collision risk and warn the 
driver about the collision risk . 
10013 ] However , when an obstacle is detected through 
various methods , the detection reliability may differ depend 
ing on the methods or differ depending on the surrounding 
environments . Therefore , since the detection reliability may 
be degraded depending on a selected method , the reliability 
of the collision warning process may also be degraded . 
[ 0014 ] The related arts of the present invention are dis 
closed in Korean Patent Publication No . 10 - 2001 - 0016962 
published on Mar . 5 , 2001 and entitled “ Back warning 
method with sensor initialization function " , and Korean 
Patent Registration No . 1734490 published on May 11 , 2017 
and entitled “ AVM system using ultrasonic sensor and 
control method thereof ” . 

[ 0002 ] An aspect of the present invention relates to an 
intelligent ultrasonic system and a control method thereof , 
and more particularly , to an intelligent ultrasonic system 
which can reset a parameter of an ultrasonic sensor mounted 
on a vehicle in response to a surrounding environment , and 
a control method thereof . Another aspect of the present 
invention relates to a rear collision warning apparatus for a 
vehicle and a control method thereof , and more particularly , 
to a rear collision warning apparatus for a vehicle , which can 
not only calculate a collision risk index , but also generate a 
prefill braking pressure to prepare for emergency braking , 
based on weights for a plurality of sensors for sensing the 
rear of the vehicle and risk indexes of the plurality of sensors 
which sensed an obstacle , and a control method thereof . 
[ 0003 ] In general , a front / back warning system for a 
vehicle refers to a system that generates a warning according 
to a result obtained by measuring a distance to an object at 
the front or back of the vehicle using an ultrasonic sensor as 
illustrated in FIG . 1 , in order to prevent a collision accident 
between the object and the vehicle during parking or stop 
ping . 
[ 0004 ] At this time , the front / back warning system uses 
the ultrasonic sensor as a sensor for sensing a forward / 
backward object . In order to normally sense a forward / 
backward object from a signal sensed through the ultrasonic 
sensor , the front / back warning system must perform an 
initialization operation when the vehicle is started . The 
initialization operation ( or initialization operation of the 
ultrasonic sensor ) is an operation to set a kind of reference 
value ( or parameter ) for sensing only a signal reflected from 
the object while excluding a noise signal . 
[ 0005 ] Such an initialization operation initialization 
operation of the ultrasonic sensor ) has been performed to 
correct differences in sensitivity among a plurality of ultra 
sonic sensors . However , the initialization operation may not 
correct a change in the overall sensing performance of the 
plurality of ultrasonic sensors depending on the surrounding 
environment ( climate , humidity or weather ) . 
[ 0006 ] Since at least several feedback processes are 
repeated during the initialization operation ( or the initial 
ization operation of the ultrasonic sensor ) , a considerable 
amount of time may be required until the sensing function of 
the ultrasonic system is normalized . 
[ 0007 ] In general , various recognition methods are applied 
in order to recognize an obstacle around a vehicle . The 
various recognition methods may include a motion estima 
tion method , a thing recognition method , a heterogeneous 
sensor fusion method and a method based on a cross region 
among cameras ( hereafter , referred to as a cross region 
based method ) . 

SUMMARY OF THE INVENTION 
[ 0015 ] Various embodiments of the present invention are 
directed to an intelligent ultrasonic system which can reset 
a parameter of an ultrasonic sensor mounted on a vehicle in 
response to a surrounding environment , and a control 
method thereof . 
[ 0016 ] . Also , various embodiments of the present inven 
tion are directed to a rear collision warning apparatus for a 
vehicle , which can not only calculate a collision risk index , 
but also generate a prefill braking pressure to prepare for 
emergency braking , based on weights for a plurality of 
sensors for sensing the rear of the vehicle and risk indexes 
of the plurality of sensors which sensed an obstacle , and a 
control method thereof . 
[ 0017 ] In one embodiment , an intelligent ultrasonic sys 
tem may include : a camera sensor unit configured to take an 
image of a road ahead of a driving vehicle ; an ultrasonic 
signal input unit configured to receive an ultrasonic signal 
sensed through one or more ultrasonic sensors mounted on 
the vehicle ; a feature extraction unit configured to extract a 
feature of the received ultrasonic signal in order to deter 
mine whether the ultrasonic signal is a noise signal or 
normal signal ; a data collision unit configured to collect one 
or more data related to a surrounding situation of the road on 
which the vehicle is driven ; and a control unit configured to 
divide the surrounding situation into two or more classes 
based on the one or more data related to the surrounding 
situation and collected through the data collection unit , and 
change or reset an existing parameter to a parameter corre 
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by the control unit , the collision risk index and the charac 
teristic of the rear obstacle , and outputting a warning 
through a warning unit . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0022 ] FIG . 1 illustrates a configuration of ultrasonic 
sensors applied to a general front / back warning system for 
a vehicle . 
[ 0023 ] FIG . 2 is a block diagram illustrating a schematic 
configuration of an intelligent ultrasonic system in accor 
dance with an embodiment of the present invention . 
10024 ] FIGS . 3A and 3B illustrate the waveforms of noise 
ultrasonic signals which are reflected from the road surface 
and inputted to the ultrasonic system , depending on the 
weather , in FIG . 2 . 
[ 0025 ] FIG . 4 is a flowchart illustrating a control method 
of an intelligent ultrasonic system in accordance with an 
embodiment of the present invention . 
[ 0026 ] FIG . 5 is a flowchart illustrating a control method 
of an intelligent ultrasonic system in accordance with 
another embodiment of the present invention . 
[ 0027 ] FIG . 6 is a block diagram illustrating a rear colli 
sion warning apparatus for a vehicle in accordance with 
another embodiment of the present invention . 
[ 0028 ] FIG . 7 is a flowchart illustrating a control method 
of a rear collision warning apparatus for a vehicle in 
accordance with the embodiment of the present invention . 

sponding to any one class of the classes when the surround 
ing situation corresponds to the one class or is changed to the 
one class . 
[ 0018 ] In another embodiment , a control method of an 
intelligent ultrasonic system may include : constructing , by 
the intelligent ultrasonic system , a learning database , and 
extracting a feature vector from an ultrasonic signal inputted 
through an ultrasonic signal input unit ; constructing , by the 
intelligent ultrasonic system , two or more classes for a 
surrounding situation into which temperature and humidity 
are reflected , and learning an optimal parameter correspond 
ing to the surrounding situation through a machine learning 
algorithm based on each of the classes ; generating , by the 
intelligent ultrasonic system , a machine learning classifier , 
when the optimal parameter learning process for each class 
based on the surrounding situation is performed ; predicting , 
by the intelligent ultrasonic system , a class corresponding to 
the surrounding situation through the machine learning 
classifier , even when data related to the surrounding situa 
tion are not yet collected , after the machine learning clas 
sifier is generated ; and applying , by the intelligent ultrasonic 
system , an optimal parameter corresponding to the predicted 
class to an ultrasonic sensor or preprocessing logic . 
[ 0019 ] In another embodiment , a control method of an 
intelligent ultrasonic system may include : setting , by a 
control unit of the intelligent ultrasonic system , a basic 
parameter for the intelligent ultrasonic system or an ultra 
sonic sensor thereof , when a vehicle is started ; collecting , by 
the control unit , wind information in real time , depending on 
a vehicle speed ; predicting , by the control unit , a class 
corresponding to a surrounding environment through learn 
ing , and selecting a parameter optimized to the predicted 
class ; and deciding and applying , by the control unit , a 
finally tuned parameter by reflecting a weight corresponding 
to the wind information to the selected parameter . 
[ 0020 ] In another embodiment , a rear collision warning 
apparatus for a vehicle may include : a rear sensing unit 
configured to sense a rear obstacle of the vehicle through a 
plurality of sensors ; a vehicle information input unit con 
figured to receive vehicle information from a vehicle control 
unit ; a control unit configured to calculate risk indexes for 
the rear obstacle based on the vehicle information received 
from the vehicle information input unit and results sensed 
through the plurality of sensors , when the rear obstacle is 
sensed through the rear sensing unit , decide weights accord 
ing to the characteristics of the plurality of sensors , calculate 
a collision risk index for the rear obstacle based on the risk 
indexes and the weights , and generate a warning depending 
on the collision risk index and the characteristic of the rear 
obstacle ; and a warning unit configured to output the warn 
ing generated through the control unit . 
10021 ] In another embodiment , a control method of a rear 
collision warning apparatus for a vehicle may include : 
deciding , by a control unit , weights according to character 
istics of a plurality of sensors included in a rear sensing unit , 
when the vehicle is being reversed ; sensing , by the control 
unit , a rear obstacle through the rear sensing unit ; calculat 
ing , by the control unit , risk indexes based on vehicle 
information inputted from a vehicle information input unit 
and results sensed through the plurality of sensors , when the 
rear obstacle is sensed ; calculating , by the control unit , a 
collision risk index for the rear obstacle , based on the risk 
indexes for the rear obstacle sensed by the rear sensing unit 
and the weights of the plurality of sensors ; and determining , 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
10029 ] . Hereafter , an intelligent ultrasonic system and a 
control method thereof in accordance with embodiments of 
the present invention will be described in detail with refer 
ence to the accompanying drawings . It should be noted that 
the drawings are not to precise scale and may be exaggerated 
in thickness of lines or sizes of components for descriptive 
convenience and clarity only . Furthermore , the terms as used 
herein are defined by taking functions of the invention into 
account and can be changed according to the custom or 
intention of users or operators . Therefore , definition of the 
terms should be made according to the overall disclosures 
set forth herein . 
( 0030 ) Typically , an ultrasonic sensor is affected by com 
binations of medium , climate , wind and the like , depending 
on its unique characteristic , the medium including a material 
to transmit ultrasonic pulses . 
[ 0031 ] Therefore , sensor parameters optimized through a 
test in various environments have been selected for an 
ultrasonic sensor used for vehicles . However , with the 
gradual increase of DAS ( Driver Assistance System ) product 
groups , the sensor parameters need to be reset depending on 
the sensor environment , and sensor values used in an ultra 
sonic system need to be processed through different methods 
in many cases . 
[ 0032 ] In order to cope with such a situation , an intelligent 
ultrasonic system is required , which can sense a surrounding 
environment , reset parameters of an ultrasonic sensor ( or 
ultrasonic system ) according to the surrounding environ 
ment , and efficiently process signals according to the reset 
parameters . 
[ 0033 ] FIG . 2 is a block diagram illustrating a schematic 
configuration of an intelligent ultrasonic system in accor 
dance with an embodiment of the present invention . 
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[ 0034 ] As illustrated in FIG . 2 , the intelligent ultrasonic 
system in accordance with the present embodiment may 
include a camera sensor unit CAM , an ultrasonic signal 
input unit 110 , a feature extraction unit 120 , a data collection 
unit 130 , a control unit 140 , a storage unit 150 and a 
communication unit 160 . 
0035 ] The camera sensor unit CAM may take a forward 
image ( including a road ) of a traveling vehicle , and transfer 
the forward image to the control unit 140 , and the control 
unit 140 may determine the state of the road , and recognize 
a change in state of the road . Furthermore , the control unit 
140 may set ( or reset ) parameters of the ultrasonic system 
( or ultrasonic sensor ) in response to a change in state of the 
road ( for example , a change of the surrounding environ 
ment ) . 
[ 0036 ] The ultrasonic signal input unit 110 may receive an 
ultrasonic signal detected through one or more ultrasonic 
sensors ( not illustrated ) of a front / back warning system in 
the vehicle . 
[ 00371 . The ultrasonic signal input unit 110 needs to 
receive only an ultrasonic signal reflected from an object 
which is in front of an ultrasonic sensor and needs to be 
sensed . However , since the ultrasonic signal is widely radi 
ated , the ultrasonic signal input unit 110 may receive an 
ultrasonic signal reflected from the road surface , a signal 
reflected from a medium , and an ultrasonic signal reflected 
at a predetermined angle in front . 
0038 ] Therefore , the ultrasonic signal reflected from the 
object in front of the ultrasonic sensor may become a normal 
signal , but the ultrasonic signal reflected from the road 
surface , the signal reflected from the medium and the 
ultrasonic signal reflected at the predetermined angle in front 
may become noise signals ( i . e . noise ultrasonic signals ) . 
[ 0039 ] For reference , FIGS . 3A and 3B illustrate the 
waveforms of noise ultrasonic signals which are reflected 
from the road surface and inputted to the ultrasonic system , 
depending on the weather , in FIG . 2 . FIGS . 3A and 3B show 
that the noise ultrasonic signals reflected from the road 
surface are changed depending on the weather . 
[ 0040 ] That is , in case of rain , the number of noise 
ultrasonic signals exceeding a preset reference value ( i . e . 
parameter or gain ) may increase ( refer to FIG . 3B ) , com 
pared to the number of noise ultrasonic signals reflected 
from the road surface in case of a fine day ( refer to FIG . 3A ) . 
Therefore , the reference value ( or the parameter or gain ) of 
the ultrasonic sensor needs to be reset depending on the 
surrounding situation , in order to stabilize the sensing per 
formance . 
10041 ] The feature extraction unit 120 may extract the 
feature of the ultrasonic signal inputted through the ultra 
sonic signal input unit 110 . That is , it is possible to deter 
mine whether the ultrasonic signal is a noise signal or 
normal signal , based on the extracted feature of the ultra 
sonic signal . 
[ 0042 ] The data collection unit 130 may collect data 
related to the surrounding situation ( for example , informa 
tion such as wind , humidity and temperature ) . 
[ 0043 ] The data collection unit 130 may collect ( or pre 
dict ) the data related to the surrounding situation ( for 
example , information such as wind , humidity and tempera 
ture ) from one or more sensors ( for example , illumination 
sensor , humidity sensor and vehicle speed sensor ) mounted 
in the vehicle through an electronic control unit ( ECU ) , or 
collect the data related to the surrounding situation ( for 

example , information such as wind , humidity and tempera 
ture ) from an external server which provides weather infor 
mation . 
[ 0044 ] The data collection unit 130 may predict the 
strength of the wind using the vehicle speed sensor . For 
example , the strength of the wind may increase in response 
to the vehicle speed . 
[ 0045 ] In order for the data collection unit 130 to collect 
the data related to the surrounding situation ( for example , 
information such as wind , humidity and temperature ) , the 
intelligent ultrasonic system may further include a commu 
nication unit 160 for communication with the ECU or the 
external server . 
[ 0046 ] The communication unit 160 may receive a road 
image through the camera sensor unit CAM ( for example , a 
black box camera , a navigation camera or a camera installed 
in the vehicle ) mounted in the vehicle through communica 
tion with the ECU , and the control unit 140 may determine 
whether the state of the road ( or road surface ) is changed , 
based on the road image . 
[ 0047 ] The storage unit 150 may store the ultrasonic signal 
inputted through the ultrasonic signal input unit 110 , and 
store the data related to the surrounding situation ( for 
example , information such as wind , humidity and tempera 
ture ) , the data being collected through the data collection 
unit 130 . Furthermore , the storage unit 150 may store a 
preset or learned parameter ( for example , a parameter of the 
ultrasonic system or ultrasonic sensor ) , depending on the 
surrounding situation . 
10048 ] . At this time , among the surrounding situation data 
( for example , information such as wind , humidity and 
temperature ) collected by the data collection unit 130 , the 
wind may be classified into N classes based on the strength , 
and the humidity may be classified into K classes . The N 
classes and the K classes are only examples . Furthermore , 
the temperature may be set to a temperature corrected into 
the actual temperature on the road , because the ambient 
temperature and the temperature on the road are different 
from each other . The temperature may be classified into P 
classes , like the wind or humidity . The P classes are also 
only an example . 
( 0049 ] In the present embodiment , when the parameter ( a 
kind of reference value based on the surrounding situation ) 
of the ultrasonic sensor is changed or reset depending on the 
surrounding situation , the control unit 140 may determine 
and learn the features of ultrasonic signals based on the 
surrounding situation through a feature learning and deter 
mination unit 141 , i . e . the features of a noise signal and 
normal signal which are generated depending on the sur 
rounding situation . When the surrounding situation is deter 
mined through a parameter call unit 142 , the control unit 140 
may call a parameter of the ultrasonic sensor , corresponding 
to the surrounding situation , from the storage unit 150 , and 
change or reset the parameter ( a kind of reference value 
based on the surrounding situation of the ultrasonic sensor 
( or the ultrasonic system ) . 
[ 0050 ] At this time , when the parameter is immediately 
changed or reset in response to a minute change of the 
surrounding situation , the stability may be rather degraded . 
[ 0051 ] Therefore , the intelligent ultrasonic system in 
accordance with the present embodiment may set the sur 
rounding situation to a plurality of classes , or construct a 
plurality of classes ( or a kind of group ) based on the 
surrounding situation into which the information such as 
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temperature , humidity and wind is reflected . When the 
surrounding situation corresponds to any one class of the 
constructed classes or the class corresponding to the sur 
rounding situation is changed , the intelligent ultrasonic 
system may change or reset the parameter to a parameter 
corresponding to the class , which makes it possible to 
further improve the stability of the ultrasonic system . 
10052 ] FIG . 4 is a flowchart illustrating a control method 
of the intelligent ultrasonic system in accordance with an 
embodiment of the present invention . 
[ 0053 ] As illustrated in FIG . 4 , the control method in 
accordance with the present embodiment may be divided 
into a training ( learning ) process and an initialization pro 
cess . The control method may be divided into the training 
process and the initialization process , for convenience of 
description . However , the division may not indicate that the 
training process and the initialization process are performed 
separately from each other . 
[ 0054 ] In order to perform the training process , the intel 
ligent ultrasonic system in accordance with the present 
embodiment may construct a training database ( DB ) at step 
S101 , and extract a feature vector from ultrasonic data 
inputted through the ultrasonic signal input unit 110 at step 
S102 . That is , the intelligent ultrasonic system may deter 
mine whether the ultrasonic data inputted through the fea 
ture extraction unit 120 is a noise signal or normal signal , in 
consideration of a normal distribution or statistics of values 
measured for a predetermined time . 
[ 0055 ] The intelligent ultrasonic system in accordance 
with the present embodiment may construct ( or set ) two or 
more classes based on the surrounding situation into which 
temperature ( or climate ) and humidity or temperature , 
humidity and wind are reflected , at step S103 , and learn 
( train ) an optimal parameter corresponding to the surround 
ing situation according to a machine learning algorithm 
based on each of the classes , at step S104 . The optimal 
parameter may include an optimal parameter for preventing 
a noise signal from being recognized as a normal signal . 
[ 0056 ] When the optimal parameter learning process for 
each class based on the surrounding situation is performed , 
the intelligent ultrasonic system in accordance with the 
present embodiment may generate a machine learning clas 
sifier at step S105 . 
[ 0057 ] For example , the machine learning classifier may 
include a kind of algorithm for predicting the surrounding 
situation and deciding a class corresponding to the surround 
ing situation . When the ultrasonic system ( or ultrasonic 
sensor ) is initialized during a startup of the vehicle , the 
machine learning classifier may be used to reflect an elapse 
of time based on the previous surrounding situation when 
the vehicle was turned off , even though data related to the 
current surrounding situation is not still collected . The 
elapse of time may include an elapse of time until the vehicle 
is restarted after the vehicle was turned off for the last time , 
and the initialization of the ultrasonic system may indicate 
a process of setting a parameter for the surrounding situation 
which is predicted by reflecting the elapse of time . There 
fore , the initialization time of the ultrasonic system ( or 
ultrasonic sensor ) can be shortened . 
[ 0058 ] In other words , through the generation of the 
machine learning classifier , the intelligent ultrasonic system 
can reflect the elapse of time until the vehicle is restarted , 
based on the previous surrounding situation when the 
vehicle was turned off for the last time . Thus , even when 

data related to the current surrounding situation are not 
collected , the intelligent ultrasonic system can predict the 
surrounding situation as soon as the vehicle is started , and 
set a parameter for a class corresponding to the surrounding 
situation . 
[ 0059 . Therefore , a time required until the sensing func 
tion of the ultrasonic system is normalized ( i . e . the initial 
ization time ) can be reduced . 
[ 0060 ] When the generation of the machine learning clas 
sifier is completed , the intelligent ultrasonic system in 
accordance with the present embodiment may predict the 
class corresponding to the surrounding situation through the 
machine learning classifier , even though the data related to 
the surrounding situation are not yet collected , at step S106 . 
[ 0061 ] The intelligent ultrasonic system in accordance 
with the present embodiment may apply an optimal param 
eter corresponding to the predicted class to the ultrasonic 
sensor at step S107 . The optimal parameter may include an 
optimal parameter corresponding to a kind of reference 
value for preventing a noise signal from being recognized as 
a normal signal . 
[ 0062 ] The intelligent ultrasonic system may also apply 
the optimal parameter corresponding to the predicted class , 
i . e . the optimal parameter corresponding to a kind of refer 
ence value for preventing a noise signal from being recog 
nized as a normal signal to preprocessing logic of the 
intelligent ultrasonic system at step S108 . 
[ 0063 ] In the present embodiment , it has been described 
that the optimal parameter for the ultrasonic sensor and the 
optimal parameter for the preprocessing logic are separately 
applied . However , the application of the optimal parameter 
may be understood as a process of setting ( resetting ) a kind 
of reference value ( or parameter or gain ) for excluding a 
noise signal from the input ultrasonic signal and recognizing 
only a normal signal , without distinguishing between the 
optimal parameters for the respective targets ( for example , 
the ultrasonic sensor and the preprocessing logic ) . 
[ 0064 ] FIG . 5 is a flowchart illustrating a control method 
of an intelligent ultrasonic system in accordance with 
another embodiment of the present invention . 
[ 0065 ] Referring to FIG . 5 , when the vehicle is started , the 
control unit 140 may set a basic parameter of the ultrasonic 
system ( or ultrasonic sensor ) at step S201 . 
[ 0066 ] The basic parameter may include any one of a 
parameter set as a default parameter regardless of the 
surrounding environment and a parameter set through pre 
diction of the surrounding environment as described with 
reference to FIG . 4 . 
[ 0067 ] The control unit 140 may receive ( or collect ) 
information on front wind and side wind ( or lateral accel 
eration ) from the ECU in real time , depending on the vehicle 
speed , at step S202 . 
[ 0068 ] For example , under the supposition that the front 
wind and side wind are divided into three groups ( for 
example , A ( 0 to 20 ) , B ( 21 to 30 ) and C ( 30 or more ) ) in 
advance , the control unit 140 may select a preset weight ( for 
example , A = 1 . 5 , B = 1 . 2 and C = 1 . 1 ) , i . e . a weight for param 
eter correction , according to the group to which the front 
wind and side wind belong . 
[ 0069 ] The control unit 140 may predict a class corre 
sponding to the surrounding environment through machine 
learning , and select a parameter Pa _ temp optimized to the 
predicted class , at step S203 . 
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[ 0070 ] The control unit 140 may decide the finally tuned 
parameter Pa _ new ( = Pa _ temp * ( A , B , C ) ) by reflecting the 
weight ( for example , A = 1 . 5 , B = 1 . 2 and C = 1 . 1 ) based on the 
wind ( for example , the front wind or side wind ) into the 
selected parameter Pa _ temp . 
[ 0071 ] The control unit 140 may apply the finally tuned 
parameter Pa _ new ( = Pa _ temp * ( A , B , C ) ) , and receive front 
camera information from the camera sensor unit CAM at 
step S205 . Then , the control unit 140 may check whether the 
road state was changed in the image information , at step 
S206 . 
[ 0072 ] When the check result indicates that the road state 
was changed ( Y at step S206 ) , the control unit 140 may 
repeat the process of predicting a class corresponding to the 
surrounding environment , and deciding the finally tuned 
parameter optimized to the predicted class ( S202 to S206 ) . 
That is , when the road state was changed , the control unit 
140 may easily determine that the surrounding environment 
was changed . 
[ 0073 ] When the check result indicates that the road state 
was not changed ( N at step S206 ) , the control unit 140 may 
maintain the current state until the road state is changed . 
[ 0074 ] In the present embodiment , the parameter of the 
ultrasonic sensor mounted in the vehicle can be reset in 
response to the surrounding environment , which makes it 
possible to shorten the time required for normalizing the 
sensing function of the ultrasonic system , while improving 
the sensing performance in response to the surrounding 
environment . 
[ 0075 ] FIG . 6 is a block diagram illustrating a rear colli 
sion warning apparatus in accordance with another embodi 
ment of the present invention . 
[ 0076 ] As illustrated in FIG . 6 , the rear collision warning 
apparatus in accordance with the embodiment of the present 
invention may include a shift sensing unit 10 , a rear sensing 
unit 20 , a vehicle information input unit 30 , an illumination 
sensor 50 , a control unit 40 and a warning unit 60 . 
[ 0077 ] The shift sensing unit 10 may sense a shift lever 
position of the vehicle , and provide the sensed shift lever 
position to the control unit 40 , such that the control unit 40 
can determine whether the vehicle is being reversed . 
[ 0078 ] The rear sensing unit 20 may sense an obstacle at 
the rear of the vehicle through a plurality of sensors , and 
provide the sensing information to the control unit 40 . 
[ 0079 ] The plurality of sensors may include at least an 
ultrasonic sensor 22 and a rear camera 21 . In addition , the 
plurality of sensors may include various sensors such as a 
radar 23 and a LiDAR ( Light Detection and Ranging ) 24 , 
which can sense an obstacle therearound . 
[ 0080 ] The plurality of sensors may be installed at various 
positions to sense the rear obstacle at various angles , and 
thus remove the sensing dead zone while increasing the 
sensing reliability . 
10081 ] The vehicle information input unit 30 may receive 
vehicle information from a vehicle control unit ( not illus 
trated ) and provide the received information to the control 
unit 40 . 
[ 0082 ] The vehicle information received from the vehicle 
information input unit 30 may include one or more of a 
vehicle speed , steering angle and yaw rate . The vehicle 
information may be reflected when risk indexes are calcu 
lated after the rear obstacle is sensed . 
10083 ] The illumination sensor 50 may sense surrounding 
brightness and provide the sensed brightness to the control 

unit 40 . The brightness may be reflected when the control 
unit 40 decides a weight of the sensor . 
[ 0084 ] In particular , since the rear camera 21 of the rear 
sensing unit 20 has a significant difference in sensing 
reliability depending on the surrounding brightness , the 
surrounding brightness may serve as an important variable 
when the weight is decided . 
[ 0085 ] The control unit 40 may determine whether the 
vehicle is being reversed , through the shift sensing unit 10 , 
and sense a rear obstacle through the rear sensing unit 20 
when the vehicle is being reversed . When the rear obstacle 
is sensed , the control unit 40 may calculate risk indexes for 
the rear obstacle , based on the vehicle information inputted 
from the vehicle information input unit 30 and the results 
sensed through the plurality of sensors . 
0086 ] The control unit 40 may decide weights for the 

plurality of sensors according to the surrounding brightness 
sensed through the illumination sensor 50 and the charac 
teristics of the sensors , calculate a collision risk index for the 
rear obstacle based on the risk indexes and the weights , and 
generate a warning depending on the collision risk index and 
the characteristic of the rear obstacle . 
[ 0087 ] The control unit 40 may determine the character 
istic of the rear obstacle . When it is determined that the rear 
obstacle is a moving object , the control unit 40 may calcu 
late a prefill braking pressure according to the collision risk 
index , and output the calculated prefill braking pressure to 
the braking pressure control unit 70 . 
[ 0088 ] When the rear obstacle is a moving object such as 
a pedestrian or animal , the rear obstacle may suddenly 
approach the vehicle . Therefore , the control unit 40 may 
output the calculated prefill braking pressure to the braking 
pressure control unit 70 , and the braking pressure control 
unit 70 may generate the prefill braking pressure such that 
braking is smoothly performed in case of emergency brak 
ing . 
100891 . The control unit 40 may change warning voice 
depending on the collision risk index , when generate a 
warning 
( 0090 ] The risk index may be defined as a function includ 
ing one or more of the size , position , speed and acceleration 
of the rear obstacle , which are sensed through the plurality 
of sensors , and one or more of the vehicle speed , steering 
angle and yaw rate which are the vehicle information . 
[ 0091 ] The collision risk index may be calculated by 
multiplying the risk indexes for the rear obstacle , calculated 
through the respective sensors , by the weights of the sensors 
and adding up the multiplication results , in order to fuse the 
results sensed through the sensors of the rear sensing unit 20 . 
[ 0092 ] The warning unit 60 may output the warning 
generated by the control unit 40 , such that a driver can 
recognize the sensed rear obstacle . 
[ 0093 ] As described above , the rear collision warning 
apparatus for a vehicle in accordance with the embodiment 
of the present invention can calculate the collision risk index 
based on the weights for the plurality of sensors for sensing 
the rear of the vehicle and the risk indexes of the plurality 
of sensors which sensed the rear obstacle , and warn the 
driver about the collision risk , thereby increasing the sensing 
reliability . Furthermore , when the rear obstacle is a moving 
object , the rear collision warning apparatus can generate a 
prefill braking pressure to prepare for emergency braking , 
thereby preventing a collision with the rear obstacle . 
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[ 0094 ] FIG . 7 is a flowchart illustrating a control method 
of a rear collision warning apparatus in accordance with 
another embodiment of the present invention . 
[ 0095 ] As illustrated in FIG . 7 , the control method of the 
collision warning apparatus in accordance with the embodi 
ment of the present invention may start with step S10 in 
which the control unit 40 determines whether the vehicle is 
being reversed , based on the state of the shift sensing unit 
10 , at step S10 . 
[ 0096 ] The control unit 40 may determine whether the 
position of the shift lever is at ' R ' , through the shift sensing 
unit 10 , in order to determine whether the vehicle is being 
reversed . The control unit 40 may determine whether the 
vehicle is being reversed , based on the vehicle information . 
[ 0097 ] When it is determined at step S10 that the vehicle 
is not being reversed , the control unit 40 may continuously 
determine whether the vehicle is being reversed . When it is 
determined that the vehicle is being reversed , the control 
unit 40 may decide weights depending on surrounding 
brightness sensed through the illumination sensor 50 and the 
characteristics of the plurality of sensors in the rear sensing 
unit 20 , at step S20 . 
[ 0098 ] The rear sensing unit 20 may include at least the 
ultrasonic sensor 22 and the rear camera 21 . In addition , the 
rear sensing unit 20 may include various sensors such as the 
radar 23 and the LiDAR 24 , which can sense an obstacle 
therearound . 
[ 0099 ] At this time , the plurality of sensors may be 
installed at various positions to sense the rear obstacle at 
various angles , and remove the sensing dead zone , thereby 
increasing the sensing reliability . 
[ 0100 ] When the weights are decided at step S20 , the 
control unit 40 may turn on the ultrasonic sensor 22 of the 
rear sensing unit 20 in order to monitor noise . When noise 
is equal to or more than a preset value , the control unit 40 
may set the weight of the ultrasonic sensor 22 to a lower 
value than the basic weight . 
[ 0101 ] When the surrounding brightness received from the 
illumination sensor 50 is high , the control unit 40 may set the 
weight of the rear camera 21 to a higher value than the basic 
weight . On the other hand , when the surrounding brightness 
is low , the control unit 40 may set the weight of the 
ultrasonic sensor 22 to a higher value than the basic weight . 
[ 0102 ] After operating the rear sensing unit 20 at step S20 , 
the control unit 40 may sense the rear obstacle through the 
plurality of sensors of the rear sensing unit 20 at step S30 . 
[ 0103 ] When the rear obstacle is sensed at step S30 , the 
control unit 40 may calculate risk indexes based on the 
vehicle information inputted from the vehicle information 
input unit 30 and the results sensed through the plurality of 
sensors , at step S40 . 
[ 0104 ] The risk index may be defined as a function includ 
ing one or more of the size , position , speed and acceleration 
of the rear obstacle , which are sensed through the plurality 
of sensors , and one or more of the vehicle speed , steering 
angle and yaw rate which are the vehicle information . 
[ 0105 ] After calculating the risk index at step S40 , the 
control unit 40 may calculate a risk collision index for the 
rear obstacle by combining the results sensed through the 
plurality of sensors , at step S50 . 
[ 0106 ] . That is , the plurality of sensors of the rear sensing 
unit 20 may be installed at various positions , and sense the 
rear obstacle at various angles , according to the character 
istics of the respective sensors . 

[ 0107 ] For example , when a small stone is sensed as the 
rear obstacle , the small stone may be recognized as an 
obstacle through the ultrasonic sensor 22 , and the corre 
sponding risk index may be calculated as a high value . 
However , since the small stone does not reach the bumper of 
the vehicle from the viewpoint of the rear camera 21 , the 
corresponding risk index may be calculated as a low value . 
[ 0108 ] Therefore , the collision risk index may be calcu 
lated by multiplying the risk indexes for the rear obstacle , 
calculated through the respective sensors , by the weights of 
the sensors and adding up the multiplication results , in order 
to fuse the results sensed through the sensors in the rear 
sensing unit 20 . 
[ 0109 ] After calculating the collision risk index for the 
rear obstacle at step S50 , the control unit 40 may determine 
the characteristic of the sensed rear obstacle , and determine 
whether the rear obstacle is a moving object , at step S60 . 
0110 ] When it is determined at step S60 that the rear 
obstacle is not a moving object but a stationary object , the 
control unit 40 may output a warning through the warning 
unit 60 depending on the collision risk index , at step S90 . 
10111 ] That is , when the collision risk index is high , the 
control unit 40 may increase the volume of the warning 
sound , and raise the tempo of the warning sound . 
[ 0112 ] On the other hand , when it is determined at step 
S60 that the rear obstacle is a moving object such as a 
pedestrian or animal , the control unit 40 may calculate a 
prefill braking pressure according to the collision risk index , 
in order to prepare for emergency braking , at step S70 . 
[ 0113 ] Then , the control unit 40 may output the prefill 
braking pressure calculated at step S70 to the braking 
pressure control unit 70 , and prevent a collision through a 
rapid braking operation when an emergency braking situa 
tion occurs . 
10114 ] After outputting the prefill braking pressure to the 
braking pressure control unit 70 at step S80 , the control unit 
40 may output a warning through the warning unit 60 
depending on the collision risk index , at step S90 . 
[ 0115 ] As described above , the control method of the rear 
collision warning apparatus for a vehicle in accordance with 
the embodiment of the present invention can calculate the 
collision risk index based on the weights for the plurality of 
sensors for sensing the rear of the vehicle and the risk 
indexes of the plurality of sensors which sensed the rear 
obstacle , and warn the driver about the collision risk , 
thereby increasing the sensing reliability . Furthermore , 
when the rear obstacle is a moving object , the control 
method can generate a prefill braking pressure to prepare for 
emergency braking , thereby preventing a collision with the 
rear obstacle . 
10116 ] . Although preferred embodiments of the invention 
have been disclosed for illustrative purposes , those skilled in 
the art will appreciate that various modifications , additions 
and substitutions are possible , without departing from the 
scope and spirit of the invention as defined in the accom 
panying claims . 
What is claimed is : 
1 . An intelligent ultrasonic system comprising : 
a camera sensor unit configured to take an image of a road 

ahead of a driving vehicle ; 
an ultrasonic signal input unit configured to receive an 

ultrasonic signal sensed through one or more ultrasonic 
sensors mounted on the vehicle ; 
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a feature extraction unit configured to extract a feature of 
the received ultrasonic signal in order to determine 
whether the ultrasonic signal is a noise signal or normal 
signal ; 

a data collision unit configured to collect one or more data 
related to a surrounding situation of the road on which 
the vehicle is driven ; and 

a control unit configured to divide the surrounding situ 
ation into two or more classes based on the one or more 
data related to the surrounding situation and collected 
through the data collection unit , and change or reset an 
existing parameter to a parameter corresponding to any 
one class of the classes when the surrounding situation 
corresponds to the one class or is changed to the one 
class . 

2 . The intelligent ultrasonic system of claim 1 , wherein 
the one or more data related to the surrounding situation 
comprise one or more pieces of information among wind , 
humidity and temperature , and are collected from one or 
more sensors mounted in the vehicle through communica 
tion with an electronic control unit ( ECU ) , or collected 
through communication with an external server which pro 
vides weather information . 

3 . The intelligent ultrasonic system of claim 1 , wherein 
the control unit processes the road image received through 
the camera sensor unit , determines whether the surrounding 
environment is changed , by recognizing a change in state of 
the road , and resets the parameter of the ultrasonic system 
according to the surrounding environment , when the sur 
rounding environment is changed . 

4 . The intelligent ultrasonic system of claim 1 , further 
comprising a storage unit configured to store one or more of 
the ultrasonic signal inputted through the ultrasonic signal 
input unit , the one or more data related to the surrounding 
situation and collected through the data collection unit , and 
the parameter of the ultrasonic system or the ultrasonic 
sensor , which is preset or learned depending on the sur 
rounding situation . 

5 . The intelligent ultrasonic system of claim 1 , wherein 
the control unit determines and learns the features of a noise 
signal and normal signal which are generated depending on 
the surrounding situation , calls a parameter corresponding to 
the surrounding situation from the storage unit , and changes 
or resets the parameter of the ultrasonic sensor or the 
ultrasonic system . 

6 . A control method of an intelligent ultrasonic system , 
comprising : 

constructing , by the intelligent ultrasonic system , a learn 
ing database , and extracting a feature vector from an 
ultrasonic signal inputted through an ultrasonic signal 
input unit ; 

constructing , by the intelligent ultrasonic system , two or 
more classes for a surrounding situation into which 
temperature and humidity are reflected , and learning an 
optimal parameter corresponding to the surrounding 
situation through a machine learning algorithm based 
on each of the classes ; 

generating , by the intelligent ultrasonic system , a machine 
learning classifier , when the optimal parameter learning 
process for each class based on the surrounding situa 
tion is performed ; 

predicting , by the intelligent ultrasonic system , a class 
corresponding to the surrounding situation through the 
machine learning classifier , even when data related to 

the surrounding situation are not yet collected , after the 
machine learning classifier is generated ; and 

applying , by the intelligent ultrasonic system , an optimal 
parameter corresponding to the predicted class to an 
ultrasonic sensor or preprocessing logic . 

7 . The control method of claim 6 , wherein the machine 
learning classifier predicts a surrounding situation , and 
predicts a class corresponding to the surrounding situation , 
and 

a control unit of the intelligent ultrasonic system reflects 
an elapse of time until the vehicle is restarted , based on 
the previous surrounding situation when the vehicle 
was turned off for the last time , predicts the surround 
ing situation as soon as the vehicle is started , even 
though data related to the current surrounding situation 
are not collected , and sets a parameter corresponding to 
the class corresponding to the predicted surrounding 
situation . 

8 . A control method of an intelligent ultrasonic system , 
comprising : 

setting , by a control unit of the intelligent ultrasonic 
system , a basic parameter for the intelligent ultrasonic 
system or an ultrasonic sensor thereof , when a vehicle 
is started ; 

collecting , by the control unit , wind information in real 
time , depending on a vehicle speed ; 

predicting , by the control unit , a class corresponding to a 
surrounding environment through learning , and select 
ing a parameter optimized to the predicted class ; and 

deciding and applying , by the control unit , a finally tuned 
parameter by reflecting a weight corresponding to the 
wind information to the selected parameter . 

9 . The control method of claim 8 , further comprising : 
receiving , by the control unit , image information from a 

camera sensor unit , and checking whether a road state 
was changed in the image information ; 

repeating , by the control unit , the process of collecting 
wind information and deciding a finally tuned param 
eter based on the surrounding environment , when the 
check result indicates that the road state was changed ; 
and 

maintaining , by the control unit , the current state until the 
road state is changed , when the check result indicates 
that the road state is not changed . 

10 . The control method of claim 8 , wherein the wind 
information is divided into a plurality of groups depending 
on the strength of wind , and 

a weight for parameter correction is preset for each of the 
groups . 

11 . A rear collision warning apparatus for a vehicle , 
comprising : 

a rear sensing unit configured to sense a rear obstacle of 
the vehicle through a plurality of sensors ; 

a vehicle information input unit configured to receive 
vehicle information from a vehicle control unit ; 

a control unit configured to calculate risk indexes for the 
rear obstacle based on the vehicle information received 
from the vehicle information input unit and results 
sensed through the plurality of sensors , when the rear 
obstacle is sensed through the rear sensing unit , decide 
weights according to the characteristics of the plurality 
of sensors , calculate a collision risk index for the rear 
obstacle based on the risk indexes and the weights , and 



US 2019 / 0031100 A1 Jan . 31 , 2019 

generate a warning depending on the collision risk 
index and the characteristic of the rear obstacle ; and 

a warning unit configured to output the warning generated 
through the control unit . 

12 . The rear collision warning apparatus of claim 11 , 
wherein the control unit determines the characteristic of the 
rear obstacle , and calculates a prefill braking pressure 
depending on the collision risk index and outputs the cal 
culated prefill braking pressure to a braking pressure control 
unit , when it is determined that the rear obstacle is a moving 
object . 

13 . The rear collision warning apparatus of claim 11 , 
wherein the control unit changes a warning voice depending 
on the collision risk index , when generating the warning . 

14 . The rear collision warning apparatus of claim 11 , 
wherein the risk index is calculated based on one or more of 
the size , position , speed and acceleration of the rear obstacle . 

15 . A control method of a rear collision warning apparatus 
for a vehicle , comprising : 

deciding , by a control unit , weights according to charac 
teristics of a plurality of sensors included in a rear 
sensing unit , when the vehicle is being reversed ; 

sensing , by the control unit , a rear obstacle through the 
rear sensing unit ; 

calculating , by the control unit , risk indexes based on 
vehicle information inputted from a vehicle informa 
tion input unit and results sensed through the plurality 
of sensors , when the rear obstacle is sensed ; 

calculating , by the control unit , a collision risk index for 
the rear obstacle , based on the risk indexes for the rear 
obstacle sensed by the rear sensing unit and the weights 
of the plurality of sensors ; and 

determining , by the control unit , the collision risk index 
and the characteristic of the rear obstacle , and output 
ting a warning through a warning unit . 

16 . The control method of claim 15 , wherein in the 
outputting of the warning , the control unit changes a warn 
ing voice depending on the collision risk index . 

17 . The control method of claim 15 , further comprising 
calculating , by the control unit , a prefill braking pressure 
depending on the collision risk index and outputting the 
calculated prefill braking pressure to a braking pressure 
control unit , when it is determined that the rear obstacle is 
a moving object . 

18 . The control method of claim 15 , wherein in the 
calculating of the risk indexes , the control unit calculates the 
risk indexes based on any one or more of the size , position , 
speed and acceleration of the rear obstacle , sensed through 
the plurality of sensors . 

19 . The control method of claim 15 , wherein the rear 
sensing unit comprises at least an ultrasonic sensor and a 
rear camera , 

wherein the deciding of the weights comprises : 
monitoring by the control unit , noise of the ultrasonic 

sensor ; and 
setting , by the control unit , the weight of the ultrasonic 

sensor to a lower value than a basic weight , when the 
noise of the ultrasonic sensor is equal to or more than 
a preset value . 

20 . The control method of claim 19 , wherein in the 
deciding of the weights , the control unit sets the weight of 
the rear camera to a higher value than the basic weight when 
surrounding brightness is high , and sets the weight of the 
ultrasonic sensor to a higher value than the basic weight 
when the surrounding brightness is low . 

* * * * * 


