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VEHICLE DRIVING ASSIST APPARATUS SUMMARY 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to Japanese Patent 
Application No. 2019-025007 filed Feb. 15 , 2019 , which is 
incorporated herein by reference in its entirety include the 
specification , drawings , and abstract . 

BACKGROUND 

Field 

[ 0002 ] The present disclosure relates to a vehicle driving 
assist apparatus for executing a driving assist control , based 
on surrounding information provided by at least one sur 
rounding sensor for detecting surrounding situation around 
an own vehicle . 

Description of the Related Art 
[ 0003 ] There is known a vehicle driving assist apparatus 
which executes a driving assist control , based on surround 
ing information provided by surrounding sensors such as a 
camera sensor and a radar sensor which detect surrounding 
situations around an own vehicle . The surrounding sensors 
are mounted at predetermined parts of a body of the own 
vehicle . Each surrounding sensor detects target objects 
within a detection area of the surrounding sensor . The 
detection area is an area about a detection axis of the 
surrounding sensor . The detection axis of the camera sensor 
is an optical axis . The detection axis of the radar sensor is a 
radar axis . The detection axis of the surrounding sensor is a 
base which defines the detection area . 
[ 0004 ] When an orientation of the detection axis does not 
align a proper orientation , a position of the detected target 
object in a coordinate system is not exact . Thus , amounts of 
differences between the orientation of the detection axis and 
the proper orientation are measured as axis difference 
amounts at a vehicle factory , and axis difference adjustment 
values corresponding to the measured axis difference 
amounts are memorized in the surrounding sensor . Thereby , 
the proper surrounding situation can be detected by correct 
ing the position of the detected target object in the coordi 
nate system by the axis difference adjustment values . 
[ 0005 ] An operation for memorizing the axis difference 
adjustment values in the surrounding sensor is called an axis 
adjustment operation . The axis adjustment operation may be 
carried out by positioning a fixture such as a target board and 
a reflector in front of the vehicle as described in JP 2010 
156609 A. 
[ 0006 ] The surrounding sensor is mounted on the prede 
termined part of the body of the vehicle . Orientations of 
assembled bodies of the vehicles are different . Thus , the axis 
adjustment operation is required when the surrounding sen 
sor is mounted on the body of the vehicle . The axis adjust 
ment operation is carried out when the broken surrounding 
sensor is replaced with new surrounding sensor . Therefore , 
it takes a process to replace the broken surrounding sensor 
a long time . Further , the axis adjustment operation requires 
a wide operation area . Furthermore , the axis adjustment 
operation requires the fixture dedicated to carry out the axis 
adjustment operation . 
[ 0007 ] Thus , a process to replace the broken surrounding 
sensor requires a lot of labor . 

[ 0008 ] The present disclosure has been made for solving 
problems described above . An object of the present disclo 
sure is to provide a vehicle driving assist apparatus which 
can reduce the labor for replacing the surrounding sensors . 
[ 0009 ] A vehicle driving assist apparatus according to the 
present disclosure comprises at least one surrounding sensor 
and an electronic control unit . The at least one surrounding 
sensor has a first detection axis and is mounted to a body of 
a vehicle at a predetermined first position . The at least one 
surrounding sensor is configured to ( i ) detect a situation 
surrounding the vehicle as a first detected situation within an 
area about the first detection axis and ( ii ) produce informa 
tion on the first detected situation as first surrounding 
information . The electronic control unit executes a driving 
assist control to control a movement of the vehicle , based on 
the first surrounding information . 
[ 0010 ] The vehicle driving assist apparatus further com 
prises at least one vehicle element mounted to the body of 
the vehicle in addition to the at least one surrounding sensor . 
[ 0011 ] The at least one surrounding sensor is further 
configured to memorize at least one first axis difference 
adjustment value which adjusts at least one first axis differ 
ence of the first detection axis relative to a predetermined 
first base detection axis . The at least one surrounding sensor 
is further configured to produce the first surrounding infor 
mation with adjusting the at least one first axis difference by 
the at least one first axis difference adjustment value . The at 
least one surrounding sensor is further configured to provide 
the at least one vehicle element with information on the at 
least one first axis difference adjustment value memorized in 
the at least one surrounding sensor as first adjustment value 
information . 
[ 0012 ] The at least one vehicle element is configured to 
memorize the at least one first axis difference adjustment 
value included in the adjustment value information provided 
from the at least one surrounding sensor . The at least one 
vehicle element is configured to provide the at least one 
surrounding sensor with information on the at least one first 
axis difference adjustment value memorized in the least 
one vehicle element as the first adjustment value informa 
tion . 
[ 0013 ] The at least one surrounding sensor is further 
configured to memorize the at least one first axis difference 
adjustment value included in the first adjustment value 
information provided from the at least one vehicle element 
when the at least one first axis difference adjustment value 
is not memorized in the at least one surrounding sensor . 
[ 0014 ] The vehicle driving assist apparatus according to 
the present disclosure comprises the at least one surrounding 
sensor , the at least one vehicle element , and the electronic 
control unit . The surrounding sensor is mounted to the body 
of the vehicle at the predetermined first position and detects 
the situation surrounding the vehicle as the first detected 
situation . As described above , the surrounding sensor is 
mounted to the body of the vehicle at the predetermined first 
position . Orientations of assembled bodies of the vehicles 
are different . Thus , it is required to carry out an axis 
difference adjustment operation to ( i ) measure at least one 
first axis difference of the first detection axis of the sur 
rounding sensor relative to the predetermined first base 
detection axis , ( ii ) acquire the at least one first axis differ 
ence adjustment value to adjust the measured axis differ 
ence , and ( iii ) memorize the acquired at least one first axis 
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difference adjustment value . The axis difference adjustment 
operation is carried out at the vehicle factory . 
[ 0015 ] The at least one first axis difference adjustment 
value may adjust the measured axis difference to zero . For 
example , when the orientation of the first detection axis of 
the surrounding sensor is different from an orientation of the 
predetermined first base detection axis upwards by an angle , 
this angle is the at least one first axis difference adjustment 
value . The situation surrounding the vehicle can be properly 
detected by correcting a position of a coordinate system by 
the at least one first axis difference adjustment value so as to 
change the orientation of the first detection axis downwards 
by the angle . 
[ 0016 ] The surrounding sensor may be configured to ( i ) 
adjust the position of the coordinate system by the at least 
one first axis difference adjustment value so as to adjust the 
first axis difference of the first detection axis of the sur 
rounding sensor to zero , ( ii ) acquire the first surrounding 
information , based on the adjusted position of the coordinate 
system . The electronic control unit executes the driving 
assist control , based on the first surrounding information 
produced by the surrounding sensor . The driving assist 
control may be a collision avoidance assist control to ( i ) alert 
a driver of the vehicle and ( ii ) control a braking force applied 
to the vehicle to avoid the vehicle from colliding with an 
obstacle detected by the surrounding sensor . 
[ 0017 ] When the surrounding sensor is broken , the broken 
surrounding sensor is replaced with a new surrounding 
sensor . When the broken surrounding sensor is replaced with 
the new surrounding sensor , the new surrounding sensor is 
mounted to the body of the vehicle at the predetermined first 
position where the broken surrounding sensor was mounted . 
In this regard , the orientation of the body of the vehicle to 
which the new surrounding sensor is mounted , is the same 
as the orientation of the body of the vehicle to which the 
broken surrounding sensor is mounted . Therefore , when the 
new surrounding sensor is mounted to the body of the 
vehicle in the same manner as the broken surrounding 
sensor , the orientation of the first detection axis of the new 
surrounding sensor is the same as the orientation of the first 
detection axis of the broken surrounding sensor . 
[ 0018 ] The vehicle driving assist apparatus according to 
the present disclosure comprises the vehicle element con 
figured to memorize the at least one first axis difference 
adjustment value of the surrounding sensor . Therefore , there 
is no need to provide the vehicle with another element which 
memorizes the at least one first axis difference adjustment 
value of the surrounding sensor . Any of the vehicle elements 
already provided in the vehicle may be used as the vehicle 
element . The vehicle element is provided in the vehicle and 
is not the surrounding sensor . The vehicle element is con 
figured to memorize the at least one first axis difference 
adjustment value included in the first adjustment value 
information provided from the surrounding sensor . 
[ 0019 ] The vehicle element may be an element used in 
executing the driving assist control . For example , when two 
surrounding sensors are mounted to the body of the vehicle , 
the vehicle element may be one of the surrounding sensors . 
In this case , the surrounding sensor is a first surrounding 
sensor , and the vehicle element is a second surrounding 
sensor . The second surrounding sensor memorizes the at 
least one first axis difference adjustment value of the first 
surrounding sensor . When the second surrounding sensor as 
the vehicle element memorizes the at least one first axis 

difference adjustment value of the broken first surrounding 
sensor detached from the body of the vehicle , the at least one 
first axis difference adjustment value memorized in the 
second surrounding sensor as the vehicle element can be 
used as the at least one first axis difference adjustment value 
of the new first surrounding sensor mounted to the body of 
the vehicle . Thereby , the factory workers do not need to 
carry out the axis difference adjustment operation to ( i ) 
measure the at least one first axis difference of the first 
detection axis of the new first surrounding sensor , ( ii ) 
acquire the at least one first axis difference adjustment value 
to adjust the measured at least one first axis difference , and 
( iii ) memorize the acquired at least one first axis difference 
adjustment value in the new first surrounding sensor as the 
at least one first axis difference adjustment value . 
[ 0020 ] According to the present disclosure , the surround 
ing sensor is configured to provide the vehicle element with 
the first adjustment value information and receive the first 
adjustment information from the vehicle element . For 
example , when the axis difference adjustment operation is 
carried out to the surrounding sensor , the surrounding sensor 
memorizes the at least one first axis difference adjustment 
value and provides the vehicle element with the first adjust 
ment value information . The vehicle element memorizes the 
at least one first axis difference adjustment value included in 
the first adjustment value information provided from the 
surrounding sensor . 
[ 0021 ] When the broken surrounding sensor is replaced 
with the new surrounding sensor , the at least one first axis 
difference adjustment value is not memorized in the new 
surrounding sensor . When ( i ) the at least one first axis 
difference adjustment value is not memorized in the new 
surrounding sensor , and ( ii ) the at least one first axis 
difference adjustment value of the broken surrounding sen 
sor is memorized in the vehicle element , the at least one first 
axis difference adjustment value of the broken surrounding 
sensor included in the first adjustment value information 
provided from the vehicle element is memorized in the new 
surrounding sensor . In this case , the first adjustment value 
information on the at least one first axis difference adjust 
ment value of the previously - mounted surrounding sensor is 
provided from the vehicle element to the newly - mounted 
surrounding sensor . The first adjustment value information 
on the at least one first axis difference adjustment value of 
the previously - mounted surrounding sensor provided from 
the vehicle element is received by the newly - mounted 
surrounding sensor . 
[ 0022 ] As a result , when the broken surrounding sensor is 
replaced with the new surro irrounding sensor , the at least one 
first axis difference adjustment value of the broken sur 
rounding sensor is transferred to the new surrounding sen 
sor . Thus , the factory workers do not need to carry out the 
axis difference adjustment operation with respect to the new 
surrounding sensor . Therefore , the labor to replace the 
surrounding sensors can be reduced . 
[ 0023 ] According to an aspect of the present disclosure , 
the at least one vehicle element may be further configured to 
periodically provide the at least one surrounding sensor with 
the first adjustment value information . 
[ 0024 ] In this aspect , the first adjustment value informa 
tion is periodically provided from the vehicle element to the 
surrounding sensor after the at least one first axis difference 
adjustment value is memorized in the vehicle element . The 
first adjustment value information may be provided from the 
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vehicle element to the surrounding sensor via an in - vehicle 
communication network such as a CAN . The surrounding 
sensor can determine that the at least one first axis difference 
adjustment value is memorized in the vehicle element when 
the first adjustment value information is provided from the 
vehicle element to the surrounding sensor . 
[ 0025 ] When the broken surrounding sensor is replaced 
with the new surrounding sensor , the at least one first axis 
difference adjustment value is not memorized in the new 
surrounding sensor . Accordingly , when ( i ) the at least one 
first axis difference adjustment value is not memorized in the 
surrounding sensor , and ( ii ) the first adjustment value infor 
mation is provided from the vehicle element to the surround 
ing sensor , the at least one first axis difference adjustment 
value included in the first - adjustment value information 
provided from the vehicle element to the surrounding sensor 
is memorized in the surrounding sensor . Thereby , the at least 
one first axis difference adjustment value of the surrounding 
sensor detached from the body of the vehicle is automati 
cally transferred to the surrounding sensor newly mounted to 
the body of the vehicle . Thus , the labor to replace the 
surrounding sensors can be reduced . 
[ 0026 ] According to another aspect of the present disclo 
sure , the at least one surrounding sensor may be further 
configured to request to carry out an axis difference adjust 
ment operation to memorize the at least one first axis 
difference adjustment value in the at least one surrounding 
sensor when ( i ) the at least one first axis difference adjust 
ment value is not memorized in the at least one surrounding 
sensor , and ( ii ) the at least one vehicle element does not 
provide the at least one surrounding sensor with the first 
adjustment value information . 
[ 0027 ] When the at least one first axis difference adjust 
ment value is not memorized in the vehicle element , the first 
adjustment value information is not provided from the 
vehicle element to the surrounding sensor . For example , 
when ( i ) the vehicle element is broken , and ( ii ) the broken 
vehicle element is replaced with a new vehicle element , the 
at least one first axis difference adjustment value is not 
memorized in the new vehicle element . In this case , the first 
adjustment value information is not provided from the new 
vehicle element to the new surrounding sensor . In this case , 
the factory workers need to carry out the axis difference 
adjustment operation with respect to the new surrounding 

the predetermined first base detection axis by the at least one 
first axis difference adjustment value . 
[ 0030 ] According to further another aspect of the present 
disclosure , the at least one first axis difference may include 
at least one of ( i ) a difference in a pitch angle between the 
first detection axis and the predetermined first base detection 
axis , ( ii ) a difference in a yaw angle between the first 
detection axis and the predetermined first base detection 
axis , and ( iii ) a difference in a roll angle between the first 
detection axis and the predetermined first base detection 
axis . 
[ 0031 ] According to further another aspect of the present 
disclosure , the at least one surrounding sensor may include 
a camera sensor having an optical axis as the first detection 
axis . In this case , the camera sensor may be configured to ( i ) 
take images of a view surrounding the vehicle within an area 
about the optical axis and ( ii ) detect the situation surround 
ing the vehicle as the first detected situation , based on the 
images taken by the camera sensor . 
[ 0032 ] According to further another aspect of the present 
disclosure , the at least vehicle element may be further 
configured to ( i ) detect the situation surrounding the vehicle 
as a second detected situation and ( ii ) produce information 
on the second detected situation as second surrounding 
information . In this case , the electronic control unit may be 
configured to execute the driving assist control , based on the 
first surrounding information and the second surrounding 
information . 
[ 0033 ] According to further another aspect of the present 
disclosure , the at least one vehicle element may include a 
radar sensor which detects the situation surrounding the 
vehicle as the second detected situation . 
[ 0034 ] According to further another aspect of the present 
disclosure , the radar sensor may have a second detection 
axis . In this case , the radar sensor may be further configured 
to detect the situation surrounding the vehicle as the second 
detected situation within an area about the second detection 
axis . The radar sensor may be further configured to memo 
rize at least one second axis difference adjustment value 
which adjusts at least one second axis difference of the 
second detection axis relative to a predetermined second 
base detection axis . The radar sensor may be further con 
figured to produce the second surrounding information with 
adjusting the at least one second axis difference by the at 
least one second axis difference adjustment value . The radar 
sensor may be further configured to provide the at least one 
surrounding sensor with information on the at least one 
second axis difference adjustment value memorized in the 
radar sensor as second adjustment value information . 
[ 0035 ] In this aspect , the at least one surrounding sensor 
may be configured to memorize the at least one second axis 
difference adjustment value included in the second adjust 
ment value information provided from the radar sensor . The 
at least one surrounding sensor may be further configured to 
provide the radar sensor with the second adjustment value 
information on the at least one second axis difference 
adjustment value memorized in the at least one surrounding 

sensor . 

[ 0028 ] In this aspect of the present disclosure , when ( i ) the 
at least one first axis difference adjustment value is not 
memorized in the surrounding sensor , and ( ii ) the first 
adjustment value information is not provided from the 
vehicle element to the surrounding sensor , it is requested to 
carry out the axis difference adjustment operation . In this 
case , a diagnosis error code which indicates that the first axis 
difference of the surrounding sensor has not been adjusted , 
may be generated to request to carry out the axis difference 
adjustment operation . Thereby , the vehicle driving assist 
apparatus can request the factory workers to carry out the 
axis difference adjustment operation with respect to the new 
surrounding sensor . 
[ 0029 ] According to further another aspect of the present 
disclosure , the at least one surrounding sensor may be 
configured to adjust the at least one first axis difference by 
adjusting a position of a coordinate system , based on the first 
detection axis to a position of a coordinate system , based on 

sensor . 

[ 0036 ] In this aspect , the radar sensor may be further 
configured to memorize the at least one second axis differ 
ence adjustment value included in the second adjustment 
value information provided from the at least one surround 
ing sensor when the at least one second axis difference 
adjustment value is not memorized in the radar sensor . 
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[ 0037 ] According to further another aspect of the present 
disclosure , the radar sensor may be configured to adjust the 
at least one second axis difference by adjusting a position of 
a coordinate system , based on the second detection axis to 
a position of a coordinate system , based on the predeter 
mined second base detection axis by the at least one second 
axis difference adjustment value . 
[ 0038 ] According to further another aspect of the present 
disclosure , the at least one second axis difference may 
include at least one of ( i ) a difference in a pitch angle 
between the second detection axis and the predetermined 
second base detection axis , ( ii ) a difference in a yaw angle 
between the second detection axis and the predetermined 
second base detection axis , and ( iii ) a difference in a roll 
angle between the second detection axis and the predeter 
mined second base detection axis . 
( 0030 ) When the vehicle driving assist apparatus com 
prises the camera sensor as the surrounding sensor which 
detects the situation surrounding the vehicle , the electronic 
control unit executes the driving assist control , based on the 
first surrounding information produced by the camera sen 
sor . 

[ 0040 ] When the vehicle driving assist apparatus - 
prises the radar sensor as the vehicle element which detects 
the situation surrounding the vehicle , the electronic control 
unit executes the driving assist control , based on the second 
surrounding information produced by the radar sensor . 
[ 0041 ] When the vehicle driving assist apparatus com 
prises ( i ) the camera sensor which detects the situation 
surrounding the vehicle as the surrounding sensor and ( ii ) 
the radar sensor which detects the situation surrounding the 
vehicle as the vehicle element , the electronic control unit 
executes the driving assist control , based on the first sur 
rounding information produced by the camera sensor and the 
second surrounding information produced by the radar sen 
sor . In this case , the electronic control unit can execute the 
driving assist control with high accuracy . 
[ 0042 ] The camera sensor and the radar sensor may be the 
surrounding sensors . The radar sensor functions as the 
vehicle element . The radar sensor ( i ) receives the first 
adjustment value information on the at least one first axis 
difference adjustment value of the camera sensor ( in par 
ticular , an optical axis difference adjustment value of the 
camera sensor from the camera randmrze 
the at least one first axis difference adjustment value 
included in the received first adjustment value information . 
0043 ) When the surroundingsnor is the camera 
sensor , and ( ii ) the axis difference adjustment operation with 
respect to the camera sensor is finished , the camera sensor 
provides the radar sensor with the first adjustment value 
information . The radar sensor memorizes the at least one 
first axis difference adjustment value included in the first 
adjustment value information provided from the camera 
sensor . In addition , the radar sensor provides the camera 
sensor with the first adjustment information on the at least 
one first axis difference adjustment value memorized in the 
radar sensor . Accordingly , when ( i ) the at least one first axis 
difference adjustment value is not memorized in the camera 
sensor , and ( ii ) the first adjustment value information is 
provided from the radar sensor to the camera sensor , the 
camera sensor memorizes the at least one first axis difference 
adjustment value included in the first adjustment value 
information provided from the radar sensor . 

[ 0044 ] When the camera sensor is broken and is replaced 
with a new camera sensor , the at least one first axis differ 
ence adjustment value of the new camera sensor is not 
memorized in the new camera sensor . When the at least one 
first axis difference adjustment value of the broken camera 
sensor is memorized in the radar sensor , the radar sensor 
provides the new camera sensor with the first adjustment 
value information on the at least one first axis difference 
adjustment value of the broken camera sensor . The new 
camera sensor memorizes the at least one first axis difference 
adjustment value included in the first adjustment value 
information provided from the radar sensor . 
[ 0045 ] As a result , when the broken camera sensor is 
replaced with the new camera sensor , the at least one first 
axis difference adjustment value of the broken camera 
sensor is transferred from the radar sensor to the new camera 
sensor . Therefore , the factory workers do not need to carry 
out the axis difference adjustment operation with respect to 
the new camera sensor . Thus , the labor to replace the camera 
sensors can be reduced . 
[ 0046 ] According to further another aspect of the present 
disclosure , the at least one surrounding sensor may include 
a first surrounding sensor having the first detection axis and 
mounted to the body of the vehicle at the predetermined first 
position . In this case , the first surrounding sensor may be 
configured to ( i ) detect the situation surrounding the vehicle 
as the first detected situation within the area about the first 
detection axis and ( ii ) produce the information on the first 
detected situation as the first surrounding information . 
[ 0047 ] In this aspect , the at least one vehicle element may 
include a second surrounding sensor having a second detec 
tion axis and mounted to the body of the vehicle at a 
predetermined second position different from the predeter 
mined first position . In this case , the second surrounding 
sensor may be configured to ( i ) detect the situation surround 
ing the vehicle as a second detected situation within an area 
about the second detection axis and ( ii ) produce information 
on the second detected situation as second surrounding 
information . 
[ 0048 ] In this ect , the electronic control unit may be 
further configured to execute the driving assist control , 
based on the first surrounding information and the second 
surrounding information . 
[ 0049 ] According to further another aspect of the present 
disclosure , the second surr arrounding sensor may be further 
configured to memorize at least one second axis difference 
adjustment value which adjusts at least one second axis 
difference of the second detection axis relative to a prede 
termined second base detection axis . The second surround 
ing sensor may be further configured to produce the second 
surrounding information with adjusting the at least one 
second axis difference by the at least one second axis 
difference adjustment value . The second surrounding sensor 
may be further configured to provide the first surrounding 
sensor with information on the at least one second axis 
difference adjustment value memorized in the second sur 
rounding sensor as second adjustment value information . 
[ 0050 ] In this aspect , the first surrounding sensor may be 
configured to memorize the at least one second axis differ 
ence adjustment value included in the second adjustment 
value information provided from the second surrounding 
sensor . The first surrounding sensor may be further config 
ured to provide the second surrounding sensor with infor 
mation on the at least one second axis difference adjustment 
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value memorized in the first surroi rounding sensor as the 
second adjustment value information . 
[ 0051 ] In this aspect , the second surrounding sensor may 
be further configured to memorize the at least one second 
axis difference adjustment value included in the second 
adjustment value information provided from the first sur 
rounding sensor when the at least one second axis difference 
adjustment value is not memorized in the second surround 
ing sensor . 
[ 0052 ] According to further another aspect of the present 
disclosure , the second surrounding sensor may be config 
ured to adjust the at least one second axis difference by 
adjusting a position of a coordinate system , based on the 
second detection axis to a position of a coordinate system , 
based on the predetermined second base detection axis by 
the at least one second axis difference adjustment value . 
[ 0053 ] According to further another aspect of the present 
disclosure , the at least one second axis difference may 
include at least on of ( i ) a difference in a pitch angle between 
the second detection axis and the predetermined second base 
detection axis , ( ii ) a difference in a yaw angle between the 
second detection axis and the predetermined second base 
detection axis , and ( iii ) a difference in a roll angle between 
the second detection axis and the predetermined second base 
detection axis . 
[ 0054 ] According to further another aspect of the present 
disclosure , the driving assist control may be a control to 
automatically control one or more of acceleration of the 
vehicle , deceleration of the vehicle , and steering of the 
vehicle . 
[ 0055 ] Elements of the present disclosure are not limited 
to elements of embodiments and modified examples of the 
present disclosure described along with the drawings . The 
other objects , features and accompanied advantages of the 
present disclosure can be easily understood from the 
embodiments and the modified examples of the present 
disclosure . 

mounted , will be referred to as “ the own vehicle ” in order to 
distinguish the own vehicle from vehicles other than the own 
vehicle . 
[ 0063 ] The vehicle driving assist apparatus 1 includes a 
camera sensor unit 10 and radar sensor 40. The camera 
sensor unit 10 includes a driving assist ECU 20 , a camera 
sensor 30 , and a casing . The driving assist ECU 20 and the 
camera sensor 30 are housed in the casing . The camera 
sensor unit 10 is constituted as one unit including the driving 
assist ECU 20 , the camera sensor 30 and the casing . The 
radar sensor 40 , a meter ECU 50 , a brake ECU 60 , a buzzer 
70 , vehicle state sensors 80 , and driving operation state 
sensors 90 are electrically connected to the driving assist 
ECU 20 via a CAN ( Controller Area Network ) . 
[ 0064 ] The word “ ECU ” stands for " electronic control 
unit ” . Each of the driving assist ECU 20 , the meter ECU 50 , 
and the brake ECU 60 includes a micro - computer as a main 
component . The micro - computer includes a CPU , a ROM , a 
RAM , a non - volatile memory , and an interface I / F . The CPU 
is configured to realize various functions by executing 
instructions , programs , and routines stored in the ROM . One 
ECU may function as some or all of the driving assist ECU 
20 , the meter ECU 50 , and the brake ECU 60 . 
[ 0065 ] The camera sensor unit 10 is mounted to an upper 
part of a front windshield glass at a side of an interior of the 
vehicle . In particular , a bracket ( not shown ) is mounted to 
the upper part of the front windshield glass . The camera 
sensor unit 10 is mounted to the bracket by fitting the camera 
sensor unit 10 to the bracket . Thereby , the camera sensor 
unit 10 is mounted at a predetermined position of the upper 
part of the front wind shield glass . 
[ 0066 ] The camera sensor 30 includes a camera section 31 , 
an image processing section 32 , an optical axis difference 
adjustment value storage section 33 , and an adjustment 
value communication section 34 . 
[ 0067 ] The camera section 31 is , for example , a monocular 
camera . An image taking area of the camera section 31 is an 
area defined by a predetermined angle about the optical axis 
of the camera section 31. The camera section 31 takes 
images of a view within the image taking area ahead of the 
own vehicle . The camera section 31 provides the taken 
images to the image processing section 32 . 
[ 0068 ] The image processing section 32 recognizes ( i ) 
lane markings provided on a road and ( ii ) standing objects 
ahead of the own vehicle , based on the images taken by the 
camera section 31. The image processing section 32 pro 
vides information on the recognized lane markings to the 
driving assist ECU 20 as lane marking information and 
provides information on the recognized standing objects to 
the driving assist ECU 20 as standing object information 
with a predetermined cycle . The lane marking information is 
information indicating a positional relationship between the 
own vehicle and each detected lane marking . The positional 
relationship includes an orientation of each detected lane 
marking with respect to the own vehicle . The standing object 
information is information indicating ( i ) a kind of each 
detected standing object , ( ii ) a size of each detected standing 
object , and ( iii ) a positional relationship between the own 
vehicle and each detected standing object . Hereinafter , the 
information produced by the image processing section 32 
and provided to the driving assist ECU 20 will be referred 
to as “ the camera information ” or “ the surrounding infor 
mation . ” 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0056 ] FIG . 1 is a view which shows a general configu 
ration of a system of a vehicle driving assist apparatus 
according to an embodiment of the present disclosure . 
[ 0057 ] FIG . 2 is a view which shows processes to transfer 
optical assist adjustment values of an old camera sensor to 
a new camera sensor . 

[ 0058 ] FIG . 3 is a view which shows a flowchart of 
processes to adjust an optical axis of the camera sensor 
executed at a vehicle factory . 
[ 0059 ] FIG . 4 is a view which shows a flowchart of an 
optical axis difference adjustment value communication 
routine . 
[ 0060 ] FIG . 5 is a view which shows a flowchart of an 
adjustment value reading routine . 

DESCRIPTION OF THE EMBODIMENTS 

[ 0061 ] Below , a vehicle driving assist apparatus according 
to an embodiment of the present disclosure will be described 
with reference to the drawings . 
[ 0062 ] FIG . 1 shows a general configuration of a vehicle 
driving assist apparatus 1 according to the embodiment of 
the present disclosure . The vehicle driving assist apparatus 
1 is mounted on a vehicle . Hereinafter , in some cases , the 
vehicle on which the vehicle driving assist apparatus 1 is 
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[ 0069 ] The image processing section 32 corrects a position 
of a coordinate system in the images with optical axis 
difference adjustment values to produce the camera infor 
mation . The optical axis difference adjustment value storage 
section 33 is a device which memorizes the optical axis 
difference adjustment values . The optical axis difference 
adjustment values are values corresponding to difference 
amounts of the optical axis of the camera section 31 relative 
to a base optical axis . The optical axis difference adjustment 
values are acquired by carrying out an optical axis difference 
adjustment operation for each vehicle . The acquired optical 
axis difference adjustment values are memorized in the 
optical axis difference adjustment value storage section 33 . 
The optical axis difference adjustment values correspond to 
at least one first axis difference adjustment value of the 
present disclosure . 
[ 0070 ] The optical axis difference adjustment operation 
includes , for example , ( i ) a process to position a target board 
at a predetermined position ahead of the vehicle , ( ii ) a 
process to take an image of the target board by the camera 
sensor 30 , ( iii ) a process to measure the difference amounts 
of the optical axis of the camera sensor 30 , based on a 
position of a center of the target board in the coordinate 
system in the taken image , ( iv ) a process to acquire the 
optical axis difference adjustment values corresponding to 
the measured difference amounts , and ( v ) a process to 
memorize the acquired optical axis difference adjustment 
values in the optical axis difference adjustment value storage 
section 33. When the optical axis of the camera sensor 30 
does not align an intended direction , the position of the 
coordinate system in the image taken by the camera sensor 
30 is corrected by the optical axis difference adjustment 
values to eliminate the difference amounts of the optical axis 
of the camera sensor 30. Thereby , the exact camera infor 
mation including the lane marking information and the 
standing object information is provided to the driving assist 
ECU 20. Any of the known optical axis difference adjust 
ment operations may be used as the optical axis difference 
adjustment operation of this embodiment . 
[ 0071 ] The adjustment value communication section 34 
includes a communication circuit . The communication cir 
cuit outputs and receives information on the optical axis 
difference adjustment values of the camera sensor 30 via the 
CAN . The adjustment value communication section 34 has 
a function to send out the information on the optical axis 
difference adjustment values of the surrounding sensor 30 
( in this embodiment , to the radar sensor 40 ) . The informa 
tion on the optical axis difference adjustment values of the 
camera sensor 30 is information on the optical axis differ 
ence adjustment values memorized in the optical axis dif 
ference adjustment value storage section 33. In addition , the 
adjustment value communication section 34 has a function 
to ( i ) receive the information on the optical axis difference 
adjustment values of the camera sensor 30 provided from 
outside ( in this embodiment , from the radar sensor 40 ) and 
( ii ) memorize the optical difference adjustment values 
included in the information provided from outside in the 
optical axis difference adjustment value storage section 33 . 
The information on the optical axis difference adjustment 
values of the camera sensor 30 provided from outside is 
information on the optical axis difference adjustment values 
of the camera sensor 30 memorized in a second adjustment 
value storage section 45 described later . 

[ 0072 ] The radar sensor 40 is electrically connected to the 
camera sensor unit 10 via the CAN . The radar sensor 40 is 
mounted to a vehicle body member at a predetermined 
position corresponding a front center end of the own vehicle . 
The front center end is an end of the own vehicle located at 
a front end of the own vehicle on a center position along a 
width direction of the own vehicle . For example , the radar 
sensor 40 is mounted to the vehicle body member at a back 
side of an emblem plate . The emblem plate is provided at a 
center of a front grille . The radar sensor 40 is , for example , 
a millimeter - wave radar sensor which detects the standing 
objects ahead of the own vehicle . The radar sensor 40 
includes a millimeter - wave transmitting / receiving section 
41 , a signal processing section 42 , a target object informa 
tion producing section 43 , a first adjustment value storage 
section 44 , a second adjustment value storage section 45 , 
and an adjustment value communication section 46 . 
[ 0073 ] The millimeter - wave transmitting / receiving sec 
tion 41 transmits millimeter waves . The transmitted milli 
meter waves propagate in a space expanding by a predeter 
mined angle about a radar axis . The radar axis extends in a 
forward direction of the own vehicle . The millimeter - wave 
transmitting / receiving section 41 modulates frequency of a 
reference signal to produce a signal having the frequency 
changing with time , i.e. , produce a millimeter wave . The 
reference signal has a predetermined frequency . The milli 
meter - wave transmitting / receiving section 41 transmits the 
produced millimeter wave as a transmitted signal via a 
transmitting antenna . The transmitted millimeter wave is 
reflected by an object such as another vehicle , walking 
persons , and two - wheel vehicles . The millimeter - wave 
transmitting / receiving section 41 receives the millimeter 
wave propagating in a space within the detection area via 
receiving antennas . Therefore , the millimeter - wave trans 
mitting / receiving section 41 receives the millimeter wave 
reflected by the object as a received signal when the object 
exists in the detection area . 
[ 0074 ] The signal processing section 42 mixes the trans 
mitted signals produced by the millimeter - wave transmit 
ting / receiving section 41 and the received signals reflected 
by the objects and received by the millimeter - wave trans 
mitting / receiving section 41. The signal processing section 
42 takes a difference in frequency between the transmitted 
signal and the received signal to produce a beat signal . The 
signal processing section 42 produces the beat signal for 
each channel , i.e. , each receiving antenna . The signal pro 
cessing section 42 provides a radar detection signal includ 
ing the produced beat signal to the target object information 
producing section 43 . 
[ 0075 ] The target object information producing section 43 
is a calculation circuit including a micro - computer as a main 
component . The target object information producing section 
43 carries out a frequency analysis to the radar detection 
signal , for example , by the fast Fourier transformation to 
acquire a time between a point of time of transmitting the 
transmitted signal and a point of time of receiving the 
received signal as a delay time . The target object information 
producing section 43 calculates a distance between the radar 
sensor 40 and the object , based on the acquired delay time . 
The target object information producing section 43 calcu 
lates a relative movement speed of the object to the radar 
sensor 40 , based on a difference in frequency between the 
transmitted signal and the received signal . In addition , the 
target object information producing section 43 calculates a 
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horizontal direction of the object relative to the radar sensor 
40 and a vertical direction ( i.e. , an angle of elevation ) of the 
object relative to the radar sensor 40 , based on a signal phase 
difference between the channels . 

[ 0076 ] Hereinafter , the information on the objects calcu 
lated by the target object information producing section 43 
will be referred to as “ the target object information . ” The 
target object information is information on the relative 
position of each object to the radar sensor 40 and the relative 
movement speed of the object to the radar sensor 40. The 
relative position is defined by the relative distance of the 
object to the radar sensor 40 and the relative direction of the 
object to the radar sensor 40. Hereinafter , in some cases , the 
object detected by the radar sensor 40 will be referred to as 
“ the target object . ” The target object information producing 
section 43 provides the calculated target object information 
( i.e. , the calculated surrounding information ) to the driving 
assist ECU 20 via the CAN . 

[ 0077 ] When the target object information producing sec 
tion 43 produces the target object information , the target 
object information producing section 43 reads out the radar 
axis difference adjustment values memorized in the first 
adjustment value storage section 44 and corrects the position 
of the object in the coordinate system with the radar axis 
difference adjustment values . The radar axis difference 
adjustment values correspond to the difference amounts of 
the radar axis of the radar sensor 40 relative to a base radar 
axis . The radar axis difference adjustment values are memo 
rized in the first adjustment value storage section 44 by 
carrying out a radar axis difference adjustment operation to 
each vehicle at the vehicle factory . Various operations are 
known as the radar axis difference adjustment operation . 
Any of the known operations may be used as the radar axis 
difference adjustment operation of this embodiment . 
[ 0078 ] The radar axis difference adjustment values may 
not be memorized in the radar sensor 40 when the orienta 
tion of the radar sensor 40 is physically adjusted , for 
example , by adjustment screws such that the measured 
difference amounts of the radar axis of the radar sensor 40 
become zero at the vehicle factory . In this case , the first 
adjustment value storage section 44 may be omitted . 
[ 0079 ] The adjustment value communication section 46 
includes a communication circuit which sends and receives 
information on the optical axis difference adjustment values 
of the camera sensor 30 via the CAN . The adjustment value 
communication section 46 has a function to ( i ) receive the 
information on the optical axis difference adjustment values 
of the camera sensor 30 from outside ( in this embodiment , 
from the camera sensor 30 ) and ( ii ) memorize the optical 
axis difference adjustment values included in the received 
information in the second adjustment value storage section 
45. In addition , the adjustment value communication section 
46 has a function to send out the information on the optical 
axis difference adjustment values of the camera sensor 30 ( in 
this embodiment , to the camera sensor 30 ) . The information 
on the optical axis difference adjustment values of the 
camera sensor 30 provided from the adjustment value com 
munication section 46 is information on the optical axis 
difference adjustment values of the camera sensor 30 memo 
rized in the second adjustment value storage section 45 . 
[ 0080 ] The second adjustment value storage section 45 is 
a device which memorizes the optical axis difference adjust 

ment values of the camera sensor 30 included in the infor 
mation received by the adjustment value communication 
section 46 . 
[ 0081 ] As understood from the above , the camera sensor 
30 and the radar sensor 40 can communicate the information 
on the optical axis difference adjustment values of the 
camera sensor 30 with each other . A process to communicate 
the information on the optical axis difference adjustment 
values of the camera sensor 30 between the camera sensor 
30 and the radar sensor 40 will be described later . 
[ 0082 ] The meter ECU 50 is electrically connected to the 
display 51. The display 51 is , for example , a multi infor 
mation display which is provided in front of a driver's seat 
and informs the driver of various information by using 
characters . The meter ECU 50 controls a display of the 
display 51 in accordance with a display command sent from 
the driving assist ECU 20 . 
[ 0083 ] The brake ECU 60 is electrically connected to the 
brake actuator 61. The brake actuator 61 is provided in a 
hydraulic circuit between a master cylinder ( not shown ) and 
each friction brake mechanism 62. The master cylinder 
compresses hydraulic oil by a pressing force applied to the 
brake pedal . The friction brake mechanisms 62 are provided 
to a left front wheel , a right front wheel , a left rear wheel , 
and a right rear wheel , respectively . Each brake mechanism 
62 has a brake disc and a brake caliper . The brake disc is 
secured to the corresponding wheel . The brake caliper is 
secured to the body of the own vehicle . The brake actuator 
61 adjusts hydraulic pressure to be supplied to a wheel 
cylinder in accordance with a command sent from the brake 
ECU 60. The wheel cylinder is provided in the brake caliper . 
The brake actuator 61 activates the wheel cylinder by the 
adjusted hydraulic pressure to press the brake pad to the 
brake disc , thereby to generate friction braking force . The 
brake ECU 60 can control the braking force applied to the 
own vehicle by controlling the brake actuator 61 . 
[ 0084 ] For example , when the brake ECU 60 receives a 
compressing assist command from the driving assist ECU 
20 , the brake ECU 60 controls the brake actuator 61 to 
generate the friction braking force greater than the friction 
braking force generated by a normal operation to the brake 
pedal . In other words , the brake ECU 60 increases a ratio of 
the friction braking force to a pressing stroke of the brake 
pedal to a ratio greater than a ratio normally accomplished 
when the brake ECU 60 does not receive the compressing 
assist command . When the brake ECU 60 receives an 
automatic brake command from the driving assist ECU 20 , 
the brake ECU 60 controls the brake actuator 61 to generate 
a predetermined friction braking force , independently of 
whether the driver operates the brake pedal . 
[ 0085 ] When the buzzer 70 receives a sound generation 
command from the driving assist ECU 20 , the buzzer 70 is 
driven in accordance with the sound generation command , 
thereby to generate buzzer sound in a manner specified by 
the sound generation command . The buzzer sound provides 
the driver with attention . 
[ 0086 ] The vehicle state sensors 80 are various kinds of 
sensors which detect vehicle states . The vehicle state sensors 
80 are , for example , a vehicle movement speed sensor , 
vehicle wheel rotation speed sensors , a longitudinal accel 
eration sensor , a lateral acceleration sensor , and a yaw rate 
sensor . The vehicle movement speed sensor detects a move 
ment speed of the own vehicle . Each vehicle wheel rotation 
speed sensor detects a rotation speed of the corresponding 
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wheel of the own vehicle . The longitudinal acceleration 
sensor detects a longitudinal acceleration of the own vehicle . 
The lateral acceleration sensor detects a lateral acceleration 
of the own vehicle . The yaw rate sensor detects a yaw rate 
of the own vehicle . 
[ 0087 ] The driving operation state sensors 90 are various 
kinds of sensors which detect driving operation states per 
formed by the driver . The driving operation state sensors 90 
are , for example , an acceleration pedal operation amount 
sensor , a brake pedal operation amount sensor , a brake 
switch , a steering angle sensor , a steering torque sensor , a 
turn signal lever operation sensor , and a shift position sensor . 
The acceleration pedal operation amount sensor detects an 
operation amount of the acceleration pedal . The brake pedal 
operation amount sensor detects an operation amount of the 
brake pedal . The brake switch detects an operation to the 
brake pedal . The steering angle sensor detects a steering 
angle . The steering torque sensor detects a steering torque . 
The turn signal lever operation sensor detects an operation 
to a turn signal lever . The shift position sensor detects a shift 
position of a transmission . 
[ 0088 ] The driving assist ECU 20 executes a driving assist 
control to assist a driving operation performed by the driver . 
In this embodiment , the driving assist ECU 20 executes a 
collision avoidance assist control as the driving assist con 
trol . The collision avoidance assist control is known . Below , 
the collision avoidance assist control will be briefly 
described . 
[ 0089 ] The driving assist ECU 20 specifies an obstacle 
ahead of the own vehicle and determines a possibility that 
the own vehicle collides with the specified obstacle , based 
on the camera information and the target object information . 
The camera information is provided from the camera sensor 
30 to the driving assist ECU 20. The target object informa 
tion is provided from the radar sensor 40 to the driving assist 
ECU 20. For example , the driving assist ECU 20 calculates 
a predicted collision time TTC ( = Dr / Vr ) , based on the rela 
tive distance Dr and the relative movement speed Vr . The 
predicted collision time TTC is a time predicted to take the 
own vehicle to move from the present position to the 
obstacle to collide with the obstacle . The obstacle exists 
ahead of the own vehicle . The relative distance Dr is a 
distance between the own vehicle and the obstacle . The 
relative movement speed Vr is a difference in movement 
speed between the own vehicle and the obstacle . The pre 
dicted collision time TTC is used as an index value indi 
cating the possibility that the own vehicle collides with the 
obstacle . The possibility that the own vehicle collides with 
the obstacle increases as the predicted collision time TTC 
de ases . In other words , emergency level increases as the 
predicted collision time TTC decreases . 
[ 0090 ] When the predicted collision time TTC decreases 
to an alert level , the driving assist ECU 20 controls the 
buzzer 70 to generate the sounds intermittently and sends a 
brake induction command to the meter ECU 50 to display 
“ Braking ! ” by the characters on the display 51 to alert the 
driver . Furthermore , when the brake pedal is pressed , the 
driving assist ECU 20 sends the compressing assist com 
mand to the brake ECU 60 to assist compressing the brake 
hydraulic oil to increase the pressure of the brake hydraulic 
oil , thereby to increase brake effect . In addition , when the 
predicted collision time TTC further decreases to an auto 
matic brake level , the driving assist ECU 20 sends the 
automatic brake command to the brake ECU 60 to generate 

the predetermined friction braking force , independently of 
the driver's operation to the brake pedal . 
[ 0091 ] The driver's driving operation for avoiding a col 
lision of the own vehicle with the obstacle is assisted , or 
damage derived from the collision of the own vehicle with 
the obstacle is reduced by the collision avoidance assist 
control . 
[ 0092 ] The driving assist ECU 20 may be configured to 
execute , for example , the other driving assist control such as 
inter - vehicle distance keeping movement assist control in 
addition to or in place of the collision avoidance assist 
control . The inter - vehicle distance keeping movement assist 
control is a control to move the own vehicle , following a 
vehicle moving in front of the own vehicle with keeping a 
predetermined inter - vehicle distance . When the driving 
assist ECU 20 starts executing the inter - vehicle distance 
keeping movement assist control , the driving assist ECU 20 
selects a preceding vehicle among vehicles moving ahead of 
the own vehicle and calculates a target acceleration or 
deceleration for keeping the inter - vehicle distance between 
the own vehicle and the preceding vehicle at a target 
inter - vehicle distance , based on the camera information 
provided from the camera sensor 30 and the target object 
information provided from the radar sensor 40. The preced 
ing vehicle is a vehicle nearest the own vehicle . The driving 
assist ECU 20 sends an acceleration / deceleration command 
to the engine ECU ( not shown ) . The acceleration / decelera 
tion command indicates the target acceleration or decelera 
tion . Thereby , the own vehicle is automatically moved , 
following the preceding vehicle with keeping the appropri 
ate inter - vehicle distance . 
[ 0093 ] The driving assist ECU 20 may be configured to 
execute , for example , a lane keeping assist control to move 
the own vehicle along a center line of a lane . When the 
driving assist ECU 20 starts executing the lane keeping 
assist control , the driving assist ECU 20 calculates a target 
steering angle for moving the own vehicle along the center 
line of the lane , based on the lane marking information 
provided from the camera sensor 30 and sends a steering 
command to an electric power steering ECU ( not shown ) . 
The steering command indicates the target steering angle . 
The electric power steering ECU controls a driving of an 
assist motor to control the steering angle to the target 
steering angle . Thereby , the own vehicle is moved along the 
center line of the lane . 
[ 0094 ] < Optical Axis Difference Adjustment Value 
Memorization Process > 
[ 0095 ] For example , the camera sensor 30 may be broken . 
In this case , the broken camera sensor 30 needs to be 
replaced with new camera sensor 30. In order to replace the 
broken camera sensor 30 with the new camera sensor 30 , the 
camera sensor unit 10 is detached from the sensor mounting 
bracket . Then , a new camera sensor unit 10 is fitted to the 
sensor mounting bracket . Thereby , a process to replace the 
broken camera sensor unit 10 with the new camera sensor 
unit 10 is finished . Hereinafter , the process to replace the 
camera sensor unit 10 with the new camera sensor unit 10 
will be referred to as “ the sensor replacement process . ” 
[ 0096 ] When the sensor replacement process is carried 
out , the optical axis difference adjustment values are not 
memorized in the optical axis difference adjustment value 
storage section 33 of the new camera sensor 30. Therefore , 
conventionally , the factory workers carry out the optical axis 
difference adjustment operation at the vehicle factory after 
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the factory workers replace the camera sensors 30. The 
optical axis difference adjustment operation includes ( i ) a 
process to position the target board in front of the own 
vehicle , ( ii ) a process to measure the different amounts of the 
optical axis of the new camera sensor 30 relative to the base 
optical axis , and ( iii ) a process to memorize the optical axis 
difference adjustment values corresponding to the measured 
difference amounts in the optical axis difference adjustment 
value storage section 33. As described above , the sensor 
replacement process leads to the optical axis difference 
adjustment operation . 
[ 0097 ] In this connection , the sensor replacement process 
includes a process to fit the new camera sensor unit 10 to the 
sensor mounting bracket to which the broken camera sensor 
unit 10 has been fitted . The sensor mounting bracket is not 
replaced and is still secured to the front windshield glass . 
Thus , the new camera sensor unit 10 is fitted to the existing 
( or common ) sensor mounting bracket . Thus , the orientation 
of the optical axis of the camera sensor 30 to the body of the 
own vehicle does not change after the sensor replacement 
process is carried out . 
[ 0098 ] The vehicle driving assist apparatus 1 according to 
this embodiment is configured to memorize the optical axis 
difference adjustment values of the camera sensor 30 in the 
other element ( corresponding to a vehicle element according 
to the present disclosure ) in advance . The vehicle driving 
assist apparatus 1 reads the optical axis difference adjust 
ment values memorized in the other element and memorizes 
the read optical axis difference adjustment values in the 
optical axis difference adjustment value storage section 33 
of the new camera sensor 30 after the sensor replacement 
process is carried out . Thereby , the optical axis difference 
adjustment operation does not need to be carried out even 
when the sensor replacement process is carried out . In this 
embodiment , the other element is the radar sensor 40. In this 
connection , the other element may be any element which is 
provided to electrically communicate with the camera sensor 
30. The radar sensor 40 is electrically connected to the 
camera sensor unit 10 via the CAN to communicate with the 
camera sensor unit 10. Therefore , the camera sensor 30 and 
the radar sensor 40 can communicate the information on the 
optical axis difference adjustment values with each other by 
using the existing communication function . 
[ 0099 ] FIG . 2 is a view which shows a process to transfer 
the optical axis difference adjustment values of the old 
sensor camera 30 to the new camera sensor 30 via the other 
element in this embodiment , the radar sensor 40 ) . 
[ 0100 ) 1-1 . The optical axis difference adjustment opera 
tion is carried out when the vehicle is manufactured . At this 
moment , the optical axis difference adjustment values of the 
camera sensor 30 are memorized in the camera sensor 30 . 
[ 0101 ] 1-2 . The camera sensor 30 provides the radar sensor 
40 with the information on the optical axis difference 
adjustment values memorized in the camera sensor 30 after 
the optical axis difference adjustment operation is finished . 
[ 0102 ] 1-3 . The radar sensor 40 receives the information 
on the optical axis difference adjustment values provided 
from the camera sensor 30 and memorizes the optical axis 
difference adjustment values included in the received infor 
mation . 
[ 0103 ] When the camera sensor 30 is broken , the optical 
axis difference adjustment values of the broken camera 
sensor 30 are transferred to the new camera sensor 30 as 
follows . 

[ 0104 ] Il - 1 . The sensor replacement process is carried out 
by the factory workers . 

105 ) -2.The radar sensor provides the new camera 
sensor 30 with the information on the optical axis difference 
adjustment values of the camera sensor 30 memorized in the 
radar sensor 40 ( i.e. , the information on the optical axis 
difference adjustment values provided from the broken 
camera sensor 30 before the sensor replacement process is 
carried out ) . 
[ 0106 ] Il - 3 . The new camera sensor 30 receives the infor 
mation on the optical axis difference adjustment values 
provided from the radar sensor 40 and memorizes the optical 
axis difference adjustment values included in the received 
information . Thereby , the optical axis difference adjustment 
operation is finished . 
[ 0107 ] As described above , even when the sensor replace 
ment process carried out , the optical axis difference 
adjustment values of the old camera sensor 30 at shipment 
of the vehicle are transferred to the new camera sensor 30 . 
Thus , the factory workers do not need to carry out the optical 
axis difference adjustment operation . 
[ 0108 ] Below , a process to transfer the optical axis differ 
ence adjustment values to the new camera sensor 30 will be 
described . 
10FG31vw which show owchart of 

processes to adjust the optical axis difference of the camera 
sensor 30 carried out and executed at the vehicle factory . 
First , the factory workers carry out a process for starting the 
optical axis difference adjustment operation ( a step 510 ) . In 
particular , the factory workers position the target board at 
the predetermined position ahead of the vehicle and carry 
out the process for starting the optical axis difference adjust 
ment operation by using a diagnosis tool . The positional 
relationship between the vehicle and the target board 
impacts considerably on a measurement accuracy of the 
difference amounts of the optical axis of the camera sensor 
30 relative to the base optical axis . Thus , the factory workers 
are required to accurately position the target board at the 
predetermined position ahead of the vehicle . 
[ 0110 ] When the factory workers carry out the process for 
starting the optical axis difference adjustment operation , the 
optical axis difference adjustment command is sent to the 
camera sensor 30. The camera sensor 30 proceeds with the 
process to a step S20 to ( i ) take an image of the target board , 
( ii ) acquire the position of the center of the target board in 
the coordinate system in the taken image , and ( iii ) measure 
the difference amounts of the optical axis of the camera 
sensor 30 , based on the acquired position in the coordinate 
system . The difference amounts of the optical axis of the 
camera sensor 30e , for example , difference amount 
of a pitch angle of the optical axis of the camera sensor 30 
relative to a base pitch angle , ( ii ) a difference amount of a 
yaw angle of the optical axis of the camera sensor 30 relative 
to a base yaw angle , and ( iii ) a difference amount of a roll 
angle of the optical axis of the camera sensor 30 relative to 
a base roll angle . The difference amounts of the optical axis 
of the camera sensor 30 relative to the base optical axis 
correspond to the optical axis difference adjustment values 
of the camera sensor 30. A process of the step S20 is 
executed , for example , by the image processing section 32 . 
[ 0111 ] Next , the camera sensor 30 proceeds with the 
process to a step S21 to memorize in the optical axis 
difference adjustment value storage section 33 , the optical 
axis difference adjustment values corresponding to the dif 
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ference amounts of the optical axis of the camera sensor 30 
measured as described above . 
[ 0112 ] Next , the camera sensor 30 proceeds with the 
process to a step S22 to provide the radar sensor 40 with the 
information on the optical axis difference adjustment values 
memorized in the camera sensor 30. A process of the step 
S22 is executed by the adjustment value communication 
section 34. After the camera sensor 30 provides the radar 
sensor 40 with the information on the optical axis difference 
adjustment values , the camera sensor 30 proceeds with the 
process to a step S23 to end the optical axis difference 
adjustment operation . An error code which indicates that the 
optical axis differences have not been adjusted to zero , is 
memorized in the camera sensor 30 as a diagnosis code 
before the optical axis difference adjustment operation is 
ended . After a process of the step S23 is executed , the error 
code which indicates that the optical axis differences have 
not been adjusted to zero , is eliminated from the camera 
sensor 30 . 
[ 0113 ] The radar sensor 40 is configured to execute an 
optical axis difference adjustment value communication 
routine shown in FIG . 4. The optical axis difference adjust 
ment value communication routine is executed by the adjust 
ment value communication section 46 of the radar sensor 40 . 
[ 0114 ] When the radar sensor 40 starts executing the 
optical axis difference adjustment value communication 
routine , the radar sensor 40 ( in particular , the adjustment 
value communication section 46 ) proceeds with the process 
to a step S31 to determine whether the radar sensor 40 
receives the information on the optical axis difference 
adjustment values from the camera sensor 30. The radar 
sensor 40 repeatedly executes a determination process of the 
step S31 until the radar sensor 40 receives the information 
on the optical axis difference adjustment values from the 
camera sensor 30 . 
[ 0115 ] When the radar sensor 40 receives the information 
on the optical axis difference adjustment values from the 
camera sensor 30 while the radar sensor 40 repeatedly 
executes the determination process of the step S31 , the radar 
sensor 40 determines “ Yes ” at the step S31 and proceeds 
with the process to a step S32 to memorize the optical axis 
difference adjustment values included in the received infor 
mation in the second adjustment value storage section 45 . 
[ 0116 ] Next , the radar sensor 40 proceeds with the process 
to a step S33 to start periodically providing the information 
on the optical axis difference adjustment values memorized 
in the second adjustment value storage section 45. Then , the 
radar sensor 40 terminates the optical axis difference adjust 
ment value communication routine . Therefore , after ( i ) the 
radar sensor 40 memorizes the optical axis difference adjust 
ment values in the second adjustment value storage section 
45 , and ( ii ) the optical axis difference adjustment value 
communication routine is terminated , the radar sensor 40 
provides the information on the optical axis difference 
adjustment values memorized in the radar sensor 40 with a 
predetermined short interval . 
[ 0117 ] Next , a process executed after the broken camera 
sensor 30 is replaced with a new camera sensor 30 , will be 
described . When the factory workers finish the sensor 
replacement process , the factory workers confirm whether 
the optical axis difference adjustment values are memorized 
in the new camera sensor 30 by using the diagnosis tool . The 
optical axis difference adjustment values may not be memo 
rized in the new camera sensor 30. Thus , the factory workers 

can confirm the diagnosis error code which indicates that the 
optical axis differences have not been adjusted to zero by 
using the diagnosis tool . 
[ 0118 ] When the factory workers confirm the diagnosis 
error code which indicates that the optical axis differences 
have not been adjusted to zero , the factory workers carry out 
an operation to start reading the optical axis difference 
adjustment values by using the diagnosis tool . Thereby , an 
adjustment value reading routing shown in FIG . 5 starts . 
[ 0119 ] When the camera sensor 30 receives an optical axis 
difference adjustment value reading start command from the 
diagnosis tool , the camera sensor 30 starts executing the 
adjustment value reading routine . The adjustment value 
reading routinis executed by the adjustment valuem 
munication section 34 of the camera sensor 30 . 
( 0120 ] When the adjustment value reading routine starts , 
the camera sensor 30 proceeds with the process to a step S41 
to determine whether to receive the information on the 
optical axis difference adjustment values from the radar 
sensor 40. The information provided from the radar sensor 
40 is information on the optical axis difference adjustment 
values of the old camera sensor 30 memorized in the second 
adjustment value storage section 45 of the radar sensor 40 . 
The camera sensor 30 executes a process of the step 541 for 
a predetermined time longer than the predetermined short 
interval with which the adjustment value communication 
section 46 of the radar sensor 40 outputs the information on 
memorized values . The memorized values are the optical 
axis difference adjustment values memorized in the second 
adjustment value storage section 45. Thereby , when the 
camera sensor 30 has executed the process of the step 541 
for the predetermined time and has not received the infor 
mation on the memorized values , the camera sensor 30 
determines that the radar sensor 40 does not provide the new 
camera sensor 30 with the information on the memorized 
values . 
[ 0121 ] When the adjustment value communication section 
46 of the radar sensor 40 provides the adjustment value 
Communication section 34of the camera sensor 30 with the 
information the memorized values with the predeter 
mined short interval , the camera sensor 30 determines “ Yes ” 
at the step 541. In other words , when the optical axis 
difference adjustment values of the camera ser 30 
memorized in the radar sensor 40 as the memorized values , 
the camera sensor 30 determines “ Yes ” at the step S41 . On 
the other hand , when the adjustment value communication 
section 46 of the radar sensor 40 does not provide the 
adjustment value communication section 34 of the camera 
sensor 30 with the information on the memorized values 
with the predetermined short interval , the camera sensor 30 
determine “ Nat the step541.nother words , when the 
optical axis difference adjustment values of the camera 
sensor 30 is not memorize in the radar sensor 40 , the camera 
sensor 30 determines “ No ” at the step 541 . 
[ 0122 ] When the camera sensor 30 receives the informa 
tion on the memorized values from the radar sensor 40 , the 
camera sensor 30 determines “ Yes ” at the step 541 and 
proceeds with the process to a step 542 to memorize the 
memorized values included in the received information in 
the optical axis difference adjustment value storage section 
33 as the own optical axis difference adjustment values . 
[ 0123 ] Then , the camera sensor 30 proceeds with the 
process to a step543 delete the diagnosis error code 
which indicates that the optical axis differences have not 
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been adjusted to zero and ( ii ) terminate the optical axis 
difference adjustment operation . Thereby , the diagnosis tool 
realizes that the optical axis difference adjustment is finished 
and , for example , indicates that the optical axis difference 
adjustment is finished on a diagnosis display . 
[ 0124 ] On the other hand , when the information on the 
memorized values has not been provided from the radar 
sensor 40 to the camera sensor 30 , the camera sensor 30 
determines “ No ” at the step S41 and then proceeds with the 
process to a step S44 to request to carry out the optical axis 
difference adjustment operation . In this case , for example , 
the camera sensor 30 does not delete the diagnosis error code 
which indicates that the optical axis difference adjustment 
has not been finished . In other words , the camera sensor 30 
keeps the diagnosis error code which indicates that the 
optical axis difference adjustment has not been finished . 
Thereby , the diagnosis error code which indicates that the 
optical axis difference adjustment has not been finished , has 
not been deleted , and thus the diagnosis tool realizes that the 
optical axis difference adjustment operation is requested 
and , for example , indicates that the optical axis difference 
adjustment operation is requested on the diagnosis display . 
[ 0125 ] After the camera sensor 30 executes a process of 
the step 543 or the step 544 , the camera sensor 30 terminates 
the adjustment value reading routine . 
[ 0126 ] When the sensor replacement process is carried 
out , the optical axis difference adjustment values are usually 
not memorized in the new camera sensor 30. Therefore , 
when the optical axis difference adjustment values are 
memorized in the new camera sensor 30 , it can be estimated 
that the optical axis difference adjustment values memorized 
in the new camera sensor 30 are wrong . In other words , 
when the factory workers do not confirm the diagnosis error 
code which indicates that the optical axis adjustment has not 
been finished , it can be estimated that the optical axis 
difference adjustment values memorized in the new camera 
sensor 30 are wrong . In this case , even when the optical axis 
difference adjustment values are memorized in the radar 
sensor 40 , reliability of the optical axis difference adjust 
ment values memorized in the radar sensor 40 is low . 
Accordingly , in this case , the factory workers carry out the 
optical axis difference adjustment operation at the vehicle 
factory without executing the adjustment value reading 
routine . Therefore , the adjustment value reading routine is 
executed only when the optical axis difference adjustment 
values are not memorized in the new camera sensor 30 . 
[ 0127 ] As described above , according to the vehicle driv 
ing assist apparatus 1 , the information on the optical axis 
difference adjustment values is provided to the radar sensor 
40 when the optical axis difference adjustment operation is 
carried out with respect to the camera sensor 30. Thereby , 
the optical axis difference adjustment values are memorized 
in the camera sensor 30 as well as the radar sensor 40. After 
the radar sensor 40 memorizes the optical axis difference 
adjustment values , the radar sensor 40 periodically provides 
the camera sensor 30 with the information on the optical axis 
difference adjustment values memorized in the radar sensor 
40 via the CAN . In particular , the radar sensor 40 provides 
the camera sensor 30 with the information on the memorized 
optical axis difference adjustment values memorized in the 
radar sensor 40 via the CAN with the predetermine short 
interval . Thereafter , even when the camera sensor 30 is 
replaced with the new camera sensor 30 , the new camera 
sensor 30 receives the information on the memorized optical 

axis difference adjustment values provided to the CAN and 
memorizes the received optical axis difference adjustment 
values as the own optical axis difference adjustment values . 
[ 0128 ] Therefore , according to the embodiment , the infor 
mation on the optical axis difference adjustment values of 
the old camera sensor 30 are automatically transferred to the 
new camera sensor 30. Therefore , even when the camera 
sensor 30 is replaced with the new camera sensor 30 after the 
optical axis difference adjustment operation is carried out 
once , there is no need to carry out the optical axis difference 
adjustment operation . As a result , the factory workers do not 
need to carry out the optical axis difference adjustment 
operation when the factory workers replace the camera 
sensors 30 with the new camera sensor 30. Processes 
required to replace the camera sensors 30 can be reduced . 
[ 0129 ] The vehicle driving assist apparatus 1 according to 
the embodiment has been described . The present disclosure 
is not limited to the embodiment , and various modifications 
can be applied to the embodiment without departing the 
scope of the present disclosure . 
[ 0130 ] For example , the vehicle driving assist apparatus 1 
according to the embodiment is configured to memorize the 
optical axis difference adjustment values of the camera 
sensor 30 in the radar sensor 40. In this connection , an 
element in which the optical axis difference adjustment 
values are memorized , is not limited to the radar sensor 40 . 
The element in which the optical axis difference adjustment 
values are memorized , may be any of elements which can 
communicate with the camera sensor 30. For example , the 
vehicle driving assist apparatus 1 may be configured to 
memorize the optical axis difference adjustment values in 
the vehicle element such as any of the brake ECU 60 , the 
meter ECU 50 , the engine ECU ( not shown ) , and the electric 
power steering ECU ( not shown ) which control at least one 
actuator when the driving assist control is executed . 
[ 0131 ] The present disclosure is not limited to an appara 
tus configured to memorize the optical axis difference 
adjustment values of the camera sensor 30 in the other 
element . The present disclosure may be applied to an 
apparatus configured to memorize radar axis difference 
adjustment values of the radar sensor 40 in an element of the 
vehicle which can electrically communicate with the radar 
sensor 40. In this case , the radar sensor 40 corresponds to the 
surrounding sensor of the present disclosure . For example , 
the present disclosure may be applied to an apparatus 
configured to memorize the radar axis difference adjustment 
values of the radar sensor 40 in the vehicle element such as 
any of the driving assist ECU 20 , the camera sensor 30 , the 
brake ECU 60 , the meter ECU 50 , the engine ECU ( not 
shown ) , and the electric power steering ECU ( not shown ) . In 
this case , there is no need to carry out a radar axis difference 
adjustment operation when the radar sensor 40 is replaced 
with a new radar sensor 40 . 
[ 0132 ] According to the embodiment , the driving assist 
ECU 20 and the camera sensor 30 are integrated into one 
unit . In this connection , the driving assist ECU 20 and the 
camera sensor 30 may be provided separately . In this case , 
the vehicle driving assist apparatus 1 may be configured to 
memorize the optical axis difference adjustment values of 
the camera sensor 30 in the driving assist ECU 20 as the 
vehicle element . 

1. A vehicle driving assist apparatus comprising : 
at least one surrounding sensor having a first detection 

axis and mounted to body of a vehicle at a predeter 
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mined first position , the at least one surrounding sensor 
being configured to ( i ) detect a situation surrounding 
the vehicle as a first detected situation within an area 
about the first detection axis and ( ii ) produce informa 
tion on the first detected situation as first surrounding 
information ; and 

an electronic control unit which executes a driving assist 
control to control a movement of the vehicle , based on 
the first surrounding information ; 

wherein : 
the vehicle driving assist apparatus further comprises at 

least one vehicle element mounted to the body of the 
vehicle in addition to the at least one surrounding 
sensor ; 

the at least one surrounding sensor is further configured 
to : 

memorize at least one first axis difference adjustment 
value which adjusts at least one first axis difference 
of the first detection axis relative to a predetermined 
first base detection axis ; 

produce the first surrounding information with adjust 
ing the at least one first axis difference by the at least 
one first axis difference adjustment value ; and 

provide the at least one vehicle element with informa 
tion on the at least one first axis difference adjust 
ment value memorized in the at least one surround 
ing sensor as first adjustment value information ; 

the at least one vehicle element is configured to : 
memorize the at least one first axis difference adjust 
ment value included in the adjustment value infor 
mation provided from the at least one surrounding 
sensor ; and 

provide the at least one surrounding sensor with infor 
mation on the at least one first axis difference adjust 
ment value memorized in the at least one vehicle 
element as the first adjustment value information ; 
and 

the at least one surrounding sensor is further configured to 
memorize the at least one first axis difference adjust 
ment value included in the first adjustment value infor 
mation provided from the at least one vehicle element 
when the at least one first axis difference adjustment 
value is not memorized in the at least one surrounding 
sensor . 

2. The vehicle driving assist apparatus as set forth in claim 
1 , wherein the at least one vehicle element is further 
configured to periodically provide the at least one surround 
ing sensor with the first adjustment value information . 

3. The vehicle driving assist apparatus as set forth in claim 
1 , wherein the at least one surrounding sensor is further 
configured to request to carry out an axis difference adjust 
ment operation to memorize the at least one first axis 
difference adjustment value in the at least one surrounding 
sensor when ( i ) the at least one first axis difference adjust 
ment value is not memorized in the at least one surrounding 
sensor , and ( ii ) the at least one vehicle element does not 
provide the at least one surrounding sensor with the first 
adjustment value information . 

4. The vehicle driving assist apparatus as set forth in claim 
1 , wherein the at least one surrounding sensor is configured 
to adjust the at least one first axis difference by adjusting a 
position of a coordinate system , based on the first detection 
axis to a position of a coordinate system , based on the 

predetermined first base detection axis by the at least one 
first axis difference adjustment value . 

5. The vehicle driving assist apparatus as set forth in claim 
1 , wherein the at least one first axis difference includes at 
least one of ( i ) a difference in a pitch angle between the first 
detection axis and the predetermined first base detection 
axis , ( ii ) a difference in a yaw angle between the first 
detection axis and the predetermined first base detection 
axis , and ( iii ) a difference in a roll angle between the first 
detection axis and the predetermined first base detection 
axis . 

6. The vehicle driving assist apparatus as set forth in claim 
1 , wherein : 

the at least one surrounding sensor includes a camera 
sensor having an optical axis as the first detection axis ; 
and 

the camera sensor is configured to ( i ) take images of a 
view surrounding the vehicle within an area about the 
optical axis and ( ii ) detect the situation surrounding the 
vehicle as the first detected situation , based on the 
images taken by the camera sensor . 

7. The vehicle driving assist apparatus as set forth in claim 
1 , wherein : 

the at least vehicle element is further configured to ( i ) 
detect the situation surrounding the vehicle as a second 
detected situation and ( ii ) produce information on the 
second detected situation as second surrounding infor 
mation ; and 

the electronic control unit is configured to execute the 
driving assist control , based on the first surrounding 
information and the second surrounding information . 

8. The vehicle driving assist apparatus as set forth in claim 
7 , wherein the at least one vehicle element includes a radar 
sensor which detects the situation surrounding the vehicle as 
the second detected situation . 

9. The vehicle driving assist apparatus as set forth in claim 
8 , wherein : 

the radar sensor has a second detection axis and is further 
configured to : 
detect the situation surrounding the vehicle as the 

second detected situation within an area about the 
second detection axis ; 

memorize at least one second axis difference adjust 
ment value which adjusts at least one second axis 
difference of the second detection axis relative to a 
predetermined second base detection axis ; 

produce the second surrounding information with 
adjusting the at least one second axis difference by 
the at least one second axis difference adjustment 
value ; and 

provide the at least one surrounding sensor with infor 
mation on the at least one second axis difference 
adjustment value memorized in the radar sensor as 
second adjustment value information ; 

the at least one surrounding sensor is configured to : 
memorize the at least one second axis difference adjust 
ment value included in the second adjustment value 
information provided from the radar sensor ; and 

provide the radar sensor with the second adjustment 
value information on the at least one second axis 
difference adjustment value memorized in the at least 
one surrounding sensor ; and 

the radar sensor is further configured to memorize the at 
least one second axis difference adjustment value 
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included in the second adjustment value information 
provided from the at least one surrounding sensor when 
the at least one second axis difference adjustment value 
is not memorized in the radar sensor . 

10. The vehicle driving assist apparatus as set forth in 
claim 9 , wherein the radar sensor is configured to adjust the 
at least one second axis difference by adjusting a position of 
a coordinate system , based on the second detection axis to 
a position of a coordinate system , based on the predeter 
mined second base detection axis by the at least one second 
axis difference adjustment value . 

11. The vehicle driving assist apparatus as set forth in 
claim 9 , wherein the at least one second axis difference 
includes at least one of ( i ) a difference in a pitch angle 
between the second detection axis and the predetermined 
second base detection axis , ( ii ) a difference in a yaw angle 
between the second detection axis and the predetermined 
second base detection axis , and ( iii ) a difference in a roll 
angle between the second detection axis and the predeter 
mined second base detection axis . 

12. The vehicle driving assist apparatus as set forth in 
claim 1 , wherein : 

the at least one surrounding sensor includes a first sur 
rundingsnor having the first detection axis and 
mounted to the body of the vehicle at the predetermined 
first position , the first surrounding sensor being con 
figured to ( i ) detect the situation surrounding the 
vehicle as the first detected situation within the area 
about the first detection axis and ( ii ) produce the 
information on the first detected situation as the first 
surrounding information ; 

the at least one vehicle element includes a second sur 
rounding sensor having a second detection axis and 
mounted to the body of the vehicle at a predetermined 
second position different from the predetermined first 
position , the second surrounding sensor being config 
ured to ( i ) detect the situation surrounding the vehicle 
as a second detected situation within an area about the 
second detection axis and ( ii ) produce information on 
the second detected situation second surrounding 
information ; and 

the electronic control unit is further configured to execute 
the driving assistcontr1 , based on the first surrounding 
information and the second surrounding information . 

13. The vehicle driving assist apparatus as set forth in 
claim 12 , wherein : 

the second surrounding sensor is further configured to : 
memorize at least one second axis difference adjust 
ment value which adjusts at least one second axis 

difference of the second detection axis relative to a 
predetermined second base detection axis ; 

produce the second surrounding information with 
adjusting the at least one second axis difference by 
the at least one second axis difference adjustment 
value ; and 

provide the first surrounding sensor with information 
on the at least one second axis difference adjustment 
value memorized in the second surrounding sensor 
as second adjustment value information ; 

the first surrounding sensor is configured to : 
memorize the at least one second axis difference adjust 

ment value included in the second adjustment value 
information provided from the second surrounding 
sensor ; and 

provide the second surrounding sensor with informa 
tion on the at least one second axis difference adjust 
ment value memorized in the first surrounding sensor 
as the second adjustment value information ; and 

the second surrounding sensor is further configured to 
memorize the at least one second axis difference adjust 
ment value included in the second adjustment value 
information provided from the first surrounding sensor 
when the at least one second axis difference adjustment 
value is not memorized in the second surrounding 
sensor . 

14. The vehicle driving assist apparatus as set forth in 
claim 13 , wherein the second surrounding sensor is config 
ured to adjust the at least one second axis difference by 
adjusting a position of a coordinate system , based on the 
second detection axis to a position of a coordinate system , 
based on the predetermined second base detection axis by 
the at least one second axis difference adjustment value . 

15. The vehicle driving assist apparatus as set forth in 
claim 13 , wherein the at least one second axis difference 
includes at least on of ( i ) a difference in a pitch angle 
between the second detection axis and the predetermined 
second base detection axis , ( ii ) a difference in a yaw angle 
between the second detection axis and the predetermined 
second base detection xis , and ( iii ) a difference in a roll 
angle between the second detection axis and the predeter 
mined second base detection axis . 

16. The vehicle driving assist apparatus as set forth in 
claim 1 , wherein the driving assist control is a control to 
automatically control one or more of acceleration of the 
vehicle , deceleration of the vehicle , and steering of the 
vehicle . 


