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STEERING CONTROL SYSTEM 
INCORPORATION BY REFERENCE 

[ 0001 ] The disclosure of Japanese Patent Application No . 
2016 - 042154 filed on Mar . 4 , 2016 including the specifica 
tion , drawings and abstract , is incorporated herein by refer 
ence in its entirety . 

BACKGROUND OF THE INVENTION 
[ 0002 ] 1 . Field of the Invention 
10003 ] The invention relates to a steering control system . 
[ 0004 ] 2 . Description of the Related Art 
[ 0005 ] There are known electric power steering systems 
( EPS ) that assist a driver ' s steering operation by applying 
motive power generated by a motor to a steering mechanism 
of a vehicle . An electric power steering system ( EPS ) 
described in , for example , Japanese Patent Application Pub 
lication No . 2014 - 40178 ( JP 2014 - 40178 A ) calculates a 
controlled variable associated with driver ' s steering , based 
on a steering torque generated through the driver ' s steering . 
[ 0006 ] Recent vehicles are equipped with systems for 
assisting a driver ' s operation , such as advanced driver 
assistance systems ( ADAS ) . Some electric power steering 
systems ( EPS ) mounted in such vehicles control a motor 
based on a controlled variable associated with driver ' s 
steering and a controlled variable calculated based on an 
environment surrounding a host vehicle , which is measured 
by a measuring apparatus , such as a camera or a radar , in 
order to improve a driver ' s steering feel and to provide 
advanced driver assistance . 
[ 0007 ] When the steering angle of a steering mechanism is 
varied through driver assistance , a torsion bar is twisted due 
to viscosity and inertia of a steering wheel . Consequently , a 
steering torque unassociated with the driver ' s steering is 
detected . Therefore , when the EPS calculates a controlled 
variable associated with the driver ' s steering , the EPS takes 
into account a steering torque generated through the driver 
assistance in addition to a steering torque generated through 
the driver ' s steering . The controlled variable associated with 
the driver ' s steering and the controlled variable associated 
with the driver assistance interfere with each other , and the 
follow - up accuracy with which the steering angle follows a 
steering angle command value may be reduced accordingly . 

value , the rotation angle command value being convertible 
into a steered angle of steered wheels , the second command 
value being externally generated for driver assistance based 
on information about an environment surrounding a host 
vehicle ; 
[ 0010 ] a first command value generation adder that cal 
culates a first command value by adding the compensation 
component to the basic component ; and a torque signal 
correction circuit that corrects the torque signal used to 
calculate the compensation component by increasing or 
decreasing the torque signal when the second command 
value is reflected in the compensation component . 
[ 0011 ] With this configuration , upon reception of the sec 
ond command value , the torque signal correction circuit 
increases or decreases the torque signal such that that the 
first calculation circuit and the second calculation circuit 
execute calculation based on the corrected torque signal . 
Thus , even when driver assistance is executed based on the 
second command value , it is possible to reduce the influence 
on the follow - up accuracy with which a rotation angle 
follows a rotation angle command value . The influence is 
caused due to generation of a torque signal resulting from a 
variation in the steering angle of a rotary shaft of a steering 
mechanism . Thus , the first command value is calculated 
based only on the torque signal ( steering torque ) associated 
with the driver ' s operation . Therefore , the follow - up accu 
racy with which the rotation angle follows the rotation angle 
command value is sufficiently maintained . Further , it is 
possible to both improve the driver ' s steering feel and 
achieve advanced driver assistance . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0012 ] . The foregoing and further features and advantages 
of the invention will become apparent from the following 
description of example embodiments with reference to the 
accompanying drawings , wherein like numerals are used to 
represent like elements and wherein : 
[ 0013 ] FIG . 1 is a schematic diagram of a configuration of 
an electric power steering system ( EPS ) ; 
[ 0014 ] FIG . 2 is a block diagram illustrating control 
executed in the EPS in the present embodiment ; 
[ 0015 ] . FIG . 3 is a graph schematically illustrating basic 
assist control calculation and assist gradients ; 
[ 0016 ] FIG . 4 is a graph illustrating a manner of phase 
compensation control based on the assist gradients ; 
[ 0017 ] FIG . 5 is a graph illustrating a relationship between 
a torque derivative value and a torque differentiation basic 
controlled variable ; 
[ 0018 ] FIG . 6 is a graph illustrating a relationship between 
an assist gradient and an assist gradient gain ; 
[ 0019 ] FIG . 7 is a schematic diagram of a configuration of 
a pinion angle feedback control circuit ; 
[ 0020 ] FIG . 8 is a schematic diagram of a configuration of 
a steering torque compensation circuit ; and 
[ 0021 ] FIG . 9 is a schematic diagram of an EPS in another 
embodiment . 

SUMMARY OF THE INVENTION 
10008 ] . An object of the invention is to provide a steering 
control system that maintains a sufficient follow - up accuracy 
with which a steering angle follows a steering angle com 
mand value . 
[ 0009 ] An aspect of the invention relates to a steering 
control system configured to control a motor that assists or 
performs steering of a steering mechanism . The steering 
control system includes : a first calculation circuit that cal 
culates a basic component of an assist force based on a 
torque signal detected based on torsion between an input 
side of a steering shaft and an output side of the steering 
shaft ; a second calculation circuit that calculates a compen 
sation component for the basic component , by calculating , 
based on the torque signal , a rotation angle command value 
for a rotary shaft and then calculating , based on the rotation 
angle command value and a second command value , a final 
rotation angle command value and then executing angle 
feedback control based on the final rotation angle command 

DETAILED DESCRIPTION OF EMBODIMENTS 
[ 0022 ] Hereinafter , description will be provided on an 
embodiment in which a steering control system according to 
the invention is applied to a steering system . As illustrated 
in FIG . 1 , an electric power steering system ( EPS ) 1 includes 
a steering mechanism 2 , an assist mechanism 3 , and an 
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electronic control unit ( ECU ) 40 . The steering mechanism 2 
steers steered wheels 15 based on a driver ' s operation of a 
steering wheel 10 . The assist mechanism 3 assists a driver ' s 
steering operation . The ECU 40 controls the assist mecha 
nism 3 . 
[ 0023 ] The steering mechanism 2 includes the steering 
wheel 10 and a steering shaft 11 that rotates together with the 
steering wheel 10 in an integrated manner . A column shaft 
11a , an intermediate shaft 11b , and a pinion shaft 11c 
constitute the steering shaft 11 . The column shaft 11a is 
coupled to the steering wheel 10 . The intermediate shaft 11b 
is coupled to a lower end of the column shaft 11a . The pinion 
shaft 11c is coupled to a lower end of the intermediate shaft 
116 . A lower end of the pinion shaft 11c is coupled to a rack 
shaft 12 via a rack - and - pinion mechanism 13 . The rack - and 
pinion mechanism 13 includes a pinion gear provided at a 
distal end of the pinion shaft 11c , and a rack formed on the 
rack shaft 12 . With the steering mechanism 2 configured as 
described above , the rotary motion of the steering shaft 11 
is converted into a reciprocating linear motion of the rack 
shaft 12 in the axial direction ( lateral direction in FIG . 1 ) via 
the rack - and - pinion mechanism 13 . The reciprocating linear 
motion is transmitted to the right and left steered wheels 15 
via tie rods 14 coupled to respective ends of the rack shaft 
12 . Consequently , the steered angle of the steered wheels 15 
is varied . 
[ 0024 ] The assist mechanism 3 includes a motor 20 that is 
a source of an assist force . A rotary shaft 21 of the motor 20 
is coupled to the column shaft 11a via a speed - reduction 
mechanism 22 . The speed - reduction mechanism 22 reduces 
the speed of rotation received from the motor 20 , and 
transmits a rotative force after the speed reduction to the 
column shaft 11a . That is , the rotative force ( torque ) gen 
erated by the motor 20 is applied to the steering shaft 11 as 
an assist force , thereby assisting the driver ' s steering opera 
tion . As the motor 20 , for example , a three - phase brushless 
motor that rotates based on three - phase ( U , V , W ) driving 
electric power is used . 
[ 0025 ] The ECU 40 controls the motor 20 based on 
detection results from various sensors provided in a vehicle . 
Examples of the various sensors include a torque sensor 30 , 
a rotation angle sensor 31 , and a vehicle speed sensor 32 . 
The column shaft 11a is provided with a torsion bar 16 . The 
torque sensor 30 is provided on the column shaft 11a . The 
motor 20 is provided with the rotation angle sensor 31 . The 
torque sensor 30 detects a steering torque ( torque signal ) 
Th0 applied to the steering shaft 11 , based on torsion 
between a portion of the column shaft 11a , which is posi 
tioned above the torsion bar 16 , and a portion of the column 
shaft 11a , which is positioned below the torsion bar 16 . The 
torsion is generated through the driver ' s steering operation . 
The rotation angle sensor 31 detects a rotation angle Om of 
the rotary shaft 21 . The vehicle speed sensor 32 detects a 
vehicle speed V that is a traveling speed of the vehicle . The 
ECU 40 sets a target assist force based on the outputs from 
the sensors , and controls electric currents to be supplied to 
the motor 20 such that an actual assist force coincides with 
the target assist force . 
[ 0026 ] Next , the configuration of the ECU 40 will be 
described in detail . As illustrated in FIG . 2 , the ECU 40 
includes a microcomputer 41 and a driving circuit 42 . The 
microcomputer 41 outputs a motor control signal to the 

driving circuit 42 . The driving circuit 42 supplies driving 
electric power to the motor 20 based on the motor control 
signal . 
[ 0027 ] Control blocks described below are implemented 
by computer programs executed by the microcomputer 41 . 
The microcomputer 41 detects various state variables with a 
predetermined sampling period , and executes a calculation 
process described in each of the following control blocks 
with a predetermined period . In this way , the microcomputer 
41 generates a motor control signal . 
[ 0028 ] Specifically , the microcomputer 41 in the present 
embodiment includes an assist command value calculation 
circuit 43 and a current command value calculation circuit 
44 . The assist command value calculation circuit 43 calcu 
lates an assist command value Ta * corresponding to an assist 
torque to be generated by the motor 20 , that is , a target assist 
force , based on the steering torque Th0 and the vehicle speed 
V . The current command value calculation circuit 44 calcu 
lates a current command value I * corresponding to the assist 
command value Ta * . The microcomputer 41 further includes 
a motor control signal generation circuit 45 . The motor 
control signal generation circuit 45 generates a motor con 
trol signal to be output to the driving circuit 42 by executing 
current feedback control based on a current deviation di 
( di = I * - I ) such that an actual current value I follows the 
current command value I * . 
[ 0029 ] Specifically , the current command value calcula 
tion circuit 44 in the present embodiment calculates a q - axis 
current command value for a d - q coordinate system as the 
current command value 1 * ( note that , a d - axis current 
command value is zero ) . The motor control signal genera 
tion circuit 45 receives , in addition to the current command 
value I * , three phase current values ( lu , Iv , Iw ) detected by 
a current sensor 46 as the actual current value I , and a 
rotation angle Om detected by the rotation angle sensor 31 . 
The motor control signal generation circuit 45 maps the 
phase current values into d - q coordinates as rotational 
coordinates based on the rotation angle Om , and executes 
current feedback control in the d - q coordinate system . In this 
way , the motor control signal is generated . 
[ 0030 ] Next , a method of calculation executed by the 
assist command value calculation circuit 43 in the present 
embodiment will be described . As illustrated in FIG . 2 , the 
assist command value calculation circuit 43 includes a basic 
assist control circuit 51 that calculates a basic assist con 
trolled variable Tas * as a basic component of the assist 
command value Ta * . The assist command value calculation 
circuit 43 further includes a first phase compensation control 
circuit 52 that retards ( advances ) a phase of a steering torque 
Th0 detected by the torque sensor 30 . The basic assist 
control circuit 51 calculates the basic assist controlled 
variable Tas * as a basic component of the assist command 
value Ta * , based on the vehicle speed V and a steering 
torque Th ' obtained through the phase compensation 
executed by the first phase compensation control circuit 52 . 
The basic assist control circuit 51 is an example of a first 
calculation circuit . 
[ 0031 ] Specifically , as illustrated in FIG . 3 , the basic assist 
control circuit 51 calculates the basic assist controlled 
variable Tas * in such a manner that the calculated basic 
assist controlled variable Tas * has a larger absolute value as 
the absolute value of the received steering torque Th ' is 
larger and the vehicle speed V is lower . The basic assist 
control circuit 51 is designed to calculate the basic assist 
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controlled variable Tas * such that an assist gradient Rag is 
higher as the steering torque Th ' is larger . The assist gradient 
Rag is a rate of variation in the basic assist controlled 
variable Tas * with respect to a certain variation in the 
steering torque Th ' ( e . g . , inclinations of tangents L1 , L2 ) . 
10032 ] As illustrated in FIG . 2 , the basic assist control 
circuit 51 in the present embodiment outputs the assist 
gradient Rag corresponding to the steering torque Th ' ( and 
the vehicle speed V ) to the first phase compensation control 
circuit 52 and a second phase compensation control circuit 
53 . The first phase compensation control circuit 52 varies 
characteristics ( e . g . , a filter factor ) of the phase compensa 
tion control , based on the received assist gradient Rag . 
[ 0033 ] Specifically , as illustrated in FIG . 4 , the first phase 
compensation control circuit 52 varies the characteristics of 
phase compensation such that the phase of the steering 
torque Th ' after the phase compensation is retarded ( a gain 
is decreased ) as the assist gradient Rag becomes higher . 
Further , in the present embodiment , the current feedback 
control executed by the motor control signal generation 
circuit 45 is designed such that the responsiveness of the 
current control is enhanced to obtain a favorable steering 
feel , while generation of vibrations is suppressed to achieve 
sufficient stability of the control . 
[ 0034 ] As illustrated in FIG . 2 , the assist command value 
calculation circuit 43 includes the second phase compensa 
tion control circuit 53 that calculates a system stabilization 
controlled variable Tdt * as a compensation component 
based on a received derivative value of the received steering 
torque Th ( torque derivative value dTh ) . The second phase 
compensation control circuit 53 calculates the system sta 
bilization controlled variable Tdt * based on the torque 
derivative value d?h and the assist gradient Rag . A differ 
entiator 54 calculates the torque derivative value dTh by 
differentiating the received steering torque Th . 
[ 0035 ) Specifically , as illustrated in an example in FIG . 5 , 
the second phase compensation control circuit 53 calculates 
a torque differentiation basic controlled variable edt such 
that the calculated torque differentiation basic controlled 
variable cdt has a larger absolute value as the absolute value 
of the torque derivative value d?h is larger . Further , as 
illustrated in an example in FIG . 6 , based on the assist 
gradient Rag input into the second phase compensation 
control circuit 53 , the second phase compensation control 
circuit 53 calculates an assist gradient gain Kag such that the 
value of the assist gradient gain Kag becomes smaller as the 
absolute value of the assist gradient Rag is larger . The assist 
gradient gain Kag is a value that is set to be within a range 
from zero to 1 . 2 so as to be inversely proportional to the 
assist gradient Rag . The second phase compensation control 
circuit 53 multiplies the torque differentiation basic con 
trolled variable cdt by the assist gradient gain Kag , and then 
outputs the value obtained through the multiplication , as the 
system stabilization controlled variable Tdt * . That is , the 
system stabilization controlled variable Tdt * can be 
expressed by Equation ( 1 ) using the torque differentiation 
basic controlled variable cdt and the assist gradient gain 

pensation control circuit 53 . The assist command value 
calculation circuit 43 calculates a first assist component 
Tal * based on a value obtained through the addition of the 
basic assist controlled variable Tas * and the system stabili 
zation controlled variable Tdt * . 
[ 0037 ] The microcomputer 41 includes a pinion angle 
calculation circuit 56 that calculates , based on the rotation 
angle Om , a rotation angle ( pinion angle Op ) of the pinion 
shaft 11c ( see FIG . 1 ) positioned closer to the steered wheels 
15 than the torsion bar 16 . In the present embodiment , the 
pinion angle Op is used as a rotation angle ( steering angle ) 
of a rotary shaft , which can be converted into a steered angle 
of the steered wheels 15 . However , such a rotation angle 
( steering angle ) is not limited to the pinion angle Op . 
[ 0038 ] The assist command value calculation circuit 43 
includes a pinion angle feedback control circuit 60 that 
calculates a second assist component Ta2 * by executing 
angle feedback control based on the pinion angle @ p . The 
pinion angle feedback control circuit 60 is an example of a 
second calculation circuit . 
[ 0039 ] As illustrated in FIG . 7 , the first assist component 
Tal * and the steering torque Th are input into the pinion 
angle feedback control circuit 60 . The pinion angle feedback 
control circuit 60 includes a torque command value calcu 
lation circuit 61 that calculates , based on the above - de 
scribed state variables , a torque command value Tp * corre 
sponding to an input torque transmitted to the pinion shaft 
11c . The torque command value calculation circuit 61 
includes an adder 62 that calculates the torque command 
value Tp * by adding together the first assist component Tal * 
and the steering torque Th . 
[ 0040 ] The pinion angle feedback control circuit 60 
includes a pinion angle command value calculation circuit 
63 that calculates , based on the torque command value Tp * , 
a pinion angle command value Op * as a rotation angle 
command value for a rotary shaft that can be converted into 
the steered angle of the steered wheels 15 . The pinion angle 
command value calculation circuit 63 calculates the pinion 
angle command value Op * based on an ideal model ( input 
torque - rotation angle model ) for the pinion shaft 11c that 
rotates in response to the input torque indicated by the torque 
command value Tp * . That is , the input torque - rotation angle 
model is expressed by a spring term based on the rotation 
angle ( pinion angle command value Op * ) of the pinion shaft 
11c , a viscous term based on a rotation angular velocity 
( pinion angular velocity ) of the pinion shaft 11c , and an 
inertial term based on a value obtained by subtracting , from 
the input torque ( torque command value Tp * ) , a spring 
component and a viscous component that are respectively 
control outputs of the spring term and the viscous term . The 
pinion angle command value calculation circuit 63 includes 
a filter that calculates various compensation values based on 
the vehicle speed V and the command values for the 
above - described dimensions ( angle , speed , and angular 
velocity ) . The pinion angle command value calculation 
circuit 63 calculates the pinion angle command value Op * 
obtained through compensation based on the compensation 
values . 
[ 0041 ] As illustrated in FIG . 2 , the ECU 40 receives an 
ADAS command angle Oa * from an ADAS command value 
calculation circuit 70 provided outside the ECU 40 . The 
ADAS command angle Oa * is a command value used to 
execute ADAS control . The ADAS command value calcu 
lation circuit 70 calculates the ADAS command angle Oa * 

Kag . 
Tdt * = edtx Kag ( 1 ) 

[ 0036 ] As illustrated in FIG . 2 , an adder 55 receives the 
basic assist controlled variable Tas * calculated by the basic 
assist control circuit 51 and the system stabilization con 
trolled variable Tdt * calculated by the second phase com - 
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command angular acceleration ca * ( a second - order deriva 
tive value of the ADAS command angle Da * with respect to 
time ) . 
[ 0047 ] The steering torque compensation circuit 80 
includes a viscosity compensation term calculation circuit 
83 that calculates a viscosity compensation term T1 by 
multiplying the ADAS command angular velocity wa * by a 
viscosity coefficient . The viscosity coefficient is determined 
by , for example , a viscosity related to the rotation of the 
steering wheel 10 and the steering shaft 11 . 
10048 ] The steering torque compensation circuit 80 further 
includes an inertia compensation term calculation circuit 84 
that calculates an inertia compensation term T2 by multi 
plying the ADAS command angular acceleration aa * by an 
inertia coefficient . The inertia coefficient is determined by , 
for example , an inertia related to the rotation of the steering 
wheel 10 and the steering shaft 11 . 
[ 0049 ] The steering torque compensation circuit 80 further 
includes an adder 85 that calculates the steering torque Th by 
adding together the steering torque Th0 received from the 
torque sensor 30 , the viscosity compensation term T1 
received from the viscosity compensation term calculation 
circuit 83 , and the inertia compensation term T2 received 
from the inertia compensation term calculation circuit 84 . 
That is , the adder 85 calculates the steering torque Th by 
Equation ( 2 ) using the viscosity compensation term T1 and 
the inertia compensation term T2 . 

Th = 120 + T1 + 12 ( 2 ) 

based on the steering torque Th , the vehicle speed V , and 
external information E obtained from an external detection 
device 71 . As the external detection device 71 , for example , 
a camera is used . The external detection device 71 detects 
the external information E including the information about 
an environment surrounding the vehicle . 
[ 0042 ] As illustrated in FIG . 7 , the pinion angle feedback 
control circuit 60 includes an adder 64 that calculates a final 
pinion angle command value 0 * by adding the ADAS 
command angle Oa * calculated by the ADAS command 
value calculation circuit 70 to the pinion angle command 
value Op * calculated by the pinion angle command value 
calculation circuit 63 . That is , the ADAS command angle 
Oa * is added to the pinion angle command value Op * to 
obtain the final pinion angle command value 4 * in which the 
ADAS command angle Oa * has been reflected in the pinion 
angle command value Op * ( in which the ADAS command 
angle Oa * is taken into account ) . 
[ 0043 ] The final pinion angle command value * calcu 
lated by the adder 64 is input into a feedback calculation 
circuit 65 along with the pinion angle Op detected by the 
pinion angle calculation circuit 56 as an actual rotation 
angle . The feedback calculation circuit 65 generates the 
second assist component Ta2 * by executing angle feedback 
control based on a deviation between the final pinion angle 
command value 6 * and the pinion angle Op . As the feedback 
control , for example , proportional - integral - derivative con 
trol ( PID control ) is executed . 
[ 0044 ] As illustrated in FIG . 2 , the second assist compo 
nent Ta2 * calculated by the pinion angle feedback control 
circuit 60 is input into an adder 57 along with the first assist 
component Tal * calculated by the adder 55 . The adder 57 
outputs the assist command value Ta * based on the sum of 
the first assist component Tal * and the second assist com 
ponent Ta2 * 
0045 ] The microcomputer 41 includes a steering torque 
compensation circuit 80 that receives the ADAS command 
angle Oa * calculated by the ADAS command value calcu 
lation circuit 70 and the steering torque Thodetected by the 
torque sensor 30 . Based on the ADAS command angle Oa * 
and the steering torque Tho , the steering torque compensa 
tion circuit 80 calculates , with a predetermined calculation 
period , the steering torque to be input into the assist com 
mand value calculation circuit 43 while taking into account 
a steering torque that is generated due to a variation in the 
pinion angle Op associated with the ADAS control . That is , 
the ADAS command angle Oa * calculated in the immedi 
ately preceding calculation period is used to calculate the 
steering torque Th to be used in the calculation executed by 
the assist command value calculation circuit 43 in the 
present calculation period . Examples of the ADAS control 
include lane keeping assist control . The steering torque 
compensation circuit 80 is an example of a torque signal 
correction circuit . 
[ 0046 ] As illustrated in FIG . 8 , the steering torque com 
pensation circuit 80 includes a differentiator 81 that differ 
entiates the received ADAS command angle Oa * to obtain an 
ADAS command angular velocity wa * ( a first - order deriva 
tive value of the ADAS command angle da * with respect to 
time ) . The steering torque compensation circuit 80 further 
includes a differentiator 82 that differentiates the received 
ADAS command angular velocity ea * to obtain an ADAS 

[ 0050 ] The viscosity compensation term T1 and the inertia 
compensation term T2 each have one of a positive sign and 
a negative sign depending on the direction of the steering 
torque Th0 . That is , the viscosity compensation term T1 and 
the inertia compensation term T2 are added to the steering 
torque Th0 so as to reduce ( cancel out ) the viscosity and 
inertia components that are included in the steering torque 
Tho . Thus , even when the pinion angle Op is varied through 
the ADAS control , the assist command value calculation 
circuit 43 receives the steering torque Th obtained after the 
steering torque generated due to the inertia and viscosity of , 
for example , the steering wheel 10 is reduced ( canceled out ) . 
[ 0051 ] Next , advantageous effects of the present embodi 
ment will be described . 
10052 ) ( 1 ) The column shaft 11 a is provided with the 
torsion bar 16 . Thus , when the pinion angle Op is varied 
through the ADAS control , the rotation angle of the column 
shaft 11a varies between a portion of the column shaft 11a , 
which is positioned above the upper portion of the torsion 
bar 16 , and a portion of the column shaft lla , which is 
positioned below the lower portion of the torsion bar 16 . 
This is because the portion of the column shaft 11a , which 
is positioned above the torsion bar 16 , is influenced by its 
viscosity . And this portion is also provided with the steering 
wheel 10 , and this portion is also influenced by the inertia of 
the steering wheel 10 . The viscosity and inertia are not only 
the above - described viscosity and the inertia of the steering 
wheel 10 itself . When a driver is holding the steering wheel 
10 , the viscosity and inertia may be increased by the driver ' s 
holding of the steering wheel 10 . The assist command value 
calculation circuit 43 calculates the rotation angle command 
value ( final pinion angle command value 0 * ) based on the 
steering torque including the steering torque generated due 
to the viscosity and inertia . This inhibits convergence of the 
angle feedback control for causing the rotation angle ( pinion 
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angle Op ) to coincide with the final pinion angle command 
value 6 * calculated by the feedback calculation circuit 65 . 
As a result , the follow - up accuracy with which the pinion 
angle Op follows the final pinion angle command value 4 * 
is reduced . 
[ 0053 ] In view of this , in the present embodiment , the 
steering torque compensation circuit 80 is provided . Thus , 
the assist command value calculation circuit 43 receives the 
steering torque Th obtained through compensation executed 
with the viscosity and the inertia taken into account , and 
then calculates the first assist component Tal * and the 
second assist component Ta2 * . This is because , even when 
the pinion angle Op of the pinion shaft 11c is varied due to 
the ADAS command angle Oakoutput from the ADAS 
command value calculation circuit 70 , the influence of the 
viscosity and inertia of the steering wheel 10 exerted on the 
steering torque is reduced . The assist command value cal 
culation circuit 43 calculates the final pinion angle command 
value ( * based on the steering torque Th obtained after the 
steering torque due to the viscosity and inertia is reduced . 
This facilitates convergence of the angle feedback control 
for causing the pinion angle Op to coincide with the final 
pinion angle command value 8 * executed by the feedback 
calculation circuit 65 . As a result , the follow - up accuracy 
with which the pinion angle op follows the final pinion angle 
command value 4 * is sufficiently maintained . That is , the 
assist command value calculation circuit 43 is able to 
maintain the follow - up accuracy at the same level as that 
achieved when the ADAS control is not executed . 
[ 0054 ] ( 2 ) The ADAS command value calculation circuit 
70 also calculates the ADAS command angle Oa * based on 
the steering torque Th obtained through compensation 
executed by the steering torque compensation circuit 80 . 
This enables the ADAS command value calculation circuit 
70 to calculate the ADAS command angle Oa * by using only 
the steering torque generated through the driver ' s steering 
operation . 
[ 0055 ] The present embodiment may be modified as fol 
lows . The following embodiments described below may be 
combined together unless the combination results in tech 
nical inconsistence . In the present embodiment , the inven 
tion is applied to the column assist EPS 1 . However , the 
systems to which the invention is applied are not limited to 
this . For example , the invention may be applied to the 
steering systems in which an assist force generated by the 
motor 20 is applied to a portion on the downstream side 
( rack shaft 12 side ) with respect to the torsion bar 16 , such 
as a pinion assist EPS and a rack assist EPS . In a rack 
parallel® EPS , which is a kind of a rack assist EPS and in 
which a motor shaft is disposed parallel to a rack , the pinion 
shaft 11c may be provided with the torsion bar 16 as 
illustrated in FIG . 9 . In this case , the torque sensor 30 may 
detect a steering torque ( torque signal ) based on torsion 
between a portion of the pinion shaft 11c , which is coupled 
to an upper portion of the torsion bar 16 , and a portion of the 
pinion shaft 11c , which is coupled to a lower portion of the 
torsion bar 16 . In the rack parallel EPS , the rotative force 
generated by the motor 20 is converted into a force in an 
axial direction of the rack shaft 12 via the speed - reduction 
mechanism 22 and a ball screw mechanism 23 . When the 
pinion shaft 11c is provided with the torsion bar 16 , the 
distance between the steering wheel 10 and the torsion bar 
16 is long and thus the mass of a portion of the steering 
mechanism 2 , which is coupled to the upper portion is 

positioned on the upstream side ) of the torsion bar 16 , 
becomes large . Consequently , the steering wheel 10 may 
have high inertia and high viscosity . Thus , compensation 
executed by the steering torque compensation circuit 80 in 
the present embodiment produces significantly advanta 
geous effects . 
[ 0056 ] In the present embodiment , the pinion angle Op , 
which is the rotation angle of the pinion shaft 11c , is used as 
the rotation angle of a rotary shaft that can be converted into 
the steered angle of the steered wheels . However , such a 
rotation angle is not limited to this . For example , the rotation 
angle of one of the intermediate shaft 11b and the rotary 
shaft 21 of the motor 20 , which are positioned closer to the 
steered wheels 15 than the torsion bar 16 , may be used . 
[ 0057 ] In the present embodiment , the pinion angle cal 
culation circuit 56 detects the pinion angle Op based on the 
rotation angle om of the motor 20 , which is detected by the 
rotation angle sensor 31 . However , the method of detecting 
the pinion angle Op is not limited to this . For example , a 
rotation angle sensor that actually measures the pinion angle 
Op directly may be provided to actually measure the pinion 
angle Op . 
[ 0058 ] In the present embodiment , the ECU 40 includes 
the first phase compensation control circuit 52 and the 
second phase compensation control circuit 53 . However , the 
first phase compensation control circuit 52 and the second 
phase compensation control circuit 53 need not be provided . 
In this case , the steering torque Th is input directly into the 
basic assist control circuit 51 . The first assist component 
Tal * is equal to the basic assist controlled variable Tas * . 
[ 0059 ] In the present embodiment , the steering torque 
compensation circuit 80 subjects the steering torque Th0 to 
compensation , based on the received ADAS command angle 
Oa * . However , the method of compensation is not limited to 
this . For example , upon reception of the ADAS command 
angle Oa * , the steering torque compensation circuit 80 may 
calculate the steering torque Th by adding or subtracting a 
predetermined value to or from the steering torque Tho . 
[ 0060 ] In the present embodiment , the steering torque 
compensation circuit 80 calculates the steering torque Th 
while taking the viscosity and inertia into account . However , 
the method of calculating the steering torque Th is not 
limited to this . That is , the steering torque compensation 
circuit 80 may calculate the steering torque Th while taking 
only one of the viscosity and inertia into account . Instead of 
the viscosity and inertia , compensation amounts based on 
various other physical models , such as an elasticity , may be 
taken into account by the steering torque compensation 
circuit 80 to calculate the steering torque Th . 
[ 0061 ] In the present embodiment , the ADAS command 
value calculation circuit 70 calculates the ADAS command 
angle Oa * based on the steering torque Th , the vehicle speed 
V , and the external information E . However , the method of 
calculating the ADAS command angle Ba * is not limited to 
this . For example , the ADAS command value calculation 
circuit 70 may calculate the ADAS command angle Oa * 
without using the steering torque Th and the vehicle speed 
V ( calculate the ADAS command angle da * using only the 
external information E ) . 
[ 0062 ] In the present embodiment , the torque sensor 30 
detects the steering torque Th0 based on the torsion between 
the portion of the column shaft 11a , which is coupled to the 
top of the torsion bar 16 , and the portion of the column shaft 
11a , which is coupled to the bottom of the torsion bar 16 . 
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However , the method of detecting the steering torque THO 
is not limited to this . For example , a magnetostrictive torque 
sensor may be used to detect the steering torque Tho , 
without using the torsion bar 16 . 
[ 0063 ] In the present embodiment , the pinion angle feed 
back control circuit 60 calculates the second assist compo 
nent Ta2 * based on the steering torque Th ( steering torque 
Tho ) and the first assist component Tal * . However , the 
method of calculating the second assist component Ta2 * is 
not limited to this . For example , the pinion angle feedback 
control circuit 60 may calculate the second assist component 
Ta2 * based on the steering torque Th . 
[ 0064 ] In the present embodiment , the ADAS command 
value calculation circuit 70 calculates the ADAS command 
angle Oa * as an ADAS command value . However , the 
method of obtaining the ADAS command angle da * is not 
limited to this . For example , the ADAS command value 
calculation circuit 70 may calculate an ADAS command 
torque value . In this case , the assist command value calcu 
lation circuit 43 may receive the ADAS command torque 
value and convert the ADAS command torque value into the 
ADAS command angle Oa * . Alternatively , the ADAS com 
mand value calculation circuit 70 may calculate an ADAS 
command current value . In this case , the assist command 
value calculation circuit 43 may receive the ADAS com 
mand current value and convert the ADAS command current 
value into the ADAS command angle Oa * . 
What is claimed is : 
1 . A steering control system configured to control a motor 

that assists or performs steering of a steering mechanism , the 
steering control system comprising : 

a first calculation circuit that calculates a basic component 
of an assist force based on a torque signal detected 
based on torsion between an input side of a steering 
shaft and an output side of the steering shaft ; 

a second calculation circuit that calculates a compensation 
component for the basic component , by calculating , 
based on the torque signal , a rotation angle command 
value for a rotary shaft and then calculating , based on 
the rotation angle command value and a second com 
mand value , a final rotation angle command value and 
then executing angle feedback control based on the 
final rotation angle command value , the rotation angle 
command value being convertible into a steered angle 
of steered wheels , the second command value being 
externally generated for driver assistance based on 
information about an environment surrounding a host 
vehicle ; 

a first command value generation adder that calculates a 
first command value by adding the compensation com 
ponent to the basic component ; and 

a torque signal correction circuit that corrects the torque 
signal used to calculate the compensation component 
by increasing or decreasing the torque signal when the 
second command value is reflected in the compensation 
component . 

2 . The steering control system according to claim 1 , 
wherein , upon reception of the second command value , the 
torque signal correction circuit corrects the torque signal 
based on the second command value . 

3 . The steering control system according to claim 1 , 
wherein , upon reception of the second command value , the 
torque signal correction circuit corrects the torque signal in 
accordance with a physical model . 

4 . The steering control system according to claim 1 , 
wherein , 

the second command value is an angle command value 
used for driver assistance , the angle command value 
serving as a target value of the steered angle of the 
steered wheels , and 

the torque signal correction circuit includes : 
a viscosity compensation term calculation circuit that 

calculates a viscosity compensation term based on an 
angular velocity command value calculated by differ 
entiating the angle command value ; 

an inertia compensation term calculation circuit that cal 
culates an inertia compensation term based on an 
angular acceleration command value calculated by dif 
ferentiating the angular velocity command value ; and 

an adder that adds together the torque signal , the viscosity 
compensation term , and the inertia compensation term . 

5 . The steering control system according to claim 1 , 
wherein , 

the second command value is an angle command value 
used for driver assistance , the angle command value 
serving as a target value of the steered angle of the 
steered wheels , and 

the second calculation circuit calculates the final rotation 
angle command value by calculating the rotation angle 
command value for the rotary shaft based on a torque 
command value that is a sum of the torque signal and 
the basic component , and then adding the angle com 
mand value to the rotation angle command value , the 
rotation angle command value being convertible into 
the steered angle of the steered wheels . 

6 . The steering control system according to claim 1 , 
wherein , 

the motor applies the assist force to a steered shaft that 
steers the steered wheels by making a linear motion in 
accordance with rotation of the steering shaft , and 

the torque signal is detected based on torsion between the 
input side that is a first side of a torsion bar and the 
output side that is a second side of the torsion bar , the 
torsion bar being provided in a pinion shaft that is a 
component of the steering shaft . 

7 . The steering control system according to claim 1 , 
wherein , 

the torque signal correction circuit receives the second 
command value and executes correction of the torque 
signal with a predetermined calculation period , and 

when the second command value calculated in an imme 
diately preceding calculation period is reflected in the 
first command value in a present calculation period or 
in the controlled variable that is based on the first 
command value and that is used to control the motor , 
the torque signal correction circuit corrects the torque 
signal used to calculate the first command value or the 
controlled variable that is based on the first command 
value and that is used to control the motor , in the 
present calculation period . 

* * * * * 


