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(57) ABSTRACT 

A System for preventing lane deviation of a vehicle and a 
control method thereof are provided, in which control is 
performed to prevent the vehicle from inadvertently devi 
ating from a lane. The System comprises a detector including 
a lane marker detector for detector lane markers that define 
a lane in the road, and a lane marker ECU for determining 
a transverse position of the vehicle using Signals of the lane 
marker detector; a controller for determining if the vehicle 
is deviating from the lane by receiving information trans 
mitted by the detector, determining Steering control angle 
and Steering control time according to a vehicle Speed and a 
heading angle at the instant the vehicle is deviating from the 
lane, and outputting control Signals following lane deviation 
prevention Such that an automatic drive mode is realized 
until the vehicle reaches a center of the lane; and a steering 
driver controlled by the control signals output from the 
controller. 
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SYSTEM FOR PREVENTING LANE DEVIATION 
OF VEHICLE AND CONTROL METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

0001) (a) Field of the Invention 
0002 The present invention relates to a system for pre 
venting lane deviation of a vehicle and a control method 
thereof, and more particularly to a System for preventing 
deviation from a lane by a vehicle and a control method 
thereof, in which the driver is alerted when the vehicle 
inadvertently deviates from a lane. 
0003) (b) Description of the Related Art 
0004 Various technologies are continuously being devel 
oped for vehicles to improve Safety and driving conve 
nience. One Such technology is a System for preventing 
deviation from a lane. That is, if the vehicle undergoes 
inadvertent deviation from a lane as a result of driver 
carelessness, drowsiness, etc., the System either warns the 
driver or performs control to correct the positioning of the 
vehicle. In more detail, the lane deviation prevention System 
determines the location of the lane markers defining the lane 
the vehicle is traveling in, then determines the location of the 
vehicle relative to the lane markers. If the vehicle is devi 
ating from the lane, either the driver is warned or a Steering 
actuator is operated to make corrections in the position of the 
vehicle. 

0005 The main elements of a vehicle lane deviation 
System (in the case where steering control is provided) are 
a photographing unit for obtaining photographs of the road 
on which a vehicle is traveling, an image processor for 
extracting positions of the lane markers and of the vehicle 
relative to the lane markers from the photographs, a Steering 
controller for generating instructions as needed to make 
corrections in the position of the vehicle, and a steering 
actuator that is driven to adjust the Steering of the vehicle 
according to the Steering instructions generated by the 
Steering controller. A CCD (charge coupled device) camera 
is generally used in the conventional lane deviation preven 
tion System, and the actuator is typically a motor mounted in 
the Steering column. The conventional lane deviation pre 
vention System, therefore, is designed with the concept of 
assisting the driver, that is, of providing a degree of correc 
tional control. 

0006. However, since in an image processing procedure 
of the conventional System algorithms are derived based on 
edges in the images to extract the lane markers, it is difficult 
to overcome the problem of noise in the image data. Also, a 
Substantial amount of time is used in Such an image pro 
cessing procedure. 
0007. In addition to the image processing methods in 
which edges of the images are used, there is disclosed a 
method in which brightness levels in the images are used to 
extract lane markers. However, this method is error prone 
and performance easily varies with changes in the brightness 
of the images. That is, objects in the road may be mistaken 
for lane markers, and vehicle lane extraction proves difficult 
at night, on cloudy days, or other instances in which a 
peripheral brightness is low. 
0008 Also, since conventional systems are designed with 
the concept of providing a degree of correctional control as 
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described above, the bulk of the re-positioning of the vehicle 
back between the lane markers during deviation must be 
performed manually by the driver. Therefore, there are not 
provided any countermeasures for the degree of control 
needed during more urgent Situations. 

SUMMARY OF THE INVENTION 

0009. The present invention has been made in an effort to 
solve the above problems. 
0010. It is an object of the present invention to provide a 
System for preventing lane deviation of a vehicle and a 
control method thereof, in which control is performed to 
prevent the vehicle from inadvertently deviating from a lane. 
0011 To achieve the above object, the present invention 
provides a System for preventing lane deviation of a vehicle 
and a control method thereof. The System comprises a 
detector including a lane marker detector for detecting lane 
markers that define a lane in a road, and a lane marker ECU 
for determining a transverse position of the vehicle using 
Signals of the lane marker detector; a controller for deter 
mining if the vehicle is deviating from the lane by receiving 
information transmitted by the detector, determining Steer 
ing control angle and Steering control time according to a 
vehicle Speed and a heading angle at the instant the vehicle 
is deviating from the lane, and outputting control signals 
following lane deviation prevention Such that an automatic 
drive mode is realized until the vehicle reaches a center of 
the lane; and a steering driver controlled by the control 
Signals output from the controller. 
0012. The lane marker detector is a magnetic sensor that 
detects magnetic nails installed in lane markers of the road. 
0013 Preferably, the controller comprises a communica 
tions unit for receiving information from the detector; an 
input data processor for processing information of various 
Sensors and a Steering torque Sensor, and the transverse 
position received from the lane marker detector; a lane 
deviation determining unit for determining whether the 
vehicle is deviating from the lane using information trans 
mitted from the input data processor, a fuzzy logic controller 
for calculating an amount of Steering control according to 
information transmitted from the lane deviation determining 
unit, a steering angle instruction generator for generating a 
Steering angle profile for controlling Steering after the 
amount of Steering control is determined by the fuzzy logic 
controller; a feedback control unit for generating a path for 
automatic driving following prevention of lane deviation; 
and an output data processor for Outputting information 
received from the Steering angle instruction generator and 
the feedback control unit. 

0014. The controller further comprises an initializing unit 
and a fail-Safe unit. 

0015. In the method for preventing lane deviation of a 
vehicle, if it is determined that the vehicle is deviating from 
a lane using information of a transverse position of the 
vehicle, a Steering control angle and a Steering control time 
are determined using fuzzy logic according to a vehicle 
Speed and a heading angle at an instant the vehicle deviates 
from the lane, thereby preventing lane deviation, after which 
feedback control of the transverse position of the vehicle is 
performed through a control variable and output as a Steer 
ing angle Such that the vehicle is positioned at a center of the 
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lane in an automatic drive mode according to a given path, 
and controlling an actuator of an EPS System using the 
output. 

0016. The method comprises initializing variables and 
functions of a main ECU, checking information of a lane 
marker ECU and transmitting the information to an input 
data processor for processing of the information; determin 
ing driver intent to discontinue lane deviation prevention 
and determining whether lane deviation control is able to be 
performed; performing fail-safe control to determine 
whether a System for preventing lane deviation is malfunc 
tioning in the case where there is no driver intent to 
discontinue lane deviation control and the vehicle is travel 
ing in an area Such that lane deviation control is able to be 
performed; determining if the vehicle is deviating from the 
lane based on information converted in an input data pro 
ceSSor to Suit an algorithm, in the case where it is determined 
that the System is operating normally, calculating an amount 
of Steering control Suitable to lane deviation conditions to 
generate a steering angle profile, in the case where it is 
determined that the vehicle is undergoing lane deviation; 
calculating a steering angle to return the vehicle to a center 
of the lane; and transmitting Steering control data and 
Steering angle data to an EPS System to realize Steering 
control. 

0.017. Here, processing of information by the input data 
processor includes conversion of input values of various 
Sensors, a Steering torque Sensor, and of a transverse position 
of the vehicle. 

0.018. The driver intent is preferably determined accord 
ing to whether control Switches have been operated, a brake 
pedal has been depressed, a Steering wheel operated, and 
whether the vehicle is traveling in a no-Service Zone. 
0019. The fail-safe control is performed by determining if 
a control Steering angle is normal and determining if a 
present vehicle Speed is less than or equal to a predetermined 
vehicle Speed. 

0020. The determination of whether the vehicle is devi 
ating from the lane is performed by calculating a deviation 
prediction value according to vehicle Speed using a trans 
verse position of the vehicle and a heading angle value, 
which is the derivative of the transverse position. 

0021. The prediction value (p offset) is obtained by 
offset f--Kw slope f, where offset f is the transverse posi 
tion of the vehicle, slope f is the derivative of offset f, and 
KW is a gain, which varies according to vehicle Speed, and 
if the p offset value is greater than one of a predetermined 
deviation position value OFF L(left) and a predetermined 
position value OFF R(right), it is determined that the 
vehicle is deviating from the lane. 

0022. The amount of steering control suitable to lane 
deviation conditions is calculated from inputs of vehicle 
Speed and heading angle (slope f) at the instant the devia 
tion prediction value (p offset) exceeds the predetermined 
deviation position value (OFF L). 
0023 The steering angle profile is realized through a 
triangular waveform. 

0024. The steering angle is obtained from Kp (offset f 
path)+Kd-slope f, where Kp is Pgain, Kd is D gain, offset f 
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is a transverse position of the vehicle, slope f is a heading 
angle, and path is a desired path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate an 
embodiment of the invention, and, together with the descrip 
tion, Serve to explain the principles of the invention: 
0026 FIG. 1 is a drawing used to describe general 
processes involved in lane deviation prevention according to 
a preferred embodiment of the present invention; 
0027 FIG. 2 is a drawing showing the flow of operations 
in an algorithm used in a System for preventing lane devia 
tion of a vehicle according to a preferred embodiment of the 
present invention; 
0028 FIG. 3 is a graph showing the relation between a 
vehicle position and a Steering angle in a System for pre 
venting lane deviation of a vehicle according to a preferred 
embodiment of the present invention; 
0029 FIG. 4 is a block diagram of a system for prevent 
ing lane deviation of a vehicle according to a preferred 
embodiment of the present invention; 
0030 FIG. 5 is a graph showing changes in a steering 
angle with respect to time, and 
0031 FIG. 6 is a flow chart of a method for controlling 
the system of FIG. 4 according to a preferred embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0032 Preferred embodiments of the present invention 
will now be described in detail with reference to the accom 
panying drawings. 

0033 FIG. 1 is a drawing used to describe general 
processes involved in lane deviation prevention according to 
a preferred embodiment of the present invention. 
0034). If a vehicle deviates from a lane, a warning is 
output (2) and Steering control is performed after calculation 
of a steering angle (4). Subsequently, automatic driving is 
realized until the vehicle returns to a center between the lane 
markers (6), at which time control is completed (8). 
0035 FIG. 2 is a drawing showing the flow of operations 
in an algorithm used in a System for preventing lane devia 
tion of a vehicle according to a preferred embodiment of the 
present invention. With reference to FIGS. 2 and 3, there 
are two main types of control in the present invention. 
0036) Open-loop control is one of the main types of 
control. In open-loop control, a Steering control angle and a 
control Signal are determined according to a vehicle Speed 
and a heading angle at the instant the vehicle experiences 
lane deviation. An algorithm used at this time is based on 
fuzzy logic, and openloop control is realized according to a 
Steering angle profile generated using this algorithm. Con 
trol variables become a size (angle) of the profile, and a 
given profile varies according to deviation conditions. 
0037. The second of the two types of control is feedback 
control. In feedback control, following the prevention of 
lane deviation using Suitable open-loop control, control into 



US 2002/0188404 A1 

an automatic drive mode is performed in which a given path 
is followed until the vehicle is at a center between the lane 
markers. An algorithm used at this time is a feedback control 
algorithm, and a control variable becomes a transverse 
position of the vehicle and control output becomes a steering 
angle. The path used to control the vehicle to the center of 
the lane markers is a line that connects the center of the lane 
markers to a position of the vehicle at the instant feedback 
control starts. When the path of the vehicle corresponds to 
a center line between the lane markers, control is discon 
tinued. 

0.038 FIG. 4 is a block diagram of a system for prevent 
ing lane deviation of a vehicle according to a preferred 
embodiment of the present invention. 
0039. The system includes a detector 10, a main ECU that 
uses Signals received from the detector 10 for making 
various determinations and performing various controls, and 
a steering driver 12 that is controlled according to Signals 
output by the main ECU. The detector 10 includes a lane 
marker detector 14 and a lane marker ECU 16. The lane 
marker detector 14 is realized through a magnetic Sensor that 
detects magnetic nails installed in lane markers of the road, 
and the lane marker ECU 16 determines a present transverse 
position of the vehicle using information received from the 
lane marker detector 14. 

0040. The main ECU includes a communications unit 18, 
an input data processor 20, a lane deviation determining unit 
22, a fuzzy logic controller 24, a steering angle instruction 
generator 26, a feedback control unit 28, an output data 
processor 30, an initializing unit 32, and a fail-safe unit 34. 
The communications unit 18 performs Serial communica 
tions with the lane marker ECU 16 of the detector 10, and 
extracts position information by an interrupt method and 
transmits this information to the input data processor 20. 
0041. The input data processor 20 performs processing of 
input values of various vehicle Sensors, a Steering torque 
Sensor, and of the vehicle transverse position. If noise is 
present in any of the Signals, the input data processor 20 
performs low-pass filtering of the Signals, and performs 
conversion to achieve Suitability to an algorithm. 
0042. The lane deviation determining unit 22 calculates a 
deviation prediction value according to vehicle Speed from 
the transverse position of the vehicle and a heading angle, 
which is obtained by differentiating the transverse position. 
The lane deviation determining unit 22 then determines 
whether the vehicle is deviating from the lane using the 
deviation prediction value. An amount of predicted devia 
tion (p offset) is obtained from offset f--Kw slope f, where 
offset f is the transverse position of the vehicle, slope f is 
the derivative of offset f, and Kw is gain, which varies 
according to vehicle speed. If the p offset value is greater 
than predetermined deviation position values OFF L(left) or 
OFF R(right), it is determined that the vehicle is deviating 
from the lane. 

0043. The fuzzy logic controller 24 of the main ECU 
determines a Suitable amount of Steering control using a 
vehicle speed and the heading angle slope fat the instant the 
deviation prediction value p offset exceeds either of the 
deviation position values OFF L or OFF R. Rules used in 
fuZZy logic are made based on data obtained through experi 
mentation, in which deviation conditions are extracted by 
the data. 
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0044) If an amount of steering control suitable to devia 
tion conditions is determined using fuzzy logic, the Steering 
angle instruction generator 26 generates a desired Steering 
angle profile. A Steering angle profile in a triangular wave 
form is used as shown in FIG. 5. 

0045. If lane deviation is prevented using the open-loop 
control, the feedback control unit 28 generates a path to a 
center of the lane to return the vehicle to this position, then 
performs control to enable automatic driving following this 
path. A Steering angle according to feedback control is 
obtained from Kp*(offset f-path)+Kd-slope f, where Kp is 
Pgain, Kd is D gain, offset f is a transverse position of the 
vehicle, slope f is a heading angle, and path is a desired 
path. 
0046) The output data processor 30 performs low-pass 
filtering of a desired Steering angle, obtained as described 
above, then transmits the result to the Steering driver 12 via 
communications. The Steering driver 12 is realized through 
an ECU of an EPS (electronic power steering) system. If the 
above desired steering angle is input to the ECU of the EPS 
system, the ECU of the EPS system operates a steering 
actuator Such that the vehicle is controlled to a desired 
location. That is, the Steering actuator is operated Such that 
lane deviation is prevented. 
0047. Further, the initializing unit 32 performs initializa 
tion of the main ECU and of the system. In ECU initializa 
tion, variables and functions are initialized, while System 
initialization is not performed until the vehicle is stably 
traveling between the lane markers. The fail-safe unit 34 
performs discontinuation of control, or determines if irregu 
lar control is being performed. Discontinuation of control is 
performed if control Switches are off, the driver depresses 
the brake pedal, there is driver intent to control Steering, or 
if the vehicle is traveling in a no-Service Zone (where there 
are no lane markers). Further, the determination of irregular 
control is made if a control Steering angle according to 
vehicle Speed is an abnormal value or if the vehicle Speed is 
below a predetermined level. 
0048 FIG. 6 is a flow chart of a method for controlling 
the System of the present invention described above. 
0049. With the start of control, the initializing unit 32 of 
the main ECU initializes variables and functions in step 
S100, and performs loop initialization in step S110. Next, 
the communications unit 18 determines whether information 
of a present transverse position of the vehicle is being input 
from the lane marker ECU 16 and transmits this information 
to the input data processor 20 in step S120. 
0050. The input data processor 20 then performs process 
ing of input values of various vehicle Sensors, a Steering 
torque Sensor, and of the vehicle transverse position in Step 
S130. The input data processor 20 then determines driver 
intention and whether lane deviation control can be per 
formed in step S140. That is, the input data processor 20 
determines whether control Switches have been operated, the 
brake pedal depressed, the Steering wheel operated, or 
whether the vehicle is traveling in a no-Service Zone. 
0051 Based on these determinations, it is then deter 
mined whether there is driver intent to discontinue lane 
deviation control or whether lane deviation control is unable 
to be performed (i.e., in the case of a no-Service Zone) in Step 
S150. If there is driver intent to discontinue lane deviation 
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control or if lane deviation control is unable to be performed, 
the process is returned to step S110 of loop initialization. 
However, if there is no driver intent to discontinue lane 
deviation control and the vehicle is traveling in an area Such 
that lane deviation control is able to be performed, fail-safe 
control is performed in step S160. 
0.052 That is, in step S160, from determinations of 
whether a control Steering angle according to vehicle Speed 
is normal or of whether the vehicle speed is less than or 
equal to a predetermined Speed, if it is determined that there 
is a malfunction, the process is returned to step S110. 
However, if the vehicle is operating normally, it is deter 
mined if the vehicle is deviating from the lane in step S170. 
0053. In more detail, a deviation prediction value is 
calculated according to the transverse position of the vehicle 
and a heading angle value, which is the derivative of the 
transverse position, and it is determined whether the vehicle 
is deviating from the lane using the deviation prediction 
value. If it is determined that the vehicle is not deviating 
from the lane, the output data processor 30 performs data 
processing in step S180. However, if it is determined that the 
vehicle is deviating from the lane, the fuzzy logic controller 
24 calculates a Suitable amount of Steering control using 
inputs of vehicle Speed and heading angle at the instant the 
deviation prediction value exceeds a predetermined devia 
tion position value in step S190. 
0054. After the determination of an amount of steering 
control suitable to deviation conditions of step S190, the 
Steering angle instruction generator 26 generates a desired 
steering angle profile in step S200. Next, in order to return 
the vehicle to the center of the lane, the feedback control unit 
28 calculates a Steering angle to enable automatic driving to 
the lane center in step S210, after which the output data 
processor 30 performs data processing of step S180. 
0.055 Following step S180, output data is transmitted to 
the steering driver 12 (i.e., the EPS system) in step S220. 
The EPS system is then operated by the transmitted data in 
step S230 such that vehicle lane deviation is prevented. The 
process is returned to step S120 after step S230 of prevent 
ing lane deviation, and the above-described operations are 
continuously repeated. 
0056. In the system for preventing lane deviation of a 
vehicle and control method thereof of the present invention, 
lane deviation is prevented by controlling an EPS system in 
the case where the vehicle inadvertently deviates from the 
lane. Further, automatic driving is realized until the vehicle 
is returned to the center of the lane. As a result, the present 
invention provides increased Safety for vehicles. 
0057 Although preferred embodiments of the present 
invention have been described in detail hereinabove, it 
should be clearly understood that many variations and/or 
modifications of the basic inventive concepts herein taught 
which may appear to those skilled in the present art will Still 
fall within the Spirit and Scope of the present invention, as 
defined in the appended claims. 

What is claimed is: 
1. A System for preventing lane deviation of a vehicle 

comprising: 

a detector including a lane marker detector for detecting 
lane markers that define a lane in a road, and a lane 
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marker ECU for determining a transverse position of 
the vehicle using Signals of the lane marker detector; 

a controller for determining if the vehicle is deviating 
from the lane by receiving information transmitted by 
the detector, determining Steering control angle and 
Steering control time according to a vehicle Speed and 
a heading angle at the instant the vehicle is deviating 
from the lane, and outputting control Signals following 
lane deviation prevention Such that an automatic drive 
mode is realized until the vehicle reaches a center of the 
lane; and 

a steering driver controlled by the control Signals output 
from the controller. 

2. The system of claim 1 wherein the lane marker detector 
is a magnetic Sensor that detects magnetic nails installed in 
lane markers of the road. 

3. The system of claim 1 wherein the controller com 
prises: 

a communications unit for receiving information from the 
detector; 

an input data processor for processing information of 
Various Sensors and a steering torque Sensor, and the 
transverse position of the vehicle received from the 
detector; 

a lane deviation determining unit for determining whether 
the vehicle is deviating from the lane using information 
transmitted from the input data processor; 

a fuZZy logic controller for calculating an amount of 
Steering control according to information transmitted 
from the lane deviation determining unit; 

a Steering angle instruction generator for generating a 
Steering angle profile for controlling Steering after the 
amount of Steering control is determined by the fuZZy 
logic controller; 

a feedback control unit for generating a path for automatic 
driving following prevention of lane deviation; and 

an output data processor for outputting information 
received from the Steering angle instruction generator 
and the feedback control unit. 

4. The system of claim 3 wherein the controller further 
comprises an initializing unit and a fail-safe unit. 

5. A method for preventing lane deviation of a vehicle, in 
which if it is determined that the vehicle is deviating from 
a lane using information of a transverse position of the 
vehicle, a Steering control angle and a Steering control time 
are determined using fuzzy logic according to a vehicle 
Speed and a heading angle at an instant the vehicle deviates 
from the lane, thereby preventing lane deviation, after which 
feedback control of the transverse position of the vehicle is 
performed through a control variable and output as a Steer 
ing angle Such that the vehicle is positioned at a center of the 
lane in an automatic drive mode according to a given path, 
and controlling an actuator of an EPS System using the 
output. 

6. A method for preventing lane deviation of a vehicle 
comprising: 

initializing variables and functions of a main ECU, 
checking information of a lane marker ECU and trans 

mitting the information to an input data processor for 
processing of the information; 
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determining driver intent to discontinue lane deviation 
prevention and determining whether lane deviation 
control can be performed; 

performing fail-safe control to determine whether a SyS 
tem for preventing lane deviation is malfunctioning in 
the case where there is no driver intent to discontinue 
lane deviation control and the vehicle is traveling in an 
area Such that lane deviation control can be performed; 

determining if the vehicle is deviating from the lane based 
on information converted in an input data processor to 
Suit an algorithm, in the case where it is determined that 
the System is operating normally; 

calculating an amount of Steering control Suitable to lane 
deviation conditions to generate a Steering angle pro 
file, in the case where it is determined that the vehicle 
is undergoing lane deviation; 

calculating a steering angle to return the vehicle to a 
center of the lane; and 

transmitting Steering control data and Steering angle data 
to an EPS System to realize Steering control. 

7. The method of claim 6 wherein processing of infor 
mation by the input data processor includes conversion of 
input values of various Sensors, a Steering torque Sensor, and 
of a transverse position of the vehicle. 

8. The method of claim 6 wherein the driver intent is 
determined according to whether control Switches have been 
operated, a brake pedal has been depressed, a Steering wheel 
has been operated, and whether the vehicle is traveling in a 
no-Service Zone. 
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9. The method of claim 6 wherein the fail-safe control is 
performed by determining if a control Steering angle is 
normal and determining if a present vehicle Speed is leSS 
than or equal to a predetermined vehicle Speed. 

10. The method of claim 6 wherein the determination of 
whether the vehicle is deviating from the lane is performed 
by calculating a deviation prediction value according to 
vehicle Speed using a transverse position of the vehicle and 
a heading angle value, which is the derivative of the trans 
verse position. 

11. The method of claim 10 wherein the prediction value 
(p offset) is obtained by offset f--Kw'slope f, where off 
Set f is the transverse position of the vehicle, slope f is the 
derivative of offset f, and Kw is a gain, which varies 
according to vehicle speed, and if the p offset value is 
greater than one of a predetermined deviation position value 
OFF L(left) and a predetermined position value OFF R(ri 
ght), it is determined that the vehicle is deviating from the 
lane. 

12. The method of claim 11 wherein the amount of 
Steering control Suitable to lane deviation conditions is 
calculated from inputs of vehicle Speed and heading angle 
(slope f) at the instant the deviation prediction value (p off 
Set) exceeds the predetermined deviation position value 
(OFF L). 

13. The method of claim 6 wherein the steering angle 
profile is realized through a triangular waveform. 

14. The method of claim 6 wherein the steering angle is 
obtained from Kp*(offset f-path)+Kd-slope f, where Kp is 
Pgain, Kd is D gain, offset f is a transverse position of the 
vehicle, slope f is a heading angle, and path is a desired 
path. 


