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TRICH YEU LUAN VAN CAO HQC
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Noi dung:

Muc dich va doi twong nghién cizu: Phat hién lan duong (lane detection) 1a mot trong
nhitng vin dé rat quan trong trong nhiéu wng dung vé cac hé théng hd tro giao thong tu
dong, dac biét trong cac hé thong didu khién xe ty dong. Trong bai toan phat hién lan
duong c6 3 loai muc tiéu chinh 1a: (i) canh bao khi chuyén lan duong, (i) hd tro nguoi
trong qua trinh 14i xe, va (iii) diéu khién xe ty dong. Trong d6, muyc tiéu phuc vu cho hé
thdng diéu khién xe tu dong duoc danh gia 1a kho nhét. Trong bai todn nay, con nhiéu
kho khan can giai quyét nhu: yéu cau xtr ly thoi gian thuc; méi truong hoat dong phuc
tap: khdng rd du phan cach, dia hinh khéng phang, 6 cong lan dudng thay doi; cac tinh
hudng dic biét: su phan/ghép lan dudng, hoat dong tai giao 16. ..

Vén dé dit ra cho dé tai 1a tim ra phuong phap hiéu qua dé cd thé mot mat thyuc thi dugc
trong thoi gian thuc, mat khac giai quyét duoc phan lén cac kho khan ké trén, dic biét
hd trg dugc cho muyc tiéu tng dung vao hé thdng diéu khién xe tu dong.

Phwong phdp nghién ciru: Trong dé tai nay chung t6i dd tap trung giai quyét bai toan
bang céch sir dung Particle Filter két hop véi thong tin tir trang thai chuyén dong cua xe.
O mdi budc thuc hién thuat toan tién hanh ap dung giai thuat Canny dé rdt trich canh
lam dic trung vé dau lan duong. Tiép theo, Particle Filter duoc sir dung dé theo vét lan
duong. O mdi budc, Particle Filter tao ra 100 wng vién, gom 50 tng vién cho dudng bién
tréi va 50 ung vién cho duong bién phai. Cac duong bién duoc xap xi boi duong cong
bac 3 thong qua 4 diém kiém soat. Piém kiém soat thir nhat cia mdi duong bién duoc
chon 1a diém & gan thiét bi (xe) nhat, diém diéu khiéu cudi cing 1a diém & trén dau lan
duong xa nhat trén thi trudng. Cac diém con lai duoc chon sao cho khoang céch giira cac
diém kiém soat vai nhau cang can bang cang tét. O mdi budc lap, Particle Filter sinh ra
cac duong bién mai bang cach di chuyén cac diém kiém soat cii dya theo thong tin trang
thai chuyén dong. Mdi dudng bién duoc tinh trong s6 theo d6 do vi tri duong bién. Cac
lan duong 1a su két hop cua mot cap dudng bién trai va duong bién phai. Mdi 1an duong
dugc géan trong sb theo do do lan duong, 1a mot su két hop giita d6 do cua ting duong

bién, 46 cong cua lan duong va do rong cua lan duong. Lan dudng c6 trong sé cao nhat



duoc chon dé 1am két qua thé hién. Thong tin trang thai st dung dwa trén mé hinh
Aukermann. Toan bo qué trinh thuc hién déu duoc tién hanh trén anh tir trén nhin xudng
VGi toa do thuc théng qua phép bién déi anh xa nguoc cua phép chiéu dya vao ma tran
Homography.

Két qua nghién cieu va két luan: Két qua thuc nghiém va khao séat da thé hién dugc
nhitng wu diém vé téc d6 thuc thi nhanh (hoat dong trong thai gian thuc voi video c6 do
phan giai 640 x 480, toc d6 15 fps) va hiéu qua tét khi so sanh véi cac phuong phap hién
dai. Sai biét trung binh 1a 6cm, trong d6 d6 léch chuan & vao khoang 9cm. Céc tinh
hudng phtc tap nhu trong muc tiéu phan 16n déu da giai quyét duoc. Diéu nay phi hop
VGi muc tiéu dit ra cho dé tai, va hoan toan cd thé tng dung duoc cho cac hé thong diéu
khién xe ty dong.

Poéng gop khoa hoc: Bang céach sir dung anh tir trén nhin xudng, nhitng kho khin vé céac
diu phan cach di duoc giai quyét. Xap xi duong bién bang duong cong bac 3 di manh
dé mo ta duoc cac dang phuc tap cua lan dwong ma van duy tri chi phi tinh toan nho.
Kho khin khi ddu lan dudng bi mat va rang budc vé vi tri cua diém kiém soat duoc giai
quyét véi cong thuc tinh d6 do cai tién. Particle Filter dong vai trd quan trong khi du
doan dugc cac dang lan dudng phic tap, diéu quan trong cho cac hé théng diéu khién xe
tu dong. Tich hop thong tin trang thai chuyén dong gitip ting do chinh xéc trong dyu doan
va hd tro thong tin dé giai quyét mot s truong hop dic biét nhu mat dau lan dudng, xe
thay d6i huéng di, két hop/chia nho lan duong, gip giao 16.... Pay 1a nhimg déng gop

quan trong tao nén tang cho nhitng nghién ctu tiép theo.

Hudng dan khoa hoc Hoc vién

TS. Nguyén Pinh Thuc Ping Nguyén Puc Tién



o B~ wDnp e

MASTER THESIS’ SUMMARY

Author: Dang Nguyen Duc Tien

Thesis: Real-time Lane Detection in Autonomous Driving Systems.

Field: Computer Science — Code: 60.48.01

School: University of Science — Vietnam National University - HCM City

Summary:

Objectives: Real-time lane detection and localization is an important task in many
intelligent transportation system applications, especially in autonomous driving systems.
In lane detection algorithms, there are three main objectives as follows: (i) lane-
departure-warning systems, (ii) driver-attention monitoring systems, and (iii)
autonomous driving systems. In these objectives, supporting for autonomous driving
systems is considered to be the hardest one, which raises many difficulties to be solved
due to real-time constrain, unclear lane-marking, occlusions, high curvature changing,
etc. Therefore, the goal of our research is to find a real-time method for lane detection in
autonomous driving systems which aim to overcome these complicated situations.
Methods: A robust approach to lane detection has been presented that is using the novel
lane detection with Particle Filter to track the lane in respect to the motion states of the
vehicle. At each frame, the lane-markings are extracted by using Canny algorithm.
Based on the result of Lane-marking detection step, Particle Filter is used for lane
tracking. In this step, Particle Filter generated 100 hypotheses at each frame: 50
hypotheses for the left boundary and 50 hypotheses for the right boundary. Each
boundary is approximated as a cubic spline curve, which is represented by 4 control
points. The first point is forced to be the nearest point to the vehicle, the last point is set
to the end point of the furthest lane-marking, and two other points are chosen where the
spacing is as even as possible. Particle Filter generated each boundary hypothesis by
moving the previous detected lane boundaries control points according to the motion
states of the wvehicle. Then, boundary hypotheses are weighted by Lane Boundary
Position score. A lane is represented by choosing two boundaries: one from the left
boundaries and one from the right boundaries. Lanes are scored by LaneScore, the
combination of Lane Boundary Position score, Lane Curvature score, and Lane Width

score. Finally, the lane with maximum likelihood (LaneScore after resampled by Particle



Filter) is selected to present the lane detection result. The vehicle motion states model is
used from Aukermann Steering Motion model. The whole process is applied on top-
down view (the so-called Bird’s eye view) in real coordinates, which is obtained by
Inverse Perspective Mapping (IPM) through Homography matrix.

Conclusion: Experimental result shows that the program can run in real time with video
input of resolution 640 x 480, and 15 fps; which has good performance when comparing
with other current approaches. Absolute mean error is 6 centimeters, and standard
deviation is about 9 centimeters. Most of difficult situations listed above have been
solved. This result illustrates that our goal is attained, and the proposed approach can be
used in autonomous driving systems for lane detection.

Scientific contributions: by using Bird’s eye view images, difficulties from lane-
markings extraction are solved. By approximating lane boundaries by the cubic splines
with a few control points, the program can be run in real-time processing without losing
the accuracy. Such situations as losing lane-markings or the constraint of control point
position (which must be) on the lane-marking are solved by applying the novel lane
boundary position score. Particle Filter has the important role since it can predict
complicated lane shapes, which are very important for the autonomous driving system.
Integrated vehicle motion states increase the accuracy of the prediction and provide
information to overcome complicated situations like losing lane-marking, direction
changing, merging/splitting lane, vehicle at crossroads, etc. Obviously, these solutions

have founded significant contributions to further future research.
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