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Vanishing Line based Lane Detection for Augmented Reality—aided Driver Induction
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Abstract

In this paper, we propose the augmented reality(AR) based driving navigation based on robust lane
detection method to dynamic environment changes. The proposed technique uses the detected lane
position as a marker which is a key element for enhancing driving information. We propose
Symmetrical Local Threshold(SLT) algorithm which is able to robustly detect lane to dynamic
illumination environment change such as shadows. In addition, by using Morphology operation and
Connected Component Analysis(CCA) algorithm, it is possible to minimize noises in the image, and
Region Of Interest(ROD) is defined through region division using a straight line passing through
several vanishing points We also propose the augmented reality aided visualization method for
Interchange(IC) and driving navigation using reference point detection based on the detected lane
coordinates inside and outside the ROIL Validation experiments were carried out to assess the
accuracy and robustness of the proposed system in vairous environment changes. The average
accuracy of the proposed system in daytime, nighttime, rainy day, and cloudy day is 79.3% on 4600
images. The results of the proposed system for AR based IC and driving navigation were also
presented. We are hopeful that the proposed research will open a new discussion on AR based
driving navigation platforms, and thus, that such efforts will enrich the autonomous vehicle services in

the near future.

» Keyword: HUD(Head Up Display), AR(Augmented Reality), Lean detection, ROI(Region Of Interest)
detection, Vanishing point, SLT(Symmetrical Local Threshold)

[. Introduction
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A 37he) GRS ANHL o2 wEHoE BAANE T ES WEAD BA BAd g2d aEAn F 9uE b
TPEe] AAE A F3F Al BEate] FpNslels v]wolty. olu E5A & A B g B A o3 uE
FTAAA 71ee AA Ae71719 AFe]l AAH g AR AR} 68.5% YERTH L. 71=9] Al7]ke|u ek HUD=
2 gtel Ay} AP glom Fa, o7, A, AEA 5 AR AWe] ohd dE Y] & Ae] T4l FAH
ofg] Hofz o] g A7t ¥a gtk AEt A Eokel glo] o o] AR AE wAATE SRS VR v, S
M A8 57d%4 HUD(Head Up Display) 7]501] B3 A HUDE 4] Al ARE SAAA A oles

* First Author: Jeong-Rok Yun, Corresponding Author: Sung-Kuk Chun
*Jeong-Rok Yun (justinl82@kopti.re.kr), Spetial Optical Information Research Center, Korea Photonics Technology
Insititute
*Dong-Kil Lee (dklee@kopti.re.kr), Spetial Optical Information Research Center, Korea Photonics Technology Insititute
*Sung-Kuk Chun (k612051 @kopti.re.kr), Spetial Optical Information Research Center, Korea Photonics Technology
Insititute
**Sung-Hoon Hong(hsh@jnu.ac.kr), School of Electronic and Computer Science, Chonnam National University
* Received: 2018. 12. 18, Revised: 2019. 01. 18, Accepted: 2019. 01. 19.
* This study is supported by Ministry of Culture, Sports and Tourism and 2018 Cultural Technology Research and
Development Support Project of KOCCA



74 Journal of The Korea Society of Computer and Information

M| ot 71E Al =RlH T} Qbdatt) 53] AntE 452 HE
E9 2 A Rys ® F8 B gAolA SCC(Smart
Cruise Control), HDA(Highway Driving Assist) <] 7]5]
ol AFeh=A T AARICE FET  gonE ¢4
A7F HAlska Ao JEd 4 vk Eg, $43E 4 HUD7F
gl we dA) 8 AR 3 Ao @
glalof sk wEkek ARE FAlste] $-719] Fel
AEFY 7 AAE A FI A4S AR
g 34 drke Aol stk

ol¥dt 27484 HUD 71%e Fulod diat1ge] &
20210l &3}t AES wxsiglon, sfeelA= veA] 7]
3 EALAIAESFHE(TD), BMW, Toyota, ZElWE % 5

@A HUD 71 s 713 zolv} e °Hﬂﬂ}ﬂ}94 75

O.|_, >~

AR BE A|A" ADAS(Advanced Driver
Assistance System) =9 F& AFRE 1 QuH7-9]. E3}t
A B A 2Ee] - A o]E, T2 FAT 1A,

T=
7§E, %%_?_24 7L7<] By} O}L]E} -.—FHZ}-J AAAR TFAE S

Ky
A
©
H
)

2 fo
12
El%o

-
Y

[N
ol
o2 m® |0 rx

A fo lu 1o

= o] gtk RGBZY HAE ALS
sjoll Wizkste] TRl el AR
pe. Aol 9rH2-6].

s

Mo ®

= }1
o 2

o 2
O
i
rg r.\l

Wi

>4

or“i

2 X
oL

Y

A0
=2

)

]

o > ol
I Jg I
S
e

(L o
o
olN
o

-
(¢} =

16 BgR 7Y 2 U W
KR
=

Agrake 1y

_;
et
% I
5

© =1 ™
£ o]g3t ROI(Reg1on Of Interest) A& W GHS E%}
s 22-23]. %3 Morphology ?i"‘} L
(Connected Component Analysis) &ilgl5< 9|
& AT Fes Hastsln, o2 7o) 284S At
Q44 AL ol8F 9 BT YHYOR ROIE A4
44 A97%0] 5T ROL Uol] A%E A4 Hu
= @A) T 2 Aol UjE 4w £ AF HuR B8

s, ROL 91%:9] QJoje &, § Ape] 8 2 % 4u
US98 ALD D] 214 /170 B2 FEA A
& Aztskasle.

o Fig. 1 £

U

(Gray Scale) 94o.= ®#3k jr SLT ¢ _T_!E]—é% AFL5)e] o]
Agsie), o)zs)l ¥ A2

Hol F2 S AA F EoF

g g A

Morphology ¢14o] q SRR
Za FA NG B 49 57 aETE @itk 92 O
o st Hough Transforms g8§3ste] 24 A st 4

= _,_'-GLE} §] =3t AN AHJHo ARgE A 9 ;—q.;‘\qu

G 71Nk A 1A S 3H RS Abgate] HolH  HolE ekl A-&¥ ROI(Region Of Interest)E “49lahaL,
of gh= Gos AHow ERshe WHI13-17], 2419 &2 AAA AHE F8f A4S FE9h 59 RO -] 244
S Edge® AEFshs W, Ao 54 ARE, =24 HAFE @A 7 S Ao oigk S4EA 1=, RO 9
S)r& 7IkeR 3 RGB A RdE AEshs W18-19],  F 54 23S sk AY e eSS dehlle
o] 2AHE o839 FHE ARste] FE2 AZske W ER ARSSte] A VEoR e S T AR A
W 5ol ArH20-211. sHAIRE 7|9 F28H4 RS Abgets Z4stE g

Input | Gray Scale . S.LT . Morpho!ogy — CCA
Image Binarization Operation —‘
> Pixel count > Return to 1
top 5 ROI Area Lane
Using Vanishing Point Detection
— Others | =1 Returnto O
L Reference Point Detection Driving Navigation
for Augmented Reality Visualization

Fig. 1. System flowchart
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[I. Binarization
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Fig. 2. Image conversion process

[1l. Preprocessing
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(a) SLT result  (b) Erosion result (c) dilatation result

Fig. 5. Morphology result

2. CCA(Connected Component Analysis)
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Fig. 6. Example of preprocessing results based on
Connected Component Analysis

3. Binary image region dividing
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Fig. 7. Binary image region dividing results

IV. Lane Detection inside ROI Area using
Vanishing Point
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Detection Results

2. Vanishing Point Detection
2] 7<43 2oz gast xMo] Gaoa] BEFE s}
Fohs AL BT B =R E A 2149 45
aARe BF HAE o] &%
ROIE Aelait)h. Beldoz Fag F Al Hae Jiol
o]—bl—./] Ao 7 £l 2Yst A2AHL zter) AAHS
& A3t o] Aol (xl,
A A2 (33, 33), (4, yhE 01 o%l A
A& olgato] 7k o) 714719 mlah m2E e, pAEe)
nl, ¥ n2% -3t FEF e A5)

4 P93 ol AR Holgth

N,

y=mz+n 4)
m(yQ_.%)/(xQ_%)

n=1y—mazx

y=myx+n )
Y=myr+n,

mer +n=mx+n

z = (n; —ny)/(my —m,)

y=m ((n, —my)/(my—m))+n,

Fig. 9. Mean coordinates of vanishing points and
vanishing points

3. ROI(Region of Interest) Definition
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Fig. 11.

Example of proposed lane detection method result

V. Experimental Resulis

Intel(R) HD Graphics 4600, NVIDIA GeForce GTX
765ME ol-8ste] A3 W om, OpenCV 3.29] #7
oA ZrIads TSIt F38 G F1 o ] o
g, 59 J 59 304 1280x720 RGBS MP4 3742 A}

B3It 2bd 9] Q14 &2 ROIY S-S A A8 S 4 9-9F 14
SHA @oks S IAES] AbolE wlaLshy] flste]l ARl
ot Q14 E AP2 ROIAA 35S 499 AA A F%s 7%
S A AT A A AE AE AR Jee] HE
e %’T‘JP_E golsllon, w2 d, 5 o, v o= 43
ul Al7FS ¥ 7H4 .,_ioﬂ EHO]—Oi 4600”9] 03/35

7

(a) Clear day lane detection (b) Clear day lane detection
(No ROI) (ROI)

(c) Cloudy day lane detection(d) Cloudy day lane detection

(No ROI) (ROI)

(e) Rainy day lane detection (f) Rainy day lane detection

(No ROI) (ROI)

4
(g) Night time lane detection (h) Night time lane detection

(No ROI) (RO

Fig. 12. Lane detection test result
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Fig. 13. Lane detection failure result

VI. Reference Point Detection for
Augmented Reality
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Fig. 14. HUD Navigation
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Fig. 19. Example of visualization of Augmented Reality

VII. Driving Navigation Visualization
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large illumination change
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VIIl. Conclusion
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