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ABSTRACT

This thesis presents an investigation to obtain an optimal edge detection
algorithm for using in the road lane detection process. The main issues, including the speed, the
accuracy, and the limited processing resources, were taken to consider for the realization on the
FPGA (Field Programable Gate Array) technology. The edge detection algorithms of Canny,
Prewitt, Sobel and Roberts were compared using MATLAB. In addition, a mask filter was
applied to remove red, green, and blue values to help the edge detection process be more efficient.
Sample road images were captured by a video camera with the image size of 640x480 pixels and
the frame rate of 30 frames per second, and at the car speed of 90 kilometers per hour. From the
experimental results, the Canny algorithm was the most time consuming process, and gave too
many lines outside the road lane. Among these, the Roberts algorithm is not only the smallest
size, but also gained the fastest speed (3.14 times faster than the Canny algorithm) and the most
accurate one to detect the lines of the actual road lanes. The results of the Roberts algorithm based
road lane detection system implementation on a Xilinx Vertex-Il PRO FPGA show that our
system can process a 640x480-pixel image within 2.929 milliseconds with clock speed of 104.874

megahertz.

Keywords: Edge Detection, MATLAB, FPGA.
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1.2.2. Hardware/Software Co-design for Line Detection Algorithm on FPGA [6]
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1.2.3. Lane Detection System Based on Software and Hardware Co-design [4]
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1.2.5. Real-Time Processing of Local Contrast Enhancement on FPGA [7]
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2 Aa0d WEBCAM ICON IC-338 Resolution : 16 M pixels Frame rate : 30 fps

(3) U3 FPGA JU Vertex-II Pro

(4) o135 Xilinx ISE Design Suite 10.1

(5) ¥ouA1I3 MATLAB
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nguuaznanms

2.1 manfasuna@uiia 910711 RGB 1IHumwszduu1am (Gray scale)
' A = = a A A =
RGB @011910 Red, Green a2 Blue A9NTLUIUMINANTIINUNT 3 T Ao T @
= = %’ a 9 o U = s v o Yya a0 Y =
e uaz @ty M3 l¥daaiuvesd 3 Fa1enu azsihliinaaaies Taenunuie uasdaien
Y v
MaHrimssIuAuLDY Additive ¥41asdnAazii ]y 1Fiusen muuy CRT (Cathode ray

tube)

AE
Blue (0,0,1)

Magenta (1,0,1) Thite [1,1,1)

L+ Grgy Scale

Green (0,1,0)

.
L

B

Black (0,0,0),-

Fed (1,0,0) Yellow (1,1,0)

R

?W52n0U 2-1 Model Color Space [2]

=
MNWU5ENOV 2-2 MTHENLAYS 3 T [2]
a o % ] =} =S 1 a}; 1 =
TusLUVANA Color space  AanINsERaY 2-1 upazdvrdiAadausa 094 1 Tag 0
=2 A Y A 9 ° 9 A PR A 9 Y =< ' @
Wuee Juudianuduinnildgiia uaz 1 vanedediulinnuduios Jagaine Taena 'l
a 9 d‘ 9 = J S A [ o a = 3‘;
dadoyanlslumsunuanuduvouniduaazd I 256 52aU (0-255) S 8 Ta TIWLNTFN
9 9 T a é Y 9 = 9 = [ %
aundalld 8 x3 M 24 1a Feanusaldaiad lauinna 256 x 256 x 256 1A 16,777,216
a
I~ o a}/ ) 1 ] < 1 ~
msutasmmdduanida Idiurm ldva1eds wu msulasa RGB Titluaunaeudd

a 3’4 = kY = " W a =} a A a2 ax
Lmum"lﬂiuwmcﬁauuq %Q%gllﬂﬂQWMaﬂ"Uﬂ\‘]ﬂWWLﬂWﬂ‘U 24 JAMNOUIAY 1509NIT lAgNs

12
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= =y I o = = A a = Y ' A
1WaguInNd RGB 1 UTZAVVIUNT FIANANVDININILIYAD 8 U Iﬂﬂuﬂﬁﬂmﬂﬁﬂﬂ”lﬂﬁ‘l’l

Tl luuaazdves RGB Tasna liinez lgmasauns ae'lail

Y = 0.299R + 0.587G + 0.114B (2-1)

Tao Y  Aovosanududiiaioglusag 0-255 (d61 - @v12) Fawahn laudaaed

Mwsznou 2-3

First Digit
O =N WA~ OPODOOM

012345678B9ABCDETF
Second Digit

mMnilsznew 2-3 sEAUVIIM (Gray scales) [2]

2.2 MIIVOUMN (Edge detection)
<3| 9 A & a '
NITHIUDUNIN Lﬂumimmuiaugﬂmgiumw FAUVDUNTWINAIINAITULANATNUD
9 =< @ o & oA A A @ =
ﬂ’JHJL"lIiJLLﬁQ%Wﬂ%qWHuﬂ‘IJEN@@W'LN FIVNTINAITUUANANNNIN YUDUNTWISEINAITUBALIN B
i < ' [
3’%mﬂnmaumwmmmum”lﬁlﬂuﬁmﬂ’qumﬂq A9 Gradient method 112 Laplacian method

Y
TasunagIsus19a0eAAql

2.2.1 Laplacian method

4 A g 3

3 andg Y o v W 9 @ a KR
Wudsnldnanmsmeyiusoududaes laalsganilu o Wuvenvesnin sansiny

H 9 ' <
A1Fsmsivvenlaun Laplacian of Gaussian, Marrs Hildreth Audu
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2.2.2 Gradient method

Qddy o v o [ & ~

iz mveu lasmsmigadigauazyagagalugilveseyiusoudunila Inggan
I 1 1 ~ A 1 [ AR Ag Yas dy Y .
L‘]J‘L!GU’EHJ %3@@1”’(331&7“141!@?” Threshold ﬂaﬂﬂiﬂuﬂi“]ﬂ’)‘ﬁﬂ'ﬁu‘luﬂ'ﬁﬁﬁlﬂﬂ Vl,@!,!,ﬂ Prewitt,

I 9
Sobel, Roberts, Canny Wuau

Gradient vector

a 4
MNsznow 2-4 MIvve U Iagd NI AU [8]

Threshold- -

C Edge

AMsEnNoY 2-5 MINIVOU Gradient method 1A Laplacian method [8]

3 o @ & o o o
vinnmszneu 2-5 A Wudyaavesniniaenia T Feiniimsvieynus
v @ = Y Aa o [ 1A [ A 9 < I
PUAVH UG WIIWUINUA1 Threshold MNvgMlotduualuzl B szueariuiuveunin

Y Y 1 dg! LY 1 d' A 1 ~
ANNFADUVDIVOVITWINTREUA THUAUBYNY YUIAYEIdIUNHiIoAT Threshold  1iFon
9
ABMINVOVLUVUNMINIVOUUDY  Gradient method AIUNIN C 3z 1VBU TABNITHI

Ju v 1

o A g < o 1 ~ as dy J
DUNUDOUAU2 Ay 0 92 UM UIV0IUO (FENITMITHIVOVLUUUI MITHIVOULILIL

Laplacian method



15

] Y '
LﬁfNfﬂ?ﬂsluQWuD%ﬂﬂ‘U‘Uﬁllﬁﬁ"lﬂ?i!WﬂJ‘].]i%ﬁﬂ‘ﬁﬂ?Wﬂ'l'iﬁﬁl’f)‘]Jﬂ']WTﬂEJWﬁJll'l

(% a I 4 J J
@aﬂ@iﬁiﬂﬂut"’.l']ﬁﬂll')iﬂ"lﬁﬂ"lﬂ]@‘]JﬂTWLﬁﬂ_l Gradient method %Qﬁﬂ?"l‘ﬂlﬂiﬂ$ﬁﬂﬂ’l'l N1ITNIVOU

v Jdou o

111U Laplacian method IW31ENITHIUDULUD Laplacian ﬂzﬁ’mﬁmﬁmwwuﬁauﬂumq “?;’\1
Y - Yo o Y
@1%631@ﬂ31u%ﬂ%6u1ﬁﬂﬂﬂigﬂﬁuﬂ"li%"lﬂ"lullﬂ
HANNTINNUYBINTHIVOUNINLLUY Gradient method ‘ﬁi’) u’%nmmammﬁ”@giumw
= = 4 a = J ~ o 1 A o tg A
VTNNTAYUAFTI NITWITAUIVUIAVUDIUNTIAYUA L‘]EEJ‘]_IWIEJ‘Uﬂ‘U f11 Threshold NOIUUAVULND

1 = 1 T Y a 1 (% 1 A (% d‘ d'
ATUDN |VP| UATUTINNITIANTDINDY Llﬁﬂ\nWﬂﬂﬂ\?ﬂﬁTJﬂﬂﬂl@‘]J"UfJ\i’JﬂQﬂﬂﬁWﬂ{(ﬂUﬂ1Wﬂﬂﬂ P(x.y)

v W

) @ 9 o & & ax ' A
ﬂﬁlﬁ‘ﬂucﬁ'ﬁl@UGIJ@Q'J@QI@fJGlGK@HWH‘ﬁ HAVUN U Lﬂu?ﬁllﬂﬂﬁ?uﬂﬁgﬂaﬂm@\iﬂ'lw LUAZINDANINU

Y
v A 2 J

[ y 1A a 1 1 [ v d { [ 4
uliJ@]’f)Lﬁ’f)\‘]“Uﬂ\iﬂTWﬂL"]faiJil’Jﬂ!S’E)ﬂﬂﬂig‘l/i’JNQGIﬂﬂiquﬁa\‘] LlagﬂWGkuﬁﬂ@ﬂﬁquﬁﬂlﬁﬂﬂ

q

a 4 o J
AUNANNVDUNTIATUA VOILUILAU X LA y ﬂ'lﬁu@ﬂfl@%nuﬁﬂﬂTi (2-2) e (2-3)

VXP(X,Y)
VYP(X,Y)

P(x,y)-P(x-1Yy) (2-2)
P(x,y)-P(xy-1) 2-3)

4 o @ o
VUIAVBUNTIATUA VDY P(x.y) ﬂ’lﬁuﬂ‘lﬁlﬁnﬂﬂ'ﬁﬁqmﬂ‘ﬂﬂ']w ANHULVOI INTIATUADL

Y v 9
uanaeon lyuegnudaadu Feamsoudaslanae lai

Operator Row gradient Column gradient
000 0-10
Pixel difference 01-1 010
000 000
00-1 1 00
Roberts 010 010
000 000
1 0-1 | e B |
Prewitt 1311 0-1 131 0 00
1 0-1 111
1 0-1 |
Sobel 141 2 02 14, 0 00
1 0-1 1 21

4 4
Nnilsenew 2-6 tnsAeua lanlesmes [3]
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2.2.2.1 M3H1VOUMN 1aeI5UD9 Robert
A KR dy (% 1 yay a o U
TunsalAnufiazendiog1anisniven Tag 1435 v09 Roberts 1W31291N9TUITENU I
an v o A A o o Y anlqy a
75904 Roberts THamshauanga ioth liwannuu FPGA minveudaoisil limaiia
o 4 [ 4 X I o { 3| X
msUSulseveunliaetios 19 a €r* Humwduniiv vazvevnld flu b €R

any A
$N13UDN Roberts D

b(i,j) = \/(a(i, j)—a(i+1,j+1)* + (@, j+H—a(i+1, j))’ (2-4)

1% S Ao Mask U0IUUMNU X

T A0 Mask YDIUMNU Y

5]
Il
1
O

A

A o o a ] v v Y a & &
WaMNITAUIUNIVDUNNWNLEAVDININTNLAN ﬁ]%hlﬂﬂlﬂﬂlﬁuﬁﬂ]"l’ﬁ]ﬁi]%!ﬂu‘llﬂﬂ

UBINTN

nmilseney 2-7 ﬂ"IWﬁ]’lﬁ}%Tﬂﬂ"lisll’f)\isllﬂ‘]Jﬁ}’Jﬂ%%ﬂl’fN Roberts [3]

2.2.2.2 MIHIVOVUDININ Tﬂﬂagmﬂﬁ Prewitt
ax A, A g a e ¢ A g Yy
'Jﬁﬂ'liu%ﬁﬂTL!'Jﬁlﬂlﬂﬂﬂlﬂulﬂﬁmﬁlu@nﬂm’E]'i"llfN‘quﬂﬂﬂﬂuﬂ’]WﬂLﬂuﬂ’lWﬁuﬂUU Uy
A Y] 9 = 14 14 Aq Y Y4 A Y [
°VIW'I‘L!ﬂ'lﬁTJT]JTJ?Q!Lﬁ?ﬁ]%ll'ﬁ]'lﬂlﬂﬁ!ﬂﬂuﬁlﬂﬂm@ﬁ Mask ﬂiﬂfllﬂu@uWUﬁﬂglﬂﬂﬂﬂlﬂﬂﬂU X Uae
Y x S Y ] I 1 1 Aa A o 1 ..
y W a er” iflunmauniiv uag al,a2,a3,.....a7 Wuaveausaziniga 8 JANA WML (i)

a < a @
AUNAN MUV A9 senou 2-8
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5 a 4

AN sznoU 2-8 aurravesdils ludanesnurivev Iae Prewitt [3]

7
u=(a;+a+a)—(a+a+a) (2-5)
v=(a+a+a,)-(a+a,+a) (2-6)
WOUUDIAMN Prewitt 151 bER’
i
b(, j) =vu® +v* (2-7)
HAENANINVBIVBUNIN dER” Ao

dd, j) = tan‘I% (2-8)

1M S A0 Mask YDA X

T D Mask UBUUMAU y

I 1 1 -1 0 1
S=(0 0 0 T=|-1 0 1
-1 -1 -1 -1 0 1
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nmilszney 2-9 ﬂTWﬁulﬁ}ﬁnﬂﬂﬁﬁﬁlﬂiJﬂ’Jﬂ’J‘ﬁsUﬂx‘] Prewitt [3]

2.2.2.3 MIHIVDUUBINMN 1aeITU04 Sobel
9 g ' ' & A 4 ' ' 4
340 Wumsmveun ludhugadu ansanlasunlasaany lugeiiss ldaums

[ Y x < Y @ o 1 1 a
Ysvlgeuenld a€ R Wunmduniiu uag a0, al, a2 ..., a7 HAAIDIAHUNVDILAAZ DS
v
[ < a
M 8 98 MIULYNUIWNN
Y
Tvi

u

(as+2a,+a,)—(a +2a,+a,) (2-9)
:(2ao+a1+a7)—(a3 +2a4+a5) (2-10)

PUIAVDUNIN Soble 13/ m ER”

i

m(, j) =+/(u* +V?) (2-11)

Jya = J A
uaz“l‘nwﬁmwmmimaumm d Ao

d(i, j)=tan"' 2 (2-12)
Y

1% S Ao Mask UDIUUMAU X

T D Mask UBLUAU y

-1 0 +I1 1 2 1
S={-2 0 +2 T=0 0 O
-1 0 +1 -1 -2 -1
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2.2.2.4 MIMVUMNIAIFUBS Canny

9 Y
M35 UMM 18IS Canny Usenoualeiuneu 4 Yunau

= msdSumnliSey @en1511 Gussian smoothing
o I a 4 T W Aa 1
Taoirua Kernel (Humasng vu1a 3x3 w3oUU11a10Y 9 Wtwa HaveeansyUsy

A Idanaums (2-13)

S =Ciior ®lip (2-13)

° v 2 A9
mriua 1 l,; A0 AMAABININIVDL

CR f® Gaussian Smoothing Filter

o AD AINIVANITTAVUBINITIN Smoothing

A v
. aAp Teulossunmsgu
" MISAIUIUA Gradiant

2 @ Yy = Ay YA 1 Jd o S o
duusnlsunm | IdlianuiEeu wan'lade avesmmnlulendu S, . 91ntiuh

.0 .0

o v o

1 o < v
A511A1 Gradiant 1UUAU x Hagy LHasn I muavUInUoIDNUDIOU Uﬁﬁﬂ"’l]f]i F’X(i i uag

Qy.j) AWAUNS

- (S(i,j+1)_ S(i,j) + S(i+l,j+1) - S(i+1,j))
a.j) ~

Px (2-14)
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(S, =S . +S S

2
o 1 A v Jdou o & A v I
WA Px, j, 1ag Qy,;, Miumiwmeyiussudunilaulasglanniinanin ilu

]
=

WAALFIUD 1OHIVUIA AL NANIG Gradiant TaglFauns 2-14) uaz 2-15) uazaz ldviuna

G~ Ca+L)) G,j+) (i+l,j+1)) (2-15)

QYij) =

Qe

HAZNANINAIUAD
) _ . B ON(N))
vafe M, :\/sz(l’ j)+Qy2(|, ) nansne g, = tan l(m)

1 1w Jd o —

annsormayu agunumanlsludangu 6 =tan™'(x,y)

®  Non-maxima suppression

{ < < 4 1 4 2 a o
TaggaMiluvounmdsuilugan ldmgegammzinazidunanufeodny Gradiant
Y P v dou o A o q Yy ¥ = ~ A ' Ay ¥
msdumveunnlagldoynusouaui 1 i ld laveuiuiuiies 1 Wnsa uan 1w 1a
@ o . . Y1 q 9 A g .

¥ad91NNT Non-maxima suppression v lvaniu o Glunﬂﬂqﬂ ﬂﬂgauﬁmmﬂu Local maxima

. = o a Y
point 99z gy 13

®  Thresholding

[l Y

%91 Threshold 92gnivuadiuw1 2 A1 'laun A1 High threshold (T1) 118% Low

a A ' ° ] R 3 a A g
threshold (T2) TagineranNamnAN T1 sggnimmualuuauilu 1 Fadunnesaniy
] ] ] o [~ [ 1 H [ 1 g.ll
YOUNN uARIIAIT0INI1 T2 dzgnmvuan iy 0 #2umNogsz1 119 Threshold NIFDI 92
v 1 g A 2 To A A 9 Al o Y a

gnlsua1 1y 1 130 0 YuednUNMaNogsa VY19 M3vIven Taedsuvaih Iinave U

u U

I Y 9 v A
UagUDUVUN G]S\‘l‘ﬂﬂ‘ﬁﬂﬁWW“U’E)TJﬂWWGlﬁWﬁﬁWﬁV]ﬂ

2.3 Hough transform

I A a { o a o o

Wuasmsmzinsasnngianngaiiwninsa Taena 'l el ldduniduass
2 A o A ] o < 1 %‘ v 1 1 9) 9 4‘ o < U
M IIMNNUABYALAZIAILINNMITHUNVANNHUNNDIVUTUATITA oMMsAUA
LI Y da ¥ o = ° Y 1y Y =
inyngaudy iduasananiminunigaszgmir 114 mu desmsmaumsiduasan
HIUYA (xy) 32 TdUATITIUIUNINARIUYAAINGa1 oS mIduns

Yo =MX,+C (2-16)
9 d' 1 s 1 a 14 d‘ A é 1
IJAUATINFIUYA (x,y) UAWIINABTAIN AD m LA ¢ FIMN

C, = Y —MyX (2-17)
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o XY ] A A S o o
NUHUHIAN U ﬁ]giw'Jﬂalﬂﬂ‘]_]ﬁllﬂqﬁlﬁu@i\jﬂquﬁqulﬁaﬁﬁ'mc] ﬂullﬂﬁa']ﬂﬁl]ﬂ']ﬁ

q

] a A 1A v g A Yo A = I 9 Itﬂy Y =
um:mwmﬁnmi"lnﬂﬁumimmumz"lm‘umﬂmmquﬂ “IN%&HJHEU’?)‘]N‘IJLIWN ITY

v
Lﬁ’umqmuﬁ;ﬂmﬂanmmuu

YV, =MyX; +C,

Ay
B 4
- V4
7 |5
4
P,
P4 3
B,
/
V4

(a) Image Space

Mnlszneu 2-11 miﬂ’uﬁmaméfumwm Hough transform [3]

2.3.1 mimegﬂamu 210 Image space i;j Parameter space

fl]"lﬂﬁ'll"lﬂ']ﬁlﬁ%}uﬁﬁﬂ

Yy, =mx; +C

c A
1
2N 1
1 / 1 1
1 2
111 1
2
| 1
&) i 1
T ~]
W I\ T
| >
(b) Parameter Space Hf
(2-18)

A Ay ¥ ' o 3 P
oA (Xi, Y.) m"lmmmiumw (a) MANUTU azynalinU y Ellﬂﬂﬁllﬂ"lil,‘]JHﬂWﬂQ‘ﬂ

[

N

v
0 (M, C, ) MY ¢ = y—myx auaaalunmn (b)

VA

>
Y
Y

Y =MyX+C,

('\-}' 3 1‘ .f )

(x5, 3,)
(-\-1‘ .T:)

-

(a) Image Space

m, Co) N30i38NI1aIUVDY Parameter space

c=mx, + ¥,

4 : 4 a_d
uM311/agu1n Image space 11g Parameter space #umsvesmsilasuuasion

C=ix; + ¥,

C=mx, +y,

(my)

(b) Parameter Space

-
m

Mwilszno 2-12 M3uaa31lse1I19 Image space M11) Parameter space [3]
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A o g’/ d‘ 9 d‘d 1 o %
NnMnlsenou 2-12 (a) HIUIUIAMIFTINIANFTUATINUATVDIANNFULASIANA

A o (] o 3’, A A ~ <3
unu y Aunua (mg,c, ) Aadu iieWnsanlugiiuuves Parameter space M9a (My,c,) N

s 9 A a d? Y 9/?:’1 A ' v !
%zumummmmumﬂﬁumimumﬂﬂmwmﬁmaums NAMNHIUIAAINEAT

Y ]
[ Y A [J o

{ <
AUHUNBNTINUAYA (x,y) VUTETUIUUDN Image space LLa$ﬂ1ﬂ1'§L‘]JafJUL‘]_]u3$uTU

A A '

Parameter space 11394380731 Hough space Mwilsenou 2-13

o

—
%

4

% v J 1 1 Y 9
nNYsznou 2-13 ANUFAUNUTTIEHINAUDUIAND T p NUIAVDAUTUAI (3]

=

o 4 1 = A A I
anuduiussenIemsnlasugdununenya (po,0) VU Parameter space 321 ugA
1 ~ ] { A 1 4 A g/} o [ 1
pgUUANMSFUATINAINFIUYA (xy) WONNTUIAVOIINADS p  NAININAUIAAINGT
Y
pazyuAuuIY X mnuyy @ aeiumsnilasgilon Image space 11/g Parameter space

aunsammueannaei p 1anngas
L =Xcos@+Yysind (2-19)

A o 9 A Ao o A 3’_, [ 9
Wemvua v p D ﬁ3831’]’3@mﬂﬂﬂﬂ"lluﬂulﬂ@\iﬂ"lﬂﬂllLﬁuﬁliﬂ

' 1 4 [
% ﬁ’f) FIVDNHNISHIN NINABT o NULNU x

2.3.2 msmriuaanlnalaely Hough transform 11 2 3@
1Y d' Y 4 aqd’d 1
WaNNI5Y09 Hough transform  Li®MIAUNIBIALSENOUVRIMINERINAN AU

Yy g 'y
L§u@5qﬂ51ﬂg1uﬂ1wuu AlumsridunsaniasFuvesanns (2-20)
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f(X,Y,0,,6,) =Xcos b, + ysin b, (2-20)

o 9 aad 1 [ Y A A w o A
nazmvualigavesnmassllaiawmny (p,,6,) e p, szeziiaanganuiiall
P

v I J ' 4 Y
@NQWﬂﬂ‘ULﬁjuﬁiﬂ Hazyn 6’0 Lﬂuﬂﬂlﬂﬂlﬁ!iﬁgﬁQNOﬂLﬂ’Oﬁ P nunu x taaslunndseney

2-14
v A v A
. ] -i -
V=mx+c
B P
- B i
‘() (x.») '
. yo) :
’,.- :90
2 < . Y ”
O i X i X 0 x
(a) Image Space (b) Parameter Space

A5z 2-14 MsnuduATIvINNa0ln Inele Hough transform [3]

A5MITVDI Hough transform ADVINANNT (2-19) ﬁﬂ”liﬁ”muﬂi]ﬂ (Xy>Yy) VDI Image

9
space ANUUAIVON o IIMAUTUNIT (2-21)

cos@ +

P =4 on + YO2

sin @ (2-21)

X Yo
2 2 2 2
VX T Yo VX Yo

p =TI,(cosa, cos @ +sin ¢, sin 0) (2-22)

o ¥ r =[x 2 o - 1| Yo o & J o
DIUA LN ro = X0 + yO LLas a, = tan -— LlaWLN@LLVIuﬂqu@QﬁiJﬂ"I§(2-20) VY
X

lanves p muaums (2-22)

M3u1/asgdved Hough transform WU p =Xcosf+ysingd voiya (X,,Y,) 1u
< 1 J a <
Image space tumsutasgunylgidulfegy aned lu Parameter space NANIINIUTL

A v v o3 vy < P} ot \
WA 1829 (0,,6,) vougihduldegiareat uaadldimuumuduasanainkiiuga
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4 : C oy 2 A duy
(%5 ¥o) T4 Image space tionaasaunua p uag 6 mumsnde 1l gwah ldszuaaaly

mwsznow 2-15

A5 2-1 M99 6 taz p

a1 a2 a3 a4
6 1.57 -0.785 0 0.785
P 1 0 1 1.414

AN1lsznew 2-15 Aee19N1I1 Hough transform [3]

4‘ g‘l a g 1 =
111074 4 ANAYU U Hough space MUD99A 2 3 4 taz 1 Tumwnilsznou 2-16 (b) 9zl
masanuluuaaziduvealunmisznon 2-16 (a) Image space ANHHULVDINNLUUMSIHAS
NA1UV03 Hough transform A1Y0999 (py,6,) 11 Parameter space amnsaesuielddreunndu

¥oIM311/asgian Spatial domain Tlgmsumumveaduaswazeiuie lddreaums (2-23)

p=Xcos@+Yysind—-o,=0 (2-23)
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v 4
|4
!
Polt-eeeemeee & /
N Fo)

6] v &
0 2 X

(a) Image Space -% (b) Parameter Space

amalsznou 2-16 MsuilasA1ues Hough space tilalimnlasugaludunasa [3]

NNMNYTENOV 2-16 AI0E1IVDI 3 PAVDIRWHUI 4(0,2) B(1,1) tag C(2,0) VOIND
Y o 1 dy I A I a 9 I v =
PAVUTUATI AN UYANATIIU Hough space Tuauiluasaalrgai]umnilaves
9 A ]

{ S @ v 4
ﬂ'iJﬂTiLﬁ}uﬂiﬁ‘ﬁﬁ@\um$E’HNLlagllﬂ1€T®ﬂﬂZ%}ﬁ)\iﬂ‘ULﬁ}uiﬂ\‘iﬂiﬁu@giui}ﬂﬂlﬂiﬂ“’lﬂ!ﬁﬂi Yo

) 9
DY 1.414 tazmvedyy @ Ny 0.79 1e1m ey (p,&) unua luaums 2-23) 1aaail

1.414 = Xc0s(0.79) + ysin(0.79) (2-24)
Fariu e

X+y=2 (2-25)

A o Y A A ' = 9 o
130151911 Hough transform  11829A% P(x,y) Nisngeglummaziiiduasadiuiuy
v P
winefiainiiuld #1353 09 Hough transform ABNINIITUII9A Plxy) AIna1all
o { ' 9’o 1 J a < <
Tuanveuduassianriugaiisiuaum Ins nagdiwarsanlu Hough space Naguoaiiu
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Algorithm Canny Prewitt Sobel Roberts
frame number | DL AL DL AL DL AL DL AL
100 5 4 2 2 4 4 4 4
200 5 1 2 2 2 2 4 4
300 5 4 3 3 3 3 4 4
400 6 4 3 3 3 3 7 6
500 7 4 1 1 1 1 4 3
600 7 4 4 4 3 3 7 5
700 5 2 3 2 5 3 7 4
800 8 5 8 5 8 5 6 4
900 5 4 6 3 6 3 5 3
1000 7 4 3 2 6 2 2 1
1100 6 3 1 1 1 1 5 4
1200 8 4 0 0 0 0 0 0
1300 7 3 2 2 2 2 5 5
1400 4 3 1 1 1 1 3 3
1500 2 2 3 3 3 3 4 3
total 87 51 42 34 48 36 67 53

DL (Detected Line) Hu894 tdunnylunin

= 9 A 1 o ] ] a A 9
AL (Actual Lanes) *l1804 Lﬁ'u'ﬂﬂ‘(;J]Gluﬂ?!kﬁﬂ\i%’ﬂﬁﬂNLﬂUiﬂﬂQﬂﬂ@ﬁ

A5 4-3 HAveInNUYNAIBAdUNTTUUAINNTAT199U 14

Edge Detection | Detected Line | Actual Lanes True Positive (%)

Canny 87 51 76.67
Prewitt 42 34 73.33
Sobel 48 36 80

Roberts 67 53 83.33
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Timing Sumtoary:

Gpeed Grade: -7

Minimwum period: 9.535ns (Maximunm Frequency: 104.574MH=)
Minimwum input arrival time before clock: 3.703ns
Maximum output regquired time after clock: 7.0459ns
Maximum combinational path delay: No path found
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Abstract— This article p ts an tion of an
algorithmm for edge detection in order to use in the road lane
detection process. The main issues, including the speed, the
accuracy, and the limited resources, were taken to consider for
the realization on the FPGA technology. The edge detection
algorithms of Canny, Prewitt, Sobel and Roberts were compared
using MATLAB. A number of road images were captured by a
video camera with the image size of 640x480 pixels and the frame
rate of 30 Ips. In addition, a mask filter was applied to remove
red, green, and blue values to help the edge detection process be
more efficient. From the experimental results, the Canny
algorithm was the most time consuming process, and gave too
many lines outside the road lane. Among t(hese, the Roberts
aigoritiim is noi oniy the smailest size. but aiso gained the Tasiest
speed (3.14 times faster than the Canny algorithm) and the most
accurate one to detect the lines of the actual road lanes.

Keywords—LEdge detection, road lane, FPGA

I. INTRODUCTION

Nowadays the digital camera technology has been
developing so quickly. The advanced researches on camera
based monitoring and decision are used to benefit mankind
For example. the developments of hmage processing and
computer vision are widely used in the area of securiry. The
development for road lane detection is also very helpful to
increase visibiliry. We can drive more safely. The algorithm
for delt‘ctur' the mad laneb needs to be done by high-speed
pr mnad hu the velicle F!!!!!!!"g
\.\nh high-speed. The parallel architecture of FPGA-based
implementations have potential to cope with this requirement.

The hardware and software co-designs in [1-5] have been
implemented in the FPGA. Kayankit et al [1-2] proved that
the Roberts algorithm achieved the smallest area cost
compared to Sobel and Prewitt algorithms, but only few
benchmark images was tested. Venkatesan et al [3] presented
a hardware acceleration of edge detection algorithm on
FPGAs, but only the Canny algorithm was considered.
Kaszubiak et al [4] presented a real-time vehicle and lane
detection with embedded hardware, bur the lane detection is
applied by using only Hough transform. Jeng et al [5]
presented a real-time lane detection system with a processing
time of less than 50ms and can detect the lane line correctly
under all the condirions whether at day or night. However,
there is no discussion of the optimum edge detection.

In this paper, we investigate an oprimum algorithm for edge
detection in order to use in the road lane detection process.
The main issues, including the speed, the accuracy, and the

L ko e

logy (ECTI)

limited resources, were taken to consider for the realization on
the FPGA technology. The edge detection algorithms of
Canny, Prewitt, Sobel and Roberts were compared using
MATLAB. A number of images captured from the real roads
are tested to achieve the correct results for the system
realization.

1l. EDGE DETECTION

Edge detection is a process to determine the perimeter in an
image. The edge is caused by the difference in brightness
from one point to the others. If the brightness changes sharply,
the edge is idemified clearly. For road lane detection. the
result of applying an edge detector to an image should lead to
4 set of connected lines that indicate the road lane.

The methods o find the edzes can be divided inte twe
calegories: the gradient method and the Laplacian method.
The gradient method detects the edges by looking for the
maximum and minimum in the first derivative of the image.
As shown in Fig. I(b). the edge is detected because the
maximum of the first derivative of the original image in
Fig.1(a) is greater than the tlweshold. The well-known
gradient based edge detection algorithms are Sobel, Prewirt,
Roberts and Canny. In the other way. the Laplacian method
searches for zero-crossings in the second derivative of the
image to find edges. The value of zero will be at the position
of the edge as shown in Fig. 1(c). The algorithms that use this
method are Laplacian of Gaussian. Marrs Hildreth. ete.

-

S AR @
N
Threshold ,':_l- ®
/%
()

N
V

Fig. 1 Edge detection algorithms: (a) an image signal,
(b)Gradient edge signal. and (¢) Laplacian edge signal.
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In ths paper. the gradient based alponthme of Sobel
Prewitt, Robarts and Canny are discussed as follows

Al The algorithms of Sobel, Prowin and Roberes
Sobel, Prewart and Eoberts alponthmes bave 2 common
process fo perform a  I-duneshon spatal  gradent
mesnrEment on an pmage and so emphanzes repors of lgh
spatial gradient that comespond o edges. In practice, this can
be dome by comvohang the mpwt mupe with 3 pagr of
comvohiton kermels  Each alzonthm has the comesponding
kernels below.

Roberts kernel:
e=[g 3 o=} 3

+1
+1
+1

+1 +1 +1
Gr:[n o n]

-1 =1
Sobal bermal:

=1 @ 1 +1 +2 #1
GII[—Z [*] +i| Gv=|0 1] ﬂj

=1 0 + -1 =2 -

These kemals are desgned to respond mammally to sdpes
nmmng vertieally and bonrontally relstive to the preel gnd m
the fwo perpendicular onentations (Gx and &), The kemels
can be applied zeparately to the inpui mmage to produce
separate measwmements of the gradient component m each

onentation. Then, an apprommate gradient magnitude 13
computed using

16| = |Gx| + |G| (1

The Sobel algorithm 12 slower to compute than the Roberts
ﬂmmammmm&m
mmage to a greater extent and so makes the operator less
senzifive to noase. The Prevart alsonthm works m a very
sumalar way to the Sobel algonthm bat uses shghily different

Bl The Cameyy algorithm
The Camny adge detection zlzorithm 15 known to many as

the optimal edpe detector. To find the edpes by the Camny
alzonithem 3 senes of steps mwet be followed

Step |- Smcothing 15 the Srst step to elinenate mierference
by using the Gawssian filter which can be performed wang
standard comvolation methods.

Step 2 The gradent magmiude 1= caleulated to find the
edpe strength by falang the =ame kemels a5 m the Sobel
algonithen The regpions with lugh spatial dervatves e
Inghlighied

Step 3 The duechon of the edee 11 computed nung the
pradient m the x znd v directions. The fornmla for findmng the
wdge dorection 15 just: = can™ '(Gy/Gx) .

Telecommunications and Information Technalogy (ECTI)
Associaton, Thaland - Canference
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Step 4 The non-mexime suppression is performed by
tracking along the highlighted step 2 Therefore, any pixel that
15 not at the regvons from meowmm 15 suppressed (set 1f equal
to ). Thas will grve a thin line mn the output mnage.

Sten 5 Hysteremy 1= used to tack along the rememmg
thresholds and of the magratede 13 below the first threshold,
TL. it 1= set to zero (made 2 non-edge). I the magmtnde 15
above the high tueshald. T2, it is made an edge. And if the
magmitude 15 between the ? tweshalds then if 12 et to zero
umless there 15 2 path from s pixel o a prxel with 2 gradent
above T2.

. ROAD LANE DETECTION

For rozd lene detecton, the result of applyimz an edse
detector to an mmage should lead to a set of connected lmes
that mdseate the road lme Therefore, the process after the
edge detection should be the strmight lme detechon Figl
shows 2 procedure to find the strught lines from an image.
The mzge 15 firstly comverted to the prayscale format Then
the edpe alponthm is applied Finally, the Hough transform
(basic fimetion m MATLAR) 15 apphed to obtamn the straght
Imes.

FromFig.), the edge detection 12 the most miportant part of
finding hnes on the road Althoush there are 2 momber of
ways to perform edge detection thess ways must be
myvestigsted to obtum the opommem solunon for real-nme
embedded syems. Some alponthms, such as Cammy,
algonthm provade good results n the amount of hines. Some
alzonthms e fewer resomees. However, these way may not

satusfy the apphication requurements

Fie 2 Steps to find the smigh nes in m ima
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Fig 3 Steps wo create 3 macked image

The design constramts for roed lane detechion are speed
proceszng resources, and accwracy in hnes on the road. In
this paper, the madiest based alporithme of Sobel Prewan.
Robert: and Camny are compared m terms of speed and
accmrzey. For the most effective resowrces, Roberts alponithm
has been proved m [1] [3]

In addition to the steps in Fig 2 a colowr mask filter is be
apphed to the pnape fo meease the sysiem efficiency The
steps to cyeate 3 masked mupge shown in Fig 3, melnde the
Gawsan smoothing process and colour removing process.
Red geen and blue vzlues are removed Som the mage by
the reason that the road lames me white and yellow as the
colour range shown in Fig 4.

IV. TEST RESULTS

To mvestigate the most suitable edge detection algonthm
for mad lane detechion. 2 set of mmages tzken from the real
road by 2 video camera wath the imoage nze of 640480 pixels
and the fame-rate of 30fps were tested The tests were
performed 1n two cases: the process withowt mask and the
process with colowr mask The results were measuwed m ferms
of speed and the mumber of desired straight knes a3 follows.

A Soraight line detection withour the mask process

The first expenment was performed by using the steps
hstrated m Fig 2. An example of the resulted mmapges is
shown i Fig. 5 and 6, and the processmg time to find the
straight lines in an image 15 summmanized in Table 1.

From an exanple of the resulted mmage shown m Fig 5 and
6, the resuls ey be dnided min two groups: the Canmy

The Bth Blectrical Enginesring’ Blectroncs, Computer,
T&mm Imformation Technology (ECTI)

pm.whr.mmdm.ﬂ:ufhn:dlmhhnum.
processing tumes m the 2™ column of Table 1 were
measured mn seconds by MATLAB wile zpplying an mage
to each alponithen The 3 coluon shows the nermalized
spead caleulated by comverting the processng time to the
comesponding  frequency and then normalzmp the Canmy
speed to 1. Obviously, the Prewatt, Sobel, and Eoberts group

gains wp to three tumes faster than the Canmy group. Ameng
these alronthms, Roberts 1= the fastest alponthm

Crprmal Enags Camy

Piww s

Reboms

Fig 5 Tie mags esuied fom venous alzorshms

Camny Prewin

Wik

Fiz & The reml of the sraighy ine deection by difersm aloondm:
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TABLET
BESULTR OF THE STILANIHT LINE DETECTION FROCESSING TRMES
Processing Tume
Ed== Detection [E=] Iommalized speed

Canmry 1.652 1

Prewan U538 3.071
Sobel 0533 ENCE
Bioberts 0.526 3.141

B Soaight line detecrion with the mazk proces:s

In thes excperument, the steps to create 3 moasked mmge
shown m Fig 3 were apphed to remove the red green blue
colows fom the mmape before findmg the ed=e Fig 7 shows
how an mmage 15 masked The road lanes are move clearly seen
and the other details outsde the road ave reduced This makes
the edge detechon simpler and the strmphi defection line more
accurate
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Fiz 8 chows the mesults of straaght hne detection of an
mnage that was masked before findmg the edges. We can see
that the detected lines are on the mad and outuide the road
The lne: on the road are conmdered the actuzl lanes

Although_ the Canmy algonthm gave more lines, mamy lines
‘were pot the actual lanes,

*H -
,’n‘

Fig. 7 Aus the imape maser. B is the noddked image. and
€ i the imase fior the next step to find the edses.

TEwill

Sobl Riiberts

Fig 8 The result of findin the lines with amask to Siter before finding the
izmage edzes

TABLED
BEsi ToF THE ACCURACY OF THE PROCESSING ALGORITHMS TO FINDLEES.
08 THE ROAD BY mmvmlﬁb FRAMES FROM THE VIDED FRAME

100 7 | S00r=
ofi | o | A2 | e | st
Cacary iy 51 467 1313
Prewm 42 i 7333 26.67
Sobel 48 35 20.00 20.00
| Fobems 87 53 §333 1867

The Bth Bectrical Engneering’ Electronics, Computer.
Tecommunicabons and Information Technalogy (ECTT)
Associaton, Thatand - Confersnce

ﬂ Processing)

selected from the video frames of 100" to 1500™ for testms.
Thpuwofmpuﬁmmmdﬁlupusmum
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