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ABSTRACT

This thesis presents the usage of FPGA technology to help in line detection
algorithm with co-design on FPGA for making image signal processing more efficient by using
C-base programming named ImpulseC. By system and software development to help system
design, Impulse co-developer has been employed to tell about hardware for synthesis the system
on FPGA technology. This research shows the design methodology of hardware/software co-
design on FPGA by using line detection algorithm to be the case study which is divided into 2
main components, the one is edge detection module, with various algorithm, Robert, Sobel and
Prewitt in single core, the other one is Hough transform with input file picture bmp make the
system show the result in text file. From the testing of 200x200 pixels, it is found that the system
both in hardware/software for line detection on FPGA is simulated in 34.507 ns and use the

resource on the FPGA Xilinx Spartan3E equal to 64%.

Keywords: FPGA, ImpulseC, Edge Detection, Hough Transform
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2.5 mandasnmadumwszavam (Gray-Scale Image Transform)

I "9 aq Y &K 1 ~ (] =
Wumsmlasmdeyanmdlduaasdimanuainvesmwiissodiuned lag
Useninmdeyavesdnin Taena llnmszaudmezlszneudiemnnuaineiuanalanu
% S z 1 =2 z = 1 [} 1 =}
256 SEHU UAAILA 0 D9 255 Huae laszduanuainania ldauan
I o 3 o A, 1 [
msutlasnmmadluandr1aiuin ldvae3s wu nsldaums 2-1 uilasa RGB
Y 1 A 9 a q’/l = 9 =® Y a A a
Tituaunaeudwnuas T luinmaiiug 99z 19n1uanveannwiny 24 damleuay
A A adx = =\ | £ = A a
H3509n35 1Aon1311Uasu1NNINE RGB 11U Gray Scale FIANUANVBININIZIMAD § TN
=\ 9 1 d' dl J =S d! 1 d' 3 a 9 [} [
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mynaneduaue i ndeuaz Idaums 2-1
Y =0.299R + 0.587G + 0.114B (2-1)

~ A [ Y A (] 1 3 [ A o a2 Y v
Iﬂﬂﬂ Y ﬂ@ﬂ'lellﬂ\jﬂjﬁlillmllilﬂ']ﬂgﬁluslfj\iﬂ\u!ﬂ 0-255 (Aa1-av12) ulﬂﬂ\j

Mwsenou 2-4
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O = o W Bk N ®» - D D

D12 3455678 29ABCDETF
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Mwsene 2-4 1nTdaina (Gray scale) [11]
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2.6 IBMIHIVOUMN (Edge Detection Methods)

M3 [12][13] femsasvaeuinduveuaindiunie Indinsaiugala
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a

3 ] Y 1 o A . . 1 A
e lditu 2 NQUHrans Ao Gradient method (1A% Laplacian method Taglunnazisi

Y
s1eazReanane 11l
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an 9 9y v Jdo o 4 . A o
’J‘ﬁﬂﬁﬂuﬁﬂlf]“ljﬂWWTﬂﬂGlﬂf’legwu‘ﬁﬂuﬂ‘UWUQ (Gradient Operator:V ) UHanNn1g
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ﬂamnmma"umaamqlumwwummimﬂum‘nqq NITNTUIVUIAUDUN TR U (Gradient

= Y] 1 a { o g 4 1 o
Magnitude, | P V|) tfSeufieuiua181994 (Threshold, T) N MUATY 1o 1vownIReUAL
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AMINNNABINDY uaasIgasinanfeveuveingilinglunminge Pxy) msaum

[
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Y
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Vx P(X7Y) = P(X:y) - P(X_I,Y) (2_2)
nay V , P(x,y) = P(x,y) - P(x,y-1) (2-3)
e P(x,y) Ao Handuveenn

{ o ° '
TasNvaveunsReuaued P(xy) Mvuasl laanaums 2-4

VP(x,y) = (V. P(x.y)* +(V,P(x,y))’ (2-4)
ielfhedemssiuia Ussanaavinaveunsiaeus Jdanaums 2-5

VP(x,y)|= [V P, )|+ |V, P(x, ) (2-5)
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mmmw1611mmmz‘nﬁmwmms@&ummzmmm Mask ﬂ"lﬁi!ﬂﬂ?ll@gljﬂﬂﬁ'NﬂTi 2-6 g 2-7
[3]

'z, Z, Z, -1 0 1
Mask(E )=|Z., Z., Z |=E.=|-2 0 2 (2-6)
Zy Zyg Zy -1 0 1
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Mask(E,)=|Z,, Z, Z,|=E,=[0 0 0 (2-7)
L =7 ZyS Zy9
7 Z Ao AWNUI0Aa WNEANT 9 99

@ v W

Arua liuuaues Mask 110 3x3 waglinuiny Ex uag Ey MaAoywusoudunilaues

1 6P 1 aP a = 4 Y
qIu 8_ UHagUDIaIU 6_ ﬂlu1ﬂlla$ﬂﬁﬂ1\1ﬂ16\‘llﬂimﬂuﬁﬂflﬂiﬂﬂﬁ'uﬂﬁ 2-8 Ll 2-9
X 4

M(ij) = \/Ef (i, ))+EL (G, /) . M(ij) Ao vinaueaV  (2-8)
0, j)=tan"' (E(i, )+ EL(i, /) 5 6(,)) Ao ianaweaV  (2-9)
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2.6.1 Roberts Edge Detection

v
anadg

F2 I = o 1 =& 9 a o ~ 1
ﬂ']ﬁW']EU'E]‘]JYP]'JfJ’J‘ﬁuﬂHJu@ﬂ@l')@fJ'NﬁU\ﬁJ’[’)Qﬂ'IiGlGD'W]ﬂUﬂﬂ']ﬁ‘]Jﬁ‘U‘]Jﬁq\i"’U@‘]JVIll‘JJ

' 4 I o { < A 2
@109 19 ae R * ifunmduniiu uazvoun 1diilu be R * 3339949 Roberts NAD

b(ij) = \((a(i, j) - a(i+1, 7 +1))* +(al, j + 1) - a(i +1, /)’ (2-11)
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i S A9 mask YDILUMAY X

T fiD mask YVOUUWAY y
+1 0 0 +1
S= T=
0 -1 -1 0
MNYseney 2-7 mumanved S tag T

1 4 1
WeRIMsAIuInM edge  YOINN pixel VDINININLED 92 1ANINUDI edge  FIT1 (High

. <
Intensity) 921UV VNN

[16]

2.6.2 Prewitt Edge Detection

aa = S R a ¢ ¢ R
IDPNITUIZATUIU "’U@‘]J‘V]UJutﬂﬁLﬂfJ“LW’l!'JﬂW]ﬂﬁmﬂﬂnﬂﬂﬂﬂuﬂWWﬂlﬂuﬂ']W
Y] o A o v o A o s saq Y
AURUY 51]’31]1/]W']uﬂ1§ﬂ§ﬂﬂﬁq\ula'Juull’]’ﬂﬁlﬂsllu']ﬂ"’ll@\uﬂﬁlﬂﬂl‘!ﬂnﬂlﬂﬂﬁ lJ']ﬁﬂVlalGIﬂW]u
v A 9 o Y x . 9 9 o I 1 1
mgwu‘ﬁﬁ]xmmﬁumﬂu X LAY y Gh"i aeR LTJUJ']']Wﬁuﬂ‘U‘ULLﬁg al,a2,...,a7 L‘]JUﬂWGIJﬂQLLﬁag

a { o 1 .. a < a [
noLYa 8 ﬂﬂﬁ@ﬂl!‘ﬁu\i (1,j) MUNANWNIUUNUIWN gammilsznou 2-9

a5 8 a;

o 1 o ) a, .
Mnlsznou 2-9 Ll’ﬁﬂQG]'I!LWUQ*UE]\W]’JLL’]J?@]’JEJ’J% Prewitt
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i u=(ast+asta,)—(a,ta,tay) inag v=(a,+a,ta,)—(a;ta,tay)
YBUVINND U beR™ 1% b(ij) = Vu® +v* (2-12)
ya X A . 1%
wag linaAn19avesveuMmn deR Ao d(i.j) = arctan(—) (2-13)
u
1% S A0 mask VOILUIAY x

T A1® mask YDIUWNY y

+1 +1 +1 -1 0 +1
S=10 0 O T=|-1 0 +1
-1 -1 -1 -1 0 +1

AN5EnNoY 2-10 IMNIWAAVDY Prewitt

0 DL AR

. s

— “
THIUOIAYITUDY Prewitt [16]

2.6.3 Sobel Edge Detection

A, yd { [~ a y 1 (DK 4
Mitunsmveun lidluFudu aansanlasunlasaanuluseiosldaiy
[ Y x 9 9 o KX o 1 1
M3U5u159veulH ac R iWunmAuniiy uag a0, al, a2, ..., a7 UEAAIDIRWNUIVOLADY

4
a @ < a @
NWNLEHFAN 8 A NIULVNUTWN aemnilszney 2-9

7 u=(as;+2a,+a,)—(a,+t2a,+a;) e  v=(Qa,ta,ta,)—(a;+2a,+ a;)
YUIAVOUYDININ Sobel 111 meR * i m(@i,j) = Vu® +v? (2-14)

a u
uazl¥fiansveunsifeudvesnin d fo d(i,j) = arctan(—) (2-15)
A%
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i S A9 mask YDILUMAY X

T i mask YVOIUWAY y

-1 0 +1 +1 +2 +1
S=|(-2 0 +2 T=| 0 0 0
-1 0 +1 -1 -2 -1

NMNWUTENDU 2-12 INUINAAVBY Sobel

77 Ry

[16]
2.6.4 Canny Edge Detection

v
o

k4 v
TUABUMIAUNIVOUN N IABITUDY Canny UsZNOUAIY 4 TuADY (FUAUINMT

o v o [

] 9
Usunm1#5eu (Smoothing) AedINTOUN T 1R INATQYIUTUNIU NAIINUUNT

S o 1 A

v Jdo o % o 1 a o 1
auwuﬁauauwﬁq AUIUAIVUIALAZNAN VDU IATUA mm‘ﬂ"l?fmmmmmmm Non-

. e A A o qymy = o 9 v
maxima Suppression NUA1VUIAYDANTRUANDT 1F IdvouNUeauaz luduaouganield

o a @ 4 J a {d ]
MIfMUAIAB1NDIADITZAY (Double Thresholding) 1iaTzUAIvEINAaN T UV LLAZ 0

d’ 1 1 09: =} = [ 1 dy
Wouaovou [17 ] Tasluusaztuasuiisieazidoadane 11/l

2.6.4.1 M5USu,mnlviSeu (Smoothing)

v o

Y
JuppunsnmMIaumvey TaodanesNuues Canny AoafdadyanasunIu (Noise)
U 9 Aas 9 o = o I a J A A
9NNDU ﬂ’JfJ’J'ﬁﬂ”lﬁi“]f@:]ﬂﬁﬂﬁLﬂ”ll"]ffJﬂ NMUUANTOU (Masks) WuwasngvUIa 3x3 1I0U
eUu’]ﬂWhﬁU 9 ﬁﬂmfﬁ fﬂ5ﬁ’lwuﬂ"Uu']ﬂell't’]\?gfﬂﬂi@\uﬂ'llccﬁﬂu Tﬂﬂﬁ"lll&Mﬂ’aJ}NMﬂ ﬂzﬁwaﬁf’lﬁ)

(3 14 14 4 a = o Y l A g 1
aadgiusuniulduin duanseundwunnuldinaiivevdesqMiludau
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= A [ Y A 9 @ = Y
i'lflaglﬂﬂﬂﬂ']ﬂllﬂ Waellﬂ\‘iﬂ'lwrﬂW1uﬂ1§ﬂiUﬂ1W1ﬁli‘(’JU@I'JEJ@']'Jﬂia\‘]lﬂ'llc]ff]lzlﬁ']ulﬂfﬂ']ﬂﬁuﬂ'ﬁ

2-16
= . -
Sin = Guse ®Lay (2-16)
o Y
Mrua
A Ay
I A9 NMNNABINTHIVOU
A . . .
G (i) f® Gaussian Smoothing Filter
o D AIUANTZAUUDINIG Smoothing
° aAo TorJorssumsgm
o d
2.6.4.2 MSMUIUAIVBANIIASUA (Gradient Calculation)
09: [ [ o A 1 d o
Tuusndsvam 7, Wiianusen wadnin ldfemvesnmluileddu s,
ule { 1 = L a o
TUADUNTDI MIWINUDUNTIAGUA TUNANINVDILNY x LAZUNU y LAZAIHUAYUIAVYDY

@ [ Y

4 4 o v o
UNUTOUADHUIVD Px(i,j)l,l,ﬁw Qy(i’j)ﬁ'lﬂﬁ'lﬂﬂﬂﬂﬁﬂﬂ'lﬁ 2-17 1og 2-18

@

Px ;= (S Supt S Swn) /2 (2-17)

Qy(i,j) ~ (S(i,j)' S(i+l,j)+ S(i,j+1) - S(i+1,j+l)) /2 (2-18)

(6,j+) "~

o ! @ =

A o J v A )
I Px(i’/)!,!'ﬁ$ Qy(i,/)‘wmumi14ng‘wuﬁ@uﬂuwmmaﬂmammwﬂm
A v I A o a o’/’
g‘lJ!,L‘]J‘Uﬁ]”IﬂﬁzuTUGU?N'RmJWﬂﬂmﬂ (Rectangular Form) Tddluszunundadai) (Polar Form)

4 a 4 J '
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[

aetine M(ij) z\/Px2 (i, /) + Q2 (i, j) waz i 19veunsiRoud (Gradient Orientation) 1111
0G, /)= tan" (Q,(i, )/ P.(i, j))wazamnsomanm @ eanu ldieunumidauslu

faidu 6 = tan " (x, )

2.6.4.3 Non-maxima Suppression

v Y ax Aa @y yao
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A3
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antlugudlunnyaeniugaiidu local Maxima Point ¥9vzdensnnan 13
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2.6.4.4 Thresholding
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4.2.3 Hough Transform Process
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Hardware/Software Co-design for Line Detection
Algorithm on FPGA

W. KayankitW. Suntiamorntut
Department of Computer Engineering, Faculty of Engineering
Prince of Songkla University, Hatyai Songkhla 90112 Thailand
{warut.k@hotmail.com, wannarat@coe.psu.ac.th}

Abstract- This paper presents the design
methodology of hardware/software co-design on FPGA.
In this research work uses line detection algorithm to be
our case study. C-based programming named ImpulseC
has been employed. By using this, we could reduce the
time of the design. Two main components are involved.
Edge detection module is the first component. Various
algorithms, Robert, Sobel and Prewitt, are compared.
The best algorithm in term of performance and area is
selected. The second component is hough transform. This
module is divided into hardware and software due to the
limit of the available logic block. At the end, the system
both in hardware/software for line detection on FPGA is
simulated.

L INTRODUCTION

FPGA-based reconfigurable computers have become
viable computing device. It could compute as super-
computer by performing both in directly on FPGA hardware
and on processor[1][2][3]. In [4], they present the operating
system designed specially for reconfigurable computers. The
concept of hardware process designed on FPGA hardware is
introduced and replaced on software program. The OS kernel
employs to maintain the hardware/software interface.

The line detection was mainly performed on software due
to its large hardware requirement. By using
hardware/software co-design, line detection system could be
implemented on FPGA.

In this paper a FPGA implementation of the line detection
has proposed. The choice of Robert edge detection is
selected among Robert, Sobel and Prewitt, due to its low
area and high speed. While a Hough transform will be
divided into software and hardware process. Software
platform uses ISE Xilinx 8.2i with simulation on
ModelsimSE6.2.

II.  EDGE DETECTION[5] AND HOUGH TRANSFORM

The line detection contains two major image processing
routine. One is edge detection. Another is hough transform.

A.  Robert edge detection

The Roberts Cross operator performs a simple, quick to
compute, 2-D spatial gradient measurement on an image.
The operator consists of a pair of 2x2 convolution kernels as
shown in Figure 1. One kernel is simply the other rotated by
90°. This is very similar to the Sobel operator. The input to
the operator commonly uses a grayscale image.

978-1-4244-3388-9/09/$25.00 ©2009 IEEE

+1 | 0 0| +1

a -1 -1 a

Gz Gy

Figure 1 2x2 convolution kernels in Robert

The gradient magnitude is given by:
2 2
G| =/Gx* + Gy

although typically, an approximate magnitude is computed
using:

61 =[Gx|+ 6

which is much faster to compute.

The angle of orientation of the edge giving rise to the spatial
gradient (relative to the pixel grid orientation) is given by:

0 = arctan(Gy / Gx) -3z /4

B.  Sobel edge detection

The operator consists of a pair of 3x3 convolution
kernels as shown in Figure 2. One kernel is simply the other
rotated by 90°. Sobel filter is a simple approximation to the
concept of gradient with smoothing.

-1 0 | +1 +1 | +2 | +1

-2 0 | +2 0 0 0

-1 0|+ > | |
Gz Gy

Figure 2 3x3 convolution kernels in Sobel



The gradient magnitude is given by:

G| =/Gx* +Gy?
Typically, an approximate magnitude is computed using:
6] =[Gx| +|Gy]
which is much faster to compute.

The angle of orientation of the edge (relative to the pixel
grid)

giving rise to the spatial gradient is given by:
0 = arctan(Gy / Gx)

C.  Prewitt edge detection

Prewitt filter is very similar to Sobel filter. The difference with
respect to Sobel filter is the spectral response. It is only suitable for
well-contrasted noiseless image. Prewitt operator is used for detecting
vertical and horizontal edges in images as shown in Figure 3.

+1 | +1 | +1 -1 0 +1

0 0 ] -1 0| +1

R S B S | -1 o | +1
Gz Gy

Figure 3 Prewitt mask

D.  Hough transform

The Hough Transform is a technique which can be
used to isolate features of a particular shape within an image.
Because it requires that the desired features be specified in
some parametric form, the classical Hough Transform is
commonly used for the detection of regular curves such as
lines, circles, ellipses, etc.

The Hough Transform is an algorithm that can provide
a significant solution to the problems associated with line
detection and definition. It is defined by the parametric
representation used to describe lines in the picture plane. It
was introduced by Paul Hough in 1962 and patented by
IBM. The transform parameterizes a description of a feature
at any given location in the original image space. Hough
used slope-intercept parameters exclusively.

Hough transform is commonly used to establish
whether pixels line on a curve of a specific shape. A point
with coordinates (xi,yi) can have an infinite number of
straight line passing through it. These line can be described
in polar coordinates in the (p,0) space by the equation:

P =xi-sin@+ yi-cosf
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III. SYSTEM DEVELOPMENT BY IMPULSEC

E. ImpuseC

With the advantage of ImpulseC based FPGA design
tools, the complete hardware/software design is easily
compiled, simulated or debugged with a single tool set
named ImpulseC CoDeveloper as shown in figure4.

The ImpulseC tools include a software-to-hardware
compiler that converts individual ImpulseC processes to
functionally equivalent hardware descriptions and that
generates the necessary process-to-process interface logic.

C language applications, image processing algorithms
are compiled and optimized to FPGA hardware represented
by hardware description language (HDL). Compiler also
the link

generates hardware/software interfacing and

between host processor and FPGA hardware.

Figure 4 ImpulseC CoDeveloper

The standard C language does not contain parallel
processing and the programming of parallel systems. The
parallelism can be exploited at two distinct levels: at the
application system level and the level of statements within a
specific subroutine or loop.

ImpulseC programming model are processes and
streams. Processes are independently synchronized. This
makes it possible to create high-performance, mixed
hardware/software applications for FPGA-based platforms

without the need to write low-level VHDL or Verilog.

F. Hardware/Sofiware co-design process

There are many different methods to design and
implement hardware and software co-design. This research
chooses ImpulseC design process.



Output
File.rat
Equation

Tuput
g

VHDL, Verileg

(rrw;\.
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Figure 5 Hardware/Software co-design process

As shown in FigureS, we could separate the design
process to be two sections: the system developed by
ImpulseC and hardware implementation on FPGA.

IV. EXPERIMENTAL RESULTS

The edge detection and hough transform
algorithm were modeled in ImpulseC on
Spartan3E16000 based platform. The bmp file
format is brought to the system as the input file.
Then later, the image file is transformed into the
gray scale image.

24 bits/pixel

HW Gray Scale
Process

8 bits/pixel

SW
Process

Edge
Detection

8 bits/pixel

HW
Process

Hough
Transform

SwW
Process

Figure 6 Line detection design process using ImpulseC

When the gray scale image is completed, edge
detection is activated. After the edge detection process is
done in one row, the result will forwarded directly to hough
transform process. This technique will increase the
throughput of line detection system. However, we cannot
implement sine or cosine function onto the hardware because
it consumes a large area of memory. Therefore, this function
will be implemented on software process instead. The final
output is generated as a text file showing the (Xmin, Ymin)
and (Xmax, Ymax) results.
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Figure 7 Line detection result compared to Mathlab7.0

The FPGA resource usage from simulation is presented
in Tablel. We found that the line detection algorithm could
be solved within a second.

FPGA board
Spartan3E (XC3S1600E)

Resources

Mumber of External I0Bs 16.0%

MNumber of BUFGMUs 4.2%

Number of MULT 18X 18510s 777

Humber of RAME 16s 8.3%

Mumber of Slices 64.0%

Mumber of SLICEMz 52.2%

Clock net clk_ BUFGP 34,507 ns

TABLE I FPGA resources for line detection

V. CONCLUSION AND FUTURE WORK

The hardware/software co-design is wuseful and
reasonable to improve the performance of intensive
computing such as image processing. The line detection is
the case study of using C-language based programming to
implement the hardware without the logic design knowledge.
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Abstract

This paper presents the design methodology of the
edge detection circuits on Field Programmable Gate
Array (FPGA) using high level language named
ImpulseC. By using this, it could accelerate signal
processing system and also reduce the design cycle
time. Various edge detection algorithms such as
Robert, Sobel and Prewitt, are implemented and well
compared. We use the BMP image format as the test
input. It's found that edge detection of 3 algorithms can
simulate completely on FPGA technology before
applying on the Spartan3E board.
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