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A Design of 2D Vector Graphics Accelerator with a
Modified Scan-line Edge flag Algorithms including
Clipping and Super Sampling

A el 2D M e

il

2299} HAAERE TEH 208 9
7k A
Kwang-Yeob Lee

o]34<]

Abstract

Vector Graphics describes an image with mathematical statements instead of pixel information. Which enables
easy scalability without loss in image quality and usually results in a much smaller file size compared with
bitmap images. In this paper, we propose Vector Graphics Accelerator for mobile device with scan-line edge flag
algorithm to render vector image without sorting process of edge. Proposed Vector Graphics Accelerator was
verified with OpenVG 2D Vector image. The estimated processing time of proposed Accelerator with Tiger
image is 12ms on Tessellation process, and total rendering time is 208ms. Estimated rendering performance with
Tiger image is about 5 frame per second
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A Design of 2D Vector Graphics Accelerator with a Modified Scan-line Edge flag Algorithms

including Clipping and Super Sampling

2k Alaglolx] WE e 2o gk F ool St
sto] whel YA F5F APIES A4 3= Khronos Group

oA 2005w 7€ WE g~ A BEE BESEia
71434817 93 E%Jgi OpenVG 1.0& Lx3 o
20074 19 ]2 422 OpenVG 1.0.1S EsISITH
OpenVGE Flashet SV Ze dE gy gelHegEs
etk st=glo] 714 QeS| ~E AFdte Y FRE
1:._%1140] APIo]t}

=R E mHkel 7]17]e]A OpenVG APIZ A 93}

™ Vector Graphics ¢34 T‘—Z_
= At}

7H3k 87 g stede] &

=

. OpenVG o] Ql F=

OpenVG Specificationo| A A|otel= vlo]ZEkele 19
13} 2t} OpenVG Specificationol| A A ¢tsk= sho] Lol &
OpenVG7} a3t 755 MdAor Asr] ¢g 9
ojazgjjloltt, P Q&5 5"]"“ T 7hssh, AHE

87 270l el 4954 g ol zeele 24 o
A A el QoI Tholzakel S ke Faaks @
Juw Biste 183 A2 & 3l

—~
(I

P

Stage 1-
Path,

2kl

a9 1
Fig. 1.

OpenVG d}o] =
OpenVG Pipeline

OpenVG APIL 4=
HE A= Hjo
Aand 21 55 HAseE

= o]g3te] 1A Pathol digh Al
45 574 sl ugk AlojEt

GAZE sheteE A7 Aol

r

5, 4

(125)

ol
RE FPuESe Anyde /\]z_}g}% 7t 2EH7 A
o] dAo] daw|ojof sl A A %2 M EHES 2
713k 2 AR LT
A A BAE o] Za Aol el s A

% Path JRE o]-§3}o] Pathe] FE|ES FA3H= 2ot
Path el 499 segment command®} coordinate dataZ
ol Path7l A sk Shapes T+A8H= 44 (Vertex)
ooz #eeth e ARe 3 User
Coordinates2 2] o] 9lth. o= bl &3l7] 8
Surface Coordinate® #HEE ol FA7|e HEE FFolE
SAE} gt

[e]
rags

2 ostelol Mf A4 el 29 @ ouA g
AR 99, 7 B G QA s Ao
E A4, BaY Tela erEaeld, shag, olvlA 41

[
a] EZ]»—é— 3}

et

Agkshe ozl T2

B =Fo| A= OpenVG Edof tiste] 19 29} 722 3
o] ZE}l-& Algtstt,
Coverage # #AS= B AAY F4S g2

ghol Aol £gssich. dzletol Aol el 2elPe %
oy sh 9o flor Whe A gt oF 7
ozl wrAlA ANE FARA ek} ANTE EAnk

wal 7 g4 o AXS FE)Elof Ee 1E A A
I 5, vha, otE] dEojd HgE o4 eselA
gl A .

AL
=

P

e

#d
kil

[
=

pi

Per pixel ‘
operat\on

(" Paint, Image Image

Blending, Maskmg
Antialsing

{ \
lDefinition of Path, || | Path Tessellation Rasterization

Transformation, Transformation

| Stroke and Paint | Stokedpan (* Resterzaion

‘ Fill Path | Clpping,

\ A L Scissoring
4 Y 8

a7 2. AlgkshE o] zEql
Fig. 2. Proposed Pipeline

1. 2% ¥s
23 Wgke ol W3k (Affine transformation)ol <& 4=



52 A7) x}8t3)
&1 o] F(Translation), Eth/Z2(Scale), 2|7 (Rotation)
S BE datom 33

shube] M FuE WHel] HsMe & 499 FF
254 FA% g Aas Fdew & 1 £ uen
.,

NVX = VX = M0I[0] + V.Y = M[0I[1] + MI0][2]
NV.Y = VX = MII0] + V.Y = MI1I[1] + M[1][2]

# NV RE0S 59 F 49 2
®V O AENRS £ I 4R A
# M AENL FAS 9P E s
HEFS A3 47he] B/ 4] SIS At

T, A d3tel o9& (dependency) Wizl HE A
271 Y E FHa 3Cycleo] 8%

o

Waraxx Wanee Wertar ¥ areus
Werte Y Warewy erlexy
M Mul Muit
) Add ) Add x} Add
Mul Mul Mul
Add Add
) w | o)
Tl Mul i
Add Add
ix) o) |2
Mul Mul Mul
Add Add Add
I¥) ) {¥)
W_vartsa x B Wertexx W Werbax x
W_Vartaxy M Werlesy N Veitax.y

g% 3 FE oF FY F=x
Fig. 3. Transformation Unit Architecture

21 WA Cycleol
EZAY [

7 X 2xst sEze [0)o),
10]e] FAle] Stk 5 WAl Cycleo)
HA Cycledl| A HAlo] 3= X, Y&Ho| z+2t vf
021 WEZ~e) (102 @ol A %
Cycleell A4 ¢ Yatstet wi=e o] [O)1], 2] m=e
o [1l1]e] #Ale] FaEth Al WAl Cycledl F+ WA
Cycle] A3 el BAlo] Salgoes HE Wah 5ol

FA

Eg

_-—1__‘

(126)

=4 (Journal of IKEEE) Vol. 12. No.2

7
el A Arigel $sAold 9
& AAste, oIF spolzehelo e

ool Y e S 21
oltk. AHY 9] 923t ol el

= Uy
2 = dlx]‘:_ o]% aﬂrﬂaloﬂ o3 3F

Freg Wwhe
A 99 9

e
22
4
o2
o
ofr
ol
N

2 L
ol
==

2
=
)
n[)l_
oo = ol

o &l
S

e

ol

o

I

=

u]

fr o
, 1o
=
=
M

o Ho
o

LJ ) ”
o > e
Y
K

fu

o |o
o
i

S
=2

> 5 o )
N

Mark the Edge

Process the scanlines

a9 4.
Fig. 4.

2] A F L G

Scanline Edge-Flag Algorithms

7N12AQ AR FYa daEFe A-F OpenVGolA A
dajof 3= 2714 9] Fill-Rule % Even-Odd fillrule®}ol] <
&8k F3tc}. NonZero fillrules 83171 $lalA= A
o] ko] wel Winding 3|5E A7 A F7F HEHE
Q= 3t Aely BAHL Even-0Odd fillrule S 433 w9}
FUsit). 2Fo]H 2 Even-0Odd fillruleS $338l7] Y4 =
7t 715H FRolA HEE wbdAA AerlE Agst
= W, Non—Zero fillruledl] A oAx] 2] W-eko] weh(+] S
-1) Winding 2| t]a]F™ olwj Winding 3|57} 00] o}

gy 4715 Sk



A Design of 2D Vector Graphics Accelerator with a Modified Scan-line Edge flag Algorithms

including Clipping and Super Sampling

a9 5. Even-Odd fillrule vs Non—Zero fillrule
Fig. 5. Even-Odd fillrule vs Non—Zero fillrule
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Operation Count

addition 3,313,847,888
multiplication 181,431,340
square root 2,269,697
division 346,706

sign 409

¥ 1. Tiger Image ol AM&H A2 314
Number of Arithmetic operation for drawing Tiger
image

Tab. 1.
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Operation Count
Matrix Inverse 305
Matrix Multiplication 307
Matrix Affine

1,260,003

Transformation
Vector Dot product 62,239,632
Vector normalization 1,701,718
Vector length 569,236

¥ 2 Tiger Image ol A8 E53 <4k 314
Tab. 2. Number of Complex Arithmetic operation for drawing
Tiger image
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Addition 812,787 1,110,439
Multiplication 570,507 1,210,219
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Division 27,791 66,191
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Operation Linear Radial
Matrix Inverse 3 3
Matrix Multiplication 7 7
Matrix Affine
: 19,244 19,244
Transformation
Vector Dot product 56,166 | 152,166
Vector normalization 4 4
Vector length 3 19,203

¥ 4. Gradient Image ° AMEH 23 A4k 31
Tab. 4. Number of Complex Arithmetic operation for
drawing Gradient image

Reference Proposed
Tiger 167ms 12ms
Radial Gradient 2ms 1ms
Linear Gradient 2ms 1ms
¥ 5. "HAHelA 43 Azt
Tab. 5. Tessellation Time
Reference Proposed
Radial Pad 36ms 3ms
Gradi Repeat 37ms 4ams
radient Reflect 37ms 3ms
Linear Pad 21ms 3ms
: Repeat 22ms 4ms
Gradient Reflect 21ms 3ms
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Tab. 6. Gradient Paint Generation Time

Reference Proposed
Tiger 593ms 208ms
Radial Gradient 63ms 21ms
Linear Gradient 58ms 27ms
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